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Heavy metals, depending on their oxidation states,
can be highly reactive and, as a consequence, toxic
to most organisms. They are produced by an
expanding variety of anthropogenic sources sug-
gesting an increasingly important role for this form
of pollution. The toxic effect of heavy metals
appears to be related to production of reactive
oxygen species (ROS) and the resulting unbalanced
cellular redox status. Algae respond to heavy metals
by induction of several antioxidants, including
diverse enzymes such as superoxide dismutase,
catalase, glutathione peroxidase and ascorbate
peroxidase, and the synthesis of low molecular
weight compounds such as carotenoids and glu-
tathione. At high, or acute, levels of metal pollutants,
damage to algal cells occurs because ROS levels
exceed the capacity of the cell to cope. At lower, or
chronic, levels algae accumulate heavy metals and
can pass them on to organisms of other trophic
levels such as mollusks, crustaceans, and fishes. We
review here the evidence linking metal accumula-
tion, cellular toxicity, and the generation of ROS in
aquatic environments.
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HEAVY METALS IN THE ENVIRONMENT

Metals occur naturally, and several of them are
essential components of global ecosystems. They are
present in the environment with a wide range of
oxidation states and coordination numbers, and these
differences are related to their toxicity. Metals such as
copper (Cu) and zinc (Zn) are essential to life, whereas
others such as lead (Pb) and mercury (Hg) are not
known to perform a useful biochemical function (Allan
1997). Environmental pollution by metals became
extensive as mining and industrial activities increased
in the late 19th and early 20th century. The current
worldwide mine production (Table 1) of Cu, Cd, Pb,
and Hg is considerable (Kennish 1996). These pollu-
tants, ultimately derived from a growing number of
diverse anthropogenic sources (industrial effluents and
wastes, urban runoff, sewage treatment plants, boating
activities, agricultural fungicide runoff, domestic gar-
bage dumps, and mining operations), have progres-
sively affected more and more different ecosystems
(Macfarlane and Burchett 2001).

It appears that human activity is often closely linked
with toxic pollution. In one study comparing a devel-
oped with an undeveloped seawater bay in Massachu-
setts (Pospelova et al. 2002), pollution in the developed
area caused a drastic decline in phytoplankton species
richness as determined from analyses of dinoflagellate
cysts in the sediment. Interestingly, this study con-
cluded that 72% of the variability in species richness
could be attributed to increases in copper. A phyto-
toxicity test, evaluating the inhibition of photosynthesis
in the green alga Chlamydomonas by heavy metals (Hg,
Cu, Pb, and Cd) leaching from salt mine wastes,
showed that inhibition varied from about 100% (Hg)
and 80% (Cd) to almost 0% for Pb (Wundram et al.
1996).
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Heavy metals are usually present at low concentra-
tions in oceanic surface waters and arrive there by
atmospheric transport and upwelling (Table 1). Higher
levels occur in coastal waters, however, because of river
runoff. Close to urban centers, pollution is associated
with sewage outlets (Wickfors and Ukeles 1982,
Rebhun and Amotz 1984), but levels are also elevated
near extensive areas of industry (Cotté-Krief et al.
2000, Bu-Olayan et al. 2001, Esser and Volpe 2002).
Interestingly, nutrient availability (in particular, nitro-
gen) dramatically increases the ability of algae to
accumulate heavy metals (Wang and Dei 2001a,b),
suggesting that agricultural runoff into fresh water and
coastal areas will greatly increase the entry of heavy
metals into the food chain. The annual discharge into
the ocean (Table 1) from different sources was
estimated some years ago to be substantial (Davies
1978).

In the natural environment, organisms living in
chronically polluted sites are exposed to low concen-
trations of metals for long periods. In other cases,
organisms may be abruptly exposed to high levels of
metals upon the outfall of a pollutant in coastal waters.
Though toxic at high concentrations, Cu and Zn are
micronutrients essential for the activity of many
enzymes and part of molecules playing key roles in
photosynthetic electron transport (Raven et al. 1999),
as distinct from Hg and Pb, which are toxic but non-
essential elements. The storage of metals by cellular
detoxifying mechanisms makes them available for assi-
milation by the biota and biomagnification along the
aquatic food chain, with the potential for producing
adverse effects throughout the marine environment.
In this context, standard biotoxicity tests are useful
tools to determine the effects of pollutants on cell
growth and viability. These tests are especially im-
portant for evaluating the potential impact of pollution
on aquatic ecosystems, aiming to prevent possible
injuries to the biota by establishing maximum tolerable
levels of toxicants (Laube et al. 1980, Chapman et al.
1996).

The mechanism underlying toxicity of heavy metals
is not always clear. In some cases, such as the inhibition
of photosynthesis in the marine diatom Phaeodactylum
tricornutum by Cd, inhibition of diatoxanthin epoxida-
tion to diadinoxanthin in the xanthophyll cycle was

suggested to be responsible (Bertrand et al. 2001).
More generally, however, heavy metal toxicity is
related, at least in part, to the oxidative stress induced
in living systems (Quinlan et al. 1988, Robinson et al.
1994, Okamoto and Colepicolo 1998, Adonaylo
and Oteiza 1999, Livingstone 2001, Wang and Shi
2001). Heavy metals can promote oxidative damage
both by directly increasing the cellular concentration
of reactive oxygen species (ROS) (Winterbourn 1982)
and by reducing the cellular antioxidant capacity
(Sies 1999). In contrast to higher plants, the antiox-
idant response to oxidative and environmental stress
has not been extensively investigated in algae at
the molecular level (Reed and Gada 1990, Rodriguez-
Ariza et al. 1991, Holovskà et al. 1996, Okamoto et al.
1996).

In recent years it is interesting to note the develop-
ment of programs using microorganisms for water and
wastewater treatment, heavy metal control in natural
waters and industrial waste streams, and even biologi-
cal detoxification. For example, potential tools for
bioremediation of Cr pollution using algae have been
described (Cervantes et al. 2001), and it seems clear
that different species of algae accumulate metals to
various degrees (Jordanova et al. 1999). Many para-
meters affect the accumulation of heavy metals from
solution by Chlorella vulgaris (Bajguz 2000, López-
Suárez et al. 2000). Likewise, the biological concentra-
tion factor (defined as Cb/Cw, where Cb is the metal
concentration in the biota expressed as mmol or mg g� 1

of dry weight and Cw is the metal concentration in
water given in mmol or mg mL�1) for Cu, Pb, Cd, and
Hg in Porphyra spp. and Enteromorpha spp. changed
seasonally in field conditions and was specific for each
metal reproducibly over several years (Vasconcelos and
Leal 2001). The accumulation of 65Zn(II) from sea-
water in the gastropod Haliotis diversicolor supertexta (via
the alga Gracilaria tenuistipitata) indicated that both
species accumulate considerable amounts of this metal
with the concentration in algae 170-fold greater than in
seawater (Lin and Liao 1999). The biological concen-
tration factor values for inorganic trace elements in 35
species of algae changed with the element tested but
reached up to 6 orders of magnitude for elements that
exist mainly as 3þ or 4þ valence and rare earth
elements (Hou and Yan 1998).

TABLE 1. Current worldwide mine production of copper (Cu), cadmium (Cd), lead (Pb), and mercury (Hg); the annual
discharge into the ocean; oceanic water concentration under normal and polluted conditions; the volume of seawater
potentially contaminated by the annual discharge; and toxicity of metals to phytoplankton in marine environment.

Metal
Production

(tons � year� 1)
Discharge

(tons � year� 1)
Oceanic water

(ng �mL� 1)
Polluted seawater

(ng �mL� 1)
Potential volume

of contaminated seawater (m3)
Growth inhibition,
EC50 (ng �mL� 1)

Hg 2� 103 30 0.001 40.01 3� 1012 40.4
Cd 1� 104 60 0.02 41 0.06� 1012 425
Pb 3.5� 103 2350 0.03 45 0.5� 1012 4250
Cu 9� 106 4500 0.10 42 2� 1012 410

Data from Davies 1978; Hollibaugh et al. 1980; Kennish 1996; Mason et al. 1996; Morel et al. 1998; Faganeli et al. 2003; Hylander
and Meili 2003.
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The use of algae in bioremediation depends on their
ability to survive potentially toxic treatments. However,
algae have been used to identify areas of trace metal
contamination because of the absorption and toxicity
of heavy metals (Muse et al. 1999, Yu et al. 1999). To
reconcile these observations, it must be noted that
accumulation of heavy metals is not always related to
their toxicity. Heavy metal tolerance has been demon-
strated for the green algae Chlorella and Scenedesmus. In
particular, Scenedesmus acutus strains tolerant to Cr were
also tolerant to Cu but not to Zn (Abd-El-Monem et al.
1998). To understand tolerance and to maximize the
potential application of algae to bioremediation, it is
essential to understand why heavy metals are toxic and
how algae can defend against them.

ROS AND OXIDATIVE STRESS

Generation of ROS by respiration and photosynthesis. A
number of different ROS, including the superoxide
anion (O2

� � ), hydrogen peroxide (H2O2), singlet
oxygen (O2 (1Dg)), and the hydroxyl radical ( �OH),
occur transiently in aerobic organisms. These species
are normal byproducts of oxidative metabolism and
pose a constant threat to all aerobic organisms.
Although some of them may function as important
signaling molecules that alter gene expression and
modulate the activity of specific defense proteins, all
ROS can be extremely harmful to organisms at high
concentrations. ROS can oxidize proteins, lipids, and
nucleic acids, often leading to alterations in cell
structure and mutagenesis (Halliwell and Gutteridge
1999).

Production of ROS constitutes a particularly severe
threat to photosynthetic organisms, because a common
biological source of O2

� � is the single-electron reduc-
tion of molecular oxygen by electron transport chains.
Indeed, because of the intense electron flux in their
microenvironment, which also contains elevated oxy-
gen and high metal ion concentrations, the mitochon-
dria and chloroplasts of photosynthetic organisms are
cell compartments highly susceptible to oxidative
injury. Paradoxically, trace metals play key roles in
photosynthetic electron transport in thylakoids of
O2-evolving organisms, participating in enzymes that
remove ROS such as ascorbate peroxidase (APX) (Fe),
Fe-superoxide dismutase (SOD) (cyanobacteria, higher
plants, and most algae), and Cu-Zn-SOD (some algae
and higher plants). In addition, they are part of
essential components to the photosystems (Fe) or
mobile electron carriers such as the iron-containing
cytochrome c6 and the copper-containing plastocyanin
(Raven et al. 1999).

The effect of ROS in photosynthetic organisms is
exacerbated by excessive illumination. For instance,
excessive light energy input may increase the levels of
excited molecules such as triplet chl and singlet state O2

(1Dg), the latter being highly electrophilic and capable
of oxidizing many other molecules. Moreover, photo-
chemical production of O2

� � , generated by oxygen

reduction in PSI (the Mehler reaction) results in
diffusion of O2

� � into the stroma where it is dismutated
to O2 and H2O2. The reaction of H2O2 with reduced
metal ions produces �OH, a strong oxidant that can
react with and damage biomolecules (Takeda et al.
1995). To add to the problem, chloroplasts have a
complex system of membranes rich in polyunsaturated
fatty acids, which are potential targets for peroxidation
(Halliwell and Gutteridge 1999). Thus, although many
ROS-generating processes are slow under normal
conditions, pollutant metals, xenobiotics, and environ-
mental factors such as high light or UV exposure can
accelerate them. Higher levels of chloroplastic antiox-
idants would be critical to withstand photooxidative
stress elicited by a reduced energy-utilizing capacity, as
a consequence of metal toxicity (Okamoto et al. 2001a).

Generation of ROS by heavy metals. Many environ-
mental factors can induce oxidative stress in the cell
by generation of O2

� � . Therefore, modulation of
antioxidant levels constitutes an important adaptive
response to withstanding adverse conditions. Indeed,
maintenance of a high antioxidant capacity in cells
has been linked to increased tolerance against
different kinds of environmental stress (Pedrajas
et al. 1993, Dat et al. 1998, Thomas et al. 1999).

The intoxication with pollutant metals induces
oxidative stress because they are involved in several
different types of ROS-generating mechanisms (Fig. 1)
(Stohs and Bagchi 1995). For example, transition
metals (such as Fe3þ and Cu2þ ) participate in the
well-known Haber-Weiss cycle, producing �OH from
O2
� � and H2O2 (Winterbourn 1982). Metals without

redox capacity (such as Cd2þ , Pb2þ , and Hg2þ ) can
enhance the pro-oxidant status by reducing the
antioxidant glutathione (GSH) pool, activating cal-
cium-dependent systems and affecting iron-mediated
processes. These heavy metals can also disrupt the
photosynthetic electron chain, leading to O2

� � and O2

(1Dg) production (Asada and Takahashi 1987). Finally,
metals such as Cr(VI) have been shown to generate �OH
radicals from H2O2 via a Fenton-type mechanism (Shi
and Dalal 1990). Thus, algal tolerance to heavy metal
pollution in the environment is likely to depend heavily
on defense responses that prevent oxidative insult.

Cellular defense mechanisms against ROS. Organisms
have developed a wide range of protective mechan-
isms that serve to remove ROS before they can
damage sensitive parts of the cellular machinery.
These can be conveniently divided into low molecular
weight compounds (Table 2), such as GSH, phenolics,
ascorbate, flavonoids, tocopherols, and carotenoids,
as well as enzymatic catalysts of high molecular weight
(Table 3).

Carotenoids are widely distributed naturally occur-
ring pigments found in bacteria, yeast, algae, plants,
animals, and humans (Britton et al. 1995). Fucox-
anthin, peridinin, astaxanthin, and b-carotene are the
most abundant carotenoids found in the aquatic
environment and are located principally in the
chloroplasts of many phytoplankton (Fig. 2). The role
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of these carotenoids is 2-fold: Not only do they aid in
broadening the spectrum of PAR but they also protect
the light-harvesting pigments in the antenna com-
plexes against photochemical damage caused by
excited triplet states (Krinsky 1989, Frank and Cogdell
1996, Pinto et al. 2003) and other ROS (Woodall et al.
1997). For example, the photoprotective role of �-
carotene as an O2 (1Dg) quencher was established in the
PSII reaction center isolated from Pisum sativum (Telfer
et al. 1994). Peridinin (Fig. 2), an allenic oxicarotenoid
that extends the range of absorption for light harvest-
ing in the dinoflagellates, is associated with protein and
chl a in a complex called peridinin-chlorophyll-protein
(Larkum 1996). In the dinoflagellate Amphidinium
carterae, each holoprotein in the soluble trimeric
peridinin-chlorophyll-protein complex contains four
peridinin molecules and one chl. The three-dimen-
sional structure of this complex facilitates an efficient
excitonic energy transfer from peridinin to chl (Hof-
mann et al. 1996, Hollnagel et al. 2002). Like �-
carotene, peridinin can also suppress electronically
excited molecules such as O2 (1Dg), which has been
shown to be capable of inducing DNA damage and to
be mutagenic (Di Mascio et al. 1990, Hollnagel et al.
1996). In general, quenching efficiency is directly
proportional to the number of conjugated double

bonds (Foote et al. 1970), and this holds true for
peridinin whose quenching efficiency is roughly 10-
fold lower than �-carotene. However, HPLC analysis of
pigments in the dinoflagellate Lingulodinium polyedrum
indicates that peridinin is much more abundant than
�-carotene (Di Mascio et al. 1995), suggesting that
despite its lower efficiency, it may contribute substan-
tially to quenching. Fucoxanthin, a carotenoid with a
structure similar to peridinin, is reported to be roughly
10 times less effective a quencher than �-carotene and
is therefore in the same range as peridinin (Pinto et al.
2000, Barros et al. 2001). Clearly, it is of great
importance to understand the quenching ability of
biological compounds, such as carotenoids, in the
context in which they are normally found to adequately
evaluate the role they may play in protection against
chlorophyll-induced photosensitization.

Other low molecular weight compounds include a-
tocopherol (vitamin E), flavonoids of various types,
ascorbate, and GSH (Table 2). Flavonoids are widely
distributed in higher plants and, by directly scavenging
�OH, ONOOH, and HOCl, are associated with strong
inhibition of lipid peroxidation. The scavenging
efficiency of flavonoids is directly proportional to the
number of hydroxyl groups bound to the phenols
because this allows the flavonoids to bind metal ions.
Ascorbate is of particular interest as an electron donor
for hydroxyl radicals (for which there are no enzyma-
tically catalyzed detoxification mechanisms) and as a
substrate for APX (see below). The reductant GSH, a
tripeptide composed of glutamate, cysteine, and
glycine, is nonspecific and is also both a general
reductant and a substrate for enzymatically catalyzed
reactions. It serves as a cofactor for some enzymatic
reactions and as an aid in the rearrangement of protein
disulfide bonds. The role of GSH as a reductant is
extremely important, particularly in the highly oxidiz-
ing environment of photosynthetic cells. The sulfhy-
dryl of GSH can be used to reduce peroxides formed
during partial reduction of oxygen. The resulting
oxidized form of GSH consists of two molecules
disulfide-bonded together (abbreviated GSSG). The
enzyme GSH reductase uses NADPH as a cofactor to
reduce GSSG back to two molecules of GSH.

With regard to the high molecular weight com-
pounds, aerobic organisms express a battery of
enzymes that contribute to the control of cellular
ROS levels (Table 3). SOD, catalase, glutathione
peroxidase (GPX), APX, lipid peroxidase glutathione
reductase, thioredoxin, and peroxiredoxin are con-
sidered the main natural antioxidant enzymes (Fig. 1)
(Rice-Evans et al. 1996, Asada 1999). Peroxiredoxin
catalyses the breakdown of alkyl hydroperoxides into
water and their corresponding alcohols (Rouhier and
Jacquot 2002). Catalase and GPX catalyze the produc-
tion of H2O from the degradation of H2O2 and ROOH,
respectively, whereas APX reduces H2O2 to H2O using
ascorbate as electron donor (Fridovich 1997).

SOD, which catalyzes the disproportionation of O2
� �

to O2 and H2O2, has been called the cell’s first line of

FIG. 1. Heavy metal stress induces cellular generation of
ROS.

TABLE 2. Cellular targets of natural low molecular weight
antioxidants.

Compounds Target

Ascorbate O2 (1Dg),
�OH, O2

� , HO2
�

b-Carotene O2 (1Dg), RO2
�

a-Tocopherol RO2
�

Glutathione Nonspecific
Urate O2 (1Dg), metal chelator
Metallothionein �OH, metal chelator
Flavonoid Plant antioxidant of �OH and HOCl
Phytochelatin Metal chelator

OXIDATIVE STRESS IN ALGAE 1011



defense against ROS (Hassan and Scandalios 1990).
This is because O2

� � is a precursor to several other
highly reactive species, so that control over the steady-
state O2

� � concentration by SOD constitutes an im-
portant protective mechanism (Fridovich 1997). Three
major SOD isoforms have been described in eukaryotic
photosynthetic organisms (Asada 1999): a CuZnSOD
located in the thylakoid membranes and cytosol of
higher plants, certain dinoflagellates, and charophy-
cean green algae; a MnSOD isoform found within
mitochondria; and an FeSOD isoform in the chlor-
oplast stroma. Indeed, FeSOD is considered to be the
major O2

� � scavenger in chloroplasts, whereas MnSOD
is the most active scavenger in mitochondria (Fridovich
1997). Interestingly, SOD is induced by its substrate
(Colepicolo et al. 1992, Allen and Tresini 2000), and
thus activation of specific SOD isoforms can serve as an

indicator of the cell compartment experiencing pollu-
tant-induced O2

� � levels. Although SOD genes have
been isolated from many different species, the FeSOD
isoform has been reported from only a few. Recently,
Okamoto et al. (2001b) reported the isolation and
molecular cloning of the FeSOD isoform from the
marine dinoflagellate L. polyedrum, and the changes in
expression of this enzyme during algal growth have
been described (Sigaud-Kutner et al. 2002). Finally, as
might be expected on the basis of the involvement of
SOD in mitigating the effects of light, SOD activity
increases after exposure of Gracilariopsis tenuifrons to
visible light (Rossa et al. 2002).

ALGAL RESPONSES TO HEAVY METALS

Entry of heavy metals into cells. Toxic metal ions are
able to cross membranes, and several possible
mechanisms have been suggested to account for their
transport (Van Ho et al. 2002, Zalups and Ahmad
2003). One type of mechanism is described as
molecular mimicry, whereby metals either compete
for binding to multivalent ion carriers (such as Ca2þ

channels) or, after binding to low molecular weight
thiols (such as cysteine), enter the cell by active
transport (e.g. using amino acid transporters). In
another type of mechanism, metals bound to chelat-
ing proteins (such as metallothioneins; see below)
may enter the cell by endocytosis. The heavy metals
can cause membrane depolarization and acidification
of the cytoplasm (Cumming and Gregory 1990,
Cardozo et al. 2002, Conner and Schimid 2003),
and in fact, membrane injury is one important effect
of metal ions that may lead to disruption of cellular
homeostasis. Thus, cellular adaptations such as
exudation of chelating compounds and active efflux
of metal ions by primary ATPase pumps can provide
some degree of metal tolerance (Cumming and
Gregory 1990, Rosen 1996).

As an alternative to keeping metals outside the cell,
cells can also induce the synthesis of protective
proteins. In addition to the antioxidant proteins
described above, there are also a number of metal
chelators such as metallothioneins (MTs) and phyto-
chelatins (PCs) (Cobbett and Goldsbrough 2002). Both
are cysteine-rich polypeptides and owe their chelating
activity to their ability to coordinate metals using the
sulfhydryl groups on the protein. However, PCs are
small, generally from 5 to 11 amino acids long, and are

FIG. 2. The most common low molecular weight antioxi-
dants.

TABLE 3. Cellular antioxidant enzymes.

Enzyme Reaction catalyzed

Superoxide dismutase 2 O2
� � þ 2 Hþ-H2O2þO2

Catalase 2 H2O2-2 H2OþO2

Glutathione peroxidase H2O2 or ROOHþ 2 GSH-2 H2O or ROHþGSSG
Ascorbate peroxidase H2O2þAscorbate-H2OþMonodehydroascorbate
Thioredoxin Prot-S2þProt’(SH)2-Prot(SH)2þProt’-S2

Peroxiredoxin ROOHþR’(SH)2-ROHþR’S2þH2O
Glutathione reductase GSSGþNAD(P)HþHþ-2 GSHþNAD(P)þ
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formed by condensation of glutamate and cysteine via a
pathway also involving GSH. In contrast, MTs are
synthesized by translation of mRNA and can be up to
several hundred amino acids long. The induction
mechanisms also differ for the two classes of chelators
(Steffens 1990). Increased rates of PC synthesis require
the formation of a complex between GSH and a heavy
metal, generally Cdþ2. Thus, new PC synthesis does
not appear to require new synthesis of GSH metaboliz-
ing enzymes. Interestingly, metal binding by PC is
relatively specific for Cd, at least in plants, because PC-
deficient mutants are sensitive to Cd but not to other
metals such as Cu, Hg, Zn, or Ni (Ha et al. 1999). In
contrast to the PCs, induction of MT involves tran-
scriptional control mechanisms. For example, Cu has
been observed to induce MT gene expression in the
seagrass Posidonia oceanica (Giordani et al. 2000) and
the brown alga Fucus vesiculosis (Morris et al 1999). It is
also possible that heat shock proteins may play a role in
the cellular defense, although this does not seem to be
due to a metal chelating activity (Vierling 1990).

The relationship between ROS and heavy metal toxi-
city. The effects of heavy metal on ROS metabolism in
algae are varied (Adonaylo and Oteiza 1999). In the
marine dinoflagellate L. polyedrum, heavy metals cause
increased oxidation of proteins and lipids; increased
levels of SOD, APX, and �-carotene; and a decreased
GSH content (Okamoto and Colepicolo 1998, Oka-
moto et al. 2001a). Interestingly, pollutant metal
treatment of this organism induces the MnSOD and
FeSOD isoforms, whereas the activity of the cytosolic
CuZnSOD isoform is not significantly altered. These
cellular responses may involve transcriptional con-
trol, because exposure of L. polyedrum to toxic metals
results in an increased level of the FeSOD mRNA
(Okamoto et al 2001b). In any event, the induction of
both organellar isoforms suggests that both mito-
chondrial and chloroplast electron transport systems
are affected by heavy metals. Increased SOD activity
after treatment with Cd was noted both in the
prasinophycean Tetraselmis gracilis (Okamoto et al.
1996) and in the diatom Ditylum brightwellii (Rijstenbil
et al. 1994), but cellular responses can differ in other
algae. In the green unicellular alga Selenastrum
capricornutum, increased APX activity has been ob-
served (Sauser et al. 1997), whereas a decreased GSH
redox ratio has been reported in the green macroalga
Enteromorpha prolifera (Rijstenbil et al. 1998) and in
the freshwater macrophyte Ceratophyllum demersum
(Devi and Prasad 1998). Nagalakshmi and Prasad
(2001) observed increases in APX, SOD, and GPX
activities in Scenedesmus bijugatus exposed to different
copper concentrations (0–100 mM). Moreover, they
also observed a progressive depletion of GSH content
in the cells with increasing concentrations of Cu. The
alteration of the equilibrium between synthesis and
utilization of GSH was attributed to its antioxidant
role or its use as precursor in the synthesis of
phytochelatins (Nagalakshmi and Prasad 2001).
Clearly, the general theme is an increase in antiox-

idant defense mechanisms, although the particular
players involved may vary in different organisms.

Regarding the effects of metals on macroalgae, Segot
et al. (1983) found significant reductions in growth
rates at 0.31 ppm Cd2þ and 0.092 ppm Cu2þ in the
red algal species Asparagopsis armata. In outdoor pond
cultures of the red alga Gracillaria tenuistipitata, addi-
tions of Cu2þ have been used to decrease epiphytism
by the green macroalga Enteromorpha intestinalis, be-
cause G. tenuistipitata is more resistant to Cu2þ than the
green alga (Haglund et al. 1996). Similarly, Cu2þ

additions have been used in Gracilaria gracilis cultures
to reduce infestations of the brown alga Ectocarpus
siliculosus (VanHeerden et al. 1997). In the red algae
Mastocarpus stellatus and Chondrus crispus, a correlation
was found between the general level of ROS metabo-
lism and oxidative- and general-stress tolerance
(Collen and Davison 1999). Although toxic at high con-
centrations, the effects of Cu2þ could be attenuated
under chronic conditions because it is a micronutrient
essential for the activity of several enzymes, including
SOD. The bioaccumulation of Cd2þ by the red alga
Porphyra umbilicalis and by several seaweeds has also been
detected (McLean and Williamson 1977, Hu et al. 1996).

The metals Cu2þ and Cd2þ have received much
attention because of their toxic effects on plants and
other organisms. Copper plays a dual role in the
metabolism of photosynthetic organism. It is both a
micronutrient, for example, as an important part of
oxidases (e.g. cytochrome oxidase and amino oxidases)
and in electron transport chain components (e.g.
plastocyanin), but it is also highly toxic (Fernandes
and Henriques 1991). This duality extends to the
generation of ROS as well. Not only is Cu2þ an
important part of the reactive oxygen scavenging
system (e.g. CuZnSOD), but it is also able to cause
oxidative stress through increased production of ROS
via its toxic effects on photosynthesis. Cadmium has no
known metabolic function in macroalgae and, in
contrast to Cu2þ , cannot contribute to �OH formation
in the Fenton reaction (Halliwell and Gutteridge 1999).
However, Cd2þ has been shown to be a co-factor in a
carbonic anhydrase of the diatom Thalassiosira weissflogii
(Lane and Morel 2000), whereas in higher plants Cd2þ

causes disturbances in growth, photosynthesis, ion- and
water transport, and general decreases in enzyme
activities due to reactions of Cd2þ with thiol groups
(Prasad 1995). Although probably not essential for
growth of macroalgae, Cd2þ is readily taken up. The
uptake mechanism is not known but is partially light
dependent (Hu et al. 1996) and requires protein
synthesis (McLean and Williamson 1977).

When the levels of ROS formed exceed the ability of
the antioxidant system to cope with them, damage to
cellular compounds occurs. Thus, increased levels
of oxidized proteins and lipids are indicative of a state
of oxidative stress. Comparisons between the biological
effects of Cu2þ and Cd2þ indicate that the former is
proportionally more efficient in causing oxidative
stress than the latter, whose effects probably lean more
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toward nonoxidative stress-invoking reactions. It has
been suggested that Cu2þ (as well as Pb2þ and Zn2þ )
interacts directly with the thylakoid membranes in the
chloroplast, whereas Cd2þ (and Ni2þ ) interferes with
other metabolic processes in plants (Szalontai et al.
1999). Because Cu2þ primarily triggers oxidative stress
in the chloroplasts, an increase in chloroplastic APX
and SOD levels is probably an efficient way to avoid
the detrimental effects of this metal. An increase in
the activity of these antioxidant enzymes reduces the
concentrations of O2

� � and H2O2 formed in the
chloroplast, thereby reducing the risk of �OH forma-
tion through cycling between Cuþ and Cu2þ . Indeed,
increases in peroxidase activity are regarded as a
reliable indicator of stress or potential phytotoxicity of
heavy metals, the increases in peroxidase activity being
a response to an increase in peroxides, disruption of
the plasma membrane by lipid peroxidation, and the
ROS produced by heavy metal accumulation (Macfar-
lane and Burchett 2001).

The induction of antioxidants in response to
enhanced ROS production is generally proportional
to the duration and severity of the stress applied to
algal cultures (Okamoto et al. 1996). There are also
distinct changes in the antioxidant response to chronic
or acute treatment with metals, suggesting a different
oxidative status for these two types of metal stress
(Okamoto et al. 2001a). For example, enhanced levels
of cellular antioxidants could allow cells to acclimatize
to increased steady-state concentrations of ROS during
chronic stress. In contrast, the abrupt generation of
high levels of ROS over a short period of acute stress
will usually exceed the total antioxidant capacity. It
seems likely that overloading of antioxidant capacity of
the low molecular weight compounds, such as GSH,
NADPH, and ascorbate, will occur first. These are
all related, because no active transport of ascorbate
has been reported in chloroplasts and reduced
ascorbate must be regenerated by the ascorbate/GSH
cycle, in which GSH and NADPH both participate.
Acute stress, which lowers both the GSH pool and
depletes NADPH levels, will thus provoke rapid
oxidation of the ascorbate pool. A decrease in ascorbate
availability will as a result limit not only APX but also
all peroxidase activity. To investigate this further,
the O2 uptake and the GSH pool in metal-treated
cells can be monitored. A useful estimate of oxidative
stress is the content of GSH relative to its oxidized
form GSSG (Sies 1999). Increased O2 uptake is also
an useful index of oxidative stress because it is often
associated with formation of O2

� � , H2O2, and peroxy
radicals, during reduction of O2 by components of
electron-transport chains (Halliwell and Gutteridge
1999).

Interestingly, some dinoflagellate algae have devel-
oped an important defense mechanism: encystment.
This diverse group of unicellular organisms constitutes
a major fraction of marine phytoplankton, and their
contribution to the ocean’s primary production can be
considerable (Lignell et al. 1993, Rao and Pan 1993).

These organisms differ from other algae in many
respects, such as photosynthetic capacity (Chan 1980),
growth rate (Tang 1996), cell division, and ultrastruc-
tural and biochemical properties of the nucleus (Taylor
1987, Rizzo 1991). Dinoflagellates are responsible for
‘‘red tides,’’ a serious concern for ecology and for
humans if the species concerned produce toxins. The
red tides are algal blooms whose high localized
concentrations are thought to be related to their ability
to produce resting cysts that act as dispersal agents and
as a means to last overwinter. These same cysts are
important to cell survival under adverse conditions
(Anderson et al. 1984). For instance, nitrogen defi-
ciency or low temperatures are able to trigger encyst-
ment of the freshwater dinoflagellates Peridinium
cinctum and Peridinium willey (Chapman and Pfiester
1995). When exposed to pollutant metals (Hg2þ ,
Cd2þ , Pb2þ , and Cu2þ ), the dinoflagellate L. polyedrum
may exhibit cell death or cyst formation depending on
the dose (Okamoto et al. 1999, Okamoto and Colepi-
colo 2001). Indeed, it seems likely that survival of this
group of algae at high metal concentrations might
be due to cyst formation. This idea is supported by the
fact that three species of dinoflagellates, Amphidinium
carterae, L. polyedrum, and Prorocentrum micans, can re-
cover after metal-triggered encystment (Lage et al.
1994, Okamoto et al. 1999).

In summary, the regulation and induction of
antioxidants takes place as a response to different
kinds of pollutant stress. In many cases, a prompt
induction of antioxidant enzymes is critical to control
the steady-state levels of ROS and thus avoid the
ensuing oxidative damage. This type of defense
mechanism is especially important within subcellular
sites highly prone to oxidative stress such as chlor-
oplasts and mitochondria.

CONCLUSION

Algae are the basis of the food web in all aquatic
ecosystems. Among the major primary producers,
marine microalgae are responsible for about half of
the O2 production and most of the DMSO released to
the atmosphere (Gibson et al. 1990, Stefels and van
Baekel 1993) and constitute the main food source for
bivalve mollusks in all their growth stages, for
zooplankton (rotifers, copepods, and brine shrimps),
and for larval stages of some crustacean and fish
species. The nutritional value of an alga species is
dependent on diverse characteristics including shape,
size, digestibility, and toxicity. However, the primary
determinant in establishing the food quality trans-
ferred to the other trophic levels of the food web
appears to be the biochemical composition of the algae
(fatty acids, sterols, amino acids, sugars, minerals, and
vitamins) (Brown and Miller 1992). Clearly, stress
treatments that affect an algal cell’s biochemical
composition will have a major impact on its food value.
A second important consideration is the concentration
of heavy metals in algae at the basis of the food chain.
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This concentration may occur through the action of
chelators, which directly store the metal ions, as well as
by induction of defense mechanisms that allow the cell
to reduce the metals’ toxic effects.

Pollutant metals disturb the oxidative balance in
algae, and thus an important palliative measure is the
induction of antioxidants. The particular antioxidant
responses will of course depend on the particular
toxic compound and whether the stress is chronic
or acute. Chronic conditions provoke increased
activities of antioxidant enzymes, such as SOD, GPX,
and APX. It appears that metal-induced disruption of
the oxidative balance of chloroplasts depends on both
the severity of the stress and the properties of
each metal. Under these adverse conditions, modula-
tion of chloroplastic antioxidants seems to be a
particularly important strategy, allowing the algae to
acclimate to the environment stress. Under acute
conditions, however, the toxic effects of the pollutants
may overwhelm the antioxidant defenses. Excessive
damage to proteins under pollutant treatment could
result from an attack by lipid peroxidation intermedi-
ates such as alkyl peroxyl and alkoxyl radicals as well as
reactive aldehyde products. This may result in cell
death or the shut down of all cellular machinery, such
as seen with the induction of cyst formation in
dinoflagellates. Interestingly, this latter may sug-
gest that ROS have a possible role as signals in this
cellular event and possibly in the mechanism of
encystment itself.

The different aspects covered in this review show
that the first steps have been taken toward elucidating
the biochemical pathways involved in adaptive me-
chanisms to toxicant-induced oxidative stress in algae.
Growth inhibition and chlorosis are common symp-
toms of metal phytotoxicity in several organisms, in
which photosynthesis is probably the metabolic process
most affected. A hyperoxidative status and the in-
creased oxidative damage described in several studies
suggest a correlation between metal treatment and
oxidative stress. Acute exposure to metals is highly
damaging, presumably because it exceeds the antiox-
idant defense. Nevertheless, increased activities of
antioxidant enzymes and high GSH pools seem to be
important in attenuating oxidative damage to chlor-
oplasts. Antioxidant responses at the particular sub-
cellular sites where oxidative stress is triggered could
contribute to the overall tolerance of algae during
conditions of pollutant stress. An exciting future lies
ahead in exploring the role of ROS in algal signal
transduction and the exploitation of algae strains for
the large-scale production of natural antioxidants.
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Abstract

This study demonstrated a general decrease in uptake of NH4
+, urea and PO4

3−, activities of nitrogenase, glutamine
synthetase, urease, alkaline phosphatase and ATPase following ultraviolet-B (UV-B) treatment and metal exposure,
separately. As compared with an individual stressor the effect of their combination was more detrimental to the above
processes. In contrast, a significant increase in NO3

− uptake and nitrate reductase activity, following exposure of
Anabaena doliolum to UV-B was observed. Kinetic study of all the processes demonstrated that the UV-B-induced
structural change(s) in the enzymes/carriers could be responsible for uptake and assimilation of these nutrients.
However, the metals seem to compete for the binding sites of the above enzymes/carriers. A synergistic interaction of
UV-B and metals (Cu/Pb) seems to be due to an increased metal uptake by an altered membrane permeability, as a
result of peroxidation of membrane lipids in UV-B exposed cells. © 1998 Elsevier Science B.V. All rights reserved.

Keywords: Anabaena doliolum ; Alkaline phosphatase; ATPase; Copper; Lead; Nitrate reductase; Nitrogenase;
Nutrient uptake; Urease; UV-B irradiation

1. Introduction

Convincing evidences suggest that a reduced
ozone level in the stratosphere, linked to the
disintegration of anthropogenic chlorofluorocar-
bons (CFCs), resulted in an increased availability
of ultraviolet-B (UV-B) radiation (280–320 nm)
on the earth’s surface (Stolarski et al., 1992).
Plants, animals and microbes may appear to be

largely susceptible to UV-B but with great differ-
ences at the species and genotype level (Sullivan et
al., 1992). UV-B is a small (B1% of total energy)
but highly active component of the solar spectrum
having potential to cause wide ranging effects
including mutagenesis and depression of key
physiological processes which may ultimately re-
sult in death of the organisms (Vincent and Roy,
1993).

Investigations have demonstrated that increased
UV-B irradiation not only affects growth, motil-
ity, pigmentation of algae and cyanobacteria

* Corresponding author. Tel: +91 542 310620/311555; fax:
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(Häder and Häder, 1989) but also inhibits the
carbon fixation by inactivating the light driven
primary photochemical reactions and the enzyme
RUBP-carboxylase/oxygenase (Nedunchenzhian
and Kulandaivelu, 1996), responsible for incorpo-
ration of CO2 into the TCA cycle. Algal prolifera-
tion in aquatic environments is not only regulated
by carbon fixation rate but the availability of
nitrogen and phosphorus also plays a significant
role in proper functioning of the biochemical ma-
chinery. Though, few reports are available on
UV-B induced inhibition of NH4

+and NO3
− up-

take and some of their assimilatory enzymes
(Döhler, 1994), none of these provide a clear
understanding of the uptake and metabolism of
these macronutrient. Beside UV-B, aquatic
ecosystems may also be suffering from exposure
to increased metal levels. High concentrations of
metals are known to disrupt algal metabolism
either by inactivating the photosynthetic machin-
ery, enzymatic pathways or by altering the nutri-
ent transport and availability (Mallick and Rai,
1994).

Cyanobacteria are phylogenetically the oldest
group of oxygen evolving photosynthetic prokary-
otes occupying an important place in both aquatic
and terrestrial ecosystems (Döhler, 1986) because
of their ability to utilize atmospheric nitrogen.
Therefore, any threat to their existence will bring
about an imbalance in the nitrogen status of
entire ecosystems. Although, considerable infor-
mation exists on the effects of UV-B and heavy
metals separately on algae, surprisingly no at-
tempt seems to have been made to find out how
uptake and assimilation of nutrients in algae are
affected following simultaneous exposure to both
UV-B and heavy metals, a situation likely to exist
in aquatic environments. UV-B irradiation may
be acclaimed to increase cell wall permeability
(Häder and Worrest, 1991) and having strong
impacts on membrane lipids (Kramer et al., 1991).
In view of the damage of biomembranes by UV-B
and SH-reactive metals due to oxygen radical
formation (De Vos et al., 1993) it was hypothe-
sized that UV-B and metals in combination
should (i) produce severe effects on lipid peroxi-
dation leading to changes in membrane perme-
ability and (ii) finally inhibit the metabolic

processes of A. doliolum synergistically. To test
the above hypothesis the authors have studied the
impact of UV-B, Cu and Pb alone as well as in
combination on (i) uptake and inhibition kinetics
of NH4

+, urea, NO3
− and PO4

3− and their assimi-
latory enzymes in Anabaena doliolum and (ii)
membrane permeability by measuring metal up-
take and lipid peroxidation of the
cyanobacterium.

2. Materials and methods

2.1. Organism and growth condition

Axenic culture of Anabaena doliolum Bharad-
waja was obtained by treating the unialgal culture
with triple antibiotic solution (penicillin, strepto-
mycin and chloramphenicol) under sterile condi-
tion. Purity of the culture was verified in nutrient
broth and the selected bacteria-free clones were
maintained on agar slants. For regular experi-
ments, cultures were grown in modified Chu-10
medium (Gerloff et al., 1950) at 2492°C under
72 mmol m−2 s−1 PAR photon flux and a pho-
toperiod of 14:10 h. The axenic nature of the
culture was tested every month and in case of
contamination the culture was discarded and a
new slant from the original stock was used (for
detail see Hoshaw and Rosowski, 1973). Stock
solutions (1.0 mmol l−1) of CuCl2.2H2O and
PbCl2 were prepared in glass-distilled water and
sterilized by passing through Millipore membrane
filter (0.22 mm). All the experiments were con-
ducted in triplicate and repeated at least twice to
confirm the reproducibility of the results.

2.2. UV-B irradiation

The UV-B irradiation was provided by a UV-B
lamp (CAT No.3- 4408, Fotodyne, USA) giving
its maximum output at 310 nm. The radiation was
filtered through 0.127 mm cellulose diacetate
(Johnston Industrial Plastics, Toronto, Canada)
to remove all incident UV-C (B280 nm). The
desired radiation dose (12.9 mWm−2 nm−1) was
obtained by adjusting the distance between UV-B
source and the cyanobacterial suspension. The
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above dose was selected keeping in mind the
latitude of the work station (25°N), the distribu-
tion of algae in the water column (maximum
concentration of phytoplankton is up to 1.5 m,
Häder, 1993), absorption of UV-B by water
(Häder, 1997) and the mean per cent depletion of
ozone layer as calculated by Crutzen (1992),
Smith et al. (1992).

2.3. Measurement of sur6i6al

The cyanobacterial cells exposed to UV-B for
0–1 h were withdrawn at a regular interval and
plated onto agar (Difco 0560, Difco Laboratories,
Detroit, MI) plates. For measuring survival
against Cu and Pb, cells were inoculated in agar
plates containing different concentrations of
metals (0–20 mmol l−1 Cu and 0–200 mmol l−1

Pb) and kept in the culture room at 2492°C
under 72 mmol m−2 s−1 PAR photon flux and a
photoperiod of 14:10 h. Cyanobacterial colonies
were counted after 15 days and survival was
scored with respect to untreated control (consider-
ing untreated control as 100% survival, Rai and
Raizada, 1985). Approximately 25% (LD25) and
50% (LD50) survival of the test cyanobacterium
was observed, respectively, after 12 and 25 min of
UV-B exposure. However, the LD25 and LD50

concentrations for Cu were 4.8 and 8.0 mmol l−1,
respectively. For Pb these concentrations were,
respectively, 41 and 70 mmol l−1. The doses of
UV-B, Cu and Pb selected for further study were:
(i) LD25 (denoted as UV-B1, Cu1 and Pb1) and (ii)
LD50 (denoted as UV-B2, Cu2 and Pb2). The
synergistic, additive and antagonistic effects were
analyzed as given in Mallick and Rai (1989).

2.4. NO3
−, NH4

+, PO4
3− and urea uptake

The uptake of NH4
+, NO3

−, urea and PO4
3−

was estimated colorimetrically by Nessler’s
reagent (Herbert et al., 1971), brucine sulfuric
acid (Nicholas and Nason, 1957), thiosemicar-
bazide (Wootton, 1974) and stannous chloride
(APHA, 1985) methods, respectively, by measur-
ing the depletion of these nutrients due to con-
sumption by alga over a period of 24 h from 100
ml growth medium containing an algal biomass

equivalent to 62.091.2 mg ml−1 protein. Inhibi-
tion kinetics of nutrient uptake were studied by
adding different concentrations (0–125 mmol l−1)
of the nutrients to the growth medium.

2.5. Enzyme acti6ities

In vivo nitrate reductase activity was estimated
by measuring the formation of NO2

− from NO3
−

as per the method of Camm and Stein (1974). The
reagents used were sulfanilamide and a-(N-1)-
naphthylethylene diamine dihydrochloride. Whole
cell urease activity was assayed by measuring the
formation of NH4

+from urea with the help of
Nessler’s reagent (Mackerras and Smith, 1986). In
vivo nitrogenase activity of A. doliolum was mea-
sured by estimating the reduction of acetylene to
ethylene (Stewart et al., 1968) with a gas-liquid-
chromatograph (CIC, Baroda, India). Glutamine
synthetase (transferase) activity was estimated by
g-glutamyl transferase assay at pH 7.0 with an
imidazole-HCl buffer as described by Stacey et al.
(1977). The enzyme activity was expressed as
mmol t-glutamylhydroxamate mg−1 protein h−1.
Mg2+-ATPase activity was measured in terms of
PO4

3− released from the substrate ATP (Lockau
and Pfeffer, 1982). Inhibition kinetics of these
enzymes were studied at different substrate
concentrations.

2.6. Metal uptake

Uptake of Cu and Pb by UV-B treated and
control (untreated) cyanobacterial cells was
quantified after 2 h of incubation and washing in
1mM EDTA solution to avoid adsorption of the
metal(s) on the cell surface. The harvested and
oven dried (at 80°C for 2 h) algal samples were
treated with 70% HNO3 and left at room temper-
ature for 2 h. These samples were gently digested
initially on a hot plate at 70°C for 2 h and then
dried at 80°C for 24 h. After cooling the sample
was again digested with 70% HNO3 at 70°C; to
the digest 30% H2O2 was added dropwise till the
solution became colorless. Quantification of the
metals was done with the help of a Perkin-Elmer-
2380 Atomic Absorption Spectrophotometer
(Martin, 1979).
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Table 1
Impact of UV-B irradiation on Cu and Pb-induced toxicity to PO4

3−, urea and metal uptake and lipid peroxidation of Anabaena
doliolum

Lipid peroxidation (TBA-rmTreatment Urea uptake (mmol Metal (mmol Cu/PbPO4
3− uptake (mmol

PO4
3− mg−1 protein) E532-600 mg−1 protein)mg−1 protein)urea mg−1 protein)

28.690.48Control —22.890.60 0.0290.01
17.790.50UV-B1 —19.990.49 0.0890.01
15.590.44 —17.390.55 0.1390.01UV-B2

Cu1 21.290.52 19.390.36 0.1390.01 0.0490.01NS
15.890.39 0.2290.0219.990.48 0.0490.01NSCu2

20.990.45 0.1890.02Pb1 0.0490.01NS21.290.59
17.190.46 0.2190.0120.390.36 0.0590.01NSPb2

14.990.30*UV-B1+Cu1 4.090.32* 0.1890.01 0.0890.01
1.490.35* 0.2990.0113.390.32* 0.1190.01UV-B1+Cu2

11.490.58*UV-B2+Cu1 1.990.38* 0.2490.01 0.1590.01
UV-B2+Cu2 7.190.46* 0.990.32NS 0.3190.02 0.2390.01

7.490.41** 0.2390.0115.590.51* 0.1390.01UV-B1+Pb1

3.490.33** 0.2690.02UV-B1+Pb2 0.1790.0113.990.50*
2.790.42* 0.3590.0211.790.55* 0.2090.01UV-B2+Pb1

UV-B2+Pb2 0.890.20NS8.590.58* 0.4190.02 0.2590.01

All the values are Mean9S.E.
All treatments are significantly different (PB0.01) from control (Students t-test). x2-test revealed that the interactive effects of UV-B
and metals are significantly (* PB0.025, ** PB0.05) higher than their additive values. NS, Not significant.

2.7. Lipid peroxidation

Lipid peroxidation of cyanobacterial cells by
UV-B, Cu and Pb individually as well as in com-
bination was measured according to the TBA-rm
(thiobarbituric acid-reactive material) method of
De Vos et al. (1989).

2.8. Statistical analysis

Results were statistically analyzed by x2, Stu-
dents t-test and correlation coefficient (r).

3. Results

3.1. Uptake of PO4
3−, urea, NH4

+and NO3
−

Table 1 shows the impact of different doses (i.e.
LD25 and LD50) of UV-B and metals either alone
or in combination on Cu, Pb, PO4

3− and urea
uptake and lipid peroxidation of Anabaena doli-
olum. It is clear from the data of Table 1 that urea
uptake was more strongly inhibited by a combina-
tion of UV-B+Cu than by UV-B+Pb. Further,

the combination of these two metals with UV-B
could not inhibit the PO4

3− uptake as strongly as
urea uptake.

Fig. 1 shows inhibition kinetics of NH4
+uptake

at various doses of UV-B and metals. It is appar-
ent from Fig. 1 that Vmax for NH4

+uptake de-
creased at UV-B exposures used either alone or in
combination with the metals; no change in appar-
ent Km of NH4

+uptake was, however, noticed.
This clearly indicates that both the stressors either
alone or in combination inhibit NH4

+uptake in a
non-competitive manner. In contrast, the LD25

and LD50 concentrations of Cu and Pb did not
produce any significant (P\0.05, Students t-test)
change in the Vmax, thus suggesting a competitive
inhibition of NH4

+uptake by A. doliolum. A simi-
lar inhibition pattern was also noticed for PO4

3−

and urea uptake (data not shown).
Fig. 2 demonstrates the inhibition kinetics of

NO3
− uptake by UV-B and metals. Exposure of

the cyanobacterium to both the doses of UV-B
and metals simultaneously showed a decrease in
Vmax. However, no change in apparent Km of
NO3

− uptake was observed. This suggests a non-
competitive inhibition of NO3

− uptake by metals
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Fig. 1. Michaelis-Menton (a and c) and Lineweaver-Burk Plots (b and d) showing UV-B-,Pb- and Cu-induced inhibition of NH4

uptake by A. doliolum. (a) Control (1), UV-B1 (2), UV-B2 (3), Pb1 (4), Pb2 (5), UV-B1+Pb1 (6), UV-B1+Pb2 (7), UV-B2+Pb1 (8)
and UV-B2+Pb2 (9). (c) Control (1), UV-B1 (2), UV-B2 (3), Cu1 (4), Cu2 (5), UV-B1+Cu1 (6), UV-B1+Cu2 (7), UV-B2+Cu1 (8)
and UV-B2+Cu2 (9).

alone as well as in combination with UV-B. As
compared with untreated control the UV-B
treated cyanobacterium depicted a higher Vmax for
NO3

− uptake.

3.2. Metal uptake

The efficiency of A. doliolum in taking up Cu
and Pb was studied both in presence and absence



L.C. Rai et al. / En6ironmental and Experimental Botany 39 (1998) 221–231226

Fig. 2. Effect of UV-B, Pb (a) and Cu (c) alone or in combination on NO3
− uptake byAnabaena doliolum. (a) Control (1), UV-B1

(2), UV-B2 (3), Pb1 (4), Pb2 (5), UV-B1+Pb1 (6), UV-B1+Pb2 (7), UV-B2+Pb1 (8) and UV-B2+Pb2 (9). (c) Control (1), UV-B1

(2), UV-B2 (3), Cu1 (4), Cu2 (5), UV-B1+Cu1 (6), UV-B1+Cu2 (7), UV-B2+Cu1 (8) and UV-B2+Cu2 (9). Lineweaver-Burk Plot
showing UV-B-induced toxicity of Pb (b) and Cu (d).

of different doses of UV-B (Table 1), an increased
uptake of Cu and Pb by the cyanobacterium after
UV-B exposure was observed. On supplementation
of 4.8 mmol l−1 Cu (LD25) to the untreated A.
doliolum an uptake of 0.13 mmol Cu mg−1 protein
was noticed. However, exposure of the cells to UV-B

for 12 and 25 min produced about 39 and 85%
increase in Cu uptake. The uptake was, however,
24 and 48% higher in the case of LD50 dose of Cu.
A similar trend was also noticed with Pb, though
its accumulation was more pronounced than Cu in
both control as well as UV-B treated cells.
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3.3. Lipid peroxidation

Appreciable lipid peroxidation was noticed fol-
lowing exposure to both the doses of UV-B and
test metals separately (Table 1), it was more pro-
nounced for the combination of UV-B and
metals. All the four combinations of Cu with
UV-B (UV-B1+Cu1, UV-B1+Cu2, UV-B2+Cu1

and UV-B2+Cu2) generated peroxidation of lipid
by 0.08, 0.11, 0.15 and 0.23 E532-600 mg−1 protein,
respectively. Likewise the Pb-induced lipid peroxi-
dation was 0.13, 0.17, 0.20 and 0.25 E532–600 mg−

1 protein, respectively, at similar combinations
with UV-B. This data demonstrates that UV-B
has a major role in ensuing lipid peroxidation in
comparison to metals.

3.4. Enzyme acti6ities

The inhibition kinetics of NR activity at LD25

and LD50 doses of UV-B and test metals could be
found in Fig. 3. The Vmax of the cyanobacterium
showed a consistent increase following exposure
to both the doses of UV-B either in absence or
presence of metals. Whereas exposure of the
cyanobacterium at LD25 and LD50 doses of both
the metals showed an opposite trend. Km of the
cyanobacterium did not change following expo-
sure to UV-B and test metals either alone or in
combination.

Table 2 shows effects of UV-B and metals on
several enzyme activities of A. doliolum. Exposure
of the cyanobacterium to LD25 and LD50 doses of
UV-B decreased the nitrogenase activity from 6.9
to 4.5 and 4.0 mmol C2H4 mg−1 protein h−1,
respectively. Both metals inhibited nitrogenase ac-
tivity in a concentration dependent manner. How-
ever, the LD25 and LD50 doses of Cu and Pb
produced complete inhibition of nitrogenase ac-
tivity when combined with LD50 dose of UV-B.
All the combinations of UV-B with metals inhib-
ited the nitrogenase activity synergistically (x2

significant PB0.025). However, the most severe
inhibition was noticed for the combination of
UV-B2 with different doses of test metals. Expo-
sure of A. doliolum to LD25 (12 min) and LD50 (25
min) doses of UV-B decreased the glutamine syn-
thetase activity from 3.33 mmol g-glutamyl hy-

droxamate mg−1 protein h−1 to 2.26 and 1.89
mmol g-glutamyl hydroxamate mg−1 protein h−1,
respectively. Supplementation of LD25 and LD50

dose of Pb and Cu registered, respectively, 18, 30
and 22 and 37% inhibition of glutamine syn-
thetase activity. All the combinations of metals
with UV-B inhibited the glutamine synthetase ac-
tivity synergistically. The x2 test also depicted a
significant (PB0.025 and PB0.05) difference be-
tween the observed and expected values. A similar
behavior was also observed for urease activity
(Table 2). The kinetic study clearly indicated non-
competitive inhibition of urease activity by UV-B
alone or in combination with test metals (data not
shown). In contrast, the exposure of A. doliolum
to both the doses of Cu and Pb failed to produce
any change in Vmax, but increased the Km consid-
erably. Thus latter observation suggested a com-
petitive inhibition of urease of A. doliolum by Cu
and Pb (data not shown).

Inhibition of alkaline phosphatase activity was
33 and 42% following UV-B exposure for 12 and
25 min (UV-B1 and UV-B2), respectively (Table
2). The LD25 and LD50 dosage of Cu and Pb
inhibited the alkaline phosphatase activity by be-
tween 20 and 38%. A stronger inhibition of alka-
line phosphatase activity was observed when test
metals were combined with UV-B (synergistic in-
teraction PB0.025 and PB0.05, x2 test).

The ATPase activity was inhibited in the similar
fashion both by UV-B and metals (Table 2). A
combination of UV-B and metals inhibited the
ATPase activity in an additive fashion (x2 not
significant, P\0.05).

4. Discussion

A non-competitive inhibition of NH4
+(Fig. 1),

urea and PO4
3− (Table 1) uptake by UV-B sug-

gests an alteration in the structure of the en-
zyme(s) responsible for their assimilation. Since
transport of nitrate is accomplished through ATP-
dependent permease (Fuggi et al., 1984) the UV-
B-induced decrease in nutrient uptake (Table 1)
could be due to a decreased ATP pool as a
consequence of damaged photosynthetic electron
transport chain (Rai et al., 1995). Contrary to
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Fig. 3. Effect of UV-B, Pb (a) and Cu (c) alone or in combination on nitrate reductase activity of Anabaena doliolum. (a) Control
(1), UV-B1 (2), UV-B2 (3), Pb1 (4), Pb2 (5), UV-B1+Pb1 (6), UV-B1+Pb2 (7), UV-B2+Pb1 (8) and UV-B2+Pb2 (9). (c) Control
(1), UV-B1 (2), UV-B2 (3), Cu1 (4), Cu2 (5), UV-B1+Cu1 (6), UV-B1+Cu2 (7), UV-B2+Cu1 (8) and UV-B2+Cu2 (9).
Lineweaver-Burk Plot showing UV-B-induced toxicity of Pb (b) and Cu (d).

this, NO3
− uptake was stimulated after UV-B

exposure (data not shown). The Cu and Pb metals
were, however, found to inhibit nutrient uptake
(except NO3

−) in a competitive manner. This sug-
gests a direct competition among nutrients and
metals for the catalytic sites of the enzyme(s) and

carriers. In contrast, a non-competitive inhibition
of NO3

− uptake (Fig. 2) by Cu and Pb indicates
an alteration in the structure of the enzyme re-
sponsible for its uptake/transport.

An interesting information emerging from the
present study was a stimulation of nitrate reduc-
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tase activity following exposure of A. doliolum to
UV-B (Table 2). This could be due to an acceler-
ated uptake of NO3

− and/or presence of UV-B
photoreceptors in the cells. A highly significant
positive correlation (r=0.91, PB0.001) between
NO3

− uptake versus nitrate reductase activity of-
fers testimony to the above view. In addition,
UV-B-induced increase in Vmax of the enzyme
(Fig. 3) also suggests its enhanced turnover rate.
Contrary to this, the metals were found to inacti-
vate nitrate reductase through altering its struc-
ture (non- competitive inhibition).

Nitrogenase, the key enzyme for atmospheric
nitrogen fixation in diazotrophic cyanobacteria,
was severely inhibited by UV-B stress (Table 2).
An increased sensitivity of nitrogenase to UV-B
might be due to the reduced energy status of the
UV-B exposed cells (Rai et al., 1995), as 16
molecules of ATP are required for reduction of
one molecule of nitrogen. Nevertheless, the en-
zyme glutamine synthetase which incorporates ni-
trogen into the carbon skeleton and produces
amino acids was also affected by UV-B and
metals (Table 2). Inhibition of glutamine syn-
thetase activity by UV-B is in agreement with the
findings of Döhler (1986) in marine diatom Tha-
lassiosira rotula. Besides urease, alkaline phos-
phatase and ATPase activities of the
cyanobacterium were not only inhibited by UV-B
exposure but high metal concentrations too were
decidedly toxic to all the three enzymes. Since
ATPase activity is primarily dependent on the
ATP pool, the reduction of cellular ATP pool size
following UV-B and metal exposures may slow
down the ATPase activity which in turn is ex-
pected to affect negatively the uptake of nutrients
(Stolarski et al., 1992; Rai et al., 1995). It has to
be mentioned that UV-B+Cu/Pb interacted syn-
ergistically (x2 significant at PB0.025 and PB
0.05) on nutrient uptake, whereas ATPase activity
was affected in an additive manner (Table 2). This
discrepancy, in the interaction suggests that re-
duction in ATPase activity is not the major cause
for the inhibition of nutrient uptake. Alteration in
the structure of the enzymes under UV-B expo-
sure, as reflected by the non-competitive inhibi-
tion, seems to play a major role in reduction of
nutrient uptake.

In order to understand the cause of synergistic
effect lipid peroxidation was studied. The acceler-
ated uptake of metals not only suggest an increase
in cell permeability but also supports the earlier
reports on the damage of biomembranes due to
UV-B and heavy metals. UV-B-induced increase
in cell permeability has rightly been corroborated
by Häder et al. (1986). They suggest that the
cellular constituents absorbing UV-B radiation
are destroyed and these in turn damage proteins
and glycolipids of membranes. UV-B-induced free
radical formation in leaves has been studied by
Hideg and Vass (1996). It is known that the
reaction of such radicals with macromolecules
particularly lipoprotein cause peroxidative dam-
ages that are especially evident for membrane
lipids (Pisanti et al., 1988). The data of lipid
peroxidation (Table 1) supports this above view.
These results suggest that UV-B affects the per-
meability of plasmamembrane through peroxida-
tion of membrane lipids, thereby facilitating
Na+and K+leakage. Thus the increased mem-
brane permeability could be the cause for the
increased metal uptake by UV-B exposed cells. A
significant positive correlation (r=PB0.05) be-
tween lipid peroxidation and metal uptake offers
support to the above view. Peroxidation of mem-
brane lipids not only confirmed the hypothesis of
synergistic inhibition of different metabolic pro-
cesses jointly by UV-B and metals but suggests
further that the environmental hazards of UV-B
radiation would be intensified far greater than
expected in the systems already contaminated
with heavy metals.
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Abstract

The use of chemical oil dispersants to minimize spill impacts causes a transient increase in hydrocarbon concentrations in water,
which increases the risk to aquatic species if toxic components become more bioavailable. The risk of effects depends on the extent
to which dispersants enhance the exposure to toxic components, such as polycyclic aromatic hydrocarbons (PAH). Increased salinities
can reduce the solubility of PAH and the efficiency of oil dispersants. This study measured changes in the induction of CYP1A enzymes
of fish to demonstrate the effect of salinity on PAH availability. Freshwater rainbow trout and euryhaline mummichog were exposed to
water accommodated fractions (WAF), and chemically-enhanced water accommodated fractions (CEWAF) at 0&, 15&, and 30& salin-
ity. For both species, PAH exposure decreased as salinity increased whereas dispersant effectiveness decreased only at the highest salinity.
Hence, risks to fish of PAH from dispersed oil will be greatest in coastal waters where salinities are low.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Fish; Exposure; Oil; PAH; Salinity; Dispersant
1. Introduction

Oil spills associated with marine transport and offshore
production facilities often occur in the open sea. In some
cases, the oil slicks drift towards the shore into estuaries
and nearshore habitats that serve as important spawning
and nursing grounds for many fish species. Within these
coastal areas, other environmental factors such as temper-
ature and salinity could significantly influence the natural
fate and distribution of the oil.

The effect of salinity on risks associated with an oil spill
has many facets. Salinity may influence the solubility of
0025-326X/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.marpolbul.2006.02.009

* Corresponding author. Tel.: +1 613 533 6129; fax: +1 613 533 6090.
E-mail address: hodsonp@biology.queensu.ca (P.V. Hodson).
toxic hydrocarbons from the crude oil, the effectiveness
of chemical dispersants, and the binding characteristics of
residual oil fractions onto suspended particles. The accu-
mulation of hydrocarbons by aquatic organisms in differ-
ent salinity mediums could also be affected by their
osmoregulatory adaptations. Therefore, the risks of toxic-
ity from exposure to dispersed as well as undispersed crude
oil may vary with salinity.

Crude oil is a mixture of several fractions of hydrocar-
bons, with varying solubilities depending on their octa-
nol–water partition coefficients (Kow). Amongst them,
polycyclic aromatic hydrocarbons (PAH) rank as relatively
soluble, more soluble than alkanes having an equal number
of carbon atoms (McAuliffe, 1987). PAH solubility is an
important feature, considering that many PAH rank

mailto:hodsonp@biology.queensu.ca
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among the most toxic components of crude oil. McAuliffe
(1987) found solubilities of toluene in 3.5% and 20% NaCl
to be 70% and 16% of that in distilled water. For 12 aro-
matic hydrocarbons, Sutton and Calder (1975; reviewed
in McAuliffe 1987) found that the mean reduction in solu-
bility at 25 �C in seawater was 68 ± 4.4%, relative to fresh
water. Therefore, the concentrations of aromatic hydrocar-
bons in the water column after an oil spill would increase in
low salinity coastal water or estuaries and have a greater
impact on aquatic organisms than would be the case for
spills in open ocean waters. Results of bioassays conducted
with marine test organisms in salt water would not accu-
rately predict effects on fresh- or brackish-water organisms.

Environmental factors such as salinity (Blondina et al.,
1999) also modify the performance of dispersants. Much
of the work on dispersant effectiveness has tested marine
conditions (32–34& salinity), with few freshwater tests.
Due to toxicity concerns, it has been assumed that disper-
sants would not be used in shallow waters where dispersion
would be limited. Most dispersants are formulated to work
within a narrow range of water salinities, close to that of
seawater, and Fingas et al. (1994) reported distinct salinity
interactions with the effectiveness of three commercial dis-
persants. With the proposed use of dispersants to treat
small operational spills, and the recent development of
‘‘low toxicity’’ dispersant formulations, a better under-
standing of dispersant effects in salinities resembling near
shore or coastal habitats is needed, as this can affect
deployment decisions relating to location and season.

Fish can accumulate soluble petroleum hydrocarbons
very rapidly (Collier et al., 1995), and a fish placed in crude
oil-contaminated water will take up dissolved hydrocar-
bons until a steady state is established between fish and
water. Gills are primary route of hydrocarbon uptake
and excretion, usually by diffusion (Thomas and Rice,
1982). Highly lipid-soluble compounds will be rapidly
exchanged across gills, as they have a large surface area
and a thin epithelium separating blood and water. Gills,
being lipid-rich and directly exposed to contaminated
waters, also serve as a route for the direct uptake of hydro-
phobic crude oil fractions, provided there is contact
between oil droplets in suspension and the gill surface.

Exposure to concentrations of petroleum hydrocarbons
dissolved in water and to naturally dispersed oil droplets
suspended in the water column can be greatly enhanced
by the use of dispersants (Fucik, 1994). While the lighter
PAH volatilize and solubilize easily, the heavier and more
toxic fractions are less soluble. The hydrophobic nature
of the more toxic fractions enables them to partition
directly from crude oil to lipid-rich tissues coming into con-
tact with oil droplets. This is of concern since these con-
taminants can bioconcentrate in tissues of organisms to
factors 10–1000 times greater than in water. Fluorescing
oil droplets were observed under microscope to adhere to
the gills of rainbow trout (Oncorhynchus mykiss) expo-
sed to the water accommodated fraction (WAF) and to
the chemically-enhanced water accommodated fraction
(CEWAF, i.e., dispersed oil) of MESA crude oil (Rama-
chandran et al., 2004a).

Gills in teleosts are sites for osmoregulation as well.
Changes in ion fluxes would take place depending on the
osmotic state of the environment. Freshwater fishes, being
hyperosmotic relative to fresh water, experience a net
inflow of water, thereby increasing uptake of soluble com-
pounds. In contrast, marine fish are hypoosmotic relative
to salt water, and lose water by diffusion; they must drink
salt water, removing excess salt via chloride cells in gill epi-
thelium (Willmer et al., 2000). Hence, uptake of soluble
PAH may be influenced by changes in osmoregulation if
PAH are taken up across the gills by transport with water.

The objective of this research was to measure changes in
exposure of fish to PAH when MESA crude oil was dis-
persed at a range of salinities. Exposure was estimated by
measuring the induction of hepatic cytochrome P450
(CYP1A) activity, an indicator of PAH uptake. Induction
of CYP1A is mediated by the aryl hydrocarbon (Ah) recep-
tor, which activates the cyp1a gene following binding of the
PAH ligand. The ligand and receptor form an activated
complex which translocates to the nucleus and activates
the transcription of the cyp1a gene to mRNA, which is sub-
sequently translated into CYP1A protein (Di Giulio et al.,
1995). The CYP1A enzyme catalyzes the hydroxylation of
PAH to a more soluble and excretable form in the bile, and
assays of liver CYP1A activity provide a good biomarker
of PAH exposure in fish (McCarty et al., 2002). The use
of CYP1A as a biomarker of exposure avoids the compli-
cations of trying to measure mixtures of hydrocarbons in
small fish (2–3 g), particularly since hydrocarbon excretion
limits concentrations in tissues. The CYP1A assay also
focuses attention on those constituents of oil that are asso-
ciated with chronic toxicity, i.e. 3–5-ringed PAH that cause
embryo-larval toxicity (e.g., Brinkworth et al., 2003).

This study examined the role of salinity as a factor influ-
encing dispersant effectiveness as indicated by changes in
the uptake of PAH from dispersed crude oil by fish. The
test species were rainbow trout and the estuarine mummi-
chog (Fundulus heteroclitus). Rainbow trout was chosen
to enable comparisons with freshwater data from previous
experiments across salinities within their zone of tolerance
(0–15&). Mummichog, a more euryhaline species, enabled
testing at higher salinities up to 30& without confounding
results by osmotic stress. They are highly amenable to lab-
oratory studies, a common and abundant species along the
Atlantic coast from Florida to Labrador, and would
almost certainly be affected by coastal oil spills.

2. Materials and methods

2.1. Crude oil and dispersant

The crude oil used to make up water accommodated
fraction (WAF) and chemically enhanced water accommo-
dated fraction (CEWAF) was MESA (Medium Grade
South American) sour crude, an oil with a viscosity of 3–
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12 cSt (centistokes) at 38 �C. According to information in
the material safety data sheet, it is insoluble in water and
non-volatile when dispersed. MESA oil was weathered by
sparging with air for 130 h to simulate the loss of volatile
components at sea shortly after a spill (about 14% by
weight of whole oil).

Corexit 9500 was used to enhance the dispersion of oil.
As listed in its material safety data sheet, this chemical dis-
persant includes aliphatic hydrocarbons, propylene glycol,
and some sulfonic acid salts, which are proprietary. Corexit
9500 is a hydrocarbon-based reformulation of water-based
Corexit 9527, and meant to be used on higher viscosity oils
and emulsions. The acute aquatic toxicity of Corexit 9500
was reported to be not much different from Corexit 9527
and Corexit 9554 (Singer et al., 1996).

2.2. Source of fish

Juvenile (8–10 weeks) rainbow trout were obtained from
a trout farm (Rainbow Springs, Thamesford, ON) and
acclimatized for at least one week in dechlorinated water
at 12–15 �C. The water was derived as a municipal fresh
water supply from Lake Ontario and was of low salinity
(alkalinity = 135 mg/L as CaCO3, chloride 35 mg/L); bio-
assays with trout used the same source of water. During
acclimation, trout were fed daily with a commercial fish
food (Martins Feed Mills, ON) at a rate of 3% body weight
per day. Feed was withheld 48 h prior to each bioassay and
throughout the exposure period.

Mummichogs were chosen for exposure bioassays at
15& and 30& salinity because of their ability to tolerate
wide fluctuations in salinity. They have chloride cells in
their gills, which remain in a seawater type of morphology
even when the fish are maintained in fresh water (Weis,
2002). Mummichog are not available from hatcheries, so
wild fish were collected by seining at two brackish water
reference sites, Horton’s Creek and Shediac River, New
Brunswick (tributaries to the Gulf of St. Lawrence) in June
2004. At the Department of Fisheries and Oceans, Gulf
Fisheries Centre, Moncton, NB, they were placed in a
1200-L holding tank with a recirculating water system at
20 �C. Salinity was maintained at 15& by adding 10 g/L
of Kent Sea Salt to dechlorinated municipal water. To
acclimate mummichog to 30&, salinity was increased grad-
ually over a week (about a 3& salinity increase per day).
Initial tests showed that mummichog had high background
CYP1A enzyme activities, suggesting exposure to AhR-
active compounds such as PAH. Hence, a sub-sample
was shipped to Queen’s University, Kingston ON, for four
months of depuration in Lake Ontario water to determine
Table 1
Test conditions for juvenile trout and mummichog 48 h semi-static (24 h daily

Fish weight (g) pH Temperature (�C) Conductiv

Trout 2.49 ± 0.71 7.89 ± 0.15 12.6 ± 0.2 241 ± 1.5
Mummichog 3.26 ± 1.70 8.34 ± 0.04 12.7 ± 0.3
if low background levels of CYP1A activity could be
achieved prior to testing.

2.3. Preparation of WAF and CEWAF

WAF and CEWAF were prepared following conditions
described in Ramachandran et al. (2004b) using water
adjusted to 15& and 30& with Instant Ocean (Aquarium
Systems, Mentor, OH). A 1:9 mixture of oil and water
was mixed for 18 h at 18 �C, settled for 1 h, and the
WAF layer separated from any surface oil for use as a
stock solution to prepare dilutions for bioassays. CEWAF
was prepared with the same 1:9 ratio of oil and water and
with 18 h of stirring, after which Corexit at a ratio of 1:20
of the oil–water mixture was added with a further 1 h of
stirring. After settling for 1 h, the cloudy CEWAF emul-
sion layer was separated from surface oil and used as a
stock for bioassay dilutions.

2.4. Exposure tests

For each oil treatment, groups of five fish were exposed
to a series of WAF and CEWAF concentrations in 10 L of
water. A model CYP1A inducer, b-naphthoflavone (BNF,
10 lg/L), served as a positive control, while CEWAF of
mineral oil and untreated water were used as negative con-
trols. The concentrations of mineral oil CEWAF were
equivalent to the highest concentration of MESA CEWAF.
All solutions were renewed every 24 h. Physicochemical
factors (temperature, pH, dissolved oxygen, and conductiv-
ity) were measured daily in each experiment. Ammonia
concentrations were measured at the end of each test and
test conditions are presented in Table 1.

After 48 h of exposure, fish were anaesthetized with
100 mg/L of tricaine methane sulfonate (MS-222) and
killed by severing the spinal cord. Their livers were
removed, weighed, and liver S9 fractions prepared as
described by Hodson et al. (1996). Livers less than 50 mg
were homogenized in microcentrifuge tubes in 0.02 M
HEPES sodium salt buffer in 0.15 M KCl (250 lL/10 mg
tissue, pH 7.5). Homogenates were centrifuged at 9000g

for 20 min at 2 �C. The supernatant (S9 fraction) was
removed using a Pasteur pipette, frozen in liquid nitrogen,
and stored at �80 �C.

2.5. EROD assay

CYP1A activity was assessed by a kinetic fluorescence
microplate method that measured the rate of de-ethylation
of ethoxyresorufin to resorufin by CYP1A enzymes in liver
renewal) exposure bioassays (N = 14)

ity (lS/cm) Dissolved oxygen (% saturation) Total ammonia (mg/L)

95.6 ± 10.3 0.63 ± 0.14
97.9 ± 2.14
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Fig. 1. EROD induction in rainbow trout and mummichog exposed to
water accommodated fractions (WAF) or chemically-enhanced water
accommodated fractions (CEWAF) from MESA crude oil at 0& (Panel
A), 15& (Panel B), and 30& (Panel C) salinity. Positive control fish were
exposed to 10 lg/L b-naphthoflavone (BNF). Error bars represent 95%
confidence limits. N = 5/treatment.
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microsomes (Hodson et al., 1996, as described in Rama-
chandran et al. (2004b). CYP1A (EROD) activity was
expressed as pmol of resorufin produced per min per mg
protein in the S9 fraction. Activities of treated fish were
divided by the geometric mean activity of control treat-
ments and reported as ‘induction’, which is a relative scale
with no units.

2.6. PAH analysis

2.6.1. Gas chromatography

To characterize changes in concentrations of PAH from
oil with chemical dispersion and salinity, water samples of
300 mL were taken for total petroleum hydrocarbon (TPH)
and PAH analysis respectively during the daily renewal of
test solutions. Samples were prepared in accordance with
USEPA method 610 (USEPA, 1984). The samples were
spiked with 1.0 mL of surrogate standard comprising nine
PAH (predeuterated), prior to solvent extraction. Samples
were extracted in three 20 mL lots of AR-grade dichloro-
methane and dried by filtration through sodium sulfate.
The extract was concentrated by roto-evaporation and fur-
ther reduced to 1.0 mL by drying under nitrogen. Dichloro-
methane extracts for PAH analysis were sent to the Centre
for Offshore Oil and Gas Environmental Research (COO-
GER), Bedford Institute of Oceanography, Nova Scotia,
for analysis by gas chromatography/mass spectrometry.

2.6.2. Spectrofluorometry

For daily monitoring of total PAH concentrations in
test solutions, samples were analyzed for total fluorescence
with a QMI fluorescence spectrometer (Photon Technolo-
gies International, London, ON, Canada). Two mL of hex-
ane was added to samples of 20 mL of water collected from
each treatment concentration. The sample vials were
capped, shaken mechanically for 20 min, and left for
10 min for the two phases to separate. The hexane layer
was pipetted into 5 mL vials, dried down with compressed
air, and the sample reconstituted with 1.5 mL HPLC-grade
ethanol and 1.5 mL de-ionized water. Vials were covered in
foil and stored at 4 �C in the dark to avoid photo-degrada-
tion of PAH. Prior to analysis, the samples were sonicated
at room temperature for 5 min. Two mL of each sample
were pipetted into a quartz cuvette and assayed for PAH
concentrations by synchronous scanning fluorescence
(SSF), with an excitation–emission wavelength offset of
57 nm (Lin and Cormier, 1994). The concentration of total
PAH was determined by integrating the area under the SSF
spectrum (peak area) and a calibration curve prepared
from MESA crude oil (10�5 to 10�7 M).

2.7. Statistical analysis

Statistical analyses were performed using SigmaStat�

software. Analyses of variance (ANOVA) were calculated
from EROD activity values which had been log trans-
formed to achieve normal distribution (Hodson et al.,
1996). Log EROD activity data for all experiments passed
Kolmogorov–Smirnov normality and Levene median equal
variance tests. A one-way ANOVA with treatment as a fac-
tor was applied to detect differences among treatments
(control, WAF and CEWAF). The post hoc Student–New-
man–Keuls multiple comparison test was used to identify
treatment concentrations that were significantly different
from one another. Median effect concentrations (EC50)
for the WAF and CEWAF exposures of each oil were
calculated from induction curves using Graph Pad–Prism�

fitting a linear regression.

3. Results

3.1. EROD activity

EROD induction of trout (0& and 15& salinity) and
mummichog (15& and 30& salinity) exposed to WAF
and CEWAF of MESA crude oil increased with increasing
exposure concentrations (Fig. 1). For rainbow trout at 0&
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salinity (adapted from Ramachandran et al., 2004b) maxi-
mum induction occurred at 0.0056% v/v CEWAF and
0.18% v/v WAF with EC50s of 0.0003% v/v and 0.1%
v/v respectively. At 15& salinity, potency decreased by
20- to 50-fold: the activity curve (Panel B) shifted to the
right with maximum values at 0.10% v/v for CEWAF
and around 10% v/v (extrapolated) for WAF. The EC50s
increased correspondingly by 50- to 60-fold to 0.018%
v/v for CEWAF and 4.98% v/v for WAF (Table 2). EROD
induction for b-naphthoflavone was similar at 0& and
15& in trout bioassays, about 30 times control.

In the case of mummichogs at 15& (Fig. 1, Panel B),
EROD activity increased above control values at CEWAF
concentrations similar to those inducing trout EROD
activity. However, the maximum activity for mummichog
was about 3-fold lower. Despite the low levels of induction
in the mummichog bioassay at 15&, there was a significant
difference (p < 0.001) among the treatments.

At low salinities, fish species did not seem to influence
the exposure–response relationship. The mummichog
EC50 for CEWAF was in the same range (0.022% v/v) as
that for rainbow trout at 15& salinity (0.018% v/v), while
the mummichog EC50 for WAF was slightly higher than
that of trout (7.56 vs 4.98% v/v) (Table 2). At 30& salinity,
EROD induction curves for WAF and CEWAF in the
mummichog bioassay were shifted to the right of the
15& curve, giving a maximum value at 0.32% v/v for
CEWAF and 10% v/v (extrapolation) for WAF (Fig. 1,
Panel C). The EC50 for CEWAF was approximately
0.12% v/v and 1.1% v/v for WAF. There were no signifi-
cant differences detected among the individual treatment
concentrations in this assay. EROD activity for mummi-
chog exposed to BNF was 4.9 pmol/mg/min at 30& salin-
ity, somewhat lower than at 15& salinity (8.2 pmol/mg/
min).

3.2. Comparisons among EC50s

Dispersion ratios of EC50 CEWAF:EC50 WAF were
calculated to indicate the influence of chemical dispersion
on exposure; the greater the exposure to PAH resulting
from chemical dispersion, the greater the ratio. The disper-
sion ratios were virtually the same for tests at 0& and 15&
Table 2
EC50s for CYP1A induction as shown by increased activity of ethoxy-
resorufin-o-deethylase (EROD) in livers of trout and mummichog exposed
to water accommodated fractions (WAF) or chemically-enhanced water
accommodated fractions (CEWAF) at three different salinities

Fish species Test salinity (&) EC50 (% v/v) EC50 WAF

EC50 CEWAFWAF CEWAF

Rainbow trout 0 0.088 0.00034 258
Rainbow trout 15 4.98 0.018 276
Mummichog 15 7.56 0.022 343
Mummichog 30 1.10a 0.115 9.56

a EC50 determined by graph-plot estimate as there were too few points
for estimation by Graph Pad Prism.
salinity with rainbow trout, indicating no influence of salin-
ity on dispersant effectiveness in the concentration range
tested. However as salinity increased from 15& to 30&

in the mummichog bioassay, the ratio dropped by about
35-fold, suggesting a decrease in dispersant effectiveness.

3.3. PAH concentrations in bioassay treatments

Due to the very low test concentrations of WAF and
CEWAF, the concentrations of individual PAH were
below the detection limits (50 lg/L) of the analytical tech-
nique used. Only at the highest concentration of CEWAF
(0.1% v/v) were measurements comparable among salini-
ties. Overall, the concentration of the individual PAH
detected decreased as salinity increased from 0& to 15&,
but the decrease seemed greatest for parent and alkylated
PAH with three or fewer rings (e.g., phenanthrenes,
dibenzothiophenes; Fig. 2). For PAH with four or more
rings (e.g., pyrenes, chrysenes), concentrations decreased
only slightly with increased salinity. For one compound,
dimethylnaphthobenzothiophene, concentrations actually
increased.

When total PAH were estimated by fluorometry, con-
centrations in all treatments were below 0.1 lg/L (Fig. 3).
Total PAH concentrations were much lower in WAF treat-
ments at 30& salinity than at 15&. For CEWAF, concen-
trations at 30& were mostly below the detection limit
(about 0.0001 lg/mL) except for the highest concentration,
0.1% v/v. In contrast, PAH concentrations at 15& salinity
treatments for 1% v/v WAF were above the detection
limits.

4. Discussion

4.1. Decreased exposure with increasing salinity

These experiments corroborate earlier work on
increased exposure to PAH with chemical dispersion of
crude oil (Ramachandran et al., 2004b). CYP1A induction
of fish exposed to CEWAF, as indicated by increased
EROD activity, occurred at much lower concentrations
than in fish exposed to WAF, indicating a greater exposure
to PAH. The salinity of the test medium also influenced the
bioavailability of PAH from dispersed as well as undis-
persed crude oil. As a general observation, EROD activity
decreased with increasing salinity of the test medium, sug-
gesting a decreased bioavailability and uptake of PAH.
This reduction might be attributed to changes in dispersant
effectiveness, PAH solubility, binding capacity onto sus-
pended particulate matter, or osmoregulation in test fish.

4.2. Is it dispersant effectiveness, reduced solubility of PAH

or osmoregulation which influenced exposure to PAH?

Tests with Arabian Light, Arabian Medium, Kuwait,
and Forcodas crude oils have shown that Corexit 9500 per-
formance is influenced by salinity (Blondina et al., 1999).
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Fig. 2. Concentrations (ng/mL) in bioassay solutions of individual polynuclear aromatic hydrocarbons (PAH) in 0.1% (v/v) chemically-enhanced water
accommodated fraction (CEWAF) from MESA crude oil at 0 and 15& salinity, as measured by gas chromatography–mass spectrometry (GC–MS).
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Fig. 3. Concentrations (lg/mL) in bioassay solutions of all fluorescing
polynuclear aromatic hydrocarbons (estimate of total PAH) in water
accommodated fractions (WAF) or chemically-enhanced water accom-
modated fractions (CEWAF) treatments from MESA crude oil at 15&

and 30& salinity. Concentrations were determined by scanning fluores-
cence spectroscopy.
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Corexit 9500 effectiveness was maximal at salinities of 20–
30&, with a sharp decrease in performance at 15& or
below. Contrary to the results on dispersant effectiveness
at higher salinity, tests to examine temperature and salinity
effects on dispersant (9527, 9500) reported increased effec-
tiveness on emulsified oil at lower salinity (22& compared
to 30& salinity) at 10 �C (Moles et al., 2001). The emul-
sions were prepared at 32& and tested at 22&, and it
would have subjected aqueous micelles within the emulsion
to osmotic shock. This effect may have enhanced dispersant
effectiveness by promoting mixing between oil and seawater
at a microscopic scale.

In our experiments, the dispersant effect did not seem to
change between salinities of 0 and 15&. This was demon-
strated by the rather similar EC50 ratios between WAF
and CEWAF for trout bioassays. In contrast, the EC50
ratios for mummichogs were much higher at 15& than at
30& salinity, suggesting that the dispersant was less effec-
tive at high salinities. However, the EROD bioassay only
measures the exposure of fish to a sub-set of PAH, i.e.,
those inducing CYP1A enzymes. Therefore, these exposure
assays indicate the effectiveness of the dispersant at solubi-
lizing PAH from oil at different salinities. We have inferred
that higher salinities decrease the effectiveness of dispersing
whole oil, but it is quite possible that the dispersion of
whole oil was unaffected.

An alternate hypothesis to explain salinity effects on
PAH uptake by fish is that salinity controls PAH solubility
and bioavailability. The solubility of hydrophobic organic
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contaminants is low at higher salinities (Schlautman et al.,
2004). This holds true for PAH, as corroborated by the
PAH data from this experiment (Figs. 2 and 3) and by
the results of other research (Whitehouse, 1984). At the
highest CEWAF treatment (0.1% v/v), there were higher
concentrations of individual PAH in solution at 0 than at
15&. The differences were largest with the low molecular
weight (LMW) two- (napthalenes) and three- (phenan-
threne) ring compounds as compared with higher molecu-
lar weight compounds such as pyrene (four-ringed).
While the LMW PAH were more soluble in water than
HMW compounds, salinity affected the solubility of the
LMW compounds to a greater extent. However differences
noted in PAH concentrations at the various salinities were
5–10-fold (Fig. 2), not big enough on their own to explain
changes in measured EROD induction (40–60-fold).

Interactions between PAH and particulates might also
be affected by salinity, but their interactions were probably
unimportant in these assays. Fish were not fed for 48 h
prior to testing to avoid fecal material, and exposures were
carried out in filtered water. Hence there were would be few
particulates available for binding with PAH.

Although we did not examine osmoregulation in our test
animals, it may have been a possible factor because fish
regulate osmotic balance as salinity changes (Hoar,
1966). Fish in hyposmotic environments are subjected to
diffusion of water from the surrounding medium into the
gills, as is the case with freshwater fish. As the salinity of
the surrounding medium is increased, this process slows
until iso-osmotic conditions prevail (about 15&). In this
study, responses of fish to PAH did not change between
0& and 15& salinity. Assuming that salinity effects on dis-
persant effectiveness or PAH solubility did not balance an
osmoregulatory effect, these results would imply that PAH
exposure was unaffected by changes in osmoregulation.
This conclusion is supported by similar EROD responses
to BNF exposure without dispersant at 0& and 15&

salinities.
In contrast, increased salinity markedly reduced PAH

uptake from CEWAF by mummichogs. Similarly, EROD
activity in mummichog exposed to BNF positive controls
was reduced by one half at 30& versus 15& salinity
(Fig. 1), suggesting reduced exposure to this model inducer.
Euryhaline mummichogs are quite adapted to changing
salinities, and have chloride cells to excrete salt in saline
conditions. If water uptake or loss via the gills acts as a
transfer medium for PAH across the gills, in addition to
passive diffusion across lipid membranes, the reduction in
PAH uptake at higher salinities might be due to water
and PAH efflux in response to osmotic gradients. However,
the efflux of water with increased salinity is counteracted by
the requirement that fish drink water at high salinities,
which might provide a dietary loading of PAH equivalent
to the efflux of PAH with water via the gills. These possibil-
ities cannot be resolved without physiological experiments
to partition uptake and excretion rates among the gills,
intestine, and possibly the kidney to develop a mass bal-
ance of water flows and PAH loading. Considering that
hydrophobicity drives partitioning of PAH from water into
lipid membranes, the trans-membrane transport of PAH
with water should decrease in importance with an increas-
ing molecular size and octanol–water partition coefficient.
Overall, the reduction in EROD activity with increasing
salinity in fish exposed to dispersed oil likely reflects the
combined effect of lower PAH solubility and dispersant
effectiveness.
5. Do wild mummichogs make good test species for CYP1A

induction?

EROD activity data for mummichog bioassays were not
optimal. Test fish tissues had high background concentra-
tions of CYP1A protein concentration (ascertained from
western blot). As a consequence, EROD induction (activity
normalized to water activity of control fish) was lower than
observed with trout exposed to dispersed oil under similar
conditions. Differences in test results could not be attrib-
uted to testing procedures or to analytical error, as repeat
experiments yielded the same high background CYP1A
activity in most of the fish used. In particular, holding fish
in clean water to allow depuration of unknown inducers for
3–4 months did not reduce background CYP1A activity
(data not shown). We found no information linking the
high background activity in wild mummichogs to known
sources of chemical contamination; they were collected
from sites that have been reported in the literature as refer-
ence sites (Couillard, 2002). Some populations of mummic-
hogs have developed resistance to methylmercury, kepone,
dioxins, polychlorinated biphenyls, and PAH (Weis, 2002),
and can inherit resistance to PAH contamination (Meyers
et al., 2002). Elevated activity of CYP1A enzymes in pop-
ulations from sites exhibiting low levels of contamination
have also been reported previously (Stegeman, 1978), mak-
ing it difficult to assess the extent of PAH exposure. There-
fore, there is a trade-off with this species between its low
sensitivity for testing PAH uptake by the extent of CYP1A
enzyme induction, and its great ecological relevance for
assessing the effects of coastal oil spills.
6. Conclusion

In situations where oil spills occur near estuaries or
coastal areas, exposure of fish to PAH will be up to 60-fold
greater in water of low salinity compared to water of full
salnity (i.e., 32&). Use of dispersants would increase the
exposure to PAH by 250 times in brackish and fresh water
but only 10 times in marine conditions. One of the main
reasons is the increased solubility of PAH at lower salini-
ties, especially the lower molecular weight two- and
three-ringed homologs. This solubility effect is enhanced
by the apparent increased effectiveness of chemical disper-
sion at low salinities. Therefore, the potential risks to aqua-
tic life of PAH toxicity following oil spills are enhanced in
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lower salinity waters such as estuaries and near coastal
zones.
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Internal bioavailability of zinc (Zn) in the liver and intestine of juvenile rainbow trout (Oncorhynchus
mykiss) was investigated following exposure to 150 or 600 �g l−1 waterborne Zn, 45 or 135 �g dietary
Zn g−1 fish day−1, and a combination of 150 �g l−1 waterborne and 45 �g dietary Zn g−1 fish day−1 for 40
days. At the organ/tissue level the concentrations of Zn in the intestine were 15–25 times those in
the liver, and a transient partially additive accumulation was observed in the intestine. At the sub-
cellular level Zn distribution was ubiquitous with the accumulation pattern in the liver being heat
stable proteins (HSP) > mitochondria > nuclei-cell debris > heat denaturable proteins (HDP) > microsomes-
lysosomes (M-L) = NaOH resistant fraction, while in the intestine it was nuclei-cell debris > HSP > NaOH
resistant fraction > mitochondria > M-L = HDP. The majority of cellular Zn was biologically available in
both tissues with the estimated putative metabolically active pools (MAP) being 65–78% in the liver and
59–75% in the intestine. We show, for the first time, preferential streaming of dietary Zn into the metabol-
ically detoxified pool (MDP) and that of waterborne Zn to the MAP. Specifically, in the liver the cellular
Zn load shifted to MAP in the waterborne Zn and combined exposures, and to the MDP in the dietary Zn

exposures. In the intestine the proportion of detoxified Zn increased in the dietary Zn-exposed fish but
was unchanged in the waterborne and combined exposures despite elevated concentrations. Under the
experimental conditions used in the present study, uptake from the food drove the accumulation of Zn
in the intestine while uptake from both sources was important in the liver, consistent with its central
location. Further, additive accumulation in the MDP (hepatic and intestinal), intestinal HSP, and hepatic
HDP was revealed. Overall these data suggest that fish are better insulated from dietary than waterborne

Zn toxicity.

. Introduction

Zinc is an essential trace metal required in more than 1000
tructural, regulatory and catalytic proteins necessary for nor-
al physiology, growth, and development in all animals (Vallee

nd Falchuk, 1993; Eide, 2006; Maret and Krężel, 2007). For this
icronutrient, the dose–response relationship is stereotypically
-shaped denoting high incidence of adverse effects at extremes
f the dose axis due to deficiency (low dose) and toxicity (high
ose). Therefore a requirement for safe Zn utilization by animals

s homeostatic regulation of its cellular concentrations. In fish
he maintenance of Zn homeostasis under varying ambient con-

entrations involves the modulation of uptake, accumulation, and
xcretion (Bury et al., 2003). However, because uptake of metals
ccurs via two main pathways (branchial and gastrointestinal) in
sh, understanding Zn homeostasis and toxicity presents unique

∗ Corresponding author. Tel.: +1 902 566 0944; fax: +1 902 566 0832.
E-mail address: ckamunde@upei.ca (C. Kamunde).

166-445X/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.aquatox.2009.05.004
© 2009 Elsevier B.V. All rights reserved.

challenges. It has been observed that following Zn uptake from
water via the gills and from food via the gastrointestinal tract
(Hogstrand and Wood, 1996; Clearwater et al., 2002) the ensu-
ing distribution is tissue-specific and uneven. Thus delineating the
source (water or food) may reveal the fate and effects of accumu-
lated Zn. A second feature that confounds our understanding of Zn
(and other metals) homeostasis and toxicity is the existence of a
variety of physiological handling strategies to deal with accumu-
lated metals. These handling strategies render some cellular pools
of metals unavailable for physiological use or to cause toxicity.
Indeed it is now widely acknowledged that the bioavailability of
metals for biological functions or toxicity depends on their speci-
ation and intracellular localization (Campbell, 1995; Vijver et al.,
2004; Campbell et al., 2005).

Speciation is the partitioning of a metal among specific chemical

forms (species), distinguished by isotopic composition, oxidation or
electronic state, and complex or molecular structure (Templeton
et al., 2000). It is dictated by the chemical composition of the
medium in which the metal is found. For example, in aqueous media
metal ions generally bond with extant organic and inorganic com-

http://www.sciencedirect.com/science/journal/0166445X
http://www.elsevier.com/locate/aquatox
mailto:ckamunde@upei.ca
dx.doi.org/10.1016/j.aquatox.2009.05.004
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lexing ligands leading to decreased bioavailability and toxicity
Campbell, 1995). This is the basis of the free-ion activity model
FIAM, Campbell, 1995) which contends that the biological effects
f metals are best predicted by the activity of the free metal ion or
abile metal complexes. Typically, measurement of metal speciation
nd bioavailability in aqueous external environment is achieved by
variety of approaches including equilibrium calculations using

hermodynamic modeling programs such as MINEQL+ (Schecher
nd McAvoy, 1994), WHAM (Tipping, 1994), and MINTEQA2 (Brown
nd Allison, 1987). The importance of these modeling approaches
n aquatic toxicology is portrayed in the role they played in the
evelopment of the biotic ligand model (BLM), a novel environmen-
al monitoring and regulatory tool which was recently approved
or copper and is under development for other metals. Based in
art on this “success story” of speciation analysis in the external
nvironment, a popular opinion in the aquatic toxicology com-
unity is that knowledge of speciation of accumulated metals
ould greatly improve the link between exposure, accumulation

nd effects. To achieve this goal, the critical tissue residue con-
ept (CTR; McCarty and Mackay, 1993) has been proposed. For
etals however, CTR does not appear to be a good predictor of

oxicity in part because the metal handling strategies exhibited
y various organisms affect bioavailability of accumulated met-
ls but are not considered (Rainbow, 2002; Ahearn et al., 2004;
ijver et al., 2004). Thus procedures for measuring bioavailabil-

ty that consider the physiological fate of accumulated metals are
ecessary for effective application of CTR to metals. To this end dif-

erential centrifugation (Wallace et al., 2003) has been employed
o measure bioavailability of metals in the internal environment.
his approach is analogous to sequential extraction of metals in
ediments (Campbell et al., 2005) and permits the quantifica-
ion and detection of changes in sizes of cellular pools of metals
eading not only to a better understanding of the fate of internal-
zed metals but also a more precise linkage of accumulation and
ffects.

The objective of this study therefore was to quantify the bio-
ogically available Zn in rainbow trout liver and intestinal tissues
ollowing chronic waterborne and dietary Zn exposures to bet-
er understand the interactions between the two primary routes
f metals uptake. We predicted that (i), subcellular partitioning
nd physiological fate of Zn in a centrally located organ such as
he liver would reflect uptake from both water and food, while
n the intestine it would reveal the intracellular fluxes and ligand
nteractions important in the regulation of Zn uptake and excre-
ion, and (ii), upon internalization Zn would be handled similarly
egardless of source. Other than our recent publication (Sappal
t al., 2009), the handling, interactions, and relative contribu-
ion of waterborne and dietary Zn have not been studied at the
ubcellular level in fish. Lastly, this study sought to identify a com-
on subcellular target that accumulates Zn irrespective of the

issue and route of uptake. Identification of such a target would
acilitate exposure characterization during risk assessment of

etals.

. Materials and methods

.1. Fish

Juvenile rainbow trout (mean initial weight 14 g) were obtained
rom Ocean Trout Farm, Brookvale, PE, and acclimated to labo-

atory conditions for 1 month at the Atlantic Veterinary College
AVC) Aquatic Research Facility. Laboratory conditions consisted of
single 250-l tank supplied with aerated flow-through well water

ontaining: Na 47.1, Cl 137.3, Ca 58.8, Mg 27.6, hardness 260 (as
aCO3) and dissolved organic carbon 1.5, all in mg l−1. The water pH
xicology 93 (2009) 166–176 167

and temperature were 7.5–8.0 and 11.5–12 ◦C, respectively. During
the acclimation period, fish were fed 2% bw daily ration of com-
mercial granulated 3.0 grade trout chow (Corey Feed Mills Ltd.,
Fredericton, NB) containing crude protein 46% (minimum), crude
fat 26% (minimum), crude fibre 1.7% (maximum), Ca 1.3% (actual),
phosphorous 1.0% (actual), Na 0.6% (actual), vitamin A 4400 i.u. kg−1

(minimum), vitamin D3 3200 i.u. kg−1 (minimum), and vitamin E
2000 i.u. kg−1 (minimum).

2.2. Experimental diets

Experimental diets were made in-house by supplementing un-
pelleted trout chow with the required amount of Zn calculated
to deliver nominal 45 and 135 �g Zn g−1 fish day−1 in the low and
high dietary Zn exposure groups, respectively. This was achieved
by making diets containing nominal Zn concentrations of 1500
and 4500 mg kg−1, which were kept at −20 ◦C until use. The actual
Zn concentrations of the diets (means ± SEM, n = 5) determined
by flame atomic absorption spectroscopy (FAAS) were 228 ± 6,
1441 ± 76 and 4820 ± 200 mg kg−1 for the control, low and high Zn
diets, respectively.

2.3. Exposure regime

Experimental fish were exposed to 150 or 600 �g l−1 waterborne
Zn, 45 or 135 �g g−1 fish day−1 dietary Zn, and a combination of
150 �g l−1 waterborne and 45 �g g−1 fish day−1 dietary Zn for 40
days. A control group with no Zn added to the water and food was
maintained. The elevated Zn concentrations were approximately
5 and 20 times the control levels in both the water and food. All
the Zn exposure groups and the control were in triplicates and the
experiment was carried out in a battery of eighteen 10-l tanks in a
completely randomized block.

Briefly following the 1-month laboratory acclimatization period,
the fish were equally (n = 16–17) distributed into the experimen-
tal tanks without bias using a random number set. Exposure to
150 and 600 �g l−1 waterborne Zn was achieved via a constant
drip (3.0 ml min−1) of stock solutions containing, respectively, 50
and 200 mg l−1 Zn (ZnSO4·7H2O; Sigma–Aldrich, Oakville, ON) from
Mariotte bottles into head tanks receiving 1000 ml min−1 of AVC
well water. Uniform distribution of Zn in the head tanks was
achieved by constant vigorous aeration. There were three head
tanks designated low, high, and combined, and each of them sup-
plied three experimental tanks at a flow rate of 333 ml min−1.
Actual concentrations of Zn in the low, high waterborne and com-
bined exposure experimental tanks were 179.90 ± 9.43 (n = 49),
649.50 ± 14.80 (n = 53) and 189.60 ± 10.60 (n = 49), �g l−1, respec-
tively. Note that the US Environmental Protection Agency’s water
hardness corrected numerical limit of total allowable water-
borne Zn for this water is 710 �g l−1. Measured in-tank Zn
concentrations in the control, low dietary and high dietary experi-
mental tanks were 34.71 ± 14.13 (n = 32), 31.23 ± 9.37 (n = 32) and
36.27 ± 12.35 �g l−1 (n = 30), respectively. Dissolved oxygen and
ammonia were 9.95 ± 0.06 (n = 42) and 0.44 ± 0.04 (n = 30) and
mg l−1, respectively, while the pH was 7.89 ± 0.08 (n = 30), through-
out the experimental period.

During the experiment, fish were fed the designated diets
at a ration of 1.5% wet bw twice a day, once in the morning
(09:00–10:00 h) and again in the evening (21:00–22:00 h). The
fish were allowed to feed for 1 h, after which fecal material was

siphoned off. Visual examination during the feeding revealed that
the fish readily ingested the diets. Water samples collected after
1 h of feeding were analyzed for Zn concentrations in all the treat-
ments and no significant leaching of Zn from food into the water
was observed.
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Fig. 1. Zinc concentrations in liver (a) and intestine (b) of juvenile rainbow trout fol-
lowing waterborne and dietary Zn exposures. All values are means ± SEM, n = 4 each
comprising a pooled sample of livers or intestines from 12 fish. Black bars, control;
grey bars, low waterborne (150 �g l−1); open bars, high waterborne (600 �g l−1);
cross-hatched bars, low dietary (45 �g g−1 fish day−1); diagonally hatched bars,
68 R. Sappal, C. Kamunde / Aqu

.4. Sampling

Sampling was done at the start of the exposure (day 0) and
ubsequently at days 14, 28 and 40 to measure subcellular Zn con-
entrations in the liver and intestine. The fish were initially starved
or 48 h to purge the gut of ingesta. At each sampling interval 4
sh per replicate (12 fish per treatment) were randomly netted

rom the experimental tanks and were euthanized with an over-
ose of 150 mg l−1 tricaine-methane sulfonate. The liver and the

ntestine (anterior and posterior together) were then dissected out
nd immediately frozen in liquid nitrogen and later stored at −80 ◦C
ntil further processing.

.5. Subcellular fractionation

Liver and intestinal samples previously frozen at −80 ◦C were
hawed on ice for homogenization. Because all the other data
howed no replicate effect, three randomly selected livers or
ntestinal tissue samples were pooled together to derive n = 4
omposite samples for each group at each sampling time. Phos-
hate buffered saline (PBS) containing (all in mM) 137 NaCl,
.3 KCl, 4.3 Na2HPO4, 1.4 NaH2PO4, 0.1 phenylmethylsulfonyl
uoride and 1 dl-dithiothreitol, was added in a ratio of 1:3 (tis-
ue:buffer) to each pooled sample and manually homogenized
n ice using a 5-ml Potter-Elvehjem homogenizer (Cole-Palmer,
njou, QC). The homogenates obtained were submitted to dif-

erential centrifugation to produce six subcellular fractions:
uclei-cell debris, mitochondria, M-L = microsomes-lysosomes,
DP = heat-denaturable proteins, HSP = heat-stable proteins, and
a-OH-resistant granules. For a detailed description of this pro-
edure see Sappal et al. (2009).

.6. Zn analysis and protein measurement

The pellets obtained from subcellular fractionation and
omogenate subsamples were lyophilized and digested with 500 �l
f a 15:1 mixture of 70% HNO3 and 30% H2O2 at room temper-
ture. Due to their large volume, liver homogenate subsamples
ere transferred to 15-ml Eppendorf tubes for the digestion. All

he digests were analyzed for Zn by FAAS after appropriate dilu-
ion with de-ionized water whereas the supernatants obtained
rom the fractionation were analyzed for Zn without digestion after
ppropriate dilution with 0.2% HNO3. For quality control, procedu-
al blanks and a certified reference material (bovine liver, standard
eference material 1577b, National Institute of Standards and Tech-
ology Gaithersburg, MD) were digested and analyzed in the same
anner as all the experimental samples. Blanks indicated no con-

amination, and the recovery of Zn from bovine liver ranged from 91
o 107%. A certified reference material (TMDA 54.4 or 54.3, National

ater Research Institute, Burlington, ON) was also analyzed for
n during each analytical run. The measured Zn concentrations in
he reference material were consistently within the certified range,
ith recoveries in the range of 92–106%.

Total protein concentrations were measured spectrophotomet-
ically (Spectra Max Plus, Molecular Devices, Sunnyvale, CA) at
95 nm in aliquots of whole hepatic and intestinal homogenates
ccording to the method of Bradford (1976) using a Bio-Rad protein
ssay kit with bovine serum albumin as the standard.

.7. Statistical analysis
All the data are presented as means ± SEM. The protein, Zn
ccumulation and proportional distribution data were statistically
nalyzed using two-way analysis of variance (ANOVA, Statistica
ersion 5.1, Statsoft, Inc., Tulsa, OK) with time and treatment
s independent variables. The proportional data were initially
high dietary (135 �g g−1 fish day−1); line, combined exposure (150 �g l−1 water-
borne + 45 �g g−1 fish day−1 dietary). Bars or points with different letters are
significantly different from each other (ANOVA, p < 0.05).

arcsine-transformed before submission to ANOVA. Tukey’s honest
significant difference (HSD) test was used to delineate differences
among the means of the measurements at p < 0.05.

3. Results

3.1. Total protein and Zn concentrations in liver and intestine

The mean protein concentrations in the liver ranged between
430 and 590 mg g−1 dry wt with a significant increasing trend over
time (p < 0.05) but no differences among the treatment groups.
Intestinal protein concentrations were about half those of the liver
and increased with time (p < 0.001) from about 200 mg g−1 on day

0 to 350 mg g−1 by day 40. There were erratic differences among a
limited number of treatments. All the Zn concentrations measured
in the liver and intestine were normalized to the respective tissue
protein concentrations as were those of the subcellular fractions.
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Fig. 2. Zinc concentrations in hepatic organelles of juvenile rainbow trout following
waterborne and dietary Zn exposures: nuclei-cell debris (a), mitochondria (b)
and microsomes-lysosomes (c). All values are means ± SEM, n = 4 each comprising
a pooled sample of livers or intestines from 12 fish. Black bars, control; grey
bars, low waterborne (150 �g l−1); open bars, high waterborne (600 �g l−1);
cross-hatched bars, low dietary (45 �g g−1 fish day−1); diagonally hatched bars,

Fig. 3. Zinc concentrations in hepatic soluble fractions of juvenile rainbow trout
following waterborne and dietary Zn exposures: HDP (a) and HSP (b). All values
are means ± SEM, n = 4 each comprising a pooled sample of livers or intestines from
12 fish. Black bars, control; grey bars, low waterborne (150 �g l−1); open bars, high

waterborne (600 �g l−1); cross-hatched bars, low dietary (45 �g Zn g−1 fish day−1);
diagonally hatched bars, high dietary (135 �g g−1 fish day−1); line, combined expo-
sure (150 �g l−1 waterborne + 45 �g g−1 fish day−1 dietary). Bars or points with
different letters are significantly different from each other (ANOVA, p < 0.05).

Liver Zn concentrations increased significantly with time
(p < 0.0001) and Zn exposure (p < 0.05) from approximately 190 on
day 0 to a peak of about 330 ng mg−1 protein on day 14 and a plateau
thereafter (Fig. 1a). There were no differences between the dietary
and waterborne Zn exposure groups and the combined exposure
revealed no additional accumulation beyond that attributable to
the respective single waterborne or dietary exposure. Intestinal Zn
concentrations (Fig. 1b) were 15–25 times higher than those of the

liver and were significantly influenced by time (p < 0.001) but not
the Zn exposure. Specifically, from an incipient value of approx-
imately 2800 ng Zn mg−1 protein the concentrations peaked on
day 14 at approximately 4200 ng Zn mg−1 protein in the combined
exposure group. The combined exposure revealed added accumula-

high dietary (135 �g Zn g−1 fish day−1); line, combined exposure (150 �g l−1 water-
borne + 45 �g g−1 fish day−1 dietary). Bars or points with different letters are
significantly different from each other (ANOVA, p < 0.05).
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Fig. 4. Zinc concentrations in intestinal organelles of juvenile rainbow trout fol-
lowing waterborne and dietary Zn exposures: nuclei-cell debris (a), mitochondria
(b) and microsomes-lysosomes (c). All values are means ± SEM, n = 4 each com-
prising a pooled sample of livers or intestines from 12 fish. Black bars, control;
grey bars, low waterborne (150 �g l−1); open bars, high waterborne (600 �g l−1);
cross-hatched bars, low dietary (45 �g Zn g−1 fish day−1); diagonally hatched bars,
high dietary (135 �g Zn g−1 fish day−1); line, combined exposure (150 �g l−1 water-
borne + 45 �g Zn g−1 fish day−1 dietary). Bars or points with different letters are
significantly different from each other (ANOVA, p < 0.05).

Fig. 5. Zinc concentrations in intestinal soluble fractions of juvenile rainbow trout
following waterborne and dietary Zn exposures: HDP (a) and HSP (b). All values
are means ± SEM, n = 4 each comprising a pooled sample of livers or intestines from
12 fish. Black bars, control; grey bars, low waterborne (150 �g l−1); open bars, high

waterborne (600 �g l−1); cross-hatched bars, low dietary (45 �g Zn g−1 fish day−1);
diagonally hatched bars, high dietary (135 �g Zn g−1 fish day−1); line, combined
exposure (150 �g l−1 waterborne + 45 �g Zn g−1 fish day−1 dietary). Bars or points
with different letters are significantly different from each other (ANOVA, p < 0.05).

tion beyond the concentration attributable to the comparable single
waterborne and dietary exposures on days 14 and 40.

3.2. Bioaccumulation and distribution of Zn in subcellular
fractions

3.2.1. Liver
Zinc concentrations in hepatic subcellular fractions are pre-

sented in Figs. 2 and 3. Among the organelles, hepatic nuclei-cell
debris Zn concentrations were variable and not altered by time
or the Zn exposure, remaining within the range of 30–60 ng mg−1

protein among the treatment groups throughout the experiment
(Fig. 2a). Mitochondrial Zn concentrations (Fig. 2b) increased sig-

nificantly with time (p < 0.0001) and Zn exposure (p < 0.01), with
the treatment effect being most apparent among the dietary expo-
sure groups. In the M-L fraction there was an overall significant
increasing trend with time (p < 0.0001) but no differences among
the exposure groups (Fig. 2c). No additional accumulation above
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Fig. 6. Zinc concentrations in hepatic and intestinal MAP and MDP of juvenile rainbow trout following waterborne and dietary Zn exposures: Hepatic MAP (a), hepatic MDP
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b), intestinal MAP (c) and intestinal MDP (d). All values are means ± SEM, n = 4 each
ars, low waterborne (150 �g l−1); open bars, high waterborne (600 �g l−1); cross-h
135 �g Zn g−1 fish day−1); line, combined exposure (150 �g l−1 waterborne + 45 �g
rom each other (ANOVA, p < 0.05).

hat attributable to the comparable sole waterborne or dietary Zn
xposure was observed among the organelle fractions in the com-
ined exposure group.

Among the soluble fractions, HDP Zn concentration increased
ignificantly with time (p < 0.0001) and Zn exposure (p < 0.01) from
0 to a peak of about 40 ng Zn mg−1 protein (Fig. 3a). The interac-
ion term (p < 0.01) between time and exposure also was significant.
urther, there was a significant partial additive accumulation of
aterborne and dietary Zn in the combined exposure group on
ay 40. For the HSP, the Zn concentrations increased with both
ime (p < 0.0001) and treatment (p < 0.0001) and ranged between 27
nd 66 ng mg−1 protein (Fig. 3b). In addition, the interaction term
p < 0.0001) between time and Zn exposure was significant. How-
ver, in contrast to the HDP, no additional accumulation occurred
n the combined exposure group. Overall, this fraction attained the
ighest concentration of Zn among the hepatic subcellular frac-
ions.

In the hepatic NaOH-resistant fraction (data not shown) Zn con-

entrations increased significantly with time (p < 0.0001) and Zn
xposure (p < 0.05) with the mean concentrations ranging between
2 and 24 ng Zn mg protein−1. No additional accumulation above
he comparable single waterborne or dietary Zn exposure was
bserved in the combined route exposure group.
rising a pooled sample of livers or intestines from 12 fish. Black bars, control; grey
d bars, low dietary (45 �g Zn g−1 fish day−1); diagonally hatched bars, high dietary
fish day−1 dietary). Bars or points with different letters are significantly different

3.2.2. Intestine
Figs. 4 and 5 show Zn concentrations in intestinal organellar sub-

cellular fractions. The nuclei-cell debris fraction Zn concentrations
varied between 590 and 1860 ng mg−1 protein with no significant
effect of treatment (Fig. 4a). However, the time effect was significant
(p < 0.0001) whereby after peaking on day 14, the concentrations
generally declined on days 28 and 40. This fraction contained the
highest concentration of Zn among the intestinal fractions. Mito-
chondrial Zn concentrations (Fig. 4b) were much lower than those
of the nuclei-cell debris and fell between 200 and 330 ng mg−1

protein with significant treatment (p < 0.05) and time (p < 0.001)
effects. In the M-L fraction the Zn concentrations increased with
time (p < 0.01) and treatment (p < 0.05) from a low 80 to a high
235 ng mg−1 protein (Fig. 4c). Similar to the liver organelles, no
additional accumulation above the comparable single waterborne
or dietary Zn exposure was observed in the combined exposure
group.

In the soluble intestinal fractions, HDP Zn concentrations ranged
−1
from about 100 to 250 ng mg protein and the time (p < 0.001) and

treatment (p < 0.05) effects, as well the interaction term (p < 0.01)
were all significant (Fig. 5a). Moreover, no added accumulation
resulted from simultaneous waterborne and dietary Zn exposure.
Zinc concentrations in the HSP fraction ranged between 420 and
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Table 1
Relative proportions (%) of Zn distributed between metabolically active and detoxified metal pools (MAP and MDP) in the liver. All values are means ± SEM, n = 4 each
comprising a pooled sample of livers from 12 fish. Different superscript letters indicate significant difference, p < 0.05.

Day Treatment Waterborne Dietary Combined

MAP MDP MAP MDP MAP MDP

0 Control 73.99bc ± 0.29 26.01yz ± 0.29 73.99bc ± 0.29 26.01yz ± 0.29 73.99bc ± 0.29 26.01yz ± 0.29

14 Control 69.98b ± 1.45 30.02y ± 1.45 69.98b ± 1.45 30.02y ± 1.45 69.98ab ± 1.45 30.02xy ± 1.45
Low 71.59abc ± 1.37 28.41xyz ± 1.37 65.66a ± 2.10 34.35x ± 2.10 66.61a ± 0.67 33.39x ± 0.67
High 67.63ab ± 2.50 32.37xy ± 2.50 67.20ab ± 2.82 32.80xy ± 2.82

28 Control 68.19a ± 1.90 31.81x ± 1.90 68.19a ± 1.90 31.81x ± 1.90 68.19ab ± 1.90 31.81xy ± 1.90
Low 77.27c ± 1.49 22.73y ± 1.49 70.70abc ± 2.11 29.30xyz ± 2.11 72.71bc ± 3.39 27.29yz ± 3.39
High 72.57abc ± 1.27 27.44xyz ± 1.27 64.79a ± 2.59 35.21x ± 2.59

4 .04abc

.60abc
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0 Control 72.04abc ± 1.05 27.96xyz ± 1.05 72
Low 74.97bc ± 1.80 25.03yz ± 1.80 67
High 74.61bc ± 1.43 25.39yz ± 1.43

050 ng mg−1 protein, more than 4 times those of the HDP (Fig. 5b).
he time (p < 0.001) and treatment (p < 0.05) effects, as well as the
nteraction term (p < 0.01), were all significant. The treatment effect
as driven primarily by the dietary exposure with the waterborne

n-exposed groups showing minimal accumulation. Indeed, in the
ombined exposure Zn accumulation was attributable to dietary
ptake since the concentrations attained were similar to those of
he comparable single dietary pathway exposure but higher than
hose of the single waterborne exposure (Fig. 5b, days 14 and 40).

In the intestinal NaOH-resistant fraction the Zn concentrations
anged from 140 to 550 ng mg−1 protein (data not shown). There
as a significant time effect (p < 0.0001) and simultaneous water-
orne and dietary exposure was not associated with additional Zn
ccumulation.

.3. Accumulation and distribution of Zn in metabolically active
nd detoxified pools

The overall concentrations and relative changes in the propor-
ion (%) of Zn accumulated in the metabolically active and detoxified
ools (MAP and MDP) were evaluated. The MAP comprised Zn accu-
ulated in the nuclei-cell debris, mitochondria, M-L and the HDP

ractions, whereas the MDP consisted of Zn associated with the HSP
nd NaOH-resistant granules. For the liver (Fig. 6a) Zn accumula-
ion in MAP increased significantly with time (p < 0.001), while in
he MDP (Fig. 6b) it was influenced by both treatment (p < 0.0001)
nd time (p < 0.0001). Furthermore, the interaction term was sig-

ificant for MDP (p < 0.0001) but not for MAP. Both waterborne
nd dietary pathways appeared to contribute equally to Zn accu-
ulation in the MDP in the combined exposure except on day 14
hen dietary uptake was dominant. Proportionally, the majority

f the hepatic Zn (67–78%) was metabolically active with 23–33%

able 2
elative proportions (%) of Zn distributed between metabolically active and detoxified m
omprising a pooled sample of intestines from 12 fish. Values with different superscript l

ay Treatment Waterborne Dietary

MAP MDP MAP

0 Control 68.57bc ± 3.89 31.43yz ± 3.89 68.57b

14 Control 63.55ab ± 1.15 36.45x ± 1.15 63.55a

Low 70.59bc ± 0.48 29.40yz ± 0.48 65.14ab

High 64.32ab ± 0.96 35.68xy ± 0.96 58.78

8 Control 63.52ab ± 0.69 36.48xy ± 0.69 63.52a

Low 70.00bc ± 0.43 29.99yz ± 0.43 65.84ab

High 66.41abc ± 1.86 33.59xyz ± 1.86 60.37

0 Control 63.08ab ± 1.18 36.93xy ± 1.18 63.08a

Low 74.84c ± 1.92 25.16x ± 1.92 66.07ab

High 68.71bc ± 1.75 31.29x ± 1.75 59.84
± 1.05 27.96xyz ± 1.05 72.04abc ± 1.05 27.96xyz ± 1.05
± 2.10 32.40xyz ± 2.10 77.55c ± 1.93 22.45z ± 1.93
± 3.73 32.76x ± 3.73

being detoxified (Table 1). More importantly, the overall distribu-
tion shifted (p < 0.01) to the MDP in the dietary Zn-exposed fish and
to the MAP in the waterborne and combined exposures.

In the intestine, accumulation of Zn in the MAP was influenced
by time (p < 0.0001) but not treatment (Fig. 6c). The waterborne and
dietary pathways appeared to contribute equally to the accumula-
tion in the combined exposure group. In contrast, accumulation of
Zn in intestinal MDP (Fig. 6d) was significantly influence by both
the Zn exposure (p < 0.001) and time (p < 0.0001), and the interac-
tion term (p < 0.05) was significant. This accumulation was more
strongly stimulated by dietary Zn exposure. Further, there was
increased partitioning of Zn into the MDP with treatment (p < 0.01)
and time (p < 0.001) in the dietary Zn-exposed fish (Table 2). Overall
the majority of the intestinal Zn (59–75%) was metabolically active
compared to 25–41% detoxified (Table 2).

3.4. Metallothionein (MT)

Theoretical concentration of MT (MTTh) was calculated using
the concentrations of Zn, Cu, and Cd measured in the HSP frac-
tion assuming binding capacities of MT of 7 for Zn and Cd, and 12
for Cu (Kagi and Shaffer, 1988). Previous calculations have demon-
strated very strong correlation between measured and calculated
MT in aquatic organisms (Bonneris et al., 2005; Giguère et al.,
2006) suggesting that MTTh is a good estimate of measured MT. The
computed concentrations were normalized to organ dry weights
calculated using correction factors obtained following lyophiliza-

tion of whole liver and intestine homogenate subsamples. Fig. 7a
and b shows that MT concentrations ranged between 45–98 and
200–480 nmol g dry wt−1 in the liver and intestine, respectively.
The time (p < 0.0001) and Zn exposure (p < 0.0001) effects, as well
as the interaction terms (p < 0.05), were all significant in both tis-

etal pools (MAP and MDP) in the intestine. All values are means ± SEM, n = 4 each
etters are different from each other, p < 0.05.

Combined

MDP MAP MDP

c ± 3.89 31.43yz ± 3.89 68.57bc ± 3.89 31.43yz ± 3.89

b ± 1.15 36.45xy ± 1.15 63.55ab ± 1.15 36.45xy ± 1.15
c ± 3.84 34.86xyz ± 3.84 61.33a ± 1.73 38.67x ± 1.73
a ± 2.98 41.22x ± 2.98

b ± 0.69 36.48x ± 0.69 63.52ab ± 0.69 36.48xy ± 0.69
c ± 2.49 34.16xyx ± 2.49 64.62ab ± 0.79 35.39xy ± 0.79
a ± 0.62 39.63x ± 0.62

b ± 1.18 36.93xy ± 1.18 63.08ab ± 1.18 36.93xy ± 1.18
c ± 1.91 33.93xyz ± 1.91 68.96bc ± 1.42 31.04yz ± 1.42
a ± 2.62 40.16x ± 2.62
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Fig. 7. Liver and intestinal metallothionein concentrations (theoretical) in juve-
nile rainbow trout following waterborne and dietary Zn exposures: liver (a)
and intestine (b). All values are means ± SEM, n = 4 each comprising a pooled
sample of livers or intestines from 12 fish. Black bars, control; grey bars,
low waterborne (150 �g l−1); open bars, high waterborne (600 �g l−1); cross-
hatched bars, low dietary (45 �g Zn g−1 fish day−1); diagonally hatched bars, high
d
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Table 3
Linear regression analyses of Zn concentrations in rainbow trout subcellular frac-
tions of intestine and liver against the respective tissue total Zn concentrations. The
Zn concentrations in HSP fractions also were regressed against the respective MT
concentrations. Values are coefficients of determination (r2) and asterisks indicate
significance: * P < 0.05; **P < 0.01; ***P < 0.001. NS: not significant; MT: metalloth-
ionein; HDP: heat-denaturable proteins; HSP: heat-stable proteins.

Fraction Intestine Liver

Waterborne Dietary Waterborne Dietary

Nuclei-cellular debris 0.17** 0.20** NS NS
Mitochondria 0.32*** 0.47*** 0.27*** 0.17**
Microsome-lysosomes 0.08* 0.11* NS NS
HDP NS NS NS NS
ietary (135 �g Zn g−1 fish day−1); line, combined exposure (150 �g l−1 water-
orne + 45 �g Zn g−1 fish day−1 dietary). Bars or points with different letters are
ignificantly different from each other (ANOVA, p < 0.05).

ues. It was also apparent that MT was more strongly induced by
ietary relative to waterborne Zn exposure, and more so in the

ntestine.

.5. Correlation between fraction Zn and whole tissue Zn
oncentrations

Table 3 shows the coefficients of determination for the rela-
ionships between fraction Zn and the respective whole hepatic
nd intestinal Zn concentrations. The correlation between HSP and
T concentrations also is shown. In the liver only the mitochon-

rial Zn concentration was correlated with hepatic Zn while in
he intestine Zn concentrations in all the fractions except the HDP

ere correlated with intestinal Zn. Both hepatic and intestinal HSP

n concentrations were highly correlated with MT concentrations.
enerally these correlations were stronger among the dietary than
aterborne Zn-exposed fish.
HSP 0.51*** 0.59*** NS NS
Granules 0.08* 0.08* NS NS
HSP vs. MT 0.55*** 0.94*** 0.34*** 0.52***

4. Discussion

4.1. Organ/tissue level Zn accumulation

The peak Zn concentrations attained in both the liver and
intestine of exposed fish were only 1.3–1.8 times the controls
although the exposure concentrations were up to 20 times the back-
ground waterborne and dietary Zn levels. Several other authors
have observed absence of, transitory, or low bioconcentration of
Zn in fish following exposure to elevated ambient levels (e.g., Köck
and Bucher, 1997; Alsop and Wood, 2000; McGeer et al., 2000;
Chowdhury et al., 2003; Kraemer et al., 2005; Giguère et al., 2006).
The variability in Zn concentration appears to be typical of fish, par-
ticularly rainbow trout, and may result from the nature and levels
of Zn binding substances in various tissues. For example in mus-
sels (Mytilus edulis) Zn binding to low molecular weight ligands
explained the variability (Lobel and Marshall, 1988). Further, the
low propensity of Zn to accumulate has been attributed to the pres-
ence of a homeostatic system which in rainbow trout is localized at
the level of uptake (Hogstrand et al., 1998; Glover and Hogstrand,
2002; Bury et al., 2003) and excretion (Hardy et al., 1987; Handy,
1996; Clearwater et al., 2002; Chowdhury et al., 2003). Surpris-
ingly, global Zn homeostasis may entail increasing and reducing
organ/tissue Zn concentration in the same organism (Sappal et al.,
2009). Clearly, the organ/tissue-level Zn accumulation data indi-
cate that a good correlation between whole tissue Zn, exposure,
and toxicity is unlikely to exist in rainbow trout and that the use
of tissue metal residues as a biomarker of exposure (Bergman and
Dorward-King, 1997) would be of little value. Indeed McGeer et
al. (2000) showed that accumulation of Zn in rainbow trout tis-
sues does not correlate with exposure and effects. We therefore
speculated that cellular Zn homeostatic mechanisms mask impor-
tant shifts in metal concentrations at organ/tissue level that can
be revealed by measuring metal concentrations at lower levels of
biological organization.

4.2. Subcellular distribution and internal bioavailability of Zn

4.2.1. Overview
Although it is now widely accepted that metals toxicity is

driven by the bioavailable species (Campbell, 1995; DiToro et al.,
2001), speciation analysis of accumulated metals presents unique
obstacles because of the complexity and dynamic nature of the
internal (cellular) environment. Besides, the use of CTR (McCarty
and Mackay, 1993) to circumvent determination of chemical species

does not appear to be effective in predicting metals toxicity because
the diverse and complex strategies employed by aquatic organisms
to handle accumulated metals render some pools unavailable to
cause toxicity (Rainbow, 2002; Ahearn et al., 2004; Campbell et al.,
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005). In the present study we utilized differential centrifugation in
hich Zn associated with specific subcellular fractions was isolated

nd quantified. Each fraction was then classified into one of two
ools – metabolically active and metabolically detoxified – based
n knowledge of the physiological roles of the components of the
solated fractions. Although the fractions isolated are operationally
efined, this approach appears to be a reasonable way to measure
ioavailability and mobility of Zn because free Zn ions at picomolar
oncentrations are not adequate to meet the cellular requirements
n various proteins at micromolar concentrations (Maret, 2003).

.2.2. Liver
Zinc concentrations in hepatic subcellular fractions exhib-

ted a declining gradient of HSP > mitochondria > nuclei-cellular
ebris > HDP > M-L = NaOH resistant granules fraction, with signif-

cant accumulations in the mitochondrial, HDP, HSP and resistant
ranules fractions. Previous studies in fish found hepatic HDP (Roch
t al., 1982; Giguère et al., 2006), mitochondria (Hogstrand et al.,
989), organelles (Kraemer et al., 2005) and nucleus (Julshamn
t al., 1988) to contain the highest amounts of hepatic Zn sug-
esting highly variable patterns of subcellular distribution, likely
ependent on species and exposure conditions. The estimated
epatocellular Zn pools indicate relatively high Zn burdens in
rganelles and HDP where Zn is likely required in various Zn-
etalloproteins important for normal physiology, and a significant

etoxification capacity. Other authors found that the majority of
n in livers of yellow perch from lakes contaminated with a metals
ixture was metabolically active (associated with organelles and
DP) with minimal amounts (9–18%) found within the detoxified

HSP) pool (Kraemer et al., 2005; Giguère et al., 2006). These authors
lso observed that the contribution of HSP increased while that
f HDP decreased along the metals gradient indicating enhanced
etoxification. In the present study the concentration of Zn in both
he HDP and HSP increased without alteration in their proportional
ontribution to total hepatic Zn suggesting synchronous accumu-
ation.

Because HDP and mitochondria are classified as metal-sensitive
ompartments, the increased Zn concentration observed in these
ractions could precipitate hepatic liability with global toxicity.

hile growth was not impaired relative to the controls (Sappal
t al., 2009), hepatic protein synthesis was stimulated by the Zn
xposure. We speculate that some of these proteins were MT which
erved to chelate excess Zn in a bid to protect metal-sensitive cellu-
ar compartments. Nonetheless the protection afforded by MT was
ot absolute in agreement with earlier studies (Giguère et al., 2006;
amunde, 2009) because Zn was found in metal-sensitive com-
artments irrespective of the exposure concentrations. Indeed, all
ellular components are envisaged to have inherent metal buffer-
ng capacities to withstand some elevation in metal concentrations

ithout advent of adverse effects (Kamunde, 2009). Interestingly
or the liver, only the mitochondrial Zn was positively correlated
ith total liver Zn concentration suggesting that this organelle may

e useful in exposure and effects analysis in this organ.

.2.3. Intestine
Intestinal tissues in fish are rarely submitted to differential cen-

rifugation to investigate distribution of metals. Ours is the first
or rainbow trout intestine following Zn exposure via both water
nd food. We found that the nuclei-cellular debris fraction was the
ain subcellular Zn depot irrespective of route of exposure. The

ew studies we are aware of that investigated subcellular distribu-

ion of Zn in fish intestine observed comparably high partitioning
60–88%) in the nuclei fraction (common carp: Jeng et al., 1999; Sun
nd Jeng, 1999). In one of these studies (Jeng et al., 1999) it was sug-
ested that nuclei Zn is bound by membrane proteins while others
Panemangalore et al., 1983; Kito et al., 1986) demonstrated MT in
xicology 93 (2009) 166–176

the nuclei. Regardless of their nature, the existence of metal binding
proteins in the nucleus may explain in part the high concentration
of Zn in this fraction. The remainder of the intestinal metal-sensitive
fractions (mitochondria, M-L, and HDP) attained relatively low con-
centrations of Zn and were the bottom 3 by rank. This indicates tight
regulation of Zn in these fractions and/or insulation from accretion
by preferential streaming of Zn into the detoxified pool. To this end
there was significant MT induction suggesting that additional metal
binding capacity was required to sequester and immobilize excess
Zn. Sequestration not only reduces local adverse effects and traf-
ficking of Zn to potentially metal-sensitive sites elsewhere in the
fish but also facilitates excretion through sloughing of mucus and
epithelial cells (Handy, 1996), reduces absorption by establishing
unfavourable diffusion gradients, and may enhance back-transfer
of Zn into intestinal lumen.

Similar to the liver there was increased streaming of dietary
Zn into MDP, additional evidence of preferential detoxification.
However in the waterborne and combined exposure groups, Zn
concentrations increased in the MAP without alteration in the pro-
portional distribution. A scenario such as this is thought to accrue
from equilibrium dependent exchange among ligands in the two
pools when metal binding sites are in excess (Giguère et al., 2003).
Note that our subcellular fractionation protocol results in mini-
mal disruption of organelles, which can cause uniform distribution
of Zn among subcellular compartments (Kamunde and MacPhail,
2008; Sappal et al., 2009). Overall these observations reinforce the
thesis that diagnosis of the so-called spillover of metals to metal-
sensitive compartments cannot be made based solely on evidence
of increased fraction metal concentrations (Kamunde, 2009).

4.3. Interaction between waterborne and dietary Zn uptake

Based on whole body Zn levels in rainbow trout (Spry et al.,
1988), the all-encompassing perception is that Zn uptake from
water and food is independent. Several other studies have gener-
ally been supportive of independent branchial and gastrointestinal
Zn uptake in fish (Milner, 1982; Willis and Sunda, 1984; Köck and
Bucher, 1997). In the present study we found that the intestine
accumulated Zn primarily from the diet in the early phase of the
exposure while in the liver both pathways contributed equally all
the time. This inference is, however, based on data from simulta-
neous exposure of rainbow trout to 150 �g l−1 waterborne Zn and
45 �g g−1 fish day−1 dietary Zn and whether or not these patterns
occur at other combinations of waterborne and dietary Zn expo-
sures is indeterminate. However, it is worthy of note that the Zn
concentrations used in the present study were elevated to roughly
the same levels above the background, i.e., approx. 5 (low) and 20
(high) times for both waterborne and dietary exposures.

Taken together, two features epitomize the subcellular distribu-
tion of Zn in the liver and intestine following exposure of rainbow
trout to Zn via the water and food. The first is the ubiquitous sub-
cellular distribution, likely a sign that Zn bonds non-selectively
with a wide range of cellular ligands (McCall et al., 2000; Bury et
al., 2003) consistent with its functional classification (Nieboer and
Richardson, 1980). The second is that there is a high proportion of
metabolically available Zn possibly to support high metabolism in
these tissues. We speculate the existence of a high demand of Zn
nucleoproteins involved in DNA replication to support biosynthesis
in the liver, and cell division in the intestine due to the inherently
high rate of intestinal epithelial turnover. Further, high concentra-
tions of Zn in enterocytes would lead to increased exfoliation of the

epithelium following Zn-induced injury or as a means of Zn excre-
tion; increased cell division would therefore be necessary to restore
epithelial integrity. Third, because it has previously been asserted
that the site of metals accumulation depend on the route of uptake
(Miller et al., 1993; Vijver et al., 2004), we explored the effect of
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xposure route on subcellular distribution of Zn with a view to iden-
ifying compartments that respond to both waterborne and dietary
n exposure. The picture that emerged is that in both the liver and
ntestine, Zn taken up from food was preferentially streamed into
he detoxified pool while that from water appeared to have a pref-
rence for the metabolically active pool. This may in part explain
he notion that dietary metals are less deleterious than waterborne

etals. We believe this is the first experimental evidence at the
ubcellular level in support of the speculation that partitioning of
etals depends on the route of uptake. However, for the intestine,
partitioning may depend on the Zn exposure concentration and
T induction. Specifically, at the low dietary Zn concentration in
hich MT induction was not significant, less Zn partitioned in MDP

Table 2). Fourth, additive accumulation was observed in the MDP
liver and intestine), HSP (intestine) and HDP (liver), and only mito-
hondrial Zn was correlated to whole tissue Zn in both the liver
nd intestine, as well as in the gill (Sappal et al., 2009). Targeting
hese compartments, in particular the mitochondria, for detection
f disturbances in Zn homeostasis would be a reasonable starting
or linking exposure, accumulation and toxicity independent of the
xposure pathway.

. Conclusions

Overall the data obtained in the present study are partially
onsistent with the original forecast that dietary uptake would
ominate intestinal Zn accumulation while both pathways would
ontribute equally to the accumulation in the liver. Distillation of
n distribution at the subcellular level revealed important changes
n accumulation despite absence of overt changes in Zn concentra-
ion at the organ/tissue level following elevated waterborne and
ietary Zn exposures. We provide for the first time direct exper-

mental evidence of preferential streaming of dietary Zn into the
etoxified pool and that of waterborne Zn into the metabolically
ctive pool. Consequently metal-sensitive cellular compartments
re likely more effectively insulated from dietary than waterborne
n accretion.

cknowledgement

This study was supported by the Natural Sciences and Engineer-
ng Council of Canada.

eferences

hearn, G.A., Mandal, P.K., Mandal, A., 2004. Mechanisms of heavy-metal sequestra-
tion and detoxification in crustaceans. J. Comp. Physiol. B 174, 439–452.

lsop, D.H., Wood, C.M., 2000. Kinetic analysis of zinc accumulation in the gills of
juvenile rainbow trout: effects of zinc acclimation and implications for biotic
ligand modeling. Environ. Toxicol. Chem. 19, 1911–1918.

ergman, H.L., Dorward-King, E.J., 1997. Reassessment of Metals Criteria for Aquatic
Life Protection. SETAC Press, Pensacola, FL.

onneris, E., Giguère, A., Perceval, O., Buronfosse, T., Masson, S., Hare, L., Camp-
bell, P.G.C., 2005. Sub-cellular partitioning of metals (Cd, Cu, Zn) in the gills
of a freshwater bivalve, Pyganodon grandis: role of calcium concretions in metal
sequestration. Aquat. Toxicol. 71, 319–334.

radford, M.M., 1976. A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 72, 248–254.

rown, D.S., Allison, J.D., 1987. MINTEQA2, an equilibrium metal speciation model.
User’s Manual. U.S. Environmental Protection Agency, Athens, GA, EPA-600-3-
87-012.

ury, N.R., Walker, P.A., Glover, C.N., 2003. Nutritive metal uptake in teleost fish. J.
Exp. Biol. 206, 11–23.

ampbell, P.G.C., Giguère, A., Bonneris, E., Hare, L., 2005. Cadmium-handling strate-
gies in two chronically exposed indigenous freshwater organisms-the yellow

perch (Perca flavescens) and the floater mollusc (Pyganodon grandis). Aquat. Tox-
icol. 72, 83–97.

ampbell, P.G.C., 1995. Interaction between trace metals and aquatic metals and
aquatic organisms: a critique of the free-ion activity model. In: Tessier, A., Turner,
D.R. (Eds.), Metal Speciation and Bioavailability in Aquatic Systems. John Wiley
& Sons Ltd, Chichester, England, pp. 45–102.
xicology 93 (2009) 166–176 175

Chowdhury, M.J., Grosell, M., McDonald, D.G., Wood, C.M., 2003. Plasma clearance of
cadmium and zinc in non-acclimated and metal-acclimated trout. Aquat. Toxicol.
64, 259–275.

Clearwater, S.J., Farag, A.M., Meyer, J.S., 2002. Bioavailability and toxicity of dietborne
copper and zinc to fish. Comp. Biochem. Physiol. C 132, 269–313.

DiToro, D.M., Allen, H.E., Bergman, H.L., Meyer, J.S., Paqiun, P.R., Santore, R.C., 2001.
Biotic ligand model of the acute toxicity of metals. I. Technical basis. Environ.
Toxicol. Chem. 20, 2383–2396.

Eide, D.J., 2006. Zinc transporters and cellular trafficking of zinc. Biochim. Biophys.
Acta 1763, 711–722.

Giguère, A., Campbell, P.G.C., Hare, L., Couture, P., 2006. Sub-cellular partitioning of
cadmium, copper, nickel and zinc in indigenous yellow perch (Perca flavescens)
sampled along a polymetallic gradient. Aquat. Toxicol. 77, 178–189.

Giguère, A., Couillard, Y., Campbell, P.G.C., Perceval, O., Hare, L., Pinel-Allou, B., Pel-
lerin, J., 2003. Steady-state distribution of metals among metallothionein and
other cytosolic ligands and links to cytotoxicity in bivalves living along a poly-
metallic gradient. Aquat. Toxicol. 64, 185–200.

Glover, C.N., Hogstrand, C., 2002. Amino acid modulation of in vivo intestinal zinc
absorption in freshwater rainbow trout. J. Exp. Biol. 205, 151–158.

Handy, R.D., 1996. Dietary exposure to toxic metals in fish. In: Taylor, E.W. (Ed.), Tox-
icology of Aquatic Pollution: Physiological, Cellular and Molecular Approaches.
Cambridge University Press, Cambridge, U.K., pp. 29–60.

Hardy, R.W., Sullivan, C.V., Koziol, A.M., 1987. Absorption, body distribution, and
excretion of dietary zinc by rainbow trout (Salmo gairdneri). Fish Physiol.
Biochem. 3, 133–143.

Hogstrand, C., Webb, N., Wood, C.M., 1998. Covariation in regulation of affinity for
branchial zinc and calcium uptake in freshwater rainbow trout. J. Exp. Biol. 201,
1809–1815.

Hogstrand, C., Wood, C.M., 1996. The physiology and toxicology of zinc in fish. In:
Taylor, E.W. (Ed.), Toxicology of Aquatic Pollution. Cambridge University Press,
Cambridge, U.K., pp. 61–84.

Hogstrand, C., Lithner, G., Haux, C., 1989. Relationship between metallothionein, cop-
per and zinc in perch (Perca fluviatilis) environmentally exposed to heavy metals.
Marine Environ. Res. 28, 179–182.

Jeng, S.S., Wang, J.T., Sun, L.T., 1999. Zinc and zinc binding substances in the tissues
of common carp. Comp. Biochem. Physiol. B 122, 461–468.

Julshamn, K., Andersen, K.-J., Ringdal, O., Brenna, J., 1988. Effect of dietary copper on
the hepatic concentration and subcellular distribution of copper and zinc in the
rainbow trout (Salmo gairdneri). Aquaculture 73, 143–155.

Kagi, J.R.H., Shaffer, A., 1988. Biochemistry of metallothioneins. Biochemistry 27,
8509–8515.

Kamunde, C., 2009. Early subcellular partitioning of cadmium in gill and liver of
rainbow trout (Oncorhynchus mykiss) following low-to-near-lethal waterborne
cadmium exposure. Aquat. Toxicol. 91, 291–301.

Kamunde, C., MacPhail, R., 2008. Bioaccumulation and hepatic speciation of cop-
per in rainbow trout (Oncorhynchus mykiss) during chronic waterborne copper
exposure. Arch. Environ. Contam. Toxicol. 54, 493–503.

Kito, H., Ose, Y., Sato, T., 1986. Cadmium-binding protein (metallothioneins) in carp.
Environ. Health Perspect. 65, 117–124.

Köck, G., Bucher, F., 1997. Accumulation of zinc in rainbow trout (Oncorhynchus
mykiss) after waterborne and dietary exposure. Bull. Environ. Contam. Toxicol.
58, 305–310.

Kraemer, L.D., Campbell, P.G.C., Hare, L., 2005. Dynamics of Cd, Cu, and Zn accumu-
lation in organs and sub-cellular fractions in field transplanted juvenile yellow
perch (Perca flavescens). Environ. Pollut. 138, 324–337.

Lobel, P.B., Marshall, H.D., 1988. A unique low molecular weight zinc-binding lig-
and in the kidney cytosol of the mussel Mytilus edulis, and its relationship to
the inherent variability of zinc accumulation in this organism. Marine Biol. 99,
101–105.
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Chapter 1  
Introduction to the Document 

This is the first volume of a two-volume series.  This volume contains a summary and 
synthesis of the recent literature relevant to the science and management of wetlands in 
the state of Washington.  Volume 1 describes what the scientific literature says directly 
about the topics described below.  In some cases where scientific information is lacking, 
the authors present their own hypotheses or conclusions based on a process of deductive 
reasoning or their own observations.  Hypotheses and conclusions based only on the 
authors’ reasoning or observations are clearly labeled as such.   

The focus of Volume 1 is freshwater wetlands in Washington.  Estuarine and marine 
wetlands are discussed in this document only in regard to the wetland rating systems 
covered in the second volume.   

The topics covered in Volume 1 are: 

• How environmental factors control the functions of wetlands across the landscape 
and at individual sites, how freshwater wetlands are classified according to these 
controls, and what functions are performed by different classes of freshwater 
wetlands in the state 

• How human activities and land uses affect the environmental factors that control 
the functions of freshwater wetlands 

• How disturbances caused by human activities and land uses impact the 
performance of functions by freshwater wetlands 

• How wetlands are protected and managed using common tools such as buffers 
and compensatory mitigation, including what the literature says about the relative 
effectiveness of these tools 

• How cumulative impacts can result from current approaches to managing and 
regulating wetlands  

Volume 2 of this series translates these scientific findings into guidance to local 
governments and others regarding programs they can or currently do use to protect and 
manage wetlands. 

This work was collectively prepared by the Washington State Department of Ecology 
(Ecology), the Washington State Department of Fish and Wildlife (WDFW), and a 
private consulting firm.  The U.S. Environmental Protection Agency (EPA) provided 
funding and assisted in its production.  Representatives from these agencies, as well as 
staff from the private consulting firm, made up a team (the Core Team) that guided the 
project.  See Appendix 1-A for a list of members of the Core Team. 
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Both volumes will be of use to all those interested in protecting and managing wetlands.  
The authors hope they will find these documents useful in gaining a greater 
understanding of the current science regarding wetlands in the state, their ecology and 
functions, as well as their protection and management.  Examples of groups who might 
use these documents include federal, state, and tribal staff; planners; resource managers; 
wetland scientists; builders; farmers; environmentalists; and other concerned citizens.   

Local governments, however, are the primary audience for this document.  They are a 
key group involved in wetland protection in the state.  Through the Growth Management 
Act (GMA) (Revised Code of Washington (RCW) 36.70A), every county and city in 
Washington must designate critical areas (including wetlands) within their boundaries 
and protect them.  In 1995, an amendment to GMA (RCW 36.70A.172 [1]) required that 
all city and county governments must include best available science (BAS) when 
developing their critical areas policies and regulations.   

This synthesis, therefore, may be of special interest to local governments that do not have 
the resources to complete their own review of the scientific literature.  All local 
governments, however, should also consider locally and regionally specific information 
not included in this synthesis if it meets the criteria of a valid scientific process, as 
described below.   

1.1 Best Available Science (BAS) 
The Washington Administrative Code (WAC 365-195-905) provides assessment criteria 
to assist in determining whether information constitutes the best available science, i.e., by 
having been developed through a valid scientific process.  A valid scientific process is 
one that produces reliable information that is useful in understanding the consequences of 
regulatory decisions and in developing policies and regulations that will be effective in 
protecting the functions and values of wetlands and other critical areas.  

Appropriate sources of scientific information as defined in WAC 365-195-905 include:  

• Research  

• Monitoring 

• Inventory  

• Survey  

• Modeling  

• Assessment  

• Synthesis   

• Expert opinion 
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Information derived from any one of these sources can be considered scientific 
information if it possesses the required characteristics in WAC 365-195-905 (see Table 
1B-1 in Appendix 1-B).  For example, a synthesis such as Volume 1 is considered best 
available science when it has undergone peer review, describes the methods used to 
obtain the information, presents conclusions based on reasonable assumptions that are 
logically derived, places the information in proper context, and is well referenced.  See 
Appendix 1-B for a list of all the characteristics of a valid scientific process and their 
definitions, as well as a table displaying the characteristics needed for each of the sources 
listed above to be considered BAS.   

 

1.1.1 Volume 1 as BAS  

Volume 1 meets the definition and characteristics required for a synthesis in the WAC.  
Findings from scientific journal articles, government publications, technical books, and 
other sources that meet the definition and characteristics of BAS in WAC 365-195-905 
were used and referenced in the synthesis.  Conference proceedings and personal 
communications were occasionally used when no other information was available.  In 
some cases, we were unable to ascertain to what level these additional sources were peer 
reviewed.   

In a few instances, we have cited data collected during the calibration of the Methods for 
Assessing Wetland Functions (Hruby et. al. 1999, 2000) (also known as the Washington 
State wetland function assessment methods or WFAM) and the Washington State 
wetland rating systems (Hruby 2004a, b).  These data have not been published in 
scientific journals.  However, these observations reported as “unpublished data” in 
Volume 1, were collected in the field by interdisciplinary teams of wetland experts and 
used to support and calibrate the function assessment methods and the wetland rating 
systems.  The methods and rating systems have been extensively reviewed and field 
tested by peer experts as well as the public.  The data themselves were offered for review 
on request during public review and continue to be available on request.   
 

Methods for preparing and reviewing Volume 1 

The primary steps taken to arrive at publication of this document include: 

• Searching the literature 
• Reviewing, sorting, and prioritizing the reference lists 
• Obtaining the reference documents 
• Reading and entering information from the documents in a database  
• Writing and revising the text 
• Obtaining peer and public review 
• Responding to comments, revising the text, and completing the document   

The processes used for these steps, including the scientific databases and the key words 
used to search them, are described in Appendix 1-C. 
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A peer review of documents concerning wetlands, specifically the function assessment 
methods, wetland rating systems, and these two volumes, means that comments were 
solicited from a broad range of people on a mailing list of hundreds.  This included 
experts from various disciplines, not just a select few that were in house or close 
associates.  All comments received were addressed.  For these volumes, a response to 
each comment, including rationales for those not used to modify the drafts, has been 
prepared.  To read the comments on Volume 1 and the authors responses go to 
http://www.ecy.wa.gov/biblio/0506007.html. 
 

 

1.1.2 Making Hypotheses and Assumptions  

As mentioned previously, in some places in the document we offer our conclusions based 
on the literature when the references searched do not provide specific information on a 
topic important for wetland management.  In such instances, the authors clearly state that 
a hypothesis, assumption, or conclusion is being made.  For example, we use statements 
such as “in the absence of research to the contrary, it can be assumed….,” “it is possible 
to hypothesize….,” or “it can be inferred that…”   

In these cases, a description of the logic being used is provided which meets the criteria 
in WAC 365-195-905 for expert opinion, one of the sources of valid scientific 
information.  The criteria include logical conclusions and reasonable inferences, context, 
and the use of references (see Appendix 1-B for definitions of these criteria).  These 
hypotheses can be considered expert opinion according to WAC 365-195-905 in which 
expert opinion is defined as a “Statement of a qualified scientific expert based on his or 
her best professional judgment and experience in the pertinent scientific discipline.  The 
opinion may or may not be based on site-specific information.”  To be considered best 
available science according to the WAC, an expert opinion must meet three of the six 
characteristics listed in the table in Appendix 1-B:  logical conclusions and reasonable 
inferences, context, and references. 

Logical conclusions and reasonable inferences are defined as “The conclusions 
presented are based on reasonable assumptions supported by other studies and consistent 
with the general theory underlying the assumptions.  The conclusions are logically and 
reasonably derived from the assumptions and supported by the data presented.  Any gaps 
in information and inconsistencies with other pertinent scientific information are 
adequately explained.” 

Context is defined as “The information is placed in proper context.  The assumptions, 
analytical techniques, data, and conclusions are appropriately framed with respect to the 
prevailing body of pertinent scientific knowledge.” 

References are defined as “The assumptions, analytical techniques, and conclusions are 
well referenced with citations to relevant, credible literature and other pertinent existing 
information.” 
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The statements that are hypotheses in this document meet these criteria because they are 
presented with a clear and logical train of thought and the conclusions are based on 
reasonable assumptions supported by other credible studies that are relevant.  They are 
placed in context and referenced. 

In addition, the definition of synthesis in Webster’s 7th Collegiate Dictionary is 
“deductive reasoning” and “the combining of often diverse conceptions into a coherent 
whole.”  The statements that present hypotheses and assumptions are based on deductive 
reasoning. 

There are a few instances in the document where the authors of Volume 1 offer their 
observations based on their own professional experience.  These are usually limited to 
statements relating to protection measures used to manage wetlands.  Such statements are 
clearly labeled as those of the authors only.  

1.2 Scope of Volume 1  
The focus of this document is freshwater wetlands of Washington State.  We have 
included information on wetlands in other regions and countries and on aquatic systems 
in general when more local information is lacking and the data are applicable to the 
wetlands in Washington.  See the following section (1.3) for more discussion on this 
topic.  Volume 1 does not address streams or riparian areas that are not wetlands.  We do, 
however, summarize some of the literature related to buffers on streams where the 
information can be transferred to wetlands. 

Marine and estuarine systems are discussed only in regard to wetland rating systems and 
wetland types for which specific management is needed.  Marine and estuarine wetlands 
were excluded primarily to keep the scope of the project in the range of the available 
funding.  Some recent scientific information on coastal and estuarine wetlands has been 
summarized by WDFW, Ecology, and other agencies through the Aquatic Habitat 
Guidelines Project, which is available on the internet (www.wa.gov/wdfw/hab/ahg).   

There are several types of freshwater wetlands that are highlighted in the wetland rating 
systems (described in Volume 2) that are not specifically reviewed in this synthesis (e.g., 
bogs, interdunal wetlands, and vernal pools).  These wetlands are subsets of wetlands in 
the different hydrogeomorphic (HGM) classes described in Chapter 2.  At the level of 
detail provided in this document, general information summarized about wetlands also 
applies to these types of wetlands in whatever HGM class and region of the state is 
appropriate.   
 
The effects of growing cranberries in wetlands are also not covered in this volume 
because of the time and funding constraints of the project.  The limited area of the state 
that is affected by cranberry production was also a factor.  In addition, information 
related to the effects of silviculture and forest practices on forested wetlands is not 
included because this subject is being addressed in another document currently being 
developed (Cooke in press).    
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In addition, the synthesis in Volume 1 is limited to information that has a practical 
application to the management and protection of wetlands.  For the most part, available 
documents from the past ten years were used as the primary sources for this synthesis.  It 
was assumed that this most recent literature would incorporate relevant science from the 
preceding years.  Older documents were used in instances where they had not been 
superseded by more recent studies.  

 
This volume DOES NOT contain agency recommendations or suggestions for 
implementation of any program to protect or manage wetlands.  Any recommendations 
provided in Volume 1 (for instance, in the section of Chapters 5 and 6 addressing buffers 
and compensatory mitigation) are those that have been described in the literature.  They 
are included here only as part of the synthesis of existing scientific information.  Agency 
recommendations are provided in Volume 2. 
 

1.3 Relevance of Scientific Information to 
Conditions in Washington 

One of the tasks in reviewing scientific information was to determine what is relevant to 
wetlands found in the state of Washington.  Determining the relevance of scientific 
information encompasses two aspects.  The first is the degree to which general 
conclusions and principles developed from existing information can be used to predict 
what will happen in new or different situations.  The conclusions of a scientific study 
done at one time in one wetland with specific characteristics may not be directly 
transferable to circumstances that develop in the future or at sites that have different 
characteristics or situations.   

The first aspect also encompasses the concept that science doesn’t often provide a “bright 
line.”  In other words, science rarely supplies us with precise solutions for protecting and 
managing natural resources.  Very few experiments demonstrate true cause-and-effect 
relationships.  For example, in reviewing the literature for this volume, we found few 
studies that actually documented the effectiveness of different ways for managing the 
wetland resource (such as the effectiveness of buffers of a specific width at protecting a 
specific wetland function).  Rather, most studies, for example, discuss the impacts of 
human activities on wetlands.  As a result, guidance on protection and management based 
on scientific information (as presented in Volume 2) is, to a large degree, extrapolation 
and synthesis of all the information collected. 

The second aspect is the relevance of information collected in one region to the 
conditions found in another region.   We have relied, whenever possible, on literature that 
was derived in the Pacific Northwest.  However, in some cases, scientific information 
generated in other regions of the United States, and to a lesser extent from other 
countries, was used.  Authors of this volume judged whether each “out-of-region” 
reference was applicable to Washington by extrapolating, interpreting, and synthesizing 
the information to determine how it pertains specifically to Washington.   
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We understand establishing what is relevant to Washington is a subjective decision; 
however, two criteria were used in the decision.  First, an “out-of-region” reference was 
incorporated in the synthesis if the basic ecological principles on which it was based are 
relevant to most landscapes.  Second, it was incorporated if the geomorphic setting of the 
wetland in a scientific report was similar to those found in the Pacific Northwest and no 
information specific to the region (that meets the criteria of BAS) was found in our 
search of the literature.  

One of the basic assumptions in ecological and biological research is that environmental 
processes operate in a similar way if the basic conditions are similar.  For example, water 
is expected to flow downhill whether it occurs in Minnesota or in Washington.  
Denitrifying bacteria are assumed to transform nitrate to nitrogen gas wherever they are 
found as long as the soils are anaerobic.  The particular wildlife species that are closely 
associated with wetlands may differ regionally, but frequently fill the same habitat niches 
in Ohio or California as they do in Washington.  Thus, much of the information on 
functions developed outside the region is transferable to Washington.  Regional 
differences in functions occur when the basic conditions differ, and we have tried to point 
this out where possible.   

As mentioned previously, the definition of synthesis in Webster’s 7th Collegiate 
Dictionary is “deductive reasoning” and “the combining of often diverse conceptions into 
a coherent whole.”  This is the goal we have set for Volume 1.  Part of the role of a 
synthesis, thus, is to summarize many studies and scientific articles; glean the general 
principles that apply in most areas as well as those that relate specifically to the state of 
Washington; and try to determine if they will apply to future conditions based on best 
professional judgment of the authors and the reviewers of the document.  

1.4 Overview of Volume 1 
Volume 1 is organized into seven chapters.  The chapters share a common organization, 
beginning with a reader’s guide that describes the topics covered in the chapter and how 
the chapter is organized.  An introduction then provides general background information, 
definitions, and clarifications.  Each chapter describes the sources of information used 
and how well the subject is documented in the literature, particularly for the Pacific 
Northwest.  The chapters also note gaps where information on an issue could not be 
found.  Key points are summarized at the end of major sections and conclusions provided 
at the end of each chapter.   

A brief summary of the contents of each chapter that follows and the appendices is 
provided below.  In this document, page numbers are assigned to each chapter 
individually and are not sequential.  The first number represents the chapter and the 
second the page number in that chapter (e.g., [3-2] represents page 2 in Chapter 3).  
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Chapter 2 – Wetlands in Washington and How They Function   
Chapter 2 summarizes the information on how wetlands are categorized and how 
wetlands function in Washington State.  It describes how functions are defined and 
introduces the concept that the performance of functions is controlled by a number of 
environmental factors within the wetland boundary (site scale) as well as in the broader 
landscape (landscape scale).  The chapter then describes how some of the key factors that 
control functions are used to classify wetlands into groups that perform functions in 
similar ways.   

The chapter goes on to describe functions of freshwater wetlands in Washington.  Where 
applicable, the chapter discusses the differences in functions among wetland classes and 
in various areas of the state.  The major functions described are those that were defined 
for the Washington State wetland function assessment methods (Hruby et al. 1999, 2000).   

Chapter 3 – Environmental Disturbances Caused by Different Human 
Activities and Uses of the Land 
In Chapter 3 the discussion shifts from wetland functions and the environmental factors 
that control the performance of functions to the major disturbances caused by human 
activities that affect wetlands and their functions.  In this context, a disturbance is an 
event that changes an environmental factor that controls wetland functions.  Ten 
disturbances (listed below) are discussed. 

• Changing the physical structure within a wetland (e.g., filling, removing 
vegetation, tilling soils, compacting soils) 

• Changing the amount and velocity of water in wetlands (increasing or decreasing 
the amount) 

• Changing the fluctuation of water levels (frequency, duration, amplitude, 
direction of flow) 

• Changing the amount of sediment (increasing or decreasing the amount) 

• Increasing the amount of nutrients 

• Increasing the amount of toxic contaminants 

• Changing the acidity (acidification) 

• Increasing the concentration of salt (salinization) 

• Fragmentation (decreasing area of habitat and its spatial configuration) 

• Other disturbances (noise, etc.) 

The chapter continues with separate sections for four of the major types of human land 
uses in Washington State (agriculture, urbanization, forest practices, and mining) and the 
types of disturbances they cause.  For each of these four land uses, the ten types of 
disturbances that change the factors controlling wetland functions (listed above) are 
discussed where applicable.  
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Chapter 4 – Negative Impacts of Human Disturbances on the Functions of 
Wetlands 
Chapter 4 integrates the concepts discussed in Chapter 2 and Chapter 3.  In Chapter 4, ten 
sections, one for each of the disturbances listed above, summarize how these disturbances 
ultimately leads to impacts on hydrologic functions, functions that improve water quality, 
and habitat functions. 

Chapter 5 – The Effectiveness of Wetland Management Tools 
Chapter 5 presents a synthesis of what the current literature reports on four tools currently 
used to protect and manage wetlands and their functions: the definition of wetlands, 
wetland delineation methods, wetland ratings, and regulatory buffers.  In the section on 
definitions, the issues of biological versus regulated wetlands, small wetlands, isolated 
wetlands, and Prior Converted Croplands that are wetlands are discussed.  This chapter 
does not provide language or recommendations for regulations or policy—those are 
provided in the second, separate volume containing guidance for protecting and 
managing wetlands in Washington (Volume 2). 

Chapter 6 – The Effectiveness of Wetland Mitigation 
Chapter 6 discusses another commonly used tool for managing and protecting wetlands, 
compensatory wetland mitigation.  This topic is discussed in its own chapter because of 
the large volume of information available on this subject.  Topics covered in this chapter 
include: 

• Evaluation of the success of compensatory mitigation 

• Compliance of mitigation projects with permit requirements 

• Types of compensatory mitigation 

• Replacement ratios and replacement of wetland acreage 

• Functions provided by compensatory mitigation projects 

• Reproducibility of particular types of wetlands (bogs, fens, vernal pools, alkali 
wetlands, and mature forested wetlands) 

• Suggestions from the literature for improving compensatory mitigation 

Chapter 7 - Cumulative Impacts on Wetlands 
Chapter 7 discusses different types of cumulative impacts, and the loss of wetland area as 
the most easily assessed indicator of cumulative impacts.  It goes on to present some of 
the causes of cumulative impacts in Washington.  These include:  
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• Case-by-case permitting as a cause of cumulative impacts 

• Lack of consistent plans and regulations between jurisdictions as a possible cause 
of cumulative impacts 

• Implementation of regulatory programs at the local level as a possible cause of 
cumulative impacts 

The chapter ends with a discussion in which the types of cumulative impacts are 
compared to the protection measures commonly taken by local governments. 

Glossary 
The glossary provides definitions for some of the technical terms used throughout 
Volume 1.  Other terms are defined in the context of the sentence in which they appear 
and may not be included in the glossary. 

References 
The references cited in the text are listed separately at the end of Volume 1.  Some of 
these references represent reviews or syntheses in which a researcher describes trends 
observed from numerous studies conducted in previous years.  In these cases, we cite 
only the review document and not all the citations in the review.  

Citations from the review by Adamus et al. (2001), however, are an exception.  Portions 
of Adamus et al. (2001), a review of current scientific literature on the impacts of human 
activities on wetlands and their functions, were adapted and included in Chapter 4 with 
permission from Dr. Adamus.  The list of cited references at the end of the document 
does include the literature sources from those portions of Adamus et al. (2001) that were 
adapted. 

Appendices 
The appendices of Volume 1 are as follows: 

• Appendix 1-A identifies the team guiding the production of Volume 1 (the Core 
Team)   

• Appendix 1-B describes the characteristics of a valid scientific process and types 
of scientific information defined by the Washington Administrative Code (WAC 
365-195-905) 

• Appendix 1-C details the methods used in the literature review and production of 
Volume 1 

• Appendix 1-D lists the reviewers who commented on the draft of Volume 1   

• Appendix 2-A provides information about various terms and methods that have 
been used to organize and group information about wetlands, such as 
classification, characterization, and rating 

• Appendix 2-B lists the species of wildlife associated with wetlands in Washington 
and Oregon from Johnson and O’Neil (2001)  
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1.5 Public Involvement and Review of Volume 1 

1.5.1 The Process of Public Involvement  

The process for public involvement of Volume 1 included meetings of two focus groups, 
numerous mailings and extensive peer and public review.  Ecology compiled a mailing 
list of scientists with wetlands expertise, local government planners, and other groups and 
individuals from various existing mailing lists used for other wetland-related projects.   

In October 2001, Ecology sent out a focus sheet describing the project and a cover sheet 
that solicited the recipient’s participation in the project.  This sheet included a tear-off 
card that could be used to request that the sender be retained on the mailing list.  The 
mailing list was then edited based on the returned cards. 

Meetings of focus groups were held in January 2002 in Moses Lake and Olympia to 
begin the process of gathering input from the public on the project.  These meetings were 
attended by various members of the Core Team, local planners, other staff from local 
government, and other interested parties.  The purpose of these meetings was to help 
focus the project so that the synthesis would meet the needs of our primary audience, 
local governments.  The meetings gave opportunities to the Core Team to present 
information on the project and to listen to questions and concerns from the attendees.  
Lists of keywords to use for the search of the literature were revised based on input from 
the focus groups.   

In June 2002, Ecology sent out a mailer with an update on the project to the entire 
mailing list.  It discussed the status of the project, timelines, and other issues.   

In November 2002, Ecology staff contacted selected experts in various disciplines to 
solicit their review.  The list of peer reviewers was not intended to be inclusive of all 
experts.  The purpose was to make sure that each of the major topics in Volume 1 was 
reviewed by one or more recognized experts in that discipline.  These expert reviewers 
were selected from academia, public agencies and private consultants. 

In February 2003, Ecology sent another mailing to all those on the list to determine who 
wanted to comment on the draft of Volume 1.  In June 2003, Ecology distributed a notice 
by email to update the public on revised target dates for distribution of the draft 
document for peer and public review.   

The draft was distributed for general review in September 2003.  Over 170 paper copies 
as well as CDs were sent to reviewers.  An undetermined number of reviewers 
downloaded the draft from the project’s web site.  The experts asked to review the 
document were provided the draft at the same time as the general public.  Instructions for 
providing comments and a questionnaire were also distributed with the draft document.   

Several mailings were distributed since the fall of 2003 informing those listed about the 
status of revisions to Volume 1 as well as progress on the completion of the draft of 
Volume 2.  The Core Team decided that a draft of Volume 2, containing guidance on 
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protecting and managing, should be completed before Volume 1 was completed.  The 
draft of Volume 2 was distributed for comment in August 2004, during which time the 
authors began writing responses to comments and revising Volume 1.  The review 
process for Volume 2 is described in Chapter 1 of that document. 

1.5.2 Responding to Comments and Reviewing Suggested 
Literature 

Twenty-nine reviewers provided comments on the draft of Volume 1.  The reviewer’s 
comments varied from cursory to very detailed, approximately 900 comments were 
submitted.   

Initially, the Core Team organized and reviewed the comments and developed responses 
to the most substantive comments as individual or synthesized comments.  The responses 
were posted on the project’s web site in the spring of 2004.  In addition, Ecology posted a 
list of all the comments that were submitted, organized by chapter, section and page.  
After the draft of Volume 2 was completed, each of the original comments was addressed 
by the authors.  Each comment and a response to it have now been posted on the project’s 
web site at the address below.  Comments are organized by chapter, except for the 
beginning section that contains answers to questions in a questionnaire distributed to 
reviewers with the draft document. 

As a part of the questionnaire, the reviewers were asked to provide any additional 
references they felt were pertinent to the subjects discussed.  In addition, those who 
suggested changes or additions to the text were asked to provide citations.  As a result, 
reviewers submitted several hundred new references.  The authors reviewed this list and 
rated each as high, medium, or low importance using the same criteria used in the 
original search (see Appendix 1-C).  Attempts were made to obtain and review all 
citations rated as high or medium.  The results of this process, whether the reference was 
or was not obtained and why, are documented in a table at the end of the document 
containing the responses to comments.  

 
 

Volume 1 and the responses to comments are available online 
 
Ecology has developed a web site for this project on the Shorelands and Environmental 
Assistance Program web site.  The web site includes a project description, contact 
information, current status of the project, and copies of the updates that were sent.  The 
web site also includes a copy of the final version of Volume 1, as well as Volume 2, 
along with two documents containing the comments received and the authors’ responses, 
one for each document.  http://www.ecy.wa.gov/programs/sea/bas_wetlands/index.html  
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1.6 Conclusions 
Volume 1 provides a summary of relevant scientific information related to wetlands in 
the Pacific Northwest and their management.  The document should be useful to all those 
who have an interest in the protection and management of wetlands including agency 
staff, consultants, interested organizations, and citizens.  It should be particularly helpful 
to local governments that are required under the Growth Management Act, to include best 
available science when developing and revising regulations protecting critical areas 
including wetlands.  Volume 1 has been reviewed by technical experts (peer reviewed) 
and other interested parties.  The intention of the project and the review process was to 
produce a synthesis of the current science on wetlands in the state of Washington that is 
easily understood, yet thorough and scientifically rigorous.   
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Chapter 2  
Wetlands in Washington and How They Function 

2.1 Reader’s Guide to This Chapter 
Chapter 2 presents information on wetlands in Washington and how they function.  It introduces 
the ecological principles that help us understand the impacts of decisions we make about 
wetlands.  It then expands on the newer ecological concept that the performance of functions is 
controlled by a number of environmental factors within the wetland boundary (site scale) as well 
as in the broader landscape (landscape scale).  The chapter then describes these controls relative 
to regions and wetland types (classification of wetlands) in Washington before turning to detailed 
descriptions of the functions performed by the wetlands east and west of the Cascade Mountains 
and in different wetland classes. 

To protect and manage wetlands, an understanding of wetland functions must be supplemented by 
knowledge of how these functions are affected by human activities.  Chapter 3, therefore, goes on 
to describe how various land uses and activities disturb the environment, for example by causing 
excess nutrients, increased runoff and fluctuating water levels, and reduction in habitat.  These 
disturbances in turn affect the environmental factors that control wetland functions.  Chapter 3 
describes what the literature says about the disturbances created by different land uses, while 
Chapter 4 goes into detail regarding how each disturbance affects particular wetland functions, 
including the organisms that use wetlands.  

2.1.1 Chapter Contents 

Major sections of this chapter and the topics they cover include: 

Section 2.2, Basic Ecological Principles Useful in Managing Wetlands and in Understanding 
the Impacts of Human Activities describes five basic ecological principles that are useful in 
managing wetlands as identified by the Ecological Society of America.  The principles include 
time, place, species, disturbance, and landscape. 

Section 2.3, Introduction and Background on Wetland Functions describes the evolution of 
our understanding of wetland functions over the last few decades.  It also defines the term wetland 
functions.  The section describes how environmental processes at many geographic scales control 
the functions provided by wetlands.  The section includes a diagram summarizing the 
environmental factors that control functions and how they interact with human disturbances.  The 
difference between functions and values is also explained. 

Section 2.4, Classification of Wetlands in Washington as a Key to Understanding their 
Functions begins by describing the common classification systems used to categorize wetlands.  
It discusses ecological regions (ecoregions) in Washington State and how wetlands across the 
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state are classified within the ecoregions into groups (classes and subclasses) that function in 
similar ways.  The classes and subclasses of wetlands found in the state are described. 

Section 2.5, Overview of Wetland Functions in Washington State introduces the functions of 
wetlands that are currently the focus of management efforts.  These functions fall into three main 
categories:  improving water quality, hydrologic functions, and providing habitat.  Each category 
is described and the functions related to each are listed. 

Section 2.6, How Wetlands Perform Functions in Washington State describes each of the 
wetland functions listed in Section 2.5.  For each function, the text provides a general description 
of how the function is performed, and then goes into detail about how that function is performed 
by wetlands of various classes and in different areas of Washington. 

Section 2.7, Chapter Summary and Conclusions summarizes the major concepts presented in 
the chapter. 

2.1.2 Where to Find Summary Information and Conclusions 

Each major section of this chapter concludes with a brief summary of the major points resulting 
from the literature review on that topic in a bullet list format.  The reader is encouraged to 
remember that a review of the entire section preceding the summary is necessary for an in-depth 
understanding of the topic. 

For summaries of the information presented in this chapter, see the following sections: 

• Section 2.3.4 

• Section 2.4.6 

• Section 2.5.4 

• Section 2.6.4 

In addition, Section 2.7 provides a summary and conclusions about the overarching themes 
gleaned from the literature and presented in this chapter. 

2.1.3 Sources and Gaps in Information 

Our understanding of how wetlands function and the factors that control these functions has 
increased in the last two decades and much of this information has been published in the journal 
Wetlands (the journal of the Society of Wetland Scientists).  Other journals that often carry papers 
on wetland functions include Environmental Management, Restoration Ecology, and the Journal 
of the American Water Resources Association.  

Much of what we know about wetlands in Washington, their functions, and how functions are 
defined, is based on the collective expertise and judgment of teams of experts who developed the 
Methods for Assessing Wetland Functions (also known as the Washington State wetland function 
assessment methods of WFAM) (Hruby et al. 1999, Hruby et al. 2000) and who revised the 
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Washington State wetland rating systems (Hruby 2004a,b).  These tools are methods that analyze 
the functions of wetlands in the state.  This expert, regional information is critical because much 
of the knowledge in the scientific literature about wetland functions was developed outside the 
Pacific Northwest.   

These tools can be considered a synthesis of the best available science for defining and 
understanding the functions performed by Washington’s wetlands.  The wetland scientists who 
developed these documents analyzed existing scientific information and extracted material that is 
relevant for Washington State.  They also added their best professional experience, expertise, 
judgment, and field observations during development of these products.  Existing scientific 
information is cited in these tools where it was judged relevant to Washington State. 

The tools were developed using a formal process that was based on using consensus among 
wetland scientists in the region.  The process included peer review and public comment.  The 
documents resulting from the function assessment project and the rating system effort are cited in 
this synthesis as Hruby et al. (1999), Hruby et al. (2000), and Hruby (2004a,b).  Information 
about these projects is also available at http://www.ecy.wa.gov/programs/sea/wetlan.html.  

Major gaps in our knowledge of how wetlands in Washington function, however, still exist for the 
types of wetlands for which function assessment methods have not yet been developed.  For 
example, there is little published information about the functions of “slope” wetlands and “flats” 
wetlands (see section 2.4.4 for a description of these wetland classes).  There is also less 
published information on the wetlands in the arid region of the state.  

2.2 Basic Ecological Principles Useful in Managing 
Wetlands and in Understanding the Impacts of 
Human Activities 

Many decisions about the management and use of land are made with little attention to any of 
their ecological impacts.  Thus, a better knowledge of the functioning of “ecosystems” is needed 
to broaden the scientific basis of decisions on using the land and managing it (Dale et al. 2000).  
In response to this need, the Ecological Society of America established a committee to examine 
the ways that land-use decisions are made and the ways that ecologists could help inform those 
decisions.  The following discussion on the basic ecological principles that are useful in managing 
how we use the land (including wetlands) is derived from the report of the committee that was 
published in Ecological Applications (Dale, et al. 2000).  

The committee identified five ecological principles that have implications for managing wetlands.  
The principles deal with time, place, species, disturbance, and landscape.  Each is described 
briefly below and represents a summary of the information in Dale et al. (2000).  (Note:  the 
citations used by Dale et al. (2000) in developing these principles are not included in the 
summary.) 
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Time Principle - Ecological processes function at many time scales; some long, some short; 
and ecosystems change through time.  For example, activities in cells occur on the scale of 
microseconds to minutes, decomposition occurs over hours to decades, and soil formation occurs 
over decades and centuries.  In addition, ecosystems can change from season to season, year to 
year, and decade to decade.  Human activities that alter the species found in ecosystems or alter 
the biological, chemical, or geological cycles can change the pace or direction of these “natural” 
changes.  Human activities have effects that can last decades or centuries.  

Species Principle – Particular species and networks of interacting species have key, broad-
scale effects on ecosystems.  Such “focal” species affect ecological systems in many ways.  
Indicator species, such as amphibians, help us understand the current condition of ecosystems.  
The status of indicator species helps us understand the status of larger groups of species, the status 
of key habitats, or as an indication of the action of some environmental stressor (disturbance).  
Keystone species, such as elephants, are those that have a greater effect on ecological processes 
than would be predicted from their abundance alone.  Ecological engineers, such as beaver, alter 
habitat, and in doing so modify the survival and opportunities of many other species.  Umbrella 
species, such as cougar, deer, or elk, either require large areas or use multiple habitats and thus 
overlap the habitat requirements of many other species.  Link species, such as salmon, exert 
critical roles in the transfer of matter and energy across trophic levels or provide critical links in 
the transfer of energy in complex food webs.  

Place Principle – Local climatic, hydrologic, edaphic (resulting from soils), and 
geomorphological factors as well as biotic interactions strongly affect ecological processes 
and the abundance and distribution of species at any one place.  Conditions in any one place 
reflect the variations that occur along gradients of elevation, longitude, latitude, and the many 
physical, chemical, and edaphic factors at a micro-scale.  These factors provide the ecosystem 
with a particular appearance (e.g., a wetland formed in a glacial “kettlehole” is quite different 
from a wetland that formed in the “pothole” left behind in the basaltic surface of the Columbia 
Basin after the ice-age floods). 

Disturbance Principle – The type, intensity, and duration of disturbances shape the 
characteristics of populations, communities, and ecosystems.  Disturbances are events that 
disrupt ecological systems.  They may occur naturally (e.g., wildfires, storms, floods) or be 
caused by human actions (e.g., clearing land, building roads, altering stream channels).  The 
effects of disturbances on ecological systems are controlled in large part by their intensity, 
duration, frequency, timing, and size and shape of area affected.  Many ecosystems, such as 
Ponderosa pine forests, are maintained by a certain level and type of disturbance, such as fire.  
Changes in land use that alter the regime of natural disturbances or initiate new disturbances are 
likely to cause changes in species distributions, abundances, the composition of ecological 
communities and the functioning of the ecosystem.  

Landscape Principle – The size, shape, and spatial relationships of land-cover types influence 
the dynamics of populations, communities, and ecosystems.  The spatial array of habitats and 
ecosystems make up the “landscape,” and all ecological processes respond, at least in part, to this 
“landscape template.”  The kinds or organisms that exist and their interaction with ecosystem 
processes (e.g., decomposition, nutrient fluxes) are constrained by the sizes, shapes, and patterns 
of interspersion of habitat across a landscape.  Human activities that decrease the size of habitat 
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patches or increase the distance between similar habitat patches can greatly reduce or eliminate 
populations of organisms.  

These ecological principles underlie our understanding of how wetlands function and how they 
should be managed to protect their functions.  They form the basis of the following discussion of 
how wetlands function, how human disturbances can impact those functions (Chapter 4), and how 
we should develop ways to protect and manage this resource (Volume 2).   

2.3 Introduction and Background on Wetland Functions 

2.3.1 An Evolving Understanding of Wetland Functions 

The concept of wetland functions is relatively new in both the regulatory and scientific arenas.  
For many years wetlands were considered nuisances and wastelands (Washington State 
Department of Natural Resources 1998).  The functions found within a wetland were not 
considered important enough to study and understand.  Today, however, we know that the 
functions performed by wetlands are important and interacts with other aspects of the landscape 
around it.  We have found that the structural components of a wetland and its surrounding 
landscape (such as plants, soils, rocks, water, and animals) interact with a variety of physical, 
chemical, and biological processes both within the wetland itself and the surrounding landscape.  
These interactions are called functions.   

The concept of wetland functions has evolved since it was first introduced about four decades 
ago.  Wetlands were first considered primarily to function as habitat for important species such as 
waterfowl.  The factors that were thought to control how a wetland functions in this respect were 
the structural elements in a wetland.  For example, how much open water did the wetland 
contain?  What types of vegetation were found there?  This interest in wetland structure led to the 
development of a classification system for wetlands in 1979 based on the vegetation and water 
regime (Cowardin et al. 1979).  This system is still in use today.  See Section 2.4.1 for more on 
this classification system.   

It soon became apparent, however, that wetlands contribute more to the landscape than just 
habitat.  During the 1980s much research was done on how wetlands filter pollutants and improve 
water quality.  As a result, wetland engineers started to design and create wetlands specifically to 
treat wastewater (Hammer 1989).  During the 80s wetlands were also recognized for their 
contribution to flood protection (Adamus et al. 1987).  

The ongoing research in the 1980s also led to a realization that the functions performed within a 
wetland are controlled by a number of environmental factors both within and outside of the 
wetland.  Climate was recognized as the major factor that affects how wetlands function at the 
largest geographic scale (Bailey 1995, Benda et al. 1998).  Differences in temperature, rainfall, 
and seasonal and annual changes impact all aspects of interactions among organisms and their 
environment, including wetlands. 
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During the 1990’s Brinson (1993b) and the National Academy of Sciences (National Research 
Council 1995) described and defined three other factors at a smaller geographic scale that can be 
considered primary controls of functions within a wetland: 

• Geomorphic or topographic setting of the wetland  

• Direct source of water to the wetland 

• Hydrodynamics, or the direction of flow and strength of water movement within the 
wetland 

More recently, however, scientists have become increasingly aware that functions performed by 
wetlands are also controlled by processes that occur at the scale of the watershed.  There is 
currently an emphasis on trying to understand wetland functions in the context of how water, 
sediments, and nutrients move in a watershed (Bedford 1999).  The surface geology and soils, the 
routing of water through the watershed, and the movement of sediments, large wood, nutrients, 
and other chemicals are all considered important factors in controlling how individual wetlands 
function (see Section 2.3.3).  

2.3.2 How Wetland Functions Are Defined 

The interactions that occur within a wetland occur at many scales as well, from the microscopic 
(such as bacterial decomposition of organic matter) to the continental (such as providing refuge 
and feeding for migrating waterfowl along the continental flyways).  If every interaction that 
occurs within a wetland were identified as a separate function, the number of functions would be 
almost infinite.  For example, the decomposition of organic matter by bacteria is a combination of 
many types of decomposition, one for each individual species of bacteria found in the wetland.  
Each bacterial species decomposes organic matter at a different rate and under different 
environmental conditions.  Each of these could be considered a separate wetland function.   

In contrast, a function can be a broad lumping of many environmental processes.  For example, 
the “removal of imported elements and compounds” is a function identified in one method for 
assessing wetland functions (Brinson et al. 1995).  At least a dozen nutrients and several hundred 
known contaminants can be found in surface waters.  Therefore this function combines several 
hundred different processes of removal, one for each imported nutrient, contaminant, and other 
compound.   

 
Wetland functions – The physical, biological, chemical, and geologic interactions among 
different components of the environment that occur within a wetland.  There are many valuable 
functions that wetlands perform but these can be grouped into three categories – functions that 
improve water quality, functions that change the water regime in a watershed such as flood 
storage, and functions that provide habitat for plants and animals. 
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Furthermore, wetlands perform many types of functions, but not all wetlands perform the same 
functions, nor do similar wetlands provide the same functions to the same level of performance 
(Clairain 2002).   

One of the initial tasks in defining functions, therefore, is to identify and group the processes and 
interactions that occur in wetlands into some manageable number of “functions.”  Most functions 
are generally grouped in terms of three broad categories (Adamus et al. 1991):   

• Biogeochemical functions, which are related to trapping and transforming chemicals and 
include functions that improve water quality in the watershed  

• Hydrologic functions, which are related to maintaining the water regime in a watershed 
and include such functions as reducing flooding 

• Food web and habitat functions 

Functions are subdivided into more specific groups by the environmental processes or interactions 
within the wetland that are related and are on a similar temporal and spatial scale.  They are also 
grouped based on the needs for managing wetlands (Hruby 1999).  For example, managers may 
need to know how well a wetland removes specific constituents that contribute to poor water 
quality such as sediment, nutrients, and toxic compounds, rather than having only a general 
assessment of the removal of elements and compounds that cause problems with water quality.   

Table 2-1 gives examples of how the many different processes and interactions that occur in 
wetlands have been grouped under different names for various policy and regulatory purposes.  
They are organized into the three broad categories above (water quality improvement, hydrologic 
functions, and food webs and habitat).   

The names of the categories to some degree reflect how broadly the function is defined.  “The 
removal of all imported elements and compounds” is a broadly defined function, whereas 
“removing sediment” is a more narrowly defined function.  Section 2.5 describes in more detail 
the functions that have been chosen for the Washington State wetland function assessment project 
and the Washington State wetland rating systems. 
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Table 2-1.  Different ways of dividing wetland functions. 

Wetland Evaluation 
Technique (WET) a 

HGM Guidebook for 
Riverine Wetlands b  

Mill Creek Special 
Area Management Plan 
(SAMP)c  

Methods for Assessing 
Wetland Functions  – 
Lowlands of Western WAd 

Biogeochemical Functions Related to Improving Water Quality 

Nutrient Removal/ 
Transformation 

Nutrient Cycling Nutrient Uptake Removing Nutrients 

Sediment Stabilization Removal of Imported 
Elements and Compounds 

Sediment Stabilization Removing Sediment 

Sediment/Toxicant 
Retention 

Retention of Particulates Retention of  Toxics Removing Metals and Toxic 
Organic Compounds 

Hydrologic Functions Related to Maintaining the Water Regime 

Floodflow Alteration Dynamic Surface Water 
Storage 

Floodflow Alteration Reducing Peak Flows 

Groundwater Recharge Long-term Surface Water 
Storage 

Groundwater Discharge Decreasing Downstream 
Erosion 

Groundwater Discharge Energy Dissipation   Recharging Groundwater 

 Subsurface Storage of 
Water 

  

 Moderation of 
Groundwater Flow or 
Discharge 

  

Functions Related to Maintaining Food Webs and Habitat 

Aquatic Diversity/ 
Abundance 

Maintain Spatial Structure 
of Habitat 

Habitat for Aquatic 
Species 

General Habitat 

Wildlife Diversity/ 
Abundance/ Migration 
Wintering 

Maintain Interspersion 
and Connectivity 

Habitat for Anadromous 
Fish 

Habitat for Invertebrates 

Production Export Maintain Distribution and 
Abundance of 
Invertebrates 

Habitat for Resident Fish Habitat for Amphibians 

 Maintain Distribution and 
Abundance of Vertebrates 

Habitat for Migratory 
Birds 

Habitat for Anadromous Fish 

  Habitat for Resident 
Birds 

Habitat for Resident Fish 

  Habitat for Other 
Species 

Habitat for Wetland-
Associated Birds 

   Habitat for Wetland- 
Associated Mammals 

Sources: 
a Adamus et al. (1987) 
b Brinson et al. (1995) 

 
c U.S. Army Corps of Engineers (2000) 
d Hruby et al. (1999) 
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Relationship of functions to values 

The scientific literature has in the past confused the terms wetland functions and wetland values.  
In fact, the term functional values was in common usage during the 1980s and early 1990s (e.g., 
Amman et al. 1986).  The correct interpretation of the term functional values suggests that 
wetland values were functioning, which was not the intent of the phrase.  As mentioned 
previously, wetland functions are the environmental processes that take place in a wetland.  
Society, however, does not necessarily attach the same value to all functions.  Value is usually 
associated with goods and services that society recognizes, and not all environmental processes 
are recognized or valued.  The National Research Council (1995) says the following about the 
differences between values and functions.  

         Because value is a societal perception, it often changes over time, even if wetland  
 functions are constant.  Value can change over time as economic development  
 changes a region.  The value of a wetland in maintaining water quality near a  
 source of drinking water can be great even if the wetland is small (Kusler 1994).   
 Some values can be mutually exclusive if they involve direct or indirect  
 manipulation, exploitation, or management of wetlands.  For example, production 
 of fish for human consumption could conflict with the use of a wetland to improve  
 water quality of water that contains toxins.  

There are three reasons for maintaining a clear distinction between functions and the services that 
wetlands provide (King et al. 2000).  First, people can attach values to services, but usually 
cannot attach values to the underlying environmental functions and processes on which they 
depend.  Second, the factors that affect the level of services a wetland provides are different from 
those that determine the levels of function. Third, different questions need to be addressed when 
considering values and functions.  When assigning a relative value to a wetland, questions 
involving the importance and scarcity of the services need to be answered.  Depending on the 
landscape context of the wetland, these may, or may not, be related to the levels of function in the 
wetland.  

Generally, the important values of wetlands cannot be assessed or rated using the same methods 
as those used to assess functions (Hruby 1999).  Analyzing values requires understanding a 
different set of factors than those used for functions (King et al. 2000). 

 

2.3.3 Environmental Factors that Control Wetland Functions 

"Ecosystems are not defined so much by the objects they contain as by the processes that regulate 
them" (Christiansen et al. 1989) 

Functions of wetlands, as defined previously, represent interactions among the different 
components of the ecosystem and the landscape.  Thus, functions can be influenced or controlled 
by changes to any one of these components.  For example, a wetland may perform the function of 
providing overwintering habitat for coho, for which the presence of seasonal or permanent surface 
water is critical.  This function will, therefore, change if the wetland is drained so no surface 
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water remains at any time.  Changes in functions, however, can also be a result of alterations to 
the watershed outside the wetland boundary.  For example, surface water in the wetland may also 
be eliminated if its water supply is diverted.  Also if the gravel beds in which the coho spawn 
farther up in the watershed are disturbed, or if the flow in the stream is reduced to such an extent 
that the young can no longer swim to the wetland from the spawning areas, the wetland’s support 
of coho overwintering habitat will be altered.   

Likewise, the expression of one function in a wetland (such as habitat) can result in a change to 
the larger-scale environmental processes and the landscape.  For example, if the conditions are 
right for beavers to settle in a wetland along a stream or river (i.e., the wetland functions as good 
habitat), the beavers will build a dam and create a ponded wetland.  This will change the 
vegetation in the wetland and possibly alter other wetland functions such as improving water 
quality and storing flood waters.  These changes may be important enough to change the water 
quality and the movement of water through that part of the watershed (a change in one of the 
primary controls of function).   

Any factor that changes how well, or how much, a function is performed by a wetland can be 
considered a “control” of that function.  Another term often used in the scientific literature is 
driver.  The drivers of functions in wetlands determine how well the functions are performed.  An 
action or occurrence that affects a control or driver is called a disturbance by ecologists (Dale et 
al. 2000).  The type, intensity, and duration of disturbances can change the physical structure of 
the ecosystems and how they behave (ecosystem dynamics) (Dale et al. 2000).   

 

Human uses of the land create a different set of disturbances than were present before human 
activities modified the land (Dale et al. 2000).  The disturbances that are caused by human 
activities are discussed in Chapter 3, and the impacts these disturbances have on wetlands and 
their functions are described in Chapter 4.  

The focus of research and management has been on functions and controls of functions that occur 
within the wetland itself and less on those that are a part of the landscape of the entire watershed.  
This has resulted from the fact that the need to define wetland functions has actually been driven 
by regulatory requirements and policy (Brinson et al. 1995, Clarain 2002).  The policy has been to 
have a “no net loss of wetland area and function” at both the state and the national levels.  
However, this focus on functions confined to the wetland itself is changing.  We are learning that 
managing wetlands requires an understanding of the “relationship of the individual wetlands to 
the landscape” (Bedford 1996) as well as the wetland itself. 

Human activities create a disturbance that causes a “stress” on the ecosystem to 
which it responds.  Scientists often use the term stressor to distinguish those 
disturbances that have a significant impact on an ecosystem from those that have 
little impact (see for example Adamus et al. 2001, Laursen et al. 2002).   

In this document, however, we are not using the term stressor.  All the disturbances 
discussed and reviewed here have documented negative impacts on wetlands and 
their functions.  To avoid confusion, the term disturbance is used throughout this 
document. 
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A summary of the literature addressing the environmental factors that control wetland functions is 
presented below.  First reviewed is the literature that addresses controls that occur at the scale of 
the wetland’s contributing basin (that part of the landscape that contributes surface water to the 
wetland).  The controls that are found within the boundary of the wetland (the site scale) are then 
described.  The discussion includes a number of conceptual models that have been developed to 
help visualize and understand the complex interactions between wetland functions and 
environmental factors at different scales.  

 

2.3.3.1 Environmental Controls of Functions at the Landscape Scale  

Hydrogeologic Controls of Functions in Wetlands 
Climate, geology, and the hydrologic characteristics in a watershed control how water, sediment, 
and nutrients move (Bedford 1999).  Together, along with factors within the boundary of a 
wetland, these factors control the functions performed.  Scientists call these large-scale, 
environmental factors the hydrogeologic setting of a wetland (Winter 1983, 1986, 1988, 1989, 
1992, LaBaugh et al. 1987, Winter and Woo 1990).  The following describes some models that 
have been developed to better understand these controls of wetland functions.  

Terms used in this document to refer to environmental factors 

Surface and subsurface water flows through the landscape within drainage systems.  
These drainage systems are often called basins, sub-basins, watersheds, or river basins 
depending on the size of the area.  In this document, drainage systems are generally 
referred to using one of two terms: 

• Watershed - A geographic area of land bounded by topographic high points in 
which water drains to a common destination. 

• Contributing basin - The geographic area from which surface water drains to a 
particular wetland.   

Environmental factors that affect wetland functions can occur at different geographic 
scales.  In this document two scales are used.  

• Landscape processes - Environmental factors that occur at larger geographic 
scales, such as basins, sub-basins, and watersheds.  Processes are dynamic and 
usually represent the movement of a basic environmental characteristic, such as 
water, sediment, nutrients and chemicals, energy, or animals and plants.  The 
interaction of landscape processes with the physical environment creates specific 
geographic locations where groundwater is recharged, flood waters are stored, 
stream water is oxygenated, pollutants are removed, and even wetlands are 
created. 

• Site processes - Environmental factors that occur within the wetland itself or 
within its buffer.  The interactions of site processes with landscape processes 
define how a wetland functions. 
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A hydrogeologic model created by Bedford (1996, 1999) concludes that wetlands develop and 
persist over time through the interaction of the hydrologic cycle with the landscape (Figure 2-1).  
This model views wetlands as part of an ecological system that is continuous with large-scale 
surface and groundwater systems.  In this model, several geologic characteristics control the flow 
and chemistry of water, including the surface relief and slope of the land, the thickness and 
permeability of the soils, and the composition and hydraulic properties of the underlying geologic 
materials (Bedford 1999). 

 

Figure 2-1.  A model of the environmental factors that control wetland functions.  (Bedford 1999; 
reprinted with permission) 

In Bedford’s hydrogeologic model, as in all the models discussed here, climate drives the large-
scale water regime.  Climate determines the precipitation and patterns of evapotranspiration that 
ultimately move surface and groundwater into and out of wetlands (see Figure 2-1).  It also 
determines how sediments and chemicals (e.g., salts and nutrients) are eroded from bedrock and 
transported throughout the system.  

A similar model to that of Bedford considers the contributing basin of a wetland in describing the 
factors that affect functions.  This model, known as the “process-structure-function” model 
(Figure 2-2), was developed in conjunction with restoration plans for Northwest riverine systems.  
It is described in more detail in Beechie and Bolton (1999), Gersib (2001), and Stanley and 
Grigsby (2003).  The model assumes that the biological, physical, and chemical characteristics 
(structure and functions) of aquatic systems including wetlands are determined by the interaction 
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of many processes operating at the larger scale of the landscape (Kaufman et al. 1997, Beechie 
and Bolton 1999).  These processes include the movement of (Naiman et al. 1992): 

• Water (surface and subsurface)  

• Sediment 

• Nutrients and other chemicals (salts, toxic contaminants) 

• Large woody debris 

• Energy (in the form of sunlight) 

According to the “process-structure-function” model, the interactions of these processes with 
climate and geomorphology determine the structure within wetlands (e.g., substrate, plant 
communities).  The wetland structure, in turn, is one factor that influences the type and 
performance of wetland functions.   

For example, a wetland may produce large quantities of plant material and support the function of 
a rich food web.  In order to provide this function, the wetland needs to have waters rich in 
nutrients coming into it, good exposure to sunlight, and a way for the production of plant material 
to leave the wetland into surrounding aquatic resources.  The major controls for this function are 
the movement of water to and from the wetland, the movement of nutrients into and within the 
wetland, and an adequate source of energy.  

 
Figure 2-2.  “Process-structure-function” model.  

The “process-structure-function” model, like Bedford’s, assumes that changes in land use affect 
processes such as the delivery of water, nutrients, sediment, and toxics to aquatic systems (Poiani 
et al. 1996, Mallin et al. 2000).  These in turn affect structure and function within those aquatic 
systems. 
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Controls of the Habitat Provided by Wetlands 

The abundance and richness of species within a wetland may be explained by the attributes of the 
surrounding landscape as well as by the characteristics found within the site itself (review in Dale 
et al. 2000).  This is the landscape principle in ecology that was described in Section 2.2.  The 
kinds of organisms that exist in a wetland and their interaction with landscape processes are 
constrained by the sizes, shapes, and patterns of interspersion of habitat across a landscape.   

Understanding how animals and plants move between different habitats, and how the distribution 
of habitat “patches” affect the abundance of species, are the goals of a relatively new science 
called landscape ecology.  The major result of recent research has been to highlight the fact that 
the distribution and abundance of species at an individual site, or “patch” is affected by the 
location, size, and shape of other patches of similar or different habitat in the surrounding 
landscape (Haila 2002, Manning et al. 2004).  Some of the questions being asked in this research 
have been summarized by Bissonette and Storch (2002) and include: 

• What is the relationship between species richness and the size of the patch of habitat? 

• What is the relationship of species abundance to size of the patch of habitat? 

• Are the interactions between different species modified as habitat is fragmented? 

• Do the changes in the amount and quality of habitat along the edges of patches (edge 
habitat) change how an area functions as habitat? 

• What are the relationships between relatively undisturbed corridors and the movement of 
species between habitat patches that have been separated by human activities? 

• Do such connections increase species richness? 

The research to date has highlighted the fact that there are no easy answers to these questions. The 
response of animals and plants to changes in patches, corridors, and distance between patches of 
the same habitat is very specific to the species involved (Haila 2002, Bissonette and Storch 2002, 
Haddad et al. 2003, Manning et al. 2004).  For example, Haddad et al. (2003) studied ten different 
species living in the forests of South Carolina.  Although the species were chosen because the 
authors thought they were likely to respond to the presence of corridors connecting patches of 
forest habitat, the abundance of only five of the ten species was positively correlated with 
presence of corridors.  The abundance of the other five species was not correlated with the 
presence of corridors.   

The study of patches and interaction between patches and species richness and abundance has 
taken on an increasing importance as human activities on the land have changed the distribution 
of habitats.  The changes in habitat at the scale of the landscape caused by human activities are 
called fragmentation.  The fragmentation of habitat consists of both reductions in the area of the 
original habitat and changes in the spatial configuration of what remains (Haila 2002).  The 
results of current research on fragmentation have been difficult to interpret because much of it 
does not adequately separate the environmental factors that might cause differences in 
biodiversity (Haila 2002, Fahrig 2003, Manning et al. 2004).  There is, however, one general 
conclusion that can be made from the current research.  In reviewing over one hundred articles on 
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habitat fragmentation, Fahrig (2003) found that the loss of area available as habitat that results 
from human uses of the land has a large, consistently negative effect on the abundance and 
richness of species.   

2.3.3.2 Environmental Controls of Functions at the Site Scale 

The environmental factors at the large scale ultimately affect the environmental factors within the 
wetland itself (the site scale).  As introduced earlier, Brinson (1993b) has developed a model that 
defines three factors that can be considered as primary controls of wetland functions at the site 
scale.  Brinson’s (1993b) model also uses characteristics of the landscape as factors that control 
functions in a wetland, but his model focuses primarily on the wetland itself relative to the two 
models discussed earlier (Bedford 1999).  For example, Brinson’s model emphasizes the shape 
and location of the wetland in the landscape and the type of water movement in the wetland that is 
dominant.  The three factors defined by Brinson (1993b) are: 

• The geomorphic setting (landscape position) of the wetland.  Geomorphic setting is the 
topographic location of the wetland within the surrounding landscape and the geology that 
underlies it.  In other words, is the wetland in a depression, on a slope, in a floodplain, or 
on the shores of a lake?  The underlying geology also determines the soils present in the 
wetland, and this for example has an effect on the type and abundance of the plants found 
there. 

• The source of water to the wetland.  The sources of water can be simplified to 
precipitation, surface flow, shallow subsurface flow, and groundwater.   

• The hydrodynamics of the wetland (the direction of flow and strength of water movement 
within the wetland).  Hydrodynamics refers to the movement of water in the wetland and 
its capacity to do work.  There are three qualitative categories of hydrodynamics: (1) 
vertical fluctuations of the water levels or water table, (2) unidirectional surface or near-
surface flows that range from strong currents contained in channels to slow sheet flow 
down a slope, and (3) bidirectional flows resulting from tides or wind-driven currents in 
lakes. 

In contrast, the “hydrogeologic” and “process-structure-function” models describe the surface and 
subsurface conditions across the landscape that control water processes within the wetland’s 
contributing basin. The Brinson model (1993b) is the basis of the hydrogeomorphic (HGM) 
classification system which groups wetlands into similarly functioning groups.  The classification 
system and an earlier classification, used for habitat mapping, are described in Section 2.4.1. 

2.3.3.3 Summary of the Controls of Wetland Functions 

To summarize the literature on the environmental factors that control functions, the authors of this 
synthesis have combined the terms and information used by several different authors to arrive at 
the list of factors in Table 2-2.  These terms will be used in the following chapters because no 
standardized terms have been defined to describe all that happens at the different geographic, 
temporal, or spatial scales.  In fact, the many articles that have been written on the subject of 
wetland functions and how they are controlled by environmental factors have engendered some 
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confusion in the terms used.  For example, the term process has been used by different authors to 
describe a wide range of happenings that include the routing of water at a landscape scale as well 
as the chemical reactions by which bacteria change nitrate to nitrogen gas at the microscopic 
scale.  Both of these factors are considered controls of functions.   

The relationship between the environmental factors in Table 2-2 that control wetland functions 
and how they interact with human-caused disturbances is shown conceptually in Figure 2-3. 

Table 2-2.  Environmental factors that have been identified as controls of functions in 
wetlands.  Most of the controls can occur at both the landscape scale and the site scale. 

Environmental Factors that Control Functions in Wetlands  Scale at which the 
Control Occurs  

Physical structure of wetlands (e.g., soils, vegetation, rocks) Site  

Biological structure of wetlands (e.g., physical structure of plants) Site 

Input of water (amount of water; maximum and minimum water levels) Landscape and site 

Fluctuations of water levels (frequency, amplitude, direction of flows) Landscape and site 

Input of sediment Landscape and site 

Input of nutrients Landscape and site 

Input of toxic contaminants Landscape and site 

Temperature Landscape and site 

Level of acid (pH) Landscape and site 

Concentration of salts Mostly site 

Size, connections, and distances of habitat patches in the surrounding 
landscape 

Landscape 

This table is a synthesis of the information presented by Winter (1983, 1986), LaBaugh et al. 
(1987), Winter and Woo (1990), Naiman et al. (1992), Brinson (1993a), Brinson et al. (1995), 
Bedford (1999), Beechie and Bolton (1999), Gersib (2001), Adamus et al. (2001), Stanley and 
Grigsby (2003). 
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Fragmentation of habitats 

Tilling of soil 

Increased peak flows 

Damming of rivers

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

   

Figure 2-3.  Diagram summarizing some major environmental factors that control functions of 
wetlands and how they interact with human-caused disturbances.   

The basic environmental conditions establish and determine the factors that control the functions 
of wetlands.  The controls can occur at both the landscape and site scales.  Human activities cause 
disturbances that affect these controls in many different ways and thereby alter the performance of 
wetland functions.  The figure gives some examples of the disturbances. This figure is a synthesis 
of the information presented by the same authors as listed in Table 2-2.  The different models and 
information described above are the basis for Chapters 3 and 4 that describe the impacts of human 
activities on wetlands and their functions.  
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2.3.4 Summary of Key Points 

• There are five basic ecological principles that are useful in managing wetlands.  The 
principles deal with time, place, species, disturbance, and landscape.   

• Wetland functions are the physical, biological, chemical, and geologic interactions among 
different components of the environment that occur within a wetland.  There are many 
ways to define functions depending on specific needs for managing wetlands.   

• Functions fall into three broad categories: biogeochemical, hydrologic, and maintenance 
of food webs and habitat.  

• Society does not necessarily attach value, or equal value, to all functions.   

• The functions that wetlands perform are controlled by environmental factors that occur in 
the broader landscape as well as within the wetland.  The major controls of function are 
climate; geomorphology and soils; the source and quantity of water; the movement of 
water, nutrients, other chemicals, and sediments; energy in the form of sunlight; and 
biological interactions.   

• The factors that control wetland functions interact with each other and there are many 
feedback loops.  Environmental processes create the physical structure of the ecosystem 
and this in turn controls functions.  Functions, in turn, can then modify the processes and 
structure as well.  

• In order to gain a basic understanding of the ecological importance of functions provided 
by wetlands, they must be evaluated within the context of the landscape in which they 
exist. 

2.4 Classification of Wetlands in Washington as a Key to 
Understanding Their Functions 

This section presents a brief discussion of systems that scientists have developed to group or 
classify wetlands nationally and in Washington State in order to better assess how they function.  
It begins with an overview of two classification systems—the Cowardin classification, commonly 
used to inventory wetlands across the country, and the hydrogeomorphic or HGM classification, 
which is used to characterize how wetlands function.  Understanding how wetlands are grouped 
and classified is a key to fully understanding how different types of wetlands in different areas 
provide different functions. 
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2.4.1 Commonly Used Classification Systems in Washington 

2.4.1.1 The Cowardin Classification 

The first commonly used classification system for wetlands was developed in 1979 by the 
U.S. Fish and Wildlife Service (Cowardin et al. 1979).  The Cowardin classification system is 
hierarchical and includes several layers of detail for wetland classification that are based on: 

• Water flow  

• Substrate types  

• Vegetation types  

• Dominant plant species   

The Cowardin classification system was developed to aid a national inventory of wetlands using 
aerial photographs (the U.S. Fish and Wildlife Service National Wetland Inventory or NWI).  The 
wetlands in the state that can be identified from aerial photographs have been mapped using this 
classification system.  The maps are available from the U.S. Fish and Wildlife Service in a digital 
form for GIS (http://www.nwi.fws.gov/).  This information is a useful starting point for 
developing inventories of wetlands at the local level and looking at wetlands at the scale of 
watersheds and river basins. 

 

2.4.1.2 The Hydrogeomorphic Classification 

Although the Cowardin classification is useful in developing wetland inventories from aerial 
photographs and incorporates some landscape factors, it was not designed to help understand how 
functions differ among wetlands.  A more recent system of classification, called the 
hydrogeomorphic (HGM) classification (Brinson 1993b), was developed to specifically address 
differences in how various wetlands function.  This classification method was chosen by the 
statewide wetland technical committee that guided the development of the Washington State 
wetland function assessment methods (Hruby et al. 1999). 

As previously described in Section 2.3.3, the HGM classification is based on (Brinson 1993b): 

• The position of the wetland in the landscape (geomorphic setting)  

• The source of water for the wetland  

Methods for organizing our knowledge about wetlands have been called classifications, 
categorizations, characterizations, ratings, assessments, and evaluations.  These 
groupings are meant to indicate the type of information a method provides.  
Unfortunately, the scientific community has been inconsistent in the use of these terms.  
Users of methods developed for analyzing wetlands should be aware of some of these 
problems with terminology.  See Appendix 2-A for further discussion. 
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• The flow and fluctuation of the water once in the wetland (hydrodynamics)  

Classifying wetlands based on how they function narrows the focus of attention to a specific type 
of wetland.  It also focuses on the functions that wetlands within that type are most likely to 
perform and the environmental factors that most likely control how wetlands of that type function.   

The HGM classification also uses the concept of grouping wetlands by geographic units (domains 
and regions) in which some of the controls of functions that occur at the landscape scale are 
similar.  The assumption is that many of the functions performed by wetlands are also similar.   

The highest category in the HGM classification (called class) is defined nationally (Table 2-3) 
and is based on the geomorphic setting of the wetland (Brinson 1993b, Smith et al. 1995).  Not all 
geographic units (domains and regions) contain all the wetland classes possible. 

Within a region, wetland classes can be further divided by local experts into wetland subclasses 
and sub-subclasses (sometimes called families of wetlands) based on other geomorphic or 
hydrologic characteristics.  The wetland experts in each region can, therefore, tailor the 
classification to address differences in the performance of functions by different wetland types in 
their region (Smith et al. 1995). 

Geographic areas to which this classification system is applied in Washington and a description of 
the HGM classes in the state are described in Section 2.4.4.  

Table 2-3.  Characteristics of wetland classes in the hydrogeomorphic classification (from 
Brinson 1993a). 

Hydrogeomorphic Class 
(Geomorphic Setting) 

Dominant Source of Water Dominant Hydrodynamics 
(Movement of Water) 

Riverine Overbank flow from a channel, or 
hyporheic (underground) flow in 
floodplain 

One direction, horizontal 

Depressional  Surface runoff, or the “daylighting” 
of groundwater 

Vertical 

Slope “Daylighting” of groundwater on 
slopes 

One direction, horizontal 

Lacustrine (Lake) Fringe Lake water Two directions, horizontal 

Flats  Precipitation Vertical 

Tidal Fringe Overbank flow from estuary Two directions, horizontal 
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2.4.1.3 Other Classifications Used in Washington 

There have been several other classifications developed in Washington to group wetlands for the 
purpose of inventories and identifying different types of habitats.  Kunze (1994) developed a 
classification of native, low elevation, freshwater wetlands in western Washington that is based 
on the dominant plant species found in the wetland.  The purpose of this classification was to 
distinguish “natural heritage resources,” whose identification was mandated by state law.   

In eastern Washington, Kovalchik and Clausnitzer (2004) developed a classification of Aquatic, 
Riparian, and Wetland sites in the national forests that is also based on the dominant vegetation.  
The purpose of this classification was to describe the general geographic, topographic, edaphic 
(resulting from soils), functional, and floristic features of aquatic, riparian and wetland 
ecosystems.  In addition, they developed it to describe successional trends in these ecosystems.  
Lastly it provides information on the values of the resources and opportunities for management 
(Kovalchik and Clausnitzer 2004).  

2.4.2 Geographical Differences in Wetland Functions 

Because hydrogeologic settings and the controls of functions vary across the landscape, it is 
important to identify the geographic areas in which these factors are similar.  This allows the 
grouping of wetlands that function similarly.   

For example, two conferences on wetland functions in the mid-1980s highlighted some of the 
differences between wetlands on the West Coast and those in the rest of the country (Horner 
1986).  Specifically, wetlands on the West Coast are different for the following reasons (Zedler 
1985 as cited in Horner 1986): 

• Drainage areas to West Coast wetlands are often smaller than those on the East Coast 

• The coastal plain, with some exceptions, is not as large on the West Coast 

• Soils in the West Coast region are often high in clay 

• Conditions in a watershed are often highly erosive on the West Coast because of the steep 
topography 

• Precipitation varies more seasonally on the West Coast than east of the Rocky Mountains 

Even within Washington, the diverse areas of the state support many kinds of wetlands that vary 
in functions.  For example, vernal pools on the scablands differ greatly from the floodplain 
marshes along the Snoqualmie River, and wetlands that formed in the potholes created by glaciers 
have different functions from those found along the shores of salt lakes in the Grand Coulee 
(Hruby et al. 2000). 

Through the Washington State wetland function assessment project, there has been a major effort 
over the last eight years to build on previous work and to develop methods for assessing how 
wetlands function in different regions of the state.  The methods are based on a formal process of 
quantifying the collective judgment of a group of local experts.  This approach provides a 
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scientific basis for rapid methods in the absence of rigorous, site-specific scientific studies (Hruby 
1999). 

A statewide technical committee was formed in 1994 to guide the technical components of the 
function assessment project.  In addition, several assessment teams, composed of experts in 
different disciplines, developed methods for specific wetland types and areas of the state (Hruby 
et al. 1999, 2000).  At present, methods for four wetland types in the lowlands of western 
Washington and three types in the Columbia Basin of eastern Washington have been completed.  
These documents are available on the project’s web site 
(http://www.ecy.wa.gov/programs/sea/wfap/index.html).  

Another major effort has just been completed to incorporate differences among geographic areas 
and wetland functions into the Washington State wetland rating systems for eastern and western 
Washington.  The Washington State Department of Ecology has been coordinating this effort, and 
teams of regional wetland experts and local government staff have provided technical expertise in 
writing the documents. 

The geographic regions where wetlands function in different ways that have been identified by 
these teams of regional experts are described in the next section. 

2.4.3 Wetland Regions in Washington 

Wetlands in Washington are grouped first into “domains” and “regions” based on climate and 
other landscape features, then into “classes” by geomorphic setting, and finally into “subclasses” 
and “families” by the sources of water for the wetland and how that water moves (Hruby et. al. 
1999, 2000, Hruby 2004a,b).  These are some of the primary controls of wetland functions as 
described earlier.  This section focuses on the wetland domains and regions.  Section 2.4.4 
describes the wetland classes and Section 2.4.5 the subclasses for Washington State. 

The wetlands in Washington were divided into two ecological domains, East and West, when the 
Washington State wetland rating systems were first developed (Ecology 1991, 1993).  The teams 
of wetland experts who revised the rating systems have kept this division (Hruby 2004a,b).  At 
this highest level, the domains are based on the national classification of the environment (called 
ecoregions) developed by federal agencies (Bailey 1995).  Wetlands on the west side of the 
Cascade Crest fall within the domain called Humid Temperate and those on the east side are in the 
Dry domain.  

The term ecoregion was coined by J.M. Crowley (1967) and popularized by Robert J. Bailey 
(1976) to define a classification of ecosystems in the United States.  Ecoregions are generally 
considered to be regions where climatic conditions are similar.  As a result, the ecosystems there, 
including wetlands, are relatively homogeneous (Omernik and Gallant 1986).  The concept was 
developed to help resource managers better understand regional differences in the environmental 
factors that maintain ecosystems and the relative importance of different factors that can change 
ecosystems (Omernik and Gallant 1986).  The local maps of the ecoregions and their definitions 
are continually being updated by the U.S. Environmental Protection Agency laboratory in 
Corvallis, Oregon.  The latest maps of ecoregions are available on the web at 
http://www.epa.gov/bioindicators/html/ecoregions.html. 
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The wetland experts working on assessments of function in the state further divided the domains 
into smaller regions because the two domains are too coarse a division for understanding how 
wetlands function in the state in a more detailed way (Hruby et al. 1999, 2000).  At present there 
are five regions in the state (Figure 2-4) including three regions in the eastern domain and two in 
the western domain: 

• Eastern domain: 

– Montane 

– Columbia Basin  

– Lowlands of Eastern Washington 

• Western domain: 

– Montane  

– Lowlands of Western Washington  

 
Figure 2-4.  Regions in Washington used for classifying wetlands. 

As mentioned previously, these regions of Washington are linked to the national classification of 
ecoregions developed by several federal agencies.  The boundaries of the regions used in 
Washington, however, in some cases include parts of multiple ecoregions defined at the national 
level.  The geographic extent of the Lowlands of Western Washington includes portions of three 
ecoregions within the Humid Temperate domain defined at the national level:  the Coast Range, 
the Puget Lowlands, and the Willamette Valley (Hruby et al. 1999).  Characteristics of these 
ecoregions are detailed in Omernik and Gallant (1986).  The geographic extent of the Columbia 
Basin region, however, is the same as the Columbia Basin Ecoregion identified by Omernik and 
Gallant (1986).   
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At present, final definitions of regions have been developed only for the Lowlands of Western 
Washington and the Columbia Basin because these are the only two regions for which methods to 
assess wetland functions have been developed.  The Montane regions (east and west of the 
Cascades) and the Lowlands of Eastern Washington have been defined with less detail because 
methods for assessing functions in these regions have not yet been developed.  Generally the 
Montane regions include areas above 3,000 feet (915 m) elevation, and the Lowlands of Eastern 
Washington includes all other areas in the Dry domain, outside the Columbia Basin, and below 
3,000 feet (915 m) elevation. 

2.4.4 Description of the Wetland Classes for Washington  

A brief description of wetlands in the different classes in Washington is given below.  More 
detailed descriptions are available in Hruby et al. (1999, 2000).  

2.4.4.1 Riverine Wetlands  

The distinguishing characteristic of riverine wetlands in Washington is that they are frequently 
flooded by overbank flow from a stream or river (Hruby et al. 1999).  Riverine wetlands are found 
in a valley or adjacent to a stream channel (Figure 2-5).  They lie in the active floodplain of a 
river or stream and have important links to the water dynamics of the river or stream.  The 
flooding waters are a major environmental factor that structures the environment in these 
wetlands and controls wetland functions.  Riverine wetlands in some regions of Washington are 
defined by the frequency of overbank flooding (Hruby 2004a,b). 

 
Figure 2-5.  Riverine wetlands.  Located in active floodplains where  
overbank flooding of the river or stream structures the wetland  
environment and controls its functions. 
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2.4.4.2 Depressional Wetlands  

Depressional wetlands occur in topographic depressions that have closed contours on three sides 
(Figure 2-6).  Elevations within the wetland are lower than in the surrounding landscape.  The 
shapes of depressional wetlands vary, but in all cases the movement of surface water and shallow 
subsurface water is toward the lowest point in the depression.  The depression may have an outlet, 
but the lowest point in the wetland is somewhere within the boundary, not at the outlet (Hruby et 
al. 1999).  

 
Figure 2-6.  Depressional wetlands.  Located in topographic low areas  
that are closed on at least three sides (they may or may not have an outlet). 
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2.4.4.3 Slope Wetlands 

Slope wetlands (Figure 2-7) occur on hill or valley slopes where groundwater surfaces and begins 
running along or immediately below the soil surface.  They are usually found where the 
topography and local geologic conditions forces groundwater to the surface creating a zone of 
perennial or near-perennial moisture (Stein et al. 2004). Water in these wetlands flows only in one 
direction (down the slope) and the gradient is steep enough that the water is not impounded.  The 
“downhill” side of the wetland is always the point of lowest elevation in the wetland (Hruby et al. 
2000). 

 
Figure 2-7.  Slope wetlands.  Located on slopes where groundwater daylights  
and runs at or just below the soil surface.   
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2.4.4.4 Lacustrine (Lake) Fringe Wetlands 

Lacustrine fringe wetlands in Washington are found along the edges of deeper bodies of water 
such as lakes or reservoirs (Figure 2-8).  These wetlands occur at the margin of topographic 
depressions in which surface water covers more than 20 acres (8 ha) and is deeper than 7 feet 
(2 m) in western Washington or 10 feet (3 m) in eastern Washington.  The amount of open water 
and deep water also has to exceed 30% of the total area of wetland.  The dominant surface water 
movement in lacustrine fringe wetlands has a horizontal component due to winds or currents, but 
there may also be a corresponding vertical component resulting from wind or seasonal water 
fluctuations (Hruby et al. 1999, 2000).   

The definition of lake fringe is more specific than the definition of lacustrine used in the 
Cowardin classification described previously.  The local teams of experts developing methods for 
assessing functions and the rating system decided to refine the definition of lacustrine to better 
reflect environmental conditions in the state.  

 
Figure 2-8.  Lacustrine fringe wetlands. Located along the edge of  
large bodies of water, such as lakes. 

2.4.4.5 Flats Wetlands 

Flats wetlands are rare in Washington.  They occur in topographically flat areas that are 
hydrologically isolated from surrounding groundwater or surface water.  The main source of 
water in these wetlands is precipitation.  They receive virtually no groundwater discharge or 
surface runoff from areas outside the wetland boundary.  This characteristic distinguishes them 
from depressional and slope wetlands (Hruby et al. 1999).  
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2.4.4.6 Tidal Fringe Wetlands 

Tidal fringe wetlands occur along the coasts and in river mouths to the extent of tidal influence.  
The dominant source of water is from the ocean or a river that empties into the ocean; therefore 
these wetlands can be fresh or saline.  The unifying characteristic of this class is the 
hydrodynamics.  All tidal fringe wetlands have water flows dominated by tidal influences and 
water depths controlled by tidal cycles (Hruby et al. 1999). This document does not address tidal 
fringe wetlands.  

2.4.5 Subclasses of Wetlands in Washington 

Developing the HGM classification for Washington is an ongoing process, and not all subclasses 
for wetlands in the different regions have been defined.  The wetland subclasses and families that 
have been defined in the four regions of Washington (as of February 2005) are listed in Table 2-4. 

Although the HGM classification for wetlands in the state is not yet complete, the categories 
listed in Table 2-4 provide a useful tool to help separate wetlands into different types.   

Table 2-4.  Subclasses and families of wetlands in different regions of Washington State. 
(Hruby et al. 1999, 2000) 

Subclasses and Families by Region  
 

Class Lowlands of  
Western WA 

Lowlands of  
Eastern WA 

Columbia Basin Montane   
(East and West) 

Riverine • Impounding 
• Flow-through 

ND ND ND 

Depressional • Outflow 
• Closed 

 
 
ND 

• Alkali 
• Freshwater 
• Long-duration 
• Short-duration 

 
 
ND 

Slope ND ND ND ND 

Flats ND Probably does not 
occur in the region. 

Probably does not 
occur in the 
region. 

ND 

Lacustrine 
(Lake) Fringe 

ND ND ND ND 

Tidal Fringe  • Salt Water 
• Fresh Water 

Does not occur in 
the region. 

Does not occur in 
the region. 

Does not occur in 
the region. 

ND = Subclasses in the region have not yet been defined.  
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2.4.6 Summary of Key Points 

• The physical structure and functions of wetlands vary by region.  The diverse regions of 
Washington support many kinds of wetlands that provide different functions.  These 
differences are documented in the wetland function assessment methods and rating 
systems for Washington State. 

• Wetlands in Washington are grouped first into domains and regions based on climate, then 
by geomorphic setting, and finally by the sources of water for the wetland and how that 
water moves.  This is called the hydrogeomorphic (HGM) method for classifying 
wetlands.  

• Hydrogeomorphic classes in Washington State include riverine, depressional, slope, 
lacustrine (lake) fringe, flats, and tidal fringe.  Subclasses and families of wetlands are 
also defined by region (see Table 2-4). 

2.5 Overview of Wetland Functions in  
Washington State 

As described in the previous section, our current knowledge about wetland functions in different 
regions of Washington and among different HGM classes is based largely on the work of experts 
involved in developing the function assessment methods and ratings for wetlands in the state 
(Hruby et al. 1999, 2000, Hruby 2004a,b).  Experts have developed methods to assess functions 
of riverine and depressional wetlands in several regions of the state.  They have not discussed or 
identified the functions of freshwater wetlands in the flats, slope, tidal fringe, or lacustrine fringe 
classes, nor any functions of wetlands in the montane regions.  

As mentioned in Section 2.3.2 there are many ways to group wetland functions.  Functions that 
are currently defined for the state are listed on the following pages.  The definitions are compiled 
from Hruby et al. (1999, 2000) and Hruby (2004a,b).  Not all wetlands in a region, class, or 
subclass perform all of these functions.  A more detailed description of each function is given in 
Section 2.6.  As noted previously, functions are coarsely grouped into three main categories, those 
that improve water quality, those related to water regime in a watershed, and those that pertain to 
wildlife habitat.   

 

The functions selected for the Washington State wetland function assessment 
methods and the rating systems are narrowly defined to provide a level of 
specificity that is important to managing wetlands by decision-makers.  The list 
of functions defined here does not represent all the functions performed by 
wetlands in the state.  It does, however, represent the functions that were 
determined to be valuable by the experts that developed them and that need to be 
considered when managing wetlands (Hruby et al. 1999, 2000, Hruby 2004a, b).  
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2.5.1 Functions Related to Improving Water Quality  

Removing Sediment:  This function is defined in terms of the processes and characteristics that 
retain sediment within a wetland and prevent its downstream movement.  A wetland performs this 
function if there is a net annual decrease of sediment load to downstream surface waters.   

Removing Nutrients/Phosphorus: This function is defined in terms of the processes and 
characteristics within a wetland that remove phosphorus present in surface waters and prevent its 
movement into surface waters and groundwater. 

Removing Nutrients/Nitrogen:  This function is defined in terms of the processes and 
characteristics within a wetland that remove dissolved nitrogen present in surface waters or 
groundwater and prevent its further movement into surface waters or groundwater.  

Removing Metals and Toxic Organic Compounds:  This function is defined in terms of the 
processes and characteristics within a wetland that retain toxic metals and toxic organic 
compounds coming into the wetland and prevent their movement into surface waters and 
groundwater.   

Removing Pathogens:  This function can be defined in terms of the processes and characteristics 
within a wetland that retain or kill pathogenic organisms such as viruses and bacteria that can 
cause diseases in humans.  This function was originally excluded from the water quality functions 
identified by the expert teams who developed the assessment methods and revised the rating 
system.  They judged that the characteristics that determine this function are the same as those for 
removing sediment and removing toxic compounds.  It has been added to the list of functions 
because reviewers of this document suggested it and it is a commonly recognized function 
(Kadlec and Knight 1996).   

2.5.2 Functions Related to Maintaining the Water Regime in a 
Watershed (Hydrologic Functions) 

Reducing Peak Flows:  This function is defined in terms of the processes and characteristics 
within a wetland by which the peak flow in a watershed can be reduced during a major storm or 
snowmelt (i.e., events that would otherwise cause flooding).  

Reducing Erosion:  This function is defined in terms of the processes and characteristics within a 
wetland that detain high flows during storms and reduce the duration of erosive flows, thus 
decreasing downstream erosion in streams.  This definition was developed for riverine and 
depressional wetlands.  Wetlands along the shores of lakes (Jude and Pappas 1992) also protect 
resources from erosion but in a different way.  For wetlands classed as lacustrine fringe, the 
function can be called “dissipation of erosive forces.”  This is defined as the processes by which 
wetlands reduce wave and current energies, thus reducing erosion of shorelines.  

Recharging Groundwater:  This function is defined in terms of the processes and characteristics 
within a wetland that allow surface water to infiltrate into the groundwater system. 
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2.5.3 Functions Related to Habitat   

General Habitat:  This function is defined in terms of the processes and characteristics within a 
wetland that indicate a general suitability and opportunity as habitat for a broad range of species.  
A suitable habitat for a suite of different fauna can be provided by a broad range of structures, 
vegetation, and interspersion of habitat types within the wetland and the upland habitats 
contiguous to a wetland.  Characteristics in a wetland can be quite different and continue to 
provide highly suitable conditions for a range of species. 

Habitat for Invertebrates:  This function is defined in terms of the processes and characteristics 
within a wetland that help maintain a high number of invertebrate species.  

Habitat for Amphibians:  This function is defined in terms of the processes and characteristics 
within a wetland that contribute to the feeding, breeding, or refuge needs of amphibian species. 

Habitat for Anadromous Fish:  This function is defined in terms of the processes and 
characteristics within a wetland that contribute to the feeding, breeding, or refuge needs of 
anadromous fish species. 

Habitat for Resident Fish:  This function is defined in terms of the processes and characteristics 
within a wetland that contribute to the feeding, breeding, or refuge needs of resident native fish. 

Habitat for Wetland-Associated Birds (called Aquatic Birds in the methods for eastern 
Washington):  This function is defined in terms of the processes and characteristics within a 
wetland that provides habitats or life resources for species of wetland-associated birds.  Wetland-
associated bird species are those that depend on aspects of the wetland for some part of their life 
needs:  food, shelter, breeding, or resting.   

Habitat for Wetland-Associated Mammals (called Aquatic Mammals in the methods for eastern 
Washington):  This function is defined in terms of the processes and characteristics within a 
wetland that support one or more life requirements of aquatic or semi-aquatic mammals.   

Richness of Native Plants:  This function is defined in terms of the degree to which the wetland 
provides a habitat for many different native plant species. 

Supporting Food Webs (also called Primary Production and Export in the methods for western 
Washington):  This function is defined in terms of the processes and characteristics within a 
wetland that support complex food webs within the wetland and surrounding resources through 
the export and assimilation of the primary productivity of the wetland.  The function combines 
three major environmental processes:  primary production, secondary production, and export of 
production. 
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2.5.4 Summary of Key Points 

• Wetland functions are currently defined for Washington State in a relatively narrow 
manner to facilitate better wetland management and regulation by decision makers. 

• Wetland functions defined in Washington fall into three general groups: functions related 
to improving water quality, functions related to the water regime in a watershed 
(hydrologic functions), and functions related to habitat. 

• Not all wetlands in a region, class, or subclass perform all functions. 

2.6 How Wetlands Perform Functions in Washington 
State 

Table 2-5 summarizes the information on the functions that are, or are not, performed by the 
different freshwater wetland classes in Washington State.  The following sections synthesize 
information available about each function and how the different wetland types in the state perform 
that function.   
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Table 2-5.  Functions potentially performed by wetlands in different HGM classes in 
Washington. Data compiled from Hruby et al. (1999, 2000), Hruby (2004a, b). 

Functions Riverine Depressional Slope Lacustrine 
Fringe 

Flats 

Improving Water Quality 

Removing Nutrients P P P P P 

Removing Sediment P P P P NS 

Removing Metals/Toxic Organic 
Compounds 

P P P P P 

Removing Pathogens P P P P P 

Hydrologic 

Reducing Peak Flows P P N N NS 

Decreasing Downstream 
Erosion/Dissipating Erosive 
Forces 

P P P P NS 

Recharging Groundwater P P N N NS 

Food Webs and Habitat 

General Habitat P P P P P 

Habitat for Invertebrates P P P P P 

Habitat for Amphibians P P P P P 

Habitat for Anadromous Fish P P N P N 

Habitat for Resident Fish P P N P N 

Habitat for Wetland-Associated 
Birds 

P P NS P P 

Habitat for Wetland-Associated 
Mammals 

P P NS P P 

Plant Richness P P P P P 

Support Food Webs P P P P P 

Key to symbols used in table:  
P = Functions are performed 
N = Functions are not performed  
NS = (not significant) Functions are performed to a minor degree, but probably not at levels that are 
of importance to society.  
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2.6.1 Functions that Improve Water Quality 

Wetlands greatly influence the quality of water in a watershed by removing many different types 
of contaminants.  They help improve water quality, including that of drinking water, by 
intercepting surface runoff and removing or retaining inorganic nutrients, processing organic 
wastes, removing pathogens and reducing suspended sediments before they reach open water.  
The dominant processes for removing contaminants in wetlands are settling, chemical reactions in 
and with the soils, and biotransformations (reviewed in Hammer 1989, Moshiri 1993, Kadlec and 
Knight 1996).  

Table 2-6 summarizes some of the major groups of contaminants that can enter wetlands and the 
primary mechanisms by which they are removed.  The following sections discuss in more detail 
each of the major functions by which wetlands improve water quality.  

Table 2-6. Primary mechanisms for removing contaminants in wetlands. Extracted from 
Hammer 1989, Moshiri 1993, Kadlec and Knight 1996. 

Contaminant Physical Chemical Biological 

Sediment and other 
solids 

Settling, Filtration   

Oxygen demand Settling Oxidation Biodegradation 

Hydrocarbons Diffusion, 
Volatilization, 
Settling 

Photochemical 
oxidation 

Biodegradation, 
Evapotranspiration 

Nitrogen compounds   Denitrification 

Phosphorus 
compounds 

Settling Precipitation, 
Adsorption 

 

Metals Settling Precipitation, 
Adsorption, 
Ion Exchange, 

Biotransformation 

Pathogens Residence time UV radiation Die-off, 
Other microbes 
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2.6.1.1 Removing Sediment  

Sediment may enter wetlands in direct runoff from surrounding areas, as windblown dust, or in 
streams or rivers that flow through the wetland.  Sediments deposited in wetlands are removed 
from surface flows, thereby improving water quality down-gradient.  A wetland, however, will 
perform this function only if surface water contaminated with sediment actually enters the 
wetland.   

Some general properties may be applied to all wetlands with respect to their ability to remove 
sediments (Phipps 1986).  Within a given wetland, the deposition of sediment depends on several 
factors including (Phipps 1986, Johnston 1991, Fennessy et al. 1994, Gilliam 1994, Kadlec and 
Knight 1996): 

• Residence time of the water that allows sediments to settle   

• Wind and wave action that re-suspend sediments 

• Size and amount of incoming sediment  

• Vegetation 

Generally, a high residence time for the water that allows settling and the filtration by vegetation 
are the major processes by which sediment is removed from surface water (Fennessy et al. 1994).  
Filtration is the physical adhesion and cohesion of sediment facilitated by vegetation (Adamus et 
al. 1991).  The size of the particles that settle out is directly related to the increase in settling time 
achieved in the wetland (Adamus et al. 1991).   

Typically a wetland with vegetation traps 80% to 90% of sediment from runoff entering the 
wetland (Johnston 1991, Gilliam 1994).  Other studies have found that wetlands with open, deep, 
water may be as effective, or more effective, than vegetation in trapping sediments (Fennessy et 
al. 1994) because the residence time increased.   

Wetlands can be more important for removing excessive amounts of sediments compared to other 
components of the landscape (Adamus et al. 1991).  Another way to consider the importance of 
wetlands for removing sediments in a watershed is to analyze how much wetland area is needed 
to effectively remove sediments.  Fennessy et al. (1994) report the following from their review of 
the literature: 

• Watersheds in Wisconsin with only 5% of their area in wetlands trapped up to 70% of the 
sediment in the system 

• In a North Carolina watershed, more than 20% of the total sediment deposition occurred in 
wetlands that represented only 11% of the area 

The importance of any wetland for improving water quality depends, however, on the amount of 
sediment pollution in the watershed.  Watersheds in which human activities loosen the topsoil 
(agriculture, development, and logging) are prone to have high sediment loadings.  Wetlands in 
these watersheds are very important for maintaining water quality (National Research Council 
1995). 
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Removal of Sediment by Wetlands of Various Classes and in Different Domains and 
Regions 
The way wetlands remove sediment is not judged to be different in the two major domains of the 
state (the east side and the west side of the Cascades) (Hruby et al. 1999, 2000).  However, the 
processes by which wetlands in Washington remove sediments differ somewhat among the 
different wetland classes as described below.   

Wetlands in the Flats Class 
Wetlands in the flats class, in general, do not remove sediment because by definition their major 
source of water is precipitation that falls within the wetland itself (Brinson 1993b).  There is no 
opportunity for sediment-laden water to enter the wetland.  All other types of wetlands perform 
this function to some degree because they receive surface water from outside their boundaries, 
and the surface water is never completely free of sediments.   

Wetlands in the Depressional Class 
Depressional wetlands that hold back all the surface water coming in (that is, those without a 
surface outlet) trap all the sediment they receive.  Such wetlands are very effective at this aspect 
of water quality improvement wherever they are found in Washington (Hruby et al. 1999, 2000).   

The removal of sediment in depressional wetlands with an outflow depends on how effectively 
they slow the water and allow settling, as well as the density of the vegetation that filters the 
incoming water.  The same processes are present in depressional wetlands of both eastern and 
western Washington (Hruby et al. 1999, 2000).  

Wetlands in the Lacustrine Fringe Class 
Wetlands along the shores of lakes (lacustrine fringe) trap and retain suspended sediment by 
anchoring the shoreline, reducing resuspension of bottom mud by wind mixing, and slowing 
water velocities (Adamus et al. 1991).  Even aquatic bed vegetation, which typically provides less 
resistance to water flow than emergent or woody plants, may reduce water movement enough to 
induce settling (Adamus et al. 1991).   

Wetlands of this class have not yet been subjected to the thorough analysis required for 
developing a function assessment method.  More definitive conclusions about Washington 
wetlands are, therefore, not available.  However, no evidence has been reported that would negate 
the observations made in lacustrine wetlands in other parts of the U.S. that were reviewed by 
Adamus et al. (1991).   

Wetlands in the Slope Class 
Slope wetlands by definition (Brinson 1993b) do not impound surface water.  The removal of 
sediment through settling is therefore not a factor in this class of wetlands.   

Unpublished data collected during the calibration of the eastern Washington wetland rating 
system, however, suggest that slope wetlands may still play a role in removing sediment.  For 
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example, slope wetlands in eastern Washington have vegetation that is usually thicker than the 
vegetation in the surrounding uplands (Figure 2-9).  This vegetation acts like a filter to trap 
sediments coming from further upslope because it provides more resistance to the water flowing 
down the hillside (Hruby 2004a).   

 
Figure 2-9.  Slope wetland in the Columbia Basin that formed at a break  
in the slope.  It has dense emergent plants that can trap sediment coming  
from the upslope areas. 

Slope wetlands in western Washington have not yet been analyzed in terms of their potential to 
remove sediments, and it is not possible to report if similar processes and structure are found 
there.  Models for assessing slope wetlands have, however, been developed for the Willamette 
Valley in Oregon.  Two characteristics of slope wetlands identified there that contributed to the 
retention of sediments were the amount of ground covered by vegetation and the relative area of 
the wetland covered in hummocks (Adamus and Field 2001). 

Wetlands in the Riverine Class 
The removal of sediment in riverine wetlands is a somewhat different process.  The vegetation 
and depressions within these wetlands trap sediment, but sediments are eroded by floods that 
recur every few years.  The function of riverine wetlands is to stabilize sediment during the period 
between floods (Adamus et al. 1991).  Wetlands are an integral part of the cycle of erosion and 
deposition in floodplains.  

Phipps (1986) stated that the efficiency of sediment trapping by riverine wetlands in the Pacific 
Northwest has not been measured.  This conclusion is still valid today, since no studies were 
found that quantified this function.  The process of trapping sediments is still judged to be an 
important function on a watershed scale in Washington State (Hruby et al. 1999) and was 
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modeled during the development of function assessment methods.  The characteristics of riverine 
wetlands that were judged important in removing sediments were as follows (Hruby et al. 1999): 

• How much the stream or river meanders through the wetland 

• How wide the wetland is relative to the width of the stream 

• How much of the wetland is covered in vegetation that can act as a filter  

• The amount of constriction in the outlet (if the wetland has an outlet) 

2.6.1.2 Removing Phosphorus 

Phosphorus can enter wetlands with suspended solids or as dissolved phosphorus.  It is usually 
transported attached to particles rather than dissolved in the water (Raisin and Mitchell 1995).  
The major processes by which wetlands keep phosphorus from going farther downstream are 
(Mitsch and Gosselink 2000):  

• The trapping of sediment on which phosphorus is adsorbed  

• The removal of dissolved phosphorus by adsorption to soils that are high in clay content or 
organic matter   

• Precipitation with calcium to form calcium phosphate 

Wetlands that are effective at trapping sediments, therefore, are also effective at removing 
phosphorus.  The discussion in Section 2.6.1.1 on the classes of wetlands that are effective at 
removing sediments also applies to removing phosphorus (Hruby et al. 1999).   

The adsorption of phosphorus on soils is not permanent.  Certain conditions during periods of 
extensive anoxia (lack of oxygen) may release phosphorus into the overlying waters (Adamus et 
al. 1991, Reddy and Gale 1994).  In general, however, wetlands are a sink for phosphorus in 
watersheds (Adamus et al. 1991).  

Other data also shows that phosphorus retention in wetlands is highly variable.  Whigham et al. 
(1988) concluded that wetlands where waters had extensive contact with vegetation and/or 
organic litter were the most effective at phosphorus removal.  Forested wetlands were only 
effective during flood events (when there was contact between waters and vegetation and more 
sediment deposition occurred).  They found open water, lacustrine systems to be the least 
effective at phosphorus removal.   

Johnston et al. (1997) observed that a wetland may remove phosphorus from incoming waters 
during one part of the year but at other times of year it may add phosphorus to water leaving the 
wetland.  They hypothesized that the release of phosphorus from a wetland is due to the leaching 
of phosphorus from dying wetland vegetation.  

The different pathways by which phosphorus can be trapped or released in wetlands are 
summarized in the quotation from a North Carolina State University web site in the box on the 
following page.  Other sources that describe the many different ways phosphorus can be 
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adsorbed, de-sorbed, precipitated and bound to soils depending on pH, alkalinity and hardness of 
the water are Kadlec and Knight (1996), Richardson and Vepraska (2001) and Wetzel (2001).  

 

Mechanisms of phosphorus removal 

The following discussion from North Carolina State University summarizes the 
scientific literature on the ways in which wetlands remove and process phosphorus.  
(North Carolina State University undated). 

Phosphorus removal from water in wetlands occurs through adsorption by aluminum 
and iron oxides and hydroxides; precipitation of aluminum, iron, and calcium 
phosphates; and burial of phosphorus adsorbed to sediments or organic matter 
(Walbridge 1993, Johnston 1991, Richardson 1985).  Wetland soils can, however, reach 
a state of phosphorus saturation, after which phosphorus may be released from the 
system (Richardson 1985). Phosphorus export from wetlands is seasonal, occurring in 
late summer, early fall and winter as organic matter decomposes and phosphorus is 
released into surface water.  

Dissolved phosphorus is processed by wetland soil microorganisms, plants, and 
geochemical mechanisms (Walbridge 1993).  Microbial removal of phosphorus from 
wetland soil or water is rapid and highly efficient; however, following cell death, the 
phosphorus is released again. Similarly, for plants, litter decomposition causes a 
release of phosphorus. Burial of litter in peat can, however, provide long term removal 
of phosphorus.  Harvesting of plant biomass is needed to maximize biotic phosphorus 
removal from the wetland system.  

The potential for long-term storage of phosphorus through adsorption to wetland soil is 
greater than the maximum rates of phosphorus accumulation possible in plant biomass 
(Walbridge 1993, Johnston 1991). In alkaline wetlands, such as found in the West, 
phosphorus precipitates with calcium as calcium phosphate (Novotony and Olem 1994, 
Walbridge 1993). However, the presence of aluminum is the significant predictor of 
dissolved phosphorus sorption and removal from water in most wetland systems (Reddy 
and Gale 1994, Walbridge 1993, Richardson 1985). The capacity for phosphorus 
adsorption by a wetland, however, can be saturated in a few years if it has low amounts 
of aluminum and iron or calcium (Richardson 1985).  

Wetlands along rivers have a high capacity for phosphorus adsorption because as clay 
is deposited in the floodplain, aluminum (Al) and iron (Fe) in the clay accumulate as 
well (Gambrell and Trace 1994).  Thus floodplains tend to be important sites for 
phosphorus removal from the water column, beyond that removed as sediments are 
deposited (Walbridge 1993). 
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Removal of Phosphorous by Wetlands of Various Classes and in Different Domains 
and Regions 
The way wetlands remove phosphorus is considered to be similar in the two domains of the state 
(the east and west sides of the Cascades).  Firstly, wetlands that are effective at trapping 
sediments are also effective at removing phosphorus regardless of their location (Hruby et al. 
1999, 2000).  Wetlands of all types in both domains have the potential of trapping sediments and 
therefore removing any phosphorus adhered to it.  This conclusion is based on data showing that 
most of the phosphorus entering a wetland is bound to sediment (Dortch 1996, Mitsch et al. 1995, 
Mitsch and Gosselink 2000).   

Secondly, phosphorus entering a wetland in a dissolved form can also be retained because it binds 
to clay and organic soils (see box on the previous page).  The HGM classification, however, does 
not separate wetland types by soil content (Brinson 1993b), so the presence of clay or organic 
soils is not specific to a particular wetland class or region.  As a result it is not possible to 
differentiate this function between wetland types.  In the absence of research to the contrary, it 
can be hypothesized that wetlands in all domains and regions of the state and in all wetland 
classes have the potential to remove phosphorus if they contain organic or clay soils that can bind 
phosphorus.  

2.6.1.3 Removing Nitrogen 

Wetlands in general act as sinks for nitrogen under both nutrient-enriched and un-enriched 
conditions (Adamus et al. 1991, Jansson et al. 1994).  Nitrogen enters a wetland in the form of 
ammonium from animal wastes in runoff, as nitrate/nitrite from fertilizers in runoff and 
groundwater, or from air pollution (Adamus et al. 1991).   

The efficiency of nitrogen removal is greater with longer retention times of the water, earlier plant 
community stages, and lower loading rates (Dorge 1984 as reported in Adamus et al. 1991).  
Wetlands are far more efficient at removing nitrogen from up-basin loading than either rivers or 
streams (Saunders and Kalff 2001), even though soluble nitrogen may be flushed out of wetlands 
at times of high flow (Johnston et al. 1990).   

The major biochemical processes by which wetlands remove nitrogen are nitrification and 
denitrification.  These respectively occur in alternating conditions where oxygen is present 
(aerobic) and oxygen is absent (anaerobic) (Johnston et al. 1990, Mitsch and Gosselink 2000, 
Vought et al. 1995, Saunders and Kalff 2001).  Denitrification transforms the majority of nitrogen 
entering wetlands into nitrogen gas, causing between 70% and 90% to be removed from the 
aquatic system (Reilly 1991, Gilliam 1994).  

In aerobic substrates, the bacteria Nitrosomonas can oxidize ammonium to nitrite.  The bacteria 
Nitrobacter oxidizes nitrite to nitrate.  This process is called nitrification (Mitsch and Gosselink 
2000). 

Nitrogen is completely removed from the aquatic system only by anaerobic bacteria that reduce 
nitrate to gaseous nitrogen during denitrification.  The gaseous nitrogen volatilizes, and the 
nitrogen is eliminated as a water pollutant.  Thus, the alternating reduced and oxidized conditions 
(anaerobic and aerobic respectively) of wetlands complete the nitrogen cycle and maximize 
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denitrification rates (Johnston 1991).  First the aerobic bacteria change ammonium and organic 
nitrogen (decomposing plants and animals) to nitrate and nitrite, and then the anaerobic bacteria 
change the nitrate and nitrite to nitrogen gas.  

Plants or microorganisms can use nitrate and ammonium for growth.  Plant growth, however, 
does not really remove the nitrogen from the aquatic system because it becomes available again 
with the death of the plants or microorganisms that absorbed the nutrients (Adamus et al. 1991).   

Nitrogen Removal by Wetlands of Various Classes and in Different Domains and 
Regions 
The way wetlands are judged to remove nitrogen is similar east and west of the Cascades (Hruby 
et al. 1999, 2000, Hruby 2004a,b).  Furthermore, the HGM classification does not separate 
wetland classes by the amount of oxygen in the soils (Brinson 1993b).  The presence of 
alternating cycles of anaerobic and aerobic conditions is not specific to wetland types or regions.  
Therefore, it is not possible to differentiate this function between wetland types and regions.   

Whether a specific wetland removes nitrogen or does not depends on the conditions found within 
the wetland, not on the type of wetland or its position in the landscape.  The conditions that 
promote removal of nitrogen in wetlands of the state are seasonal inundation or saturation (Hruby 
et al. 1999, 2000).  This indicates the soils alternate between aerobic conditions (when dry) and 
anaerobic conditions (when wet), and provides the optimal conditions for the gasification of 
nitrogen as described above.  

2.6.1.4 Removing Metals and Toxic Organic Contaminants 

The major physical, biological, and chemical processes by which wetlands reduce the amount of 
toxic materials moving into down-gradient waters are through sedimentation, adsorption, 
precipitation, oxidation, bio-degradation, and plant uptake (Adamus et al. 1991, Kadlec and 
Knight 1996, ITRC 2003). 

• Sedimentation is a major process by which wetlands remove toxic compounds because 
some toxic compounds are bound to sediments or form insoluble compounds that settle 
out.  For example, most heavy metals in urban runoff are adsorbed to sediment particles 
and are buried in sediment deposits within wetland soils (Newton 1989).  Arsenic, 
Cadmium, Copper, Iron, Lead, Nickel, Silver, and Zinc are all metals that can be trapped 
through sedimentation (review in ITRC 2003).  Thus, wetlands that are effective at 
removing sediments are also effective at trapping many toxic metals.   

• Adsorption of the contaminants to the wetland soil is promoted by soils high in clay or 
organic matter (Adamus et al. 1991, Mitsch and Gosselink 2000).  For example, wetlands 
can remove toxic metals from surface and groundwater if they contain clays, peat, 
aluminum, iron, and/or calcium (Gambrell and Trace 1994).  Metals entering wetlands 
will bind to the negatively ionized surface of clay particles, or precipitate as inorganic 
compounds (metal oxides, hydroxides, and carbonates, depending on pH), or form a 
complex with humic materials (Gambrell and Trace 1994).   



 

Wetlands in Washington State  Chapter 2 
Volume 1 – A Synthesis of the Science 2-42 March 2005 

• Chemical precipitation is promoted by wetland areas that are inundated and remain 
aerobic, as well as those with pH values below 5 (Mengel and Kirkby 1982).  Also, 
precipitation of dissolved iron is common in wetlands where anaerobic groundwater 
containing reduced iron compounds surfaces.  In the aerobic surface environment the iron 
compounds oxidize into insoluble forms and precipitate out from solution.  During this 
process metals and other compounds bind to the iron, and co-precipitate with the iron 
hydroxides (Kadlec and Knight 1996, Wetzel 2001).   

• Photochemical oxidation is a pathway by which organic contaminants can be broken 
down into less toxic compounds through the action of sunlight (Kadlec and Knight 1996).  

• Biodegradation is similar to oxidation, but in this case bacteria and other microbes break 
down organic contaminants.  Degradation occurs under both aerobic and anaerobic 
conditions depending on the chemical structure of the contaminant (Kadlec and Knight 
1996, ITRC 2003).  

• Plant uptake of toxic compounds is maximized when there is significant wetland 
coverage by emergent plants (Kulzer 1990). 

Removal of Toxic Contaminants by Wetlands of Various Classes and in Different 
Domains and Regions 
Wetlands on the east and west sides of the Cascades were judged to function similarly in 
removing toxic contaminants (Hruby et al. 1999, 2000, Hruby 2004a,b).  There may be some 
differences based on wetland class because some of the characteristics (such as effectiveness at 
trapping sediment) that are important for removing toxic compounds are dependent on the 
wetland class.  Other differences do not depend on wetland class.  In Washington, the experts who 
developed assessment methods judged that wetlands that remove sediments effectively are also 
effective at removing toxic compounds (Hruby et al. 1999, 2000).   

The HGM classification, however, does not separate wetland types by the soils present or by how 
well they trap sediments (Brinson 1993b).  The presence of clays, organic soils, aluminum, iron, 
or calcium in the soils is not specific to any wetland type.  In the absence of research to the 
contrary, it can be assumed that wetlands in all regions of the state and in all wetland classes have 
the potential to remove toxic metals and organic compounds if they have the appropriate 
conditions that allow contaminants to sediment out, adsorb to soils, precipitate, biodegrade, or 
oxidize.   

Wetlands with Clay Soils in Washington 
As mentioned above, wetlands with clay soils can remove toxic contaminants because of the 
chemical properties of this type of soil.  The term “clay” however, is applied both to materials 
having a particle size of less than 2 micrometers (25,400 micrometers = 1 inch) and to the family 
of minerals that has similar chemical compositions and common characteristics of crystal 
structure (Velde 1995).  In Washington we find soils that are called “clays” that fit both aspects of 
the definition.  In reviewing the descriptions of soils in the county soil surveys (e.g., Pringle 
1990), there are three types of clay soils described in Washington.   
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• Those that consist of very finely ground rock formed by glaciers (called clays based on the 
size of the particles) 

• Those that were deposited in lakes and the ocean  (called clays either because of size or 
mineral composition) 

• Those derived from the weathering of rocks in place (called clays based on mineral 
composition) 

The scientific literature on the chemical properties of clays in relation to the adsorption of metals 
and organic pesticides, however, is based on the clays that are defined by their mineral 
composition and that are derived from weathered rocks such as bentonite, montmorillonite, and 
kaolinite (Fushiwaki and Urano 2001).   

There is little information on the chemical properties of clays derived from glacial activity or 
aquatic sediments.  County soil surveys (e.g., Debose and Klugland 1983) indicate that glaciers 
have played an important role in forming clays in western and northeastern Washington.  
Lacustrine (lake) and marine clays are also common in Whatcom County (Natural Resources 
Conservation Service 1992).  These clays may contain chemically reactive minerals but it was not 
possible to confirm this assumption.  Information from the soil survey of Whatcom County (Table 
J2 on the chemical properties of soils, released November 18, 2002), however, suggests that the 
clay soils of marine origin have a high cation exchange.  This would indicate a high potential to 
bind metal and organic contaminants.  

Wetlands with Volcanic Ash 
Washington is relatively unique in the U.S. because it contains extensive areas where soils 
developed in volcanic ash (called Andisols).  In addition, wetlands in the Columbia Basin often 
have a very fine layer of volcanic ash near the surface from the Mt. St. Helens eruption in 1980 
(observations made by the technical team during the calibration of the methods for assessing 
wetland functions, Hruby et al. 2000).   

In general, the cation exchange capacity of volcanically derived soils is high, due to a high surface 
area of the mineral and organic compounds (McSweeney 2004).  Furthermore, volcanic ash that is 
washed or deposited into wet areas is in time transformed into bentonite clays (Bohor et al. 1976, 
Bohor et al. 1979).  Thus, the ash found in wetland soils of Washington can be hypothesized to 
perform as clays to remove toxic compounds.   

Wetlands with Organic Soils 
Soils with a high content of organic matter have a high cation exchange capacity, and they are 
thus able to bind contaminants (Kadlec and Knight 1996).  This is because the break down of 
plant material produces organic colloids that form complexes with contaminants (McSweeney 
2004).  Wetlands with organic soils such as peat bogs and fens in Washington State have the 
necessary soil conditions by definition (high content of organic matter) to react with and adsorb 
toxic contaminants.   
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Wetlands in the Depressional Class 
A number of the characteristics that enhance the removal of toxic compounds are present more 
often in depressional wetlands, although all depressional wetlands do not have these 
characteristics.  A higher number of depressional wetlands have slower moving water and finer 
sediments compared to riverine or slope wetlands (Brinson 1993b).  Wetlands in which water 
moves slowly are better at removing toxics than those in which water moves rapidly.  Slow 
moving water allows more time for chemical processes to occur before the water moves out of the 
wetland.  This promotes the settling of fine sediments and the formation of organic soils (North 
Carolina State University 2002).   

Depressional wetlands in the state more often have organic soils than wetlands in the other classes 
(observation is based on unpublished data collected by Ecology during the calibration of the 
Washington State wetland function assessment methods and the wetland rating systems 1998-
2004).  Depressional wetlands, therefore, can be assumed to usually have a higher potential to 
remove toxic compounds than wetlands in the other classes.   

2.6.1.5 Removing Pathogens 

Surface runoff coming into wetlands often contains large quantities of bacteria, particularly 
coliform bacteria and pathogens such as Salmonella (Hemond and Benoit 1988).  Probably the 
most important mechanism for removing pathogenic bacteria from surface water is detention 
which is a function of residence time (reviews in Hammer 1989, Kadlec and Knight 1996).   

Detention of the water in wetlands results in a natural die-off, and therefore removal from the 
water column, because many pathogenic bacteria cannot survive for long periods outside their 
host organism (Hemond and Benoit 1988).  In addition, protozoa and other micro-organisms often 
found in wetlands actively feed on bacteria and can speed up the process of die-off (Hemond and 
Benoit 1988). 

Removal of Pathogens by Wetlands of Various Classes and in Different Domains and 
Regions 
The HGM classification does not separate wetland classes by their retention time or their 
populations of protozoa and other micro-organisms.  Since these are the two major factors that 
account for the die-off of pathogens, it is not possible to differentiate how wetlands perform this 
function based on regional and hydrogeomorphic differences.  Whether a specific wetland 
removes pathogens depends on the conditions found within the wetland, not on the type of 
wetland or its position in the landscape.   

2.6.2 Functions Related to Maintaining the Water Regime in a 
Drainage Basin (Hydrologic Functions) 

Wetlands play an important role in the water regime of watersheds (Mitch and Gosselink 2000, 
Bullock and Acreman 2003).  Sipple (2002) provides a good summary of their role: 
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Because of their low topographic position relative to uplands (e.g., isolated 
depressions, floodplains), wetlands store and slowly release surface water, rain, 
snowmelt, groundwater and flood waters. Trees and other wetland vegetation also 
impede the movement of flood waters and distribute them more slowly over 
floodplains. This combined water storage and slowing action lowers flood heights 
and reduces erosion downstream and on adjacent lands. It also helps reduce 
floods and prevents water logging of agricultural lands. Wetlands within and 
downstream of urban areas are particularly valuable in this regard, counteracting 
the greatly increased rate and volume of surface-water runoff from pavement and 
buildings.  

Because of their position on the landscape, wetlands at the margins of lakes, 
rivers, bays, and the ocean help protect shorelines and stream banks against 
erosion. Wetland plants hold the soil in place with their roots, absorb the energy of 
waves, and break up the flow of stream or river currents. The ability of wetlands to 
control erosion is so valuable that some states (e.g., Florida) are restoring 
wetlands in coastal areas to buffer the storm surges from hurricanes and tropical 
storms by dissipating wave energy before it impacts roads, houses, and other man-
made structures. 

The information available, however, indicates that the role of a wetland in the hydrologic cycle of 
a watershed is highly varied and depends on many factors.  Bullock and Acreman (2003) 
reviewed 169 publications that report the results of scientific studies that quantified the 
hydrologic functions of wetlands.  Their review confirms that wetlands exert a strong influence on 
the hydrologic cycle, but the actual functions performed by individual wetlands vary greatly.  In 
many cases wetlands reduce floods and recharge groundwater while in other cases they may 
exacerbate floods or cause a net loss of groundwater (Bullock and Acreman 2003).  

The following sections describe the characteristics of wetlands that reduce peak flow, reduce 
erosion, and recharge groundwater in Washington as determined by the teams of experts 
developing the methods for assessing functions and the rating system.  

2.6.2.1 Reducing Peak Flows  

Surface water that may otherwise cause flooding is stored to a greater degree in wetlands than 
typically occurs in terrestrial environments (Adamus et al. 1991).  As a result, peak flows in 
streams and rivers are directly related to the total area of wetlands in the watershed, or to the area 
of wetlands in the headwaters of the system (National Research Council 1995). Wetlands reduce 
peak flows in streams and rivers by slowing and storing water in overbank areas and by holding 
back runoff that would otherwise flow directly downstream and cause more severe flooding 
(Reinelt and Horner 1995). 

The function of reducing peak flows as defined in Washington State also includes the process of 
“floodflow desynchronization” (Hruby et al. 1999).  This is a process that occurs at a larger, 
landscape scale.  Desynchronization occurs when floodwaters are stored in many wetlands within 
the watershed.  The release of water from these wetlands is staggered and gradual, resulting in 
more persistent flows but much lower peak flows (Adamus et al. 1991).  
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The characteristics of a wetland that indicate a potential to reduce peak flows include (Hruby et 
al. 1999, Mitsch and Gosselink 2000): 

• The volume of water storage (depth of water stored multiplied by wetland area) 
• The live storage, which is the storage above the bottom of the outlet 
• Proximity of the wetland to flood waters  
• Location of the wetland (e.g., along a river, lake, or stream) 
• The amount of storage in the wetland relative to the volume of the flooding waters 
• Lack of other upstream storage areas such as ponds, lakes, and reservoirs  

Reduction in Peak Flows by Wetlands of Various Classes and in Different Domains 
and Regions 
The importance of wetlands in reducing peak flows and how they perform this function differ in 
eastern and western Washington.  This is a result of differences in the patterns of precipitation and 
snowmelt between the two areas (Hruby et al. 1999, 2000).  The processes by which wetlands in 
Washington reduce peak flows also vary among wetland classes.   

Wetlands of Western Washington 
In depressional wetlands of western Washington, the characteristics within a wetland that 
reduce peak flows are the short-term storage capabilities of the wetland and the relative amount of 
flow captured from the upgradient contributing basin (Hruby et al. 1999).  Short-term storage is 
often called live storage by hydrologists.  It is the amount of water stored above the level of the 
outlet (if the wetland has one).  Water stored below the outlet is called dead storage and was not 
considered to be important in reducing peak flows in western Washington (Hruby et al. 1999).  
The dead storage is usually filled by the time a flood event occurs and thus is not available to 
capture storm flows.  Since most flooding events occur later in the fall, winter, and early spring, 
reductions in peak flow will occur only when a depressional wetland has some live-storage as 
well (Adamus et al. 1991, Hruby et al. 1999).   

The expert teams who developed assessment methods for the state determined that the same 
assumption applies to the storage within the interstices of the soil (spaces between soil particles).  
Wetland soils in western Washington are usually saturated by the time most flood events occur, 
and storage in the soils was not judged to be important in reducing peak flows (Hruby et al. 1999) 
although it has been suggested as an important characteristic in other parts of the nation (Adamus 
et al. 1991).  

Depressional wetlands with no outlet store all surface waters coming into them and therefore have 
the highest potential to reduce peak flows (Hruby et al. 1999).  

In riverine wetlands of western Washington, the major characteristic judged to reduce peak 
flows is the storage provided by overbank areas (Hruby et al. 1999).  As floodwaters rise, the 
waters overtop the banks of the river and fill the adjacent areas, many of which are riverine 
wetlands.  The presence of a wide surface with an elevation at or near that of the river bank is the 
most important factor in reducing peak flows.  As the flood waters overtop the banks they are 
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slowed down and the height of the flooding is reduced because the excess water is stored in these 
wetlands longer than the duration of the peak flows (Adamus et al. 1991, Hruby et al. 1999).   

The lacustrine fringe, flats, and slope classes of western Washington have not been analyzed 
relative to reducing peak flows.  The information available suggests wetlands in the flats and 
slope class do not play a major role in this function.  Wetlands in the flats class by definition do 
not receive any runoff from surrounding areas (Brinson 1993b).  Their effectiveness at reducing 
peak flows is to store only the precipitation that falls within their boundaries.   

Wetlands in the slope class do not provide storage because by definition they do not impound any 
surface water (Brinson 1993b).  Water flows to the lowest point on the slope and is then 
discharged.  In fact, some studies show that slope wetlands may increase peak flows relative to 
surrounding uplands because their surface is saturated and rainfall in the wetland does not 
infiltrate (Bullock and Acreman 2003).  The one role slope wetlands may play is to reduce the 
velocity of surface runoff by way of the thick vegetation often growing there (see Figure 2-9 for 
an illustration).  The importance of vegetation on slopes in reducing flows has been well 
documented in studies of logging, though not specifically for slope wetlands (Lewis et al. 2001).  
It can be assumed that vegetation in slope wetlands plays the same role as vegetation in forested 
areas in reducing velocities of surface runoff (Hruby 2004a,b).  

Wetlands of Eastern Washington 
In depressional wetlands of eastern Washington, the characteristics within the wetland that 
reduce peak flows are the total storage capacity of the wetland and the relative amount of flow it 
captures from the upgradient contributing basin (Hruby et al. 2000).   

The events that cause flooding in eastern Washington are different than in the western part of the 
state.  Summer thunderstorms can cause flooding at times when most depressional wetlands are 
dry.  As a result, the entire storage capacity of the wetland is available rather than just the live 
storage (Hruby et al. 2000).  Depressional wetlands with no outlet store all surface waters coming 
into them and therefore have the greatest potential to reduce peak flows.  

Riverine wetlands in eastern Washington are judged to function in a fashion similar to those on 
the west side (Hruby 2004a).  Although function assessment methods have not been developed, 
the field work undertaken in calibrating the revised wetland rating system suggests that the major 
characteristic that reduces peak flows is also the storage provided by overbank areas (Hruby 
2004a).  See the previous discussion of riverine wetlands in western Washington for a more 
detailed description of storage by overbank areas. 

Wetlands in the lacustrine fringe and slope class have not been analyzed in eastern Washington 
for their ability to reduce peak flows.  The information collected during the calibration of the 
eastern Washington rating system, however, suggests wetlands in these two classes provide this 
function but not at the same levels as riverine or depressional wetlands (Hruby 2004a).  Wetlands 
along the shores of lakes and reservoirs in eastern Washington tend to be small relative to the area 
of the lake (based on unpublished data, Hruby 2004a).  They have some capacity to store water as 
the water levels in a lake rise, but the extra amount stored is often very small compared to the 
storage in the lake itself.    
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Furthermore, many lakes and reservoirs in this region have controlled and manipulated outlets.  
This means that the reduction in peak flows is directly controlled by humans and not by 
ecological processes.  It is not possible, therefore, to assess how well these wetlands function to 
reduce peak flows based on their characteristics without an understanding of the protocols used to 
regulate the water levels in each reservoir. 

By definition, wetlands in the slope class do not provide storage because any water flows to the 
lowest point and then is discharged (Brinson 1993b).  However, their frequently dense vegetation 
reduces the velocity of surface runoff (see Figure 2-9) and thus can reduce the velocity of water 
somewhat.  A wetland with dense vegetation will intercept more runoff and be more capable of 
reducing runoff velocity (and thus peak flows) than a wetland with less dense vegetation 
(Richardson and McCarthy 1994).  

The importance of vegetation on slopes in reducing flows has been well documented in studies of 
logging (Lewis et al. 2001) though not specifically for slope wetlands.  In eastern Washington the 
assumption is that vegetation in slope wetlands plays the same role as vegetation in forested areas 
in reducing peak flows (Hruby 2004a).  

2.6.2.2 Reducing Erosion  

The major process by which wetlands reduce downstream erosion is by slowing the velocity of 
water flowing downstream (Reinelt and Horner 1995, Adamus et al. 1991).  The reduction in 
velocity depends on (Adamus et al. 1991): 

• Channel constrictions that slow the flow of water   

• Frictional resistance of the bottom 

• Frictional resistance of vegetation  

Jadhav and Buchberger (1995) state that the drag induced by plant stems increases with water 
velocity.  This means that the relative reduction in velocity caused by plants increases as the 
speed of the water increases.  

Reduction of Erosion by Wetlands of Various Classes and in Different Domains and 
Regions 
The ways by which wetlands decrease erosion are somewhat different east and west of the 
Cascades.  This is a result of the differences in the patterns of precipitation and snowmelt between 
the two areas (Hruby et al. 1999, 2000).  The processes by which wetlands in Washington reduce 
erosion can also differ among wetland classes, as described below.   

Wetlands of Western Washington 
In depressional wetlands of western Washington, several characteristics were judged to 
influence a wetland’s function in reducing water velocities (Hruby et al. 1999):  

• Short-term storage capabilities of the wetland  

• Characteristics of its outlet  
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• Amount of woody vegetation present  

• Relative amount of flow captured from the upgradient contributing basin  

Depressional wetlands with no outlet store all surface waters flowing into them.  They have the 
greatest potential, therefore, to decrease erosion because no water leaves the wetland that could 
cause erosion (Hruby et al. 1999).  

In riverine wetlands of western Washington, the major characteristic that reduces erosion is the 
amount of woody vegetation present that can provide a barrier to water flows (Hruby et al. 1999).  
As flood waters overtop the river banks, they are slowed down.  The width of the wetland relative 
to the channel indicates how well the wetland can reduce velocity; the wider the wetland, the 
more water can spread out, becoming shallower and slowing down (Hruby et al. 1999).   

Methods for assessing functions have not been developed for the lacustrine fringe, flats, and 
slope classes in western Washington and there is little information available on how these types 
of wetlands may perform this function.  Wetlands in the flats class, however, are not expected to 
play a major role in this function.  By definition, they do not receive any runoff from surrounding 
areas and therefore do not intercept waters that can cause erosion (Brinson 1993b).   

Wetlands in the slope class, however, may decrease erosion to some degree because they often 
have thick vegetation relative to the surrounding uplands that reduces the velocity of surface 
runoff.  Jadhav and Buchberger (1995) state that under dynamic conditions (high flows such as 
those found on slopes during storms) velocity is reduced by the drag induced by plant stems.  
Wetland detention time is therefore increased with vegetation density.   

It can also be hypothesized that wetlands along the shores of lakes in western Washington 
(lacustrine fringe) may reduce erosion along the shore because of the vegetation they support.  
This would both anchor the shoreline and dissipate erosive forces (Adamus et al. 1991).  
Wetlands that have extensive, persistent (especially woody) vegetation provide protection from 
waves and currents associated with large storms and snowmelt that would otherwise penetrate 
deep into the shoreline (Adamus et al. 1991).   

Wetlands of Eastern Washington 
In depressional wetlands of eastern Washington, the characteristics within the wetland that 
decrease erosion are the total storage capacity of the wetland and the relative amount of flow 
captured from the upgradient contributing basin (Hruby et al. 2000).  The events that cause 
erosion in eastern Washington are different than in the western part of the state.  Summer 
thunderstorms can cause highly erosive flows at times when most depressional wetlands are dry 
(Hruby et al. 2000).  As a result, the entire storage capacity of the wetland is usually available to 
reduce water velocities rather than just the live storage.  Depressional wetlands with no outlet 
store all surface waters coming into them and therefore have the most potential to decrease 
erosive flows.  

Riverine wetlands in eastern Washington function in a similar fashion to those on the west side 
(Hruby 2004a).  Although experts have not developed function assessments, the field work 
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undertaken in calibrating the revised wetland rating system suggests that woody vegetation within 
the wetland is key in reducing erosive flows by slowing velocities during floods.  

Function assessment methods for the lacustrine fringe and slope classes have also not been 
developed in eastern Washington.  There is therefore no clear understanding of how they function 
to decrease erosion.  It can be hypothesized, however, that wetlands of both classes can function 
to reduce erosion to some degree in a manner similar to these types of wetlands in western 
Washington (see discussion above).   

2.6.2.3 Recharging Groundwater 

The recharge of groundwater is the movement of surface water, usually downward, into the 
ground.  In wetlands, the function is described in terms of the wetland structures and processes 
that allow surface water to infiltrate into the groundwater system.  Adamus et al. (1991) and the 
expert teams developing the Washington State wetland function assessment methods (Hruby et al. 
1999, 2000) concluded that the movement of water into the ground depends primarily on:  

• The elevation of the wetland relative to the groundwater  

• The mass and pressure of water (“pressure head”) in the wetland 

• The physical characteristics and frictional resistance of the sediments and strata 
underlying the wetland (hydraulic conductivity)   

If the surface of the water in a wetland is groundwater, or the primary source of water to the 
wetland is groundwater (e.g., a seep), the wetland cannot recharge that groundwater.  By 
definition, recharge occurs only if water from surface runoff infiltrates into groundwater.   

The information available on the potential for wetlands to recharge groundwater is contradictory.  
In a review of scientific studies that quantified the hydrologic functions of wetlands, Bullock and 
Acreman (2003) found 32 studies that documented that recharge occurs and 18 studies where no 
recharge was found.  Adamus et al. (1991) conclude, from an extensive review of the literature, 
that four site-specific conditions determine how well a wetland performs this function:  

• Groundwater flow rates under the wetland  (linked to hydraulic conductivity) 

• The storage capacity of the wetland (linked to the pressure head of water) 

• Water movement within the wetland (linked to elevation relative to groundwater and 
hydraulic head) 

• Evapotranspiration (linked to “pressure head” of water in the wetland) 

These conclusions about these site-specific conditions were more recently confirmed by Hunt et 
al. (1996).   

Adamus et al. (1991) were unable to find any patterns among wetland types or regions of the 
country.  They also concluded that “for recharge, adjacent undeveloped uplands are usually, but 
not always, more important than wetlands.”  This conclusion was confirmed by Bullock and 
Acreman (2003).  
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Groundwater Recharge by Wetlands of Various Classes and in Different Regions 
The characteristics within a wetland that result in the recharge of groundwater are the same for 
wetlands in both the eastern and western parts of the state.  The potential for recharge in a wetland 
occurs when wetlands hold back precipitation and surface flows to create ponded areas.  This 
ponded water then infiltrates into the groundwater system because of the “head” or pressure 
created by the depth of water on the surface.  If the hydraulic head created by upslope 
groundwater is greater than the hydraulic head created by the ponded water, recharge will not 
occur (Adamus et al. 1991). 

Groundwater recharge occurs only in a subset of depressional wetlands and some riverine 
wetlands that impound and hold surface water.  Wetland types that do not impound surface water 
do not have the potential to recharge groundwater (Hruby et al. 1999, 2000, Hruby 2004a,b).  

A new perspective on the function of supporting baseflow 

One aspect of groundwater recharge that is often attributed to wetlands in Washington is called 
baseflow support.  Wetlands are assumed to augment base flows in streams during the drier 
seasons because of the water they store.  The information available, however, indicates this 
assumption is not valid in most cases, and in fact wetlands may reduce baseflow because of water 
lost through evapotranspiration.  In a review of scientific studies that quantified the hydrologic 
functions of wetlands, Bullock and Acreman (2003) found that 49 out of 75 studies (2/3) conclude 
that wetlands reduce the flow of water downstream during dry periods.  Only 16 studies conclude 
that wetlands sustain low flows and ten studies found that wetlands had no impact on low flows. 

In Washington, the teams of experts that developed the methods for assessing functions and the 
rating systems concurred with the majority of studies (Hruby et al. 1999, 2000, Hruby 2004a,b).  
Surface outflow from wetlands was not judged to be an important factor in maintaining low flows 
in streams in Washington State.  A wetland may be in a location where groundwater is discharged, 
but the source of this groundwater is not within the wetland itself.  Thus, the discharge is not a 
function of the wetland; rather it is, as reported by Adamus et al. (1991), a function of the entire 
groundwater system. 

Given the highly seasonal rainfall patterns in the region, the teams also judged that most surface 
water will be discharged into streams before the late summer when low flows as biologically the 
most critical.  Water stored in the soils of wetlands was not considered to be a factor because of 
the types of soils present.  Wetlands on alluvial soils would not hold water long enough into the 
dry season to support baseflow because they are so permeable (review in Bullock and Acreman 
2003).  On the other hand, wetlands with organic and peat soils would hold water and not release 
very much of it because the hydraulic conductivity is generally very low.  The hydraulic 
conductivity of water in peat soils ranges between 0.000001 cm/sec to as high as 0.001 cm/sec 
(less than 3 ft per day) (Reeve et al. 2000) depending on the structure of the peat or the mineral 
soil.  
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2.6.3 Functions Related to Habitat 

This section focuses on three aspects of wetlands as habitat: 

• Structures and processes found within wetlands that make them an important habitat 
feature of the landscape  

• The number and types of vertebrate species using wetlands in the Pacific Northwest 

• Important features of wetlands that meet the habitat requirements of some groups of 
species that are closely associated with wetlands and that were modeled in the Washington 
State wetland function assessment methods  

The discussion is not subdivided by wetland class or domain and region of the state because 
habitat requirements differ widely for various species.  Furthermore, habitat requirements for a 
single species may even differ between locations (Adamus et al. 1991).  Therefore, this literature 
review does not attempt to identify all the life requirements of all wildlife species that use 
wetlands in Washington.  The intent of this synthesis is to identify some of the basic structures 
and processes in wetlands that are important habitat features.   

2.6.3.1 The Use of Wetlands by Species of Wildlife 

Animals use wetlands to varying degrees depending upon the species involved.  Some live in 
wetlands for their entire lives; others require wetland habitat for at least part of their life cycles; 
still others use wetlands much less frequently, generally for feeding (Johnson and O’Neil 2001).  
Thus, species using wetlands are often grouped by their dependency on the habitat provided by 
wetlands, but unfortunately there is no consistency in the terms used to describe the dependency.   

For example, Adamus et al. (1991) grouped species into two categories.  Wetland-dependent 
species are those that:  “(a) normally use wetlands exclusively for food and cover throughout most 
of their U.S. range and spend most of their lifetime within wetlands, or (b) would be extirpated 
from a large region if all wetlands were to be filled.”  The latter case includes species that may 
use wetlands for only part of their life cycles such as amphibians and many insects.  The larvae of 
amphibians and many insects are aquatic even though the adults migrate out of the wetlands.  The 
species are still considered to be wetland dependent because they could not survive without the 
presence of wetlands.  Wetland users are those species that use wetlands for occasionally 
obtaining some life requirements such as sources of drinking water, winter cover (e.g., white-
tailed deer and ring-necked pheasants), or dispersal centers within urban areas (e.g., opossum) 
(Adamus et al. 1991). 
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Adamus et al. (1991) also state the following about how species use wetlands: 

The degree of dependence by any given species on wetlands often varies greatly 
depending on the abundance and distribution of wetlands and on suitable 
alternative habitats within the region.  For example, urban wetlands and riparian 
wetlands in the arid Southwest support species that, in other parts of their ranges, 
are much less likely to inhabit wetlands. 

The Washington State wetland function assessment method uses the terms wetland dependent for 
western Washington (Hruby 1999) and wetland associated for eastern Washington (Hruby 2000).  
More recently, Johnson and O’Neil (2001) have developed a grouping based on three categories 
that are specific to wildlife in Washington and Oregon that is based on the consensus of numerous 
experts in the region.  These authors use the terms closely associated, generally associated, and 
present when describing the relationship between species and wetlands, and these are defined as 
follows:   

• Closely Associated – A species is widely known to depend on a habitat for part or all of its 
life history requirements.  Identifying this association implies that the species has an 
essential need for this habitat for its maintenance and viability.  

• Generally Associated – A species exhibits a high degree of adaptability and may be 
supported by a number of habitats.  In other words, the habitat plays a supportive role for 
its maintenance and viability.  

• Present – A species demonstrates occasional use of a habitat.  The habitat provides 
marginal support to the species for its maintenance and viability. 

2.6.3.2 Characteristics that Make Wetlands Important as Habitat 

Wetlands are among the most productive ecosystems in the world, comparable to rain forests and 
coral reefs (Mitsch and Gosselink 2000, Sipple 2002).  As a result, wetlands support numerous 
species from all of the major groups of organisms—from microbes to mammals (Sipple 2002).  
The support they provide for these organisms includes sources of food, shelter, and refuge. All of 
these aspects are generalized by the term habitat. 

General reviews of wetlands as habitat (Adamus et al. 1991, Mitsch and Gosselink 2000) 
conclude that physical and chemical characteristics (factors that control the suitability of a 
wetland as habitat) determine what plants and animals inhabit various wetlands, including: 

• Climate 

• Topography (landscape shape) 

• Geology 

• Nutrients 

• Hydrologic regime (quantity and movement of water)   
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In addition, some of the larger organisms such as beaver and muskrats manipulate wetlands to 
create habitat suitable for themselves and other organisms, such as fish, amphibians, waterfowl, 
insects, and other mammals (Mitsch and Gosselink 2000).  

Four general ecological features contribute to species richness and abundance in a landscape 
(Knutson and Naef 1997):  

• Structural complexity 

• Connectivity with other ecosystems 

• Abundant food source and available water 

• Moist and moderate microclimate 

Wetlands have all of these attributes, especially wetlands that are linked to riparian areas and 
floodplains.  The following sections describe each of these features in more detail. 

Structural Complexity 
Structural complexity is a term used to represent the variety of environmental characteristics that 
increase the number of niches for wildlife (Knutson and Naef 1997).  These characteristics can 
include biological features such as a high richness of plant species or physical features such as 
open water, rocks, and mudflats.  The interspersion in wetlands between open water and 
vegetation, or between types of vegetation, is important because the edges created between these 
elements (see Figure 2-10) increase the number of niches present (Adamus et al. 1991).  Wetlands 
also often contain different vegetation communities within their boundaries that add structure 
(and therefore niches).  For example, a higher interspersion of plant types in wetlands is likely to 
support a higher diversity of invertebrates (Dvorak and Best 1982, Lodge 1985).  

 
Figure 2-10.  Features of wetlands that increase structural complexity.   
This wetland has open water and plants of different heights and  
different types (woody, herbaceous, aquatic bed) as well as snags and  
woody debris. 
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Riparian wetland systems in the semi-arid West often provide the only structurally complex 
habitat in regions dominated by open land or land cleared for agriculture (Adamus et al. 1991).  
This has also been found to be true in the semi-arid areas of eastern Washington, especially in the 
areas where rainfall is less than 12 inches per year (Hruby et al. 2000).  Figure 2-11 shows a 
wetland with high structural complexity in the semi-arid terrestrial environment of eastern 
Washington that otherwise does not have much complexity. 

 

Figure 2-11.  Depressional wetland in the Columbia Basin. A structurally 
complex ecosystem in a terrestrial environment with low complexity.  The  
average annual rainfall at this site is 8 inches per year. 

Connectivity to Other Natural Resources 
Many wetlands are linked to other aquatic or terrestrial resources by surface water, riparian 
corridors, or by relatively undisturbed vegetated corridors.  Riverine wetlands form part of 
riparian corridors, depressional wetlands may be part of a small stream system or may be linked 
by surface water, and lacustrine fringe wetlands are connected to adjacent lakes.  The role that 
corridors play in maintaining biodiversity, however, is very complex.  For some species corridors 
are essential to maintain populations and genetic exchange (Kauffman et al. 2001, Haila 2002, 
Fahrig 2003).  In other cases they may reduce populations of some species because they facilitate 
the movement of predators or invasive species (review in Fahrig 2003).  See Chapters 3 and 4 for 
further discussion of habitat connectivity and corridors to both aquatic and terrestrial habitats. 

Abundant Food Sources  
The wet and moist microclimate of wetlands and their rich soils lead to the enhanced growth of 
plants.  Wetlands are known for their high primary productivity (production of plant material) and 
the subsequent movement of this “food” to adjacent aquatic ecosystems (Mitsch and Gosselink 
2000).   
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“Wetlands can be thought of as biological supermarkets” (Sipple 2002).  For example, the number 
of invertebrates in small seasonal wetlands can exceed 700,000 animals per square meter (Leeper 
and Taylor 1998).  Many of these invertebrates serve as food for larger predatory amphibians, 
reptiles, fish, birds, and mammals (Wissinger 1999).  

Moist and Moderate Microclimate 
The presence of water and thick vegetation in wetlands results in a microclimate that is generally 
more moist and that has milder temperature extremes than the surrounding areas.  These 
conditions provide a habitat that is desirable to many species, particularly amphibians, ungulates, 
and other large mammals during hot, dry summers and severe winters (Knutsen and Naef 1997).  

2.6.3.3 Use of Wetlands by Vertebrates in Washington  

Wetlands in the state have been shown to be critical in maintaining regional biodiversity.  
Although wetlands represent only 2.1% of the area of the state (Dahl 1990), over two-thirds of all 
terrestrial vertebrate species in Washington can be considered “wetland users” (Knutson and Naef 
1997, Kaufmann et al. 2001).  A comprehensive review of wildlife in Washington and Oregon 
(Johnson and O’Neil 2001) provides a compilation of all wildlife species found in Washington 
and the different habitats in which they are found.  Of the 32 types of habitat identified in the 
review, four are specific to wetlands.  Table 2-7 lists the four types of wetland habitats identified 
in the compilation and the number of wildlife species found in each type.  Appendix 2-B lists all 
the species found in each type of wetland as compiled in the review. 

Table 2-7. Number of wildlife species by type of wetland habitat and by their association. 
From O’Neil and Johnson 2001.  See Appendix 2-B for definitions of the types of wetlands. 

Habitat Type Total Closely 
Associated 

Associated Present Unsure 

Herbaceous wetland 228 105 90 31 2 

Westside Riparian-Wetlands 256 74 145 35 2 

Montane Coniferous Wetlands 148 17 101 28 2 

Eastside Riparian-Wetlands 271 81 149 36 5 
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Reptiles and Amphibians 
There are 59 species of reptiles and amphibians in Washington and Oregon.  Two species of 
reptiles, the western pond turtle (Clemmys marmorata marmorata) and the painted turtle 
(Chrysemys picta), are wetland dependent.  Many more species of reptiles are wetland users.  On 
the other hand, all but one species of amphibians are wetland dependent and require an aquatic 
habitat for part of their life cycle (Kauffman et al. 2001).  Figure 2-12 shows how many of the 59 
species of reptiles and amphibians in the two states are found in three of the four types of wetland 
habitat. 

In Figures 2-12 to 2-14 the data are from (Kauffman et al. 2001).  The lists of actual species in 
each type of habitat and the definitions of each type of habitat are summarized in Appendix 2-B.  
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Figure 2-12.  The number of reptile and amphibian species found in wetlands in Washington and 
Oregon.  (from Kauffman et al. 2001) 
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Birds 

Overall, 266 (72%) of the 367 species of birds in Oregon and Washington use freshwater, 
riparian, and wetland habitats.  More striking, 204 (77%) of the 266 species of inland birds that 
breed in the two states do so in wetland environments (Kauffman et al. 2001).  Figure 2-13 shows 
the number of bird species that use three types of wetlands in the region. 
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Figure 2-13. The number of bird species found in wetlands in Washington and Oregon (from 
Kauffman et al. 2001). 
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Mammals 
Ninety-five of the 147 mammal species (65%) in the two states use the riparian/wetland 
ecosystem (Kauffman et al. 2001).  All the “furbearers” (e.g., mink, otter, beaver, raccoon, etc.) 
use these habitats, and all but one of the big game animals (deer, elk, moose, etc. with the 
exception of bighorn sheep) rely on these areas for part of their habitat requirements.  Figure 2-14 
shows the number and degree of association of mammals to the three types of wetland habitats 
considered in Kauffman et al. (2001). 
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Figure 2-14. The number of mammal species found in wetlands in Washington and Oregon (from 
Kauffman et al. 2001). 

2.6.3.4 Habitat Requirements of Some Wetland-Dependent Species in 
Washington  

Invertebrates  
Invertebrates have evolved unique adaptations enabling them to occupy most wetland habitats and 
most parts of the food web.  In fact, wetland invertebrates can be distinguished from terrestrial 
and aquatic species at multiple taxonomic levels (family and genus) (Wissinger 1999).  Wetlands 
are dominated by invertebrate families that are uniquely adapted to shallow and often fluctuating 
water levels (Wissinger 1999).  

Wetland invertebrates are considered pivotal components of the food webs in wetlands (Mitsch 
and Gosselink 2000).  As filter feeders, shredders, and scrapers, insects convert microorganisms 
and vegetation into biomass, providing much of the food for animals higher in the food web 
(secondary and tertiary consumers).  Research focusing on aquatic invertebrates in wetlands 
indicates the importance of invertebrates in energy and the transfer of nutrients within aquatic 
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ecosystems (Rosenberg and Danks 1987, Wissinger 1999).  Invertebrates have adapted to 
processing the plant material produced in wetlands of every type and geomorphic setting.  They 
are considered a major link in the movement of energy in the food web of wetlands (review in 
Wissinger 1999).  

The abundance of invertebrates in wetlands can be extremely large.  Leeper and Taylor (1998) 
measured annual densities in excess of 700,000 organisms per square meter in shallow 
depressional wetlands of South Carolina. 

Factors found to influence the distribution, richness, and abundance of invertebrates in wetlands 
include the following: 

• Water interspersed with stands of emergent vegetation in wetlands result in high 
species richness of invertebrates (Voigts 1976). 

• Decaying wood provides an important habitat for invertebrates (Maser et al. 1988).   

• A mix of plant assemblages exhibits greater richness of invertebrate species than a single 
assemblage (Andrews and Hasler 1943, Dvorak and Best 1982, Lodge 1985, Balla and 
Davis 1995).  Furthermore, the density of invertebrates varies considerably among species 
of submerged aquatic plants (Murkin and Batt 1987), and different invertebrate species are 
found on different plant species (Cyr and Downing 1988).  Vegetation is a major factor 
shaping wetland invertebrate communities (Krieger 1992, Wissinger et al. 1999).   

• Permanent flowing water is a habitat feature that supports a unique assemblage of 
invertebrate species (Needham and Needham 1962, Wiggins et al. 1980, Rolauffs et al. 
2001).  Furthermore, the invertebrates in flowing permanent channels are an important 
resource for many other aquatic species such as fish (Needham and Needham 1962).   

• Marked seasonal changes in water regime in wetlands result in higher richness of 
invertebrate species compared to wetlands with little water level fluctuation (Balla and 
Davis 1995).  

• Water regime in wetlands is an important factor for individual species of invertebrates.  
Factors associated with water regime include:  permanence of surface water, predictability 
of drying and filling, seasonal timing of drying and filling, duration of dry and wet phases, 
and the harshness during dry and wet phases(temperature, salinity, oxygen levels) 
(reviewed in Wissinger 1999).   

Not much is known about invertebrate distributions in different soil surfaces within a wetland.  
However, data from rivers, streams, and lakes show that the local invertebrate species have 
preferences for specific surfaces (Gorman and Karr 1978, Dougherty and Morgan 1991).  In 
streams it is well known that the composition of midges (chironomids) is strongly affected by 
characteristics of the sediment surface (McGarrigle 1980, Minshall 1984).   

Amphibians  
Amphibians are a vertebrate group that, in the Pacific Northwest, includes wetland-breeding frogs 
and salamanders.  Both the richness and abundance of amphibians in wetlands indicate that they 
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are important in wetland food webs (Leonard et al. 1993, Hruby et al. 1999).  Some native species 
only breed for a short time in wetlands and then live in uplands as adults.  Other species are found 
in or close to wetlands throughout the year.  However, the eggs and larvae of all wetland-breeding 
species require water for development (Hruby et al. 1999). 

Other information known about amphibians in wetlands includes the following. 

• The presence of buffers and undisturbed uplands and forest cover leading to other 
wetlands or to upland habitat is critical.  Relatively undisturbed migration routes between 
a wetland and upland feeding and hibernation sites are important for many amphibian 
species (Heusser 1968, Berven and Grudzien 1990, Beebee 1996).  Moreover, dispersal 
routes for recolonization are critical when populations are eliminated by random processes 
including drought (Pounds and Crump 1994), disease (Bradford 1991), or pollution (K. 
Richter, PhD.  personal communications 2000), or when populations produce insufficient 
offspring to permanently occupy a site (Gill 1978a, 1978b, Sinsch 1992).  Finally, 
inbreeding is minimized when the amphibians within a wetland are members of a 
population that extends across several wetlands (Gulve 1991, 1994, Pechmann and Wilbur 
1994).  

• Conditions in the buffers of a wetland are especially important in providing cover to 
amphibian females and to newly metamorphosed animals.  Female red-legged frogs (Rana 
aurora), Northwestern salamanders (Ambystoma gracile) (K. Richter, PhD. personal 
communication, 2000), and long-toed salamanders (A. macrodactylum) (Beneski et al. 
1986, Leonard and Richter 1994) generally wait in buffers near wetlands until 
environmental and biological conditions are favorable to spawning.  They then enter 
wetlands during one or a few nights to spawn, thereafter quickly retreating to the cover 
provided by buffers.  Buffers are important to the tiger salamander (A. tigrinum, a species 
found in eastern Washington) seeking shelter in rodent burrows during the first days 
following emigration from ponds in which they are born (Loredo et al. 1996).   

• Most species of amphibians select areas with interspersed vegetation and exposed 
water in which to lay eggs (K. Richter, PhD. personal communication 2000).  Most 
species of amphibians generally avoid both exposed water and densely vegetated sites, 
instead selecting habitats with an interspersion of both features (Strijbosch 1979, Ildos and 
Ancona 1994).   

• Stable water levels provide optimum habitat conditions for amphibians from spawning 
through hatching.  Water level fluctuations are known to have a significant influence on 
amphibians (Richter 1996, 1997).  Most species of amphibians in temperate climates 
minimize exposure of eggs to fluctuating depths and temperatures by both spawning at 
mid-depth and by submerging eggs below the surface (Richter 1997).  Amphibian egg 
development also depends on permanent or partial submergence.  In most Puget Sound 
species stable water levels occurs from mid-December through mid-May.  Although mean 
water level fluctuations exceeding approximately 8 inches (20 cm) have been correlated to 
decreased amphibian richness in wetlands , experiments by Azous and Richter (1995) 
suggest that extended drops of more than approximately 3 inches (7 cm) from the time of 
egg laying through hatching may harm the Northwestern salamander.   
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• Vegetation structure, particularly plant shape and stem diameter, rather than the species 
of the plant has been suggested to be most important to salamanders.  Wetland surveys 
and controlled field studies of several Northwest salamanders confirm that distinct stem 
widths are preferred (Richter 1997).  

Anadromous Fish 
Anadromous fish are those that spend all or part of their adult lives in salt water and return to 
freshwater streams and rivers to spawn.  There are 12 species of anadromous fish in the Pacific 
Northwest (PSMFC 2001), but not all are regular users of wetlands.   

The Pacific Northwest salmonids (species of the genus Oncorhynchus) have recently been the 
focus of much research because of the status of some species as threatened or endangered.  The 
most common anadromous species that uses wetlands is the coho salmon (Oncorhynchus kisutch).  
Other anadromous fish noted in wetlands found in side channels, or old oxbows, of rivers and 
streams (off-channel wetlands) include cutthroat trout (O. clarki) and steelhead (O. mykiss) 
(Peterson 1982).   

It is not the intent of this review to summarize all the information available on the habitat needs of 
salmonids.  Some of the most important habitat structures in wetlands that have been found to be 
important for anadromous fish are summarized below:  

• The presence of ponded or impounded surface water that is either seasonal or 
permanent is critical.  “Slope” wetlands in Washington are the only class of wetlands that 
do not have the potential to provide habitat for anadromous fish because, by definition 
(Brinson et al. 1995) they do not have ponded or impounded surface water that is either 
seasonal or permanent.  

• A wetland must have a surface water connection to a salmon-bearing stream or river if 
fish are to enter or exit the wetland (Hruby et al. 1999).  

• Interspersion between land and water in a wetland is important because the contact 
zones between exposed water and vegetation provide protection from wind, waves, and 
predators, and may provide natural territorial boundaries (Golet and Larson 1974).  

• Anadromous fish need a certain water depth for optimum habitat conditions.  Narver 
(1978) observed juvenile coho moving into areas with water depth over approximately 
18 inches (45 cm) and lower velocities (6 inches [15 cm] per second) when temperatures 
decline below approximately 41oF (7oC).  Beaver ponds and off-channel areas with similar 
depths also provide habitat (Reeves et al. 1989).  Survival and growth of overwintering 
fish may be maximized in systems that contain both shallow pools and deeper ones 
(Peterson 1982). 

• Cover provided by wetlands is important for salmonids.  Overhanging vegetation provides 
both temperature control and protection from predation.  McMahon (1983) reported the 
need for streamside vegetation for shading.  Small coho juveniles tend to be harassed, 
chased, and nipped by larger juveniles unless they stay near the bottom, obscured by rocks 
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or logs (Groot and Margolis 1991).  Cover for salmonids in wetlands can be provided by 
(Giger 1973):  

– Overhanging vegetation  

– Submerged vegetation  

– Submerged objects such as logs and rocks  

– Floating debris  

– Deep water  

– Turbulence 

– Turbidity (the assumption seems to be that cloudy water reduces the visibility of fish 
in open water where birds may prey on them) 

Resident Fish  
Fish that do not migrate out of wetlands are considered “resident fish.”  Many different fish 
species use wetlands and it is not practical to list all that occur in Washington’s wetlands.   

Before the late 1800s, the only resident freshwater game fish living in Washington State were 
trout, char, whitefish, burbot, and squawfish.  Since then there has been a widespread and often 
indiscriminate introduction of game species from other parts of the nation (Washington State 
Department of Fish and Wildlife 1999b). 

Some of the characteristics in wetlands that provide habitat for resident fish include the following. 

• Resident fish, like anadromous fish, need a range of water depths for different parts of 
their life cycles (Hruby et al. 1999).  Shallow waters provide refuge for young fish, while 
the deeper waters provide refuge for the larger adults.  Varying water depths also provide 
different potential food sources since they are host to different populations of plants and 
invertebrates (see the earlier discussion of invertebrate habitat).  Olympic mud-minnows 
rear in wetlands with water only a few inches deep in floodplains (R. Ziegler, Washington 
State Department of Fish and Wildlife, personal communications 2003).  

• Shorelines between exposed water and vegetation provide protection from wind, waves, 
and predators, and may provide natural territorial boundaries (Golet and Larson 1974).  

• Overhanging vegetation provides both temperature control and protection from predation 
(McMahon 1983).   

• Large woody debris plays an important role in the Pacific Northwest, creating and 
enhancing fish habitat (Bisson et al. 1987).  

Birds That Are Closely Associated With Wetlands 
Bird species that are closely associated with wetlands are those that depend on part or all of its 
life requirements; these include food, shelter, breeding, or resting.  Kauffman et al. (2001) 
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reviewed the literature and found a very high richness and abundance of birds in wetlands of the 
Pacific Northwest.  They found that: 

All 23 species of waterfowl that breed regularly in the western U.S. south of 
Alaska do so in riparian and wetland environments.  Similarly, all 14 western 
species of waders, a group consisting of cranes, rails, herons, and ibises, depend 
on riparian and wetland habitats for most of their life cycles.  Shorebirds, which 
include stilts and avocets, sandpipers, and plovers are typically dependent on 
freshwater, riparian, and wetland habitats.  Interior wetlands (i.e., east of the 
Cascades) also provide crucial stopover habitat for 37 species during migration. 

A review of the specific habitat requirements of all birds using wetlands is beyond the scope of 
this document.  General characteristics of wetlands and their buffers that provide good habitat for 
wetland-dependent birds include the following: 

• The condition of the wetland buffer is an important characteristic for bird habitat.  Trees 
and shrubs provide screening for birds, as well as providing additional habitat in the buffer 
itself (Johnson and Jones 1977, Milligan 1985).   

• The width of the buffer as well as its condition is important (see Chapter 5 for a more 
detailed discussion of the use of buffers by birds).  

• Snags are a source of cavities and perches for wetland-associated birds.  Several species 
of birds use already existing cavities for nesting and/or refuge locations.  Dead wood 
attracts invertebrates and other organisms of decay, which in turn provide a food source 
for many species of birds (Davis et al. 1983). 

• Some bird species may require several habitat types such as open water and grasslands in 
close proximity to aid their movements from one type to another (Gibbs et al. 1991, 
Hunter 1996).    

• Embayments and peninsulas in a wetland with open water provide “micro-habitats” for 
certain species that require hiding cover or those seeking security within a more enclosed 
system (U.S. Department of the Interior 1978). 

• The proximity of a wetland to open water or large fields increases its utility to migrant 
and wintering waterfowl.  If there is strong connectivity between relatively undisturbed 
aquatic areas, the suitability of a wetland as waterfowl habitat increases (Gibbs et al. 
1991). 

• Open water of varying depths provides greater diversity of foraging habitat for a greater 
variety of water birds (U.S. Department of the Interior 1978).   

• A full canopy can limit access to open water in a wetland because birds have difficulty 
flying in and out.  This may be best illustrated by great blue herons (Ardea herodias), 
which will be reluctant to fly down to a body of water if the tree canopy above is totally 
closed because rapid escape may be difficult or impossible (U.S. Department of the 
Interior 1978). 
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Mammals That Are Closely Associated With Wetlands 
For the purpose of this review it is not practical to synthesize the specific habitat requirements of 
all mammal species using wetlands.  The richness of mammal species using wetlands can be very 
high.  Kauffman et al. (2001) report that 79 mammal species east of the Cascades and 69 on the 
west side use riparian wetlands.  The wetlands associated with stream corridors characteristically 
have greater species richness than upland sites and provide habitat for some species that are not 
found elsewhere.  About half of the species using riparian wetlands in the Pacific Northwest breed 
and feed in them (Kauffman et al. 2001.)  

The following bullets summarize some general information about the characteristics of wetlands 
that provide good habitat for four mammal species that were modeled as wetland dependent in the 
Washington State methods for assessing functions (Hruby et al. 1999).  These species include the 
beaver (Castor canadensis), muskrat (Ondatra zibethicus), river otter (Lutra canadensis), and 
mink (Mustela vison).  

• Wetlands with a relatively undisturbed buffer are important to these four species (and 
others) because the buffers: 

– Minimize disturbance (Allen and Hoffman 1984, Burgess 1978)  

– Provide habitat for prey species and food sources for mammals (Allen 1983, Dunstone 
1978, Brenner 1962)  

– Provide cover from predators (Melquist et al. 1981) 

– Allow den sites for resting and reproduction (Allen 1983) 

• Beavers prefer a seasonally stable water level (Slough and Sadleir 1977).  Large 
fluctuations in water levels may also affect the suitability of a wetland for muskrats 
(Errington 1963).  Wetlands subject to heavy spring runoff or flash floods that rapidly 
raise the water level may cause flooding of burrows (Errington 1963). 

• For beavers and muskrats, water depth must be of sufficient depth.  For beavers the 
water must be deep enough to accommodate lodges and bank dens and to allow free 
movement from the lodge to food caches during the winter.  For example, freezing of the 
food cache is a limiting factor on beaver and muskrat survival in the Columbia Basin 
(J.Tabor, Washington State Department of Fish and Wildlife, personal communication 
2000).  Freezing of a pond to the bottom can be disastrous to muskrat populations 
(Schmitke 1971).  Deep water will also provide protection from predators (Easter-Pilcher 
1987).  In the Columbia Basin beavers and muskrats need at least 4 feet (1.3 m) of 
permanent water to allow access to food caches during the winter when the surface is 
frozen (Hruby et al. 2000).   

• Vegetated corridors leading to and from wetlands are considered an important feature in 
assessing the suitability of a wetland as habitat for wetland dependent mammals (Hruby et 
al. 2000). Dispersal is a fundamental process in regulating populations among these and 
other mammals (Kauffman et al. 2001). 
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• Muskrats and beavers use persistent emergent cover for security and feeding (Errington 
1963).  Allen (1983) believes that beavers prefer herbaceous vegetation over woody 
vegetation during all seasons, if available. 

• Interspersion of vegetation and open water is an important characteristic of wetlands as 
habitat for mammals.  High interspersion rates increase the abundance of prey for mink 
and river otter (i.e., muskrats, water birds, fish) (King 1983).  Food abundance and 
availability appeared to have the greatest influence on habitat use by river otter in Idaho in 
studies by Melquist and Hornocker (1983).  Classic studies of muskrats by Dozier (1953) 
and Errington (1937) indicate that optimum muskrat habitat is 66% to 80% of the wetland 
in emergent vegetation with the remainder in open water.   

2.6.3.5 Habitat for Plants  

Relatively few plant species of the thousands on Earth have adapted to the harsh conditions in 
wetlands.  Major stressors are lack of oxygen, salt, and water level fluctuations in an environment 
that is neither fully aquatic nor terrestrial (Mitsch and Gosselink 2000).  These strong selective 
pressures have produced a group of plant species that is unique to wetlands and whose 
maintenance has become an issue in regional biodiversity (Gibbs 2000).  Furthermore, wetlands 
can provide habitat for a wide range of other plant species when conditions are not as harsh.  Of 
the 2969 plant species found in Washington, 1515 (or 51%) have been found in wetlands 
(FEMAT 1993).  

All wetlands provide the four basic requirements for plant growth (space, water, light, and 
nutrients) to some degree.  Differences can be found among wetlands in the number of plant 
species they contain.  Recent research has been focused on the characteristics of wetlands that 
affect plant richness, as summarized below: 

• Specific water regimes, such as permanent inundation, seasonal flooding, or saturation, 
result in unique plant communities (Mitsch and Gosselink 2000). 

• The duration of individual flooding events is important in separating plant communities 
because the duration affects germination of seeds in different ways (Casanova and Brock 
2000). 

• The water regime in a wetland can either limit the number of species present or enhance 
it, depending on types of water level fluctuations and physical energy of the water regime 
(Mitsch and Gosselink 2000). 

• Plant richness in a wetland generally follows the ecological theory that maximum richness 
occurs at intermediate levels of environmental stress (Johnson and Leopold 1994).  For 
example, water level fluctuation is an environmental stress (Mitsch and Gosselink 2000).  
Wetlands with large water level fluctuations, therefore, would be expected to have fewer 
plant species than those with moderate water level fluctuations.  On the other hand, 
wetlands with very small water level fluctuations (low stress) would also be expected to 
have fewer plant species.   
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• Wetlands with different water depths tend to have higher richness than those with fewer 
(Hruby et al. 1999).  Observations show that the distribution of species within a wetland is 
primarily a function of water depths (Spence 1982 as cited in van der Valk et al. 1994).   

• The proximity of other wetlands as a source of seed (Brock et al 1994, Brown 1998). 

2.6.3.6 Supporting Food Webs (Primary Production and Export) 

Wetlands are known for their high primary productivity (i.e., production of plant material) and the 
subsequent export of this organic matter to adjacent aquatic resources.  The exported organic 
matter provides an important source of food for most downstream aquatic ecosystems (Mitsch and 
Gosselink 2000).  

Plant material produced in wetlands breaks down into smaller and smaller particles and becomes 
increasingly nutritious due to the activity of bacteria, fungi, and protozoa (Sipple 2002).  This 
decomposed plant material, including the various microbes that colonize it, feeds many small 
aquatic invertebrates and small fish.  These invertebrates and fish then serve as food for larger 
predatory amphibians, reptiles, fish, birds, and mammals (Sipple 2002).   

The following summarizes general characteristics of wetlands that have high production and 
provide excellent support for aquatic food webs. 

• In general, wetlands where water flows through the system have higher levels of 
primary production and export than those where water is impounded without leaving 
(Mitsch and Gosselink 2000). 

• The water level fluctuation as well as movement of water mentioned above through the 
wetland and its soils is one of the most important determinants of primary productivity 
(Mitsch and Gosselink 2000).  

• Performance of this function requires both that organic material is produced and that a 
mechanism is available to move the organic matter to adjacent or contiguous aquatic 
resources (Hruby et al. 1999).   

2.6.4 Summary of Key Points 

• The residence time of water in the wetland and filtering by wetland vegetation are major 
processes influencing removal of sediments, phosphorus, and toxics from surface water.  
Wetland vegetation typically removes 80% to 90% of sediment from runoff.  Wetlands 
with seasonal inundation or saturation have conditions that promote removal of nitrogen 
from surface runoff.  In order for a wetland to provide functions that improve water 
quality, however, surface water containing pollutants must first enter the wetland. 

• The capacity of a wetland to store surface water affects its ability to reduce peak flows, as 
do the amount of flow from the upper watershed that enters the wetland and the amount of 
woody vegetation present.  Reducing peak flows helps to decrease downstream erosion. 
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• Only wetland types that impound surface water have the potential to provide groundwater 
recharge.  

• Wildlife species can be wetland dependent or wetland users.  Wetland-dependent species 
(such as amphibians) require a wetland for at least part of their life cycles.  Wetland users 
(such as deer) come to wetlands for such needs as water or cover. 

• The characteristics of wetlands that provide habitat depend on species and life stage.  
Characteristics that are important for many species include vegetation structure, water 
depth, water level fluctuation, buffers, snags, and connections to other habitats and 
wetlands in the landscape. 

• Wetlands have high productivity of plant material.  Decomposed plant material can be 
exported downstream, providing food for insects, fish, and other organisms in the food 
web. 

2.7 Chapter Summary and Conclusions 
The functions of wetlands are things that wetlands “do.”  They represent the many interactions 
possible among the different components of the environment found in wetlands.  There are many 
interactions that occur in wetlands and they occur at many scales.  In general, however, functions 
are grouped into three broad categories: 1) biogeochemical interactions, 2) hydrologic 
interactions, and 3) interactions that maintain food webs and habitats for plants and animals.   

The primary factors that control wetland function are climate, geomorphology, the source of 
water, and the movement of water.  These factors affect wetland functions directly or through a 
series of secondary factors including nutrients, salts, toxic contaminants, soils, temperature, and 
the connections created between different patches of habitat.  The factors that control wetland 
functions interact with each other and there are many feedback loops.  A number of conceptual 
models have been developed to help visualize and understand the complexity of the interactions 
between environmental factors, environmental processes, and wetland function.   

The major environmental factors of geomorphology, source of water, and the movement of water 
are the basic characteristics used to classify wetlands in Washington into groups of wetlands that 
have similar functions.  These groups can be expected to perform these functions in similar ways.  
Freshwater wetlands in Washington are divided, based on how they function, into two domains, 
five regions, and six classes. 

The environmental factors that control the structure and functions of a wetland occur at both the 
landscape scale and the site scale.  For example, riverine wetlands will be affected to a great 
degree by processes operating at the scale of the entire watershed of the river.  Depressional 
wetlands will be subject to processes that occur only within the basin that contributes surface or 
groundwater to the wetland.   

The most important factors that control functions at an individual site may occur somewhere else 
in the landscape.  Information about factors that control functions at the larger scale is still 
evolving.  The importance of the environmental factors that occur at the larger, landscape scale, 
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however, should not be minimized for lack of information.  Ongoing research is continually 
strengthening our understanding of these critical factors.   

The links between wetland functions and the landscape have been well described by the National 
Academy of Sciences (National Research Council 1995): 

Individual wetlands function to a large degree through interaction with the 
adjacent portions of the landscape and with other wetlands.  For example, 
wetlands whose principal source of water is groundwater depend on that water 
infiltrating in the surrounding uplands.  If these uplands are paved, clear-cut, or 
farmed, the amount of water recharge is significantly reduced and the wetland may 
dry up or become smaller.  No single wetland or aquatic site could support 
anadromous fish.  The connections between individual wetlands, aquatic systems, 
and terrestrial systems are critical to the support of many species.  Furthermore, 
flood control and pollution control are determined by the number, position, and 
extent of wetlands within watersheds.  Thus, the landscape gives proper context for 
the understanding of some wetland functions.   

An understanding of wetland functions for the purposes of managing and protecting them will 
require knowledge of how the major controls of functions change or are impacted by humans at 
all scales.  We need to understand how climate, topography, and the movement of water, 
nutrients, sediment, etc. are affected by human activities in the entire watershed, as well as in the 
immediate vicinity of the wetland.  Chapter 3 describes the environmental disturbances caused by 
different human uses of the land.  Chapter 4 then carries this information forward to discuss how 
the disturbances caused by human activities affect specific functions of wetlands. 
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Chapter 3  
Environmental Disturbances Caused by 
Human Activities and Uses of the Land 

3.1 Reader’s Guide to this Chapter 
In Chapter 3, the discussion shifts from wetland functions and the environmental factors 
that control the performance of functions to the major disturbances created by human 
activities and uses of the land and water.  In this context, a disturbance is an event that 
changes an environmental factor that controls wetland functions.   

3.1.1 Chapter Contents 

Major sections of this chapter and the topics they cover include: 

Section 3.2, Introduction to Human-Caused Disturbances provides an overview of 
how human land uses change the dynamics and structure of the ecosystems by creating 
various types of disturbances.  The section provides a general overview of how human 
activities affect the movement and quality of water and connections between habitats 
across the landscape.   

The chapter continues with separate sections for four of the major types of human land 
uses in Washington State (agriculture, urbanization, logging, and mining) and how they 
cause disturbances.  The different uses of the land by humans are divided into these four 
categories because most of the literature found discusses the disturbances and impacts of 
human activities in these terms.   

Each major land use is addressed in a separate section, as follows:  

Section 3.3, Disturbances Caused by Agriculture, discusses the changes in the physical 
structure of wetlands such as conversion to fields or pasture, changes in water regime 
such as changes to the amount and fluctuation of water, and the input of nutrients, salt, 
sediment and contaminants caused by agriculture.  

Section 3.4, Disturbances Caused by Urbanization, discusses the changes urbanization 
has made, causing a loss of wetlands as well as changes to the water regime in 
watersheds.  It describes how this land use has resulted in sedimentation, increase in 
nutrients, input of contaminants, and fragmentation of habitat. 
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Section 3.5, Disturbances Caused by Forest Practices, refers the reader, after a brief 
summary, to another synthesis that summarizes the literature on the disturbances created 
by logging. 

Section 3.6, Disturbances Caused by Mining, discusses the increased level of heavy 
metals and acidity in surface waters that results from mining. 

Section 3.7, Chapter Summary and Conclusions, ties together the major concepts 
presented in the chapter in a tabular form.  Also, the disturbances caused by each of the 
four land uses are summarized.  

3.1.2 Where to Find Summary Information and Conclusions 

Each major section of this chapter concludes with a brief summary of the major points 
resulting from the literature review on that topic in a bulleted list.  The reader is 
encouraged to remember that a review of the entire section preceding the summary is 
necessary for an in-depth understanding of the topic. 

For summaries of the information presented in this chapter, see the following sections: 

• Section 3.2.6 

• Section 3.3.11 

• Section 3.4.9 

As previously mentioned, Section 3.7 provides a summary and conclusions about the 
main themes synthesized from the literature and presented in this chapter. 

3.1.3 Sources and Gaps in Information 

There is abundant data on some of the topics related to wetlands and the effects of land 
uses on water quantity, water quality, and some habitat issues.  For example, the Puget 
Sound Wetlands and Stormwater Management Research Program was one important 
source of scientific information on how changes in land uses affect the physical, 
chemical, and biological factors that control wetland functions in the lowlands of Puget 
Sound.  The research program has published numerous articles in scientific journals and 
has summarized much of the information developed in a book by Azous and Horner 
(2001).  

In contrast, information on the effects of agricultural practices in the Pacific Northwest, 
especially in eastern Washington, is limited.  Most studies originate from the prairie 
pothole region of the United States, the high mountain West, or California.  The literature 
related to agriculture from outside the Pacific Northwest region has been included in this 
synthesis when it was judged to be relevant to Washington.  
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No scientific studies were found that examined the question of whether some wetlands in 
eastern Washington existed before the onset of irrigation projects.  Research has been 
conducted by Adamus on irrigated agricultural lands from the high basin country of 
Colorado (Adamus 1993), but may not be germane to eastern Washington because soils 
and the surface geology are different.  However, this study is included in the section on 
the influence of irrigation on wetlands because it discusses some of the issues that are 
relevant to the Columbia Basin. 

3.2 Introduction to Human-Caused Disturbances  
Human activities on the land increasingly represent a fundamental source of change in 
the global environment (Dale et al. 2000).  Alterations to land use and land cover can 
often change the environmental factors that control functions within a wetland.  
Modifications in the environment that cause changes in how ecosystems function are 
called disturbances.  Pickett and White (1985) define disturbance as “any relative 
discrete event in time that disrupts ecosystem, community, or population structure and 
changes resources, substrate availability, or the physical environment.”  

Disturbances to ecosystems are commonly viewed negatively as a disruption of 
equilibrium in an ecosystem.  A growing science based on non-equilibrium theory, 
however, indicates that disturbances are an essential ecological process.  They are 
necessary at some level of intensity and periodicity for the long-term maintenance of 
most, if not all, ecosystems (Averill et al. 2003).  Disturbance occurs as a continuum 
from frequent intervals of low intensity to infrequent occurrences of high intensity 
(Pickett and White 1985).  The average frequency of a given disturbance is inversely 
proportional to its intensity (Waldrop 1992).  Large, intense, disturbances are rare and 
small ones frequent.  Ecosystems have evolved in response to specific regimes of 
disturbances that have recurred over millions of years (Averill et al. 2003). 

The disturbances caused by humans, however, often differ from those that occur 
naturally.  They occur at different scales, different intensities, and different geographic 
locations (Dale et al. 2000).  As a result ecosystems tend to respond in unexpected ways 
to human activities and many functions that ecosystems provide change or are 
diminished.  Scientists sometimes use the term stressor to distinguish those disturbances 
that have a major impact on an ecosystem from those that maintain the usual structure 
and function of an ecosystem (see for example Adamus et al. 2001, Laursen et al. 2002).  
For the purposes of this discussion, however, only the term disturbance is used to 
simplify the discussion.  All the disturbances discussed herein are stressors considered to 
have major impacts on ecosystems, and they are not the ones that maintain the existing 
structure and functioning in an ecosystem.  
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3.2.1 The Link between Wetland Functions, Human Land 
Uses, and Changes in Wetlands 

In terms of wetlands and their functions, a disturbance can be considered as a condition 
or event that changes one of the environmental factors that control wetland functions.  
For example, nutrients are a factor that controls wetland functions.  If nutrients from 
residential lawns flow to a depressional wetland that has limited nutrients, such as a bog, 
the excess nutrients can change the dominant plants in the bog and its habitat structure.  
In this case, the addition of nutrients that are in excess of those found in the absence of 
human activities is a disturbance on the functions of the wetland.  

This example illustrates how changes in land use can influence large-scale environmental 
processes, resulting in disturbances to the factors that control wetland functions.  It also 
illustrates how the topics discussed in Chapters 2, 3, and 4 of this volume are linked: 

• The movement of nutrients throughout a basin, as described in the example, is one 
of several environmental factors that control wetland functions.  These factors and 
the way in which they control wetland functions are the subject of Chapter 2. 

• The maintenance of residential lawns is an example of a human activity that may 
affect the movement of nutrients in a basin.  The application of excess nutrients 
(fertilizer) creates a disturbance when the nutrients flow from the lawn into a bog.  
This chapter (Chapter 3) describes how different kinds of human activities and 
uses of the land create environmental disturbances.   

• When the excess nutrients reach the bog, they cause a change in its plant 
community and its habitat structure because the plant communities are adapted to 
a low-nutrient, acidic environment.  Chapter 4 describes how disturbances caused 
by human land uses result in changes to wetland functions.   

Figure 3-1 reviews the connection between the factors that control wetland functions, 
human-caused disturbances, and the functions of wetlands. 
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Figure 3-1.  Diagram summarizing some major environmental factors that control functions 
of wetlands and how they interact with human-caused disturbances.   

The basic environmental conditions establish and determine the factors that control the 
functions of wetlands.  The controls can occur at both the landscape and site scales.  
Human activities cause disturbances that affect these controls in many different ways and 
thereby alter the performance of wetland functions.  The figure gives some examples of 
the disturbances.  This figure is the same as that in Chapter 2, Figure 2-3. 

3.2.2 Types of Disturbances Resulting from  
Human Land Uses 

Many different types of disturbances have been identified in the literature.  For the 
purposes of organizing the information in this chapter, the list developed by Adamus et 
al. (2001) and shown in Table 3-1 is used because it was developed specifically to 
address impacts to wetland functions.  Table 3-1 lists the types of disturbances that can 
impact wetlands and the scale at which the disturbances can occur.  Many disturbances 
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that result from human uses of the land can occur over large areas such as basins and sub-
basins (called the landscape scale), as well as in the wetland itself and in its immediate 
vicinity (called the site scale).   

Table 3-1.  Summary of human-caused disturbances and the scale at which they can 
occur.  

Disturbance  Scale of Disturbance 

Changing the physical structure within a wetland (e.g., filling, 
removing vegetation, tilling soils, compacting soils) 

Site  

Changing the amount and velocity of water (either increasing or 
decreasing) 

Landscape and site 

Changing the fluctuation of water levels (frequency, duration, 
amplitude, direction of flow) 

Landscape and site 

Changing the amount of sediment (increasing or decreasing the 
amount) 

Landscape and site 

Increasing the amount of nutrients Landscape and site 

Increasing the amount of toxic contaminants Landscape and site 

Changing the temperature Mostly site 

Changing the acidity (acidification) Landscape and site 

Increasing the concentration of salt (salinization) Mostly site 

Fragmentation (decreasing area of habitat and its spatial 
configuration) 

Landscape 

Other disturbances (noise, etc.) Landscape and site 

This table is a synthesis of the information presented by Adamus et al. (2001) and in the 
literature review done for this document. 

3.2.3 Disturbances to the Movement of Water at the 
Landscape Scale  

The movement and sources of water in the landscape are two critical factors controlling 
how wetlands function.  Many human land uses change the movement and sources of 
water, thereby creating a disturbance that affects the performance of functions in 
wetlands.  The following provides some background on how human activities result in 
disturbances to the movement and sources of water. 

The literature is quite clear that the frequency, timing, and duration of water in the 
landscape determine the presence of a wetland and the functions that it provides (see 
Chapter 2).  How water enters a wetland, how long it is present, and the depths to which 
it is impounded all influence the functions that a wetland can provide or perform (Brinson 
1993a, Mitsch and Gosselink 2000).   
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Surface and subsurface water flows through the landscape within “drainage systems.”  
These drainage systems are often called basins, sub-basins, watersheds, or river basins 
depending on the size of the area.  In this document, drainage systems are generally 
referred to using one of two terms: 

• Watershed - A geographic area of land bounded by topographic high points in 
which water drains to a common destination. 

• Contributing basin - The geographic area from which surface water drains to a 
particular wetland.   

Booth (1991) succinctly summarizes the concept of a drainage system as follows: 

Drainage systems consist of all of the elements of the landscape through which or 
over which water travels.  These elements include the soils and the vegetation that 
grows on it, the geologic materials underlying that soil, the stream channels that 
carry water on the surface, and the zones where water is held in the soil and 
moves beneath the surface.  Also included are any constructed elements, 
including pipes and culverts, cleared and compacted land surfaces, pavement and 
other impervious surfaces that are not able to absorb water at all. 

The movement and routing of water above and below the surface is the primary force in 
transporting nutrients, sediment, salts, and contaminants, and this in turn affects the 
functions provided by wetlands (Naiman et al. 1992).  Water moves (or carries) sediment, 
nutrients, and energy throughout a watershed (Naiman et al. 1992).  Changes in the 
amount of water, as well as in the frequency and fluctuations of water volumes, can alter 
how sediments, nutrients, and toxic contaminants come into a wetland.  Changes in the 
movement of water resulting from human activities at the scale of the landscape can 
therefore have severe impacts on wetland functions throughout a watershed.   

The following subsections provide background on how water moves in undisturbed 
landscapes as well as those that have been changed by human activities.  The purpose of 
this discussion is to provide a context for understanding how human activities and uses of 
the land create the disturbances discussed later in the chapter.   
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3.2.3.1 Movement of Water in Undisturbed Landscapes 

In undisturbed conditions, very little of the precipitation falling on the ground ends up in 
surface runoff, even in areas of high annual rainfall such as the Pacific Northwest.  Areas 
with natural vegetation provide high rates of interception, infiltration, and 
evapotranspiration (Ziemer and Lisle 1998).  The water either drips off leaves to the soil 
below; flows down the stems, leaves, and bark to the soil; or evaporates into the air, 
never reaching the ground.  

Water that infiltrates into permeable surfaces either moves downgradient as shallow 
groundwater, infiltrates into a deeper water table, or is taken up by plant roots and 
transpired back into the atmosphere.  Shallow groundwater flows downgradient through 
the pore spaces in the soils until it surfaces in a stream, wetland, or swale, sometimes in 
the form of a seep or spring.   

Terms used to describe water regimes:  hydrology vs. hydroperiod vs. hydrologic 

Hydrology and hydroperiod are often used interchangeably to mean how water moves.  
Hydrology, as defined by Webster, is “the scientific study of the properties, distribution, 
and effects of water in the atmosphere, on the earth’s surface, and in soil and rocks.”  
The term hydrology means the study of how water moves. 

Hydroperiod (not defined by Webster) is commonly used to refer more precisely to the 
periodicity of water; the timing (seasonal or otherwise) and duration of water’s presence 
or absence within a particular aquatic feature, such as a wetland.  It is “the seasonal 
occurrence of flooding and/or soil saturation, encompassing the depth, frequency, 
duration and seasonal pattern of inundation” (Azous et al. 2001).  Mitsch and Gosselink 
(2000) define hydroperiod as “the seasonal pattern of the water level of a wetland . . . a 
hydrologic signature of each wetland type.”  Hydroperiod, in this context, refers to 
seasonal changes in wetland water level conditions caused by regular annual changes in 
water availability.  This should be differentiated from the water level fluctuations driven 
by single or serial storm events. 

Hydrologic is an adjective derived from the word “hydrology.”  It refers to the 
properties, distribution, and effects of water.  Thus a term such as “hydrologic 
processes” refers to the environmental processes that involve the properties, 
distribution, and effects of water.  

In this document, “hydroperiod” is used to refer to the pattern of water movement in a 
particular wetland or type of wetland.  The term “hydrology” has been retained when 
direct quotes from sources use that term even if it has been misused.  “Hydrologic” is 
used when an adjective is needed to describe the patterns of water movement.  
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Precipitation falling onto naturally impervious surfaces (e.g., bedrock), however, flows 
along the surface.  Precipitation also flows along the surface if the soils become saturated 
and cannot hold any more water.   

3.2.3.2 Movement of Water in Disturbed Landscapes 

Human activities on the land change the movement of water across and through the 
landscape such that there are significant changes in runoff patterns and hydroperiods in a 
watershed (Booth 1991, Vought et al. 1995, Azous and Horner 2001).  Surface runoff, 
rather than infiltration, comes to dominate water flows, as shown conceptually in 
Figure 3-2.  The movement of water in a landscape can be altered by any of the following 
conditions:  

• Removal of vegetation 

• Compaction of soil (through grazing, earthwork, lawns, or playfields) 

• Reduction in size of soil particles or the spaces between particles (through tilling 
or grading) 

• Reduction in the organisms that aerate the soil 

• Placement of drain tiles, ditching, road cuts, utility lines 

• Construction of impervious surfaces 

• Construction of dams and reservoirs 

These conditions result from human land uses such as agricultural conversion, 
urbanization, and forest practices (Dunne and Leopold 1978, Booth 1991, Euliss and 
Mushet 1996).  The disturbances from specific land uses to the movement of water and 
its sources are described later in this chapter.  Information on the resulting impacts on 
wetland functions is synthesized in Chapter 4.   

Removing vegetation allows precipitation to reach the soil surface faster, and therefore 
soil saturation occurs more rapidly.  As soils become saturated, additional precipitation 
accumulates more rapidly on the surface and moves as sheet or surface flows.  When 
soils are compacted, the precipitation cannot enter the soils readily and surface water 
accumulates more rapidly.  Loss of permeability in the soil can persist even after 
compacted soils become vegetated as urban lawns, playfields, and in some agricultural 
conditions (Dunne and Leopold 1978).   
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Figure 3-2.  Changes in the proportion of groundwater, interflow, evapotranspiration, and 
surface runoff with different types of land cover in western Washington (Beyerlein 1999; 
reprinted with permission).   

Under any of these conditions, runoff essentially becomes surface flow.  Water flowing 
along the surface carries sediment and any other dissolved or adsorbed materials 
downgradient more rapidly than if the water is allowed to infiltrate in undisturbed soils 
(Ziemer and Lisle 1998).  Studies in the Puget Sound region found that peak flows 
increase during storms as a result of urban development, but that the annual mean flow 
decreases (Konrad 2000). 

In general, alteration of water flow in uplands results in a “shortening” of the path that 
water would naturally follow on its route through a watershed.  It reduces the residence 
time of water in the ground and in bodies of surface water, such as streams or wetlands, 
within the watershed.  On the other hand the construction of dams and weirs has resulted 
in the retention of water and a reduction in water velocity once the water reaches a stream 
or river.   

Changing the water flow in uplands also results in increased rates and volumes of 
stormwater and changes the timing of stormwater entering aquatic systems.  This can 
have numerous effects on aquatic systems as described in Section 3.4.2 on the effects of 
urbanization.  For example, these changes circumvent or reduce: 

• The removal of nutrients, pathogens, and toxics in the soil  

• The filtering of sediment from surface flows through vegetated buffers and 
wetlands 

• The reduction of downstream peak flows 
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3.2.3.3 The Role Of Impervious Surface In Changing Water 
Regimes 

According to research throughout the country and in the Pacific Northwest described 
below, the degree of alteration in hydrologic processes and the subsequent impacts to 
aquatic habitats (including wetlands) is governed by the percent of impervious area and 
the percent of forested cover within a watershed.  When soil is covered with impervious 
surfaces there is no opportunity for infiltration.  All precipitation that falls on an 
impervious surface becomes surface water which flows downgradient.   

Research in western Washington generally indicates that increases in the amount of 
impervious cover within a watershed can result in significant impacts to the habitat 
structure and function of freshwater aquatic systems (Azous and Horner 2001).  Reinelt 
and Taylor (2001) discovered that 20% impervious cover in upstream development 
increased the peak and volume of stormwater runoff to the point that it began to dominate 
the hydroperiod of downstream wetlands.  However, some scientists have concluded that 
trying to identify a specific threshold may not be accurate.  As stated by Dr. Richard 
Horner “We are thoroughly convinced that there is no threshold; deterioration begins 
immediately and progresses at a rapid rate as soon as any amount of urban development 
begins” (Horner, University of Washington, personal communication 2004). 

Defining and assessing impervious surface 

The term impervious surface as used in the literature and in this document means more 
than just a hard impermeable surface such as an asphalt parking lot.  There are many 
actions humans take that reduce the permeability of soils, and these are included in the 
calculations of “percent impermeable surface.”  For example, compacted soils found in 
lawns and landscaped areas function just as impervious surfaces do during storm events 
(May 1996). 

Total impervious area (TIA) is sometimes challenging to assess without high-resolution 
aerial photographs and accurate GIS mapping capabilities (especially in watersheds with 
extensive forested coverage).  Reinartz and Warne (1993) found that using road density 
as an indicator of basin impervious area resulted in findings nearly identical to those 
resulting from estimation of imperviousness from aerial photographs. 

Reinelt and Taylor (2001) concluded that removing as little as 3.5% of the forested cover 
in a rural, low-density residential area resulted in changes in the pattern of water 
movement in the basin.  Looking at percent forested cover in the Puget Sound Basin; 
Booth et al. (2002) have determined that natural hydrologic processes are maintained if 
65% of a watershed remains in a forested condition.  Because each watershed has 
different physical, chemical, and biological characteristics and patterns of impervious 
cover, the threshold at which aquatic resources experience significant effects will vary.   

Table 3-2 summarizes additional findings on the effects of impervious cover on various 
biological characteristics of aquatic resources.  As noted previously, specific impacts to 
wetland functions are described in Chapter 4. 
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Table 3-2.  Summary of findings on the impacts of impervious cover. 

Reference Impacts to: Key Finding 

Booth (1991) Fish habitat; channel 
stability  

Channel stability and fish habitat quality 
declined rapidly with over 10% 
impervious cover 

Taylor (1993) Wetland plants and 
amphibians  

Mean annual water level fluctuations are 
inversely correlated to density of plants 
and amphibians.  Sharp declines occur 
when impervious cover exceeds 10% 

Steedman (1988) 

 

Invertebrates  Negative correlation between biologic 
integrity and increasing development at 
209 streams.  Degradation started at 10% 
impervious cover  

3.2.3.4 The Role Of Dams In Changing Water Regimes 

The construction and operation of dams affects the movement of water across large areas 
of the landscape.  Regardless of their purpose, all dams trap particles to some degree and 
most alter the flood peaks and seasonal distribution of flows (Kondolf 1997).  Dams 
disrupt the continuity of processes that occur at the landscape scale.  Areas where water 
flowed fast may now have slow water movement and vice-versa (Kondolf 1997).  In 
cases where water is transferred for irrigation or other purposes the reductions in 
discharge may greatly influence the hydrophysical conditions in the floodplain (Fjellheim 
and Raddum 1996).   

There are four major aspects of changes to water regimes that result from the construction 
of dams (Bunn and Arthington 2002).  These are: 

• Reduction of the variability in flows 

• Loss of some seasonal fluctuation in the wet/dry cycle 

• Erratic daily patterns in the flow below hydroelectric dams 

• Conversion of river and floodplain water regime (and habitat) to a lake water 
regime 

Thus dams can change the water regime in a riverine and floodplain system to one that 
was not there previously, nor that could have been easily created by non-human factors.  

For example, there are 211 major dams in the Columbia River Basin, 34 of which are on 
the main stems of the Columbia and Snake Rivers.  The water levels in the reservoirs 
behind the dams operated by the Army Corps of Engineers rise and fall on a schedule 
unrelated to natural fluctuations.  Levels in reservoirs may drop suddenly on a daily basis.  
The 211 dams also significantly reduce and slow the movement of water (Northwest 
Environmental Advocates, http://www.advocates-nwea.org/programs/U.html, accessed 
October 7, 2004). 
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3.2.4 Disturbances to the Quality of Water  
at the Landscape Scale  

Two principal mechanisms have been documented to describe how land uses in a 
watershed change water quality in that watershed: 

• Changes in hydroperiod increase erosion and sedimentation (Booth 1991, Booth 
and Reinelt 1993, Horner et al. 1996) 

• Human uses of the land generate pollutants that are then transported into aquatic 
systems (Reinelt and Horner 1995)   

Larger volumes of water, moving at faster rates, scour channels and cause rills in 
unvegetated soils.  Moving water picks up and transports sediment and the pollutants 
associated with sediment particles.  In addition, research shows that water flowing across 
the ground surface tends to pick up and convey dissolved nutrients and toxics directly 
into receiving waters (Young et al. 1980, Emmett et al. 1994, Gilliam 1994, Brenner 
1995, Reinelt and Horner 1995, Vought et al. 1995, Crosbie and Chow 1999, Sheridan et 
al. 1999, Azous and Horner 2001).   

Pollution conveyed by surface runoff (called non-point-source pollution by the U.S. 
Environmental Protection Agency) has been identified as the dominant source of 
pollutants in surface water.  Non-point-source pollution is not discharged from the “end 
of a pipe” such as a large factory.  Instead it is caused by sediment, metals, excess 
nutrients, and bacteria from a variety of dispersed sources (Reinelt and Horner 1995) 
such as stormwater, contaminated runoff from urban settings, agricultural runoff, and 
construction runoff (Baker 1992).  These pollutants can have numerous impacts on 
wetlands and their functions as described in Chapter 4. 

3.2.5 Disturbances to Habitats at the Landscape Scale 
(Fragmentation) 

Human activities within a landscape often break up environment into small patches of 
habitat that are separated by roads, buildings, or tilled fields.  The breaking up of the 
environment into habitat “patches” separated by areas altered by human land uses is a 
disturbance that is called fragmentation.  Habitat fragmentation consists of both the 
reduction in the area of the original habitat and a change in spatial configuration of what 
remains (Haila 2002).   

Suburban and urban development, farmlands, roads, railroads, powerline corridors, and 
other land uses cause various kinds and degrees of fragmentation (Heinz Center for 
Science 2002).  These are discussed in more detail in subsequent sections of this chapter.  
In addition, human activity can create landscapes that are less varied than the landscapes 
historically present.  Particularly in the West, natural fires create a patchy landscape, 
where forest and grasslands are intermingled in a mosaic.  Fire suppression and the large 
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fires that result after long periods of suppression can create broad expanses of very 
similar vegetation (Heinz Center for Science 2002).  

All environments, with or without human activities, are fragmented to some degree and 
are subjected to continuous change due to “natural” causes.  As a result, no 
straightforward standard is available for assessing human-caused fragmentation. 
Furthermore, different ecosystems and the species they support experience the effects of 
fragmentation in variable, even contradictory ways (Haila 2002).  For example, the 
breaking up of a certain habitat into patches may increase the populations of certain 
species by keeping predators from moving between patches.  Such patches, however, will 
reduce the populations of predators because their access to prey will be reduced (Fahrig 
2003).  

The effect of human-caused fragmentation needs to be considered at different spatial and 
temporal scales, and the relevant scales will vary across species, geographic regions, and 
types of environment (Haila 2002).  The types of fragmentation caused by the major land 
uses is described in this chapter, and the impacts of fragmentation on the functions of 
wetlands are described in Chapter 4.  

3.2.6 Summary of Key Points 

• Many human land uses change the movement and sources of water in a 
watershed, thereby creating a disturbance that affects the performance of 
functions in wetlands.  

• In general, alteration of water flow by human uses of the land results in a 
“shortening” of the path that water would follow on its route through a watershed.  
It reduces the residence time of water in the ground and in the bodies of surface 
water, such as streams or wetlands, within a watershed. 

• Changes in the amount of water and the frequency and fluctuations in water 
volumes can also change how sediments, nutrients, and toxic contaminants come 
into a wetland.   

• Research in western Washington generally indicates that increases in the amount 
of impervious cover within a watershed can result in significant impacts to the 
habitat structure and function of freshwater aquatic systems.   

• Two principal mechanisms have been documented to describe how land uses in a 
watershed change the water quality in that watershed:  (1) land uses increase 
erosion and sedimentation, and (2) human uses of the land generate pollutants that 
are then transported into aquatic systems.   

• Human activities within a watershed often break up the nevis and habitats into 
small patches and this disturbance is called fragmentation. 
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3.3 Disturbances Caused by Agriculture 
This section describes the types and severity of disturbances that can be caused by 
agricultural practices.  As mentioned previously, these disturbances can, in turn, affect 
factors that control wetland functions and are discussed in Chapter 4.  

Wetlands have historically been some of the first places on the landscape that were used 
for agriculture.  In western Washington, sites with flat topography suitable for agriculture 
were often located in river or stream floodplains.  Many areas of these floodplains were 
wetlands with high water tables that persisted late into the growing season.  Most early 
descriptions of Northwest rivers tell of valleys so wet that trails followed ‘the borders of 
mountains’ (Sedell and Luchessa 1982).  Much of the flooding was a result of beaver 
activity that modified the flood plain and created areas where sediments could 
accumulate.  Because the bottom land had accumulated fine silts and organic matter of 
alluvial origin, the land was fertile and drained early in the development of Oregon and 
Washington (Sedell and Luchessa 1982). 

Agricultural practices play a significant role in influencing water movement in many 
regions of Washington.  However, much of the research on wetlands in Washington over 
the last 10 years has been on the effects of urbanization.  Although some of the 
consequences and effects of agriculture and urbanization may be the same or similar, 
others may be quite different.  For example, agricultural practices in some parts of the 
state such as the Columbia Basin may have resulted in the creation of wetlands, or the 
expansion of pre-existing wetlands through the introduction of water from irrigation 
(Foster et al. 1984).   

Cranberry growing operations in Washington are a type of agricultural land use that 
affects wetlands.  However, cranberry production is limited to very small areas along the 
southern Washington coast in Pacific and Grays Harbor counties.  The types of impacts 
that occur from conversion of wetlands to cranberry production are very different from 
other types of agricultural impacts.  Due to the limited area affected, and time and 
funding limitations, this synthesis does not attempt to address the effects of cranberry 
production on wetlands in the state.   

3.3.1 Loss of Wetlands and Changes to the Physical 
Structure of Wetlands from Agricultural Practices 

Agriculture disturbs the physical structure of wetlands directly through conversion of the 
wetland to fields or pasture that often leads to the elimination of wetlands themselves.  
Conversion activities include filling or tilling, draining through tiles or channels, or 
removing the wetland vegetation and planting upland vegetation or crops.  For example, 
tilling the soil within a wetland will disturb its soil structure (Nowak 1980, Hayes 1995).  
Livestock grazing in riparian wetlands also has well documented effects on the structure 
of plants and soils in wetlands as described below.  Another example of disturbing the 
physical structure of riparian wetlands is the building of dams for irrigation since water 
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flow is a major determinant of the physical habitat in aquatic systems (Bunn and 
Arthington 2002).  The disturbances created by dams are discussed in Section 3.2.3.4. 

In studying riparian wetlands, Chappell et al. (2001) concluded that wetland loss in 
western Washington has been caused primarily by conversion to land development and 
agriculture.  Although Chappell et al. (2001) do not estimate the loss that can be 
attributed to the different types of land uses, Bell (2002) found that 40% of the losses to 
peat wetlands in King County between 1958 and 2000 could be attributed to agriculture. 

A recent study in the Willamette Valley (an urbanizing area similar to the Puget Sound 
Area) found that wetlands continue to be lost due to agriculture.  Approximately 2.1% of 
the wetland area (3,800 hectare) was lost, and of this 70% was associated with 
agriculture, 6% to urbanization, and 24% to other causes (Bernert et al. 1999).  

Outside of Washington, tremendous loss of wetland acreage has been attributed to 
agricultural filling, draining, and ditching in the prairie pothole regions of North America 
(Tiner 1984, Turner et al. 1987, Bardecki 1988).  Researchers in Canada estimated 73% 
to 95% of the original wetlands in the area studied had been lost to agricultural 
conversion by the late 1960s (Snell as quoted in Bardecki 1988).  Their work in Canada 
parallels the findings of Tiner (1984) that up to 87% of wetland loss in the United States 
was related to agricultural practices.   

The literature on the effects of grazing on the physical structure of wetlands is focused 
primarily on riparian habitats, including riparian wetlands.  Only a few of the studies 
found on this topic are located in the Pacific Northwest.  However, much of the literature 
from the Midwest and even some from Australia may also be relevant because the types 
of disturbances caused by grazing are not geographically isolated.  Many of the studies 
focused on riparian areas without differentiating between riparian upland and riparian 
wetland areas.   

In summary, the effects of grazing in riparian areas include (Armour et al.1991, Busby 
1979): 

• Loss of the structure provided by vegetation 

• Trampling and related sloughing and erosion of streambanks 

• Shallower and wider streams 

The effects of grazing on riparian vegetation vary significantly depending on the 
frequency and intensity of grazing (Clary 1995, Clary et al. 1996, Jansen and Robertson 
2001).  Soil compaction and a reduction in ground-cover vegetation lead to erosion and 
greater volumes of runoff from the compacted areas.  Also, as native plant species are 
trampled and grazed and shading is reduced, there is more opportunity for establishment 
of species that can tolerate disturbance (see Chapter 4). 
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3.3.2 Increased Amounts of Water in Wetlands Resulting 
from Agricultural Practices 

Water availability was a limiting factor for agricultural practices in the areas of low 
rainfall until the U.S. Bureau of Reclamation began intensive damming and irrigation 
projects in the early 1900s (Lemly 1994).  Since then, irrigation practices have been 
influencing the presence of wetlands and their functions in areas in the rain shadow of the 
Olympic Mountains and the arid parts of eastern Washington.  Most of the scientific 
literature concerns western states such as Colorado and Wyoming as well as Washington 
east of the Cascade Mountains.  No information was found regarding the disturbances 
caused by irrigation practices on the Olympic Peninsula.   

Irrigation can increase the amount of water at or near the surface (Adamus 1993).  This 
may result in the creation and maintenance of wetlands in locations where they did not 
previously exist.  New wetland areas have formed because of the sustained higher water 
table from seepage out of irrigation reservoirs, irrigation channels, and irrigation runoff.  
Leakage from irrigation channels and ditches often allows the formation of wetlands 
along channel margins or immediately downslope of ditches.  Excess irrigation water 
applied to fields that exceeds the capacity of the soils to absorb water (“tailwater”) may 
also form wetlands in low-lying areas that collect excess runoff.  Tailwater also includes 
the spillage that occurs during operation of the irrigation system (Adamus 1993).  For 
example, the Potholes Reservoir area within the Columbia Basin Irrigation Project 
contains wetland complexes that exist because of high groundwater caused by the high 
water levels in the reservoir (Tabor, Washington State Department of Fish and Wildlife, 
personal communication 1998). 

Studies in Wyoming by Peck and Lovvorn (2001) support the idea that irrigation can be 
significant in creating and supporting wetlands and the biotic communities that depend 
upon them.  The authors noted that 65% of inflows into wetlands in the Laramie Basin 
were derived from irrigation waters.  They reached this conclusion by studying the loss of 
wetlands when irrigation practices were made more efficient (this is discussed further in 
Section 3.3.3).   

In some instances, pre-existing wetlands experience deeper water for longer durations in 
the summer due to runoff from irrigation.  Wetlands in the Potholes Reservoir that may 
have been seasonally inundated have become permanently inundated because of 
irrigation (Creighton et al. 1997).  

In Colorado, Adamus (1993) differentiated between types of irrigation-related wetlands 
during a study of bird use of wetlands associated with irrigation waters.  His work is cited 
here for relevant insights into the complexities of wetlands associated with irrigation.   
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However, due to physiographic and climatic differences between the Colorado Plateau 
and Washington, not all of his findings may be directly relevant to irrigated agricultural 
lands of the state.  He identified the following types of irrigation-related wetlands: 

• Irrigated wetlands are those that are created on farmed lands as the result of the 
duration and frequency of inundation from irrigation waters.  The wetlands are 
most often created on the farmed lands within the actual zone of irrigation. 

• Enhanced wetlands are those that are enlarged or their hydrologic regime 
extended (i.e., longer inundation or saturation) as the result of runoff from 
irrigation waters. 

• Induced wetlands are those that develop as a result of irrigation runoff (from the 
farmed lands) where wetlands did not exist previously.  These wetlands may or 
may not be located on the lands that are irrigated, but the source of the runoff 
water that creates these wetlands is excess runoff from irrigated fields. 

Adamus (1993) also noted: 

However, even after visiting a site it is difficult to determine conclusively 
the primary source of water that sustains a wetland.  Irrigated wetlands, 
as considered by this project, can range from wetlands that are completely 
supported by irrigation runoff at all seasons, to wetlands that exist 
naturally but for which any measurable amount of their water originates 
from irrigation, however indirectly (e.g., through seepage or raised water 
tables).   …determining whether the primary water source of a wetlands is 
irrigation-related in many cases requires considerable judgment, and no 
highly replicable approach exists that is applicable to all situations.   

Adamus (1993) determined that the following are not adequate criteria to distinguish the 
water source and, therefore, whether the major source of water to a wetland is irrigation:   

• Seed species richness.  Wetlands that are the result of irrigation water and are 
more than a few decades old are difficult to distinguish from pre-existing 
wetlands based on the species richness of the seed bank.  

• Organic content of soils.  Organic material is not an appropriate indicator of 
water origin.  Organic detritus likely accumulates at different rates based on a 
variety of influencing factors.  Much of the organic detritus appears to mineralize 
by the end of the growing season.   

• Presence of large willows and black cottonwoods.  A lack of large mature 
stands of black cottonwood and willows is also not an indicator of pre-existing vs. 
irrigated systems.  Cottonwood stands may have been harvested or may never 
have become established.  Anecdotal information concludes that cottonwood 
regeneration may not occur as frequently in irrigated wetlands due to overgrazing 
and the effects of flood management. 
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In the Wyoming setting studied by Peck and Lovvorn (2001), salinity of groundwater was 
also a factor in wetlands receiving shallow groundwater inputs from irrigated fields.  
Vegetation and biotic communities in the wetlands were correlated to both the water 
availability and the relative salinity of waters reaching wetlands.  In summary, 
“…different irrigation practices have contrasting effects on a range of wetland types.  
These effects will change seasonally to impact different organisms with varying life 
histories, flooding requirements, and salinity tolerances” (Peck and Lovvorn 2001).  The 
effects of changes in salinity are discussed in Section 3.3.8. 

3.3.3 Decreased Amounts of Water in Wetlands Resulting 
from Agricultural Practices 

Creighton et al. (1997) note that extensive areas of the landscape in the Columbia River 
Basin of eastern Washington have been altered by irrigation and the building of dams.  
One result of irrigation projects, they note, was “a sharp reduction in the amount of water 
available to native wetlands.”  In some instances sources of fresh water for wetlands, not 
resulting from irrigation, were diverted for agricultural uses and less water reached the 
wetlands.   

In Wyoming, Peck and Lovvorn (2001) investigated the potential consequences of 
increasing efficiency in irrigation practices by lining ditches and using sprinkler systems 
(rather than flooding the fields).  The authors noted that 65% of inflows into wetlands in 
the Laramie Basin were derived from irrigation waters.  Therefore, with increased 
efficiency of water used for irrigation, the presence of wetlands in irrigated arid lands 
could decline.  (The Wyoming data may be relevant to eastern Washington although the 
underlying geology and irrigation practices may not be identical.)   

In California, the drought of 1985 through 1992 resulted in implementation of greater 
water conservation measures and therefore a decrease in the production of irrigation 
tailwater.  There was a subsequent decrease in the volume of water reaching wetlands 
(Creighton et al. 1997). 

Lower water levels in a wetland can also result from the direct ditching and draining for 
agricultural purposes.  In this case the water entering the wetland is not reduced, rather it 
is shunted through the wetland and the storage capacity of the wetland is diminished.  
The ditching may be so effective that the area becomes upland.  If, however, the draining 
is only partial the wetland may remain, but with lower water levels and probably a 
reduced area.  The literature review did not disclose any information on how many 
wetlands in Washington may be impacted in this way. 

3.3.4 Increased Fluctuations of Water Levels in Wetlands 
Resulting from Agriculture  

The findings of Euliss and Mushet (1999) in North Dakota on the effects of agriculture 
on water level fluctuations in wetlands are probably significant for wetlands in the arid 
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grasslands of the Columbia Basin.  These areas have similarities in precipitation and 
geologic patterns.  These authors found that the hydroperiods for temporary, seasonal, 
and semi-permanent wetlands were all significantly affected by agricultural practices 
within the wetland’s contributing basin.  There was a three-fold increase in water level 
fluctuations of wetlands within tilled agricultural landscapes (average 5.5 inches [14 cm] 
fluctuation) compared to those surrounded by natural grasslands (average 1.6 inches [4 
cm] fluctuation).  The authors concluded, “Tillage reduces the natural capacity of 
catchments to mitigate surface flow into wetland basins during precipitation events, 
resulting in greater water level fluctuations in wetlands with tilled catchments.” 

3.3.5 Increased Input of Sediment Resulting from 
Agriculture 

Tillage and grazing adjacent to a wetland or in a watershed can disrupt the soil, creating a 
source of sediment for surface runoff to transport downstream into wetlands and other 
aquatic systems.  In addition, ditching wetlands in agricultural areas increases the rate of 
water movement by removing or reducing vegetation that acts to decrease the velocity of 
water.  Unvegetated channels and ditches may be the source of sediment through 
increased erosion within the ditch (Brown 1988).   

Baker (1992) compared sediments in agricultural runoff to those of wastewater plant 
effluent.  He found that agricultural runoff can have suspended solids in the range of 100 
to 1,000 milligrams per liter (mg/l), compared to less than 30 mg/l for wastewater that 
had received secondary treatment.  Baker (1992) also found that non-point-source 
pollution from agricultural lands is driven by storms.  It is therefore highly variable in 
extent and timing.  He noted that in agricultural settings large storms can increase the 
sediment load by two to three orders of magnitude in a year, while the loads in 
wastewater discharge remain relatively consistent. 

Wind-borne sediments that are eroded from tilled fields also generate high sediment loads 
to wetlands and streams in eastern Washington.  The U.S. Department of Agriculture 
estimates that about half of the total farmland in Washington lost more than 2 tons of soil 
per acre per year through the action of wind in 1997.  About 10% of the total farmland 
lost more than 10 tons per acre per year (Natural Resources Conservation Service 1997).  
By adding up the estimates of erosion rates and area that is farmland, it can be estimated 
that in 1997 about 15 million tons of topsoil were lost through wind erosion from fields in 
the state. 

Sediment will eventually be transported into rivers and streams or deposited in wetlands. 
Wetlands found in depressions are often the low points in a landscape and will receive 
sediments that fall in the surrounding areas.  The field teams that are calibrating both the 
methods for assessing wetland functions and the Washington State Wetland Rating 
System have observed wind-blown sediments in many wetlands of eastern Washington 
that were several inches deep.   
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3.3.6 Increased Input of Nutrients Resulting from 
Agriculture 

In the United States the export of phosphorus and nitrogen from agricultural land can be 
three times higher for phosphorus and 12 times higher for nitrogen than from forested 
lands (Omernik 1977).  Many of these nutrients are transported to wetlands, streams, 
rivers, and lakes because they are washed out of fields or infiltrate into groundwater.  In 
Washington State, Williamson et al. (1998) found elevated levels of nutrients in the 
groundwater below irrigated fields on the Columbia Plateau.  Their assumption is that the 
source of these nutrients is their application to fields above the groundwater.  

The changes in the input of nutrients as a result of agriculture are illustrated by a study in 
Estonia in eastern Europe that documented what happened when agricultural fertilizers 
were no longer placed on agricultural lands.  There was a four-fold to 20-fold decrease in 
pollutants associated with agricultural runoff after the collapse of agricultural collectives 
and the subsequent decline in the application of commercial fertilizers and manure 
(Mander et al. 2000).  Based on 10 years of data (1987 through 1997), the researchers 
determined that total nitrogen, total phosphorus, biochemical oxygen demand (BOD), and 
sulfate all declined significantly with the demise of agricultural practices in the 
contributing watersheds.  Forested portions of the watersheds upstream of the agricultural 
lands did not experience measurable changes in water quality parameters, eliminating the 
possibility that climatic change was the cause.   

3.3.7 Increased Input of Toxic Contaminants Resulting from 
Agriculture 

Several authors have identified agriculture across the country as one of the primary 
causes of non-point-source pollution in aquatic systems (Brenner 1995, Reinelt and 
Horner 1995, Thurston 1999).  Agricultural chemicals are used to control noxious weeds, 
insect pests, and damaging fungi and bacteria.   

Agricultural chemicals applied to fields enter downstream aquatic resources such as 
wetlands through three primary pathways (Neely and Baker 1985): 

• Adsorbed to sediment particles 

• Dissolved or suspended within surface flows 

• Dissolved within subsurface drainage 

Farming practices and the type of chemicals used determine how the pollutant is 
transported into wetlands.  For example, some herbicides applied to corn are water 
soluble.  Neely and Baker (1985) reported that water flowing across crop residue left 
after harvesting may wash off remnant herbicides.  The concentration of such an 
herbicide in wetlands downgradient of a corn field may increase as a result.  Similarly, 
Donald et al. (1999) documented that wetlands in the Canadian, prairie-pothole region 
receive high levels of pesticides when pesticides are applied to fields prior to significant 
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rains (precipitation totaling more than 2 inches [50 mm] after application).  Another 
study, in California’s Central Valley, found that surface water runoff from irrigated fields 
could have elevated levels of pesticides and herbicides if there had been aerial application 
of the chemicals or a recent land-based application (Lemly 1994).   

Subsurface drainage may also contain pollutants at low levels.  Lemly (1994) reported 
that subsurface waters from irrigated fields had low levels of herbicides or pesticides.  
These substances were removed from the water column through adsorption as the water 
filtered through the soils before draining into the subsurface collection system.  
Williamson et al. (1998) found elevated levels of pesticides in the groundwater below 
irrigated fields on the Columbia Plateau. 

3.3.8 Increased Levels of Salt Resulting from Agriculture 

Agricultural practices in irrigated areas can increase the salt content of water in a 
watershed or in areas immediately adjacent to a field.  This means that wetlands receiving 
water from irrigated areas may also be subject to higher salt concentrations.  

The soils in dry areas have developed in an environment of limited rainfall and 
significant periods of drying.  In these areas the rate of evapotranspiration is higher than 
rainfall, and this draws water from below the ground’s surface and causes many soluble 
minerals to accumulate in the upper soil horizons (Caltech 2003). 

Soluble salts in irrigation water will be deposited in soils near the root zones of plants 
because much of the water in arid regions is lost by evaporation rather than downward 
transport.  This salinization occurs with nearly any type of irrigation.  Even if the 
irrigation water is only slightly saline, repeated cycles of evaporation lead to build-up of 
toxic salt levels in the soil (Caltech 2003).  Thus, irrigation return waters are often high in 
salt content (Adamus et al. 2001) and this may impact wetlands that receive runoff from 
irrigation.   

3.3.9 Fragmentation of Habitat Resulting from Agriculture 

No information specific to fragmentation, the disruption of the connections between 
wetlands and between wetlands or other habitats, resulting from agricultural activities 
was found in the literature.  It can be hypothesized, however, that such fragmentation has 
occurred because agricultural practices have fragmented habitats in general (Dale et al. 
2000, Fahrig 2003).  The direct loss of wetlands through conversion to uses such as 
agriculture increases fragmentation by removing “patches” of wetlands in the landscape.  
The conversion of wetlands to agricultural uses is discussed in the beginning of this 
section. 
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3.3.10 Other Disturbances Resulting from Agriculture 

Several other types of disturbances that have been attributed to agricultural activities: 

• Alteration of soils 

• Construction of roads  

• Noise 

• Invasion by exotic plant and animal species  

These disturbances are not discussed in detail in this chapter because little information 
was found describing how agricultural practices create these disturbances.  The impacts 
of these disturbances, however, have been documented and are summarized in Chapter 4.   

3.3.11 Summary of Key Points 

• Agriculture may affect wetlands directly through conversion of the wetland to 
fields or pasture.  This is often done by direct filling or tilling, by draining 
through tiles or channels, or by removing the wetland vegetation and planting 
upland vegetation.   

• Livestock grazing in streams and riparian wetlands also has documented effects 
on the physical structure of wetlands.   

• Irrigation can result in the creation and maintenance of wetlands in locations 
where they did not previously exist.  This is a controversial regulatory issue in 
areas of the state that are irrigated.   

• Conversely, agriculture can reduce the amount of water available to wetlands by 
either diverting water that would otherwise reach pre-existing wetlands, or 
imposing more efficient irrigation practices that reduce the amount of leakage 
reaching irrigation-related wetlands. 

• Wetlands in tilled areas may experience greater water level fluctuations. 

• Disruption of the soil through tilling and grazing can create a source of sediment 
than can be transported further downgradient.  Sediments may also be carried by 
winds from tilled fields. 

• Agricultural areas can have an increased load of nutrients and pesticides in 
surface runoff and groundwater. 

• Agricultural practices in irrigated areas can lead to accumulation of salts in the 
upper soil horizons.  Irrigation may leach out the accumulated salts. 

• Fragmentation of wildlife habitat is a secondary consequence of loss of wetlands 
through agricultural practices.  Clearing land for farming removes natural cover 
and connections between habitats. 
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3.4 Disturbances Caused by Urbanization 
Urbanization creates disturbances that affect wetland functions, both at the scale of the 
watershed and within individual wetlands.  These disturbances impose a variety of 
changes that profoundly affect watershed processes and, therefore, the downgradient 
drainage system and the wetlands found there.  Changes include filling wetlands, clearing 
of vegetation, compaction of soil, modifications to water conveyance, alterations to 
riparian corridors, human intrusions, introduction of chemical contaminants, and 
increased areas of impervious surface.   

A summary report by the U.S. Environmental Protection Agency (1993) concludes that 
urbanization strongly affects water movement within a watershed by increasing rates of 
surface flow, reducing subsurface volumes, and reducing baseflow.  These pervasive, 
landscape-level changes commonly affect virtually all areas of an urban watershed 
(Dunne and Leopold 1978, Booth 1991, Booth and Reinelt 1993, Hollis and Thompson 
1998).

 

3.4.1 Loss of Wetlands Resulting from Urbanization  

Approximately 13% of the wetland losses in the United States can be attributed to 
urbanization, road building, and other types of conversion (Tiner 1984).  Kusler and 
Niering (1998) estimate that 85% of the wetlands in urban areas of the nation have been 
destroyed, and most of the remaining 15% are moderately to severely impaired in 
function.  Data specific to Washington are very limited.  One study (Bell 2002) found 
urban and residential development in King County accounted for 28% of the peat 
wetlands lost between 1958 and 2000.  

The information available suggests that this trend will likely continue.  It is estimated that 
more than 80% of the U.S. population will be living in urban areas by 2025, up from 74% 
in 1989 (Gerguson and Robinette 2001).  Increases in urban population are generally 
accompanied by increased development density and sprawl.  Wetlands in these areas are 
either converted to urban land uses or, if they are not directly disturbed, are degraded 
through a variety of causes as described in the following sections.  

Much of the scientific research on urbanization in the Pacific Northwest comes from 
the Puget Sound Wetlands and Stormwater Management Research Program initiated 
in 1986 in King County.  Published results include theses by Azous (1991), Chin 
(1996), Ludwa (1994), and Taylor (1993).  The book Wetlands and Urbanization: 
Implications for the Future, edited by Azous and Horner (2001), is a summary of the 
significant findings of the research.  More information about the research done is 
available on the web site for the Center for Water and Watershed Studies at the 
University of Washington http://depts.washington.edu/cuwrm/ . 



Wetlands in Washington State  Chapter 3 
Volume 1 – A Synthesis of the Science 3-25 March 2005 

3.4.2 Increased Amount of Water in Wetlands Resulting 
from Urbanization 

Urbanization is recognized as both increasing and decreasing the flows that reach 
downgradient aquatic systems such as wetlands.  Greater volumes of water are generated 
more quickly while smaller, long-duration flows that would occur under less developed 
conditions are reduced or perhaps eliminated.  Research has shown that collecting 
stormwater through modern storm drains, culverts, and catchments results in the rapid 
transport of large volumes of stormwater runoff into rivers, lakes, and wetlands at much 
faster rates and higher volumes than under predevelopment conditions (Dunne and 
Leopold 1978, Booth 1991, May 1996).  Although some of the research has focused on 
the effects of urbanization on streams, the findings on changes in flow volumes, rates, 
and frequency apply equally to wetlands that receive storm drainage.  Streams and 
wetlands are “intimately interconnected in the watersheds of western Washington” 
(Booth 1991).  

Research conducted in the Puget Sound lowlands has shown statistically significant 
correlations between the effects of urbanization in a watershed and the hydrologic regime 
in that watershed (Konrad and Booth 2002).  The amount of impervious surface within a 
contributing basin is a key influence on hydrologic patterns, and even small changes in 
watershed conditions have measurable influences on the flows and volumes of water in 
the system (Azous and Horner 2001).   

3.4.2.1 Increased Frequency of Erosive Flows 

One consequence of urbanization is an increase in the frequency of erosive flows within a 
watershed.  As reported by Booth (1991), several studies concluded the most common 
effect of urbanization was an up to five-fold increase in peak flow rates from a given 
storm event.  The largest relative increases in erosive flows were found for the smallest 
storm events.  This is very significant because small storm events are the most frequently 
occurring storms.  A small storm event is the two-year-event, a storm with a given 
volume of rain falling within a 24-hour period that has the statistical likelihood of 
occurring every two years (the statistics are based on over 40 years of measured rainfall).  
That means that small storm events have the greatest percent increase in flows over 
natural conditions, and frequent small storms have the greatest relative increase in erosive 
flows.  Contrary to what might be expected, it is these recurring small storms that have 
the greatest cumulative effect on erosion and sedimentation, not the large, less frequent 
storm events (Booth 1991).  

Thus, larger volumes of water enter channels and wetlands more rapidly after a given 
storm event in a basin where the removal of forests and the increase in impervious 
surfaces have altered hydrologic processes (Booth 1991).  After an area has been 
developed and the forest canopy removed, high rates of flow continue for a longer 
duration.  These flows may carry sediment and other pollutants into downgradient 
wetlands. 
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3.4.2.2 Increased Volume of Runoff and Longer  
Duration of Flows 

Booth and Reinelt (1993) notes that a basin with increased imperviousness will 
experience an increase in the magnitude of runoff volume from a given storm event.  The 
“typical” event occurs far more frequently.  For example, the peak flows created from a 
two-year storm event, after urbanization, will occur far more frequently than every two 
years.  Small storm events that did not create measurable peak discharges in forested 
conditions create measurable peak runoff flows in urbanized conditions, because the 
removal of the forest canopy makes the same size storm event result in far greater 
volumes of water reaching aquatic resources such as wetlands and streams.  Modeling 
based on detailed data from basin monitoring identified that larger flows with more 
erosive force may occur in urbanized basins with much greater frequency, for example 
increasing from once or twice per decade to several times per year.   

In urbanizing watersheds, stormwater ponds are designed to hold the excess volume of 
stormwater generated from the impervious surfaces.  The ponds are designed to release 
stormwater at the same rate as that modeled for the natural vegetated basin for a given 
storm in pre-existing conditions (Booth 1991).  However, in order for the ponds to 
discharge the increased volume of water at the same low rates, they must take more time, 
or cause an increased duration of flows.   

3.4.2.3 Consequences of Changes in Water Regime 

The consequences of the interplay between rates, volumes, and durations are complex.  
Research on the impacts of urbanization on stormwater and watershed processes indicates 
that urbanization results in several disturbances that can impact wetlands (Booth 1991, 
Azous and Horner 2001, Reinelt and Taylor 2001, Thom et al. 2001):  

• Increased erosion  

• Sediment movement and deposition  

• Burying of vegetation  

• Increased depths of inundation  

• Water level fluctuations  

• Downcutting of natural channels (which can remove riparian vegetation from the 
floodplain)  

• Changes in the seasonal extent and duration of saturation and inundation  

• Unstable substrates 

Urbanization can also cause a decrease in interflow (shallow, subsurface flow) and base 
flow from the urbanized watershed (U.S. Environmental Protection Agency 1993).  
Changes in the volume of interflow may influence the hydroperiod of downgradient 
wetlands if they are fed by that shallow subsurface flow.  
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Roads and parking lots are an important component of the impervious surface area in a 
watershed.  The City of Olympia in 1994 determined that transportation features (roads 
and parking lots) typically composed between 63% and 70% of total impervious area 
within suburban areas (Schueler and Holland 2000).  

3.4.3 Increased Fluctuations of Water Levels Resulting from 
Urbanization 

Reinelt and Taylor (2001) used water level fluctuation as the primary measure of wetland 
hydroperiod, stating:  “Water level fluctuation is perhaps the best single indicator of 
wetland hydrology, because it integrates nearly all hydrologic factors.”  They 
documented four factors in a depressional wetland and its watershed that have the 
strongest influence on water level fluctuations:  

• Forest cover in the watershed 

• Impervious cover in the watershed 

• Constriction of the wetland outlet 

• Ratio of wetland to watershed area  

Wetlands in basins with the highest degree of impervious area had the highest water level 
fluctuations.  Wetlands in basins with 90% or more forested land cover and less than 3% 
impervious area generally exhibited smaller ranges in water level fluctuations (Reinelt 
and Taylor 2001).  Further information on thresholds at which impervious surface 
influences aquatic resources is provided in Section 3.2.3.3. 

Wetland size is also important in determining the effects of urbanization on water level 
fluctuations.  Reinelt and Taylor (2001) observed that wetlands that were small in relation 
to their contributing watersheds had greater water level fluctuations and were dominated 
by surface inflow.  Wetlands that were larger in comparison to their contributing 
watersheds had smaller water level fluctuations and more groundwater influence.  
Wetlands with a constricted outlet (undersized culvert, beaver dam, or embankment) had 
a greater water level fluctuation than wetlands with less constricted outlets.  

Stormwater runoff from urbanization, as well as other land-use alterations, frequently 
causes several changes in how water levels fluctuate in wetlands.  All aspects of 
fluctuations in water levels are changed by urbanization: 

• The magnitude of the effect of storms is changed by causing a two-year event to 
act like a larger storm.  A larger volume of water reaches the wetland more often.  
Urbanization can also prevent infiltration through native soils into the shallow 
groundwater zone (Booth 1991, Azous and Horner 2001). 
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• The timing of water’s presence and duration is changed by the use of engineered 
stormwater systems.  Water is collected from impervious surfaces into stormwater 
ponds.  Infiltration into shallow groundwater is prevented.  The stormwater is 
discharged at given rates for longer durations into downstream receiving waters 
(Booth 1991, Azous and Horner 2001). 

• The frequency of runoff volumes from storm events increases.  The volume of 
runoff normally generated from small storm events is generated by smaller 
volumes of precipitation (Booth 1991, Azous and Horner 2001, Reinelt and 
Taylor 2001, Thom et al. 2001). 

• The duration of particular flows becomes extended as large volumes of 
stormwater are discharged at metered rates over longer periods of time (Booth 
1991, Thom et al. 2001). 

• The rate of change is increased through increasing the frequency and magnitude 
of water level fluctuations in urbanizing watersheds (Azous and Horner 2001, 
Reinelt and Taylor 2001, Thom et al. 2001).   

3.4.4 Increased Input of Sediment Resulting from 
Urbanization 

Researchers in the Puget Sound area have documented that urbanization increases erosion 
and this, in turn, increases the movement and deposition of sediment in depressional and 
riverine wetlands (Booth 1991, Azous and Horner 2001, Reinelt and Taylor 2001, Thom 
et al. 2001).   

Studies at the national level undertaken by the U.S. Environmental Protection Agency 
confirm that sediment in urban runoff is a problem nationwide (Tasker and Driver 1988).  
Sediments and solids constitute the largest volume of pollutant loads to receiving waters 
in urban areas (U.S. Environmental Protection Agency 2003).  

A major source of sediment in urban areas comes from construction when the surface of 
the soils is disturbed and exposed to erosive forces.  Runoff from construction sites is by 
far the largest source of sediment in urban areas under development (U.S. Environmental 
Protection Agency 1993). 

3.4.5 Increased Input of Nutrients Resulting from 
Urbanization 

Research on the impacts of urbanization in the Puget Sound area (Booth 1991, Azous and 
Horner 2001, Reinelt and Taylor 2001, Thom et al. 2001) has also documented that 
urbanization increases the amount of nitrogen entering aquatic systems including 
wetlands.  Studies at the national level undertaken by the U.S. Environmental Protection 
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Agency confirm that nitrogen in urban runoff is also a problem nationwide (Tasker and 
Driver 1988).  

Nutrients are introduced into runoff from a number of different sources that include 
nutrients bound to sediment from construction sites, fertilizers applied to lawns, and 
decomposing grass clippings and leaves left on impervious surfaces (Johnson and Juengst 
1997).  Nutrients are also increased in groundwater in areas where wastewater is treated 
by septic systems (Valiela et al. 1993).  More specifically, nutrients from septic systems 
have been correlated with an increase in nutrients in the groundwater that flows into lakes 
and their associated wetlands in urbanizing areas (Moore et al.  2003).  

In addition to the application of fertilizers in residential areas, nitrogen is introduced into 
aquatic systems and wetlands from the release of nitrogen compounds in car and truck 
engines and through the burning of wood and coal (Paerl and Whitall 1999).  The amount 
of nitrogen coming from the deposition of these air pollutants in the United States is 
about 20% of the total excess nitrogen derived from human activities (Prospero et al. 
1996).  In heavily urbanized areas such as the Eastern Seaboard, the total amount of 
nitrogen coming from combustion can be as high as 40% or more of the total input by all 
human activities (Valigura et al. 1996). 

3.4.6 Increased Input of Toxic Contaminants Resulting from 
Urbanization 

In addition to sediment and nutrients, urban land uses generate a wide range of pollutants 
that include the following (U.S. Environmental Protection Agency 1993): 

• Heavy metals (copper, lead, zinc)  

• Hydrocarbons 

• Organic matter that reduces oxygen  

• Pesticides 

Schueller and Holland (2000) cite a number of studies indicating that urban pollutant 
loads are directly related to the amount of impervious surface in the watershed.  
Impervious surfaces such as roads, parking lots, and storage yards are places where toxics 
from numerous sources collect.  Precipitation falling on the impervious surfaces washes 
the collected chemicals and particles into the storm drain system (Schueller and Holland 
2000).   

The runoff from many different types of land use in urban areas can be toxic to aquatic 
life.  Pitt et al. (1995) studied the relative toxicity of the runoff from different types of 
land uses in urban and suburban areas.  Parking areas, storage areas, and landscaped areas 
(lawns, gardens) had the highest toxicity with approximately 20% of the samples being 
highly toxic.  Over half of the samples of runoff from these urban land uses were 
moderately toxic. 
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Sriyaraj and Shutes (2001), working in London, documented that hard rains after 
extended dry periods result in the greatest concentrations of pollutants.  This is also 
known to occur in Washington, where the greatest concentration of pollutants in surface 
runoff is typically observed in the fall with the first rains following summer drought 
(Booth 1991).   

3.4.6.1 Heavy Metals and Hydrocarbons 

Most heavy metals in urban runoff are adsorbed to sediment particles, although copper 
and zinc can occur in dissolved forms (Canning as referenced in Newton 1989).  The 
sources of heavy metals are various including motor vehicle brake linings, tire particles 
on roadways, emissions from vehicles, and industrial sources.   

Sriyaraj and Shutes (2001) found that sediment from road runoff had high to moderate 
levels of heavy metals associated with it, and the metals were deposited within the 
sediments of the receiving wetland.  Heavy metals, such as lead, zinc, copper, and 
cadmium, are some of the pollutants that accumulate on roads during dry summers.  
These pollutants are particularly concentrated when they are washed off during intense 
storms following long dry periods (Sriyaraj and Shutes 2001).  Thurston (1999) found 
that lead and petroleum hydrocarbons were the most common pollutants attached to 
particles in an urban wetland receiving direct runoff from a municipal garage parking lot.  

Most of the adsorbed metals are buried in sediment deposits within wetland substrates, 
thereby becoming substantially “locked up” from further biological activity (Canning as 
referenced in Newton 1989) when covered by un-contaminated sediment.  Where 
contaminated sediments are constantly being discharged to wetlands (e.g., urban 
stormwater discharges), however, new contaminated sediments are constantly coming in.  
Thus, there is always contamination in the biologically active zone.   Also, if the pH of 
the incoming water changes some toxic metals may be released (see Section 2.6.1.4).  

3.4.6.2 Organic Matter  

Another contaminant present in runoff from urban areas is organic matter (examples 
listed below).  As this organic matter decomposes in the water, it uses up oxygen that is 
dissolved in the water (called dissolved oxygen or DO).  DO plays the same role as 
atmospheric oxygen in that it is critical for biological activity in aquatic communities.  
Oxygen is used by aquatic organisms.  It is also used by bacteria for the decay of organic 
matter.  This is called the biological oxygen demand (BOD) of the system.  In natural 
systems, BOD fluctuates as oxygen use and organic inputs vary both daily and 
seasonally.  The natural BOD of a system is thrown out of balance when there is 
excessive organic matter in the system.  An increased BOD results in a decreased 
availability of dissolved oxygen.   
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Contaminants in urban runoff that cause increases in BOD include: 

• Septic system effluent  

• Oil and grease  

• Organic matter such as dog and cat feces 

• Incidental sources from atmospheric fallout 

Direct urban runoff can create a demand for oxygen that is equal to or greater than that 
from sewage effluent.  BOD from urban runoff can have substantial cumulative effects 
(Canning as referenced in Newton 1989). 

3.4.6.3 Pesticides 

Pesticides in urban areas are used for residential and commercial landscaping.  According 
to studies conducted in the Puget Sound Basin, more types of pesticides were detected in 
urban streams than in agricultural streams (Bortleson and Davis 1997).  Furthermore, 
more pounds of pesticides were applied in urban areas than in agricultural areas (Tetra 
Tech 1988 as reported in Voss et al. 1999).  Voss et al. (1999) found 23 pesticides in 
urban streams in King County of which five exceeded the recommended maximum 
concentrations set by the National Academy of Science.  Although all these data were 
collected from streams it can be assumed that riverine wetlands that intersect these urban 
streams can be subject to these pesticides as well.  

3.4.7 Fragmentation of Habitat Resulting from Urbanization 

Urbanization causes fragmentation of habitat as new developments divide undisturbed 
areas (COST-Transport 2003).  Conversion of the land for urbanization has turned large, 
continuous patches of habitat into numerous small patches, which are isolated from each 
other and surrounded by land uses that are not hospitable to many native wildlife species 
(Aurambout 2003).  The fragmentation of habitat continues to increase as the human 
population grows (Dale et al. 2000).  Developed lands in the U.S. increased by 18% 
between 1990 and 2000 to total 4.4% of the area of the country (Dale et al. 2000).  

Wetlands, as part of an undisturbed landscape, are also subject to the fragmentation that 
results from urbanization.  Gibbs (2000) analyzed the distribution of wetlands along 
urban to rural gradients in New York State and in Maine and found statistically 
significant correlations between the density of human population and two measures of 
fragmentation – the average distance between wetlands and the percent of the landscape 
that was in wetlands.   
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3.4.8 Other Disturbances Resulting from Urbanization 

Several other types of disturbances have been attributed to human activities in urbanizing 
areas: 

• Alteration of soils 

• Construction of roads  

• Noise 

• Recreational access  

• Invasion by exotic plant and animal species, including household pets 

These disturbances are not discussed in detail in this chapter because little information in 
the literature was found quantifying how urbanization creates these disturbances.  The 
impacts of these disturbances on wetlands have been documented and are summarized in 
Chapter 4.   

3.4.9 Summary of Key Points 

• Increases in urban population are generally accompanied by increased 
development density and sprawl.  Wetlands in these areas may be converted to 
urban land uses or may be degraded through a variety of causes.   

• Urbanization results in modifications to water movement, alterations to riparian 
corridors, human intrusions, introduction of chemical contaminants, and increased 
areas of impervious surface.  These changes profoundly affect environmental 
processes in contributing basins and, therefore, the downgradient drainage 
systems.   

• Urbanization alters the movement of water into aquatic systems.  Consequences 
of increased amounts of water include an increased frequency of erosive flows, 
greater volume of runoff, and longer duration of high flows.   

• With urbanization comes increased transport of sediment, nutrients, metals, oil, 
pesticides, and other contaminants in surface runoff. 

• Fragmentation of habitat results as the total area of wetlands is reduced and the 
connections between wetlands and other habitats are eliminated. 

3.5 Disturbances Caused by Forest Practices 
In general, forest practices cause several types of disturbance that can impact the factors 
that control wetland functions and therefore affect the performance of those functions.  
These disturbances include (as reviewed in Cooke in press): 
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• Increased peak flows 

• Increased water level fluctuations 

• Increased nutrients 

• Increased sedimentation 

• Changes in soils 

• Invasion by exotic species 

The effects of forest practices have recently received much attention.  As a result, the 
scientific literature is being reviewed and synthesized by the Washington State 
Department of Natural Resources and is now in a draft form (Cooke in press).  Therefore, 
this review of the literature does not cover the disturbances that result from forest 
practices and their impact on wetland functions.   

3.6 Disturbances Caused by Mining  
Surface mining generates large quantities of unusable rock that is often left on the surface 
after it is extracted.  This exposes the rock (called spoils) to an oxidizing environment, 
resulting in a complex series of chemical reactions.  The minerals contained in the spoils 
are not in equilibrium with the oxidizing environment and almost immediately begin 
weathering and mineral transformations.   

The reactions are analogous to “geologic weathering” which takes place over extended 
periods of time (hundreds to thousands of years) but the rates of reaction are orders of 
magnitude greater than in “natural” weathering systems.  The accelerated reaction rates 
can release damaging quantities of acidity, metals, and other soluble components into the 
environment (U.S. Department of the Interior, Office of Surface Mining 2003). 

Thus, the two major disturbances created by surface mining are (Adamus et al. 2001): 

• An increase in the levels of heavy metals that are toxic to many organisms 

• An increase in the acidity of surface waters  

Another type of mining activity that occurs in the state is gravel mining in streams and 
floodplains.  We were unable to find any published information on the impacts of gravel 
mining on wetlands, and research into this question is only beginning at the national level 
by the U.S. Geological Survey (Spooner 2004).  As a result, we were unable to synthesize 
the information on the impacts of this activity. 

3.7 Chapter Summary and Conclusions 
The focus of Chapter 3 has been to describe how different land uses may change the 
environmental factors that control wetland functions.  A general conclusion that can be 
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made from the scientific literature is that disturbances of environmental factors can occur 
at several geographic scales.  Much of the early research focused on disturbances that 
occur at a single site or wetland.  More recent research has documented the significance 
of disturbances that occur at the much larger scale of a watershed (called the landscape 
scale).  The disturbances created by different land uses are summarized in Table 3-3 (at 
the end of this section) by the type of land use, the severity of the disturbance, and the 
scale at which the disturbance occurs.  This table represents a synthesis of the severity of 
impacts by the authors of this document based on the information in the literature.  

The effects of different land uses on the flow and fluctuations of water are well 
documented.  Changes in land uses and vegetation communities on the land, whether for 
agriculture or as a result of urbanization, alter the patterns of surface and shallow 
groundwater movement across a landscape.  Flows of water can be reduced or increased 
by different land uses as can the frequency and amplitude of water levels.  

Removal of vegetation and/or compaction of native soils through agricultural practices, 
creation of lawns or grazed pastures, or creation of impervious surfaces all have the same 
relative consequence:  increased volumes of water and rates of flows after a given storm 
event.  The threshold of roughly 10% imperviousness within a basin appears to be the 
point above which significant impacts begin to occur to aquatic resources based on 
research in the Puget Sound Basin.   

While the effects of urbanization on water movement have been extensively studied, 
agriculture can also influence the water regime of wetlands, leading to loss of wetlands in 
some areas and creation or maintenance of wetlands in other areas where wetlands did 
not originally exist, such as areas influenced by irrigation. 

Human activities also increase sediment and other pollutants in runoff.  In agricultural 
areas, pesticides and fertilizers can contribute to contamination of surface waters.  In 
urban areas, stormwater runoff frequently contains sediment, organic matter, phosphorus, 
metals, and other pollutants.  Pollutants often adhere to sediment particles that enter 
wetlands.  Mining increases the acidity of surface waters as well as adding toxic heavy 
metals.  Logging increases sediments in a watershed and can also change the amount of 
water and its fluctuations.  

Fragmentation of habitats is of increasing concern.  As connections between wetlands 
and other habitats are broken and more wetlands across the landscape are converted to 
other uses, the remaining habitat becomes more isolated.  

A key finding of this chapter is that different land uses may cause the same change in the 
controls of wetland functions.  For example, urban land uses, agricultural practices, and 
logging have all been shown to increase sediments in a watershed.  From the wetland’s 
“point of view,” the source of the sediment is irrelevant—the impact of excess sediments 
on wetland functions is similar, regardless of the source of sediments.    

Chapter 4 shifts from a focus on the disturbances caused by human land uses (agriculture, 
urbanization, logging, and mining) to describe how these disturbances impact wetlands 
and their functions. 
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Table 3-3.  Disturbances resulting from different land-use practices that can change 
the factors that control wetland functions. 

Disturbance  Scale of 
Disturbance 

Agriculture Urbanization Mining 

Changing the 
physical structure 
within wetlands 
(filling, vegetation 
removal, tilling of 
soils, compaction of 
soils) 

Site scale xx xx h 

Changing the 
amounts of water   

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

? 

h 

Changing fluctuations 
of water levels 
(frequency, 
amplitude, direction 
of flows) 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

? 

h 

Changing the 
amounts of sediment 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

h 

h 

Increasing the amount 
of  nutrients 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

nm 

nm 

Increasing the amount 
of toxic contaminants 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

x 

xx 

Changing the acidity Landscape scale  

Site scale 

nm 

nm 

nm 

nm 

x 

xx 

Increasing the 
concentrations of salt 

Landscape scale 

Site scale 

x 

x 

nm 

nm 

nm 

nm 

Fragmentation Landscape scale xx xx h 

Other disturbances Site scale xx xx h 
Key to symbols used in table: 
(xx) land use creates a major disturbance of environmental factors that affects large areas in 
the state 
(x) land use creates a disturbance 
(nm) studies on impacts of this land use do not mention this disturbance 
(h) literature is lacking but disturbances can be hypothesized based on authors’ experience 
(?) information lacking 
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Chapter 4  
Negative Impacts of Human Disturbances  
on the Functions of Wetlands 

4.1 Reader’s Guide to This Chapter 
Chapter 4 integrates the concepts discussed in Chapter 2 and Chapter 3.  Chapter 2 described 
the functions performed by wetlands and the environmental factors that control functions of 
wetlands.  Chapter 3 discussed the major disturbances to the environment caused by different 
human activities and uses of the land.  This chapter continues by summarizing how each of 
the disturbances ultimately leads to impacts to wetland functions.   

As mentioned in Chapter 3, disturbances to wetlands can alter how they function.  Changes 
that are caused by human disturbances are often called impacts to separate them from 
changes that are caused by “natural” or non-human disturbances.  From a legal perspective 
(National Environmental Protection Act), human impacts are divided into direct impacts, 
those which are caused by the action and occur at the same time and place, and indirect 
impacts.  Indirect impacts are caused by an action but occur later in time or are farther 
removed in distance, but are still reasonably foreseeable.  
(http://ceq.eh.doe.gov/nepa/regs/ceq/1508.htm#1508.1 )  

Impacts can be either beneficial or detrimental to the ecosystem, environmental process, or 
species.  Defining an impact as either beneficial or detrimental depends on the values of the 
society or group making the decision (Beanlands and Duinker 1983).  The natural system 
does not judge a change as either good or bad; it is we, as a society, that make that judgment.  
Social values, as represented by its laws, provide the means of determining the importance of 
human impacts (Beanlands and Duinker 1983).   

The Growth Management Act and the state and federal clean water acts all have the 
protection of wetland functions and values as a goal.  Thus, human impacts to wetlands, from 
this perspective, need to be considered in terms of those that reduce the level of functions 
they perform or the values they represent.   

Therefore, the objective of the synthesis in this chapter is to summarize the information on 
the changes caused by human disturbances that reduce the level of different functions 
performed by wetlands.  For this reason the chapter is titled negative impacts.  When the 
word impact is used it assumes there is a reduction in the levels of functions and the societal 
values they represent.  
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4.1.1 Chapter Contents 

Major sections of this chapter and the topics they cover include: 

Section 4.2, The Geographic Scale of Impacts to Wetland Functions describes how 
disturbances that impact functions of wetlands can occur either within the wetland itself or in 
the surrounding landscape.  While the literature generally does not distinguish the scale of 
the disturbance when assessing impacts on wetland functions, there are some disturbances at 
the site scale that can remove all or most functions of the wetland (such as changing the 
physical structure of the wetland through filling). 

Following this introduction, the chapter continues by describing how the major types of 
disturbances resulting from human activities affect wetland functions.  As discussed in 
Chapter 3, different land uses may create the same type of disturbance (for example, both 
agriculture and urbanization may cause sedimentation).  Therefore, each of the remaining 
sections of this chapter focuses on the different types of disturbances, without division by 
land-use type, and their impact on each wetland function.  The following is a list of the 
disturbances discussed in this chapter: 

Section 4.3, Impacts from Changing the Physical Structure within a Wetland 

Section 4.4, Impacts from Changing the Amount of Water in a Wetland 

Section 4.5, Impacts from Changing the Fluctuation of Water Levels within a Wetland 

Section 4.6, Impacts from Changing the Amounts of Sediment Coming into a Wetland  

Section 4.7, Impacts from Increasing the Amounts of Nutrients Coming into a Wetland  

Section 4.8, Impacts from Introducing Toxic Contaminants to a Wetland  

Section 4.9, Impacts from Changing the Acidity (pH) of Soils or Water in a Wetland 

Section 4.10, Impacts from Increasing the Concentrations of Salt in a Wetland 

Section 4.11, Impacts from Fragmenting Wetland Habitats  

Section 4.12, Impacts from Other Human Disturbances on Wetlands  

Within each section, the impact of each disturbance is summarized in terms of the following 
wetland functions:  

• Impacts on hydrologic functions  

• Impacts on functions that improve water quality  

• Impacts on plants  

• Impacts on invertebrates   

• Impacts on amphibians and reptiles  
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• Impacts on fish  

• Impacts on birds (species closely associated with wetlands) 

• Impacts on mammals (species closely associated with wetlands) 

Section 4.13, Chapter Summary and Conclusions ties together the major concepts 
presented in the chapter. 

4.1.2 Where to Find Summary Information and Conclusions 

Each major section of this chapter concludes with a brief summary of the key points resulting 
from the literature on that topic in a bullet list format.  The reader is encouraged to remember 
that a review of the entire section preceding the summary is necessary for an in-depth 
understanding of the topic. 

For summaries of the information presented in this chapter, see the following sections: 

• Section 4.3.9 

• Section 4.4.9 

• Section 4.5.9 

• Section 4.6.9 

• Section 4.7.9 

• Section 4.8.9 

• Section 4.9.9 

• Section 4.10.9 

• Section 4.11.9 

• Section 4.12.6 

In addition, Section 4.13 provides a summary and conclusions about the overarching themes 
gleaned from the literature and presented in this chapter. 

4.1.3 Sources and Gaps in Information 

Data on some of the subjects related to the negative impacts of human disturbances on 
wetland functions are abundant for select areas in the state.  For example, the Puget Sound 
Wetlands and Stormwater Management Research Program (summarized in Azous and 
Horner 2001) has provided several studies on how changes in land uses in a watershed affect 
the physical, chemical, and biological processes in wetlands of the Puget Sound lowlands.  
The impacts on wetlands in other areas of the state are less well studied.   
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Similarly, studies on the effects of changes in wildlife habitat resulting from physical 
changes within wetlands and fragmentation between habitats have been performed in 
Washington for some species and some types of habitat changes.  The impacts to other 
species are less well studied or have only been examined in other states or other countries.  
Information from other locales is included for these topics when relevant. 

This chapter contains text that was adapted (re-organized and paraphrased) from a review of 
current scientific literature on the impacts of human activities on wetlands and their functions 
undertaken by the U.S. Environmental Protection Agency (Adamus et al. 2001).  This review 
represents a very detailed summary of the literature published between 1990 and 2000 
regarding wetlands across the United States.  Portions of the review that were considered 
relevant to wetlands in Washington State were adapted for inclusion in this chapter, with 
permission from Dr. Adamus.  The sections of this chapter that incorporate text adapted from 
the Adamus et al. (2001) review include:  

• Sections 4.3.3 – 4.3.8, the impacts on plants, and habitat for invertebrates, reptiles 
and amphibians, fish, and mammals from changing the physical structure in the  
wetland 

• Sections 4.4.3 – 4.4.7, the impacts on plants, invertebrates, amphibians and reptiles, 
fish, and birds from changing the amount of water in the wetland habitat  

• Section 4.5.4, the impacts on invertebrates from changing the fluctuations of water 
levels in the wetland habitat   

• Sections 4.6.3 – 4.6.4, the impacts on plants and invertebrates from changing the 
amounts of sediment in the wetland habitat  

• Sections 4.7.3, 4.7.4, 4.7.7, the impacts on plants, invertebrates, and birds from 
increasing the amount of nutrients in the wetland habitat;   

• Sections 4.8.3 – 4.8.7, the impacts on plants, invertebrates, amphibians and reptiles, 
fish, and birds from increasing the amount of toxic contaminants in the wetland 
habitat;  

• Section 4.9.3 – 4.9.7, the impacts on plants, invertebrates, amphibians and reptiles, 
and birds from changing the acidity in the wetland habitat;  

• Sections 4.10.4, 4.10.7, the impacts on invertebrates and birds from increasing the 
concentration of salts in the wetland habitat;   

• Section 4.12.1, 4.12.5.4, the impacts on plant communities from altering soils and the 
impacts of exotic invertebrates on native invertebrates in wetlands. 

The literature sources cited in the portions of the text that were adapted from the report by 
Adamus et al. (2001) are included in the list of references at the end of Volume 1.  These 
sources, however, were not obtained and reviewed independently.  
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4.2 The Geographic Scale of Impacts to Wetland 
Functions 

The disturbances that impact functions in wetlands can occur either within the wetland itself 
or in the surrounding landscape.  Chapter 2 introduced the idea that the controls of wetland 
functions occur at both the “site scale” and the broader “landscape scale.”  As with the 
controls of wetland functions, disturbances caused by human activities can also occur at the 
same two scales (site and landscape).   

For example, increased nutrients can flow into a wetland directly from an adjacent lawn or 
from animals grazing within the wetland (disturbance at the site scale).  The nutrients could 
also originate from development or fertilized fields somewhere higher in the contributing 
basin (disturbance at the landscape scale).  As another example, the water levels in a wetland 
can be increased through the direct discharge of stormwater into a wetland (the site scale) or 
by adding impervious surface higher in the contributing basin (the landscape scale).   

Much of the discussion in this chapter does not differentiate the scales at which the 
disturbance occurs.  For example, the impacts on wetland functions resulting from excess 
nutrients or higher water levels can be expected to be the same whether they are delivered 
directly to the wetland or come from a distant source in the contributing basin.  The literature 
does not usually differentiate between scales when discussing the impacts on wetland 
functions. 

However, an alteration to the physical structure of the wetland itself is a type of disturbance 
that occurs only at the site scale.  Filling, removing vegetation, tilling, or grazing within a 
wetland has a direct impact on the functions at that site.  The most extreme impact to a 
wetland is the complete removal of all the factors that contribute to the existence of the 
wetland.  Thus, filling a wetland or draining all the water eliminates all of the wetland 
functions because the wetland no longer exists.   

4.3 Impacts from Changing the Physical Structure 
within a Wetland 

Disturbances that directly change the structure of wetlands can be so severe that the wetland 
is destroyed.  Filling or draining a wetland can so alter the water regime that the land can no 
longer support the wetland vegetation and maintain hydric soils.  If a wetland is lost, most if 
not all of its wetland functions are also lost.  Dahl (1990) estimated that 31% of the wetlands 
in Washington State had been lost prior to the 1980s as a result of filling or draining to the 
extent there is no longer enough water to maintain areas as wetland.   
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There are, however, some human alterations of the structure in wetlands that do not result in 
the complete loss of functions, including:  

• Human removal of vegetation (e.g., logging, mowing, or application of herbicides) 

• Animal grazing  

• Alteration of the soil through tilling or compaction 

• Partial draining 

This section describes what the literature reports about how these alterations impact wetland 
functions.  The impacts of grazing and removal of vegetation are better understood than those 
of alterations to the soils.  Information was not available on how some of these alterations 
affect wetland functions described in the following sections, and some impacts are 
hypothesized based on synthesizing other information.  

4.3.1 Impacts on Hydrologic Functions from Changing the 
Physical Structure  

No information was found on how changing the physical structure of wetlands impacts their 
hydrologic functions (reducing peak flows, reducing erosion, and recharging groundwater).  
One could hypothesize that removing erect and persistent vegetation (emergent, shrub, or 
forest species) may impact the reductions in water velocity that occur in wetlands.  The 
density of vegetation is a factor in reducing water velocity during flooding or storm flows 
(Adamus et al. 2001).  If this vegetation is removed, the wetland will probably not be as 
effective at slowing these flows (in other words, there will be a change in how this wetland 
function is performed).  As a result, downstream erosion and flooding may increase.  

4.3.2 Impacts on Functions that Improve Water Quality from 
Changing the Physical Structure  

No information was found on how changing the physical structure of wetlands affects how 
well wetlands remove pollutants.  Removal of vegetation has impacts on both bacteria and 
plants, and this may affect the uptake and transformation of nutrients and toxic compounds in 
a wetland.  The same can be hypothesized for direct alteration of soils, which may affect the 
chemical properties in a wetland.  It is not possible, however, to predict or hypothesize how 
such changes might alter the wetland functions (that is, whether functions to improve water 
quality will increase or decrease).
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4.3.3 Impacts on Plants from Changing the Physical Structure 
in a Wetland 

Plants are one of the major factors that determine the physical structure within a wetland. 
Thus, changing the physical structure in a wetland means that the plants, and the structure 
they provide, have been removed or modified.  Examples of structure that is based on plants 
include different layers within a forest (e.g., canopy, sub-canopy, ground cover) or the sub-
surface root mass of perennial plants.  In addition, removal of any vegetation causes at least a 
short-term change in plant biomass and possibly a change in the composition of plant 
species.   

Vegetation can be removed by fire, tilling, mowing, or grazing (Newman 1991, Naiman and 
Rodgers 1997).  Mortality from logging, dredging or construction activities, flooding, as well 
as contaminants such as herbicides can also cause loss of plants (Adamus et al. 2001).  The 
process by which vegetation is removed or damaged appears to influence the type, duration, 
and magnitude of the impact on plants.  Vegetation patterns in some wetlands result in part 
from the differing causes of plant removal and whether those causes are lethal or not 
(Heitschmidt and Stuth 1991, Baldwin and Mendelssohn 1998). 

Impacts to the population of plants in a wetland also depend partly on the process through 
which the plants re-establish.  When all or nearly all of the plants are removed through 
methods lethal to vegetation (such as with herbicides), recovery occurs mainly via 
recruitment of seeds.  When removal is by non-lethal methods (such as grazing), recovery 
often is by re-growth of the plants.   

The effects of grazing on plants and other aspects of ecosystems has received much attention 
in the last three decades because of the potential impacts in semi-arid areas (see review in 
National Research Council 1984).  Impacts on wetlands have been studied less intensively, 
but some information is available.  The impacts of grazing on wetland plants depend partly 
on the density of grazers, how long, and when they are present in the grazed area, the 
availability of food and water in nearby alternative habitats, and the season (Clary 1995, 
Fitch and Adams 1998).  Specifically:  

• In a laboratory experiment Crossle and Brock (2002) found that simulations of 
grazing changes the reproductive output of plants in wetlands in different ways and 
that this can change the populations by changing the proportions of seed produced.   

• A study of riparian vegetation in eastern Oregon used different simulated grazing 
treatments to determine the effects of light and heavy grazing (Clary et al. 1996).  
While not clearly identified, it is evident that some of the plots were in riparian 
wetlands and others in non-wetland riparian habitats.  The authors observed that 
herbaceous plants increased in growth and vigor in the ungrazed and moderately 
grazed plots, particularly if the grazing occurred only in the spring.  Heavier grazing 
that lasted all season had detrimental effects on the vegetation.   

• In another study in Oregon of riparian meadows, Clary (1995) found that the biomass 
of the grass redtop (Agrostis sp.) remained stable or increased at a low-elevation site 
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the year following simulated grazing treatments.  At higher elevations, sedge species 
(almost all of which are found mostly in wetlands) either maintained or declined in 
biomass production the following year.  The author concludes that grazing only 
annually (for several months once a year as opposed to year-round) would 
significantly reduce sedge production, while not decreasing redtop production.  

4.3.4 Impacts on Invertebrates from Changing the Physical 
Structure of the Habitat  

The presence of invertebrate species in a wetland is influenced by the type of plants that 
grow there.  For example, in a Washington pond, some leeches (Helobdella), aquatic 
sowbugs (Asellus), mayflies, and some dragonflies (especially the large-bodied Anax) were 
more commonly associated with emergent vegetation than with submerged vegetation or 
open water areas.  Midges, freshwater shrimp (Hyalella azteca), and mollusks (especially 
Lymnaea sp., Gyraulus sp., and Anodonta sp.) were more common on the submerged plants 
(Parsons and Matthews 1995).   

The removal of vegetation either mechanically or through grazing, therefore, has a significant 
impact on the presence and abundance of invertebrate species in a wetland.  Wetland 
managers often manipulate the structure of vegetation by mowing, burning, plowing, or 
planting to encourage or discourage populations of desirable or undesirable invertebrates 
(Batzer and Resh 1992, Kirkman and Sharitz 1994, de Szalay et al. 1996, de Szalay and Resh 
1997).   

Adamus et al. (2001) conclude from their literature review that the removal of vegetation: 

• Removes substrates that would otherwise provide additional vertical space in the 
water column for invertebrates to colonize 

• Removes shade, thus increasing water temperature and causing stress for 
invertebrates 

• Increases the circulation and perhaps the velocity of water, with accompanying 
increases in dissolved oxygen and possible resuspension of sediments; this may result 
in changes to the habitats that favor different species of invertebrates  

• Reduces inputs of leaf litter that provide food to some invertebrate taxa 

• Reduces structures that otherwise shelter invertebrates from predators (Jordan et al. 
1994)  

Complete removal of vegetation generally reduces the richness of the wetland invertebrate 
community, but patchy removal or moderate grazing sometimes increases richness 
(McLaughlin and Harris 1990, Gray et al. 1999). 
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4.3.5 Impacts on Amphibians and Reptiles of Changing the 
Physical Structure of the Habitat  

The information on the impacts of direct disturbances to the physical structure of a wetland 
on amphibians is ambiguous for Washington and the impacts cannot be predicted.  In the 
Puget Sound Basin of Washington, surveys of 19 wetlands found no correlations that were 
statistically significant between amphibian richness and vegetation form (i.e., structure of 
plants) (Richter and Azous 1995).  Plant stem diameter is apparently more important than 
plant species (Richter 1997).   

Removing dense emergent vegetation, however, may impact populations of amphibians.  A 
survey of 40 wetlands in the Puget Sound area found more native species of amphibians 
among wetlands containing dense emergent vegetation (Adams et al. 1998).  Dense 
vegetation may help protect the larvae of native aquatic amphibians from larger predators.  It 
can be hypothesized, therefore, that removing dense emergent vegetation would probably 
impact the populations of amphibians.  

Other studies have focused on the impacts of grazing.  Based on personal observations, 
Maxell (2000) asserts that livestock grazing can impact amphibians through: 

• Trampling of vegetation that results in loss of habitat and reduces insect populations 
that are food sources for amphibians 

• Changes in substrate composition and bank structure 

• Increased sedimentation 

These observations have been confirmed by Knutson et al. (2004) who reported a statistically 
significant negative effect of grazing and direct access of livestock to ponds on the 
reproduction of amphibians.  

However, a study of the Columbia spotted frog in 127 ponds in northeastern Oregon does not 
support these findings.  Bull and Hayes (2000) found no significant differences between 
grazed and ungrazed ponds in terms of the numbers of frog egg masses and the abundance of 
recently metamorphosed frogs.  The volume of egg masses was larger at grazed sites, 
possibly due to a greater presence of adults or an older population (older, larger females lay 
bigger egg masses).  Six of the eight most productive ponds (those with 20 or more egg 
masses) were grazed, indicating that grazing had no detrimental effect on this frog in these 
wetlands.   

The differences in the conclusions between these studies may be a result of different 
intensities of grazing in the wetland.  Jansen and Healy (2003) found a clear relationship 
(statistically significant) between the condition of a grazed wetland (as measured by 
vegetation and water quality) and the species richness of frogs.  They also found a direct 
correlation between the intensity of grazing and the condition of a wetland.  
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4.3.6 Impacts on Fish from Changing the Physical Structure of 
the Habitat  

Information in the literature did not differentiate between the responses of resident and 
anadromous fish to changes in the physical structure in wetlands.  The information available 
addresses impacts to fish in general.  For example, the removal of vegetation can have a 
significant impact on the fish present in a wetland as a result of (Adamus et al. 2001): 

• Increased water temperature that may go above the tolerance limits of certain species 

• Decreased cover and thereby increased susceptibility to predation 

• Changes in foods and their availability 

Woody material is especially important as a source of cover for fish in off-channel wetlands 
such as oxbows and sloughs and in lakes (Leitman et al. 1991, Dewey and Jennings 1992, 
Fausch and Northcote 1992, McIntosh et al. 1994).   

In wetlands along the fringes of lakes, submerged plants are particularly important and their 
removal can change the habitat for fish.  For example, declines in plants resulting from 
introductions of grass carp (Bain 1993) have been linked to an increase in the proportion of 
fish species found in limnetic areas (open water) (Bettoli et al. 1991, Maceina et al. 1991, 
Martin et al. 1992).  However, intentional thinning of plant beds can sometimes result in 
higher growth rates of some age classes of lake fish, presumably by giving them better access 
to invertebrates that are their food source (Olson et al. 1998). 

One impact that has been hypothesized in situations where the physical structure of wetlands 
is changed is the “stranding of fish (R. Friesz, K. March, B. Zeigler, Washington State 
Department of Fish and Wildlife, personal communications 2000-2004).  Changing the shape 
or drainage of wetlands can create situations where shallow surface water is connected to 
streams such as during flood events or high precipitation and then isolated as water levels 
drop.  This may result in the stranding of fish in these shallow pools, and their subsequent 
demise as the temperatures rise and oxygen levels decrease.   

4.3.7 Impacts on Birds of Changing the Physical Structure of 
the Habitat  

Many guilds of birds are sensitive to the presence and type of vegetation and its location in 
relationship to open water (Kauffman et al. 2001).  The removal of vegetation can, therefore, 
be expected to change the distribution and abundance of birds in wetlands.  For example, the 
rearing success of waterfowl in wetlands is reduced by removing herbaceous cover because it 
exposes the young to predation (Skovlin 1984).  

Grazing has also been found to change the distribution of birds.  In a study in southeastern 
Oregon on the effects of grazing on birds, researchers used exclosures to remove livestock 
from portions of riparian meadows (Dobkin et al. 1998).  They found that the richness and 
abundance of bird species increased within the exclosures in comparison to the plots that 



Wetlands in Washington State  Chapter 4 
Volume 1 – A Synthesis of the Science 4-11 March 2005 

remained available for livestock grazing.  Moreover, the exclosures were dominated by 
wetland-associated birds while the open plots were dominated by upland bird species.   

The changes in physical structure of wetlands that result from grazing can have both positive 
and negative impacts on shorebirds that use freshwater wetlands (Buchanan, 2004).  The 
negative impacts he reported include the direct trampling that destroyed eggs and nests, the 
compacting of soil that reduce populations of invertebrate prey, and an increased erosion that 
reduced populations of invertebrate prey in semi-arid regions. 

The changes in the structure of vegetation that result from the conversion of forested 
wetlands to emergent and open water wetlands can alter species composition and richness of 
breeding birds.  For example, 53% of the bird species that formerly used forested wetlands 
no longer occur regularly where such forests have been logged and converted to emergent 
wetlands (Doherty 2000 as reported in Adamus et al. 2001).  In the Columbia Basin, where 
forests are not present, changes in the vegetation of the buffer also had impacts.  Heavy 
grazing next to wetlands removed buffer vegetation and reduced waterfowl production by 
50% (Foster et al. 1984). 

4.3.8 Impacts on Mammals from Changing the Physical 
Structure of the Habitat  

Many mammals are sensitive to the presence and type of vegetation and its location in 
relationship to open water.  The removal of vegetation is therefore expected to change the 
distribution and abundance of mammals in wetlands (Adamus and Brandt 1990).  

Adamus and Brandt (1990) created a synthesis of the literature on mammal habitat which 
serves as the basis for the following discussion. 

The species richness of small mammals in wetlands has been correlated with the complexity 
of vegetation structure (Arner et al. 1976, Searls 1974, Landin 1985, Nordquist and Birney 
1980, Stockwell 1985, Simons 1985).  Removal of vegetation and associated long-term 
destruction of den sites in both wooded and emergent wetlands have caused changes in 
furbearer populations and small-mammal communities (Krapu et al. 1970, Malecki and 
Sullivan 1987).  In contrast, restoration of riparian vegetation has led to increases in use by 
mink (Burgess and Bider 1980). 

Grazing at levels recommended by the Natural Resources Conservation Service had no 
significant effect on the abundance or distribution patterns of small mammals in a 
cottonwood floodplain in Colorado (Samson et al. 1988).  Based on this study, controlled 
grazing that does not contribute to structural changes in vegetation, appears to have no 
significant effect on the abundance and distribution of small mammals. 
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4.3.9 Summary of Key Points 

• Filling or draining a wetland can so alter the water regime that the land can no longer 
support wetland vegetation and maintain hydric soils.  If a wetland is lost, most if not 
all of its functions are also lost.   

• Some direct disturbances of wetlands, such as removal of vegetation, grazing, and 
alteration of the soil, change the wetland functions but do not result in the complete 
loss of functions.  

• Impacts of removing vegetation on the habitat functions in wetlands have been 
documented for invertebrates, fish, birds, and mammals.  Impacts on amphibians, 
however, are ambiguous.  Impacts to the hydrologic and water quality functions 
resulting from vegetation removal can only be hypothesized since no information was 
found in the literature.   

• Impacts of grazing on habitat functions have been documented for invertebrates and 
birds and are somewhat conflicting for amphibians.  The one study of mammals 
suggests that low levels of grazing in a floodplain may have minimal impacts on the 
habitat of this group.  No information was found on impacts of grazing on the 
hydrologic and water quality functions. 

• No information was found on the impacts of soil alterations (through tilling and 
compaction) on any of the functions performed by wetlands.   

4.4 Impacts from Changing the Amount of Water in a 
Wetland 

The quantity of water in the landscape is a critical factor in controlling how wetlands 
function.  Many human land uses change the amount of water flowing into and out of 
wetlands, thereby creating a disturbance that affects the performance of functions in 
wetlands.  The literature is quite clear that the frequency, timing, and duration of water in the 
landscape determine the presence of a wetland and the functions that it provides (see Chapter 
2).  How water enters a wetland, how long it is present, and the depths to which it is 
impounded all influence the functions that a wetland can provide or perform (Brinson 1993b, 
Mitsch and Gosselink 2000).   

The movement and routing of water above and below the surface is the primary force in 
transporting nutrients, sediment, salts, and contaminants, and this in turn affects the functions 
provided by wetlands (Naiman et al. 1992).  Water moves (or carries) sediment, nutrients, 
and energy throughout a watershed (Naiman et al. 1992).  Changes in the amount of water 
and thereby the depth of inundation in a wetland, can alter how sediments, nutrients, and 
toxic contaminants come into a wetland and how they are “processed” within the wetland.   
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4.4.1 Impacts on Hydrologic Functions from Changing the 
Amount of Water  

Specific documentation was lacking on how increasing or decreasing amounts of water may 
affect wetland functions in reducing flooding or erosion or recharging groundwater.  It can be 
hypothesized, however, that the storage capacity of a wetland in a depression that drains to 
areas prone to flooding will be reduced if water levels increase.  The volume that would have 
been available to store floodwaters is used instead to store the increased volumes coming into 
the wetland.  This suggests that the functions related to reducing flooding would also decline 
because storage is a large component of flood reduction.  On the other hand, wetlands in 
which water is deeper or covers more of the wetland may provide better recharge of 
groundwater because infiltration depends on the depth of water in the wetland (hydraulic 
head) and the area that is submerged (Hruby et al. 1999).   

The converse can be hypothesized if water levels in wetlands decrease.  The potential amount 
of water that can be stored in a wetland will increase as it becomes drier, thereby increasing 
the “flood reduction” functions.  The function of recharging groundwater would decrease 
because less water would be present and it would be shallower.  

4.4.2 Impacts on Functions that Improve Water Quality from 
Changing the Amount of Water  

Increasing the amount of water in a wetland brings a greater volume of surface water in 
contact with wetland plants, soils, and the chemical processes that lead to water quality 
improvement.  Increased flooding in wetlands can change residence time, the distribution of 
aerobic and anaerobic environments, and a variety of microbial and non-microbial chemical 
processes (Kadlec and Knight 1996).  These factors can all change how wetlands remove 
contaminants.   

Because there are so many factors involved in removing individual contaminants it is not 
possible to generalize the response of a wetland to changes in water levels.  Kadlec and 
Knight (1996) provide further discussion on the many different ways water levels affect the 
capacity of wetlands to remove toxic compounds.  The discussion below provides only a few 
examples.  

For example, the activity of microbes potentially increases conversion of inorganic mercury 
to the much more toxic form, methyl mercury (Kelly et al. 1997).  In this case flooding 
would reduce the effectiveness of a wetland at improving water quality because the wetland 
may become a source of this more toxic compound.  We do not have specific data about 
mercury in Washington’s wetlands, although mercury is a water quality issue in some waters 
of the State (e.g., the high levels of mercury found in freshwater fish) (Ecology 2003).  We 
can hypothesize, therefore, that mercury is present in some of the state’s wetlands and can be 
released under anaerobic conditions.   

In addition, a change in the rate of nitrogen removal can be hypothesized to result from a 
shift in the amount of water present in a wetland.  In Washington, the area that is seasonally 
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inundated was judged to be a critical factor in determining nitrogen removal by wetlands 
(Hruby et al. 1999).  If the increase in water levels expands the area that is seasonally 
flooded, the rates of nitrogen removal will probably increase.  If, however, increases in the 
amount of water in a wetland expand the amount of permanent water at the expense of the 
areas that were seasonally flooded, the rates of removal can be hypothesized to decrease.  
Thus, wetlands in which the water regime has been changed will probably have a different 
rate of nitrogen removal than they had previously.   

4.4.3 Impacts on Plants from Changing the Amount of Water  

Much of the literature on how changing amounts of water affect plant populations in 
wetlands of the Pacific Northwest is in terms of changes in the dynamics of water movement 
(hydroperiod).  This concept combines both changes in water levels and changes in how 
water levels fluctuate (the latter is addressed as a separate disturbance in Section 4.5).   

The composition and richness (number of species) of the plant community are influenced by 
the water in the root zones of wetland plants.  This is influenced by: 

• The duration of saturation (Dicke and Toliver 1990, Merendino and Smith 1991, 
David 1996, Vivian-Smith 1997, Silverton et al. 1999, Casanova and Brock 2000) 

• The timing of saturation (Merendino et al. 1990, Squires and van der Valk 1992, 
Scott et al. 1996, 1997, Gladwin and Roelle 1998) 

• The frequency of saturation (van der Valk 1994, Pezeshki et al. 1996, 1998, Smith 
1996, Pollock et al. 1998, Casanova and Brock 2000) 

• The depth of water (Casanova and Brock 2000). 

Disturbances to any of these factors in a wetland can cause major changes in the distribution 
and richness of plant species.  The response of an individual wetland to such changes, 
however, is difficult to predict.  The existing information indicates that each plant species 
responds in a different way to changes in water levels.  This means that overall the response 
of the plant community in a wetland will depend on the sum of the responses of the 
individual species.  The following discussion summarizes some of the studies documenting 
how plant communities change with changes in water levels.  It is beyond the scope of this 
document to provide detailed information on the response of individual plant species.  

 

The changes in plant communities are linked to differences among plant species in their 
ability to resist drought and flooding.  The life history and physical characteristics of plants 
play a role (Earnst 1990, Koncalova 1990, Voesenek et al. 1993, Kirkman and Sharitz 1993, 
Teutsch and Sulc 1997).  The characteristics of seed dispersal and germination of plants 

Responses of hundreds of plant species to specific hydrologic variables that have 
been studied are presented in a database at EPA’s web site (Adamus and Gonyaw 
2000).  The database is available at 
http://www.epa.gov/owow/wetlands/bawwg/publicat.html  
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relative to water dynamics may have the greatest effect on the relative abundance of species, 
according to a simulation conducted by Ellison and Bedford (1995) using six years of data 
from a southern Wisconsin sedge meadow.  Some species, such as cattail (Typha spp.), are 
able to keep pace with rising water levels because their stem tissue elongates rapidly and to a 
greater degree than other species (Waters and Shay 1992, Galatowitsch et al. 1999) or they 
sprout adventitious roots (Voesenek et al. 1993). 

Increases in inundation may change the exposure of plants to competitors and herbivores 
(Wilson and Keddy 1991) and cause a shift in the location of plant communities within a 
wetland (van der Valk et al. 1992).  The opposite extreme—dehydration—kills plants partly 
by removing the pathway for taking up nutrients and maintaining tissues.  Dehydration may 
also increase or decrease competition and plant exposure to herbivores (Adamus et al. 2001).  

Woody plants are particularly sensitive to prolonged inundation, especially for longer than 
80 days (Niswander and Mitsch 1995, Toner and Keddy 1997, Sharitz and Gresham 1997).  
Their seedlings consequently are most affected during years when flooding occurs at or 
shortly after the beginning of the growing season, or when flooding persists for more than 
40% of the growing season (Toner and Keddy 1997).  Annual (as opposed to perennial) 
species tend to increase proportionately in response to drought and some other severe 
disturbances (Poiani and Johnson 1989).   

Species with small, light seeds seem particularly adept at colonizing mudflats exposed during 
drawdowns and after disturbances (Poiani and Johnson 1989, Ellison and Bedford 1995).  
These species tend to emerge early in the season and may be more successful by taking 
advantage of greater light availability (Toner and Keddy 1997).   

Successive years of annual drawdowns can favor the spread of many non-native plant species 
within wetlands (van der Valk 1994).  Dominance of a wetland by just a few species is 
sometimes a sign that the wetland has experienced prolonged drought or drawdown (Wilcox 
1995).  

Many species have only a narrow “window” in which they can germinate.  For example, 
there may be only a few weeks when favorable water levels or a temporary lack of 
competitors must coincide with favorable temperatures and acceptable water quality (Rood et 
al. 1998).  

4.4.4 Impacts on Invertebrates from Changing the Amount of 
Water in the Habitat  

Disturbances to the amount of water in a wetland can cause major changes in the distribution 
and richness of invertebrate species.  Because each species responds in a different way to 
increases or decreases in water regime, the overall response of the invertebrate community in 
a wetland will depend on the sum of the responses of the individual species.   
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In general, the amounts of water in a wetland influence the distribution and richness of 
invertebrates by:   

• Altering the amount and pattern of horizontal and vertical habitat space available for 
colonization (Adamus et al. 2001) 

• Changing the types of algae and vascular plants that occur, the proportions of these 
two major food sources for invertebrates, and the seasons in which they occur 
(Murkin et al. 1992) 

• Changing the extent of contact between plants and water, thus influencing attachment 
space, availability of detrital foods, shade, and shelter (Ross and Murkin et al. 1991, 
de Szalay et al. 1996) 

• Influencing the access of predators (Reice 1991, Martin et al. 1991, Mallory et al. 
1994, Johnson et al. 1995, Wellborn et al. 1996)  

• Affecting the intensity of competition (Wissinger et al. 1999) 

• Causing mortality if complete desiccation or freezing occurs (Layzer et al. 1993) 

4.4.4.1 Impacts on Invertebrates from Reducing the Amount of Water 
in the Habitat  

Some of the most dramatic changes to wetland invertebrate communities occur when 
wetlands that seldom or never dry out completely are subjected to drought or complete 
drawdown (Adamus et al. 2001).  Less dramatic changes to invertebrate communities occur 
with slight alterations in the timing, duration, predictability, and depth of surface water (Eyre 
1992, Giberson et al. 1992).  

Drought and drawdown render the less mobile species of invertebrates more vulnerable to 
predation, as well as causing their direct loss due to desiccation and related factors (e.g., 
Stanley et al. 1994).  Drought also seems to favor non-insect invertebrates, which can 
increase at the expense of the insect component of the invertebrate community (Hershey et 
al. 1999).  References to drought and drawdown section are for a desert stream (Stanley et al. 
1994) and Minnesota (Hershey et al. 1999), respectively.  It is reasonable to extrapolate the 
findings of these studies to eastern Washington, which may have climates and conditions that 
are somewhat similar to those in the cited literature, but they may not apply to western 
Washington.   

Coupled with the studies that show invertebrate richness increasing with longer periods of 
inundation, these observations indicate that removing water from a wetland may reduce the 
species richness of invertebrates.   

Responses of hundreds of invertebrate species to specific hydrologic variables that 
have been studied (Adamus and Gonyaw 2001) are presented in a database at EPA’s 
web site.  The database is available at 
http://www.epa.gov/owow/wetlands/bawwg/publicat.html
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4.4.4.2 Impacts on Invertebrates from Increasing the Amount of 
Water in the Habitat  

An increase in the amount of water in a wetland seems to change the composition of the 
invertebrate community.  Densities of swimming (nektonic) and bottom-dwelling (benthic) 
predatory invertebrates do not increase with flooding as much as the numbers of nektonic and 
benthic herbivores and detritivores.  Predatory species can even decrease after flooding 
(Murkin et al. 1991), and they often increase as drought or drawdown progresses. 

Although flooding generally increases the density and richness of invertebrates in wetlands, 
the increase may be short-lived.  For example, flooding of Manitoba marshes (Murkin et al. 
1991) to a level 3 feet (1 m) above normal caused a major increase in numbers of nektonic 
invertebrates in both vegetated and open water areas for only one year.  Furthermore, 
densities of benthic invertebrates increased in flooded vegetation but not in open areas.  The 
biomass of nektonic invertebrates increased only in the vegetated areas (Murkin et al. 1991).  

Some researchers have observed that food webs become more complex and taxa numbers 
increase as wetlands become wetter, such as those that are ponded for longer periods.  This 
has been observed in seasonal wetlands of eastern Washington (Lang 2000).  Also, the use of 
emergence traps in 19 wetlands in King County yielded more taxa from permanently flooded 
than seasonally flooded wetlands (Ludwa and Richter 2001b), suggesting that wetlands in 
which the water levels fluctuate more often will have fewer invertebrate species.  

These results suggest that disturbances that cause water to remain longer in a wetland will 
probably increase species richness at first.  The long-term effects of such increases, however, 
are not well understood.  

4.4.5 Impacts on Amphibians and Reptiles from Changing the 
Amount of Water in the Habitat  

Most amphibians cannot tolerate prolonged dry periods.  Drying of seasonal pools, especially 
when it occurs ahead of normal seasonal schedules, can greatly diminish the breeding success 
of amphibians (Rowe and Dunson 1993).  This is partly because many amphibian species 
disperse only short distances (Berven and Grudzien 1990).   

Amphibian populations scattered across wetlands of varying depth and water permanence 
can enable species to survive long-term droughts or floods.  The availability of numerous, 
scattered wetlands can protect amphibians against effects of localized drought.  Some frog 
and toad species living in relatively intact landscapes seem mostly unaffected, at the level of 
populations, by significant periods of drought (Dodd 1995).   

In addition, both prolonged desiccation and extreme floods can increase opportunities for 
invasion of wetlands by exotic plant species.  This change in water regime can impact the 
suitability of a wetland as habitat for amphibians by changing the structure of the wetland.  
Patterns of vegetation typically become more homogeneous, prey abundance may decline, 
and the habitat may become less suitable for amphibians (Ludwa 1994).  
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Changing the amount of water in wetlands can also impact the populations of reptiles. During 
a two-year drought in Washington, a local population of painted turtle (Chrysemys picta 
belli) suffered a 70% decline (Lindenman and Rabe 1990).  This appeared to be due to both 
mortality and movement of turtles out of the wetland.  Growth of the turtles was suppressed 
but it recovered as conditions improved.  Drawing down the water level in the autumn to 
allow wetland management, flood control, or for other reasons can cause high mortality 
among juvenile turtles that are overwintering due to freezing.  This occurs if the drawdowns 
follow abnormally high water levels in late summer that attracted turtles (Galat et al. 1998).  

These results indicate that changing the amounts of water in a wetland affects both 
amphibians and reptiles.  Impacts may occur both from lowering the water levels (for 
example, through ditching, draining, or pumping) or raising the levels through increased 
flooding as a watershed is developed.  

4.4.6 Impacts on Fish from Changing the Amount of Water in 
the Habitat  

Declines in the amounts of water alter the community structure of wetland fish.  Fish 
experience a greater need to use overlapping resources and face an increased risk of 
predation when wetlands become drier (Adamus et al. 2001).  Low water also increases the 
chance of fish freezing in winter or dying from thermal stress in summer (Adamus et al. 
2001). 

Sustained drawdowns can also reduce competition among fish that return to wetlands when 
water levels rise again by temporarily eliminating larval dragonflies and other large 
invertebrates that normally compete for food with the fish or prey on larval fish (Travnichek 
and Maceina 1994).   

Impacts of increasing water levels on fish in wetlands were not documented in the literature. 

4.4.7 Impacts on Birds from Changing the Amount of Water in 
the Habitat  

Disturbances to the amounts of water in a wetland can cause major changes in the 
distribution and species of birds.  As with plants and invertebrates, the overall response of the 
bird community in a wetland will depend on the sum of the responses of the individual 
species.   

4.4.7.1 Impacts on Birds from Reducing the Amount of Water in the 
Habitat 

Drainage and some other disturbances in the amounts of water in wetlands have been well 
documented as contributing to the decline of many wetland bird species (David 1994, 
DeAngelis et al. 1997).  In Manitoba, for example, wetland drainage has made breeding and 
brood-rearing areas for waterfowl less available (Rotella and Ratti 1992).  As wetlands are 
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drained or converted to other land cover types, local densities of wetlands decline and the 
average distances between individual wetlands increase.  

Drought conditions also expose duck nests to greater predation.  With drought, plants are less 
dense and vigorous, and islands that formerly were inaccessible gain new access points 
(Hallock and Hallock 1993, Jobin and Picman 1997).   

Widespread drawdown of water tables reduces the number and perhaps the variety of 
wetlands and their vegetation communities.  This in turn diminishes the richness, density, and 
breeding success of birds in many individual wetlands and wetland complexes (Higgins et al. 
1992, Bethke and Nudds 1993, Bancroft et al. 1994, Greenwood et al. 1995, Dobkin et al. 
1998).  

4.4.7.2 Impacts on Birds from Increasing the Amount of Water in the 
Habitat 

Increasing the duration of saturation or inundation can change the use of wetlands by a 
variety of birds.  This change can occur when shallow ephemeral ponds are dredged to make 
areas with longer periods of standing water (such as stock ponds).  In the Columbia Basin, 
Creighton et al. (1997) found an increase in use by several species of diving and dabbling 
ducks, coots, and terns when shallow, densely emergent wetlands were dredged to create 
deeper pools of open water.  They also documented an increase in the biomass of 
zooplankton, a food source for several guilds of birds.  However, there was a decrease in use 
by sora (Porzana carolina) and Virginia rails (Rallus limicola) as well as red-winged 
blackbirds (Agelaius phoeniceus).  The use of the excavated habitats by rails was expected to 
increase over time as emergent vegetation became reestablished in the excavated pools 
because rails prefer vegetation that is a mix of robust and thin-stemmed species.  An increase 
in use by shorebirds was one short-term benefit.  The shorebirds fed on the moist, fresh 
dredge spoils and exposed unvegetated soils of the newly excavated basins.  Once the soils 
became vegetated, use by shorebirds declined. 

On the other hand, while construction of reservoirs raises water levels, this affects birds by 
eliminating many wetlands through flooding and destabilizing water levels in the remaining 
wetlands (Nilsson and Dynesius 1994).  Associated changes in river morphology influence 
the species composition of wintering waterfowl (Johnson et al. 1996).  

4.4.8 Impacts on Mammals from Changing the Amount of 
Water in the Habitat  

Information on how disturbances to the amount of water in a wetland may affect their ability 
to provide habitat for mammals was not found.  It is not possible at this stage to hypothesize 
either positive or negative impacts on habitat for mammals because no logical deductions 
could be made from the available information.   
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4.4.9 Summary of Key Points 

• Impacts of reducing water levels on the habitat functions of wetlands have been 
documented for invertebrates, fish, birds, and amphibians.  All these groups have 
reduced species richness and abundance when wetlands dry up.  

• Impacts of increasing water levels in wetlands on its functions as habitat have been 
documented for invertebrates and birds.  The species richness of invertebrates may 
increase for a short time if a wetland becomes wetter.  The impacts on the populations 
of birds are mixed.  In some cases the richness of birds increases and in some cases it 
decreases.   

• Impacts to the suitability of wetlands as mammal habitat resulting from either 
increasing or reducing water levels have not been studied.   

• Reducing the amount of water changes the distribution of plants in a wetland, but the 
studies did not address if species richness will increase or decrease.  Data suggest that 
woody species will tend to be replaced by more grass-like species when water levels 
in a wetland increase.   

• Impacts to the hydrologic and water quality functions from either increasing or 
reducing water levels can only be hypothesized since no information on these topics 
was found in the literature.   

4.5 Impacts from Changing the Fluctuation of Water 
Levels within a Wetland 

A major finding of the Puget Sound Wetlands and Stormwater Management Research 
Program was that fluctuations in water level are key in determining biological responses.  
There are different types of fluctuations in water levels in a wetland and these are described 
in the shaded box below.  The researchers found a decline in the biotic diversity of wetlands 
associated with an increase in water level fluctuations caused by expanding impervious area 
within the contributing basin (Reinelt et al. 1998, Azous and Horner 2001).   

Prolonged inundation (that is, less frequent water level fluctuations) resulting in a lack of 
oxygen in the soils has been indicated as a factor in changing the biota of wetlands.  
Although many hydric soils may be anaerobic, changing the length of time the soils are 
inundated results in prolonged anaerobic conditions and chemical changes in the soils.  These 
changes in soil chemistry influence the survival of vegetation and microbes in the soil that 
were adapted to shorter periods of inundation (Thom et al. 2001).  
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4.5.1 Impacts on Hydrologic Functions from Changing the 
Fluctuations in Water Levels  

The literature did not provide explicit information on possible impacts of changes in water 
level fluctuations on factors within a wetland that affect its hydrologic functions.  It is not 
possible at this stage to hypothesize either positive or negative impacts on hydrologic 
functions because no logical deductions could be made from the available information.  The 
major questions that need to be addressed include: 

• Will changes in the frequency or amplitude of water level fluctuations change the 
flood storage capacity of a wetland?  

• Will changes in the frequency or amplitude of water level fluctuations change the 
way in which a wetland reduces water velocity? 

• Will changes in the frequency or amplitude of water level fluctuations change the 
way in which a wetland recharges groundwater? 

Mechanisms for how fluctuations of water levels affect aquatic systems 

Richter et al. (1996) developed a method to model “indicators of hydrologic alteration” 
based on assessing changes in 32 hydrologic parameters.  They identified these 
parameters as being relevant to the biotic integrity of aquatic ecosystems.  They 
divided the parameters into the following five fundamental factors that characterized 
how fluctuations in water levels influence biotic communities in aquatic systems: 

Magnitude.  A measure of the availability or suitability of aquatic habitat.  It defines 
such habitat attributes as wetted area or habitat volume, or the position of a water table 
relative to the rooting zones of wetland or riparian areas. 

Timing.  The timing of occurrence of a particular water condition.  It can determine 
whether certain life-cycle requirements are met.  It can also influence the degree of 
stress or mortality associated with extreme water conditions such as floods or droughts.

Frequency.  Refers to the frequency of occurrence of specific hydrologic conditions, 
such as droughts or floods.  It may be tied to events such as the reproduction or 
mortality of various species, thereby influencing population dynamics. 

Duration.  The length of time over which a specific hydrologic condition exists.  It 
may determine the success of the life cycle of a particular species or the accumulation 
of stressful effects. 

Rate of change.  In hydrologic conditions may be linked to stranding of individuals (in 
isolated pools or along a wetted edge).  It may also be related to the ability of sensitive 
species to maintain root contact within the phreatic zone (the portion of the soil that is 
influenced by proximity to the groundwater table). 
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4.5.2 Impacts on Functions that Improve Water Quality from 
Changing the Fluctuations in Water Levels  

How changing fluctuations in water levels impact the ability of wetlands to improve water 
quality was not detailed in the literature.  It is not possible to hypothesize either positive or 
negative impacts on water quality functions because no logical deductions could be made 
from the available information.  The major questions that need to be addressed include: 

• Will changes in the frequency or amplitude of water level fluctuations change how a 
wetland traps sediment?  

• Will changes in the frequency or amplitude of water level fluctuations change the 
way in which a wetland removes nitrogen? 

• Will changes in the frequency or amplitude of water level fluctuations change the 
way in which a wetland captures or transforms toxic compounds? 

4.5.3 Impacts on Plants from Changing the Fluctuations in 
Water Levels  

In general, the amplitude and rate of water level fluctuations have been found to influence the 
species composition, biomass, and germination of plants (Hudon 1997, Shay et al. 1999).  
Furthermore, the timing of inundation and duration throughout the seasons also influences 
plant species richness and survival (Ewing 1996, Reinelt et al. 1998, Owen 1999, Azous et al. 
2001).  If these hydrologic factors change as a result of human activities as described in 
Chapter 3, one can then hypothesize changes in plant communities. 

Researchers in the Puget Sound regions correlated a decline in plant species richness in 
urbanized watersheds where water level fluctuations had increased (Azous and Cooke 2001).  
Among 26 wetlands in the Seattle area, the degree of seasonal fluctuation in water level was 
negatively associated with richness found in emergent and shrub wetlands.  However, it had 
no statistically significant effect on species richness in forested wetlands (Cooke and Azous 
2001).  These authors found that fluctuation during the early spring seemed to have an 
especially detrimental effect on plant richness in the emergent and shrub wetlands.   

Reinelt et al. (1998) found that the development of plant communities in lowland wetlands of 
Puget Sound was related to water level fluctuations and depth of inundation during the early 
growing season.  They noted that shifts in the “hydrologic profile” of the wetland caused a 
subsequent shift in the species composition of the wetland’s plants.  The emergent and scrub-
shrub communities of the wetland tended to have lower plant richness when average, annual 
water-level fluctuations increased to over 8 inches (20 cm).   
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Azous and Horner (2001) determined that the duration of flooding, as well as depth, also 
strongly influenced plant diversity.  They noted greatest plant diversity when: 

• Flooding events were less than 0.5 feet (0.2 m) above predevelopment levels  

• Floods were limited to an annual average of three or fewer events per month  

• The cumulative duration of flooding was less than six days per month above 
predevelopment averages  

On the other hand, a lack of fluctuation in water level can be just as damaging as excessive 
fluctuation to some wetland plant species (Rood and Mahoney 1990).  This is because many 
species need a period of desiccation in order to germinate.  Furthermore, the loss of wet-dry 
cycles in floodplain wetlands that result from the construction of dams favor exotic species 
that replace the native plant community (Bunn and Arthington 2002).   

On the other hand, evidence from some studies suggests that the relative tolerance to 
increases in water level fluctuations is greatest among several non-native or invasive species 
(Figiel et al. 1995, Haworth-Brockman and Murkin 1993, King and Grace 2000).  Increases 
in water level fluctuations and duration of inundation favor generalist plants (plants that are 
found under a wide range of environmental conditions) in the Pacific Northwest (Azous et al. 
2001).   

These results indicate that changes to water level fluctuations in wetlands are likely to result 
in shifts in the composition, distribution, and abundance of plants, especially in situations 
where there is a relatively stable hydroperiod with low level fluctuations.  Furthermore, 
either decreases or increases in water level fluctuations will probably facilitate the invasion 
of non-native or “aggressive” native species by increasing the level of disturbances to which 
plants are subject. 

4.5.4 Impacts on Invertebrates from Changing the Water Level 
Fluctuations in the Habitat   

In the Northwest, researchers have observed a decline in the number of invertebrate species 
in wetlands as the impervious area in the basin increases (Ludwa 1994, Hicks 1996, Ludwa 
and Richter 2001a, Thom et al. 2001).  Since changes in the fluctuations of water levels are a 
major disturbance that results from an increase in impervious surface, it can be hypothesized 
that the decline in the Northwest is a result of this disturbance. Information from other parts 
of the United States seems to confirm this hypothesis.  

The densities of some invertebrate species can be decimated by rapid water level 
fluctuations, especially when the fluctuations are more frequent and severe than historically 
encountered in the wetland.  For example, Missouri floodplain pools that experience large 
fluctuations in water level during major floods tend to have lower invertebrate density 
(Magee et al. 1993).  Repeated exposure to desiccation in a short period of time can lead to a 
marked reduction in the density of invertebrates.  In an Arizona stream that experienced 12 
flash floods between August and December of a single year, densities of all invertebrates 
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were reduced by 75% to 100% (Boulton et al. 1992).  In particular, the numbers of water 
spiders, midges, and some caddisflies, mayflies, and snails declined.   

A number of studies have found that reducing fluctuations in streams by maintaining 
minimum water levels (such as in reservoirs) can increase invertebrate densities in the part of 
an adjacent wetland that is not permanently inundated (Weisberg et al. 1990, Troelstrup and 
Hergenrader 1990). 

4.5.5 Impacts on Amphibians and Reptiles from Changing the 
Water Level Fluctuations in the Habitat   

In Puget Sound wetlands, amphibian species richness was negatively correlated with the 
percent of impervious cover in a contributing basin.  The primary cause is increased water 
level fluctuation (Richter and Azous 2001a).  The richness of amphibians declined to less 
than three species when water level fluctuations increased to over 8 inches (20 cm) (Richter 
and Azous 2001a, Thom et al. 2001).  Chin (1996) concluded that the reduced richness of 
amphibians was correlated with a reduction in the diversity of wetland plants that resulted 
from increases in water level fluctuations.  

Increases in fluctuation of water levels also affect amphibians by (1) stranding egg masses 
when water levels drop, and (2) reducing the thin-stemmed emergent plant species on which 
amphibians lay their eggs.  Unpublished work by Richter (K. Richter, King County, personal 
communication 2002) in western Washington found that amphibians preferred thin-stemmed 
vegetation on which to lay their egg masses.  Greater water level fluctuation directly affects 
amphibian egg survival and causes changes in plant species, reducing the thin-stemmed 
emergent species used by amphibians for egg laying (Chin 1996).   

No correlations were found between the richness of amphibian species and a variety of other 
factors including wetland size, distance to breeding habitats, presence of predators, and 
number of vegetation classes (Richter and Azous 2001a).  The most significant factor 
affecting species richness was mean water level fluctuation, with 8 inches (20 cm) mean 
annual fluctuation being a threshold for lentic breeding species (those that breed in stagnant 
or slow-moving waters such as ponds and wetlands).  Lentic breeding amphibians appear to 
be affected by increases in the duration and frequency of flooding and increased discharge 
rates resulting from the greater frequency and magnitude of storm peaks in urban watersheds 
(Richter and Azous 2001a).  

Amphibian populations in western Washington generally experience impacts in contributing 
basins with increasing amount of impervious surface (Booth and Reinelt 1993).  A more 
recent study documented that watersheds with less than 15% total impervious area had three 
or more amphibian species, whereas most watersheds with more than 25% impervious area 
had less than three species (Chin 1996).  Chin (1996) concludes that changes in water level 
fluctuations and maximum water levels during spring breeding and embryo development are 
the primary adverse effects of increased impervious surface.  
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4.5.6 Impacts on Fish from Changing the Water Level 
Fluctuations in the Habitat  

No specific information was found on how changing fluctuations in water levels impact the 
ability of wetlands to provide habitat for fish.  It is not possible to hypothesize either positive 
or negative impacts on habitat for fish because no logical deductions could be made from the 
available information. 

4.5.7 Impacts on Birds from Changing the Water Level 
Fluctuations in the Habitat  

General observations have indicated a decline in bird richness for wetlands located in a 
contributing basin that is developed or developing.  Richness was not reduced in contributing 
basins that remained rural or relatively undeveloped over the course of the Puget Sound 
Wetlands and Stormwater Management Research Program (Richter and Azous 2001b, Thom 
et al. 2001).  These observations have not specifically been correlated with changes in the 
fluctuation of water levels, although it can be hypothesized that some of the changes 
observed are a result of changes in water level fluctuations because this is one of the major 
disturbances caused by impervious surface (see Chapter 3).  

4.5.8 Impacts on Mammals of Changing the Water Level 
Fluctuations in the Habitat  

No explicit information on how changing fluctuations in water levels will impact mammal 
populations in wetlands was presented in the literature.  It is not possible to hypothesize 
either positive or negative impacts on mammal populations because no logical deductions 
could be made from the available information.   

4.5.9 Summary of Key Points 

• No information was found on the impacts to the hydrologic and water quality 
functions of wetlands resulting from altered fluctuations in water levels.   

• Impacts on habitat for invertebrates and amphibians resulting from changes in how 
water levels fluctuate in wetlands have been documented.  Both groups of wildlife 
exhibit reduced species richness and abundance when wetlands are subject to 
increased fluctuations in water levels.  Impacts to the suitability of wetlands as habitat 
for mammals, fish, and birds have not been documented.   

• Increasing and decreasing fluctuations in water levels also reduce plant richness in 
wetlands.   
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4.6 Impacts from Changing the Amount of Sediment 
Coming into a Wetland 

The sporadic movement of sediment in and out of wetlands is a disturbance that also occurs 
in the absence of human activities.  For example, the persistence of some wetlands (i.e., 
certain riverine and lakeshore wetlands) depends on a sporadic deposition of sediment 
(Mistch and Gosslink 2000).  On the other hand, depressional wetlands are natural sinks for 
sediments because they are the low points in the topography (Brinson 1993b), and this is a 
function they perform with or without the presence of human activities.  Negative impacts to 
wetlands occur when the amount of sediment coming into a wetland either increases or 
decreases from the levels that are present in the absence of human activities (see Mistch and 
Gosslink 2000 for general references to this process).   

4.6.1 Impacts on Hydrologic Functions from Changing the 
Amount of Sediment  

Despite a lack of explicit information on impacts that sedimentation may have on hydrologic 
functions, it is possible to hypothesize that increases in sediment load to a wetland will 
reduce the amount of water it can store.  For every cubic yard of sediment deposited in a 
wetland and not transported further, the storage capacity of water is reduced by a similar 
amount.  This means that depressional wetlands along stream corridors with high inputs of 
sediment may lose much of their ability to store surface waters during floods.  A similar 
hypothesis can be made for depressional wetlands with no surface outflow.  Increases in 
sediment load to such wetlands can reduce the storage capacity.   

4.6.2 Impacts on Functions that Improve Water Quality from 
Changing the Amount of Sediment  

No information was found on how changing the sediment load to a wetland might change the 
water quality functions in wetlands.  It is not possible to hypothesize either positive or 
negative impacts on the water quality functions because no logical deductions could be made 
from the available information.   

4.6.3 Impacts on Plants from Changing the Amount of 
Sediment  

Accelerated sediment deposition or erosion can tax the ability of plant communities to adapt 
(Kantrud et al. 1989, Jurik et al. 1994, Wang et al. 1994).  Sediments have been found to 
impact plant communities in wetlands in several general ways: 

• Burying seeds, leaves, or plants.  Sedimentation can bury established vegetation and 
seed banks (Adamus et al. 2001).  The burial of leaves prevents photosynthesis and 
restricts gas exchange through foliage (Ewing 1996).  Buried plants expend energy 
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elongating their shoots in an attempt to outpace sedimentation, seeking oxygen and 
light, and consequently may be less robust.  

• Changing the depth of habitats.  Over the long term, sedimentation can shrink 
shallow wetlands or reduce the depth of ponds that previously were too deep to 
support many wetland plants.  Such long-term changes in water depth or relative 
elevation also result in shifts in species composition, as has been documented in the 
Mississippi River floodplain (Adamus et al. 2001).  

• Inhibiting germination.  Seeds of the most sensitive species often fail to germinate 
when buried (Dittmar and Neely 1999).  The addition of sediment has been found to 
reduce germination rates of herb species in wetlands by 34% (Neely and Wiler 1993), 
80% (Jurik et al. 1994), and 90% (Wang et al. 1994) depending on the species 
involved.  In general, the species with larger seeds appear to be better able to survive 
burial (Dittmar and Neely 1999, Jurik et al. 1994, Wang et al. 1994).   
 
Less than 0.5 inch (1 cm) of sediment can inhibit germination of cattails (Typha sp.), 
barnyard grass (Echinocola crusgalli), rice cutgrass (Leersia oryzoides), and sedges 
(Carex sp.) (Jurik et al. 1994).  Sedimentation inhibits the germination of cattail 
(Typha latifolia) seeds more than seeds of bur-reed (Sparganium eurycarpum) (Neely 
and Wiler 1993).  Germination of cattail (Typha x glauca) seeds decreased by 60% to 
90% when sediment loads of less than 0.5 inch (0.2 to 0.4 cm) were applied to the 
surface of the soil (Wang et al. 1994). 

In contrast, burial by 1 inch (2 cm) of sediment does not interfere with germination of 
several non-native plant species (Blackshaw 1992, Reddy and Singh 1992).   

• Reducing survival of seedlings.  Excessive sedimentation can reduce the survival of 
seedlings (Jurik et al. 1994).  For example, the density of cattail seedlings and their 
biomass decreased as sediment loads increased from 0.08 to 0.5 inch (0.2 to 1.0 cm).  
One study found a fourfold greater density of annuals (vs. perennials) in some heavily 
sedimented sites (Neely and Wiler 1993).  Older and larger seedlings were more 
tolerant of burial (Wang et al. 1994). 

• Favoring species more tolerant of sediment.  Sedimentation impacts individual 
wetland species in different ways.  The composition of the plant community will 
therefore change as the most sensitive species are suppressed by the sediment while 
the more tolerant ones thrive.  Effects of sedimentation on particular wetland plant 
species are not well documented (van der Valk and Jolly 1992) but findings relevant 
to wetland species found in Washington are discussed here.   
 
Many mature plants, and especially woody species, apparently are not harmed by a 
small amount of sedimentation (Wang et al. 1994).  Adult plants of wild celery 
(Vallisneria americana) tolerated burial to depths of up to 4 inches (10 cm) but none 
survived burial under sediment depths of 10 inches (25 cm) (Rybicki and Carter 
1986).  Among woody plants, saplings of red alder (Alnus rubra) tolerated burial less 
well than those of Oregon ash (Fraxinus latifolia) (Ewing 1996). 
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Growth of the invasive reed Phragmites australis, however, typically keeps pace with 
moderate rates of sedimentation (Pyke and Havens 1999).  However, seeds, seedlings, 
and plants that have evolved in wetland types in which sedimentation is rare (such as 
bogs) may be highly sensitive to burial.  The size of particles that are being deposited, 
not just their amount, may also influence plant survival (Dittmar and Neely 1999). 

A recent study by Mahaney et al. (2004) found that the response of plants to increases in 
sedimentation depends on the hydrogeomorphic class of the wetland.  Increases in 
sedimentation reduced the emergence of four species found in riparian depressions but only 
affected one species in slope wetlands and none in headwater floodplains.  

4.6.4 Impacts on Invertebrates from Changing the Amount of 
Sediment in the Habitat   

In general, increased amounts of sediment can reduce the richness and density of 
invertebrates and alter their species composition.  Excessive sedimentation affects 
invertebrates through several mechanisms (reviewed in Adamus et al. 2001): 

• Burial of detritus and algae, which are important food sources 

• Increase in the time required for invertebrates to move through deposited sediment 
and collect scarce food items  

• Reduced flow of water through soil particles, which is necessary to supplying 
invertebrates with adequate dissolved oxygen 

• Mortality of plants that otherwise provide attachment structures and shelter to 
invertebrates   

Some studies have linked changes in invertebrate communities to the development of 
watersheds (e.g., Hogg and Norris 1991, Ludwa 1994, Carlisle et al. 1998, Ludwa and 
Richter 2001a).  Development often is accompanied by increased export of sediment to water 
bodies.  

Many invertebrate communities in wetlands are adapted to occasional deposition of small 
amounts of sediment, whereas constant or severe deposition causes major changes.  The 
following bullets summarize some of the studies that have documented impacts of sediment 
on individual invertebrate species, as well as groups of species, many of which are found in 
Washington. 

• Once deposited, sediments can further damage wetland invertebrate communities if 
they are re-suspended by wind mixing or fish, making the water turbid.  For example, 
bottom-feeding carp (Cyprinus carpio) noticeably increase turbidity, both directly (as 
they move along the bottom) and by consuming aquatic plants that otherwise would 
stabilize and trap sediments (Lougheed et al. 1998).  The biomass of planktonic 
invertebrates declined in Utah ponds after introduction of carp (Huener and Kadlec 
1992). 
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• In some instances, invertebrate density and perhaps richness can increase over the 
long term if sedimentation replaces coarser substrates with finer substrates that better 
support establishment of rooted plants.  In temporarily flooded prairie pothole 
wetlands, only caddisflies seemed relatively unaffected by surrounding land use that 
generated sediments.  Ostracods (seed shrimp), cladocerans (water fleas), and some 
snails (planorbiids, lymnaeids, physids) were diminished, presumably in part because 
of sedimentation (Euliss and Mushet 1999).   

• Burrowing, tube-forming worms and midges commonly predominate where 
sediments accumulate (Magee et al. 1993).  Filter-feeding species and those that graze 
on the bottom are most sensitive (Lougheed and Chow-Fraser 1998).  However, 
invertebrate size and behavior also influence their tolerance to sediments (McClelland 
and Brusven 1980).  On the other hand, substrates newly created by sedimentation 
may attract tolerant individuals and species that are poor competitors on older, more 
crowded substrates (Soster and McCall 1990). 

• Severe and rapid sedimentation is inevitably lethal to nearly all aquatic invertebrates.  
In North Dakota, wetlands surrounded by cropland were virtually devoid of the 
resting eggs of zooplankton, whereas such eggs were abundant in wetlands 
surrounded by mostly natural grassland, which presumably minimized erosion and 
sedimentation (Euliss and Mushet 1999). 

• Unionid mussels (mussels in the family Unionidae) are sensitive to increased 
sedimentation (Goudreau et al. 1993, Box and Mossa 1999).  Numbers of the swamp 
fingernail clam (Musculium partumeium) and amphipods were reduced in willow 
wetlands in northeastern Missouri where 2 to 4 inches (5 to 10 cm) of sediment had 
been recently deposited (Magee et al. 1993).   

• Sediments may clog the filter feeding mechanisms of some species and limit light 
penetration.  This would adversely impact phytoplankton and other primary 
producers, with a subsequent adverse impact on food chains (Euliss and Mushet 
1999). 

• Sedimentation also potentially buries invertebrate eggs deposited in the substrates of 
wetlands (Euliss and Mushet 1999). 

4.6.5 Impacts on Amphibians and Reptiles from Changing the 
Amount of Sediment in the Habitat  

Few studies of the impacts of increases in the deposition of sediment on amphibians and 
reptiles have been conducted in wetlands.  On one hand, some species require soft sediments 
as hibernation sites.  For example, painted turtles (Chrysemys picta) used sediments 1.6 to 3 
feet (0.50 to 0.95 m) thick in an Ontario pond (Taylor and Nol 1989).  On the other hand, 
excessive sediments, when stirred, impair light penetration of the water column and thus can 
inhibit growth of algae and especially submersed aquatic plants, which provide cover and 
attachment sites for amphibian eggs. 
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4.6.6 Impacts on Fish from Changing the Amount of Sediment 
in the Habitat  

No recent studies on the impacts of sediment on habitat for fish in North American wetlands 
or lakes were found.  Most of the studies on the impacts of sediment on fish populations have 
been done in streams, especially as it concerns the growth and reproduction of salmonids in 
the Pacific Northwest.  This information was reviewed and synthesized in Knutson and Naef 
(1997).  The conclusion reached by Knutson and Naef quoted below can also apply to 
wetlands because streams are often considered a part of wetlands:  

Sedimentation in fish-bearing waters affects habitat quality and fish survival 
in a number of ways.  Stream bottoms covered with fine sediments are no 
longer suitable for spawning.  Sediments cover and suffocate fish eggs and 
fry.  High sediment deposits also block fish passage to upper spawning 
reaches.  Suspended sediments clog the gills of fish, decrease dissolved 
oxygen levels, inhibit fish feeding and growth, and suppress macro-
invertebrate food sources. 

4.6.7 Impacts on Birds from Changing the Amount of 
Sediment in the Habitat 

Little information was found on how sedimentation impacts the habitat that a wetland 
provides for bird communities.  One can hypothesize, however, that sedimentation can 
impact birds by altering structure of vegetation (see Section 4.6.3) that provide food for 
herbivorous birds or those that prey on invertebrates (see Section 4.6.4).  In one case, the 
densities of breeding dabbling ducks were positively correlated with wetland turbidity in 
ponds in the interior of British Columbia (Savard et al. 1994). 

4.6.8 Impacts on Mammals from Changing the Amount of 
Sediment in the Habitat  

No information was found on how sedimentation might change the habitat that a wetland 
provides for mammals.  As with birds, however, one can hypothesize that sedimentation can 
impact mammals by altering habitat structure or changing the abundance or availability of 
prey items.   

4.6.9 Summary of Key Points 

• No information was found on possible impacts of sedimentation on the functions of 
wetlands that improve water quality.   

• Increasing sedimentation will decrease plant richness and tends to favor the more 
invasive types that tolerate disturbance.   
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• Impacts of increased amounts of sediment on the habitat functions of wetlands have 
been documented for invertebrates, amphibians, and fish.  All of these groups 
generally have reduced species richness and abundance when wetlands are subject to 
increased sedimentation.  In some cases, however, where the sediments coming into a 
wetland are finer than existing sediments, the number of invertebrate species may 
increase.  Impacts from sedimentation on the suitability of wetlands as habitat for 
mammals and birds have not been documented.   

4.7 Impacts from Increasing the Amounts of Nutrients 
Coming into a Wetland 

The major nutrients for plant growth, phosphates, nitrates, and ammonium, can be 
transported into aquatic systems and impact the functions performed by wetlands.  These 
nutrients are carried in water in dissolved forms or adsorbed onto sediment.  The element 
phosphorus is usually the limiting nutrient for plant growth in freshwater aquatic systems 
(Newton 1989, Mitsch and Gosselink 2000).  Because it is the limiting factor, phosphorus in 
the presence of the other critical element, nitrogen, allows expansive growth of 
phytoplankton, algae, and larger plants in aquatic systems when it is available in higher 
quantities.   

Excessive algal growth is unsustainable, and when the algae blooms die, their decomposition 
causes the available dissolved oxygen to be consumed.  The undesirable growth of vegetation 
caused by high concentrations of plant nutrients in bodies of water is called eutrophication.  
Eutrophication is defined as the process by which a body of water becomes enriched in 
dissolved nutrients (as phosphates) that stimulate the growth of aquatic plant life usually 
resulting in the depletion of dissolved oxygen (Merriam Webster online http://www.m-
w.com/cgi-bin/dictionary?book=Dictionary&va=eutrophication accessed October 14, 2004). 

Excess phosphorous and nitrogen, therefore, often leads to eutrophication with subsequent 
mortality of the aquatic organisms that require oxygen (Newton 1989, Mitsch and Gosselink 
2000).  Wetlands with areas of water on the surface can therefore become eutrophic if they 
receive excessive amounts of phosphorus and/or nitrogen. 

4.7.1 Impacts on Hydrologic Functions from Increasing the 
Amounts of Nutrients  

It is possible that the stimulation of plant growth by excess nutrients could increase the 
density of plants in the wetland.  A thicker stand of vegetation can be expected to provide 
more resistance to flood flows than a thinner one (Adamus et al. 1991, Hruby et al. 1999).  
Therefore, excess nutrients might indirectly improve the reduction in velocity that a wetland 
provides during floods.  The literature did not provide any other information on how 
nutrients might affect the hydrologic function of wetlands. 
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4.7.2 Impacts on Functions that Improve Water Quality from 
Increasing the Amounts of Nutrients  

Some research indicates that excessive nutrients from agricultural operations may reduce the 
normal ability of wetland microbes to detoxify particular pesticides (Kazumi and Capone 
1995, Chung et al. 1996, Entry and Emmingham 1996).  Adding nitrogen to riparian 
wetlands may potentially compromise the long-term ability of the system to remove nitrogen 
via denitrification (Ettema et al. 1998).  Other information on this topic was not documented 
in the literature. 

However, several avenues of research could be combined to make some hypotheses about 
impacts.  The addition of nutrients to acidic bogs results in changes in plant communities.  
The plant community that maintains the high acidity in the bog may change to one that 
maintains a more neutral pH.  These changes might then alter several aspects of chemistry in 
the wetland that affect its ability to improve water quality.  The rate of nitrification will 
probably increase because, as noted by Mitch and Gosselink (2000), low pH inhibits 
denitrifying bacteria.  The change in pH will also probably change the ability of the wetland 
to bind different toxic metals and other compounds.  (See the discussion in Chapter 2 on how 
pH is linked to the ability of a wetland to bind different pollutants.)  

4.7.3 Impacts on Plants from Increasing the Amounts of 
Nutrients  

Excessive nutrients can affect wetland plants in a variety of ways including: 

• Shifting the species composition away from species that take up nutrients slowly, to 
those that are able to exploit nutrient pulses more rapidly or which have high nutrient 
requirements (Hough et al. 1989, Arts et al. 1990, Gopal and Chamanlal 1991, Wetzel 
and van der Valk 1998)  

• Triggering algal blooms that can shade out many submersed herbaceous plants 
(Crowder and Painter 1991, Stevenson et al. 1993, Srivastava et al. 1995, Short and 
Burdick 1995)  

• Causing dead plant material to accumulate faster than it can decompose completely, 
thus altering understory and soil structure (Neill 1990b, Craft and Richardson 1993) 

Such changes usually result in long-term changes in the distribution and richness of plants 
within the wetland.  Over the long term, nutrient additions to most wetlands tend to reduce 
species richness and increase the dominance of a few species.  Often, non-native species are 
most capable of invading rapidly changing environments.  Consequently they frequently 
come to dominate some nutrient-enriched wetlands (Adamus et al. 2001).  

Increases in plant litter can smother other plants when the fast growing species die, thus 
helping maintain the dominance of species that exploit nutrients the most (Adamus et al. 
2001).  For example, the addition of nitrogen and phosphorus fertilizers to a marsh 
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dominated by cattail (Typha glauca) and the grass Scolochloa festucacea during two growing 
seasons resulted in increased biomass of both species.  However, the biomass of S. 
festucacea declined in the second year due to accumulated litter of T. glauca (Neill 1990b).  

The plants in bogs and other nutrient-poor wetlands are logically the most sensitive to 
nutrient additions (Moore et al. 1989).  The increased availability of nutrients allows grasses 
and common opportunistic plants to out-compete rare plants (such as sundews, orchids, and 
pitcher plants) that are adapted to nutrient-poor conditions.  For example, in Appalachian 
peat bogs, the spatial dominance of bristly dewberry (Rubus hispidus) was positively related 
to nutrient levels, but dominance of the Ericaceae shrubs was negatively related (Stewart and 
Nilsen 1993).   

Many aquatic plant species respond to nutrient additions with increased growth, biomass, and 
productivity.  Growth responses to enrichment have been documented for about 80 wetland-
associated species in North America.  Of these, most have tolerated enrichment or responded 
to enrichment with increased biomass or growth (Adamus and Gonyaw 2000).  

 

4.7.4 Impacts on Invertebrates from Increasing the Amounts of 
Nutrients in the Habitat   

Excessive nutrients can cause long-term and short-term shifts in invertebrate communities.  
The information available suggests that excess nutrients can result in both decreases and 
increases in species richness as well as changes in the groups of invertebrates found.  The 
direction of the change depends on how the nutrients impact the vegetation and soils that are 
the main habitat for invertebrates.  Findings from the literature include: 

• Increased richness of invertebrates.  Up to some point, nutrient inputs to wetlands 
can lead to increased invertebrate richness, as more food sources become available to 
predatory invertebrates (Rader and Richardson 1992, Campeau et al. 1994, Cieminski 
and Flake 1995, Gernes and Helgen 1999). 

• Reduced richness of invertebrates.  Invertebrate richness in a series of highly 
enriched wastewater wetlands was found to be lower than in a less enriched reference 
wetland (Nelson et al. 2000).  

• Changes in the types of invertebrates.  In some cases excess nutrients result in the 
increased dominance of certain kinds of algae.  Invertebrates that specialize in 
feeding on these algae, or that characteristically find shelter and attachment sites in 
the aquatic plants, then have an advantage and can become dominant (Murkin et al. 
1991, Campeau et al. 1994).  Exposure to organic enrichment and eutrophication 
frequently causes an increase in grazers (such as Tanypodinae midges), as well as 

Information on the response of many individual plant species to nutrients can be 
found in the National Database of Wetland Plant Tolerances at: 
http://www.epa.gov/owow/wetlands/bawwg/publicat.html#database1  
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other herbivores, species that feed on detritus, predators, and “miners” that burrow 
into plants.  These are groups that typically increase with increasing growth of algae 
growing on the bottom and emergent aquatic plants (Campeau et al. 1994).  A study 
of four lacustrine wetlands bordering Lake Michigan also found that midge 
communities shifted across nutrient gradients (Murkin et al. 1992, Campeau et al. 
1994).    

• Increased density of invertebrates.  Total invertebrate density increases with 
increased nutrients, as algal production becomes less of a limiting factor in the 
invertebrate community (Murkin et al. 1992, Campeau et al. 1994).  

• Changes in the bioaccumulation of metals by invertebrates.  Nutrients appear to 
influence the tendency of aquatic invertebrates to accumulate heavy metals and the 
type of metals that are accumulated.  For instance, zinc, iron, and manganese 
concentrations were higher in midges from nutrient-rich wetlands, whereas high 
copper concentrations were found in midges from nutrient-poor wetlands (Bendell-
Young et al. 2000).  This may be due at least partly to the bioavailability of various 
metals being influenced by oxygen conditions in the sediment, which in turn are 
partly the result of decomposition of algal blooms triggered by high concentrations of 
nutrients (Adamus et al. 2001). 

Information on the response of many individual invertebrate species to enrichment can be 
found in the National Database of Invertebrate Tolerances at: 
http://www.epa.gov/owow/wetlands/bawwg/publicat.html#database1  

4.7.5 Impacts on Amphibians and Reptiles from Increasing the 
Amounts of Nutrients in the Habitat  

The review of the literature indicates that amphibians can be impacted by the input of 
nutrients.  No studies were found on impacts on reptiles.  

Amphibians in the Northwest can be directly impacted by the input of nitrates.  Five 
amphibian species in Oregon showed both sublethal responses and mortality following 
laboratory applications of nitrate.  These studies indicated that the EPA nitrate criteria for 
drinking water of 10 milligrams per liter (mg/l) and/or for protection of warmwater fish are 
inadequate to protect these amphibians (Marco et al. 1999).  In Texas, playa wetlands 
receiving nutrient-laden effluent from feedlots were devoid of amphibians found in natural 
playas (Chavez et al. 1999).  Experiments indicated that effluent had to be diluted to less than 
3% strength in order to minimize adverse effects on the leopard frog (Rana pipiens). 

Indirect impacts of excessive nutrients can also be important to amphibians.  Shifts in 
seasonal timing and amount of nutrients that enter a wetland can, over a period of years, 
increase the relative dominance of algae and/or emergent plants at the expense of submersed 
plants.  This in turn can reduce the availability of submersed plants as attachment substrates 
for amphibian eggs and as cover for larvae (Beebee 1996).  
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Excess nutrients can also diminish dissolved oxygen levels (Tattersall and Boutilier 1999), 
alter the abundance of aquatic predators, and shift the algal and invertebrate foods available 
to amphibians (Horne and Dunson 1995).  As a result, species composition and sometimes 
species richness of amphibian communities can decline as eutrophication becomes severe.  
However, well designed studies of such effects are few.   

4.7.6 Impacts on Fish from Increasing the Amounts of 
Nutrients in the Habitat  

No information was found documenting direct impacts of excess nutrients on fish in 
wetlands.  However, the secondary impacts of eutrophication such as oxygen depletion do 
affect fish.  Much of the literature deals with impacts of low oxygen in streams (for a review 
see Knutson and Naef 1997), and it can be assumed that the impacts of low oxygen in 
wetlands will be similar.   

As mentioned previously, the increased plant production that results from added nutrients 
often results in low oxygen levels when the plant material dies and starts to decompose.  
Many fish species suffer from reduced levels of dissolved oxygen, and feeding habits also 
may shift.  To some degree, fish families can be grouped according to their susceptibility to 
oxygen deficiencies.  Salmonids and coregonids (whitefish) require high levels of dissolved 
oxygen, whereas cyprinids (a large family that includes carp and goldfish) often tolerate low 
dissolved oxygen levels (Harper 1992).  Thus the species composition and richness may 
change depending on the initial state of the wetland and the duration and magnitude of the 
eutrophication. 

4.7.7 Impacts on Birds from Increasing the Amounts of 
Nutrients in the Habitat  

Eutrophication can indirectly impact the composition of the wetland bird community by 
altering the vegetation structure and availability of prey.  In general, moderately elevated 
nutrient levels also spur the growth of submersed plants that provide food for ducks, as well 
as supporting more aquatic insects that are especially important as food for ducklings and 
aerial foragers like swallows.  However, excessive nutrients cause algal blooms that can kill 
fish eaten by birds, reduce the growth of plants growing on the bottom by blocking light, and 
reduce visibility of other food items under the water surface.   

Studies that have documented changes in the bird community related to excess nutrients are 
summarized below:  

• Excessive nitrates have been implicated in deaths of some frogs (see Section 4.7.5).  
Frogs are a significant prey item for some wetland birds (Adamus et al. 2001).  

• Northern shoveler (Anas clypeata) and eared grebe (Podiceps nigricollis) were 
positively associated with phosphorus in a survey of wetlands in interior British 
Columbia (Savard et al. 1994). 
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• The abundance and biomass of water-birds were positively correlated in 46 Florida 
lakes with levels of phosphorus, nitrogen, and chlorophyll.  There also was a positive 
correlation of water-bird richness with phosphorus, after accounting for nutrients 
contributed to the lakes by the birds themselves (Hoyer and Canfield 1994).  

• Total density of dabbling ducks was correlated positively with total dissolved 
nitrogen (Savard et al. 1994).  

• The parasitic nematode Eustrongylides ignotus, which has only been found in 
disturbed and enriched wetlands (Spaulding and Forester 1993), negatively affects the 
health of adult wading birds and the survival of their nestlings (Spaulding et al. 1993). 

4.7.8 Impacts on Mammals from Increasing the Amounts of 
Nutrients in the Habitat  

No information was found on impacts from increases in nutrients on the habitat of mammals 
in wetlands.  It can be hypothesized, however, that, if eutrophication results in anoxic 
conditions that are lethal to the prey of mammals (e.g., fish and some amphibians), the 
community composition may shift from predator species (such as otter or mink) to vegetarian 
or invertebrate-eating species and opportunists (such as muskrat). 

4.7.9 Summary of Key Points 

• Some impacts to the hydrologic functions from increased nutrients can be 
hypothesized because the increased growth of plants resulting from increased 
nutrients may provide better resistance to the movement of flood waters. 

• Some impacts to the functions of improving water quality have been reported.  These 
include a potential reduction in the ability of wetlands to detoxify pesticides and to 
remove nitrogen as a pollutant.  Impacts from increased nutrients can also be 
hypothesized for bogs.  The ability of bogs to bind toxic metals may be reduced but 
their ability to remove nitrogen may be increased.  

• Increasing nutrients will stimulate plant growth and may change the composition of 
the species present.  

• Impacts of increased amounts of nutrients on the habitat wetlands provide have been 
documented for invertebrates, amphibians, and birds.  Excess nutrients can result in 
both an improvement in the habitat through the production of food and a reduction in 
habitat through eutrophication.  The actual impacts depend on local conditions in the 
wetland.  Impacts to the habitat for fish and mammals can be inferred because 
eutrophication causes reductions in the levels of oxygen in the water with resultant 
impacts to both water quality and the food sources for these two groups.   
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4.8 Impacts from Introducing Toxic Contaminants to a 
Wetland 

4.8.1 Impacts on Hydrologic Functions from Toxic 
Contaminants  

Contaminants are chemical compounds, solutions, or particles introduced into the 
environment that change how the environment or the organisms living there function.  Toxic 
contaminants are poisons that specifically impact the growth and reproduction of living 
organisms.   

No explicit information was found in the literature on the possible impacts of toxicity from 
contaminants on the hydrologic functions provided by wetlands (storing flood waters, 
reducing erosion, and recharging groundwater).  It is not possible at this stage to hypothesize 
either positive or negative impacts on hydrologic functions because no logical deductions 
could be made from the available information.   

4.8.2 Impacts on Functions that Improve Water Quality from 
Toxic Contaminants  

Information on how toxic compounds affect the function of wetlands to remove pollutants is 
sparse.  It can be hypothesized, however, that an input of low levels of toxic compounds may 
stimulate the ability of a wetland to detoxify pollutants.  Some microbial species biodegrade 
particular contaminants and their abundance is increased in the presence of low levels of the 
contaminants.  These species can flourish in some wetlands that are only mildly or 
moderately contaminated.   

Contaminants that can be processed by microbes when concentrations are low to moderate 
include copper (Farago and Mehra 1993), mercury (Marvin-Dipasquale and Oremland 1998), 
selenium (Steinberg and Oremland 1990, Azaizah et al. 1997), cadmium (Sharma et al. 
2000), manganese (Sikora et al. 2000), and petroleum (Nyman 1999, Megharaj et al. 2000).  

4.8.3 Impacts on Plants from Toxic Contaminants  

Most plant species are relatively tolerant to toxic contaminants.  Impacts usually result from 
the effects of contaminants on plant metabolic pathways, enzymatic reactions, and growth 
(Fitter and Hay 1987).  Symptoms of toxicity can include reduced growth; small, discolored, 
or dying leaves; early leaf fall; and stunted or suppressed growth of roots (Pahlsson 1989, 
Rhoads et al. 1989, Vasquez et al. 1989).  
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Shifts in the composition of the plant community in response to contaminants have not been 
widely documented.  Relevant studies include:  

• Arsenic, cadmium, copper, lead, and zinc inhibited growth in hybrid poplar (Populus) 
and several other tree species (Lejeune et al. 1996).  

• Iron and manganese, although not usually toxic to wetland plants, do affect species in 
some wetland types.  For example, laboratory experiments revealed differences 
among 44 fen species with regard to the influence of iron on growth (Snowden and 
Wheeler 1993).  

• Oil spills can have long-lasting effects on wetland plant communities (Obot et al. 
1992).  In a greenhouse experiment, oil and a detergent used to clean up oil spills 
were applied to broadleaf arrowhead (Sagittaria lancifolia), salt marsh sedge (Scirpus 
olneyi), and common cattail (Typha latifolia).  The leaves on all of the study plants 
died following oiling, but new leaves soon developed on those plants subjected to oil 
and subsequent cleaning with the detergent.  S. olneyi was the least sensitive of the 
three species, whereas T. latifolia appeared to be the most sensitive (Pezeshki et al. 
1998).  

• The herbicides Rodeo® and Garlan 3A®, applied to control purple loosestrife 
(Lythrum salicaria), also reduced the growth rates of non-target species such as 
duckweed (Lemna gibba) (Gardner and Grue 1996). 

4.8.4 Impacts on Invertebrates from Toxic Contaminants in the 
Habitat  

General studies on the impacts to invertebrates in wetlands of Puget Sound found that 
increased levels of contaminants and changes in the water regime correlated with declines in 
species richness among the scraper and shredder functional feeding groups and the 
Chironomidae family (small, mosquito-like flies) (Ludwa 1994).  These authors found 
declines in richness and abundance of invertebrate groups whose presence is seen as an 
indicator of the general health or quality of a water body.  Another study in Massachusetts 
also showed a direct and negative correlation between urbanization and the abundance and 
richness of macro-invertebrates (Hicks 1995) primarily through impacts to water quality.   

The following sections first review the effects of metals on invertebrates and then describe 
the effects of organic and synthetic compounds such as pesticides.  Much of the information 
on the impacts on invertebrates is based on studies in streams.  These studies are probably 
applicable to wetlands because some of the species and many of the invertebrate families 
reported in the studies are also found in wetlands.  

4.8.4.1 Impacts of Heavy Metals on Invertebrates 

Heavy metals such as mercury, lead, zinc, copper, and cadmium can be directly toxic to 
wetland invertebrates.  Metals can also impact invertebrate communities by altering the 
species composition and abundance of algae and aquatic plants upon which invertebrates 
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depend for food and shelter.  Growth, larval development, and reproduction of invertebrates 
can also be harmed by long-term exposure to sublethal concentrations of trace metals 
(Timmermans 1993).  Relatively little, however, is known about the sublethal effects of 
metal pollutants in freshwater wetlands or how metals are metabolized or accumulated.  

The extent to which heavy metals are toxic to wetland invertebrates depends largely on the 
acidity of the wetland and the particular form of the metal involved.  Acidic conditions can 
mobilize and increase the toxicity of some metals, such as cadmium (Wright and Welbourn 
1994), and decrease the toxicity of others, such as aluminum (Wren and Stephenson 1991).  
On the other hand, some metals, such as iron and aluminum, can to some degree protect 
invertebrates from otherwise toxic effects of heavy metals in acid mine drainage (Whipple 
and Dunson 1992). 

Specific studies documenting the impact of heavy metals on invertebrates are summarized 
below: 

• Moderate recovery of invertebrates from metal contamination was demonstrated in 
the Coeur D’Alene River in Idaho.  Over 22 years after contamination by zinc and 
other metals ceased, the number of species grew from zero to 18, while the proportion 
of mayflies, stoneflies, and caddisflies relative to the proportion of midges rose 
(Hoiland and Rabe 1992, Hoiland et al. 1994).   

• Some studies show herbivores and detritivores as the most sensitive to additions of 
metals (Kiffney and Clements 1994a, Leland et al. 1989), whereas others have 
reported scrapers being the most sensitive group (Clements 1994).  

• Mayflies and some stoneflies of western streams are sensitive to metals, whereas 
caddisflies and midges are relatively tolerant (Clements 1994, Kiffney and Clements 
1994b, Leland et al. 1989).   

• Agricultural drainage water containing arsenic, boron, lithium, and molybdenum 
entering the Stillwater Wildlife Management Area in Nevada proved acutely toxic to 
many wetland invertebrates (Hallock and Hallock 1993).  

• Copper and some other heavy metals appear to be more damaging to aquatic 
communities in the spring and summer rather than in the fall (Leland et al. 1989).  
Summer exposure to metals may coincide more closely with hatching of many macro-
invertebrates, and early periods in the development of the invertebrates may be more 
susceptible.  

4.8.4.2 Impacts of Pesticides, Oil, and Other Contaminants on 
Invertebrates 

Pesticides, oil, and other toxic contaminants represent a wide range of pollutants.  In general, 
however, most have been shown to change the community structure (abundance, distribution, 
and richness) of invertebrates.  Contaminants cause these effects through several 
mechanisms, including: 
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• Causing acute or chronic toxicity to invertebrates 

• Altering algal communities and aquatic plants upon which some invertebrates depend 
for food and shelter  

• Altering predation on invertebrates by decimating numbers of other crustaceans, fish, 
and amphibians 

• Reducing rates of oxygen diffusion 

• Changing the effects of other potential disturbances, such as acidity  

The range of pesticides and organic pollutants used today is very large and it is not possible 
to generalize the impacts of this group of pollutants on invertebrates.  Table 4-1 summarizes 
numerous studies that demonstrate the wide range of responses of invertebrates to 
contaminants. 

Table 4-1.  Summary of studies on effects of contaminants on invertebrates. 

Reference Contaminant 
Studied 

Results 

Eisler (1992) diflubenzuron 
(insecticide) 

In laboratory tests diflubenzuron was most toxic to 
crustaceans, followed by mayflies, midges, caddisflies.  
Larvae of corixids, dragonfly adults and larvae, spiders, 
dytiscids, and ostracods had moderate sensitivity 

Eisler (1992) paraquat, cyanide, 
fenvalerate, acrolein 

These substances were lethal to invertebrates  

Dieter et al. 
(1996) 

phorate (pesticide) In Prairie Pothole Region, macro-invertebrates that were 
particularly sensitive to phorate included hemipterans, 
mosquitoes, flies, mayflies, water mites, and water beetles.  
Less sensitive were leeches, snails, aquatic worms, 
ostracods  

Lieffers (1990) 3-trifluoromethyl-4-
nitrophenol (TFM) 
(lampricide) 

TFM had a significant effect on invertebrates in a small 
stream  

Fairchild and Eidt 
(1993) 

fenithrothion 
(insecticide for 
forest insects) 

Fenithrothion reduced emergence of aquatic insects for 6 to 
12 weeks.  Densities of most invertebrates (especially 
predatory species, midges, some other dipterans) were 
reduced by as much as 50% for more than one month after 
treatment.  Wetland sediments became dominated by aquatic 
worms and water mites.  Although in many streams and 
large lakes fenithrothion has transitory effects, residual 
toxicity remained in bog wetlands during winter and into the 
next year 

Hachmoller et al. 
(1991) 

various organic 
pollutants 

Mayflies, stoneflies, caddisflies decreased in abundance in 
stream contaminated by various organic pollutants  
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Reference Contaminant 
Studied 

Results 

Keller (1993), 
Metcalfe and 
Charlton (1990) 

various 
contaminants 

Mussels are especially sensitive to combined effects of 
pesticides, organic compounds, excessive nutrients  

Kemp and Spotila 
(1996) 

industrial 
pollutants, PCBs 

Isopods, oligochaetes, craneflies were main survivors in a 
Pennsylvania stream with industrial pollution (including 
PCBs) compared with non-urbanized control segments 

Crunkilton and 
Duchrow (1990) 

oil After 25 days, an oil spill in a Missouri stream reduced 
macro-invertebrate population to less than 0.1% of normal 
densities.  Recovery of some species of stoneflies, mayflies, 
and caddisflies did not occur for at least nine months  

Henry et al. 
(1994) 

surfactant In laboratory tests, a surfactant was approximately 100 times 
more toxic than the herbicide glyphosate, with which it is 
commonly applied 

Wipfli and Merritt 
(1994), 
Kreutzweiser et 
al. (1994), 
Jackson et al. 
(1994), Waalwijk 
et al. (1992) 

Bacillus 
thuringiensis var. 
israelensis (Bti) 
(biological control 
agent) 

Bti appears to have minimal adverse effects on non-target 
insects in streams although mortality has been observed in 
Lepidoptera, some midges, craneflies, caddisflies, mayflies 

Euliss and Mushet 
(1999) 

agricultural 
contaminants 

Direct adverse correlation found between aquatic 
invertebrate species richness and agricultural practices for 
seasonally inundated wetlands in prairie pothole region of 
North Dakota.  Adverse effects on invertebrates could result 
from agrichemicals (shown to cause increased mortality of 
aquatic invertebrates in other studies).  Tilling around 
wetlands could increase erosion, leading to suspended 
sediments and adsorbed metals that are toxic to some 
zooplankton and thus affect the food chain 

4.8.5 Impacts on Amphibians and Reptiles from Toxic 
Contaminants in the Habitat   

Studies of the effects of heavy metals, pesticides, and other toxins on amphibians and reptiles 
have been conducted mainly on species, not communities.  A review of relevant literature 
was published by Sparling et al. (2000).  Schuytema and Nebeker (1996) have compiled a 
database of toxicity information from published literature for 58 amphibian species as related 
to 135 chemicals.   

Many different pollutants have been documented as toxic to species of amphibians and 
reptiles found in Washington’s wetlands.  The following references document the impact of 
toxic compounds on some species found in the Pacific Northwest:  

• Toxic effects of aluminum and other metals on the embryos and tadpoles of the 
northern leopard frog (Rana pipiens) were found by Freda (1991), Freda and 
McDonald (1990), and Freda et al. (1990).  
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• Many synthetic organic compounds affect amphibians and aquatic reptiles.  
Northwestern salamander (Ambystoma gracile) egg mortality corresponded with 
levels of total petroleum hydrocarbons in western Washington (Platin 1994, Platin 
and Richter 1995).  

• The pesticide esfenvalerate caused damaging sublethal effects on tadpoles of the 
northern leopard frog (Materna et al. 1995).  

• Tests of three forest insecticides (fenitrothion, triclopyr, and hexazinone) on the 
northern leopard frog in Ontario suggested that tadpoles were sensitive to triclopyr 
and fenitrothion (Berrill et al. 1991). 

4.8.6 Impacts on Fish from Toxic Contaminants in the Habitat  

The response of fish communities and individual species to toxic compounds is varied and 
complicated by many environmental factors.  Smaller fish may be the first to respond to 
contaminants (Matuszek et al. 1990).  

The toxicity of copper and zinc to some fish species depends on other chemical 
characteristics of the water (Munkittrick and Dixon 1992, Welsh et al. 1993), as well as fish 
behavior (Pourang 1995).  For example, dissolved organic matter from a marsh at a level of 5 
mg carbon per liter kept copper from binding to the gills of small steelhead (Oncorhynchus 
mykiss), thereby reducing its toxicity.  This occurred because copper formed a complex with 
dissolved organic carbon, making the copper unavailable (Hollis et al. 1997).  In addition, 
some fish species may acclimate to moderately elevated levels of some metals (Klerks and 
Lentz 1998). 

Selenium is not directly toxic to fish at concentrations usually found in soils but can become 
toxic once concentrated in fish food chains.  This is especially true in some wetlands that 
receive effluents from irrigated fields or power plant reservoirs in some regions (Zilberman 
1991, Lemly 1996).  

Synthetic organics, including pesticides, can accumulate in wetland fish (Cooper 1993), often 
with adverse effects.  In a Canadian wetland receiving effluent containing oily sand, fish had 
altered blood chemistry and died within fourteen days (Bendell-Young et al. 2000).    

4.8.7 Impacts on Birds from Toxic Contaminants in the 
Habitat  

The response of individual bird species and bird communities to toxic compounds is varied.  
Individual species are directly affected by many pollutants.  Many pesticides, however, are 
more likely to impact bird populations by altering their habitat and foods rather than by direct 
toxicity.  Studies that document such impacts are summarized below: 
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• Several instances have been documented of wetland birds being directly poisoned by 
insecticides applied at recommended rates (e.g., parathion, as documented by 
Flickinger et al. 1991). 

• Herbicides have been applied to wetlands to change the structure of vegetation and 
the composition of plant species, with consequent shifts in the composition of bird 
species (Solberg and Higgins 1993, Linz et al. 1996).  Information on pesticides in 
prairie wetlands has been compiled by Facemire (1992).  

• Detrimental reproductive effects from dioxins have been documented for great blue 
herons (Ardea herodias) (Hart et al. 1991); for dioxins and furans for wood ducks 
(Aix sponsa) (White and Seginack 1994); for PCBs (polychlorinated biphenyls) in 
American kestrels (Falco sparverius); and for petroleum in mallards (Anas 
platyrhynchos) (Holmes and Cavannaugh 1990). 

• Research has continued to focus on the effects of selenium on waterfowl in western 
states.  Biogeochemical conditions favoring the release of selenium into wetlands are 
found throughout the arid regions of the western states and threaten bird communities 
in many wetlands along the Pacific and Central Flyways (Paveglio et al. 1992).  
Agricultural drainage, irrigation, and natural waters can leach selenium from many 
western soils.  Subsurface irrigation is the most widespread and biologically 
important source of selenium toxicity for waterfowl, including the waterfowl in six 
national refuges (Ohlendorf et al. 1990, Feltz et al. 1991).  Selenium is often 
accompanied by boron, which is toxic to ducklings (Stanley et al. 1996). 

Lead shot as a source of toxic metal 

The use of lead shot for hunting is banned in Washington State but its use is still allowed for 
target shooting.  If target ranges are adjacent to wetlands the potential exists of lead entering 
these wetlands.  The pathways for uptake of lead shot by aquatic birds would be the same 
whether the source is from active hunting or from target shooting. 

Lead is toxic to aquatic biota (Eisler 1988).  Waterborne lead is the most toxic form.  The 
introduction of lead into the aquatic food chain via aquatic plants has been found in the roots 
and foliage of the pond weed Potamogeton foliosus and in the exoskeleton of crayfish (Eisler 
1988, Knowlton et al. 1983).  Elemental lead (lead shot), however, has been shown to be 
significantly less bioavailable to rooted aquatics than powdered lead (Behan et al. 1979). 

Waterfowl are at risk from ingesting lead shot as they forage in wetlands.  Because of the 
proximity of wetlands to shooting ranges, other aquatic organisms, including amphibians, 
and some bird species may be at risk from the spent lead.  For example, Eisler (1988) found 
that lead in tadpoles might contribute to the lead levels reported in wildlife that eats tadpoles.  
Predatory animals that feed on amphibians include reptiles (such as the garter snake), birds 
such as the great blue heron and the marsh hawk, and mammals such as raccoons (Martin et 
al. 1951).   
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4.8.8 Impacts on Mammals from Toxic Contaminants in the  
Habitat  

No explicit information was found in the literature on the possible impacts of toxicity from 
contaminants in wetlands on mammals using wetlands.  It is not possible at this stage to 
hypothesize either positive or negative impacts on mammals because no logical deductions 
could be made from the available information.   

4.8.9 Summary of Key Points 

• No information was found on the impacts of contaminants on the hydrologic 
functions of wetlands, but it can be hypothesized that increases in sediment can 
reduce the storage of water in depressional wetlands.  

• The rates at which wetlands remove toxic compounds may actually be increased 
under low levels of contamination because the specific microbes that detoxify the 
pollutants are stimulated.   

• The impact of contaminants on plants has not been studied as extensively, but the 
information suggests that toxicity from contaminants can change the composition of 
the plant community.   

• Impacts of increased contaminants on the habitat provided by wetlands have been 
documented for invertebrates, amphibians, fish, and birds.  Many contaminants are 
toxic to these species and their presence in wetlands reduces the suitability of a 
wetland as habitat.  Wetland-associated mammals are the only group of vertebrates 
for which no information was found.   

4.9 Impacts from Changing the Acidity (pH) of Soils or 
Water in a Wetland 

4.9.1 Impacts on Hydrologic Functions from Changing the 
Acidity  

No information was found on the impacts that increasing acidity might have on the 
hydrologic functions performed by wetlands.  In the absence of any information to the 
contrary, however, it is possible to hypothesize that decreasing pH will probably not change 
how wetlands perform these functions.  Changes in the acidity of water are not expected to 
change how well wetlands store water, how well they slow it down during peak flows, or 
how well they recharge groundwater.   
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4.9.2 Impacts on Functions that Improve Water Quality from 
Changing the Acidity 

Increased acidity (reduced pH) could change aspects of wetland chemistry that affect the 
ability to improve water quality.  It can be hypothesized that the rate of nitrification will 
probably decrease because, as noted by Mitch and Gosselink (2000), low pH inhibits 
denitrifying bacteria.  Changes in pH will also change the ability of the wetland to bind 
different toxic metals and other contaminants in the soils (Kadlec and Knight 1996).  Each 
contaminant, however, has different chemical properties.  Some are released when pH 
decreases (acidity increases) and some are more tightly bound when pH decreases.  The 
impacts of changing the pH, will, therefore, depend on the contaminants coming into the 
wetland.   

4.9.3 Impacts on Plants from Changing the Acidity  

The pH is critical in determining the distribution of plants in wetlands.  Changes in pH that 
result from human activities can, therefore, have major impacts.  Studies described below 
have documented changes in plant populations that resulted from both decreases in pH (more 
acidic conditions) and increases in pH (less acidic conditions).  However, the effects of 
acidification (or its reversal by liming) on the species composition of plants are not consistent 
among wetland types or even within individual wetlands (Farmer 1990, Baker and 
Christensen 1990, Mackun et al. 1994, Weiher et al. 1994).  

For example, many plant species that inhabit bogs are adapted to acidity levels that would 
kill most wetland plants.  Species whose decline or disappearance from a lacustrine wetland 
coincided with acidification include water lobelia (Lobelia dortmanna), shore quillwort 
(Isoetes riparia), water milfoil (Myriophyllum tenellum), yellow pond lily (Nuphar sp.), 
common bladderwort (Utricularia vulgaris), and ribbon leaf pondweed (Potamogeton 
epihydris) (Farmer 1990).  Species whose relative abundance increased included 
Leptodictium riparium, needle spike rush (Eleocharis acicularis), sphagnum moss 
(Sphagnum sp.), and pipe wort (Eriocaulon septangulare) (Farmer 1990).  

In general, making wetlands more acidic can directly impact plants by limiting the 
availability of some inorganic nutrients and carbon (Farmer 1990).  Acidic conditions also 
promote the conversion of nitrates into ammonium.   

Acidic conditions can impact plants indirectly by reducing the densities of invertebrates that 
graze or process detritus.  Acidic conditions in wetland soils increase the toxicity of 
aluminum and manganese (Rendig and Taylor 1989, Crowder and Painter 1991).    

4.9.4 Impacts on Invertebrates from Changing Acidity in the 
Habitat  

In general, changing the acidity in a wetland can alter the community structure of 
invertebrates by:  
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• Causing acute or chronic damage to tissues of invertebrates; the species that easily 
lose sodium ions when pH is reduced tend to be most sensitive (Steinberg and Wright 
1992)  

• Altering algal communities and aquatic plants upon which some invertebrates depend 
for food and shelter (see discussion in Section 4.9.3)  

• Altering the populations that are predators of invertebrates such as other crustaceans, 
amphibian, and fish (see Sections 4.9.5, 4.9.6)  

The impacts of acidification on aquatic invertebrate communities have been researched 
extensively.  Table 4-2 categorizes invertebrate species as more or less tolerant of 
acidification based mainly on the North American literature.  The list is included here 
because many of these species are probably found in Washington’s wetlands.  Few local 
studies, however, document the distribution of invertebrates in the state so it is not possible 
to identify the tolerance of species that are found here.   

Some invertebrates are sensitive to pH increases (decreased acidity).  For example, 
stormwater input to a Florida freshwater marsh increased phosphorus levels, lowered oxygen 
levels, and raised pH and hardness.  This resulted in a shift of the macro-invertebrate 
population toward species that otherwise are intolerant of the acidic, nutrient-poor conditions 
typically found in the studied wetland (Graves et al. 1998).  

Acidity often reduces the richness of macro-invertebrates in aquatic habitats (Schell and 
Kerekes 1989, Hall 1994).  One study showed that with increased acidity, many aquatic 
invertebrates declined in numbers and biomass, especially in wetlands with pH below 5.0 
(Parker and Wright 1992).  Reductions in acid emissions from some Canadian smelters were 
followed by significant increases in richness of invertebrates in water bodies downwind of 
the smelters (Griffiths and Keller 1992).   

Table 4-2. Summary of studies describing relative tolerance of invertebrates to 
acidification. 

Taxonomic Group and Study Reference More Tolerant  to low 
pH (Less Sensitive) 

Less Tolerant to low 
pH (More Sensitive) 

Dragonflies and Damselflies (Odonata) 

Damselflies (Parker and Wright 1992, Baker and 
Christensen 1990) X  

Beetles (Coleoptera) 

Some water beetles (Parker and Wright 1992), 
especially hydrophilid and dystiscid beetles (Baker and 
Christensen 1990) 

X  

True Bugs (Hemiptera, Homoptera) 

Some water bugs, at least Notonectidae, Gerridae, 
Corixidae (Baker and Christensen 1990) X  

Some water bugs (Parker and Wright 1992)  X 
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Taxonomic Group and Study Reference More Tolerant  to low 
pH (Less Sensitive) 

Less Tolerant to low 
pH (More Sensitive) 

Caddisflies (Trichoptera) 

Some caddisflies: Cheumatopsyche pettiti (Camargo 
and Ward 1992). X  

Some caddisflies (Parker and Wright 1992) and some 
in the scraper and predator guilds (Williams 1991)  X 

Flies, Midges, Mosquitoes (Diptera) 

Midges (Havens 1994a, Baker and Christensen 1990, 
Tuchman 1993) X  

Some midges, such as Tanytarsus, Microtendipes, and 
Nilothauma (Griffiths and Keller 1992)  X 

Stoneflies (Plecoptera) 

Some stoneflies (Tuchman 1993) such as 
Amphinemura and Leuctra (Griffith et al. 1995) X  

Many stoneflies, e.g., Peltoperla arcuata (Griffith et 
al. 1995)  X 

Mayflies (Ephemeroptera) 

The mayfly Eurylophella funeralis (Griffith et al. 
1995) X  

Some mayflies (Balding 1992)  X 

Other Macro-invertebrates 

Planarian Dugesia dorotocephala (Camargo and Ward 
1992)  X 

Some water mites (Havens 1994a) X  

Molluscs (Grapentine and Rosenberg 1992, Gibbons 
and Mackie 1991, Balding 1992), including clams 
(Schell and Kerekes 1989) 

 X 

Mussels, snails, leeches (pH >5.0, Schell and Kerekes 
1989)  X 

The amphipod Hyalella azteca (Havens 1994a); pH 
must remain above 5.8 (Grapentine and Rosenberg 
1992) 

 X 

The amphipod Gammarus minus (Griffith et al. 1995)  X 

Zooplankton 

Some zooplankters, such as Daphnia galeata 
mendotae, D. retrocurva, Skistodiaptomus oregonensis 
(Havens 1993) 

X  

The rotifers Gastropus stylifer, Keratella 
taurocephala, Polyarthra renata, Symchaeta sp. (Fore 
et al. 1996) 

X  

The water flea Bosmina longirostris (Havens 1993)  X 
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Taxonomic Group and Study Reference More Tolerant  to low 
pH (Less Sensitive) 

Less Tolerant to low 
pH (More Sensitive) 

The rotifers Asplanchna priodonta, Collotheca 
mutabilis, Conochiloides sp., Conochilus unicornis, 
Gastropus hyptopus, Kellicota longispina, Keratella 
cochlearis, Keratella crassa, Polyarthra dolichoptera, 
Trichocera cylindrica (Fore et al. 1996) 

 X 

Functional Feeding Groups 

Scrapers and collectors (Smith et al. 1990) X  

Shredders (Tuchman 1993)  X 

Deposit feeders (Smith et al. 1990)  X 

4.9.5 Impacts on Amphibians and Reptiles from Changing the 
Acidity in the Habitat  

Increased acidity (lower pH) damages amphibians directly (Horne and Dunson 1994b).  
Acidity may also have direct impacts as a result of its capacity to mobilize toxic metals and 
perhaps by making sodium less available in some soil types (Wyman and Jancola 1991). 

No studies were found describing the impact of increased acidity on amphibians and reptiles 
in Washington.  Studies from other states, however, document these impacts.  The 
information below summarizes some of the information for amphibian and reptile species 
that are found in the state, even if the studies were done elsewhere.  

In Ontario, the acid-neutralizing capacity (alkalinity) of 38 wetlands positively influenced the 
probability of the northern leopard frog (Rana pipiens) being present (Glooschenko et al. 
1992).  

Embryos of the tiger salamander (Ambystoma tigrinum) had more than 70% survival at pH 
4.5 and above but suffered much greater mortality at lower pH levels (Whiteman et al. 1995). 

Concerns have been raised regarding the vulnerability to acidification of Montane wetlands 
in the West.  Acidification makes aluminum and cadmium more mobile and increases their 
concentration in surface waters.  Amphibians (e.g., Jefferson’s and spotted salamanders) are 
known to be sensitive to acidity and elevated concentrations of aluminum found in some 
acidic ponds (Blancher 1991, Ireland 1991, Horne and Dunson 1995). 

Aluminum released into Montane pools as a result of acidification sometimes has harmed 
embryos, reduced growth rates, and/or caused deformities and premature hatching of native 
amphibians (Bradford et al. 1991, Corn and Vertucci 1992).  
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4.9.6 Impacts on Fish from Changing the Acidity in the 
Habitat   

No information was found on the impacts of acidity on fish in Washington’s wetlands.  In 
their review of the literature, Adamus et al. (2001) found that acidity can be directly toxic to 
fish, inhibit reproductive maturation, inhibit spawning behavior, induce emigration, and alter 
food availability.  Furthermore, in areas where acid rain may be a problem, the increase in 
acidity induces aluminum toxicity in fish in many lakes and wetlands (Keller and Crisman 
1990).  Surveys of literature on effects of acidification on fish in lakes (and therefore 
potentially in wetlands along lake fringes) are provided by Baker and Christensen (1990) and 
Minns et al. (1990). 

4.9.7 Impacts on Birds from Changing the Acidity in the 
Habitat  

Acidification of wetlands affects birds primarily because it reduces the availability of 
calcium, which is important for egg development; potentially increases the availability of 
toxic metals; and alters the species composition and abundance of aquatic insects, submersed 
plants, amphibians, and fish that are important foods for waterfowl (see previous discussions 
in Sections 4.9.3, 4.9.4, 4.9.5, 4.9.6). 

Changes in the types of available food, especially those rich in calcium, can diminish egg 
shell thickness and generally reduce the reproductive success of waterbirds in wetlands 
(Sparling 1990, 1991, Blancher and McNicol 1991, St. Louis et al. 1990, Albers and 
Camardese 1993).  Overall, calcium deficiency appears to affect birds in acidified wetlands 
more than metal toxicity (Albers and Camardese 1993).  Breeding pairs of 15 waterfowl 
species were more abundant in Ontario wetlands with over 40 parts per million (ppm) of total 
alkalinity than in less alkaline wetlands (Dennis et al. 1989, Merendino et al. 1992).  In 
British Columbia as well, densities of several breeding duck species were greater in ponds 
with higher levels of conductivity and calcium (Savard et al. 1994). 

4.9.8 Impacts on Mammals from Changing the Acidity in the 
Habitat  

No information on the effects of acidification on the overall community structure of wetland 
mammals was located.  It can be hypothesized, however, that where acidification becomes 
severe, community composition may shift from fish-eating species (e.g., otter) to vegetarian 
or invertebrate-eating species and opportunists (e.g., muskrat) (Adamus and Brandt 1990). 
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4.9.9 Summary of Key Points 

• No information was found on the impacts of acidity on the hydrologic functions of 
wetlands, but it is possible to hypothesize that impacts, if any, are minor.  

• The rates at which wetlands remove nitrogen are impacted by increasing acidity 
because denitrification is reduced.   

• The rates at which toxic metals and other contaminants are removed by soils can 
change with acidity, but the actual changes depend on the chemical properties of the 
contaminant. 

• Increasing the acidity in wetlands can also change the composition of the plant 
community.   

• Impacts of increasing acidity on the habitat provided by wetlands have been 
documented for invertebrates, amphibians, fish, and birds.  In general, increased 
acidity reduces the richness of invertebrates in wetlands and impacts amphibians 
either directly or by changing the chemistry of the water in the wetland, making it less 
suitable as a habitat.  Acidic wetlands also become a less suitable habitat for birds 
because the amounts of calcium rich foods are reduced.  Mammals are the only group 
of vertebrates for which no information exists.   

4.10 Impacts from Increasing the Concentrations of Salt 
in a Wetland 

Salt concentration in wetlands can increase as a result of (from Adamus et al. 2001): 

• Isolating wetlands from some types of groundwater inflow 

• Increasing water lost through evaporation 

• Discharging effluents that contain salts (especially irrigation return water) 

• Routing runoff that has relatively high conductivity into wetlands 

Increased concentrations of salt (salinization) impact the functions of wetlands as described 
below. 

4.10.1 Impacts on Hydrologic Functions from Increasing 
Concentrations of Salt  

No information was found on how changes in salt content might affect the hydrologic 
functions of flood storage and flood desynchronization [the process by which peak flows are 
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delayed in their downstream movement (Adamus et al. 1991)].  However, it is possible to 
hypothesize that salinization will probably not change how wetlands in Washington perform 
these functions.  Changes in the salt content of water coming into a wetland are not expected 
to change the physical structure of the wetland on which the hydrologic functions are based.  
Increasing salt concentrations are not expected to change how well wetlands store water, how 
well they slow it down during peak flows, or how well they recharge groundwater.   

4.10.2 Impacts on Functions that Improve Water Quality from 
Increasing Concentrations of Salt  

One relevant study found that salinities greater than about 300 grams per liter can inhibit the 
ability of microbes to detoxify toxic forms of selenium (Steinberg and Oremland 1990).  This 
was the only literature found on how salinization might impact the ability of wetlands to 
remove pollutants.   

As noted below, salinization has some impacts on plants, and thus it may affect nutrient 
uptake and transformation in a wetland.  However, it is not possible to predict or hypothesize 
how such changes in these species might change other functions that improve water quality.   

4.10.3 Impacts on Plants from Increasing Concentrations of Salt  

In general, high concentrations of soluble salts are lethal to freshwater plants, and lower 
concentrations may impair growth (Rendig and Taylor 1989).  Woody plants tend to be less 
tolerant than herbaceous plants because they do not have mechanisms for removing salt, 
other than accumulating salts in leaves and subsequently dropping them (Adamus et al. 
2001). 

Many plant species that inhabit inland saline wetlands are, of course, adapted to tolerating 
salt levels that would kill most other freshwater wetland plant species.  A survey of inland 
lakes in western Canada which spanned a salinity gradient identified relative tolerance to 
salinity and specific salinity tolerance thresholds of many wetland species (Hammer and 
Heseltine 1988).   

Individual plant species have different tolerances and reactions to increasing salinity.  It can 
be expected that the plant community in a wetland will change to one dominated by salt-
tolerant plants when additional salts are introduced.  For example, wetlands in which salt has 
been present for some time, such as alkali wetlands, have a completely different plant 
community than that found in non-alkali wetlands.  In eastern Washington a major change in 
plant communities was found when the conductivity (a measure of the amount of salts 
present in the water) increased to 2.0 milliSiemens and higher (Hruby et al. 2000).  
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A study by Hutchinson (1991) describes the tolerance of many wetland plants found in 
Washington.  It can be used to predict how the plant species might change in Washington’s 
wetlands as salt concentrations increase. 

It can also be expected that wetlands subject to increases in salinity through agricultural 
practices or discharges of salt will also be subject to a change in plant populations.  One 
wetland undergoing such a change was observed in the Richland area by the technical team 
calibrating the Washington State wetland rating systems in the summer of 2002.  The 
conductivity of the wetland was measured at about 6.5 milliSiemens.  About one-quarter of 
the area was still dominated by cattails (Typha latifolia), a wetland plant with a relatively low 
tolerance to salt (Hutchinson 1991), but this species was dying.  Dead stalks of this species 
covered almost half the area of the wetland. 

4.10.4 Impacts on Invertebrates from Increasing Concentrations 
of Salt in the Habitat   

The review of the literature indicates that high levels of salinity can alter the structure of 
freshwater invertebrate communities in many ways.  Adamus et al. (2001) have identified the 
following mechanisms by which the invertebrate community can be altered:   

• Acute and chronic damage to tissues of invertebrates  

• Changes in the species composition and structure of algal communities and aquatic 
plants upon which some invertebrates depend for food and shelter  

• Changes in predation on invertebrates by decimating numbers of other crustaceans, 
fish, and amphibians  

• Changes in the bioavailability of some other substances, such as heavy metals and 
nutrients 

Even at low concentrations, increases in chloride (a correlate of salinity, and often associated 
with road salt applications) among twenty-seven Minnesota wetlands were significantly 
correlated with declines in species richness among the wetlands (Gernes and Helgen 1999).  
In Wyoming wetlands of fairly low salinity (0.8 to 30 milliSiemens per centimeter), the 
dominant macro-invertebrates were amphipods and epiphytic snails.  Other recent species-
specific data on the impacts of salinity in wetland invertebrates are presented in Parker and 
Wright (1992), and Lovvorn et al. (1999). 

4.10.5 Impacts on Amphibians and Reptiles of Increasing 
Concentrations from Salt in the Habitat  

In general, relatively little is known about amphibian tolerance to salinity in Washington.  
Three studies have reported a statistically significant negative correlation between 
conductivity of the water and amphibian species richness (Azous 1991, Platin 1994, Platin 
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and Richter 1995).  However, the implications of these studies for understanding impacts on 
existing populations of amphibians in a wetland that is undergoing an increase in salt 
concentrations is not clear.  

4.10.6 Impacts on Fish from Increasing Concentrations of Salt 
in the Habitat  

No information was found on the tolerance of native fishes in Washington to salinity.  
Adamus et al. (2001) reported the following information relative to some of the introduced 
game fish that now are found in Washington’s wetlands.  

Laboratory trials consisting of 120-day exposure of freshwater largemouth bass (Micropterus 
salmoides) to four salinity levels (0, 4, 8, and 12 ppm) indicated a significant decrease in 
growth rate with increasing salinity up to 8 ppm.  

In another experiment, juvenile bluegill (Lepomis macrochirus) from a freshwater pond in 
northeastern Mississippi and a brackish bayou in coastal Mississippi were held in a chamber 
with zero salinity but given access to chambers containing 0, 2, 4, 6, 8, and 10 ppm salinity 
(Peterson et al. 1993).  Fish from neither habitat showed a clear preference for any of the 
salinity options.  These data and data from previous studies suggest bluegills are better able 
to physiologically and behaviorally tolerate elevated salinity relative to other centrarchids 
(the family of fish containing bluegills, bass, crappies, etc.), particularly bass (Peterson et al. 
1993). 

4.10.7 Impacts on Birds from Increasing Concentrations of Salt 
in the Habitat   

The impacts of increasing salinity on birds are highly dependent on the species in question.  
The following summarizes relevant studies: 

• Highly saline or alkali conditions are detrimental to some invertebrate and plant foods 
used by many duck species.  High salinity is directly toxic or impairs the growth of 
young ducklings (Clark and Nudds 1991, Moorman et al. 1991). 

• Breeding densities of most duck and grebe species in interior British Columbia were 
greater in ponds with higher conductivity (higher salt content), but marsh nesting 
species were unaffected (Savard et al. 1994).  

• Some species of water birds are very tolerant of high salt concentrations.  They occur 
regularly at very high densities in alkali wetlands during the breeding season and/or 
migration.  Examples include the American avocet (Recurvirostra americana), snowy 
plover (Charadrius alexandrinus), phalaropes, killdeer (Charadrius vociferus), 
horned grebe (Podiceps auritus), tundra swan (Cygnus columbianus), and white-
rumped, semipalmated, and Baird’s sandpipers (Calidris spp.) (Jehl 1994, Savard et 
al. 1994, Oring and Reed 1997, Rubega and Robinson 1997, Warnock 1997).   
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4.10.8 Impacts on Mammals from Increasing Concentrations of 
Salt in the Habitat  

No information was found on the impacts of salinization on the overall structure of mammal 
communities in wetlands and changes in the suitability of wetlands as habitat for mammals.   

4.10.9 Summary of Key Points 

• No information was found on the impacts of salinization on the hydrologic functions 
of wetlands, but it is possible to hypothesize that impacts, if any, are minor.  

• Only one study was found that documents any impacts of salinization on the ability of 
wetlands to improve water quality.  Very high salt concentrations inhibit the microbes 
that detoxify selenium.   

• Increasing the salt concentrations in wetlands can change the composition of the plant 
community because specific species are more tolerant of saline conditions than 
others.   

• Impacts of increased salt concentrations on the habitat provided by wetlands have 
been documented for invertebrates, fish, and birds.  In general, increased salinity 
changes the composition of the invertebrate community in wetlands.  Largemouth 
bass seem to be especially sensitive to increased salinity relative to other species.  
The young of some waterbird species may also be sensitive, but other species seem to 
prefer high salinities.  No information exists on the impact of salinization on 
mammals and amphibians.   

4.11 Impacts from Fragmenting Wetland Habitats 
Fragmentation results directly from human conversion of land to other uses.  As described in 
Chapter 3 fragmentation is a result of both the direct loss of wetland area that isolate 
populations of wildlife and from changes to the spatial configuration of the wetlands in the 
landscape.  Wetland loss and isolation is seen as a major factor contributing to the loss of 
biological diversity in vertebrate populations that use wetlands (Harris 1988, Gibbs 2000).   

In general, fragmentation of habitats affects biological diversity through (Harris 1988):  

• Loss of the species less tolerant to disturbance or those that inhabit the interior parts 
of wetlands 

• Loss of large species with broad ranges 

• Loss of genetic integrity within populations 

• Increase in numbers of habitat generalists that thrive in disturbed environments, such 
as parasites 
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Occasional migration between wetlands is vital in sustaining local populations of wetland-
dependent organisms.  Limiting the movements of these species reduces the exchange of 
genetic material among local populations and can result in population extinctions (Gibbs 
2000).  Three factors that impede movement among wetlands and other habitats include 
(Gibbs 2000): 

• Greater distances between wetlands  

• Degradation of upland habitats  

• Increased road density 

The effects of fragmentation on wildlife that use wetlands are most extensively documented 
for amphibians and birds.  Little information is available for effects on macro-invertebrates, 
reptiles, and mammals.  Several studies done in the Pacific Northwest are cited in the 
following discussion of how fragmentation impacts wetland functions.  

4.11.1 Impacts on Hydrologic Functions from Fragmentation  

No information was found on how fragmentation may impact the flood storage, flood 
desynchronization, and groundwater recharge performed by individual wetlands.  It is 
possible, however, to hypothesize that fragmentation will probably not change how 
individual wetlands still remaining in the landscape perform these functions.  Fragmentation 
at a landscape level is not expected to change how well the remaining individual wetlands 
store water or how well they slow it down during peak flows.  On the other hand, 
fragmentation probably does impact the delivery and routing of water to wetlands as 
described in Chapter 3.  This may change how much water gets to a wetland for storage but 
not how well the wetland can store it.   

4.11.2 Impacts on Functions that Improve Water Quality from 
Fragmentation  

No information was found on how fragmentation may impact the ability of wetlands to 
improve water quality.  It is not possible to hypothesize precisely how such changes might 
affect these functions because related information was also not found. 

4.11.3 Impacts on Plants from Fragmentation  

The only information found on the response of wetland plant communities to fragmentation 
are the series of studies carried out by J. Lienert in fens of Switzerland (Lienert, Diemer and 
Schmid 2002; Lienert, Fischer et al. 2002; Lienert, Fischer, and Diemer 2002; Lienert and 
Fischer 2003).  These studies on the populations of individual obligate wetland plants show 
that fragmentation can have the following impacts: 
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• Fragmentation can reduce the genetic variability in a population (Lienert, Fisher, et 
al. 2002) 

• Fragmentation reduces the densities and size of a plant population (Lienert and 
Fischer 2003) 

• Fragmentation reduces the viability of a plant population (Lienert, Diemer and 
Schmid 2002) 

• Fragmentation can lead to the local extinction of a wetland species (Lienert, Fischer, 
and Diemer 2002) 

4.11.4 Impacts on Invertebrates from Fragmentation  

Few studies were found that documented the impact of decreasing connections on the 
suitability of wetlands as habitat for invertebrates.  One study found that wetland isolation 
combined with the harshness of the surrounding upland landscape in more arid environments 
(such as much of eastern Washington) limit dispersal and colonization by aquatic 
invertebrates (Myers and Resh 1999).   

Another study in New York comparing macro-invertebrate populations at restored wetlands 
and reference wetlands showed that less mobile invertebrates colonized new wetland sites 
very slowly or not at all, whereas insects that disperse aerially colonized the new sites rapidly 
(Brown et al. 1997).  Therefore, wetland isolation may have greater effects on less mobile 
invertebrate species.   

4.11.5 Impacts on Amphibians and Reptiles from 
Fragmentation  

4.11.5.1 Amphibians 

As early as the mid-1960s, researchers in various parts of the country documented the effects 
of fragmentation on amphibians.  One author notes the disappearance of a number of species 
of frogs, toads, turtles, and snakes in an urbanizing area in the Midwest that he studied from 
1949 to 1964 (Minton 1968).   

The effects of increased wetland isolation have been extensively studied for amphibians since 
then.  This is probably because amphibians:  

• Are restricted to movement on the ground  

• Do not typically have large migration ranges 

• Often move between terrestrial and aquatic habitats 

• Have experienced significant population declines throughout the world 
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The causes of declines in the populations of amphibians have been extensively studied and 
most researchers conclude that the problem is very complex and multiple factors are likely at 
work (Hayes and Jennings 1986, Pechmann et al. 1991, Pechmann and Wilbur 1994, Delis et 
al. 1996, Adams 1999a).  Among these factors, there is evidence that increasing isolation of 
wetlands due to wetland loss may play a significant role in declining amphibian populations 
(Ostergaard 2000, Adams 1999a, Lehtinen et al. 1999, Semlitsch and Bodie 1998).  This has 
significant implications for amphibians in Washington State because about 97% of 
amphibian species that occur here commonly use wetlands for at least one life cycle stage 
(Leonard et al. 1993).  

Amphibians are not randomly distributed within acceptable habitats—they occur in higher 
abundance and species richness in habitats that are better connected to other desirable 
habitats (Lehtinen et al. 1999, Lehtinen and Galtowitsch 2001).  A Minnesota study of 21 
marshes noted that the two most important predictors of decreases in amphibian species 
richness in agricultural areas are the degree of wetland isolation and the road density 
(Lehtinen et al. 1999).  The marshes in this study were located in both prairie and hardwood 
forest ecoregions in two primary land-use settings:  urban and agricultural.  The study noted 
some differences between ecoregions and land-use effects.  In the agricultural prairie 
ecoregion, the amphibian assemblages observed appeared to be most influenced by: 

• Road density  

• Wetland isolation 

• Biological interactions (presence of predators) 

In deciduous forest areas that are urbanizing, amphibian richness was most closely related to 
upland land use and associated habitat fragmentation.   

Other landscape-based studies also conclude that the distances between wetlands, as well as 
the suitability of terrestrial habitats, are key factors in amphibian distribution.  Amphibian 
recolonization patterns are species and spatially dependent because not all species have the 
capacity to move beyond fragmented, isolated habitats (Lehtinen and Galatowitsch 2001).   

Declines in the richness of amphibian species have also been documented as urban land use 
increases (Lehtinen et al. 1999, Knutson et al. 1999, Richter and Azous 2001a).  A landscape 
analysis of habitats for anurans (frogs and toads) in Wisconsin and Iowa showed that anurans 
were positively associated with uplands, wetland forests, and emergent wetlands and 
negatively associated with urban land (Knutson et al. 1999).  A positive association, in this 
study, means higher abundance and species richness.  The negative association with urban 
land is attributed by the authors to: 

• Conversion of habitat  

• Roads acting as barriers  

• Presence of exotic predators  

• Chemical contamination  

• Other factors  
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A study of the distribution of frogs in the Netherlands found that the likelihood of a pond 
being used by frogs depended on the density of ponds and the amount of suitable terrestrial 
habitat in the surrounding area (Vos and Stumpel 1995).  A similar study in the Netherlands 
showed that frog use of ponds was negatively correlated with the degree of wetland isolation 
and road density in the surrounding landscape (Vos and Chardon 1998).  Distances between 
breeding ponds and other life stage habitats, as well as the condition of the terrestrial 
habitats, were primary factors in determining frog distribution.  Open fields were avoided by 
adults and newly metamorphosed juveniles.  Roads increased the mortality of frogs and acted 
as barriers between wetlands, thus effectively increasing wetland isolation (Vos and Chardon 
1998).  

Similarly, an Indiana study concluded that amphibian distribution was influenced by 
(Kolozsvary and Swihart 1999): 

• Forest area and proximity  

• Density of ponds 

• Duration of ponding  

• Density of vegetation  

The importance of each factor varied for each species.   

Using a simulation model, one author concluded that the amount of breeding habitat had a 
significantly greater effect on the likelihood of population extinction than the extent of 
habitat fragmentation (Fahrig 1997).  Her model showed that if breeding habitat covers more 
than 20% of the landscape, population extinction is very unlikely no matter how fragmented 
the habitat.  However, this work was based on a generalized model that made a number of 
assumptions that cannot be verified without targeting a selected species, as do the more 
empirical studies of amphibian distribution.  

Other studies indicate that there is a threshold for wetland isolation or distance between 
wetlands for the movement of each amphibian species.  Several studies of maximum 
distances of amphibian movement to breeding habitats indicate that amphibian reproductive 
success is affected by wetland isolation and terrestrial habitat condition:   

• Richter and Azous (1995) suggest that upland forest habitat must lie within 3,280 feet 
(1,000 m) of breeding wetland habitat for it to be useful to lentic (pond) breeding 
amphibian species in the Pacific Northwest.   

• Baker and Halliday (1999) found limits on the distance that species of newts, frogs, 
and toads would move to colonize new ponds in England (1,312 feet [400 m] for 
newts, 3,117 feet [950 m] for frogs and toads).  The authors also found that, in 
contrast to other studies, the condition and nature of the adjacent upland habitats did 
not have a strong correlation to pond colonization.  The study may not have been 
sensitive enough, or the mixed land uses within the agricultural settings may have 
actually supported amphibian populations. 
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• The ability of juveniles to move from one wetland to the next depends on the spacing 
between wetlands and the habitat conditions within the buffers.  Distances between 
ponds directly affect the probability of recolonization and the chance to prevent 
extinction of amphibian populations.  Most individual amphibians cannot migrate 
long distances and adults return to their home ponds, usually after migrating no more 
than 656 to 984 feet (200 to 300 m) (Semlitsch 2000).   

• A similar study in the Netherlands showed that amphibians would colonize new 
ponds up to 3,280 feet (1,000 m) away (Laan and Verboom 1990).  The authors 
concluded, however, that the probability of a species colonizing a wetland increases 
with proximity to the source wetland and increased connectivity by upland forest 
habitats between the wetlands.   

4.11.5.2 Reptiles 

No studies were found that specifically addressed the effects of fragmentation on reptiles.  In 
one study in North Carolina, researchers evaluated the adequacy of federal and state wetland 
regulations in protecting the habitats that freshwater turtles need to complete their life cycles 
(Burke and Gibbons 1995).  They determined that the area protected as wetland under federal 
guidelines did not include the area in which two critical life-cycle stages occurred:  nesting 
and terrestrial hibernation.  This means that some of the habitats needed for turtle success are 
vulnerable to loss due to conversion to other land uses.  However, this study focused not on 
the effects of wetland loss but the effects of eliminating upland habitats adjacent to wetlands.  

A study that modeled the effects of wetland loss in Maine showed that local populations of 
freshwater turtles faced a statistically significant risk of extinction following the loss of small 
wetlands (Gibbs 1993).   

As with amphibians, the limited dispersal distances of reptiles, in comparison to birds and 
mammals, would logically make reptiles particularly vulnerable to habitat fragmentation.  
However, documentation of the effects of habitat fragmentation on reptiles that use wetlands 
is very sparse, and it appears to be completely lacking for Washington State.  With the 
exception of the western pond turtle (Clemmys marmorata) and the painted turtle (Chrysemys 
picta), no reptile species in Washington are primarily dependent on aquatic habitats.  The 
terrestrial western and common garter snakes (Thamnophis spp.), however, are both common 
near water bodies, including wetlands.   

4.11.6 Impacts on Fish from Fragmentation   

No information was found on the impacts of fragmentation on the suitability of wetlands as 
habitat for fish.  Also, not enough related information was found to make any hypotheses.  
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4.11.7 Impacts on Birds from Fragmentation   

The impacts of fragmentation have generally been studied in two types of fragmented 
landscapes:  one fragmented by growing urbanization and one fragmented by agricultural 
practices.  In general there are no studies or conclusions in the literature that would suggest 
the fragmentation from these two types of land use has significantly different impacts on 
populations of birds, and so both types of studies are reported below.  

The extent of wetland isolation is known to be an important factor that influences bird use of 
wetland habitats: 

• In a study of Puget Sound wetlands, researchers documented a positive association 
between bird species richness and the proximity of lakes and open water habitats, as 
well as the structural complexity of the vegetation in the wetlands (Richter and Azous 
2001b).  This implies that fragmentation results in a reduction in species richness.  

• In northern prairie marshes, bird species richness declined with increased isolation of 
the wetland (Brown and Dinsmore 1986).  Marshes that were part of wetland 
complexes showed higher species richness than isolated wetlands.  Smaller marshes 
had occurrences of certain bird species only when the marshes were part of a wetland 
complex. 

• These findings are supported by a more recent study of wetland complexes in prairie 
marshes in Iowa (Fairbairn and Dinsmore 2001).  This study related bird species 
richness and densities of individual species to habitat variables within the wetland 
complexes and to area of wetland habitat in the surrounding landscape.  For some 
bird species, presence and abundance in a wetland complex were clearly related to the 
amount of wetland habitat in a 1.9 mile (3 km) area surrounding the complex.  A 
similar study also determined that unfragmented landscapes with prairie marsh 
supported more waterfowl species than isolated wetlands (Naugle et al. 2001).   

The pattern of habitat use in, and around, wetlands varies between different bird species that 
depend on wetlands (Naugle et al. 1999): 

• Some species are sedentary and rarely use resources beyond the nest vicinity 

• Some use only larger wetlands regardless of the surrounding landscape 

• Others require a mosaic of wetlands on the landscape 

Therefore, the entire landscape must be assessed, rather than just individual wetlands in order 
to determine the habitat suitability of an area for many species.   

A correlation has been found between the degree of urban development in an area (and the 
resultant fragmentation) and the extent of declines in native bird species richness.  One study 
in Santa Clara County, California, looked at six sites representing a gradient of development 
ranging from biological preserve to business district (Blair 1996).  Increasing proportions of 
invasive and exotic bird species were found in the more highly developed areas.  The 
moderately developed sites were highest in species richness and bird biomass.  They were, 
however, lower in native bird diversity than the lesser disturbed sites.  The shift in species 
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was related to changes in total available habitat and in habitat structure across the gradient.  
This study concluded that even relatively minor habitat alterations resulted in loss of species. 

Wetlands in the Puget Sound area showed a similar response to urbanization.  Researchers 
found no correlation between total bird species richness and amount of impervious surface, 
but there was a correlation with native species richness (Richter and Azous 2001b).  The 
rarer, more sensitive birds, all of which are native, tended to decrease with urbanization.  The 
more adaptive species, including a higher percentage of non-natives (e.g., European starlings 
[Sturnus vulgaris]), tended to increase in urbanizing watersheds.  Again, these changes are 
most likely due to loss of habitat, and therefore reduced connections between habitats, as 
well as habitat degradation. 

One study conducted in eastern Canada examined the role that habitat heterogeneity plays in 
the use of wetlands by ducks (Patterson 1976).  It concluded that breeding duck pairs spaced 
themselves based on the physical size of the wetland.  The authors also observed that 
breeding can occur in relatively less productive wetlands.  However, duck broods hatched in 
less productive wetlands often moved to more biologically productive wetlands where there 
was a greater food source and more refuge/escape habitat.  These preferable wetlands were 
close to the breeding wetlands because young waterfowl cannot fly.  This would suggest that 
heterogeneity in the types of wetlands in an area are important in maintaining populations of 
ducks.  

As with amphibians, the presence of terrestrial habitats between wetlands can be an 
important factor in waterfowl distribution.  A study conducted in an area of intensive wheat 
farming demonstrates the importance of maintaining connections among habitats for birds 
(Saunders and DeRebeira 1991).  These researchers found that native bird species used 
corridors as narrow as 13 feet (4 m) to move between patches of preferred habitat.  Corridor 
width was positively correlated with species richness.  

A study of bird populations in forest interiors found that habitat fragmentation impairs 
reproduction and can result in population declines and extinctions (Temple and Cary 1988).  
Though not focused on wetlands, the study can reasonably be applied to forested wetlands.  
The authors modeled the effects of habitat fragmentation.  They predicted that success rates 
for nests for forest-interior birds would drop from 70% when nests are greater than 656 feet 
(200 m) from the forest edge, to only 18% when nests are less than 328 feet (100 m) from the 
edge.  This indicates that fragmentation of forested wetlands through such activities as 
logging could have significant effects on species that are not tolerant of edge habitats. 

In Minnesota, Mensing et al. (1998) assessed the implications of fragmentation at various 
landscape scales for birds.  They found that: 

• Diversity and richness of bird species increased with an increase in the extent of 
forest and wetland within the surrounding landscape.   

• Habitats that were in good condition in the areas surrounding wetlands strongly 
influenced the biotic diversity, with positive correlations shown for birds within 1,640 
feet (500 m) of the wetland edge.  
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4.11.8 Impacts on Mammals from Fragmentation 

Information on the effects of fragmentation on mammals that depend on wetlands is sparse, 
even though many of the mammal species in Washington State are known to commonly use 
wetlands (beaver, muskrat, mink, otter, water vole, deer mouse, and others).  Most of the 
literature on mammals in wetlands addresses the effects of beaver dams on wetland systems.   

One study from the Pacific Northwest documented that fragmentation of wetlands and the 
elimination of surrounding upland habitats can have significant effects on small mammals 
that use wetlands (many of which are not, however, closely associated with wetlands).  
Richter and Azous (2001c) found that the total area of undeveloped land adjacent to a 
wetland (including forest, shrub, agricultural fields, and meadows) was weakly associated 
with mammal richness.  A stronger correlation, however, was found between the percent of 
adjacent forest land (within 1,640 feet [500 m] of a wetland) and mammal richness.  The 
highest small-mammal richness was observed in wetlands with at least 60% of the first 1,640 
feet (500 m) surrounding the wetland in forest.  The authors noted that richness of mammal 
species in Puget Sound wetlands has no correlation with area of impervious surface in the 
watershed. 

Roads are an important factor in habitat fragmentation for mammals.  For example, a major 
highway in Massachusetts increased wetland isolation and blocked major travel corridors 
between suitable habitat patches for mammals (Forman 1998).  See Section 4.12.2 for 
additional discussion of effects of roads on wildlife. 

4.11.9 Summary of Key Points 

• No information was found on the impacts of fragmentation on the hydrologic 
functions or the functions that improve water quality.   

• Increased isolation of wetlands appears to be a major factor in reducing species 
richness and abundance for most taxonomic groups.  One author states that 
“modifications to the environment that preclude movement between component 
subsystems may be as devastating to vertebrates in the long run as are forces that 
actually destroy the wetland” (Harris 1988).   

• Impacts of fragmentation on the habitat provided by wetlands have been documented 
for plants, invertebrates, amphibians, reptiles, birds, and mammals.  No information 
was found on impacts to fish in wetlands.   

• The impacts of habitat fragmentation are not as well documented for birds and 
mammals as they are for other taxonomic groups.  There are different patterns of 
habitat use between groups of birds and mammals that can influence how they 
respond to fragmentation (Johnson and O’Neil 2001).   
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4.12 Impacts from Other Human Disturbances 
There are many different human activities on the land which create disturbances that can 
impact wetland functions and values.  The previous discussion addressed only impacts from 
disturbances caused by activities that have been extensively studied.  The following sections 
review some of the impacts of other types of activities and disturbances that have been 
documented to a lesser extent.  The discussions in these sections are not separated by wetland 
function because all of the impacts address either plants or wildlife, and the information is 
not extensive enough to warrant subdividing by functions.  

4.12.1 Impacts on Plant Communities from Altering Soils  

Physically disturbing wetland soils during the dry season, through tillage, compaction, 
excavation, or other means, can allow invasion by non-native plant species (Morin et al. 
1989, Sutton 1996, David 1999, Galatowitsch et al. 1999).  It can also destroy much of the 
viable seed bank (Lee 1991).  Tilling the soil often reduces diversity, including both richness 
and evenness, as documented in a Carolina bay wetland (Kirkman and Sharitz 1994).  The 
tillage treatment disrupted the roots of perennials more than burning, and it encouraged 
germination of annuals in the seed bank and colonization by several invasive species.  

Invasive plants, especially non-native plants, significantly alter the species composition of 
many wetlands, sometimes even forming nearly monotypic stands.  Among the most 
widespread invaders in North America are cattail (Typha), reed canarygrass (Phalaris sp.), 
purple loosestrife (Lythrum salicaria), giant reed (Phragmites sp.), milfoil (Myriophyllum 
spicatum), and hydrilla (Hydrilla verticillata).  Their increased dominance is frequently 
attributed in part to the physical disturbance of soils or water levels within a wetland and/or 
the surrounding landscape, including accelerated sedimentation, eutrophication, and the 
construction of mitigation wetlands (Confer and Niering 1992, Magee et al. 1999). 

Continuously disturbing the soil, for example through compaction and road building, can 
alter species composition.  These disturbed conditions can lead to a decline in both the 
biomass of native species and a change in the soil conditions that support them (Ehrenfeld 
and Schneider 1991).  Use of all-terrain vehicles also impacted wetlands on the Atlantic 
coastal plain, reducing the density of seed in wetland seed banks and allowing common 
rushes to displace rare species (Wisheu and Keddy 1991).  Excavation and clearing of gas 
pipeline rights-of-way through forested wetlands in Florida resulted in increased species 
richness within the wetland clearings but an increased percent cover of non-native species 
(Van Dyke et al. 1993).   

4.12.2 Impacts on Wildlife from Roads  

Roads have been found to contribute to lower species richness for a variety of wildlife groups 
through the factors listed below.  While most of the studies cited in this section were 
conducted in other regions of the country, much of the information is likely to pertain to 
effects on Pacific Northwest wildlife because the types of impacts described are inherent to 
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roads regardless of region, and many of the species impacted are also found in the Northwest.  
Furthermore, Findlay and Bourdages (2000) note that there may be long time lags between 
road construction and the time when effects on wildlife are perceptible.  Impacts may be 
undetectable in some species for decades.  

It is theorized that roads cause the loss of biodiversity by (Findlay and Bourdages 2000): 

• Restricting movement between populations of wildlife 

• Increasing mortality from road kills 

• Fragmenting habitat  

• Increasing edge habitat that increase the habitat for “generalist” species  

• Facilitating invasion by exotic species 

• Increasing human access to wildlife habitats   

The following studies have documented the impacts of roads on different species of wildlife.  

• In wetlands of southeast Ontario, the species richness of mammals, amphibians, 
reptiles, and birds was seen to decline with increased road density and forest removal 
(Findlay and Houlahan 1997).     

• The numbers of frog and toads decreased with increasing traffic in a study by Fahrig 
et al. (1995).  This study concluded that increased road density can contribute to a 
decline in the abundance of amphibians in urbanizing areas.   

• A study of amphibians using small isolated wetlands in Florida found high mortality 
during migration between upland terrestrial habitats and temporary pond breeding 
habitats (Means 1996).  The author attributes much of this to direct road mortality.   

• A study of the “road-effect zone” of a four-lane suburban highway in Massachusetts 
was undertaken to determine the distance from a road that impacts can be measured 
(Forman 1998).  This study concluded that the road blocks migration routes for 
salamanders up to several hundred meters from wetlands.  The study also showed that 
the effect of the road on blocking major travel corridors between suitable habitat 
patches for small mammals could be measured to several kilometers from the road.  
The effects of traffic noise on birds could be measured up to 2,132 feet (650 m) from 
the road in forested areas and 3,051 feet (930 m) in open areas.   

• A related study of the same Massachusetts highway showed that impacts on 
populations extended out at least 328 feet (100 m) from the highway.  Forman and 
Deblinger (2000) studied nine ecological factors relating to, among other things, 
wetlands, streams, and amphibians.  Assessing all factors, this study concluded that 
the “road-effect zone” averaged approximately 1,969 feet (600 m) wide, though it 
was quite variable in width at specific locations.  

• In a study within the Columbia Basin, roads were found to increase human access and 
disturbance to fish and wildlife habitats, and this may reduce the number of waterfowl 
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using easily-accessed wetlands by an order of magnitude during the late-fall and 
winter months (Foster et al. 1984). 

4.12.3 Impacts on Wildlife from Noise  

The impacts of noise on wildlife are a topic of growing concern.  The frequency of the sound 
waves and the duration of the sounds influence how noise affects wildlife species.  Although 
many of the studies discussed below do not address wetlands specifically, the impacts of 
noise are not expected to change whether the species in question is in a wetland or another 
type of habitat.    

Frequency is the pitch of a sound, and different animals show different sensitivities to the 
same range of frequencies.  Generally, smaller mammals such as rodents, shrews, and bats 
have a greater sensitivity to higher frequencies—often within ranges exceeding 20,000 Hertz 
(Hz), the upper limit of human sound perception.  Larger mammals show sensitivity to low 
frequencies and may be able to detect sound at or below 10 Hz.  While most birds show a 
sensitivity to sound that is similar to humans (20 to 20,000 Hz), certain birds (such as rock 
doves) can also perceive low-frequency sounds, often with much greater sensitivity than their 
larger mammalian counterparts (Kreithen and Quine 1979).  Some frogs and toads also show 
low-frequency sensitivity and even some small mammals are capable of discerning sounds of 
only a few Hertz (Plassman and Kadel 1991). 

Sound duration may be divided into two classifications:  continuous sounds which last for a 
long time with little or no interruption, and impulse sounds lasting for only short durations 
(Larkin et al. 1996).  Impulse sound and continuous sound appear to have different 
physiological and behavioral effects.  Generally, impulse noise appears to be more stressful 
to wildlife, at least in part due to the unpredictability of such noise (Larkin et al. 1996). 

Overall, the literature suggests that species differ widely in their physiological response to 
various types, durations, and sources of noise (Manci et al. 1988).  However, noise effects on 
wildlife may be broadly classified as primary, secondary, and tertiary: 

• Primary effects.  Are direct, physiological changes, such as stress and hypertension, 
to the auditory system and may be considered to include the “masking” of auditory 
signals.  Masking is the inability of an individual to hear important environmental 
signals such as calls from mates or noises of predators or prey.   

• Secondary effects. May include behavioral modifications that include interference 
with mating or reproduction and impaired ability to obtain adequate food, cover, or 
water.   

• Tertiary effects.  Are the direct result of primary and secondary effects at a 
population level and include population decline and habitat degradation.  Most of the 
effects of noise are mild enough that they may never be detectable as variables of 
change in population size or population growth against the background of normal 
variation (Bowles 1995). 



Wetlands in Washington State  Chapter 4 
Volume 1 – A Synthesis of the Science 4-66 March 2005 

The behavioral responses of wildlife to noise show a high degree of variation depending on 
the species, the type of noise, and the habituation of the individuals to the source of noise.  
For example, some bald eagles can be very tolerant of auditory stimuli when the sources are 
screened from view (Stalmaster 1987), but other raptor species such as prairie falcons flush 
from perches and nests at sudden loud noises (Harmata et al. 1978).   

Animals may become tolerant of repeated noises.  Krausman et al. (1986) studied desert 
ungulates exposed to aircraft noise and noted that short-term habituation to aircraft noise 
occurred with repeated exposure.  Sandhill cranes nesting meters away from a Florida 
highway showed no response to passing traffic (Dwyer and Tanner 1992).  The effects of 
noise vary not only with the type of noise in question, but with an individual animal’s 
experience, time of day (Herbold et al. 1992, Gese et al. 1989), and reproductive cycle (Platt 
1977).  

Research on the effects of traffic noise on breeding birds was conducted by Reijnen et al. 
(1995, 1996) who studied woodland and grassland bird populations in the vicinity of 
roadways.  Ambient noise up to a given level resulted in no reduction in the density of bird 
populations.  However, once an ambient noise threshold level was exceeded, densities 
decreased exponentially with increased noise.  Threshold levels were found to range from 36 
to 58 decibels, depending upon species, and the zones of decreased breeding densities 
surrounding the roadways ranged up to 2,670 feet (810 m) for particularly sensitive species 
near busy roadways.  They found habitat avoidance by individual birds in habitat that would 
otherwise have been suitable for breeding.   

One study also found evidence that reproductive output may be diminished in frogs breeding 
near highways because of acoustic interference (Barass 1985 in Larkin et al. 1996). 

4.12.4 Impacts on Wildlife and Plant Communities from 
Recreational Activities  

Little information was found on the impacts of recreational activities in wetlands.  Most of 
the available information is anecdotal and focused on the more evident impacts such as loss 
of vegetation from the use of off-road vehicles.  There is less information on the effects on 
wildlife of such disturbances as noise, light, glare, and human presence caused by 
recreational activities, particularly with respect to wetlands.  None of the studies described in 
this section were located in the Pacific Northwest. 

A synthesis paper on management of amphibians in Montana notes that among the many 
factors that are likely to contribute to a decline in amphibian populations are trail 
development, on- and off-road vehicles use, and development and management of 
recreational facilities (Maxell 2000).  Citing a number of studies from the 1980s, Klein 
(1993) notes that recreational uses in natural areas can disrupt: 

• Wildlife foraging and social behavior 

• Animals that are feeding 
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• Parent-offspring bonds 

• Pair bonds 

The author also cites several studies stating that increased predation of nests and decreased 
densities of wildlife result from greater human recreational use of natural areas.   

A study of flooded gravel pits in Britain examined the abundance and distribution of one 
species of wintering waterfowl with regard to recreational disturbance (Fox et al. 1994).  The 
authors found that water-based recreational activity, such as boating, reduced the number of 
birds on the ponds to the greatest extent of all the observed activities.  Ponds where fishing, 
walking, or other bank-side activities were allowed also showed reduced numbers of birds in 
comparison to the ponds that were designated reserves with restricted access.  They were, 
however, not as reduced in abundance as those ponds that also allowed water-based 
activities.   

The effects of recreational use on waterfowl were also studied in areas near the shore on 
Lake Erie (Knapton et al. 2000).  Excessive human disturbance reduced the foraging 
efficiency and body fat acquisition for waterfowl and can result in decreased bird densities.  
Diving ducks appeared to be the most sensitive to disturbance.   

In another study on recreation impacts on birds, Klein (1993) studied the specific behaviors 
of humans that disturb wildlife on a subtropical barrier island that is a National Wildlife 
Refuge off the coast of Florida.  Her study sites were primarily in mudflat and mangrove 
wetland habitats.  She tested a variety of treatments such as driving by without stopping, 
stopping the vehicle with and without getting out, approaching the birds on foot, and playing 
noise tapes.  The author found that most of the bird species present were disturbed by the 
noise tape.  Some species such as great blue heron consistently flew away when approached 
by a person, whereas other species tolerated human presence until closely approached.   

Klein (1993) concludes that car traffic is less disruptive to wildlife than out-of-vehicle 
activity.  Frequent human approaches may cause some bird species to forage in areas with 
fewer intrusions.  Wildlife photographers were the most likely visitors to approach birds.  
Visitors who spoke with refuge staff and volunteers were the least likely to disturb birds, 
possibly due to an increased awareness of the habitat needs of wildlife.  While this study 
involved a very different ecosystem, it is useful because it generated data on the Great Blue 
Heron, a bird species that also occurs in Washington.  It also is one of the few studies that 
examined the effects of specific human behaviors on wildlife.  

Recreational activity is believed to be one of the main factors in lakeshore deterioration and 
decline in reed-dominated wetlands in a study of Central European lakes (Ostendorp et al. 
1995).  It is likely that trampling of bank-side vegetation by recreational users is causing 
bank erosion and excessive siltation in wetlands near the shore.   

Although recreation often occurs in more rural habitats, urbanization also brings increased 
intensity of recreational uses within remaining greenbelts and open spaces.  A study in 
Western Australia examined the trend in smaller lot size relative to the owners’ use of nearby 
open spaces (Syme et al. 2001).  Smaller lot size resulted in an increase in recreational visits 
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by the homeowners to nearby wetlands.  Increased access to and recreational use of wetlands 
is clearly one of the impacts that accompany urban development. 

4.12.5 Introduction of Invasive and Exotic Species in Wetlands 

Human activities increase the likelihood of introducing exotic animal and plant species to 
wetlands because they cause disturbances that favor the establishment of exotic species 
(Mack et al. 2000).  The following factors have been found to favor the establishment of 
exotic species (Houck 1996, Dale et al. 2000, Mack et al. 2000, Gelbard and Belnap 2003, 
Maurer et al. 2003): 

• Increased movement of seed and animals through higher road densities 

• Greater fragmentation of the landscape that limit re-colonization of native species 

• Higher densities of human land use 

• Alterations of water regimes 

• Direct disturbance of soils 

The studies cited in the following discussion implicate disease, predation, and competition as 
major factors in limiting the success of native species when exotic, invasive species come in.  
Many of the relationships between invasive species and native species are not well 
understood because many environmental and biological factors play a role (Mack et al. 
2000).   

In Washington and Oregon, about 42 exotic vertebrate species have established populations 
(Witmer and Lewis 2001).  These include species of 18 birds, 19 mammals, three reptiles, 
and two amphibians.  The birds were mainly introduced for hunting or aesthetic purposes, 
while the mammals mostly escaped from commercial or domestic settings.  The amphibians 
and reptiles were released pets or were introduced for food or aesthetic purposes.  About 30% 
of these exotic species are restricted to freshwater and riparian systems, although others 
among this group will commonly use these habitats (Witmer and Lewis 2001).  No 
information, however, was found on the number of exotic plant species found in wetlands. 

4.12.5.1 Impacts on Wetlands from Exotic and Invasive Plants  

Invasive plants, especially non-native invaders, significantly alter the composition of plant 
communities in many wetlands, sometimes even forming nearly monotypic stands (Adamus 
et al. 2001).  Changes in the plant community can be expected to result in changes to all the 
invertebrates and microscopic organisms that are associated with specific plant species.  

Among the most geographically widespread invaders in Washington’s wetlands are reed 
canarygrass (Phalaris arundinaceae), purple loosestrife (Lythrum salicaria), giant reed 
(Phragmites sp.), and European milfoil (Myriophyllum spicatum).  Their increased 



Wetlands in Washington State  Chapter 4 
Volume 1 – A Synthesis of the Science 4-69 March 2005 

dominance is frequently considered to be a result of human disturbances such as the 
following: 

• Changes in soils or water levels within a wetland and/or the surrounding landscape, 
including accelerated sedimentation, eutrophication, and the construction of 
mitigation wetlands (Confer and Niering 1992, Magee et al. 1999)   

• Changes in hydroperiod following urbanization (Cooke and Azous 2001)   

• Increased human access and mechanical disturbance of wetlands (e.g., a study in 
southern Australia showed that vegetation removal and site disturbance are major 
factors in plant invasions; Detenbeck et al. 1999) 

• Increases in sediment and nutrients resulting from agriculture or urbanization (Maurer 
et al. 2003). 

4.12.5.2 Impacts on Species Using Wetlands from Domestic Pets 

No information on the impacts of domestic pets on specific wetland-associated species was 
found.  However, general information on predation by pets, specifically cats, indicate they 
can impact populations of many different small species living adjacent to residential areas.  
Residential development typically brings increased access to wetlands by domestic pets, 
primarily cats and dogs because wetlands are not fenced off.  

Several studies of predation by house cats indicate that small mammals and birds were the 
preferred prey of house cats, but cats also killed reptiles and amphibians (Barratt 1997, 
Lepczyk et al. 2003).  Many of the mice and rats captured by the cats are exotic species 
themselves.  The results, however, suggest that house cats may have significant impacts on 
native populations as well, particularly along the fringes of suburban expansion where native 
mammals and birds are more common.   

A study of predation by house cats in Virginia determined that individual cats caught an 
average of 26 animals in urban areas and 83 animals in rural areas over an 11-month period 
(Mitchell and Beck 1992).  In another study in Michigan, Lepczyk et al. (2003) found that 
cats preyed on about 1 bird per week.  Extrapolating these numbers of prey to the total 
number of cats in a specific urban or suburban area would give an astonishingly high toll 
attributable to house cats.    

4.12.5.3 Impacts on Species Using Wetlands from Exotic Mammals and 
Birds 

Many introduced birds are known to usurp nests of native birds or to compete with them for 
nest sites.  European starlings (Sturnus vulgaris) are known to displace wood ducks, 
woodpeckers, and other species from their nests, often destroying the eggs and young 
(Witmer and Lewis 2001).  Starlings also out-compete many native species for nest cavities, 
overwhelming them with their large numbers and aggressive behavior.  Transmission of 



Wetlands in Washington State  Chapter 4 
Volume 1 – A Synthesis of the Science 4-70 March 2005 

disease, particularly from exotic birds and rodents from Europe, is also a major problem that 
threatens native wildlife (Witmer and Lewis 2001).   

Introduced mammals affect native wildlife and plants through predation and herbivory 
(Witmer and Lewis 2001).  For example, nutria (Myocaster coypus), which were introduced 
from South America for fur production, have tremendous impacts on wetland vegetation, 
uprooting plants as they dig for rhizomes and denuding vast areas (Mitsch and Gosselink 
2000, Witmer and Lewis 2001).  Nutria may be implicated in population declines of muskrats 
(Ondatra zibethicus), probably due to competitive exclusion (Witmer and Lewis 2001).   

4.12.5.4 Impacts on Native Invertebrates from Exotic Invertebrates  in 
Wetlands 

Humans have introduced a number of non-native invertebrates to wetlands.  Native 
invertebrate communities seem ill-adapted to compete with or avoid these alien species, but 
data on long-term effects to wetland communities are mostly lacking.   

The zebra mussel (Dreissena polymorpha) has invaded many aquatic systems throughout 
North America.  Although the zebra mussel has not yet been found in Washington, some 
local populations of mussels that live in wetlands may be highly susceptible if an invasion 
occurs.  Some mussels (of the family Unionidae which is found in Washington streams and 
rivers) are particularly susceptible to disruptions from introduced mussels because they are 
relatively immobile and have long life spans, often over 10 years (Mehlhop and Vaughn 
1994).  Furthermore, riverine wetlands with higher alkalinity tend to be more susceptible to 
invasions by zebra mussels (Whittier et al. 1995).   

In areas in other parts of the country that have been invaded by Zebra mussels substrates can 
become totally carpeted, displacing native mussels (Tucker and Atwood 1995).  Some 
midges, snails, and caddisflies can be outcompeted as well.  The mussel has minimal or 
positive effects on amphipods and flatworms (Wisenden and Bailey 1995).  They may also 
concentrate contaminants, making them more available to invertebrate food chains (Bruner et 
al. 1994).   

The rapid spread of zebra mussels may have been made more possible by the preceding 
decline of native mussels as a result of pollution and changes in habitat (Roberts 1990, 
Nalepa and Schloesser 1993, Mackie 1991, Haag et al. 1993, Whittier et al. 1995).  

4.12.5.5 Impacts on Native Amphibians from Exotic Species in 
Wetlands 

The effects of exotic species of amphibians on native amphibians that use wetlands are 
particularly well studied, but not well understood.  Predation and competition from 
introduced amphibians has been suggested as one cause of population declines for native 
amphibian species (Witmer and Lewis 2001), but as described below the effects are complex. 

Bullfrogs (Rana catesbeiana) are often cited as a factor in declining amphibian populations 
(Hecnar and M’Closkey 1996, Kiesecker and Blaustein 1998, Adams 1999a).  Native to 
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eastern North America, bullfrogs were introduced to the Pacific Northwest in the early 1900s 
for hunting and food.  Bullfrogs are suspected of causing amphibian declines because they 
prey on frogs and salamanders and are often so numerous in wetlands that they are thought to 
out-compete native species for space (Witmer and Lewis 2001).  Studies of the role that 
bullfrogs play in declines of amphibian populations are, however, somewhat contradictory in 
their findings (Hecnar and M’Closkey 1996, Kiesecker and Blaustein 1998, Adams 1999a, 
Witmer and Lewis 2001).  It is possible that the effects of bullfrogs may differ for various 
species, or their influence may be quite subtle and complex.   

Several studies conducted in the Pacific Northwest have found either weak or no correlation 
between bullfrog presence and amphibian richness and abundance (Adams 1999a, Richter 
and Ostergaard 1999, Richter and Azous 1995).  Data from a monitoring program of 
amphibians in wetlands in King County showed that bullfrogs are not causing competitive 
exclusion of native species (Richter and Ostergaard 1999).  Native amphibian richness was 
not negatively correlated with bullfrog presence or with the presence of permanent water in 
the wetlands (Richter and Ostergaard 1999).  Richter and Azous (1995) noted relatively high 
species richness for native amphibians in permanently ponded wetlands, the preferred habitat 
for bullfrogs.  

Focusing on red-legged frogs (Rana aurora) in Puget Lowland wetlands, Adams (1999a) 
concluded that this species is not excluded from wetlands that also support bullfrogs.  The 
study showed little to no negative correlation between red-legged frogs and bullfrogs.  It 
noted that exotic fishes such as sunfish, yellow perch (Perca flavescens), and smallmouth 
bass (Micropterus dolomieui) had greater effect on amphibian richness in the wetlands 
studied.  In a companion study Adams (1999b) found that habitat gradients or indirect effects 
of exotic vertebrates on native amphibians play major roles. 

A study of red-legged frogs in the Willamette Valley in Oregon, however, stated their 
development was affected by both bullfrogs and exotic fishes (Kiesecker and Blaustein 
1998).  In this study, tadpoles showed decreased mass at metamorphosis and increased time 
to metamorphosis in the presence of larval and adult bullfrogs.  Smallmouth bass alone had 
little effect on tadpole development, but red-legged frog tadpoles altered their use of 
microhabitats when both bullfrogs and smallmouth bass were present.  Survival of tadpoles 
was affected only when both bullfrog adults and larvae were present, or when both bullfrog 
larvae and smallmouth bass were present. 

4.12.5.6 Impacts on Wetland-associated Species from Exotic Fish  

Non-native fish have been widely introduced into waters of the United States and 
Washington, both intentionally and by accident.  Adamus et al. (2001) cite research showing 
that the effects of invading species on native fish communities are usually adverse (Baltz and 
Moyle 1993), especially when coupled with simultaneous impacts from other factors 
(Larimore and Bayley 1996, Marschall and Crowder 1996).   

The presence of exotic fish has been implicated in reduced abundances and species richness 
of amphibians.  A study in the Okanogan Highlands in northeast Washington showed that 
richness of pond-breeding amphibian and abundance were diminished by the presence of 
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exotic fish (Aker 1998).  The non-native fish species observed in this study included 
largemouth bass, tench (Tinca tinca), brook trout (Salvelinus fontinalis), and perch.  While 
there was lower amphibian richness in ponds with native fish than those with no fish, the data 
indicate that non-native fish had a greater impact on amphibian numbers and richness.  
Adams (1999a, 1999b) found that exotic, non-native, fish reduced survival of native 
amphibians to almost zero in the Puget Lowlands.  Further studies by Adams (Adams et al. 
2003) found that non-native fish facilitated the invasion of wetlands in Oregon by bullfrogs 
because they fed on invertebrate predators of bullfrog larvae.  

Leonard et al. (1993) surveyed populations of the northern leopard frog (Rana pipiens) in 
Washington State.  They found that the species had been extirpated from most of its historic 
range, with only small populations remaining in parts of eastern Washington.  These authors 
noted that areas once inhabited by the northern leopard frog support exotic species such as 
largemouth bass (Micropterus salmoides), black crappie (Pomoxis nigromaculatus), yellow 
perch (Perca flavescens), and brown bullhead (Ameiurus nebulosus).  They hypothesized that 
these species may be implicated in the decline of the northern leopard frog but have no 
definitive data to support this hypothesis. 

The introduction of carp has resulted in significant impacts on wetlands in eastern 
Washington.  Large, herbivorous fish such as carp compete directly with birds for submerged 
aquatic plants (Bouffard and Hanson 1997).  The fish also resuspend the sediments on the 
bottom of lakes and ponds.  This has a significant impact on invertebrates as well as the 
submerged aquatic plants.  Parkos et al. (2003) found that the presence of the common carp 
was positively correlated with increases of phosphorus (a nutrient that causes eutrophication), 
turbidity, suspended solids, and zooplankton biomass.  Their presence was negatively 
correlated with the abundance of aquatic plants and invertebrates.  

4.12.6 Summary of Key Points 

• Alteration of soils can change the plant community in a wetland and allow invasion 
by exotic species. 

• Noise creates stress for wildlife, but the impacts are very specific to individual 
species and to the type of noise generated. 

• Recreational use of wetlands impacts the normal behavior of wildlife and reduces 
densities.   

• Invasions by exotic species can alter the distributions of both plant and animal species 
in wetlands.  The impacts of bullfrogs on other amphibians, however, seem to be 
ambiguous even though this question has been studied extensively.  
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4.13 Chapter Summary and Conclusions 
Humans create many different types of disturbances that can affect the performance of 
wetland functions.  The disturbances were reviewed in Chapter 3.  Chapter 4 has reviewed 
the information available on how each type of human disturbance impacts wetlands and their 
functions.  The disturbances that impact wetlands the most include:  

• Direct changes to the physical structure of wetlands via filling, vegetation removal, 
tilling of soils, and compaction of soils 

• Changes in the amount of water in wetlands  

• Changes in how water levels fluctuate (frequency, amplitude, direction of flows) 

• Changes in the amount of sediment 

• Increases in the amount of nutrients 

• Increases in the amount of toxic contaminants 

• Changes in the amount of acidity 

• Increasing the concentration of salts 

• Increasing the fragmentation of habitat 

• Other disturbances that are not as well documented including alteration of soils, 
construction of roads, noise, recreational use, and invasion by exotic species. 

Table 4-3 reviews how various land-use practices create disturbances that can change the 
environmental factors that control wetland functions.  Table 4-4 summarizes the effects of 
each of these disturbances in terms of the wetland functions they may impact.  The rating of 
the impacts in the table represents a synthesis by the authors of all the information presented 
in this chapter.  By combining the information in these two tables, it is possible to associate 
changes in functions of wetlands with general types of human land use, as shown in Table 4-
5.  The human land uses create various disturbances in the environment, and those 
disturbances in turn affect the factors that control wetland functions, ultimately leading to 
changes in those functions. 

For example, Table 4-3 shows that urbanization creates significant disturbances that change 
the amount of water, the fluctuations of water levels, and input of sediments, nutrients, and 
contaminants to wetlands.  Table 4-4 shows that these disturbances have a major impact on 
the wetland functions of providing habitat for plants, invertebrates and reptiles/amphibians.  
Table 4-5 synthesizes this information to show that urbanization impacts the habitat for 
plants, invertebrates, reptiles, and amphibians in wetlands.   

The scientific information available indicates that human activities and uses of the land can 
have significant impacts on the functions in wetlands at both the larger, landscape scale and 
at the scale of the individual wetland itself.  As a result many different approaches have been 
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developed to try to minimize these impacts.  These include regulations to control human 
activities near wetlands, methods to replace the functions lost or altered including restoration, 
ways to protect the wetland resource through non-regulatory measures and incentives.  The 
effectiveness of some of these tools at actually protecting wetland functions are discussed in 
Chapters 5 and 6.  
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Table 4-3.  Summary of types of environmental disturbances created by some types of 
land use.   

Disturbance  Scale of 
Disturbance 

Agriculture Urbanization Mining 

Changing the 
physical structure 
within wetlands 
(filling, vegetation 
removal, tilling of 
soils, compaction of 
soils) 

Site scale xx xx h 

Changing the 
amounts of water   

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

? 

h 

Changing 
fluctuations of water 
levels (frequency, 
amplitude, direction 
of flows) 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

? 

h 

Changing the 
amounts of  
sediment 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

h 

h 

Increasing the 
amount of  nutrients 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

nm 

nm 

Increasing the 
amount of toxic  
contaminants 

Landscape scale 

Site scale 

xx 

xx 

xx 

xx 

x 

xx 

Changing the acidity Landscape scale   

Site scale 

nm 

nm 

nm 

nm 

x 

xx 

Increasing the 
concentrations of 
salt 

Landscape scale 

Site scale 

x 

x 

nm 

nm 

nm 

nm 

Fragmentation Landscape scale xx xx h 

Other disturbances Site scale xx xx h 

Key to symbols used in table: 

(xx) Land use creates a major disturbance of environmental factors  

(x) Land use creates a disturbance 

(nm) Studies on impacts of this land use do not mention this disturbance 

(h) Literature is lacking but disturbances can be hypothesized based on authors’ experience 

(?) Information lacking 
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Table 4-4.  Synthesis of the information reported in the literature on the negative 
impacts of different human disturbances on wetland functions. 

 Functions 

Disturbance Type H
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B
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H
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or
 

M
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m
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Changing the physical structure of 
wetlands + + ++ ++ + + ++ + 

Changing the amount of water  + + ++ ++ ++ + + ? 

Changing fluctuations of water levels  ? ? ++ + ++ + ? ? 

Changing amounts of sediment + ? ++ ++ ? ? ? ? 

Increasing amounts of nutrients + + ++ ++ ++ + + + 

Increasing amounts of toxic 
contaminants ? + ++ ++ ++ ++ ++ ? 

Changing acidity 0 + + ++ ++ + + + 

Increasing concentrations of salt 0 ? ++ ++ ? ? + ? 

Fragmentation 0 ? ? ? ++ ? ++ + 

Other disturbances ? ? ++ + ++ ++ ++ ++ 

Key to symbols used in table: 
++ Major negative impacts on specific functions have been documented  
+ Some data suggest impacts or impacts could be hypothesized  
0 Data indicate that impacts are minimal  
? Information is lacking 
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Table 4-5.  Synthesis of the negative impacts of some land uses on wetland functions. 

 Functions 

Land Use 
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H
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M
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Agriculture + + ++ ++ ++ ++ ++ +? 

Urbanization + + ++ ++ ++ ++ ++ +? 

Mining  ? ? + ++ ++ + + +? 

Key to symbols used in table: 
++ Major negative impacts on specific functions have been documented  
+ Some data suggest impacts or impacts could be hypothesized  
? Information is lacking  
+? Some impacts have been documented but more information is needed 

 



Wetlands in Washington State  Chapter 4 
Volume 1 – A Synthesis of the Science 4-78 March 2005 

 



Wetlands in Washington State  Chapter 5 
Volume 1 – A Synthesis of the Science 5-1 March 2005 

Chapter 5  
The Science and Effectiveness 
of Wetland Management Tools 

5.1 Reader’s Guide to this Chapter 
This chapter builds on the previous discussion of how wetlands function (Chapter 2), how 
human activities and changes in land use cause disturbances (across the landscape and at 
specific sites) that influence the factors that control wetland functions (Chapter 3), and 
how wetland functions are impacted by these disturbances (Chapter 4). 

Chapter 5 presents a synthesis of what the current literature reports on four tools currently 
used to identify wetlands and to address impacts to wetlands and their functions:  wetland 
definitions, wetland delineation methods, wetland ratings, and buffers.  This chapter does 
not provide language or recommendations for regulatory or policy language—those will 
be provided in a separate volume on management options and recommendations (Volume 
2). 

5.1.1 Chapter Contents 

Major sections of this chapter and the topics they cover include: 

Section 5.2, Introduction and Background on Regulatory Tools introduces the key 
wetland management tools that are discussed in this chapter. 

Section 5.3, How Wetlands Are Defined and Delineated describes similarities and 
differences in the way various agencies define wetland.  It explains the critical difference 
between “biological wetlands” and “regulated wetlands.”  It also discusses certain types 
of wetlands that are frequently exempted from regulation, such as isolated wetlands, 
small wetlands, or those designated as Prior Converted Croplands.  The various manuals 
that have been developed to guide the delineation of wetland boundaries are also briefly 
discussed. 

Section 5.4, Wetland Rating Systems discusses how rating systems have been 
developed to rapidly assess wetland characteristics in the field.  These characterizations 
allow wetlands to be rated for regulatory or management purposes.  This section 
introduces the reader to the Washington State wetland rating systems, which were briefly 
mentioned previously in a number of places in the document.  It also includes discussion 
of certain wetland types that require particular attention under the Washington State 
wetland rating systems. 
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Section 5.5, Buffers comprises the bulk of this chapter.  This section provides a synthesis 
of the literature on how buffers protect and maintain wetland functions.  The section 
concludes by summarizing recommendations from the literature for establishing effective 
buffer widths. 

Section 5.6, Chapter Summary and Conclusions ties together the major concepts 
presented in the chapter. 

5.1.2 Where to Find Summary Information and Conclusions 

Each major section of this chapter concludes with a brief summary of the major points 
resulting from the literature review on that topic in a bulleted list.  The reader is 
encouraged to remember that a review of the entire section preceding the summary is 
necessary for an in-depth understanding of the topic. 

For summaries of the information presented in this chapter, see the following sections: 

• Section 5.3.6 

• Section 5.4.2 

• Section 5.5.3.5 

• Section 5.5.4.4 

• Section 5.5.5.4 

• Section 5.5.6.1 

In addition, Section 5.6 provides a summary and conclusions about the overarching 
themes gleaned from the literature and presented in this chapter. 

5.1.3 Data Sources and Data Gaps 

No literature review was conducted for the section on wetland definitions or delineations.  
Both of these management tools are currently established by state and federal statutes.  It 
was determined that review of the previous discourse on these topics was not relevant to 
the current state of the science for Washington State.   

Considerable research was published prior to 2000 on the role of small wetlands relative 
to wildlife in a landscape context.  Since then, several synthesis documents on small and 
isolated wetlands have been published.   

Papers on the adequacy or effectiveness of wetland rating systems were not found; 
instead, the literature concentrates on function assessment methods.  This chapter does 
not attempt to assess the science on wetland function assessment because the Washington 
State Department of Ecology (Ecology) has evaluated and described different function 
assessment methods previously (see Volume 2, Appendix 5-B for more information).  
Additionally, Ecology completed function assessment methods for several different 
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wetland hydrogeomorphic types on both sides of the state within the last five years (see 
Chapter 2 for further information).   

The subject of buffers is well documented in the scientific literature.  Numerous studies 
from across the U.S. have been conducted for wetland and stream buffers.  The results of 
buffer studies, completed here in the Pacific Northwest as well as other areas of the 
country, provide remarkably consistent findings related to the factors that are important 
in determining appropriate buffer widths.  This consistency is particularly striking in the 
numerous buffer synthesis documents.  Additionally, the results of many studies 
conducted in other parts of the U.S. have been replicated in studies in the Pacific 
Northwest.   

Determining relevance to Washington, however, can be challenging, since the physical 
settings of the studies vary widely.  Some, however, obviously do relate to Washington; 
for example, literature related to agricultural practices and vegetated filter strips from the 
north-central United States and south-central Canada is relevant to some agricultural 
practices in Washington, especially in areas east of the Cascades.   

The majority of research on buffers tends to focus on how buffers influence water 
quality.  Far fewer studies examine the influence of a buffer’s physical characteristics on 
attenuating rates of surface water flow.   

Most studies on buffers related to wildlife document the needs of a particular species or 
guild related to how far they travel from aquatic habitats to fulfill their life-needs.  While 
there is substantial literature on the implications of habitat fragmentation, this literature 
does not specifically address the role of buffers in reducing fragmentation between 
wetlands and other parts of the landscape.   

Numerous compilations and syntheses of the literature concerning buffers have been 
completed since 1990.  These synthesis documents are used in this document as direct 
sources when no more recent research was found.  This chapter also cites literature 
related to stream buffers and riparian areas when the findings are relevant to the functions 
or processes these areas provide to the adjacent aquatic resource.   

A more detailed description of the types of literature used and any recognized gaps in the 
scientific literature are provided within each section on buffers as appropriate. 

5.2 Introduction and Background on Regulatory 
Tools 

The regulatory tools discussed in this chapter are components of “typical” wetland 
protection programs.  The intent is not to analyze all elements of protection programs and 
their regulations but to focus on the key science-based elements relating directly to 
wetland protection and management.  Therefore, this chapter focuses on the following 
four elements: 
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• Wetland definitions 

• Wetland delineation methods 

• Wetland ratings 

• Buffers 

The topic of compensatory mitigation, another key regulatory tool, is discussed 
separately in Chapter 6 because of the volume of information and literature available on 
this subject. 

5.3 How Wetlands are Defined and Delineated 

5.3.1 How Agencies Define Wetlands 

Several definitions of wetlands have been developed and used by various federal, state, 
and local agencies and jurisdictions.  The effectiveness of current federal or state wetland 
definitions was not evaluated as part of this synthesis.  However, definitions are included 
here because how a wetland is defined is critical to determining what areas are subject to 
the provisions of a law or regulation. 

For the purposes of most laws and regulations, wetlands are usually defined using one of 
the following two definitions: 

Those areas that are saturated or inundated by surface or groundwater at 
a frequency and duration sufficient to support, and under normal 
circumstances do support, a prevalence of vegetation typically adapted for 
life in saturated soil conditions.  Wetlands generally include swamps, 
marshes, bogs, and similar areas.  (U.S. Army Corps of Engineers 1987);  

or 

“Wetlands” or “wetland areas” means areas that are inundated or 
saturated by surface or ground water at a frequency and duration 
sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil 
conditions.  Wetlands generally include swamps, marshes, bogs and 
similar areas.  Wetlands do not include those artificial wetlands 
intentionally created from non-wetland sites, including, but not limited to, 
irrigation and drainage ditches, grass-lined swales, canals, detention 
facilities, wastewater treatment facilities, farm ponds, and landscape 
amenities, or those wetlands created after July 1, 1990, that were 
unintentionally created as a result of the construction of a road, street, or 
highway.  Wetlands may include those artificial wetlands intentionally 
created from nonwetland areas to mitigate the conversion of wetlands.  
(Washington Administrative Code 173-22-030.) 
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The Washington State definition is derived from the U.S. Army Corps of Engineers 
(Corps) definition, but it also includes clarifying language that identifies which common 
human-made or -induced features are not meant to be defined as wetland.  The state 
definition is required by the Growth Management Act (RCW 36.70A.030 (20)) to be used 
in all local critical area regulations. 

In addition, for the National Wetland Inventory, the U.S. Fish and Wildlife Service 
(USFWS) defined wetlands as follows: 

Wetlands are lands transitional between terrestrial and aquatic systems 
where the water table is usually at or near the surface or the land is 
covered by shallow water. For the purpose of this classification wetlands 
must have one or more of the following three attributes: (1) at least 
periodically, the land supports predominantly hydrophytes, (2) the 
substrate is predominantly undrained hydric soil, and (3) the substrate is 
nonsoil and is saturated with water or covered by shallow water at some 
time during the growing season of each year.  (Cowardin et al. 1979) 

Note that the definition used by the USFWS allows the use of a single parameter to 
determine if an area is a wetland.  The definition also includes areas that may not be 
vegetated, such as gravel bars and mudflats.  In most cases, the Corps and Ecology 
definitions require the presence of all three parameters (vegetation, soil, and hydrology) 
for an area to be considered a wetland, and they both assume that wetlands generally are 
vegetated. 

5.3.2 Biological vs. Regulated Wetlands 

In some jurisdictions, all lands that meet the definition of wetland are regulated.  
However, it is not unusual for a jurisdiction to differentiate within its regulations between 
“wetlands” (i.e., biological wetlands) and “regulated wetlands” (i.e., wetlands that they 
intend to regulate).  The definition of what constitutes a regulated wetland may vary from 
jurisdiction to jurisdiction.  

In reviewing regulatory language from local wetland regulations, the three primary 
criteria used to differentiate between “wetland” and “regulated wetland” were: 

• The category or rating of the wetland 

• The size of the wetland 

• The type of wetland (such as isolated wetlands and those designated as Prior 
Converted Croplands) 

In general, a category or rating system has been used historically in regulatory language 
to differentiate between wetlands that need different degrees of protection.  Rating 
systems are used by local jurisdictions to group wetlands based on physical 
characteristics and/or functions that the wetlands may provide and how those 
characteristics or functions are valued.  Section 5.4 of this document describes the current 
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state of the science on wetland ratings and the wetland rating systems developed for 
eastern and western Washington.   

The criterion of wetland size is usually a minimum below which the jurisdiction will not 
regulate a wetland.  For example, the jurisdiction may allow no fill in wetlands larger 
than 10,000 square feet, or they may include language such as “Category 2 wetlands 
larger than 0.25 acre cannot be altered.”  The historical rationale for the use of size as a 
regulatory criterion was the perception that “bigger is better,” and the belief that small 
wetlands were less important and did not provide significant functions.  The scientific 
literature of the last 10 years has made it clear that size does matter but not in the way 
previously believed.  In multiple studies, small wetlands have been shown to contain a 
significant diversity of plant and animal species (See Section 5.3.3 for more information). 

Additionally, two other wetland types may be exempted from regulation: isolated 
wetlands and wetlands designated as Prior Converted Croplands.  

In 2001, the U.S. Supreme Court determined that isolated wetlands are not subject to 
regulation under Section 404 of the federal Clean Water Act if the only basis for their 
regulation is their use by migratory birds.  However, the Court did not define “isolated,” 
and the federal government has not issued any new guidance or regulations to clarify the 
situation.  In general practice, the U.S. Army Corps of Engineers (Corps), the federal 
agency that administers the Clean Water Act, considers isolated wetlands to be those of 
any size that are not adjacent to or have no direct surface water connection to any 
navigable waters.  However, recent lower court decisions have interpreted Corps 
jurisdiction over isolated waters differently, and the situation is in flux.   

Washington State has determined that isolated wetlands are regulated by the Department 
of Ecology under the state Water Pollution Control Act (RCW 90.48).  Since some local 
jurisdictions in Washington fashion their wetland regulations on the federal or state 
standards, it is important to consider the implications of not regulating isolated wetlands.  
Thus, scientific information on isolated wetlands is discussed in Section 5.3.4.   

Wetlands that are designated as Prior Converted Croplands (PCC) are another type of 
wetland that are exempt from regulation by the federal government.  PCC are those 
wetlands that were drained or otherwise manipulated prior to December 23, 1985, for the 
production of commodity crops.  They are wetlands in which inundation (ponding) does 
not occur for more than 14 consecutive days during the growing season.  These sites must 
produce an agricultural commodity that requires planting a crop that needs annual tilling.  
These areas are considered waters of the U.S. if they are abandoned (i.e., tilling and 
planting has not occurred for five consecutive years), and hydrophytic vegetation and 
wetland hydrology returns.  However, even if they are not abandoned, many of the PCCs 
in Washington still meet the three criteria required for biological wetlands.  As with 
isolated wetlands, the Department of Ecology regulates PCCs that are wetlands under 
state law.   
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No information on wetland areas meeting the definition of PCC was found in the 
scientific literature.  However, many wetlands meeting the criteria for PCC would still be 
expected to provide important functions, given that the criteria for being designated 
“Prior Converted” require only that the wetland has been manipulated for production of 
commodity crops since 1985 and does not pond for more than 14 consecutive days during 
the growing season.  The authors of Volume I have observed widespread flooding in PCC 
areas during the winter and have observed use of these areas by several species of 
overwintering waterfowl.  One published study of waterfowl in Puget Sound documented 
significant use of farmlands by several duck species for feeding during the winter 
(Lovvorn and Baldwin 1996).  This study found greater use by waterfowl of farm fields 
that were flooded in winter, but made no distinction between upland farm fields, farmed 
wetlands, and Prior Converted Croplands.  In addition, the authors of Volume I have 
documented significant water quality and quantity functions provided by PCCs in 
projects reviewed and permitted by the Department of Ecology (This data has not been 
published). 

If the agricultural activities were abandoned, PCCs could revert to a plant community 
characteristic of wetland; and, without maintenance of the hydrologic modifications, the 
wetland’s water regime may revert to a condition more like that which existed prior to the 
alteration.  Further analysis of the functions of wetland areas designated as PCC is 
needed. 

No literature was found that discussed the ecological consequences of the legal 
bifurcation between biological wetlands and regulated wetlands.  However, literature was 
found that discusses the functions and values provided by small wetlands and isolated 
wetlands, as discussed below. 

5.3.3 Small Wetlands 

The elimination of small wetlands is an issue that has gained attention over the past 10 
years.  Many regulations have preferentially allowed filling of small wetlands.  Many 
regulations completely exempt wetlands under a certain threshold.  Also, size is one of 
the most common characteristics used in determining wetland ratings at the local level, 
and smaller wetlands typically receive lower levels of protection.  Yet, the loss of small 
wetlands is one of the most common cumulative impacts on wetlands and wildlife 
(Weller 1988, Tiner et al. 2002).   

No definition of small is provided here because what constitutes "small" varies between 
jurisdictions and scientific studies (see also Section 5.3.2).  In some contexts, small is 
determined exclusively by size.  Small may mean less than 0.10 acre; in others, it may 
mean less than 10 acres.   

Some jurisdictions, however, also differentiate small wetlands using criteria that reflect 
function and values.  Small wetlands can have outlets, be in a floodplain, or be otherwise 
associated with a larger aquatic system.  These characteristics are often used in rating 
systems and, combined with size, determine what is considered a small wetland.  For 
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example, a jurisdiction may include language in their regulations such as “Category 2 
wetlands larger than 0.25 acre cannot be altered.”  For each of the studies below, we have 
included the authors' definition of small.  

In addition to the obvious loss of habitat for wildlife, fragmentation of habitat increases 
as small wetlands are eliminated, resulting in greater distances between wetland patches 
in the landscape.  Semlitsch and Bodie (1998) found that creating greater distances 
between wetlands of 0.5 to 10 acres in size can have a significant effect on the ability of a 
landscape to support viable populations of amphibians, as juveniles dispersing from a 
source wetland may not be able to travel far enough to recolonize other surrounding (now 
distant) wetlands.  Management priorities have focused on larger, semi-permanent 
wetlands, with the least emphasis on protecting the smaller, seasonal wetlands (< 1.2 
acres) that are critical components of wetland complexes (Naugle et al. 2001).   

The following sections describe studies of the use of small wetlands by wildlife, and the 
role that small wetlands play in maintaining connections between habitats.  For each of 
these studies, the authors' definition of small is described.   

Studies of the relationship between wetland size and wildlife distribution have mostly 
focused on amphibians and birds.  Few studies have examined how use of wetlands by 
mammals relates to wetland size, and no studies of this relationship were found for 
macroinvertebrates or reptiles.  No studies were found that documented the role that 
small wetlands play in providing water quality or hydrologic functions.  However, the 
degree to which small wetlands perform water quality or hydrologic functions is likely to 
be determined by site-specific characteristics (see Chapter 2) and can be estimated on a 
per-acre basis using some of the available function assessment methods. 

5.3.3.1 Amphibians and Small Wetlands 

Snodgrass et al. (2000) undertook a study of amphibian use of wetlands to address three 
commonly held beliefs about small wetlands (0.7 acres - 3 acres): 

• They have short hydroperiods 

• They support few species  

• They support species that are also found in larger wetlands 

Snodgrass et al. (2000) determined that amphibian species richness increases with length 
of hydroperiod.  They also concluded that short-hydroperiod wetlands (smaller 
temporarily ponded wetlands) are also important in maintaining biological diversity in 
that they support species not found in larger wetlands with longer hydroperiods.  The 
species they found in small wetlands were not a subset of those in larger wetlands but 
rather a unique group of species.   

Similarly, amphibian richness in Puget Sound wetlands was found to have no correlation 
with wetland size (1 - 30 acres).  High richness occurred in some of the smallest wetlands 
(Richter and Azous 1995).  The study indicates that small wetlands that are vegetatively 
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simple can serve adequately as breeding habitats as long as favorable nonbreeding habitat 
is present nearby.  Species richness also was not related to persistence of ponding.   

Gibbs (1993) conducted a simulation model in Maine from which he theorized that small 
wetlands may be most important for wetland organisms with low population growth rates 
and low densities.  The model demonstrated that the loss of small freshwater wetlands 
(less than approximately 5 acres [2 ha]) would result in a decline of total wetland area by 
19% and total wetland number by 62%, while the average distance between wetlands 
would increase by 67% (Gibbs 1993).  The model showed that the loss of small wetlands 
would result in a change (from 90% to 54%) of the area that would lie within the 
maximum migration distance of terrestrial-dwelling and aquatic-breeding amphibians.  
The risk of extinction would significantly increase for local populations of turtles, small 
birds, and small mammals that are currently stable even though the model showed no 
change in the risk of metapopulation extinction for salamanders or frogs.  Amphibian 
populations in the study were buffered from the risk of extinction due to high rates of 
population increase.  The model demonstrated that dispersal ability for amphibians is a 
predictor of population growth rate and density, not sensitivity of a population to loss of 
small wetlands.   

5.3.3.2 Birds and Small Wetlands 

Bird use of wetlands appears to have a stronger relationship to wetland size than that of 
amphibians.  Bird richness was positively correlated with larger wetland size in a Puget 
Sound study of palustrine wetlands (Richter and Azous 2001b).  This is attributed to the 
fact that larger wetlands in the study generally had greater structural complexity and a 
greater number of habitat types.   

Martin-Yanny (1992) also found that bird species richness and abundance in wetlands of 
the Pacific Northwest are positively correlated with wetland size.  However, Martin-
Yanny noted that habitat heterogeneity was a more important determining factor than 
wetland area in influencing bird species richness.  Wetlands in highly urbanized 
watersheds had fewer neotropical migrant species, fewer ground-nesting birds, and more 
edge-tolerant (habitat generalist) species.  This is because urbanizing watersheds tend to 
have smaller wetlands (less than 10 acres [4 ha]) with more edge habitat, making birds 
more susceptible to competition, predation, and nest parasitism.  The author recommends 
preserving large wetlands or complexes of smaller wetlands that are connected by 
extensive upland buffers. 

In northern prairie marshes, bird species richness was also seen to increase with marsh 
size and to decrease as the wetland became more isolated (Brown and Dinsmore 1986).  
Marshes that were part of wetland complexes showed higher species richness than 
isolated wetlands.  Certain bird species used smaller marshes only when the marshes 
were part of a wetland complex.  Large isolated marshes in the study often had lower 
species richness than smaller marshes that were part of wetland complexes.  While bird 
species richness increased, the rate of increase slowed as the marshes became larger.  In 
other words, they concluded that prairie marshes in the size range of 49 to 74 acres (20 to 
30 ha) were more efficient in preserving bird species than larger marshes.   
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A study of agriculturally disturbed wetlands in western Oregon reached similar 
conclusions in finding that larger wetlands support more bird species (Budeau and Snow 
1992).  These authors also showed that wetlands of all sizes were important to water-
birds.   

However, in eastern Washington, Foster et al. (1984) found that waterfowl breeding use 
of wetlands in the Columbia Basin was greatest in smaller wetlands (less than 1 acre 
[0.4 ha]). 

5.3.3.3 Mammals and Small Wetlands 

The study that modeled the effects of the loss of small wetlands in Maine showed that 
local populations of small mammals faced a significant risk of extinction following the 
loss of small wetlands (<5 acres) (Gibbs 1993).  However, in a study of Puget Sound 
wetlands, Richter and Azous (2001c) concluded that wetland size alone was not a 
significant factor in determining mammal richness or abundance.  They noted that small-
mammal richness was most closely affected by the combined factors of: 

• Wetland size  

• Extent of retention of forest adjacent to the wetland 

• Quantity of large woody debris within wetland buffers  

In conclusion, the literature suggests that size is not a significant factor in contributing to 
most wetland habitat functions.  Rather, habitat structure, connectivity, and wetland 
hydroperiod are much more significant factors in determining habitat functions than size 
alone.  The literature emphasizes that small wetlands are critically important to 
amphibians, particularly when connectivity between wetlands and with adjacent uplands 
is maintained.  However, none of the studies evaluated the role of wetlands less than 0.5 
acre, so the implications of exempting wetlands less than 0.25 acre, as is commonly done 
in local wetland regulations, are unknown. 

The next section deals specifically with isolated wetlands.  The following excerpt from 
Moler and Franz (1987) describes small, isolated wetlands and sheds some light on the 
attributes of both size and isolation. 

To a great extent, the unique values and functions of small, isolated 
wetlands have been overlooked.  This oversight derives from several 
factors, perhaps foremost being the general tendency to think of small 
wetlands as being little more than subsets of larger wetlands.  So long as 
the uniqueness of small wetlands is unrecognized, then it is intuitive to 
think of wetlands as declining in value directly as function of size. 
Similarly, so long as the unique values of isolated wetlands are 
unrecognized, it is understandable that connected wetlands might be 
considered of greater value.  In reality, small isolated wetlands are 
biologically unique systems.  Because of their isolation and small size, 
they support a very different assemblage of species than that found in 
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larger, more permanently wet situations.  The ephemeral nature of many 
small wetlands makes them unsuitable for species which require 
permanent water. 

5.3.4 Isolated Wetlands 

Isolated wetlands are being addressed in this document because of the recent Supreme 
Court decision to exclude many isolated wetlands from federal regulation.  The Supreme 
Court decision regarding isolated wetlands was made based on a legal interpretation of 
jurisdiction under the federal Clean Water Act (Solid Waste of Northern Cook County v. 
United States Army Corps of Engineers).  The key factor was the language in the Act that 
relates to navigable waters.  The Court did not rule that isolated wetlands are less 
important than non-isolated wetlands, only that the intent of Congress in passing the 
Clean Water Act was to relate the protection of waters of the United States to 
navigability.  The Court also did not provide any definition of what constitutes 
“isolation” for purposes of jurisdiction.   

The Seattle District of the U.S. Army Corps of Engineers (Corps) does not have any 
national or regional guidance for making isolated wetland determinations.  As of 
November 2004, if a wetland meets the test of "adjacency" (neighboring, bordering or 
contiguous) with any navigable water, or if the wetland has a surface outlet that drains to 
a navigable water, then the Corps does not consider it isolated (T.J. Stetz, U.S. Army 
Corps of Engineers, Seattle, personal communication 2004).  Future court or 
administrative decisions may change how isolated wetlands are determined.  

Much confusion has resulted from this decision, and some in the public have assumed 
that isolated wetlands are less important or less worthy of protection.  Therefore, it is 
important to summarize some of the basic science on isolated wetlands, which is 
presented in the paragraphs that follow.   

Much of the information comes from the work of Tiner et al. (2002) and a recent issue of 
Wetlands (Volume 23, #3, 2003) that includes numerous articles on isolated wetlands.  
Readers are directed to this work for more detailed information.  Additionally, the work 
of Hruby et al. (1999, 2000) in developing assessment methods for wetland functions in 
Washington provides important scientific information on depressional wetlands in 
Washington, a wetland type that contains the majority of isolated wetlands in 
Washington. 

Wetlands can be defined as isolated based on their geographic isolation, ecological 
isolation, or hydrologic isolation (Tiner et al. 2002).  For this discussion, isolated 
wetlands are defined by a very specific type of  hydrologic isolation—they do not have a 
surface outlet by which water leaves the wetland, even seasonally, to another water body.  
Although frequently described as closed depressions (Tiner et al. 2002, Winter and 
LaBaugh 2003), isolated wetlands can also be sloped wetlands where surface water, if 
present, re-enters the shallow groundwater zone at the base of the wetland and is not 
linked via surface flows to a downstream water body.  Isolated wetlands are not 
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necessarily small.  They can be large systems with substantial heterogeneity and diverse 
habitat types (Tiner et al. 2002, Leibowitz 2003).   

Generally, isolated wetlands provide most of the same functions as non-isolated wetlands 
and do so for the same reasons:  position in the landscape, hydrologic regime, and type of 
soils and vegetation present (Leibowitz 2003, Whigam and Jordan 2003, Liebowitz and 
Nadeau 2003).  Basic functions of isolated wetlands as described by Hruby et al. (1999), 
Tiner et al. (2002), Leibowitz (2003), and Whigam and Jordan (2003) are presented 
below. 

• Water quantity (hydrologic functions).  Isolated wetlands have no surface 
outlet.  Precipitation and local runoff entering the wetland must either return to 
the atmosphere by evapotranspiration or infiltrate into groundwater (Leibowitz 
2003).  As a result, their ability to retain surface water may be significant, 
depending upon the surrounding topography.  This provides potential flood 
storage because no surface water leaves the wetland to cause potential flooding or 
erosion downgradient.   

• Water quality.  Because they lack an outlet, isolated wetlands function as 
sediment traps for contaminants that move into them.  Isolated wetlands function 
as sinks for most dissolved and all sediment-associated nutrients and toxics 
because they have no outlets that allow materials to be transported downgradient 
(Hruby et al. 1999).  A review of the literature by Whigam and Jordan (2003) 
concludes that isolated, depressional wetlands have been shown to improve water 
quality and to efficiently retain nutrients.  

• Wildlife habitat.  Isolated wetlands provide wildlife habitat functions similar to 
those of non-isolated wetlands (Liebowitz 2003), except in regard to habitat for 
migrating fish in Washington (Hruby et al. 1999).  The habitat value of isolated 
wetlands is governed by the same factors as non-isolated wetlands (hydrologic 
regime, vegetation, habitat structure, connectivity to other habitats, etc.) 
(Liebowitz 2003, Gibbons 2003).  Tiner et al. (2002) found that isolated wetlands 
provide essential habitat for a wide range of guilds and may be vital to 
maintaining viable, genetically diverse metapopulations.  They state: 

From an ecological standpoint, isolated wetlands are among the country’s 
most significant biological resources.  In some areas, isolation has led to 
the evolution of endemic species vital for the conservation of biodiversity.  
In other cases, their isolation and sheer numbers in a given locality have 
made these wetlands crucial habitats for amphibian breeding and survival 
(e.g., woodland vernal pools and cypress domes) or for waterfowl and 
waterbird breeding (e.g., potholes).  In arid and semi-arid regions, many 
isolated wetlands are veritable oases – watering places and habitats vital to 
many wildlife that use them for breeding, feeding, and resting, or for their 
primary residence. 
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5.3.5 Delineation Methods 

In addition to the definition of what constitutes a wetland, the U.S. Army Corps of 
Engineers (Corps) and Washington State Department of Ecology (Ecology) have 
provided guidance on how to determine the edge of a wetland (i.e., how to delineate the 
wetland boundary).  Delineating a wetland’s boundary is a necessary step in the 
regulatory process because it factors into calculations of potential wetland impacts and 
determines the starting point for buffers and setbacks. 

The Corps published a federal manual to delineate wetlands in 1987 and another manual 
in 1989, jointly with the U.S. Environmental Protection Agency (EPA), Soil 
Conservation Service, and U.S. Fish and Wildlife Service.  In subsequent years (1991, 
1992, and with EPA in 1994) the Corps released updates to clarify questions and provide 
regional guidance.  

In the early 1990s, there was substantial controversy over proposals to change the 1987 
and 1989 federal delineation manuals.  A substantial amount of literature was produced 
analyzing the effectiveness of the various delineation manuals for determining a wetland 
edge.  In subsequent years, the use of the 1987 Federal Manual for Delineation of 
Wetland Areas became the required legal standard for the Corps.   

As required by state legislation, Ecology issued the Washington State Wetlands 
Identification and Delineation Manual in 1996 (WAC 173-22-080, Ecology publication 
#96-94).  Ecology’s manual uses the original 1987 Corps of Engineers manual and 
incorporates changes in the manual made by the federal government since 1987.  The 
state manual includes national guidance issued by the Corps in 1991 and 1992 (which is 
not present in the 1987 Corps manual), as well as regional guidance issued by the Corps 
and EPA in 1994.  In addition, the state manual eliminated references and examples that 
were not relevant to Washington State and added examples and situations relevant to 
Washington.  The 1996 state manual is required by statute (RCW 36.70A.175) to be used 
by local jurisdictions in implementing the Growth Management Act.  Since the two 
manuals rely upon the same criteria and indicators for hydrology, soils, and vegetation, 
proper use of either manual should result in the same boundary. 

5.3.6 Summary of Key Points 

• Regulatory agencies define the term wetland in slightly different ways.  

• Local jurisdictions often differentiate between “biological wetlands” and 
“regulated wetlands”.  The distinction is often based on the wetland rating and/or 
wetland size. 

• The studies of the correlation of wetland size to wildlife use conflict somewhat in 
their findings, but most generally conclude that small wetlands are important 
habitats (particularly where adjacent buffer habitats are available) and that 
elimination of small wetlands can negatively impact local populations.   
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• Small wetlands provide habitat for a range of species that are not a subset of the 
species found in larger, more permanently inundated wetlands.  Small wetlands 
do not just provide a smaller area for the same array of amphibian species found 
in larger wetlands. 

• Small wetlands are very important in reducing isolation among wetland habitat 
patches.  Smaller wetlands provide significant habitat for wildlife and affect the 
habitat suitability of larger wetlands by reducing isolation on the landscape.  

• The presence of small wetlands reduces the distance between wetlands and thus 
increases the probability of successful dispersal of organisms.  This, in turn, likely 
increases the number of individuals dispersing among patches in a wetland 
mosaic, thereby reducing the chance of population extinction.   

• Isolated wetlands provide the same range of wetland functions as non-isolated 
wetlands.  Isolated wetlands provide important water quantity, water quality, and 
habitat functions. 

• The U.S. Army Corps of Engineers 1987 wetland delineation manual and the 
1996 Washington State Wetlands Identification and Delineation Manual are the 
current standards to be used in determining the boundary of a wetland.  Correct 
use of these two manuals should result in the same wetland boundary. 

5.4 Wetland Rating Systems 
Wetland rating systems (or categorizations) are one of the numerous procedures that have 
been developed to analyze wetlands, providing ways to identify, characterize, or rate 
wetland characteristics, functions, and social benefits (values).  Categorizations, as well 
as other procedures such as function assessment, are used by natural resource managers 
and regulators in a variety of contexts for regulating, planning, and managing the wetland 
resource (Bartoldus 1999).  In the context of local regulations, rating systems are used to 
categorize wetlands based on different needs for protection.  However, rating systems can 
often be used as one means to analyze wetlands.   

Many different procedures to analyze wetlands have been developed in the last three 
decades.  These range from detailed scientific evaluations that may require many years to 
complete, to the judgments of individual experts during one visit to a wetland.  For 
example, Bartoldus (1999) summarized 40 different tools that were developed up to 
1998, and that are used to meet the needs of regulating and managing wetlands.   

Although many different rating-type tools have been developed, the literature search for 
this document did not uncover any analyses of the effectiveness of rating systems at 
protecting the wetland resource.  It is assumed that better protection for wetlands is 
provided with improved understanding of wetland functions and values (e.g., Roth et al. 
1993, National Research Council 1995).    
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Scientific rigor is often time consuming and costly.  For regulatory use, tools are needed 
that provide some information on the functions and values of wetlands in a time- and 
cost-effective way.  One way to accomplish this is with an analytical tool that categorizes 
wetlands by their important attributes or characteristics based on the collective judgment 
of regional experts.  Categorization methods, such as rating systems, are relatively rapid 
but can still provide some scientific rigor (Hruby 1999).  

The rapid method most commonly used for analyzing wetlands in eastern and western 
Washington has been Ecology’s wetland rating systems (Ecology 1991, 1993, Hruby 
2004a,b).  This rating system or some modification of it has been incorporated in the 
wetland regulations of at least 20 counties in the state and many cities and towns as well 
(Chris Parsons, Washington State Department of Community, Trade and Economic 
Development (CTED), personal communications and survey 1999, data are available on 
request from CTED).    

 

The rating systems were designed to differentiate between wetlands based on their 
sensitivity to disturbance, their significance, their rarity, our ability to replace them, and 
the functions they provide.  However, the rating systems were not intended to replace a 
full assessment that may be necessary to determine the levels of performance for 
numerous functions or to plan and monitor a compensatory mitigation project.  As noted 
in the wetland rating system for eastern Washington: 

The rating categories are intended to be used as the basis for developing 
standards for protecting and managing the wetlands to minimize further loss of 
their resource value.  The management decisions that can be made based on the 
rating include the width of buffers necessary to protect the wetland from adjacent 
development, the ratios needed to compensate for impacts to the wetland, and 
permitted uses in the wetland. (Hruby 2004a)  

The rating systems for both eastern and western Washington have been revised by 
Ecology in conjunction with teams of wetland experts and local planners in each region 
who provided technical input and field testing.  The goal of the revisions is to reflect the 
best and most current science on wetlands and how they function (using three broad 
groups of functions—hydrologic, water quality, and habitat) while maintaining rapidity 
and ease of use.  You can access the rating systems for eastern and western Washington 
at the following web site: http://www.ecy.wa.gov/programs/sea/wetlan.html. 

 

In the first editions of the Washington State wetland rating systems, the term rating 
was not used in a manner that is consistent with its definition in the dictionary, and 
this has caused some confusion.  The method does not rate the wetland and generate 
a relative estimate of value (e.g., high, medium, low).  Rather, it is a categorization 
of wetlands based on specific criteria, such as sensitivity to disturbance and rarity in 
the landscape.   
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Wetland rating systems used in other parts of the nation 

Categorization systems have also been used in other parts of the United States to manage 
wetlands.  Other states have wetland categorizations as part of their wetland laws and 
rules, and other jurisdictions have used them to help manage wetlands for specific 
projects.  For example: 

Vermont adopted a law (10 VSA Chapter 37, Section (a) (7-9)) mandating that rules be 
adopted to identify Vermont’s significant wetlands.  The rules categorize wetlands into 
three classes of which the first two are considered “significant” (Vermont Department of 
Environmental Conservation 1999). 

New Jersey has a wetland categorization included directly in its law (NJAC 7:7A).  
Criteria are provided for categorizing wetlands into (1) freshwater wetlands of 
exceptional resource value, (2) wetlands of ordinary resource value, and (3) wetlands of 
intermediate resource value. 

New York has adopted rules that categorize wetlands into four categories based on 
ecological associations, hydrologic features, pollution control features, cover types, and 
distribution and location (6 NYCRR Part 664.5).  

West Eugene, Oregon developed a method for a plan based on “needs for protection” 
(City of Eugene 2002). 

North Carolina created a GIS-based system that characterizes the “significance” of 
wetlands based on several landscape and function-based criteria (Gainey and Roise 
1998). 

5.4.1 Other Characteristics Used for Rating  

Some wetlands in Washington are categorized in the Washington State wetland rating 
systems based on important characteristics that are not specifically related to functions.  
These characteristics include rarity on the landscape, sensitivity to disturbance, and 
difficulty in restoring or creating such wetlands through mitigation efforts (Ecology 1991, 
Hruby 2004a,b).  The wetland types that have been defined for eastern and western 
Washington are listed below.  Some of the types are unique to either eastern or western 
Washington (e.g., Wetlands in coastal lagoons are unique to western Washington): 

• Bogs 

• Alkali wetlands 

• Mature and old-growth forested wetlands 

• Vernal pools 

• Wetlands identified by the Washington State Department of Natural Resources as 
“Natural Heritage” wetlands” 
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• Wetlands in coastal lagoons 

• Interdunal wetlands 

• Estuarine wetlands 

Each of these types is described in more detail below.   

5.4.1.1 Bogs  

Many of the scientific studies of bogs have been published in Europe and the northern 
parts of the United States, such as Minnesota and Maine.  There has not been extensive 
research on bogs in Washington State.  This summary of the literature is not intended to 
be a thorough synthesis but provides basic background information regarding 
characteristics of bogs requiring special consideration for management. 

Predominance of Organic Soils 
Bogs are peatlands (wetlands with organic soils) that have been classified according to 
their shape, chemistry, plant species, and vegetation structure (Gore 1983).  The common 
factor in bogs is the presence of organic soils or peat, which result from the accumulation 
of poorly decomposed plant material.  The optimum conditions for peat formation occur 
in cool, humid climates in a location with poorly drained soil.   

The rate of peat accumulation is generally quite low, although it can vary with site-
specific factors.  Heathewaite and Gottlich (1993) report rates of accumulation ranging 
from 2 to 4 inches (5 to 10 cm) every 100 years.  Durno (1961) lists a range of 0.5 to 
4.3 inches (1.2 to 11 cm) accumulation every 100 years.  In Washington, Rigg (1958) 
reports peat accumulation of 1 inch (2.5 cm) in 40 years for the west side of the Cascades 
and 1 inch in 50 years on the east side.  Peat can be as little as 8 inches (20 cm) deep to 
over 45 feet (15 m) deep (Heathewaite and Gottlich 1993).  

The three ways that peat is formed, described below, illustrate the lengthy process of peat 
and bog formation and help explain why bogs are almost impossible to recreate through 
compensatory mitigation (see below and in Chapter 6). 

• In a filled-lake sequence, open water progresses to a sedge or moss community 
that gradually builds a mat over the water, evolving into a bog, bog forest, and 
then climax community (Conway 1949).  

• Paludification occurs when bogs invade the surrounding forest.  Sphagnum 
species cause a rise in the water table as peat layers compress and impede 
drainage (Heathewaite and Gottlich 1993). 

• A flow-through succession occurs when surface flows are modified.  Organic 
matter builds up to the point where surface flows are diverted around the peat 
mound.  As it builds, the mound becomes isolated from groundwater, relying 
solely on precipitation as its water source (Klinger 1996).  
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Studies have shown, on the other hand, that many bogs remain very stable for thousands 
of years as a sphagnum moss/shrub community, even though succession to a forested 
community can occur (Klinger 1996).  

Acidity and Poor Nutrients 
Bogs have unusual hydrodynamics and chemistry for wetlands.  They typically only 
receive precipitation and very localized surface runoff as their sources of water.  As a 
result, many essential nutrients, such as nitrogen, occur in low concentrations.  The upper 
layers of peat, formed by slowly decomposing sphagnum, are often strongly acidic, 
usually with a pH of 4 or less.  

Bogs typically support plant species that are specially adapted to these harsh growing 
conditions.  Sphagnum moss, as well as other mosses, usually dominate the vegetation 
near the ground.  Ericaceous shrubs, such as Labrador tea (Ledum gladulosum), are also 
common in bogs.  

Trees can grow in bogs but at a very slow rate due to the poor growing conditions.  In 
studies in the Pacific Northwest, Rigg (1918) found tree growth in sphagnum peat soils 
was slow.  Rigg determined that hemlock (Tsuga heterophylla) grew in sphagnum soils at 
a rate that was only 27% of its growth rate in productive upland soils, and that Douglas-
fir (Pseudotsuga menziesii) grew in sphagnum at only 16% of its growth rate in upland 
soils.  He measured the annual growth of western red cedar (Thuja plicata) as only 
0.02 inches (0.6 mm).  

Although persistent wet conditions, low soil oxygen, and high acidity are important 
factors, it is actually the lack of available nutrients, or the inability of plants to absorb 
nutrients because of acidity (Moore and Bellamy 1974), that most influences the flora of 
bogs.  Most bog species have developed special adaptations to these conditions and out-
compete more common wetland plants (Mitsch and Gosselink 2000).  Therefore, this 
makes bog species susceptible to nutrient loading and changes in acidity (as well as 
alterations in water source that can precipitate these changes) that would enable other 
species to establish and dominate.  

Bogs in Western and Eastern Washington 
In western Washington, Kunze (1994) characterized numerous types of peatlands, 
including bogs and fens.  She identified 10 types of sphagnum bog communities in the 
Puget Trough region and 14 in the Olympic Peninsula/southwest Washington.  They 
occur in the lowlands of the Puget Trough in depressions, oxbows, and old lake beds.  
These typically have a raised center with a moat around the edge.  Bogs and fens also 
occur on the Olympic Peninsula and in southwest Washington where they can occupy 
basins, slopes, and flat to rolling ground, as well as forming along low-gradient streams.  
Bogs in the foothills of the Cascades include sloping bogs, which are influenced by both 
mineral soil water and precipitation.  

Peatlands in eastern Washington have not been classified to the extent of those in western 
Washington.  However, 50 peatlands were identified by Rigg (1958).  Forty-four of those 



Wetlands in Washington State  Chapter 5 
Volume 1 – A Synthesis of the Science 5-19 March 2005 

identified were located in the northeastern corner of the state.  They included fens 
associated with flowing water, and bogs formed in depressions or along lake margins.  
Six peat systems were found in scabland channels and depressions on the Columbia 
Plateau. 

Difficulty in Restoring Bogs 
Researchers in Northern Europe and Canada have found that restoring bogs is difficult, 
specifically in regard to plant communities (Bolscher 1995, Grosvermier et al. 1995, 
Schouwenaars 1995, Schrautzer et al. 1996), water regime (Grootjans and van Diggelen 
1995, Schouwenaars 1995), and/or water chemistry (Wind-Mulder and Vitt 2000).  In 
fact, restoration may be impossible because of changes to the biotic and abiotic properties 
(Shouwenaars 1995, Schrautzer et al. 1996).   

It is apparent that true restoration of a raised bog ecosystem is a long-term process.  In 
Restoration of Temperate Wetlands, Joosten (1995) states: 

Long term studies in bog regeneration indicate that restoration of bogs as 
self-regulating landscapes after severe anthropogenic damage is 
impossible within human time perspective, because the necessary massive 
re-establishment of bog key species and renewed accumulation of peat 
require centuries. 

Refer to Chapter 6 for more information on the challenges in restoring bogs. 

5.4.1.2 Alkali Wetlands 

Alkali wetlands are characterized by the occurrence of non-tidal, shallow saline water.  In 
eastern Washington, these wetlands contain surface water with specific conductance (a 
measure of salinity) that exceeds 3,000 micromhos per centimeter.  These wetlands 
provide the primary habitat for several species of migratory shorebirds and are also 
heavily used by migrating waterfowl.  They also have unique plants and animals that are 
not found anywhere else in eastern Washington.  For example, the small alkali bee that is 
used to pollinate alfalfa and onion for seed production lives in alkali systems.  This bee is 
a valuable natural resource for agriculture in the western United States and especially in 
eastern Washington (Delaplane and Mayer 2000).  The “regular” bees which pollinate 
fruits and vegetables are generally too large to pollinate the small flowers of these 
commercially important plants.  

The salt concentrations in alkali wetlands have resulted from a relatively long-term 
process of groundwater surfacing and evaporating.  These conditions cannot be easily 
reproduced through compensatory mitigation because the balance of salts, evaporation, 
and water inflows is hard to reproduce, and no references were found suggesting this has 
ever been attempted.  Alkali wetlands are also rare in the landscape of eastern 
Washington.  Of several hundred wetlands that were surveyed and visited by wetland 
scientists during field work for the state’s function assessment methods and the rating 
system for eastern Washington (Hruby et al. 2000, Hruby 2004a), only nine could be 
classified as alkali.  
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5.4.1.3 Mature and Old-Growth Forested Wetlands  

No mature or old-growth forested wetlands have ever been successfully created or 
restored through compensatory mitigation.  A mature forested wetland may require 
80 years or more to develop, and the full range of functions performed by these wetlands 
may take even longer (Stanturf et al. 2001).  The actual time required to reconstruct old-
growth forests and their soil properties (in contrast to mature forests) is unknown (Zedler 
and Callaway 1999).  These forested wetlands provide important functions associated 
with wetlands as well as habitat functions associated with mature and old-growth forests.  
(Washington State Department of Fish and Wildlife 1999a).   

5.4.1.4 Vernal Pools 

Vernal pool wetlands occur in eastern Washington and are formed when small 
depressions in bedrock or in shallow soils fill with snowmelt or spring rains.  They retain 
water until the late spring when reduced precipitation and increased evapotranspiration 
lead to a complete drying out.  The wetlands hold water long enough throughout the year 
to allow some strictly aquatic organisms to flourish but not long enough for the 
development of a typical wetland environment (Zedler 1987).  Vernal pools often contain 
upland species during the summer after they dry out and may be difficult to identify as 
jurisdictional wetlands during part of the year.  

Vernal pools in the scablands are the first to melt in the early spring.  This open water 
provides areas where migrating waterfowl can find food while other, larger bodies of 
water are still frozen.  Furthermore, the open water provides areas for pair bonding of 
waterfowl (R. Friesz, Washington State Department of Fish and Wildlife, personal 
communications 2000-2004).  Thus, vernal pools in a landscape with other wetlands 
provide a critical habitat function for waterfowl (Hruby 2004a).   

5.4.1.5 “Natural Heritage” Wetlands  

“Natural Heritage” wetlands are those that have been identified by scientists of the 
Washington State Natural Heritage Program as high-quality, relatively undisturbed 
wetlands, and wetlands that support state threatened, endangered, or sensitive plant 
species.   

The Natural Heritage Program has identified important natural plant communities and 
species that are very sensitive to disturbance or threatened by human activities and 
maintains a database of these sites.  The program’s web site states: 

Some natural systems and species will survive in Washington only if we 
give them special attention.  By focusing on species at risk and 
maintaining the diversity of natural ecosystems and native species, we can 
help assure our state's continued environmental and economic health. 
(Washington State Department of Natural Resources No Date, 
http://www.dnr.wa.gov/nhp/about.html) 
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5.4.1.6 Estuarine Wetlands   

Estuaries, the areas where freshwater and salt water mix, are among the most highly 
productive and complex ecosystems.  Here, tremendous quantities of sediments, 
nutrients, and organic matter are exchanged between terrestrial, freshwater, and marine 
communities.  A large number of plants and animals benefit from estuarine wetlands.  
Fish, shellfish, birds, and plants are the most visible organisms that live in estuarine 
wetlands.  However, a huge variety of other life forms also live in an estuarine wetland, 
including many kinds of diatoms, algae and invertebrates. 

Estuaries, of which estuarine wetlands are a part, are a “priority habitat” as defined by the 
state Department of Fish and Wildlife.  Estuaries have a high fish and wildlife density 
and species richness, important breeding habitat, important fish and wildlife seasonal 
ranges and movement corridors, limited availability, and high vulnerability to alteration 
of their habitat (Washington State Department of Fish and Wildlife, 
http://www.wa.gov/wdfw/hab/phslist.htm , accessed October 15, 2003).    

Estuarine wetlands are not freshwater wetlands, and therefore, information about them 
was not reviewed in Volume 1.  They are included in this compilation of wetlands with 
special characteristics because they are included in the wetland rating System for western 
Washington (Hruby 2004b).  They are often found adjacent to freshwater wetlands and 
should be managed in conjunction with freshwater wetlands.  The methods for 
identifying estuarine wetlands and the rationale for protecting them are described in more 
detail in the rating system (Hruby 2004b).  

5.4.1.7 Wetlands in Coastal Lagoons  

Coastal lagoons are shallow bodies of water, like a pond, partly or completely separated 
from the sea by a barrier beach.  They may, or may not, be connected to the sea by an 
inlet, but they all receive periodic influxes of salt water.  This can be either through storm 
surges overtopping the barrier beach or by flow through the porous sediments of the 
beach.  Coastal lagoons often contain vegetated areas that are jurisdictional wetlands.  
The wetlands associated with coastal lagoons are, therefore, included in the rating system 
as wetlands with special characteristics. 

Wetlands in coastal lagoons probably cannot be reproduced through compensatory 
mitigation, and they are relatively rare in the landscape.  No information was found on 
any attempts to create or restore wetlands in coastal lagoons in Washington that would 
suggest this type of compensatory mitigation is possible.  Any impacts to lagoons will, 
therefore, probably result in a net loss of their functions and values. 

In addition, coastal lagoons and their associated wetlands are proving to be very 
important habitat for salmonids.  Unpublished reports of ongoing research in the Puget 
Sound (Hirschi et al. 2003, Beamer et al. 2003) suggest coastal lagoons are heavily used 
by juvenile salmonids. 
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5.4.1.8 Interdunal Wetlands 

As defined in the western Washington rating system (Hruby 2004b), any wetlands that 
are located to the west of the Boundary Line of Upland Ownership as determined in 1889 
are considered interdunal.  The boundary line is a legally defined line along the Pacific 
Coast.  Interdunal wetlands form in the “deflation plains” and “swales” that are 
geomorphic features in areas of coastal dunes.  These dunes are the result of the 
interaction between sand, wind, water, and plants.  The dune system immediately behind 
the ocean beach (the primary dune system) and its associated wetlands is very dynamic 
and can change from storm to storm (Wiedemann 1984).  This means that the location of 
the wetlands is not fixed and may change from year to year.  

Interdunal wetlands provide critical habitat for many species in this ecosystem 
(Wiedemann 1984).  Although important, these wetlands constitute only a small part of 
the total dune system (Wiedemann 1984).  No methods have been developed to 
characterize how well interdunal wetlands function so these wetlands cannot be rated by 
a score for their functions.  In the absence of direct methods for characterizing their 
functions, the rating of interdunal wetlands is based on their documented importance as 
habitat in the coastal dune ecosystem.  

5.4.2 Summary of Key Points 

• Wetland rating systems provide a rapid method to identify, characterize, 
categorize, or estimate relative wetland functions and values.  This information is 
used in regulating and managing wetlands. 

• The rapid method most commonly used for analyzing wetlands in eastern and 
western Washington has been the Washington State wetland rating systems.  The 
rating system was designed to differentiate between wetlands based on a broad 
grouping of functions that they provide (hydrologic, water quality, and habitat), as 
well as other characteristics (listed in the next bullet).  However, this rating 
system does not replace the more robust function assessment methods developed 
for Washington State. The latter may be necessary to determine the level of 
performance for specific functions (such as the potential to remove sediment) or 
to plan and monitor a compensatory mitigation project.  

• In the rating system, some wetlands are categorized because of their rarity on the 
landscape, sensitivity to disturbance, or difficulty in restoration or creation 
through mitigation efforts, and not because of the functions these wetlands 
perform.  The wetland types in Washington that are included in the rating system 
because they have these other characteristics include bogs, alkali wetlands, mature 
and old-growth forested wetlands, vernal pools, estuarine wetlands, wetlands in 
coastal lagoons, interdunal wetlands, and “Natural Heritage” wetlands. 
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5.5 Buffers 
Buffers are another common element of wetland regulations.  Buffers are vegetated areas 
adjacent to an aquatic resource that can, through various physical, chemical, and/or 
biological processes, reduce impacts from adjacent land uses.  Buffers also provide the 
terrestrial habitats necessary for wildlife that use wetlands to meet their life-history 
needs.  In this document, we collectively call these processes that buffers provide the 
functions of buffers.  Buffers and other adjacent upland areas provide habitat for other 
wildlife species that do not commonly use wetlands.  This document does not address 
those functions of upland habitats. 

The primary purpose of buffers is to protect and maintain the wide variety of functions 
and values provided by wetlands (or other aquatic areas).  The physical characteristics of 
buffers—slope, soils, vegetation, and width—determine how well buffers reduce the 
adverse impacts of human development and provide the habitat needed by wildlife 
species that use wetlands.  These characteristics are discussed in detail in this section. 

The subject of buffers is well documented in the scientific literature.  The research on 
buffers has occurred worldwide, and this section includes literature from a variety of 
regions when it was found to be relevant.  In particular, a variety of literature related to 
agricultural practices and vegetated filter strips from the north-central United States and 
south-central Canada is directly relevant to some agricultural practices in Washington 
State, especially east of the Cascades.  In addition, studies on buffers in urban and 
suburban settings conducted in the Pacific Northwest region are clearly relevant.  
However, many of the buffer studies conducted elsewhere in the U.S. and the world, as 
well as the many buffer synthesis documents, provide information relevant to the state of 
Washington. 

The majority of research on buffers tends to focus on the processes that buffers provide to 
filter sediment or take up nutrients (i.e., their influence on water quality).  Far fewer 
studies look at the influence of a buffer’s physical characteristics on attenuating surface 
water flow rates, except as it relates to water quality.  The long-term effectiveness of 
buffers in providing such mechanical and biological processes is not well documented in 
the literature and may represent a critical need for future research. 

The literature on buffers related to wildlife is, in general, less focused.  Most studies 
document the needs of a particular species or guild relative to distances for breeding or 
other life-history needs within a radius from aquatic habitats.  There is substantial 
literature on the implications of habitat fragmentation and connectivity, some of it related 
specifically to agricultural practices, forestry practices, or the impacts of urbanization.  
This literature does not specifically address the role of buffers in providing connectivity 
between wetlands and other parts of the landscape.  It does, however, unequivocally 
support maintaining connectivity between wetlands in order to maintain viable 
populations of species that are closely associated with wetlands.  The reader is referred to 
Section 4.11 in Chapter 4, which discussed the effects of habitat loss and fragmentation 
as well as Section 5.5.4.3. 
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Older research studied the tolerance limits of wetland wildlife for disturbance—how 
closely a disturbance can approach animals before they are flushed from wetlands—with 
particular emphasis on waterfowl.  These studies tend to be older than 1990 and focus on 
the prairie pothole region of North America.  Where the findings are germane and where 
they have not been superceded by more recent work, they are included.  

In addition to papers on specific research studies, multiple compilations and syntheses of 
literature on buffers have been completed since 1990.  Synthesis papers were compiled 
by Castelle and other authors (1992b, 1994, and 2000) and another was compiled by 
McMillan (2000) as a master’s thesis.  These compilations include literature that was 
published prior to 1990, but much of the work they rely on is considered seminal to the 
effectiveness of buffers in protecting wetlands and contributing to habitat.  Therefore 
these synthesis documents are used in this document as direct sources when no more 
recent research was found to supercede the earlier findings.   

This section also cites literature related to stream buffers and riparian areas when the 
findings are relevant to the influence these areas have on the adjacent aquatic resource.  
The literature on stream buffers related to microclimate, water quality influences, and 
some habitat characteristics is particularly relevant because the ways buffers protect and 
maintain these functions is similar whether they are adjacent to streams or wetlands. 

5.5.1 Terms Used to Describe Buffers 

The scientific literature varies widely on the terms used to denote the area that serves to 
reduce impacts to wetlands from adjacent land uses and provide habitat for parts of the 
life-cycle of many species.  Common terms include:  

• Buffer 

• Wetland setback 

• Vegetated filter strip 

• Buffer strip 

• Riparian area  

• Riparian zone 

• Riparian corridor 

These terms can be differentiated as those that are a product of regulations or policy 
language and those that define or describe an ecological condition or location (Castelle et 
al. 1994).  Terms such as buffer, wetland setback, or vegetated filter strip are most 
commonly applied in an administrative context to denote the landscape immediately 
adjacent to an aquatic resource, the dimensions of which are legally determined.  The 
terms buffer strip or vegetated filter strip may imply a relatively undisturbed, vegetated 
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area that helps attenuate the adverse effects of land uses adjacent to a wetland.  For 
example, Norman (1996) provides this definition:  

Buffer strips are strips of vegetated land composed in many cases of 
natural ecotonal and upland plant communities which separate 
development from environmentally sensitive areas and lessen these 
adverse impacts of human disturbance. 

The terms riparian areas or riparian zones are defined by many to denote ecologically 
discernable ecotones (transition zones) along aquatic resources where the presence or 
action of surface waters, or the presence and duration of shallow groundwater, influences 
the structure and composition of the vegetation community (Lowrance et al. 1995, Harper 
and MacDonald 2001).  The term riparian corridor is defined by Naiman et al. (1993) as 
“encompass(ing) the stream channel and that portion of the terrestrial landscape from the 
high water mark towards the uplands where vegetation may be influenced by elevated 
water tables or flooding, and by the ability of the soils to hold water.”   

5.5.2 Functions Provided by Buffers 

The literature is broadly consistent on the ways in which buffers can provide for the 
protection and maintenance of wetland functions.  These include: 

• Removing sediment  

• Removing excess nutrients (phosphorous and nitrogen) 

• Removing toxics (bacteria, metals, pesticides) 

• Influencing the microclimate 

• Maintaining adjacent habitat critical for the life needs of many species that use 
wetlands 

• Screening adjacent disturbances (noise, light, etc.) 

• Maintaining habitat connectivity 

As noted by Castelle and Johnson (2000), buffers can be both ecological sources and 
sinks.  They can control or limit the effects of land uses upslope of the aquatic resource 
(act as a sink), and they can contribute biological benefits to the aquatic resource (act as a 
source).  Naimen et al. (1992) summarize the range of functions provided by buffers 
along streams as follows: 

It is well known that riparian vegetation regulates light and temperature 
regimes, provides nourishment to aquatic as well as terrestrial biota, acts 
as a source of large woody debris,…regulates the flow of water and 
nutrients from uplands to the stream, and maintains biodiversity by 
providing an unusually diverse array of habitat and ecological services.   
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These same functions can be attributed to wetland buffers (Castelle et al. 1992b, 
Desbonnet et al. 1994, McMillan 2000). 

The literature also describes the physical, chemical, and/or biological characteristics of a 
buffer that determine the functions it provides.  The most frequently cited physical 
characteristics that influence the effectiveness of a buffer are:  

• Vegetation characteristics (composition, density, and roughness—for example, 
downed material) 

• Percent slope 

• Soils 

• Buffer width and length (adjacent to the source of impacts)   

Only two of the physical characteristics noted above can be easily managed (vegetation 
characteristics and buffer width/length), while the others are characteristics that do not 
lend themselves to manipulation.   

By far the issue of greatest interest with respect to buffers is the question of how wide a 
buffer needs to be in order to be effective in protecting a wetland (or other aquatic 
resource).  While the literature is unanimous that buffers provide important functions that 
protect wetlands and provide essential habitat for many species, there is wide-ranging 
discussion about how much buffer is necessary to be effective in providing a particular 
level of function (Young et al. 1980, Booth 1991, Castelle et al. 1994, Norman 1996, 
Dosskey 2000, McMillan 2000, Rickerl et al. 2000).  

For ease of discussion as to the effective widths of buffers, the functions of buffers listed 
above are grouped into two major categories:   

• Water quality (discussed in Section 5.5.3) 

• Wildlife habitat (discussed in Section 5.5.4) 

Buffers and their influence on wetland hydroperiod, as described in the few studies found 
on this subject, are summarized in the shaded box on the next page.  

 

The following literature sources are generally consistent in describing what functions 
buffers provide to aquatic resources as well as the physical parameters that influence a 
buffer’s ability to provide these functions: Budd et al. (1987), Phillips (1989), Castelle 
et al. (1992, 1994), Naiman et al. (1992), Belt and O’Laughlin (1994), Desbonnet et al. 
(1994), Norman (1996), Dillaha and Inamdar (1997), Dosskey (2000), Van der Kamp 
and Hayashi (1998), Liquori (2000), McMillan (2000), Todd (2000), Townsend and 
Robinson (2001), Dosskey (2001). 
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5.5.3 Buffers and Protection of Water Quality 

Buffers protect the water quality of wetlands through four basic mechanisms:   

• They remove sediment (and attached pollutants) from surface water flowing 
across the buffer  

• They biologically “treat” surface and shallow groundwater through plant uptake 
or by biological conversion of nutrients and bacteria into less harmful forms 

• They bind dissolved pollutants by adsorption onto clay and humus particles in the 
soil 

• They help maintain the water temperatures in the wetland through shading and 
blocking wind  

Buffers alone have limited influence on wetland hydroperiod 

As described in detail in Chapter 3, human land uses, such as agricultural practices, 
clearing, and land development, alter the movement and storage of surface water and 
groundwater within a wetland’s contributing basin.  These changes can significantly 
affect the hydroperiod of wetlands and other aquatic resources, causing an adverse 
effect on many wetland functions (Azous and Horner 2001).  There is little published 
literature on the effectiveness of buffers in ameliorating the effect of changes in land 
use within the contributing basin on wetland hydroperiod.  Some of the literature 
indicates that wetland buffers are far less effective at maintaining wetland hydroperiod 
than other mechanisms, such as controlling impervious surfaces and utilizing effective 
stormwater management practices (Herson-Jones et al. 1995).   

Research in the Puget Sound Basin has agreed that changes in the land cover type in 
the contributing basin have a stronger influence on the resulting hydroperiod of the 
wetland than the buffer does (Booth 1991, Azous and Horner 2001).  An exception 
may be for wetlands that have a very small contributing basin.  However, the rate and 
manner in which stormwater enters the wetland following land-use changes in the 
contributing basin will most often shift from sheet flow and interflow to one or more 
point sources, resulting in a potential change in hydroperiod.  Based on hydroperiod 
models using the U.S. Environmental Protection Agency’s Hydrologic Simulation 
Program Fortran (HSPF model) for areas west of the Cascades, the wetland will tend to 
receive more water more quickly in the fall and will receive less water for a shorter 
period in the spring, resulting in a shift in the seasonal hydroperiod.   

Buffer width is usually not sufficient to counteract the influence of land-use changes 
and stormwater management facilities within the wetland’s contributing basin. 
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Literature describing the different ways that buffers maintain and improve water quality 
in wetlands and other aquatic areas is abundant.  There is also considerable research on 
the effective widths that provide a relative percentage of removal of sediments, nutrients, 
and some toxics emanating from various sources.  Four categories of water quality 
improvement are discussed below:   

• Removing sediment  

• Removing nutrients 

• Removing toxics and pathogens  

• Maintaining microclimate  

For each of these categories, a summary is provided on what the literature says about the 
relationship between buffer width (or other characteristics) and the buffer’s effectiveness 
in providing that type of water quality improvement.  A summary table is included that 
lists the range of buffer widths for each category and the literature references that 
substantiate those findings.  However, the literature does not address the issue of "how 
much pollutant removal is acceptable."  For each pollutant, there may be a maximum 
amount that a buffer can process before its ability to do so is overwhelmed.  The 
literature does not provide any specific thresholds (See section 5.5.5.3 for more on this 
issue). 

5.5.3.1 Removing Sediment  

Characteristics that Influence a Buffer’s Ability to Remove Sediment 
A buffer’s ability to remove sediment from surface water flows depends upon several 
physical characteristics of the buffer.  Sediment removal occurs when (Castelle et al. 
1992b, Dillaha and Inamdar 1997, Phillips 1989):  

• Flows are slowed sufficiently to allow particles to settle out  

• Physical filtering by vegetation and roots mechanically removes sediments from 
the water column  

• The slope of the buffer is of a low enough gradient to preclude formation of rills 
and scouring  

• There is large woody debris on the ground to create roughness 

• The infiltration rate of the soils allows water to move through the soils rather than 
on the surface  

The way sediment-laden water enters a buffer influences the ability of the buffer to slow 
the flows sufficiently to allow sediment deposition.  Several studies noted that vegetated 
buffers are only effective at removing sediments if sediment-laden waters enter the buffer 
as sheet flow, rather than in channels or rivulets (Phillips 1989, Booth 1991, Castelle et 
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al. 1992b, Desbonnet et al. 1994, Belt and O’Laughlin 1994, Sheridan et al. 1999).  
Norman (1996) cites work conducted by Schueler in 1987 that found buffers in urban 
settings were most effective at removing sediments where slopes were less than 5%, and 
waters entered the buffer in shallow, dispersed sheet flow.  Norman surmised that, “The 
rate of removal of pollutants appears to be a function of the width, slope, and soil 
permeability of the (buffer) strip, the size of the contributing runoff area, and the runoff 
velocity.”  

In other research, Sheridan et al. (1999) found that the greatest reduction in sediment 
loading occurs in the initial “treatment” stages using a vegetated filter strip that is 
managed and mowed.  Their research found the greatest removal of sediments (56 to 
72%) and reduction in flow rates occurs in the outer portion of a vegetated filter strip (the 
strip closest to the source of sediment).  Grass filter strips provided removal ranging from 
78 to 83% of suspended sediments.   

The ability of a buffer to provide physical filtering of sediments also depends on the 
condition of the vegetation and the surface roughness.  Belt and O’Laughlin (1994) noted 
that when vegetation, rocks, or other obstructions were eliminated from the buffer 
surface, sediment-laden waters flowed further into (or through) a buffer.  Buffers were 
found to be effective in removing sediments only if flows were shallow and broad, not 
narrow and incised.  The presence of woody debris and vegetative obstructions on the 
ground surface (roughness) was found to slow flows, inhibit the formation of rills, and 
facilitate sediment deposition.   

In contrast, hydrologic models created by Phillips (1989) estimated that surface 
roughness would be of minor concern, and buffer width was not critical, as long as a 
minimum 49-foot (15 m) buffer was maintained.  This study was based on estimated 
models, whereas Belt and O’Laughlin’s work was based on field measurements. 

Phillips (1989) also emphasized the importance of slope.  He states, “Results show that 
where solid-phase pollutants transported as suspended or bed-load in overland flow are 
the major concern, slope gradient is the most critical factor, followed by soil hydraulic 
conductivity.”  Slope gradient is critical because, on slopes greater than 5%, sheet flow 
can start to become channelized.  Channelized flows have faster rates, more erosive 
powers, and less contact with vegetation (Norman 1996).  Faster moving water has the 
capacity to carry fine sediment particles farther than slower flows, even moving through 
dense vegetation.   

In his research in urbanizing settings, Booth (1991) notes that buffers adjacent to aquatic 
resources may have limited ability to filter and slow flows caused by stormwater.  He 
found that (1) in some instances the buffers no longer existed in a natural vegetated 
condition, (2) once development occurred, and the buffer was subdivided into multiple 
private ownerships, maintaining an intact buffer was not possible, or (3) the increased 
volumes and rates of flows were too significant to be controlled by conditions within a 
vegetated buffer.  
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Buffers were found to facilitate reduction of sediment from active agricultural fields in 
several studies:  

• Welsch (1991) found that a three-tiered buffer system on a shallow slope, with the 
first tier (closest to the source of sediment) composed of dense herbaceous 
vegetation, maximized sediment removal (See Section 5.5.6 for a discussion of 
the three-tiered system). 

• Dosskey (2001) noted in agricultural settings that vegetated buffers retain 
pollutants by reducing the flow rates and filtering surface runoff from fields.   

• Assessing management options to control non-point-source pollution (sediment, 
nitrogen, and phosphorus) in agricultural settings, Yocom et al. (1989) 
recommended the use of vegetated filter strips between actively cropped land and 
adjacent wetlands.  

Buffer Width and Effectiveness in Removing Sediment 
As noted above, the ability of a buffer to remove sediment is based on the condition of 
the buffer and its slope, as well as the characteristics of the incoming sediment.  The 
following variables all contribute to the sediment removal effectiveness of a buffer: 

• The velocity of sediment transport (in surface water)  

• The size of sediment particles from the source materials  

• The density of the vegetation present  

• The presence and extent of large woody debris  

• Surface roughness within the buffer  

However, the relationship between the width of the buffer and its effectiveness is non-
linear.  The largest particles and the greatest percentage of particles are dropped in the 
outer portions of the buffer (closest to the source of sediment).  In these outer areas, the 
rate of surface flow begins to diminish as the water is slowed by vegetation and woody 
debris.  Slower water movement allows particles to drop out of the water column.   

This is graphically illustrated in the graph below (Figure 5-1).  This table is included here 
for illustrative purposes only, to depict the non-linear nature of buffers in removing 
sediments.  This graph is based on data from the buffer synthesis by Desbonnet et al. 
(1994). 
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Figure 5-1. Relationship of percent removal to buffer width for the treatment of sediments 
contained in surface water runoff (Desbonnet et al. 1994).  

 

In 1982, Wong and McCuen derived a formula to model a buffer’s ability to remove 
sediments based on sediment particle size, the slope within the buffer, the rate of surface 
runoff, and the amount of vegetation and woody debris (roughness) in the buffer (Castelle 
et al. 1994).  The model predicted that there would be a point of relative diminishing 
returns for function vs. width.  For example, “If the sediment removal design criteria 
were increased from 90 to 95% on a 2% slope, then the buffer widths would have to be 
doubled from 30.5 to 61 m (100 to 200 ft).”  In other words, the model predicted that the 
width of the buffer would have to double to achieve an additional 5% removal of 
sediment after 90% of it had already been removed from the water column.  Desbonnet et 
al. (1994) determined that a small buffer (7 feet [2 m]) could effectively remove up to 
60% of suspended sediment, while a buffer of up to 82 feet (25 m) would be needed to 
remove 80%.  

These findings are consistent with others who have found that progressively larger buffer 
dimensions are required to filter out finer particles (Norman 1996).  These and other 
studies are summarized in Table 5-1. 

See Section 5.5.5 for discussion of the ability of buffers to continue providing sediment 
removal over the long term.   
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Table 5-1.  Summary of studies on sediment control provided by buffers of various 
widths. 

Author(s) Date Buffer Width Comments 

Broderson 1973 200 feet 
(61 m) 

Effective sediment control “even on steep slopes”  

Desbonnet et al. 1994 6.6 – 82 feet 
(2 – 25 m) 

60% removal in 6.6 feet (2 m); 80% removal 
required 80 feet (25 m) 

Desbonnet et al.  1994 16 – 49 feet 
(5 – 15 m) 

On grassy buffers on slopes with less than 5% 
slope, removed all but the finest particles 

Ghaffarzadeh et al.  1992 16 – 49 feet 
(5 – 15 m) 

Found 85% removal in 30-foot (9.1 m) buffers 

Horner and Mar  1982 200 feet 
(61 m) 

80% of sediments.  As cited by Castelle and 
Johnson (2000) 

Lynch et al. 1985 98 feet 
(30 m) 

75 to 80% removal of sediment from logging 
activities into wetlands 

Norman  1996 9.8 feet (3 m): 
sands  

49.9 feet  
(15.2 m): silts 

400 feet  
(122 m): clays  

Distances required for effective removal of 
progressively smaller particle sizes 

Wong and McCuen  1982 100 – 200 feet 
(30.5 – 61 m) 

90% at 100 feet (30 m), need 200 feet (61 m) to 
obtain 95% removal effectiveness 

Young et al. 1980 80 feet (24.4 m) 92% sediment removal rate from feedlot through 
vegetated buffer strip 

5.5.3.2 Removing Nutrients  

Characteristics that Influence a Buffer’s Ability to Remove Nutrients 
Nutrients are transported into wetlands via sediment-laden water or dissolved in surface 
or shallow subsurface flows.  The primary nutrients of concern are nitrogen and 
phosphorous.  Buffers remove nitrogen and phosphorous through a variety of 
mechanisms that are similar to the mechanisms present within the wetland itself, as 
described in Chapter 2. 

As much as 85% of phosphorous in surface waters is bound to sediments (Karr and 
Schlosser 1977) and thus can be removed via sediment removal in buffers.  Phosphorus 
and other nutrients may be effectively reduced in surface waters by filtering and uptake; 
however, dissolved forms of nitrogen are not affected by surface processes and can be 
more effectively removed in the buffer through subsurface contact with fine roots 
(Muscutt et al. 1993, Townsend and Robinson 2001).  Lowrance et al. (1995) confirm 
that the areas where improvements in water quality are the most effective are where 
precipitation moves across, through, or near the rooting zone of a forested buffer.  These 
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findings are similar to those of Phillips (1989), who found that longer contact of 
dissolved pollutants through wider vegetated buffers was the most important factor for 
effective removal.  

Buffer Width and Effectiveness in Removing Nutrients 
It is difficult to compare studies of buffer width and effectiveness at removing nutrients 
because the basic parameters of the studies differ greatly.  Some studies were conducted 
in field settings while others occurred in experimentally designed plots.  There were 
differences in the loading rate of nutrients, the types of soils, and the vegetation in the 
buffers.  Some studies examined only nitrogen or phosphorous removal, whereas others 
combined different nutrients.  The result is that reported effectiveness of buffer widths for 
removing nutrients ranges from a few meters to hundreds of meters.  Studies are listed in 
Table 5-2. 

In a synthesis of research on nitrogen removal, McMillan (2000) found nitrogen can be 
effectively removed in buffer strips ranging from 20 to 98 feet (6 to 30 m) wide.  He cites 
work by two research groups (Patty et al. 1997, Daniels and Gilliam 1996) that 47 to 99% 
removal of nitrogen can be achieved in buffers ranging from 20 to 66 feet (6 to 20 m) 
wide.  This is not totally consistent with synthesis results presented by Desbonnet et al. 
(1994) that “well configured” buffers (with ideal slope, soils, and vegetation) as small as 
30 feet (9 m) could reduce as much as 60% of nitrogen, while 197-foot (60 m) buffers 
would be necessary for 80% nitrogen removal. 

A recent study from Oregon documented the role of red alder forests in exporting 
nitrogen to streams (Compton et al. 2003).  They found that the percent of alder forest in 
a watershed was positively correlated with nitrate concentrations in surface water.  This 
has implications for assuming that buffers with alder forests will help reduce the input of 
nitrogen from adjacent land uses into wetlands and other surface water. 

The literature also describes a range of buffer widths necessary for phosphorus removal.  
Studies of buffer widths as small as 13 feet (4 m) and as large as 279 feet (85 m) found 
phosphorus removal rates of 50% to over 90% (see Table 5-2).   

Overall, a consistent pattern emerges from the literature.  The largest relative percent 
removal of phosphorus occurs within the outer portions of the buffer (closest to the 
source), while larger buffers are required to remove increasingly more of the nutrients.  
This consistency substantiates the conclusions of many that initial contact causes 
sediment-associated nutrients to be deposited, while dissolved nutrients require longer 
residence time and prolonged contact with vegetation for effective uptake (removal from 
the water column) to occur.  

Castelle and Johnson (2000) surmised in their literature review that nutrient removal may 
have a similar non-linear relationship to buffer width as sediment removal.  However, 
Phillips (1989) found that buffer width was a more critical element for dissolved nutrients 
(especially nitrogen), because wider buffers provided more prolonged contact with the 
rooting zone and time for uptake and conversion.  Phillips did not report widths of buffers 
related to a certain percent of removal or effectiveness.  
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Limited research has been done on the long-term effectiveness of buffers for nutrient 
removal when there is an ongoing nutrient source present on the outside edge of the 
buffer.  See Section 5.5.5.3 for a discussion. 

Table 5-2.  Summary of studies on nutrient removal provided by buffers of various 
widths. 

Author(s) Date Width Comments 

Daniels and 
Gilliam  

1996 20 – 66 feet 
(6 – 20 m) 

47-99% removal of nitrogen 

Desbonnet et al. 1994 30 feet (9 m):  
60% removal 

197 feet (60 m):  
80% removal 

Small buffers could have effective removal 
rates for nitrogen; much larger buffers are 
necessary for a significant increase in 
effectiveness  

Desbonnet et al. 1994 Averages: 

39 feet (12 m): 60%  

279 feet (85 m): 80% 

When all the findings from the literature 
synthesis were averaged, the average 
removal efficiencies were non-linear: larger 
buffers were needed for increases in 
effectiveness 

Dillaha  1993 15 feet (4.6 m): 70% 

30 feet (9.1 m): 84 % 

Percent removal of suspended solids and 
their associated nutrients with vegetated filter 
strips.  As cited in Todd (2000) 

Dillaha 1993 15 feet (4.6 m): 61 % 

30 feet (9.1 m): 79 % 

Removal of phosphorus with vegetated filter 
strips.  As cited by Todd (2000) 

Dillaha 1993 15 feet (4.6 m): 54% 

30 feet (9.1 m): 73% 

Removal of nitrogen with vegetated filter 
strips.  As cited by Todd (2000) 

Doyle et al. 1977 12.5 feet (3.8 m) 
forested  

13.1 feet (4 m) grass 

Reduced nitrogen, phosphorus, and 
potassium levels 

Edwards et al.  1983 98 feet (30 m) 50% removal rate of phosphorus 

Lowrance  1992 23 feet (7 m) Forested buffer zones were effective at 
removing nitrate through plant uptake and 
microbial denitrification 

Lynch et al. 1985 98 feet (30 m) Forested buffers reduced soluble nutrient 
levels from logging activities to 
“appropriate” levels 

Patty et al. 1997 20 – 66 feet 
(6 – 20 m) 

47 - 99% removal of nitrogen 

Shisler et al. 1987 62 feet (19 m) Forested riparian buffers effectively removed 
up to 80% and 89% of phosphorus and 
nitrogen, respectively 

Thompson et al.  1978 39 – 118 feet 
(12 – 36 m) 

Found a range of removal effectiveness of 44 
to 70% 
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Author(s) Date Width Comments 

Vanderholm and 
Dickey 

1978 > 853 feet (260 m) Removal of 80% of nutrients, solids, and 
BOD from feedlot runoff with shallow 
(<0.5%) buffer slopes.  Cited in Castelle et 
al. (1992b) 

Young et al.  1980 69 feet (21 m):  
67% removal 

89 feet (27 m):  
88% removal 

Removal of phosphorus  

Xu et al. 1992 33 feet (10 m) Significant reductions in nitrate through a 
mixed herbaceous and forested buffer strip    
(as cited by Castelle and Johnson 2000)  

5.5.3.3 Removing Toxics and Pathogens  

Characteristics that Influence a Buffer’s Ability to Remove Toxics and 
Pathogens 
A buffer’s ability to remove toxicants and pathogens is one of the least thoroughly 
studied.  At this time, it represents a significant data gap.  Castelle and Johnson (2000) 
note the lack of research on pathogens, toxicants and fecal coliform bacteria (an indicator 
of the possible presence of pathogens).  Many of the studies they examined are quite old, 
but little recent research was found to supplement these older studies.  Therefore, the 
conclusions presented from the synthesis of the previous work are provided here.   
 
Gilliam (1994) also confirms in his work that little to no research is available on the 
effective removal of fecal coliforms or various pesticides.  Much of the work assessed the 
effectiveness of removal of nutrients and toxics, without identifying a dimension of width 
necessary to provide that removal.  
 
Toxics (pesticides and metals) can be removed by buffers through sedimentation, 
biological uptake by vegetation, adsorption onto clay or humus particles in the soil of the 
buffer, or degradation of the toxics through biochemical processes (McMillan 2000, Patty 
et al. 1997).  

As mentioned in the discussion of sediment removal, Welsch (1991) described the use of 
a three-tier buffering system for the most effective removal of sediments and their 
associated toxics.  The outermost tier (closest to the source of impacts) was a densely 
vegetated filter strip, managed to ensure no erosion or rill formation.  He found the most 
effective removal of sediments and the toxics adhered to sediment particles was through 
surface sheet flows through the vegetated filter strip.  The middle tier was subject to some 
management activities (limited agriculture or limited tree harvest), while the innermost 
tier was undisturbed natural vegetation.  Dissolved nutrients and some toxics were not 
affected by physical filtering unless there was prolonged contact with the rooting zone 
through the shallow groundwater table.  See Section 5.5.6 for further discussion. 
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Castelle and Johnson (2000) note that the apparent effectiveness of small buffers in 
removing toxics is due to the adsorption of many toxics to sediment particles.  When 
vegetated buffers are effective at filtering sediments, they will also be effective at 
filtering those toxics and nutrients adhered to the sediments.   

One study in Saskatchewan (Donald et al. 1999) found that the concentrations of 
agricultural pesticides and herbicides in wetlands were influenced by the timing of 
precipitation relative to the applications of the chemicals.  They noted that buffer width 
may influence exposure of the wetland to these chemicals, but they did not quantify what 
buffer widths related to the effectiveness of removing chemicals.   

Neary et al. (1993) reviewed studies in the Southeastern U.S. on the use of buffers in 
reducing contamination of water by pesticides.  They found that cases of high 
concentrations of pesticides in water only occurred when no buffer was present or when 
pesticides were applied within the buffer.  Regular use of buffer strips kept 
concentrations of pesticide residue within water-quality standards.  Neary concluded that, 
generally speaking, buffer strips of 15 m (49 ft) or larger are effective in minimizing 
contamination of streams by pesticide residue. 

Table 5-3 summarizes studies on the effectiveness of toxicant and pathogen removal 
provided by buffers of various widths. 

Table 5-3.  Summary of studies on pathogen control provided by buffers of various 
widths. 

Author(s) Date Width Comments 

Doyle et al. 1977 12.5-foot (3.8 m) 
forested buffers 

13.1-foot (4 m) grass 
buffers 

Reduction in fecal coliform bacteria levels.   

Grismer 1981 98-foot (30 m) grass 
filter strip 

Removal of 60% of fecal coliform bacteria.   

Young et al. 1980 115-foot (35 m) grass 
buffer 

Reduced microorganisms to acceptable levels.   

5.5.3.4 Maintaining Microclimate  

The influence of buffers on microclimate is most often thought of in the context of 
shading for maintaining water temperature.  This is well documented in the literature in 
relation to the effects on streams (Lynch et al. 1985, Johnson and Stypula 1993, Belt and 
O’Laughlin 1994, Castelle and Johnson 2000,).  In those documents, literature focused on 
streams and their buffers is almost exclusively relied upon to discuss the influences of 
buffers on water temperature.  No literature was found that specifically examined the 
influence of buffers on the water temperatures and microclimates within wetlands.  

It may be tempting to deduce that the benefit of forested shade in moderating water 
temperatures is the same in wetlands as in streams.  However, it is not reasonable to 



Wetlands in Washington State  Chapter 5 
Volume 1 – A Synthesis of the Science 5-37 March 2005 

apply to wetlands the findings on the widths used for stream buffers for the purpose of 
shading.  As with streams, there are many variables that can influence how shading 
affects the water temperature in a wetland.  These variables relate to differences in water 
budgets (e.g., the relative influence of groundwater on a seasonal basis, whether the 
wetland has an inlet/outlet, etc.).  In addition, the physical configurations of a large open-
water wetland, a small fully vegetated wetland, and a linear stream corridor may not 
provide reasonable parallels.  With these limitations in mind, some relevant findings are 
provided below.  

Forests can create shade and also block the wind, which can help moderate temperatures 
in adjacent aquatic systems (Oke 1987).  Stable water temperature helps maintain water 
quality because cooler water can carry higher loads of dissolved oxygen, which is 
important for many aquatic biota.  Warmer water can also result in a looser bond between 
sediment particles and nutrients, which could result in an increase in nutrient loading in 
warmer aquatic systems (Karr and Schlosser 1977).  

Microclimate influences can also extend from large wetlands into the adjacent forests.  
Harper and MacDonald (2001) conducted research on boreal forests near lakes and found 
a “distinct lake edge community” of about 131 feet (40 m) width.  The lake edge 
community tended to have greater structural diversity, less canopy cover, fewer snags, 
greater amounts of coarse woody debris, and greater number of saplings and mid-canopy 
trees than the interior forest.  Changes in the distribution of vegetation species were along 
a shade tolerance gradient, but the authors postulated that moisture gradient or water table 
depth also had an influence.  Their research was conducted within forests adjacent to 
open water lakes, but it would be valid to extrapolate their findings to forested 
communities adjacent to permanent, large open wetlands that would create the same 
“light and shade” effect.  The findings imply that large open aquatic systems influence 
the adjoining upland community for approximately 131 feet (40 m) distance into the 
interior of the forested buffer.  Thus, buffers not only influence temperatures and wind 
effects in a wetland, but research identifies that large aquatic systems may have a reverse 
positive influence on the vegetation structure and species diversity of the buffer.  This 
can thereby affect some of the habitat discussed later in this chapter. 

Table 5-4.  Summary of a study on the influence of microclimate provided by 
buffers of various widths. 

Author(s) Date Width Comments 

Harper and 
MacDonald  

2001 Approx. 131 feet  
(40 m)  

Influence of large aquatic systems on adjacent 
upland forest composition and structural 
complexity 
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5.5.3.5 Summary of Key Points 

• The use of buffers to protect and maintain water quality in wetlands (removing 
sediments, nutrients, and toxicants) is best accomplished by ensuring sheet flow 
across a well vegetated buffer with a flat slope (less than 5%).   

• Significant reductions in some pollutants, especially coarse sediments and the 
pollutants adhered to them, can be accomplished in a relatively narrow buffer of 
16 to 66 feet (5 to 20 m), but removal of fine sediments requires substantially 
wider buffers of 66 to 328 feet (20 to 100 m).   

• Removal of dissolved nutrients requires long retention times (dense vegetation 
and/or very low slope) and, more importantly, contact with fine roots in the upper 
soil profile (i.e., soils that are permeable and not compacted).  Distances for 
dissolved nutrient removal are quite variable, ranging in the literature from 
approximately 16 to 131 feet (5 to 40 m).  

• The literature is consistent in finding that it takes a proportionally larger buffer to 
remove significantly more pollutants because coarse sediments and the pollutants 
associated with them drop out in the initial (outer) portions of a buffer.  It takes a 
longer time for settling, filtering, and contact with biologically active root zones 
to remove fine particles and dissolved nutrients.  

• The role of buffers in protecting the microclimate of streams is well documented 
and may be applicable to wetlands, but no specific data on buffers and wetland 
microclimate maintenance were found. 

5.5.4 Buffers and Wildlife Habitat  

Wetland buffers are essential to maintaining viable wildlife habitat because they perform 
three overlapping functions:   

• Buffers can provide an ecologically rich and diverse transition zone between 
aquatic and terrestrial habitats.  This includes necessary terrestrial habitats for 
many wildlife species that use and/or need wetlands but also need terrestrial 
habitats to meet critical life requirements.  

• Buffers can screen wetland habitat from the disturbances of adjacent human 
development 

• Buffers may provide connectivity between otherwise isolated habitat areas  

In regard to wildlife, most of the scientific research is not directly focused on the 
effectiveness of buffers for maintaining individuals or populations of species that use 
wetlands.  Some of the research simply documents use of upland habitats adjacent to 
wetlands by wildlife to meet their life-history needs.  For example, a substantial body of 
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research identifies the distances that amphibians may be found away from a wetland 
edge.  However, the implications to amphibian populations of providing buffers that are 
smaller than those identified ranges are not well documented.   

The following discussion summarizes the literature on buffers related to wildlife that use 
wetlands for the three essential functions listed above.  Several documents are cited that 
represent a synthesis of scientific literature on the effectiveness of buffers for protecting 
wildlife-related functions of wetlands.  Even though these documents include some 
research conducted prior to 1990, they have been included where relevant.  

There is substantial literature on the implications to wildlife populations from 
fragmenting habitats as a result of human activities.  However, this research was not 
necessarily conducted to address the effectiveness of various buffer widths.  The 
literature on this topic is mentioned because of the management implications for the long-
term viability of species that are closely associated with wetlands.  The reader is referred 
to Section 4.11 in Chapter 4 and Section 5.5.4.3 for a detailed discussion of habitat 
fragmentation. 

5.5.4.1 Maintaining Terrestrial Habitat Adjacent to Wetlands 

Buffers provide a transition between aquatic and terrestrial environments and are a 
critical component of the habitat of wildlife that use wetlands.  The specific habitat 
functions provided by wetland buffers include:   

• Sites for wildlife for foraging, breeding, and nesting 

• Cover for escape from predators or adverse weather 

• Source of woody debris and organic matter that provides habitat structure and 
food, as well as moderation of water temperatures within adjacent wetlands to 
support species that are sensitive to temperature (e.g., fish, amphibians). 

• Areas for dispersal and migration related to both individuals and populations; 
buffers may connect or be part of corridors 

As defined previously, buffers are predominantly upland habitat communities that lie 
adjacent to aquatic habitats.  They are a different habitat type than the wetland and their 
presence increases habitat heterogeneity by providing niches for more species.  First 
described by Leopold (1933) as the “edge effect,” and later by Odum (1959) as an 
“ecotone,” this phenomenon features higher use of transition zones by wildlife, 
particularly between aquatic and terrestrial habitats.  It has been demonstrated in studies 
of birds (Beecher 1942, McElveen 1977), mammals (Bider 1968), and amphibians (Bury 
1988).  The same pattern has been demonstrated in the Pacific Northwest in studies by 
Oakley et al. (1985), Knight (1988), and Cross (1988).  Recent research conducted in the 
Puget Sound lowlands found that the greatest species richness of birds and small 
mammals in 50 foot wetland buffers was found when an additional 1,640 feet (500 m) of 
relatively undisturbed habitat was adjacent to the wetland buffer (Richter and Azous 
2001b, 2001c). 
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Protection of upland areas adjacent to wetlands is critical to helping ensure that wildlife 
populations that are closely associated with wetlands have access to the habitat features 
necessary to meet their survival requirements.  Species that are closely associated with 
wetlands, such as many amphibians, aquatic invertebrates, waterfowl, and some 
mammals, require access to wetlands for critical stages of their life-history.  Many more 
species use wetlands, as well as other aquatic systems such as streams, lakes, or rivers, to 
meet various life-history needs.  Research shows that species that were assumed to be 
dependent upon wetlands also depend upon adequate and appropriate upland habitats to 
maintain viable populations (Foster et al. 1984, Bury 1988, Washington Department of 
Wildlife in Castelle et al. 1992b, Semlitsch 1998, Semlitsch 2000).    

In addition, vegetated buffers protect habitat in wetlands by maintaining the microclimate 
(through temperature moderation), as discussed previously, and by providing a source of 
organic matter to aquatic systems.  This includes both large organic debris (e.g., logs, 
root wads, limbs), which provides habitat structure in aquatic environments, and 
particulate and dissolved organic matter, which provides a source of food for 
invertebrates (Brown 1985, Groffman et al. 1991a).   

In coastal wetlands in South Carolina, Braccia and Batzer (2001) found that large woody 
debris within wetlands was critical for both aquatic and terrestrial invertebrate 
populations.  They identified that the source of the large woody debris within the 
wetlands was from the adjacent uplands.  The forest conditions in adjacent uplands, 
therefore, can have a significant influence on wetland biota because the aquatic 
invertebrates form the foundation of many food chains in aquatic settings (Castelle et al. 
1994).  

Buffer Width and Effectiveness in Protecting Wetland Habitat and Providing 
Habitat in Adjacent Uplands 
This section summarizes the literature that identified ranges of widths of uplands that 
protect wetland habitat and/or that provide adjacent upland habitat for wildlife species 
that use wetlands.  The literature presents findings in a variety of ways.  Some studies 
identify the distance that target species range from a wetland source, while other 
researchers identified the distances that species travel between wetlands.  Synthesis 
documents outlined recommendations for buffer widths based on a review of research 
findings.  Some of the literature identified use of habitats by broad categories of wildlife 
guilds, while other studies focused on limited guilds or even individual species.   

It is important to understand that the range of buffer widths identified and discussed in 
the literature is a reflection of many variables including the objectives of the research, the 
species/guilds studied and their varied life-history needs, and the methods of the research.  
Thus, it is not appropriate to choose a single study or buffer dimension to justify a buffer 
dimension, whether large or small.  It is critical to incorporate the life-history 
requirements of the range of targeted species when considering buffer dimensions.  
Synthesis documents clarify that a range of upland habitat buffer dimensions may be 
appropriate depending upon site considerations, landscape context, and targeted species.  
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For example, in summarizing the literature he reviewed on buffer effectiveness, 
McMillan (2000) concluded, “An appropriate buffer to maintain wildlife habitat 
functions for all but the most highly degraded wetlands would be comprised of native tree 
and/or shrub vegetation and range from 30 to 100 meters [98 to 328 feet].”  Other authors 
have reached similar conclusions, with their buffer recommendations varying depending 
on the type of wildlife, life-history stage, intensity of adjacent land use, and surrounding 
landscape (Groffman et al. 1991a, Castelle et al. 1992b, Desbonnet et al. 1994, Semlitsch 
1998).  Because there is often substantial information on the needs for some specific 
wildlife groups, the research findings that are relevant for birds, amphibians, reptiles, and 
mammals are provided below.  Following this discussion, Table 5-5 provides a summary 
of literature on general habitat needs in relation to buffer sizes.   

One consideration not found for this synthesis was the implication of the condition of the 
upland buffer relative to its provision of wildlife habitat.  In several studies on the use of 
upland buffers by native species, the study identified that the buffer was upland forest.  
However, no studies were reviewed for this synthesis that compared wildlife use of 
mature forested buffers with buffers composed of meadow, shrubland, harvest forest, or 
younger forests.  Some research has identified the importance of intact forest habitat to 
wetland-related species (Azous and Horner 2001, Richter 1997), but a comparison study 
was not found for this synthesis.  

Generally, wildlife-species have varying needs for different types of adjacent habitat for 
different life needs, such as breeding, foraging, and resting (Brown 1985).  This makes it 
difficult to prescribe one particular type of habitat as best for wildlife.  Habitat is very 
species specific.  However, as a general rule, most researchers have recommended that 
buffers be maintained or restored to a forested condition if only for the screening function 
they provide.  (Obviously, this has little relevance to the shrub-steppe ecoregion in 
Eastern Washington, where trees are rarely found.)   

Birds 
The research on birds ranges from studies in individual species to summaries on bird 
species richness.  A tremendous amount of research on waterfowl exists, with the 
majority being conducted in the prairie pothole region of the United States.  This section 
focuses on studies or syntheses that are relevant to the Pacific Northwest.   

The Puget Sound Stormwater Management Research Program found that a distance of 
1,640 feet (500 m) from a wetland edge was necessary to account for total species 
richness of birds (Richter and Azous 2001b).  In a study of bird use of freshwater 
wetlands in urban King County, Washington, Milligan (1985) determined that bird 
species diversity was strongly correlated with the percentage of the wetland boundary 
that was buffered by at least 49 feet (15 m) of trees and shrubs.   

In eastern Washington, Foster et al. (1984) determined that 68% of waterfowl nests were 
in upland areas within 98 feet (30 m) of the wetland edge, whereas it would take a 312-
foot (95 m) buffer to encompass 95% of the nesting sites. 
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Temple and Cary (1988) created a computer model whose results may relate to the 
breeding success of forest birds using wetland buffers.  Estimating the effects of habitat 
fragmentation on birds breeding in the interior of forests in Wisconsin, their model 
predicted that nesting success was strongly correlated to distance to the edge of a forest.  
The computer model predicted a success rate of 70% for nests greater than 656 feet 
(200 m) from the forest edge, 58% for a distance of 328 to 656 feet (100 to 200 m), and 
only 18% for nests less than 328 feet (100 m) from the forest edge.  Applying these 
findings to wetland buffers, those less than 100 feet (30 m) in width might not be 
expected to support bird species that nest in forest interiors.  The authors concluded that, 
without “recruits” (birds moving into appropriate habitat niches from farther afield), the 
continued fragmentation of forest habitats could lead to local extinction of populations of 
birds that use the interior of forests.  

Amphibians 
The research on amphibians and buffers in relation to their habitat needs comes both from 
studies in the Pacific Northwest and literature summaries from around the United States.  
Findings are rather consistent in that amphibians range substantial distances from 
breeding locations in a wetland to fulfill their life-history needs.  On the west side of the 
Cascades, there appears to be a preference for forested habitats adjacent to breeding sites.  
Urban land uses near breeding sites seem to have a negative influence on amphibian 
abundance.   

Detailed findings include: 

• A study in the Puget Sound lowlands documented a decline in amphibian richness 
in wetlands where forest in the contributing watershed was diminishing.  Results 
were not linked to buffer dimensions (Richter and Azous 2001a). 

• In a study in King County by Ostergaard (2000), the greatest use of stormwater 
ponds by native breeding amphibians was found when 3,280 feet (1,000 m) of 
forested habitat was available adjacent to the pond.   

• A study of pond-breeding salamanders in the eastern U.S. found that a buffer of 
534 feet (164 m) would be needed to encompass 95% of adult and juvenile 
salamanders.  This buffer range may apply to other similarly mobile species 
(Semlitsch 1998).  Buffers of 98 to 328 feet (30 to 100 m) were recommended 
along riparian zones, depending upon slope, stream width, and adjacent use 
(Semlitsch 1998). 

• Salamanders use upland habitats over 1,969 feet (600 m) from the edge of 
wetlands for non-breeding life-history stages.  Sustaining viable amphibian 
species closely associated with wetlands requires maintaining the connection 
between wetlands and terrestrial habitats (Semlitsch 1998).  

See Table 5-5 for further information on these studies.   
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In addition, in the Midwestern U.S., Knutson et al. (1999) found a positive correlation 
between the presence of forest around the perimeter of the wetland and amphibian 
abundance, and a negative correlation to urban land uses on the perimeter. 

Reptiles 
Western pond turtles are associated with a variety of aquatic habitats, including wetlands, 
streams, and rivers.  In a California study, western pond turtles were found to overwinter 
as far as 1,650 feet (500m) from water (Reese and Welsh 1997).  An unpublished study 
done in Washington for the Washington Department of Wildlife found nest sites as far as 
615 feet (187m) from water, usually in open areas with good sun exposure (Holland 
1991). 

Research on freshwater turtles in North Carolina found that turtles used a wide area for 
nesting and terrestrial hibernation in uplands surrounding the ponds where breeding 
occurred (Burke and Gibbons 1995).  They found that a 902-foot (275 m) buffer was 
required to protect 100% of the nest and hibernation sites.  Protecting 90% of the sites 
required a 240-foot (73 m) buffer.  The authors concluded that most buffer requirements 
are inadequate to protect turtle habitat for all stages of their life-history.  

Mammals 
Use of wetlands by mammals depends upon adjacent uplands.  The literature indicates 
that even a mammal that is closely associated with wetlands, such as a beaver, uses 
upland habitats an average of 100 feet (30 m) from the wetland edge in eastern 
Washington and over 300 feet (100 m) distant in western Washington (Castelle et al. 
1992b).  Research on small mammals found the greatest concentration of species near 
riparian corridors, with some species found within that riparian corridor that were not 
found farther away in upland habitats (Cross 1985).  

Dimensions of effective buffers for mammals are more difficult to discern from the 
literature because they depend upon the species’ life-history.  Also, as discussed in 
Section 4.11 of Chapter 4, habitat linkages and fragmentation may be more critical for the 
sustainability of some populations. 

As part of the Puget Sound Stormwater Management Research Program, Richter and 
Azous (2001c) found that the highest richness of small mammals was in wetlands with at 
least 60% of the first 1,640 feet (500 m) of buffer in forest cover.  Other findings of this 
program include: 

• The preservation of large woody debris within the wetland and adjacent upland 
forest is important for maintaining small-mammal habitat.  

• Small-mammal richness was best associated with the combined factors of wetland 
size, adjacent forest, and the quantity of large, coarse woody debris within the 
wetland and its buffer.   
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• In southwestern Oregon, Cross (1985) conducted research on small mammals in 
“leave-strips” adjacent to streams within zones of forest that had been harvested.  
He found that the richness of small-mammal species was highest in the riparian 
zone closest to the stream, intermediate in the transition zone, and lowest in the 
upland zone.  (The zones were defined by vegetation composition, not by 
dimension.)  Because riparian habitats provide more niches for species, it is 
expected that such habitats would maintain greater species richness (Cross 1985). 

Cross also found no species in the upland zone that were not found in the riparian zone, 
but he found five species present in the riparian zone that were not present in the upland 
or transition zones.  A strip averaging 220 feet (67 m) wide supports mammal 
communities at similar numbers and richness to the nearby undisturbed riparian corridor.  
This study focused on small mammals which, relative to large mammals, have small 
home ranges.  Therefore, the study is not broadly applicable to appropriate leave-strip 
dimensions for larger species.   

Table 5-5 presents a summary of literature on wildlife and buffer/upland habitat use that 
was relevant to this synthesis.  As noted previously, some of the research is specific to 
individual species, some is focused on a particular guild or group of similar species, some 
looks at life-history patterns (nesting distances), and some sources represent synthesis 
documents of buffer effectiveness.  These distances do not necessarily reflect the 
literature relative to human disturbance and/or habitat fragmentation, which are discussed 
in the next sections. 

It is difficult to synthesize the findings of the research on wildlife and the width of 
buffers into simple generalizations that can be readily applied.  When looking at life-
history needs (e.g., nesting sites, foraging ranges, etc.), the distances presented in the 
literature range from 98 feet (30 m) (Foster et al. 1984, Castelle et al. 1992b) to 3,280 
feet (1,000 m) (Richter 1997).  These distances, measured in the field, represent the 
distance that species ranged, nested, or foraged from a wetland edge.   

Other authors have presented their own synthesis or recommendations of effective buffer 
ranges based on review of the literature.  These range from 49 feet (15 m) (Desbonnet et 
al. 1994) to 328 feet (100 m) (Groffman et al. 1991a, Castelle et al. 1992b, Desbonnet et 
al. 1994, McMillan 2000).  Note that Desbonnet et al. (1994) recommends a range of 
buffer dimensions based on site conditions, species of interest, and proposed adjacent 
land uses; hence, their studies are cited at both ends of the distance spectrum. 

Table 5-5.  Summary of studies on wildlife habitat provided by buffers.  

Author(s) Date Width Comments 

Allen 1982 328 – 590 feet 
(100 – 180 m) 

Mink use: generally concentrated within 
330 feet (100 m) of water but will use 
upland habitats up to 590 feet (180 m) 
distant 

Burke and 
Gibbons 

1995 240 feet (73 m): 90%  
902 feet (275 m): 100%  

Buffer to encompass % nesting and 
hibernation of turtles in North Carolina 
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Author(s) Date Width Comments 

Castelle et al. 1992b 197 – 295 feet 
(60 – 90 m): Western 
Washington 

98 – 197 feet  
(30 – 60 m): Eastern 
Washington 

Range for all species they noted 

 
 
Range for all species they noted 

 

Castelle et al.  1992b 263 feet (80 m) avg. -  
590 feet (180 m) 

Wood duck nesting locations from wetland 
edge (non-Washington data) 

Castelle et al.  1992b 98 feet (30 m): Eastern 
Washington 

328 feet (100 m): Western 
Washington 

Distance of beaver use of upland habitats 
from water edge 

Chase et al. 1995 98 feet (30 m) or more  100 feet (30 m) would be “adequate”; 
buffers larger than 100 feet needed to meet 
habitat needs, including breeding for birds 
and some mammals 

Cross 1985 220 feet (67 m) Forested “leave-strips” for small mammal 
richness adjacent to streams in SW Oregon  

Desbonnet et al. 1994 49 – 98 feet (15 – 30 m): 
low intensity  

98 – 328 feet (30 – 100 m): 
high intensity 

Variable buffer widths using adjacent land 
uses as decision-making criteria  

Fischer et al. 2000 98 feet (30 m) minimum Literature review; majority of literature 
cited recommends buffer widths of 330 feet 
(100 m) for reptiles, amphibians, birds, and 
mammals 

Foster et al. 1984 98 feet (30 m): 68% of 
nests)  

312 feet (95 m): 95% of 
nests 

Waterfowl breeding use of wetlands in the 
Columbia Basin greatest in smaller (<1 
acre [0.4 ha]) wetlands; 68% of waterfowl 
nests within 100 feet (30 m) of wetland 
edge; to encompass 95% of waterfowl nests 
would require 310 feet (95 m) of buffer 

Groffman et al. 1991a 197 - 328 feet (60 - 100 m) For most wildlife needs 

Groffman et al. 1991a 328 feet (100 m) Neotropical migratory bird species  

Howard and 
Allen 

1989 197 feet (60 m) For most wildlife needs 

McMillan 2000 98 – 328 feet (30 – 100 m) Based on a synthesis of literature 

Milligan 1985 49 feet (15 m) Bird species diversity strongly correlated 
with the percentage of the wetland 
boundary buffered by at least 50 feet (15 
m) of tree and shrub vegetation 

Norman  1996 164 feet (50 m) To protect wetland functions; more buffer 
may be required for “sensitive wildlife 
species”  
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Author(s) Date Width Comments 

Ostergaard 2001 3,280 feet (1,000 m) Forested habitat surrounding stormwater 
ponds, related to native amphibian richness 

Richter  1996 3,280 feet (1,000 m) Literature review and synthesis 

Richter  1996 3,280 feet (1,000 m) Native amphibian use 

Richter and 
Azous  

2001b 1,680 feet (512 m) Distance from wetland edge necessary to 
include all bird richness in Puget Sound 
lowland wetlands 

Richter and 
Azous  

2001c 1,640 feet (500 m): 60% Highest small-mammal richness when 60% 
of first 1,640 feet (500 m) of buffer was 
forest habitat 

Semlitsch  1998 1,969 feet (600 m) Salamanders 

Semlitsch 1998 228 – 411 feet  
(69.6 - 125.3 m) 

539 feet (164.3 m) for 95% 
of all species 

Six species of adult salamanders and two 
species of juveniles; mean distance from 
wetland edge was 228 feet (juveniles) – 
411 feet (adults).  To incorporate 95% of 
all species, buffer mean would have to be 
539 feet 

Short and 
Cooper  

1985 164 – 328 feet (50 – 100 m) 164 feet (50 m) for foraging   

Temple and 
Cary 

1988 > 656 feet (200 m): 70% 
success  

328 – 656 feet (100 – 
200 m): 58% success 

< 328 feet (100 m): 18% 
success  

Nesting success rates for interior-dwelling 
forest birds related to distance into the 
interior of a forest from the forest edge 

5.5.4.2 Screening Adjacent Disturbances  

Wetland buffers screen wildlife from human activities.  Disturbance from humans can 
come in the form of noise and light (indirect effects) or from human presence/movement 
(direct effects).  Noise and light can disrupt feeding, breeding, and sleeping habits of 
wildlife.  Many wildlife species in wetlands are disturbed by unscreened human activity 
within 200 feet (61 m) (Washington Department of Wildlife in Castelle et al. 1992b).  
Dense shrubs and trees in a wetland buffer can limit intrusion and screen out noise, light, 
and movement from adjacent human development (Castelle et al. 1992b).   

In addition, domestic pets such as dogs and cats can adversely affect wetland wildlife by 
preying on some wildlife species and are particularly damaging to ground-nesting species 
(Churcher 1989).  See Section 4.12.5 in Chapter 4 for further discussion. 

The effect of noise on wildlife is a topic of growing concern.  Little research exists on the 
effective buffer widths required to filter sounds for wildlife.  See Section 4.12.3 in 
Chapter 4 for a discussion of current literature on the effects of noise on wildlife.   
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Groffman et al. (1991a) determined that 105 feet (32 m) of dense, forested buffer was 
necessary to reduce noise from commercial areas to background noise levels.  Shisler et 
al. (1987) differentiated between the impacts of low-intensity land uses (agricultural, 
recreational, low-density housing) and high-intensity land uses (high-density residential, 
commercial/industrial).  They found that low-intensity land uses could be effectively 
screened with vegetated buffers of 49 to 98 feet (15 to 30 m), while high-intensity land 
uses required buffers of 98 to 164 feet (30 to 50 m).  

Direct sighting of humans approaching was found to disrupt birds (i.e., change their 
behavior or cause flushing) between 46 and 164 feet (14 to 50 m) (Shisler et al. 1987, 
Josselyn et al. 1989, Rodgers and Smith 1997).  Looking specifically at great blue herons, 
Short and Cooper (1985) documented that they would flush from their nests if humans 
approached within 328 feet (100 m).  Buffers between 46 and 164 feet (14 to 50 m) may 
be required to screen wildlife from direct observation of humans, while larger buffers 
(328 feet or 100 m) were documented as necessary to screen nesting herons.   

Other researchers differentiated between the types of activities humans are engaged in 
and their effects on wildlife.  Humans walking toward birds were studied to see how 
closely they could approach before birds flushed from perches or stopped foraging.  In 
Florida, Rodgers and Smith (1997) found that humans could approach 46 to 112 feet (14 
to 34 m) before flushing, but automobiles flushed birds at 61 to 78 feet (18.5 to 24 m).  
Interestingly, they found that bird-watching (as opposed to humans who were simply 
walking) had the greatest adverse impacts on birds.  They surmised this was due to the 
human behavior of stopping and standing with binoculars at one point for a prolonged 
time. 

Cooke (in Castelle et al. 1992b) analyzed 21 wetland sites in western Washington and 
concluded that buffers smaller than 50 feet (15 m) were generally ineffective in screening 
human disturbance from alterations such as noise, debris, and altered use of the buffer.  

Table 5-6 summarizes the findings of the literature related to the disturbance limits or 
screening effects of a buffer for various wildlife species.   

Table 5-6.  Summary of studies on screening provided by buffers. 

Author(s) Date Width Comments 

Castelle et al. 1992b 200 feet (61 m) General wildlife considerations 

Cooke  1992 50 feet (15 m) Analyzed 21 sites in King County.  Buffers 
less than 50 feet were often disturbed by 
human activities and were not effective at 
screening “human effects.”  Found in 
Castelle et al. (1992b) 

Groffman et al. 1991a 105 feet (32 m) Dense forest to filter sound from commercial 
land uses to natural background levels 

Josselyn et al. 1989 49 – 164 feet  
(15 – 50 m) 

Unscreened human activity within 50 – 164 
feet was disruptive to waterbirds in San 
Francisco Bay area 
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Author(s) Date Width Comments 

Rodgers and Smith 1997 46 to 112 feet  
(14 –34 m) 

61 to 78 feet 
(18.5 – 24 m) 

Waterbirds in Florida:  flushing distance 
from walkers 46 – 112 feet; flushing 
distance from autos 61 – 78 feet.  Nature 
observation had greatest impact if involving 
walking activities.  Nesting birds tolerated 
closer human approach than birds that were 
perching/foraging 

Shisler et al.  1987 50 - 100 feet 
(15 – 30 m) 

100 – 164 feet   
(30 – 50 m) 

Low-intensity land uses (agriculture, 
recreation, and low density residential):  
50 - 100 feet 

High-density residential housing and 
commercial/industrial: 100 - 164 feet 

Most effective buffers had steep slopes, 
dense shrubs 

Short and Cooper  1985 328 feet (100 m) 328 feet to buffer nesting great blue herons 
from human disturbance 

5.5.4.3 Maintaining Habitat Connections 
Converting habitats to other uses directly increases the isolation of wetlands and the 
fragmentation of habitats (See Section 4.11 in Chapter 4 for further discussion of the 
impacts of fragmentation).  Buffers can play a role in reducing habitat fragmentation by 
serving as upland habitat directly adjacent to a wetland.  They can also provide an area 
that can connect, or be part of a corridor that connects, wetlands with upland habitats or 
other water bodies (National Research Council 2001).  However, buffers, as applied in a 
regulatory context, are rarely designed to provide these connections.  Typical buffer 
widths generally are insufficient to link wetlands to other habitats.  In addition, 
maintaining linkages from one habitat type to another on individual parcels is often not a 
consideration when properties are reviewed case by case.  The authors of Volume I 
believe that maintaining habitat connectivity is best accomplished through landscape-
scale planning and protection measures.   
 
In general, the literature states that for terrestrial species with wide-ranging habits, it is 
important to maintain connections between sites used for breeding, feeding, and refuge.  
This is critical for maintaining population viability (Bedford and Preston 1988, Gibbs 
1993, Semlitsch and Bodie 1998, National Research Council 2001).  One may assume 
that this applies only to large terrestrial mammals.  However, research has shown that 
many native amphibians on the west side of the Cascades can range 3,280 feet (1,000 m) 
from source wetlands into other wetlands or surrounding upland habitats (Richter 1997).  
Ostergaard (2001) found the greatest amphibian richness in sites that had upland forest 
habitat surrounding the site by 3,280 feet (1,000 m).  Richter and Azous (2001b) found 
that a radius of 1,680 feet (512 m) surrounding a wetland was necessary to include all the 
bird richness of species utilizing the source wetland.  
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5.5.4.4 Summary of Key Points 

• There is no simple, general answer for what constitutes an effective buffer width 
for wildlife considerations.  The width of the buffer is dependent upon the species 
in question and its life-history needs, whether the goal is to maintain connectivity 
of habitats across a landscape, or whether one is simply trying to screen wildlife 
from human interactions.   

• The majority of wildlife species in Washington use wetland habitats for some 
portion of their life-history needs.  Many species that are closely associated with 
wetlands (those that depend upon wetlands for breeding, brood-raising, or 
feeding) depend upon surrounding upland habitats as well for some life-history 
stages.  

• Many terrestrial species that are dependent upon wetlands have broad-ranging 
habits, some over 3,280 feet (1,000 m) from the source wetland.  Although this 
might be expected for large mammals such as deer or black bears, it is also true 
for smaller species, such as salamanders and other amphibians.   

• Human access and land uses adjacent to wetlands influence the use and habits of 
wildlife through noise and light intrusions, as well as elimination or degradation 
of appropriate upland habitats.  Even “passive” activities, such as bird/nature-
watching, have been shown to have effects on roosting and foraging birds.  

• Synthesis documents that evaluated many studies discussing the protection of 
habitat provided by wetland buffers generally recommend buffer widths between 
50 and 300 feet (15 to 100 m), depending on specific factors.  These factors 
include the quality of the wetland habitat, the species needing protection, the 
quality of the buffer, and the surrounding land uses. 

5.5.5 Buffer Maintenance and Effectiveness over Time 
Buffers can help to protect wetlands for as long as the buffers themselves remain intact.  
Buffer areas can be altered over time by human disturbance and natural events, such as 
windstorms.  In addition, some researchers have raised the issue of whether buffers have 
a long-term, carrying capacity with regard to filtration and binding of pollutants.  In other 
words, is there a maximum amount that can be processed before the buffer’s ability is 
overwhelmed?   

5.5.5.1 Human Alteration to Buffers 

Human activities are the most common mechanism for altering buffers over time.  Buffer 
functions can be reduced if vegetation is cut or trampled, soils are compacted, sediment 
loading surpasses the filtering capability of the vegetation, or surface-water flows create 
channels and subsequent erosion.   
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Cooke (in Castelle et al. 1992b) analyzed 21 wetland sites in western Washington and 
concluded that buffers less than 50 feet (15 m) wide were more susceptible to being 
reduced over time by human disturbance.  Nearly all of the buffers they studied that were 
less than 50 feet (15 m) in width were significantly reduced in the few years the buffers 
had been present on the back of private lots.  Some of the buffers were found to have 
been eliminated through complete clearing of native vegetation.  Of the buffers wider 
than 50 feet (15 m), most still had some portion intact and, overall, showed fewer signs of 
human disturbance.  Cooke also found that fencing buffers (without a gate allowing 
access) was effective at reducing the alteration of buffers by humans. 

In a study in the Monterey Bay area of California, Dyste (1995) examined 15 wetlands 
with buffers.  All of the buffers suffered from human alteration including cutting of 
vegetation, soil compaction, and dumping of garbage. 

5.5.5.2 Loss of Trees to Blowdown 

In the Pacific Northwest, forested buffers are often leave-strips around wetlands or along 
streams when the surrounding forest is cleared for land development.  These forested 
strips are then exposed to winter windstorms, which are common, often resulting in 
substantial loss of large trees due to blowdown.   

Pollock and Kennard (1998) concluded that trees in narrow forested buffers (less than 76 
feet [23 m] wide) have a much higher probability of suffering significant mortality from 
windthrow and blowdown than trees in wider buffers.  They conclude that buffers in the 
range of 76 to 115 feet (23 to 35 m), created when the surrounding forest is cut, are the 
minimum width that can be expected to withstand the effects of wind in the long term. 

5.5.5.3 Reduced Capacity for Sediment/Nutrient Removal 

Many of the studies described earlier assessed the effectiveness of buffers in removing 
sediments and nutrients for short durations (on the order of one to two years, if the time 
period was discernable in the methods sections of the literature).  One study that assessed 
water quality improvement over longer periods found that effectiveness diminished as the 
outer margins of the buffers became saturated with sediment (Dillaha and Inamdar 1997).  
Their findings suggest that buffers have a limited carrying capacity for sediment removal 
(a maximum amount of sediment that can be removed) and that larger buffers and other 
methods may be required to ensure long-term control of sediment.   

Similarly, Todd (2000) cites work by Dillaha in 1993 that found less than 10% of grass 
filter strips were effective after three to five years.  The grass filter strips became 
channelized and surface flows were no longer passing through as sheet flow that would 
allow contact with vegetation to remove sediments and nutrients.  Todd emphasizes that, 
for buffers to be effective, they have to be sustainable over time, and this must be a factor 
when determining buffer widths. 
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5.5.5.4 Summary of Key Points 

• Human actions can reduce the effectiveness of buffers in the long term through 
removal of buffer vegetation, soil compaction, sediment loading, and dumping of 
garbage. 

• Buffers may lose their effectiveness to disperse surface flows over time as flows 
create rills and channels, causing erosion within the buffer. 

• Leaving narrow strips of trees can result in tree loss due to blowdown. 

• Buffers may become saturated with sediment over time and become less effective 
at removing pollutants.  The literature indicates that this should be considered 
when determining buffer widths. 

5.5.6 Summary of Buffer Ranges and Characteristics from 
the Literature  

The following discussion summarizes the many suggestions and recommendations in the 
literature for how buffer widths can be established.  Many of these were found in 
synthesis documents that summarize scientific literature on buffers and then draw general 
conclusions.  The recommendations in most of these syntheses are remarkably consistent.  
Taken together with the great number of site-specific studies cited in the syntheses, they 
present what should be considered "fundamental principles" for buffers.  

At its most basic level, the science on wetland buffers identifies four criteria that should 
be considered in determining the width of a buffer (Castelle et al. 1992b, Desbonnet et al. 
1994, Norman 1996, McMillan 2000, Todd 2000): 

• The functions and values of the aquatic resource to be protected by the buffer 

• The characteristics of the buffer itself and of the watershed contributing to the 
aquatic resource  

• The intensity of the adjacent land use (or proposed land use) and the expected 
impacts that result from that land use 

• The specific functions that the buffer is supposed to provide; for habitat functions 
this includes the targeted species to be managed and an understanding of its 
habitat requirements 

The feasibility or possibility of incorporating those four considerations into determining 
buffer dimensions is dependent upon the jurisdiction in question.  Ideally, buffer widths 
should be tailored to these four factors.  However, the authors that recommend 
considering these factors also acknowledge that the scientific basis for determining the 
width of a buffer is often superseded by political expediency.  Buffers are more often 
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determined administratively as standard or fixed dimensions that may, or may not, be 
correlated with the criteria listed above.   

Table 5-7 presents a summary of the buffer ranges recommended by the authors who 
conducted literature reviews or syntheses on buffer effectiveness.  Minimums ranged 
from 25 feet (8 m) to 197 feet (60 m).  Maximums ranged from 98 feet (30 m) for some 
land uses to 350 feet (107 m). 

Table 5-7.  Summary of recommendations for buffer dimensions from the literature.  

Author(s) Date Minimum Buffer Maximum Buffer Comments 

Castelle et al. 1994 50 to 100 feet (15 - 
30m) 

 “Minimum buffers necessary 
to protect wetlands and 
streams  under most 
circumstances”  

Fischer et al. 2000 98 feet (30 m) 328 feet (100 m) Larger buffer for reptiles, 
amphibians, birds and 
mammals  

Groffman et al. 1991a 197 feet (60 m) 328 feet  (100 m) For most wildlife needs 

Howard and Allen 1989 197 feet (60 m)  For most wildlife needs 

McMillan 2000 25 feet (8 m) 350 feet (107 m) Case by case, using a rating 
system and the intensity of 
proposed or existing land use 
for protecting most wetland 
functions 

Norman 1996 164 feet (50 m)  To protect wetland functions; 
more may be required to 
protect more “sensitive 
wildlife species” 

 

Table 5-8 is taken from one of the most comprehensive buffer syntheses published 
(Desbonnet et al. 1994).  The authors of the synthesis looked at several hundred articles 
and reports on buffers.  This table presents the information in a format that outlines the 
general effectiveness of different buffer widths at removing pollutants and providing 
habitat.  
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Table 5-8.  A summary of the effectiveness of pollutant removal and the value of the 
wildlife habitat of vegetated buffers according to buffer width (Desbonnet et al. 
1994). 

Buffer Width in 
Feet (Meters) Pollutant Removal Effectiveness Wildlife Habitat Value 

16 feet (5 m) Approximately 50% or greater 
sediment and pollutant removal 

Poor habitat value; useful for temporary 
activities of wildlife 

32 feet (10 m) Approximately 60% or greater 
sediment and pollutant removal 

Minimally protects stream habitat; poor 
habitat value; useful for temporary 
activities of wildlife 

49 feet (15 m) Greater than 60% sediment and 
pollutant removal 

Minimal general wildlife and avian 
habitat value 

66 feet (20 m) Greater than 70% sediment and 
pollutant removal 

Minimal wildlife habitat value; some 
value as avian habitat  

98 feet (30 m) Approximately 70% or greater 
sediment and pollutant removal 

May have use as a wildlife travel 
corridor as well as general avian habitat 

164 feet (50 m) Approximately 75% or greater 
sediment and pollutant removal 

Minimal general wildlife habitat value 

246 feet (75 m) Approximately 80% or greater 
sediment and pollutant removal 

Fair to good general wildlife and avian 
habitat value 

328 feet (100 m) Approximately 80% or greater 
sediment and pollutant removal 

Good general wildlife habitat value; may 
protect significant wildlife habitat 

656 feet (200 m) Approximately 90% or greater 
sediment and pollutant removal 

Excellent general wildlife value; likely to 
support a diverse community 

1,968 feet (600 m) Approximately 99% or greater 
sediment and pollutant removal  

Excellent general wildlife value; 
supports a diverse community; protection 
of significant species 

Castelle et al. (1994), summarizing research conducted primarily before 1990, concluded 
“buffers necessary to protect wetlands and streams should be a minimum of 49 to 98 feet 
(15 to 30 m) in width under most circumstances.”  They note that the lower end of the 
spectrum is the minimum necessary to maintain physical and chemical processes, while 
the upper end of the spectrum may be the minimum necessary to maintain biological 
processes.  The Castelle et al. report of 1994 does not identify appropriate maximums.  
McMillan (2000) recommends an approach to determining buffers that attempts to 
balance predictability with flexibility by setting standard buffer widths that can be altered 
on a case-by-case basis to adapt to site-specific factors.  This approach for determining 
buffer width incorporates a rating system for wetlands, plus an assessment of the intensity 
of proposed or existing adjacent land use, to establish buffer widths ranging from 25 to 
350 feet (8 to 107 m).  It is perhaps the method that is closest to fitting the four bulleted 
criteria outlined at the beginning of this section.  It incorporates an understanding of the 
condition of the wetland, the buffer, and the proposed adjacent land use.   

Several other authors also suggest that considering site-specific factors enhances the 
effectiveness of buffer strips over using fixed-width buffers (Steinblums et al. 1984, 
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Norman 1996, Todd 2000).  Belt and O’Laughlin (1994) note that, “The fixed minimum-
width approach enjoys the virtue of simplicity in application, but has the potential for 
providing either not enough or too much protection.”   

Liquori (2000) also cautions against using fixed buffer widths to protect long-term 
ecological functioning of buffers and their associated aquatic resources.  He notes that 
many of the functions that buffers provide are directly related to physical characteristics 
and biological processes within the buffers.  Informed with site-specific information, a 
case-by-case argument could be made for establishing buffer widths.  “The nature of the 
[functions a buffer provides] may significantly depend upon riparian structure both 
locally and as a mosaic over the watershed scale.”  

In urban settings, larger buffer widths are often prescribed in anticipation of future 
impacts from adjacent land use and activity upstream in the watershed.  The most 
important criterion for determining buffer width is identification of the various functions 
the buffer is expected to provide (Todd 2000).  

In agricultural lands, Welsch (1991) identifies a three-zone approach for establishing 
buffers: 

• Zone 1 consists of riparian-type trees and shrubs immediately adjacent to the 
stream, water body, or wetland.  It should be a minimum 13 feet (4 m) wide, or 
adjusted to include the entire riparian area (the area with year-long or seasonal 
soil-moisture regime influenced by the stream or water body).  Minimum length 
should be the length of the proposed disturbance outside the riparian management 
zones, or “the longest distance possible.” 

• Zone 2 extends upslope from Zone 1 and consists of vegetation that may be 
periodically harvested as it matures.  A minimum distance of 20 feet (6 m) should 
be allowed for this zone for small streams or water bodies; for larger streams or 
water bodies the total of Zones 1 and 2 can be increased up to 98 feet (30 m) or 
30% of the geomorphic floodplain (whichever is less).  Minimum length should 
match that of Zone 1.  Zone 2 can be an active harvest zone, but trees and 
vegetation need to be left to provide soil holding and filtering capacity. 

• Zone 3 is added upslope of Zone 2 if adjacent land (away from the aquatic 
resource) is cultivated cropland or another land use with the potential for erosion 
or sediment production.  Zone 3 is a vegetated filter strip and should be wide 
enough to control “concentrated flow erosion from cultivated cropland.”  Zone 3 
vegetation should be established prior to the establishment of Zones 1 and 2.   

This zonal approach is recommended for active agricultural activities, which implies the 
regular creation of conditions with high erosion potential (grazing or tilling).  It also 
allows more active use of the central portion of the buffer and active management of the 
outer area of the buffer. 

Townsend and Robinson (2001) build on this zonal approach and recommend guidance 
on maintenance of canopy coverage and closure.  They suggest using species that readily 
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resprout from stumps or roots in the areas nearest the stream channels (to allow the 
vegetation to respond to flood damage and/or beaver activity).  They stress the need for 
ongoing maintenance, especially in Zone 3, to ensure that erosive flows are not causing 
rills or channelized flows into Zone 2.  They also note that, while most of these buffers 
will be applied on an ownership basis, greater benefit would be realized if the concept of 
zoned buffers were applied on a watershed basis.  

Other recommendations are based on wildlife species of particular interest.  Based on 
their study of waterbirds in Florida, Rodgers and Smith (1997) recommend a buffer width 
of 328 feet (100 m) to ensure that birds will not be triggered into an “approach” response, 
a state which occurs prior to actual flushing.  They derived this figure by analyzing the 
flushing distance from human approach for 16 species, then adding 131 feet (40 m) to 
that distance.  The 131-foot (40 m) distance was derived from previous work which 
found that birds became alert (stopped their ongoing behavior and focused on the 
approaching human) in a range of 82 to 131 feet (25 to 40 m).  

5.5.6.1 Summary of Key Points 

• Many researchers have recommended using four basic criteria to determine the 
width of a buffer:  

– the functions and values of the aquatic resource to be protected by the buffer  

– the characteristics of the buffer itself and of the watershed contributing to the 
aquatic resource  

– the intensity of the adjacent land use (or proposed land use) and the expected 
impacts that result from that land use 

– the specific functions that the buffer is supposed to provide including the 
targeted species to be managed and an understanding of their habitat needs 

• Protecting wildlife habitat functions of wetlands generally requires larger buffers 
than protecting water quality functions of wetlands 

• Effective buffer widths should be based on the above factors.  They generally 
should range from:   

25 to 75 feet (8 to 23 m) for wetlands with minimal habitat functions and 
low-intensity land uses adjacent to the wetland 

75 to 150 feet (15 to 46 m) for wetlands with moderate habitat functions 
and moderate or high-intensity land uses adjacent to the wetland 

150 to 300+ feet (46 to 92+ m) for wetlands with high habitat functions, 
regardless of the intensity of the land uses adjacent to the wetland 

• Fixed-width buffers may not adequately address the issues of habitat 
fragmentation and population dynamics.  Several researchers have recommended 
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a more flexible approach that allows buffer widths to be varied depending on site-
specific conditions. 

5.6 Chapter Summary and Conclusions 
Wetlands are defined using well established language that is generally consistent between 
federal and state laws.  However, certain wetland types are sometimes excluded from 
regulation.  These include small wetlands, isolated wetlands, and wetlands that are 
designated as Prior Converted Croplands (PCC).  The scientific literature makes clear 
that small wetlands and isolated wetlands provide important functions and does not 
provide any rationale for excluding these wetlands from regulation.  Little scientific 
information is available on PCC, but there is no evidence to suggest that they are 
unimportant in providing wetland functions.  They retain many of the characteristics 
necessary to provide multiple wetland functions. 

Wetland delineation is conducted according to either the federal or state delineation 
manual.  These manuals are consistent and, when applied correctly, will result in the 
same wetland boundary.  Wetland rating systems are a useful tool for grouping wetlands 
based on their needs for protection.  The most widely used method in Washington is the 
state’s rating system which places wetlands in categories based on their rarity, sensitivity, 
irreplaceability, and functions. 

Wetland buffers are a critical tool for protecting wetland functions.  Findings regarding 
buffer functions and effectiveness are consistent in recommending that the width of a 
buffer should be related to the wetland functions that need protection, the land-use 
activities from which the wetland is being buffered, and the characteristics of the buffer 
itself.  These factors, derived from the many studies of wetland buffers and other aquatic 
resources, can be thought of as the "fundamental principles" that are recommended to 
determine the widths and characteristics of buffers.   

The literature confirms that for water quality improvement (e.g., sediment removal and 
nutrient uptake) there is a non-linear relationship between buffer width and increased 
effectiveness.  Sediment removal and nutrient uptake are provided at the greatest rates 
within the immediate outer portions of a buffer (nearest the source of sediment/nutrient), 
with increasingly larger widths of buffers required to obtain measurable increases in 
those functions.  Additionally, the long-term effectiveness of buffers in providing such 
mechanical and biological processes is not well documented in the literature.  However, 
the literature suggests that buffers may have a carrying capacity or limit to their ability to 
remove pollutants.  Future research on this topic is needed.   

Compared to the widths needed for sediment removal and nutrient uptake, the literature 
has documented the need for significantly wider buffers to protect or maintain habitat 
functions for wildlife species that are closely associated with wetlands, as well as for 
populations that use wetlands.  Research confirms that many wildlife species and guilds 
are dependent upon wetlands for only portions of their life cycles, and that they require 
upland habitats adjacent to the wetland to meet all their life needs.  Without adequate 
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upland habitat adjacent to wetlands, these habitat functions are lost.  Some species use 
upland habitats that are far from the source wetland.  The literature documents that, 
without access to appropriate upland habitat and the opportunity to move between 
wetlands and other habitats across a landscape, it is not possible to maintain viable 
populations of many species.  Beyond simply providing adequate upland habitat adjacent 
to a single wetland, the literature on the maintenance of wildlife populations finds that it 
is necessary to link habitat types, including wetlands and uplands, across a landscape in 
order to maintain genetically viable populations.   

Several authors who suggested recommendations for buffer widths based on their own 
synthesis of the literature have recommended variable widths based on the conditions of 
the wetland, the conditions of the buffer, the proposed land uses adjacent to the buffer, 
and what functions are intended to be managed.  For protection and maintenance of 
wildlife habitat functions of wetlands, these studies suggest that effective buffer widths 
should be based on the above factors and generally should range from:  25 to 75 feet (8 to 
23 m) for wetlands with minimal habitat functions and low-intensity land uses adjacent to 
wetlands; 50 to 150 feet (15 to 46 m) for wetlands with moderate habitat functions and 
moderate or high-intensity land use that is adjacent; and 150 to 300+ feet (46 to 92+ m) 
for wetlands with high habitat functions depending on the intensity of the adjacent land 
use.  However, several authors noted that protection and maintenance of viable wildlife 
populations for many species requires habitat connections via corridors and large habitat 
patches.  

Chapter 6 continues the discussion of regulatory tools used to manage wetlands by 
discussing wetland compensatory mitigation and its effectiveness. 
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Chapter 6  
The Science and Effectiveness  
of Wetland Mitigation 

6.1 Reader’s Guide to this Chapter 
This chapter synthesizes the scientific literature regarding compensatory mitigation and 
its effectiveness at reducing the severity of activities that detrimentally affect wetlands.  It 
also reports the suggestions made by various authors regarding ways to improve 
compensatory mitigation.   

6.1.1 Chapter Contents 

Major sections of this chapter and the topics they cover include:   

Section 6.2, Introduction and Background to Wetland Mitigation describes wetland 
mitigation sequencing, which encompasses a series of actions that requires addressing 
each action, or step, in a particular order.  Compensation for wetland impacts is just one 
of these steps.   

Section 6.3, Success of Compensatory Mitigation Wetlands synthesizes the literature 
on the biological, ecological, or functional success of compensatory mitigation projects.  
This section does not specifically evaluate the successful compensation for wetland area; 
that is discussed in Section 6.7.   

Section 6.4, Compliance with Permit Requirements describes studies that evaluated 
several aspects of how well compensatory mitigation projects met legal or permit 
requirements.  These included whether projects were completed or installed according to 
plan, whether they attained the required wetland acreage, whether performance standards 
were achieved, whether the project was monitored or maintained, and whether the 
regulatory agencies followed-up on the project.   

Section 6.5, Types of Compensatory Mitigation discusses the use and effectiveness of 
restoration, creation, enhancement/exchange, preservation, mixed compensatory 
mitigation, mitigation banking, and in-lieu fees.   

Section 6.6, Replacement Ratios describes the rationale for the use of ratios in 
determining the acreage required as compensation for a given area of wetland impact.  It 
synthesizes the literature on the ratios that were required and those actually achieved for 
numerous projects.  This section also discusses approaches proposed in the literature to 
more effectively determine compensatory mitigation ratios.   
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Section 6.7, Replacement of Wetland Acreage summarizes the results of studies 
examining whether compensatory wetland mitigation is actually replacing the acreage of 
wetland losses authorized.  This includes both evaluations of overall permitting programs 
and of specific compensation projects in compensating for wetland acreage.   

Section 6.8, Functions and Characteristics Provided by Created, Restored, or 
Enhanced Wetlands describes the ability of mitigation wetlands to provide wildlife 
habitat, plant communities, adequate soil conditions, and water quality/quantity 
functions.  Compensation wetlands were often compared with pre-existing or reference 
wetlands in these studies.   

Section 6.9, Reproducibility of Particular Wetland Types summarizes the literature 
regarding whether and how easily certain wetland types, such as bogs, fens, vernal pools, 
alkali wetlands, and mature forested wetlands, can be reproduced or restored.   

Section 6.10, Suggestions from the Literature for Improving Compensatory 
Mitigation summarizes numerous recommendations made by researchers to improve the 
success of compensation projects—ranging from improvements to regulations and site 
selection, to better performance standards, to a broader landscape approach, to mitigation 
banking.   

Section 6.11, Chapter Summary and Conclusions ties together the major concepts 
presented in the chapter.   

6.1.2 Where to Find Summary Information and Conclusions 

Each major section of this chapter concludes with a brief summary of the key points 
resulting from the literature review on that topic in a bullet list format.  The reader is 
encouraged to remember that a review of the entire section preceding the summary is 
necessary for an in-depth understanding of the topic.   

For summaries of the information presented in this chapter, see the following sections:   

• Section 6.3.2 

• Section 6.4.9 

• Section 6.5.8 

• Section 6.6.4 

• Section 6.7.3 

• Section 6.8.6 

• Section 6.9.5 

• Section 6.10.7 

In addition, Section 6.11 provides a summary of the chapter and conclusions about the 
overarching themes gleaned from the literature and presented in this chapter.   
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6.1.3 Sources and Gaps in Information 

The synthesis in this chapter is based on more than 50 articles, government reports, and 
conference proceedings that have been published since about 1990 on the topic of 
compensatory mitigation.  (The literature did not address the other types of mitigation 
listed in Section 6.2.1.) 

The information resulted from studies conducted in various states and countries, 
including several studies from the Pacific Northwest.  Environmental conditions may 
vary in other states and countries.  However, the information resulting from these studies 
is relevant to compensatory wetland mitigation in Washington State for the following 
reasons:   

• The general principals and techniques used to restore, create, and enhance 
wetlands are similar  

• The regulatory approaches and requirements are similar  

• Most importantly, the studies provide similar and consistent results   

Geographic location of the studies cited in this chapter 

The articles and reports that evaluated the effectiveness of individual compensatory 
mitigation projects focused on a variety of locations, including Washington, Oregon, 
California, Louisiana, Michigan, Indiana, Ohio, New Jersey, Massachusetts, Maryland, 
Tennessee, and Florida.   

Studies that assessed specific functions performed by wetlands that were sites for 
compensatory mitigation and non-regulatory restoration were located in: Washington, 
Oregon, Wyoming, Iowa, Minnesota, Wisconsin, Illinois, Ohio, New York, 
Pennsylvania, Connecticut, West Virginia, South Carolina, Florida, Canada, Sweden, 
Spain, Austria, and central Europe.   

The information synthesized in this chapter covers a range of topics and issues relating to 
compensatory wetland mitigation (refer to Chapter Contents, Section 6.1.1).  Yet there 
are some topics and issues for which no scientific information was found.  For example, 
studies were found that examined whether compensation projects had performance 
standards and whether the performance standards were met.  However, no studies were 
found that explored why performance standards were not met. Other examples of data 
gaps include studies that: 

• Determined the effectiveness of local critical area ordinances at replacing 
permitted wetland losses   

• Examined the effect of construction inspections, monitoring, maintenance, or 
performance bonding on the success or level of compliance of projects   

• Compared the level of success of newly installed versus more established 
compensation sites   
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• Looked specifically at the quality and effectiveness of preservation sites   

• Focused specifically on wildlife habitat provided by restored, created, or 
enhanced wetlands in urban settings   

• Examined the effects of mitigation decisions on a watershed scale   

• Looked at the reproducibility of alkali wetlands   

The articles and reports reviewed used a variety of terms to define what they were 
assessing or evaluating.  For the purposes of this synthesis, effectiveness is used as a 
general term referring to how compensatory wetland mitigation was doing overall, 
including evaluations of success, compliance, and functions and characteristics.  These 
terms will be defined more precisely in subsequent sections.   

6.2 Introduction and Background to Wetland 
Mitigation 

6.2.1 Wetland Mitigation Sequence 

Mitigation is a series of actions that requires addressing each action, or step, in a 
particular order.  This sequence of steps is used to reduce the severity of negative impacts 
from activities that potentially affect wetlands.  When a change in land use has the 
potential to adversely affect a wetland, regulatory agencies require the applicant to 
illustrate how the project has considered the six sequential steps of mitigation.  According 
to the rules implementing the Washington State Environmental Policy Act 
(Chapter 197.11 WAC), mitigation involves the following:   

1. Avoiding the impact altogether by not taking a certain action or parts 
of an action;  

2. Minimizing impacts by limiting the degree or magnitude of the action 
and its implementation, by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts;  

3. Rectifying the impact by repairing, rehabilitating, or restoring the 
affected environment;  

4. Reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action; 

5. Compensating for the impact by replacing, enhancing, or providing 
substitute resources or environments; and/or 

6. Monitoring the impact and taking appropriate corrective measures 
(WAC 197.11.768).   
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The authors of Volume 1 provide a brief explanation and examples of the steps in the 
mitigation sequence in the following paragraphs.   

Avoidance is the first step in the mitigation sequence.  Avoidance of impacts means that 
there is no direct loss of wetland area and functions.  Avoidance does not, however, 
eliminate indirect losses of wetland function.  For example, consider a hypothetical 
proposal to develop a 5-acre parcel of land.  The parcel contains 2 acres of wetland.  The 
development is designed around the wetland and will therefore avoid any direct loss.  
Avoidance has occurred.  Yet if buildings and parking lots surround the wetland, indirect 
impacts to wildlife habitat and hydrology may occur in the form of fragmentation and 
altered hydroperiod.   

Minimization of adverse impacts is the second step.  It can reduce the extent of wetland 
impacts when a project is redesigned to lessen wetland alteration.  However, it does not 
eliminate the direct or indirect loss of area and/or functions.   

Rectification, the third step, assumes that losses in wetland area and/or function at the 
impact site are temporary and can be restored.  For example, projects such as installing or 
maintaining an underground pipeline that passes through a wetland typically use 
rectification as a mitigation measure.  In the example of the underground pipeline, 
vegetation, soil, and water movement may be disturbed and altered.  The wetland area 
and/or functions are temporarily changed or lost. Rectification would entail replacing the 
soil, restoring the water movement, and restoring the vegetation.   

The fourth step of the mitigation sequence is not generally relevant to wetlands, and 
therefore, no examples of its application are provided.   

Compensation for unavoidable adverse impacts, the fifth step, involves restoring, 
creating, enhancing, or preserving wetland area to replace or make-up for the wetland 
area and functions that were lost or altered.  It is discussed in much greater detail in the 
following sections.   

Monitoring, step 6, is used to address the potential impact to wetlands that may result 
from a project when specific impacts are not known.  If impacts are observed during or 
after project completion, actions should be taken to address the loss of wetland functions.  
For example, if a bridge is built over a river fringed by wetlands, the bridge may shade 
portions of the wetlands.  Though no wetlands would be filled during construction, the 
shading could alter the performance of functions, thereby resulting in impacts to 
wetlands.  To address the potential risk of impacts to wetlands, the project could be 
monitored to determine the effect of shading on the riverine wetlands.  If monitoring 
reveals that the functions of the riverine wetlands were adversely altered, then 
compensation might be required.   

The scientific literature reviewed for this synthesis did not contain information on the use 
or effectiveness of any of the mitigation measures defined above, except compensatory 
mitigation, which is the focus of the remainder of this chapter.   
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6.2.2 The Emergence of Compensatory Wetland Mitigation 

The term compensatory mitigation refers to the 
compensation stage of the mitigation sequence 
(number 5 in the list of steps described earlier).  
Compensatory wetland mitigation generally entails 
performing one or more of the following types of 
compensation:   

• Restoring wetland conditions (and 
functions) to an area 

• Creating new wetland area and functions 

• Enhancing functions at an existing wetland 

• Preserving an existing high-quality wetland 
to protect it from future development  

The use of compensatory mitigation for wetland loss emerged in the 1980s (Roberts 
1993, National Research Council 2001).  The U.S. Army Corps of Engineers considered 
the process of mitigation as part of the National Environmental Policy Act of 1969.  
However, it wasn’t until 1980 when the U.S. Environmental Protection Agency (EPA) 
issued new guidelines for Section 404(b)(1) of the Clean Water Act that mitigating for 
wetland losses by creating or restoring another wetland as compensation became widely 
acceptable (National Research Council 2001).  Compensatory mitigation was seen as a 
way to speed up an arduous process of documenting avoidance and minimization efforts, 
while satisfying concerns about the loss of ecosystems and functions (Roberts 1993).  
Creating or restoring wetland area to compensate for permitted wetland losses was 
viewed and publicized as a way to allow development while preventing a net loss of 
wetland areas.   

By the late 1980s, studies of the effectiveness of compensatory mitigation were 
emerging, with mixed results.  The primary indication was that replacing or replicating an 
existing wetland was difficult, if not impossible (Kusler and Kentula 1990, National 
Research Council 2001).  However, some wetland types and functions could be 
approximated given the proper conditions (Kusler and Kentula 1990, National Research 
Council 2001).  This chapter focuses on studies published since 1990 that examined the 
effectiveness of compensatory mitigation.   

6.3 Success of Compensatory Mitigation Wetlands 
Compensatory mitigation “success” is poorly defined and often contentious (Kentula 
2000).  The literature refers to legal success, biological success, ecosystem success 
(Wilson and Mitsch 1996), functional success (Mockler et al. 1998), or some 
combination of these.   

The term compensatory 
mitigation refers to the 
compensation stage of the 
mitigation sequence (number 5 in 
the list of steps on the previous 
page).  Because the regulatory 
requirements and policies tend to 
focus on the compensation stage, 
the term “mitigation” is often 
used to refer to compensation, 
which is just one part of the 
overall mitigation sequence.   
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Compliance generally means the same as “legal success.”  It is evaluated by comparing 
the actual on-the-ground, or as-built, conditions against what was required in the permit.  
Studies describing legal success are referred to as compliance in this document, and they 
are discussed in Section 6.4.   

This section will focus on “biological, ecological, or functional success.”  Therefore, 
when the term success is used in this chapter, it refers exclusively to biological, 
ecological, or functional success.  Success involves an evaluation of the factors that 
characterize a wetland (e.g., hydroperiod, vegetation, soils), the performance of 
functions, or both.  Best professional judgment and/or one of a variety of function 
assessment methods have been used by researchers to evaluate success.   

The authors of Volume 1 have observed two main problems with evaluating the success 
of compensatory mitigation projects.  First, success is often confused with compliance, 
and it is assumed that they must go hand in hand.  In some cases, compliance and success 
may be separate considerations.  For example, a compensation site may be in compliance 
with its permit requirements and not be considered a success because it does not replace 
the functions of the wetland that was lost.  On the other hand, a site may fall short of 
meeting its permit requirements, perhaps because performance standards were unrealistic.  
The site is therefore not in compliance, yet it may still be determined a success because it 
compensates for the wetland functions lost.   

The second problem involves time; when should a project be evaluated for success?  For 
example, two years after installation a compensation site may not be meeting its 
performance standards, perhaps because the site has too much bare ground, percent aerial 
cover of native vegetation is too low, or cover by invasive plant species is too high.  The 
site is, therefore, neither in compliance nor a success.  However, looking at the same site 
five or six years after installation, the site may have experienced rapid growth of native 
shrubs and trees, native volunteer species may have colonized the bare ground, and 
maintenance activities may have controlled invasive plants.  At this time, the site could 
be evaluated as a success and considered to be in compliance.   

Rather than judging the success or failure of a compensatory wetland mitigation project 
at a single point in time, Zedler and Callaway (2000) proposed evaluating how a project 
progresses over time.  The authors suggest that a focus on progress would encourage 
proponents to acknowledge problems occurring at a site and look for solutions.  Zedler 
(2000) proposes that more compensation projects should be viewed as experiments 
without a specific desired outcome.  In lieu of attaining a specific level of performance, 
projects would be monitored as experiments for at least 25 years. The regulatory 
framework currently in place, however, does not support this method of evaluation due to 
the relatively short timeframe allowed for monitoring and assessing the compliance of 
compensation projects (Breaux and Serefiddin 1999, Zedler 2000).   

Refer to Section 6.10.4 for more information on performance standards.  Specifically, 
Section 6.10.4.1 discusses shortcomings of existing performance standards, and Section 
6.10.4.3 discusses the need for longer monitoring periods.   
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6.3.1 Results of Literature Studies 

Several studies determined the level of success of compensatory mitigation projects 
(Table 6-1).  Though the data indicated that some projects were successful and some 
projects were unsuccessful, most compensation projects had an intermediate level of 
success, meaning they were neither fully successful nor completely unsuccessful.   

• 25 to 66% of projects were determined to have an intermediate level of success 

• 3 to 43% of projects achieved full success 

• 7 to 97% of projects were unsuccessful, though half of the studies found that at 
least 20% of projects were unsuccessful (Johnson et al. 2002, Michigan 
Department of Environmental Quality 2000, Mockler et al. 1998, Sudol and 
Ambrose 2002)   

The methods used to evaluate the success of compensatory wetland mitigation projects 
varied from best professional judgment (Storm and Stellini 1994) to function assessments 
(Wilson and Mitsch 1996, Balzano et al. 2002), to quantitative measures of vegetation 
cover and survival (Allen and Feddema 1996), or some combination (Michigan 
Department of Environmental Quality 2000, Johnson et al. 2002).  Though the methods 
of evaluation differed, most studies considered similar variables such as wetland area, 
hydrologic conditions, wildlife suitability, vegetation, and soils.   

Table 6-1.  Results of studies examining the success of compensatory mitigation.   

Location of 
Study  

No. of Projects 
Evaluated 

Level of Success Evaluation Criteria 

Washington 
State (Johnson 
et al. 2002) 

24 13% fully successful 

33% moderately successful 

33% minimally successful 

21% not successful 

Wetland acreage, performance 
standards, goals/objectives, 
contribution to functions, 
comparison with wetland lost 

Washington/ 
King County 
(Mockler et al. 
1998) 

38 3% successful 

97% not successful 

Replacing the functions of the 
wetland lost.  Examined vegetation 
survival and areal coverage, 
hydrology, soil, wetland and buffer 
condition assessment, wildlife 
habitat, and invasive species 

Western 
Washington 
(Storm and 
Stellini 1994) 

17 23% functioned well 
ecologically 

65% functioned poorly 

12% were not completed 

Vegetation diversity, non-native 
plant dominance, structural 
diversity, wildlife use, adjacent land 
uses, vegetation cover vs. open 
water 
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Location of 
Study  

No. of Projects 
Evaluated 

Level of Success Evaluation Criteria 

Southern 
California 
(Allen and 
Feddema 1996) 

75 32 successful 

9 mostly successful 

10 half successful 

5 unsuccessful 

8 under construction 

5 not initiated 

6 did not require mitigation 

Project installed according to plan; 
percent cover of vegetation (dead, 
living, and invasive) 

California/ 
Orange County 
(Sudol and 
Ambrose 2002) 

55 16% successful 

58% partially successful 

26% failures 

Qualitative evaluation based on 
habitat quality (e.g., vegetation 
density and diversity, invasive 
species, tree height) 

Ohio (Wilson 
and Mitsch 
1996) 

5 1 high 

2 medium to high 

1 medium 

1 medium to low 

WETII evaluation (Adamus et al. 
1989) - hydrology, soils, vegetation, 
wildlife, water quality 

New Jersey  
(Balzano et al. 
2002) 

74 Wetland Mitigation Quality 
Assessment scores were indexed 
from 0 (low) to 1 (high).  The 
average score was 0.51, and the 
range was 0.25 to 0.83 

Hydrology, soils, vegetation, 
wildlife suitability, site 
characteristics, and landscape 
features 

Michigan  
(Michigan 
Department of 
Environmental 
Quality 2000) 

69 22% successful overall  

78% unsuccessful overall 

Project’s legal rating (permit 
compliance) and biological rating 
(wetland acreage).  Does not 
include enhancement 

6.3.2 Summary of Key Points 

• Success is defined as meeting biological or ecological criteria, which may include 
an assessment of functions.   

• The majority of compensatory wetland mitigation projects were found to be 
neither fully successful nor completely unsuccessful, meaning that most projects 
had an intermediate level of success, relative to biological or ecological functions.   

• Though the methods used to evaluate project success differed, the studies 
considered similar criteria, such as vegetation, soils, and hydrologic conditions.   
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6.4 Compliance with Permit Requirements 
Regulatory agencies typically require wetland compensation for authorized, unavoidable 
wetland impacts.  A wetland mitigation plan is reviewed and approved as part of the 
permit approval process.  It outlines how wetland impacts will be compensated for.  The 
mitigation plan identifies how the project will be designed. It addresses wetland acreage, 
hydroperiod, vegetation, goals, objectives, performance standards, monitoring, 
maintenance, contingency actions, and long-term protection.  These are the parameters by 
which regulators often measure compliance.   

According to the Merriam-Webster dictionary, compliance means “conformity in 
fulfilling official requirements.”  Regarding compensatory wetland mitigation, 
compliance means that a project has satisfied or is satisfying the legal requirements and 
obligations identified in a permit.   

Most studies that examined compliance investigated how well a compensatory wetland 
mitigation project complied overall (i.e., with all applicable permit requirements).  
Several of these studies only reported the results of the overall evaluations.  Other studies 
evaluated how well projects complied with individual requirements, such as:   

• Installation – whether the project was installed 

• Installation according to plan – whether the project was constructed according to 
the approved mitigation plan and design 

• Wetland area establishment – whether the project obtained the acreage of wetland 
that was required 

• Performance standards/goals/objectives attainment – whether the project 
performed as anticipated 

• Monitoring – whether the project was monitored as required (or was required to 
be monitored) 

• Maintenance – whether project maintenance was performed (or required) 

Studies also reviewed regulatory follow-up - whether any regulatory agencies made an 
attempt to track an individual project after the permit was issued.     

Each of these types of evaluations is discussed in subsequent sections.   

6.4.1 Compliance Overall 

Several studies attempted to determine how well a project complied with several or all of 
its permit requirements.  Because permit requirements vary by state and over time, not all 
compliance evaluations considered the same criteria or requirements.  Where specified, 
the requirements evaluated by a given study are identified in Table 6-2.   
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Twelve studies evaluated overall compliance with regulatory requirements for 
compensatory wetland mitigation projects (Table 6-2).  In Washington State four studies 
that evaluated compliance were conducted in the past decade (Storm and Stellini 1994, 
Mockler et al. 1998, Johnson et al. 2000, Johnson et al. 2002), and two studies were 
conducted in Oregon (Gwin and Kentula 1990, Shaich and Franklin 1995).   

The studies in Washington found that 29% of compensation projects complied with their 
regulatory requirements.  In Oregon, studies revealed that compliance of projects ranged 
from zero to 36%.   

Studies from other states demonstrated more variability in levels of compliance.  Results 
ranged from less than 20% to about 80% of projects in compliance (Holland and Bossert 
1994, De Weese 1998, Morgan and Roberts 1999, Michigan Department of 
Environmental Quality 2000, Brown and Veneman 2001, Balzano et al. 2002, Sudol and 
Ambrose 2002).   

More recent studies (published in 2000 or after) did not report higher levels of 
compliance than studies conducted in the 1990s.  One might therefore assume that 
compensation projects have not improved over the years.  However, it is important to 
realize that as knowledge of wetland science and compensatory mitigation has improved 
and evolved, permit requirements have likewise evolved (Kentula 2000).  More recent 
studies may have been evaluating compensation projects that were being held to a higher 
standard than projects permitted and evaluated in the 1990s (Sudol and Ambrose 2002).  
However, a study by Cole and Shafer (2002) in Pennsylvania observed that permit 
requirements had not changed noticeably over the 14-year range of permits they 
evaluated (1986-1999).   

Table 6-2.  Level of overall compliance of compensation projects.   

Location of Study  No. of 
Projects 
Evaluated 

% of Projects 
in Compliance 
with all 
Requirements 

Evaluation Criteria 

Washington 
(Johnson et al. 
2000) 

45 29% • Project installed 
• Installed according to plan 
• Meet performance standards 

Washington 
(Johnson et al. 
2002) 

24 29% • Establish required wetland acreage 
• Meet performance standards 
• Meet goals/objectives  

Washington/western 
(Storm and Stellini 
1994) a 

17 18% • Installation of both development and 
compensatory mitigation projects as required 
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Location of Study  No. of 
Projects 
Evaluated 

% of Projects 
in Compliance 
with all 
Requirements 

Evaluation Criteria 

Washington/King 
County (Mockler et 
al. 1998)b 

29 

(38) 

21% 

(16%) 

• Meet performance standards - vegetation 
survival, areal cover, invasive species 

• Design - hydrology, slopes 
• Installation - soil 
• Maintenance - mowing, weeding  

Oregon/Portland 
metro area (Shaich 
and Franklin 1995) c 

72 36%  

 

• Project installed 
• Upland buffer area/vegetation requirements 
• Requirements for timing of project 

construction 
• Wetland vegetation requirements 
• Hydrology requirements 
• Requirements for water control structures 
• Fencing requirements 

Oregon/Portland 
metro area (Gwin 
and Kentula 1990) 

11 0% • Construction plans match permit specs 
• As-built matches permit specs: wetland 

area/shape 
• Actual slopes match planned slopes 
• Vegetation established as planned  

California/ Orange 
County (Sudol and 
Ambrose 2002) d 

57 53% 

 

• Project installed  
• Meet performance standards/ permit conditions 

California/ vernal 
pools (De Weese 
1998) 

25 83% • Attaining performance standards required by 
Corps 

Massachusetts 
(Brown and 
Veneman 2001) e 

109 

(7) 

43% 

(100%) 

• Project installed 
• Compensation project of required size 
• Water inputs sufficient for wetland conditions 
• At least 75% cover wetland plants (FAC or 

wetter) 

Tennessee (Morgan 
and Roberts 1999) 

50 12% • Establish required acreage of wetland 
• Meet performance standards  
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Location of Study  No. of 
Projects 
Evaluated 

% of Projects 
in Compliance 
with all 
Requirements 

Evaluation Criteria 

Michigan (Michigan 
Department of 
Environmental 
Quality 2000) f 

74 18% • Mitigation acreage requirement  
• Implementation of approved mitigation plan  
• Conservation easement  
• Submittal of as-built plans  
• Monitoring  
• Placement of elevated wildlife structures  
• Construction schedule with specified 

completion date  
• Prohibited actions  
• Corrective measures identified  
• Financial assurances 

Louisiana (Holland 
and Bossert 1994) 

9 78% • Meet Corps of Engineers permit conditions 

New Jersey 
(Balzano et al. 
2002)g 

88 48% weighted 
average 

• Grading (56% concurrence) 
• Hydrology (47% concurrence) 
• Soil (51% concurrence)  
• Vegetation cover (39% concurrence) 
• Vegetation survival (28% concurrence) 
• Design (56% concurrence) 

a Compliance not determined for 53% of projects due to lack of information. 
b 38 projects examined; 9 not completed.  Compliance information for 38 projects is in parentheses.  
c Not all projects had requirements for all criteria (e.g., only 8% had a requirement for fencing). 
d Calculated from data provided. 
e 5 projects did not result in wetland impact and were subtracted from the project total. Results were 
recalculated from the data provided.  Parentheses = data for variance projects (received more oversight). 
f Permit conditions from the criteria list were considered if specified in permit. 
g Evaluated concurrence with applicable criteria.  Percent = average concurrence score for 88 projects.  
Average concurrence score for each criterion provided in parentheses.  

6.4.2 Project Installation 

A number of studies investigated whether mitigation projects had even been constructed 
or installed.  In these studies, mitigation projects were either randomly selected from a 
database or a complete inventory of all projects permitted during a specific timeframe 
was conducted.  Four studies were conducted in Washington.  Studies in seven other 
states, including Oregon, also investigated whether mitigation projects had been installed.   
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Results indicated that most projects were installed (Table 6-3).  The four studies from 
Washington found that 74 to 93% of compensatory mitigation projects had been installed.  
Studies from most of the other states showed similar results (64 to 99%).  However, 
studies performed in Florida and Tennessee revealed that less than half of the 
compensatory wetland mitigation projects had been installed (Erwin 1991, Morgan and 
Roberts 1999).   

Due to the relatively high percentage of projects that were installed, one could assume 
that the low levels of overall compliance result from inadequate design, installation, 
maintenance, follow-up, or some combination.   

Table 6-3.  Percent of compensatory mitigation projects that were installed.   

Location of Study  No. of Projects 
Evaluated 

Percent of Projects Installed 

Washington (Johnson et al. 2000) 45 93% 

Washington/ King County (Mockler et al. 
1998) 

38 76% 

Washington/ western (Storm and Stellini 1994) 17 88%a 

Washington (Kunz et al. 1988) 35 74% 

Oregon/ Portland metro area (Shaich and 
Franklin 1995) 

90 99% 

California/ southern (Allen and Feddema 
1996) 

75 93% 

California/ Orange County (Sudol and 
Ambrose 2002)  

57 96%a 

Michigan (Michigan Department of 
Environmental Quality 2000) 

159 85% 

Indiana (Robb 2002) 333 64% 

Massachusetts (Brown and Veneman 2001)b 109 77% 

Tennessee (Morgan and Roberts 1999) 100 47% 

Florida (Erwin 1991) NA ~40% c 
a Calculated from data provided. 
b Five projects did not result in wetland impact and were subtracted from the project total.  Results were 
recalculated from the data provided. 
c “Out of more than 100 permitted projects requiring wetland mitigation only 40 had undertaken any 
mitigation activity.” 

6.4.3 Installation According to Plan 

Another aspect of determining mitigation compliance is evaluating whether a mitigation 
project has been installed according to its approved plan.  When compensatory wetland 
mitigation is necessary to offset proposed wetland losses, regulatory staff generally 
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require a wetland mitigation plan.  The mitigation plan should provide specific 
information about project construction, including detailed design drawings.  Approval of 
a permit for wetland loss is often contingent upon approval or acceptance of the wetland 
mitigation plan.   

It is commonly assumed that a project will be built exactly as it is designed.  However, 
many factors during construction and installation can influence what is actually built on 
the ground.  Therefore, permit requirements often require (or recommend) submittal of an 
as-built plan or report that documents the final installed conditions of a site after 
construction is complete. When available, as-built drawings are used to document the 
baseline conditions for monitoring of a site.   

Three studies evaluated whether compensation projects were installed according to 
approved plans (Table 6-4).  Results from both Washington and New Jersey indicate that 
more than half of the compensatory mitigation projects were installed according to 
requirements (Johnson et al. 2000, Balzano et al. 2002).  Johnson et al. (2000) found that 
55% of the projects were installed to plan.  For those that submitted an as-built plan or 
report, 88% of the projects were installed according to plan.  A study in Oregon, 
however, determined that none of the projects were implemented according to plan 
(Gwin and Kentula 1990).  All three studies mentioned grading and vegetation as the 
elements of the plan that were not implemented according to the approved plan.   

It can be hypothesized that the divergent results noted in the studies above might be the 
result of an increase of knowledge and expertise over time.  For instance, the projects 
reviewed by Gwin and Kentula (1990) were designed, permitted, and constructed in the 
early 1980s.  Since that time much has been learned by those who design, construct, and 
regulate compensatory mitigation projects.  It is possible that improved designs, 
experience and skill in implementing the designs, and improved regulatory follow-up 
have resulted in a higher percentage of projects being installed according to plan by the 
mid- to late 1990s.  The current scientific literature does not address this possibility.   

Table 6-4.  Percent of compensatory mitigation projects installed according to plan. 

Location of Study and 
Reference No.  

No. of Projects 
Evaluated 

Percent 
Installed to 
Plan 

Aspects Not Installed to Plan 

Washington (Johnson et 
al. 2000) 

42 55% Mainly vegetation, also grading, misc. 
plan elements (e.g., fences, signs) 

Oregon/ Portland metro 
area (Gwin and Kentula 
1990) 

11 0% Size, shape, slopes, and vegetation 

New Jersey (Balzano et 
al. 2002) 

88 56% Incorrect elevations, sizes, and/or shapes 
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6.4.4 Establishment of Wetland Acreage 
Compensatory wetland mitigation projects are intended to compensate for the loss of 
wetland area and functions.  Hence, permits and mitigation plans often identify a specific 
acreage of compensation required to offset those losses.  Establishing the required 
acreage is therefore an important criterion of regulatory compliance.  (Functions provided 
by compensatory mitigation projects are discussed in Section 6.8.) 

Thirteen studies examined compensatory wetland mitigation sites to determine if the 
acreage of wetlands required by the permits had been established (Table 6-5).  The 
studies presented the data from these investigations in two ways.   

• The percentage of projects establishing the required wetland acreage.  
Researchers determined if each project met its required wetland acreage, then 
reported how many projects actually met the wetland acreage requirement as a 
percentage of the total number of projects considered. A few studies mentioned a 
specific threshold, such that a project had to be smaller than required by a specific 
acreage or percentage in order to fail to meet its wetland area (Brown and 
Veneman 2001, Johnson et al. 2002, Morgan and Roberts 2003).   

• The percentage of compensatory wetland acreage established.  Researchers 
determined the total acreage of compensatory mitigation that was verified as 
wetland for all the projects considered.  The study then reported the total acreage 
of wetland compensation that was established as a percentage of the total acreage 
that was required for all the projects considered.   

Over half of projects achieved the required wetland area in Washington and Oregon 
(Shaich and Franklin 1995, Johnson et al. 2002).  In fact, the majority of studies 
determined that about half of the compensation projects established the required acreage 
of wetland.  However, three studies found that less than 30% of projects met their acreage 
requirements (McKinstry and Anderson 1994, Balzano et al. 2002, Morgan and Roberts 
2003).  In New Jersey only 7% of projects achieved the wetland acreage requirements 
(Balzano et al. 2002).   

For the total acreage of wetland achieved versus required, a study from Washington 
determined that 84% of the required acreage of compensatory wetlands was established 
(Johnson et al. 2002), while a study in Oregon found about 70% of the required wetland 
acreage was established (Gwin and Kentula 1990).  Results from other states indicated 
between 44 and 74% of the required wetland acreage had been established.   

Why is there a discrepancy between the percent of projects achieving acreage and the 
percentage of total acreage established?  New Jersey, for example, found that only 7% of 
compensation projects achieved the required wetland acreage, yet 63% of the total 
required wetland acreage was established.  It can be hypothesized that this is due to 
small, individual projects that establish a portion of the required acreage but fall short of 
the total amount required.  For example, a site that was required to provide 1 acre of 
mitigation but only provided 0.8 acre would not meet the acreage criteria.  However, the 
0.2-acre difference may represent a very small fraction of the total acreage of 
compensation evaluated for a large study, thereby affecting the total acreage percentage 
very little.   
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Table 6-5.  Establishment of required wetland acreage. 

Location of Study  No. of Projects 
Evaluated 

% of Projects Achieving 
Required Wetland Area 

% of Required Wetland Area 
that Was Established 

Washington (Johnson et 
al. 2002)a 

24 58% 84% 

Oregon/Portland metro 
area (Shaich and 
Franklin 1995)b 

72 53% e NA 

Oregon/Portland metro 
area (Gwin and Kentula 
1990) 

11 NA 71% 

California/southern 

(Allen and Feddema 
1996)c 

75 NA 69% 

California/Orange 
County (Sudol and 
Ambrose 2002) 

55 52% NA 

Wyoming (McKinstry 
and Anderson 1994) 

64 14% e NA 

New Jersey (Balzano et 
al. 2002) 

85 7% 63% 

Tennessee (Morgan and 
Roberts 1999) 

50 28% 68% 

Ohio (Wilson and 
Mitsch 1996) 

5 40% 66% 

Indiana (Robb 2002) 31 NA 44% 

Michigan (Michigan 
Department of 
Environmental Quality 
2000) 

159 50% NA 

Massachusetts (Brown 
and Veneman 2001)d 

109 46% NA 

Florida (Erwin 1991) NA NA 74% 

NA= information not available 
a West of the Cascades, projects established 92% of the required acreage; east side projects established 25% 
of the required acreage.   
b Compensation wetlands were 16 acres (6.5 ha) short of the 69 acres required.   
c Projects > 8.5 acres (3.4 ha) resulted in a net gain of 17 acres (6.9 ha) of wetland area, while projects 
< 8.5 acres resulted in a net loss of almost 25 acres (10 ha).   
d Five projects did not result in wetland impact and were subtracted from the project total. Results were 
recalculated from the data provided. 
e Calculated from data provided. 
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6.4.5 Attainment of Goals, Objectives, and  
Performance Standards 

Another critical component of compliance for a compensatory wetland mitigation project 
is determining whether the project has met its goals, objectives, and/or performance 
standards.  Goals, objectives, and performance standards are generally included as part of 
an approved wetland mitigation plan.  Goals and objectives are intended to provide a 
blueprint for what the project proposes to accomplish in terms of anticipated wetland 
type, specific habitat, functions, and/or values.  The performance standards are intended 
to provide measurable criteria to determine if the project has accomplished its goals and 
objectives (Hruby et al. 1994, Ossinger 1999).   

Two separate factors were investigated in the studies reviewed:   

• Whether a project had goals, objectives, and performance standards 

• Whether projects were meeting their goals, objectives, and performance standards 

Data in Table 6-6 indicate that at least three-quarters of projects had goals, objectives, or 
both (Erwin 1991, Storm and Stellini 1994, Johnson et al. 2002).  However, fewer 
projects met the goals/objectives (10 to 38%) according to the two studies that reported 
this information (Erwin 1991, Johnson et al. 2002).   

In general, performance standards were specified less frequently than goals and 
objectives, though at least half of the projects had them (Erwin 1991, Storm and Stellini 
1994, Mockler et al. 1998, Johnson et al. 2000, Cole and Shafer 2002).  Two studies 
conducted in Washington determined that 21% of projects met their performance 
standards (Mockler et al. 1998, Johnson et al. 2002), while a third study from Washington 
found that 35% of projects met performance standards (Johnson et al. 2000).   

A review of the articles suggests that the percent of projects with performance standards 
increased with more recent projects.  For example, Storm and Stellini (1994) and Cole 
and Shafer (2002) evaluated compensation projects that were permitted in the mid to late 
1980s or early 1990s.  Performance standards may not have been as rigorously required 
(Cole and Shafer 2002) or they may not have been specifically identified as performance 
standards.  For example, of 10 projects that did not contain performance standards, 30% 
were permitted in the late 1980s and 80% were permitted prior to 1995, while 20% were 
permitted in the late 1990s (Cole and Shafer 2002).   

Data suggest (Table 6-6) that the more recent projects did not appear any more likely to 
meet performance standards than earlier projects (Mockler et al. 1998, Johnson et al. 
2000, Cole and Shafer 2002, Johnson et al. 2002).  Some believe that performance 
standards have become more rigorous overtime, and more recent projects have been held 
to a higher standard.   Cole and Shafer (2002), however, did not find that performance 
standards noticeably changed in terms of content from projects permitted in the late 
1980s to the late 1990s.  Therefore, one can conclude that the year of permitting does not 
appear to be a factor in whether projects met their performance standards.   

More information on performance standards is provided in Section 6.10.4.   
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Table 6-6. Attainment of goals, objectives, and performance standards.   

Location of 
Study  

No. of Projects 
Evaluated 

% of Projects 
w/ Goals or 
Objectives 

% of Projects 
w/ Performance 
Standards 

% of Projects 
Meeting Goals 
or Objectives 

% of Projects 
Meeting 
Performance 
Standards 

Washington 
(Johnson et al. 
2000) 

34 NA  87%a NA 35% 

Washington 
(Johnson et al. 
2002) 

24 92%  NA 38% 21% 

Washington/ 
King County 
(Mockler et al. 
1998) 

29 NA  100% NA 21% 

Washington/ 
western (Storm 
and Stellini 
1994) 

17 76%  53% NA NA 

Pennsylvania 
(Cole and 
Shafer 2002)  

23 NA  57%  NA 62% 

Florida (Erwin 
1991) 

40 85%  60%  10% NA 

NA = information not available. 
a Calculated from data provided. 

6.4.6 Monitoring 

To determine if a compensatory wetland mitigation project is in compliance, it is 
necessary to monitor the project over time.  Monitoring requirements are typically 
identified in the wetland mitigation plan.  The duration, frequency, and methods of 
monitoring should depend on the goals, objectives, and performance standards for the 
project.   

Monitoring is the process through which data about site conditions is gathered. 
Monitoring data is used to determine whether a project is achieving its performance 
standards, and therefore its goals and objectives, within a predicted timeframe.  
Monitoring also provides critical information about whether a site requires maintenance 
or contingency actions.  Monitoring is therefore essential for a project to achieve 
compliance.   

The studies investigating whether compensatory wetland mitigation projects were 
required to be monitored and whether monitoring actually occurred are summarized in 
Table 6-7.  In general, studies conducted more recently found that monitoring was 
required for a greater percentage of projects.  Data from four studies indicate monitoring 
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was required for at least three-fourths of projects (Erwin 1991, Morgan and Roberts 
1999, Johnson et al. 2000, Michigan Department of Environmental Quality 2000).  The 
remaining two studies, which examined compensation projects permitted in the late 
1980s and early 1990s, found that monitoring was required for a third to half of projects 
(Holland and Kentula 1992, Storm and Stellini 1994).   

Less than half of the projects had monitoring data.  However, the studies did not 
determine whether the monitoring was not conducted or whether there was simply no 
record of the monitoring reports on file with the regulatory agencies.  Since over half of 
the studies mentioned difficulty finding complete project information from the agency 
files (Storm and Stellini 1994, Morgan and Roberts 1999, Johnson et al. 2000, Cole and 
Shaffer 2002), it is possible to conclude that monitoring reports may have been submitted 
to the appropriate agencies but the reports were lost due to a lack of follow-up and poor 
file maintenance.   If monitoring is not conducted there is no means to trigger 
maintenance or contingency actions.  The consequence of inadequate follow-up by 
regulatory agencies is discussed in Section 6.4.8.   

Table 6-7.  Percent of projects requiring monitoring and those actually monitored. 

Location of Study  % of Projects Requiring 
Monitoring 

% of Projects Monitored 

Washington (Johnson et al. 2000) 71% 33% 

Washington/ western (Storm and 
Stellini 1994) 

53% 18% 

California (Holland and Kentula 
1992) 

32% NA 

Michigan (Michigan Department 
of Environmental Quality 2000) 

87% 35% 

Pennsylvania (Cole and Shafer 
2002) 

NA <10% 

Tennessee (Morgan and Roberts 
1999) 

89% 43% 

Florida (Erwin 1991) 98% 38%a (62%) b 
a Represents projects that were adequately monitored.   
b Calculated  from Erwin (1991) indicating all projects that received some level of monitoring. 
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6.4.7 Maintenance 

Compensatory wetland mitigation sites require maintenance to help ensure that goals and 
performance standards will be achieved.  Maintenance includes implementing corrective 
actions to rectify problems, such as an insufficient water supply or inappropriate water 
regime, invasive species infestation (e.g., reed canarygrass, bull frogs), trash, vandalism, 
or anything else that may result in non-compliance with permit requirements.  Johnson et 
al. (2002) observed that a lack of maintenance was one of the main reasons for poor 
success of mitigation projects.   

Results revealed that permitting agencies did not require all compensation projects to 
provide maintenance.  Studies discovered that permits required site maintenance for 41 to 
78% of projects (Erwin 1991, Storm and Stellini 1994, Michigan Department of 
Environmental Quality 2000).  However, even fewer projects (20 to 60%) complied with 
their maintenance requirements (Erwin 1991, Michigan Department of Environmental 
Quality 2000).   

The research did not investigate the reasons for low compliance with maintenance 
provisions.  One may assume that it is linked to inadequate monitoring, lack of regulatory 
follow-up, or a lack of cooperation from the owner of the site.   

6.4.8 Regulatory Follow-Up 

Once compensatory wetland mitigation is required, it is the responsibility of the 
regulatory agencies to track the project over time and determine if it complies with permit 
requirements.  A regulatory agency follows up on compensatory mitigation projects by:   

• Ensuring that the compensation project is constructed as designed and approved, 
or that the applicant documents, through “as-built” reports why approved plans 
were modified during installation 

• Ensuring that required monitoring reports are submitted on schedule 

• Performing site visits to confirm monitoring results and attainment of 
performance standards 

• Ensuring maintenance actions are undertaken on schedule 

• Ensuring that appropriate contingency measures are enacted 

• Ensuring the compensation site is protected over the long-term (i.e. through a 
legal protection mechanism such as a conservation easement) 
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Studies in Washington and Oregon indicated that about half of compensatory wetland 
mitigation projects received some regulatory follow-up in the form of site visits, phone 
calls, or letters (Kentula et al. 1992, Johnson et al. 2002).  In Michigan only about a 
quarter of projects received any kind of follow-up after the permit was issued (Michigan 
Department of Environmental Quality 2000).   

A few studies also examined the effect of regulatory follow-up on project compliance, 
success, or both.  Robb (2002) alluded to the fact that the high number of non-compliant 
compensation projects resulted from a lack of follow-up and enforcement actions.  In 
Washington a study noted that all of the projects lacking regulatory follow-up were either 
minimally or not successful, while two-thirds of the projects receiving some kind of 
follow-up were either fully or moderately successful (Johnson et al. 2002).   

One team of researchers observed:   

The most ecologically successful sites were generally those that had 
received follow-up work in the form of maintenance, replanting, or 
improvements to grading or water control structures in accordance with 
recommendations made by NJDEP [New Jersey Department of 
Environmental Protection] and other regulatory agencies after initial 
compliance inspections revealed problems (Balzano et al. 2002).   

Studies indicated that regulatory follow-up can help to ensure the success of 
compensation sites (Johnson et al. 2002, Balzano et al. 2002). It is assumed that 
applicants will be more likely to abide by permit requirements and submit monitoring 
reports if regulatory agencies are actively following up on projects. Since monitoring 
reports are meant to identify what is working and where there are shortfalls, maintenance 
actions can be initiated or contingency measures can be triggered to correct the shortfalls 
and problems as soon as possible. Therefore, one can conclude that agency follow-up 
improves the compliance and success of compensation projects. 

6.4.9 Summary of Key Points 

• Most compensatory wetland mitigation projects were installed.  However, 
compliance levels overall were generally low.   

• Two out of three studies found that more than half of projects were installed 
according to plan.  Projects not installed to plan most often did not comply with 
grading and vegetation requirements.   

• The majority of studies found that about 50% of projects achieved their required 
wetland acreage.   

• Even if individual projects did not fully achieve their required acreage, most 
studies found that at least 66% of the overall required acreage of compensation 
had been established.   
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• The requirement for monitoring as a regulatory condition seems to be increasing 
in more recent studies (30 to 50% in the early 1980s; 75% in more recent studies).   

• Over 50% of the studies noted that it was difficult to find complete project files, 
thereby making it difficult to document if monitoring was occurring or being 
tracked by regulatory staff.   

• The research found that 41 to 78% of projects required maintenance; however, 
only 20 to 60% of projects complied with maintenance requirements.   

• Studies in Washington and Oregon found that approximately half of projects 
received some regulatory follow-up.   

• Two studies suggested that follow-up had a positive influence on the level of 
compliance and success for compensatory wetland mitigation projects. 

How is compensatory wetland mitigation doing in Washington?* 

Five studies of compensatory wetland mitigation have focused on projects in Washington 
State during the past decade1.  The studies examined success, ecological functioning, 
permit compliance, and achievement of required wetland area, though not all studies 
looked at the same factors in the same way.  The results suggest that compensatory 
mitigation in Washington is neither fully successful nor completely unsuccessful. 

Most studies found that less than half of wetland compensation projects are fully 
effective.  In the most recent and comprehensive evaluation of compensation projects, 
Johnson et al. (2002) found that 13% of compensatory wetland mitigation projects were 
fully successful and 33% were moderately successful.  In western Washington, Storm and 
Stellini (1994) determined that 24% of compensation projects functioned well.  In King 
County, Mockler et al. (1998) indicated that 3% of projects replaced lost wetland 
functions. 

In terms of compliance, Johnson et al. (2000) determined that 29% of projects were in 
full compliance, while for King County Mockler et al. (1998) found that 21% of projects 
were meeting their required performance standards. 

Kentula et al. (1992) examined Section 404 permit decisions for Washington from 1980 
through 1986.  Data indicated that permit decisions resulted in a wetland loss of 40 acres 
(16 ha).  Johnson et al. (2002) determined that 24 acres (10 ha) of wetland were lost due 
to projects that did not successfully establish wetland area and the frequent use of 
existing wetlands for enhancement. 
1All studies, except Kentula et al. (1992), sampled a sub-set of the applicable mitigation projects.   
*Results have been simplified for this summary.  Please refer to Sections 6.3 and 6.4 for complete 
information.   
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6.5 Types of Compensatory Mitigation 
When discussing compensatory mitigation it is important to have a common 
understanding of the types of compensation that can be used to mitigate for wetland 
losses.  This is difficult because various agencies and organizations often define types of 
compensation differently (Morgan and Roberts 1999). An added difficulty is that each 
type of compensation represents a range of activities on a continuum rather than a distinct 
procedure.   

This section describes several types of compensatory mitigation:   

• Restoration 

• Creation 

• Enhancement/exchange 

• Preservation  

• Mixed compensatory mitigation 

• Wetland mitigation banking 

• In-lieu fee programs 

Definitions given to each of the mitigation types are discussed below, followed by a 
description of how frequently each type is used and its relative effectiveness.   

6.5.1 Restoration 

Of the types of compensation, restoration has the widest variety of definitions.  The most 
general is the reestablishment of wetland conditions (i.e., area, functions, and values) at a 
location where they formerly existed but no longer exist (Johnson et al. 2000, Jones and 
Boyd 2000).  Activities associated with this definition could include removing fill 
material, plugging ditches, or breaking drain tiles.  Other definitions involve returning a 
site to some historic condition.  The following are examples of other definitions.   

• Re-establishing historic hydrologic processes (National Research Council 2001) 
or hydrogeomorphic (HGM) classes (Johnson et al. 2000).  Activities associated 
with this definition typically involve removing a levee or breaching a dike to 
reconnect an area to the floodplain or to tidal influence.   

• “Return of an ecosystem to a close approximation of its condition prior to 
disturbance (NRC 1992).  Restoration requires knowledge of the wetland type 
prior to disturbance and has the goal of returning the wetland to that type” (Gwin 
et al. 1999).   

• Returning an altered wetland “to a previous, although altered condition (Lewis 
1990)” (Gwin et al. 1999).   

• “The process, or the result of the process of returning an area or ecosystem to 
some specific former condition” (Munro 1991).   
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Perhaps as a result of the numerous definitions, confusion about what constitutes 
restoration versus other types of compensatory mitigation can occur in regulatory permits 
and mitigation plans.  The last three definitions in the list above could just as easily 
describe enhancement activities.  For example, planting trees in a degraded wet pasture, 
often considered enhancement, could be an attempt to return an ecosystem (the pasture) 
to an approximation of its prior condition (forested wetland).   

In their study of compensatory wetland mitigation projects in Tennessee, Morgan and 
Roberts (1999) mentioned that several projects were classified as restoration.  Based on 
the activities specified, however, enhancement would have been a more appropriate term.  
Similar confusion occurred between restoration and creation. As a result of this 
confusion, the effectiveness of restoration, as a type of compensation, is difficult to 
assess.   

6.5.1.1 Use of Restoration 

For compensatory mitigation, restoration is often cited as the highest priority or most 
recommended type of compensation “because it offers the highest probability of success 
(Kruczynski 1990, Kusler and Kentula 1990, USDA-SCS 1992)” (Morgan and Roberts 
1999).  In addition, the National Academy of Sciences recommended restoration over 
creation.  “Restoration of wetlands has been observed to be more feasible and sustainable 
than creation of wetlands” (National Research Council 2001).   

This emphasis on restoration is not reflected in the number of freshwater, compensatory 
restoration projects implemented on the ground.  Restoration tends to be one of the least 
utilized types of compensation (Jones and Boyd 2000).  In fact, two studies mentioned 
that none of the projects involved restoration (Shaich and Franklin 1995, Gwin et al. 
1999).  Most of the studies that specifically mentioned the number or percentage of 
projects using a particular type of compensation found that 20 to 30% of projects 
involved some restoration of wetland acreage (Morgan and Roberts 1999, Johnson et al. 
2000, Johnson et al. 2002).  Projects employing restoration as the sole form of 
compensation are even fewer (Shaich and Franklin 1995, Johnson et al. 2000, Johnson et 
al. 2002).   

In a departure from the other studies, Holland and Kentula (1992) found that 65% of 
permits required restoration.  However, 42% of the compensatory wetlands they looked at 
were estuarine or marine.  If estuarine and marine projects are subtracted, the percentage 
of restored, freshwater wetlands is similar to the other studies.   

Morgan and Roberts (1999) suggest that the lack of compensatory wetland restoration 
projects is due to the fact that “most suitable restoration sites are ‘prior converted’ 
farmland and because sizable acreages are being restored under the Wetland Reserve 
Program . . . sites available for compensatory mitigation may be limited.”  In 
Washington, however, the authors of Volume 1 believe that restoration is used 
infrequently because most wetland impacts are relatively small (less than 2 acres [0.8 
ha]), and it is very difficult to find restoration opportunities for small sites that are not 
cost prohibitive.  Restoration is typically most feasible and cost effective if done over a 
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The U.S. Army Corps of Engineers’ 
Regulatory Guidance Letter -02-2 uses 
the term establishment rather than the 
previously accepted term creation.  
Federal agencies, as well as the 
Department of Ecology, have started 
using the term establishment.  
However, this document synthesizes 
studies and documents written before 
this regulatory guidance letter was 
produced.  Therefore, this document 
uses the term creation rather than 
establishment.   

large area.  In addition, some regulatory requirements, particularly for local governments, 
direct applicants to provide compensation on-site, which often precludes an opportunity 
for restoration.   

6.5.1.2 Effectiveness of Restoration 

While it is widely stated that restoration is the most effective approach, the data to 
substantiate this claim are sparse.  Studies indicate that there is a limited use of 
restoration for compensatory mitigation in freshwater wetlands.  Thus, there is a 
substantial lack of data with which to evaluate its effectiveness as a type of 
compensation.   

In Washington Johnson et al. (2000) found that one of three restoration projects was in 
full compliance.  Johnson et al. (2002) found that one of two restoration projects 
established the required acreage of wetland and was fully successful.  In Florida, Erwin 
(1991) found that restoration successfully established 88 acres (36 ha) more wetland area 
than was required.  The limited existing data appear to suggest that when wetlands are 
restored, they are relatively effective at compensating for permitted losses.   

6.5.2 Creation 

It is generally agreed that creation involves establishing wetland conditions (area, 
functions, and values) in a location where wetland conditions previously did not exist 
(Johnson et al. 2000) or “that was not a wetland in the recent past (within the last 100-
200 years) (Kruczynski 1990, Lewis 
1990)” (Gwin et al. 1999).  “Typically, 
a wetland is created by excavation of 
upland soils to elevations that will 
support the growth of wetland species 
through the establishment of an 
appropriate hydroperiod (Kruczynski 
1990, Lewis 1990)” (Gwin et al. 1999).   

Gwin et al. (1999) made a distinction 
between creating a wetland that is 
isolated from existing wetlands 
(creation) and creating a wetland that is 
immediately adjacent to an existing 
wetland, thereby enlarging the existing 
wetland (expansion).  No other studies 
made this distinction.   
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6.5.2.1 Use of Creation 

Seven studies discussed how frequently creation was required as compensation.  All 
noted that at least 30% and in some cases more than half of compensatory wetland 
projects were created or involved some creation (Holland and Kentula 1992, Shaich and 
Franklin 1995, Gwin et al. 1999, Morgan and Roberts 1999, Johnson et al. 2000, Jones 
and Boyd 2000, Johnson et al. 2002).   

6.5.2.2 Effectiveness of Creation 

In Washington, Johnson et al. (2000) found that 10% of created wetlands were in 
compliance.  Seventy percent of creation projects established the required acreage of 
wetland, and 60% of created projects were either fully or moderately successful (Johnson 
et al. 2002).   

In other states, however, created wetlands did not perform as well.  Creation projects 
failed to establish 527 acres (213 ha) of required wetland area in Florida (Erwin 1991).  
In Tennessee, Morgan and Roberts (1999) found, “Most creation projects…were only 
partially successful because they failed to develop wetland characteristics throughout…  
Problems with created wetlands were numerous and involved both site design and 
vegetation establishment.”   

The results on the effectiveness of creation are mixed.  Though projects in Washington 
have poor compliance, other aspects of effectiveness are relatively good.  However, other 
states found poor effectiveness for created wetlands. The data therefore suggest that 
further study is warranted.   

6.5.3 Enhancement/Exchange 

Enhancement involves modifying a specific structural feature of an existing degraded 
wetland to improve one or more functions or values based on management objectives 
(Gwin et al. 1999, Johnson et al. 2000).  Enhancement typically consists of:   

• Planting vegetation 

• Controlling non-native, invasive species 

• Modifying site elevations or the proportion of open water to influence 
hydroperiods 

Gwin et al. (1999) defined exchange as:   

Enhancement taken to the extreme (Kruczynski 1990), with most or all of 
the wetland converted from one type to a different type.  For example, 
resource managers may intend to enhance habitat value for waterfowl by 
excavating an area of open water within an existing emergent marsh.  
However, if the open water area replaces the emergent wetland or a large 
proportion of it, wetland types have been exchanged.   
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Because enhancement involves altering an existing wetland to compensate for the loss of 
other wetlands, the scientific literature mentions three main concerns regarding its use.   

• Enhancement fails to replace lost wetland area (Shaich and Franklin 1995, 
Morgan and Roberts 1999).  For this reason, the state of Michigan does not allow 
the use of enhancement for compensatory mitigation (Michigan Department of 
Environmental Quality 2000).   

• Enhancement may fail to replace wetland functions, since “a positive change in 
one wetland function may negatively affect other wetland functions (Kruczynski 
1990, Lewis 1990)” (Gwin et al. 1999).  In addition, “there commonly is 
disagreement about whether or not the practice implemented actually enhances 
conditions at a site” (Morgan and Roberts 1999).   

• Enhancement may result in a conversion of HGM and/or Cowardin classes, 
typically producing a compensation wetland without natural analogues (Shaich 
and Franklin 1995, Gwin et al. 1999, Johnson et al. 2002).  When enhancement is 
used for compensation in such cases:   

A single Section 404 decision results in the destruction of the wetland for 
which the permit was issued, along with the conversion of a second 
wetland to a different, often atypical, HGM type.  This ‘double whammy’ 
means that exchange [enhancement] explicitly does not fulfill the objective 
of ‘no-net-loss’ of wetlands but, instead, ensures loss of wetland area, 
additional wetland disturbance, and changes in overall ecological 
function (Gwin et al. 1999).   

6.5.3.1 Use of Enhancement 

Studies indicated that more than one-third of compensation projects used enhancement of 
existing wetlands as compensatory mitigation (Shaich and Franklin 1995, Gwin et al. 
1999, Morgan and Roberts 1999, Johnson et al. 2000, Johnson et al. 2002).   

6.5.3.2 Effectiveness of Enhancement 

The effectiveness of enhanced compensation wetlands was evaluated by only two studies, 
both conducted in Washington.  The researchers found less than 13% of enhanced 
wetlands were in complete compliance, while 56% of enhanced wetland projects met the 
requirement for acreage of compensation.  (For projects that proposed to enhance existing 
wetlands, establishing the required acreage of wetland compensation entailed 
implementing the proposed actions to enhance the mitigation site.)  Furthermore, none of 
the enhanced compensation wetlands were fully successful, while 89% were minimally or 
not successful (Johnson et al. 2000, 2002).  For more information refer to Section 6.3.1 
and Table 6-1.   

Johnson et al. (2002) suggested two main reasons for the low level of success among 
enhancement projects.   
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• The enhancement project did not achieve the proposed vegetative structure, 
diversity, or both (the planted trees and shrubs did not survive or did not grow).  
Thus the project did not establish the required acreage of compensation, did not 
meet performance standards, or both.   

• The enhancement project achieved the proposed structure/diversity, but despite 
this, it did not adequately compensate for the wetlands lost because the 
contribution of the enhancement to the performance of wetland functions was 
low.   

The enhanced wetlands evaluated by Johnson et al. (2002) were all in the ground for less 
than eight years.  Their study confirmed that for the projects they evaluated, eight years 
was not sufficient time to achieve the structural and species complexity of shrub and 
forested habitats.  When structurally complex habitats are the goal of a compensatory 
mitigation design, studies continue to show that longer timeframes are necessary to begin 
to provide some of the attributes of those functions (National Research Council 2001).  If 
structurally complex habitats are altered, it is possible to conclude that the delay in 
replicating those functions results in a prolonged temporal loss of functions on the 
landscape.  This is equally true for projects proposing to restore or create wetlands.   

Wetland creation vs. enhancement: Which contributes greater functions? 

Johnson et al. (2002) determined that created wetlands were significantly more successful than 
enhanced wetlands.  These researchers assessed the potential of compensation wetlands to 
perform wetland functions.  They then determined how much the activities associated with the 
type of compensation contributed to, or improved, the level of wetland function.  For 
creation/restoration projects it was assumed that if wetland conditions were achieved then the 
compensation activities were responsible for providing the assessed level of wetland functions.  
Enhanced wetlands performed some wetland functions prior to implementation of compensation 
activities.  The authors believed it was important to determine how much enhancement activities 
contributed to, or improved, the level of performance of functions at a compensation wetland.  
The authors believed this was particularly important since enhancement, as a compensation tool, 
is based on improvement of wetland functions.   

The study compared the contribution of created sites and enhanced sites for three function 
categories.  Results indicated that over half of the created sites provided high or moderate 
contributions to wildlife habitat, water quality, and water quantity functions.  Over half of the 
enhancement projects provided minimal to no contribution to wetland functions.  The vast 
majority of enhancement actions were targeted at improving wildlife habitat functions.  However, 
the enhanced wetlands were typically surrounded by development and lacked the buffers and 
connectivity necessary to improve habitat for most wildlife.  In addition, most of the wetlands 
that were enhanced already provided some water quality functions.  Thus, creation of wetlands 
provided a significantly greater contribution to the performance of water quality functions than 
enhancement of wetlands.  Contribution to wetland functions was one element of overall success.   

It is important to note that many created wetlands and some enhanced wetlands resulted in 
Cowardin and hydrogeomorphic (HGM) classes that were not typical for the landscape.  This is 
discussed in more detail in Sections 6.8.2.2 and 6.8.5.1, respectively.  Also, because enhancement 
provides less gain in function per acre than creation or restoration, replacement ratios are 
generally higher; refer to Section 6.6 for more information.   
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6.5.4 Preservation  

Preservation means “the protection of an existing and well-functioning wetland from 
prospective future threats” (National Research Council 2001). Preservation, therefore, 
provides the opportunity to protect wetland areas that might otherwise be in jeopardy.  
Like enhancement, preservation does not produce any new wetland acreage; for that 
reason, some concerns have been raised regarding its use as compensation for permitted 
wetland loss.   

• Preservation results in a net loss of wetland acreage.   

• Preserved wetlands are generally not large enough to protect ecosystems and 
biodiversity over the long term (Whigham 1999).   

• Preserved areas may not be checked by regulatory agencies to verify that they 
contain the specified acreage of wetland.  For example, Morgan and Roberts 
(1999) observed that one of the larger preserved wetlands in their study was 
predominantly upland and “did not meet the criteria for being considered a 
jurisdictional wetland.”   

On the other hand, if an area can be verified as wetland, “Preservation of an existing 
wetland removes the uncertainty of success inherent in a wetland creation or restoration 
project and requires no construction to complete” (Washington State Department of 
Transportation 1999).  Preservation, therefore, eliminates the risk of failure and temporal 
loss of wetland functions since the preserved area is already an existing wetland.   

6.5.4.1 Use of Preservation 

The studies generally found that preservation was required as compensation for less than 
one-quarter of projects (Holland and Kentula 1992, Morgan and Roberts 1999, Johnson et 
al. 2000, Jones and Boyd 2000).  Preservation generated about 2% of the compensatory 
wetland acreage in a study from San Francisco, California (Breaux and Serefiddin 1999).  
A report from the Washington State Department of Transportation (1999) indicated that 
76% of state transportation departments in the United States use preservation as at least 
one component of compensatory mitigation and 38% use it as a stand-alone form of 
compensation.   

6.5.4.2 Effectiveness of Preservation 

There is a general lack of information about the effectiveness of preservation.  Only one 
study examined the effectiveness of preservation as a type of compensatory mitigation.  
In Washington, Johnson et al. (2000) determined that all four of the projects involving 
preservation as the sole form of compensation were in compliance.  Compliance for 
preservation projects entailed verifying that the area was preserved and free from 
development and that a deed restriction or conservation easement was in place to legally 
protect the parcel from future development.   
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6.5.5 Mixed Compensatory Mitigation  

Mixed projects involve more than one type of compensatory mitigation.  For example, a 
common proposal in the Pacific Northwest entails enhancing an existing wetland and 
creating additional wetland area immediately adjacent to it.  Mockler et al. (1998) 
observed, “most sites consist of creation—a small pool graded for open water and 
emergents—and enhancement, typically of wetland buffer.”  Mixed compensation, 
however, can also occur on separate sites, such as a created wetland adjacent to the 
development site and a preserved wetland some distance away.   

Several studies identified mixed compensation projects (Mockler et al. 1998, Gwin et al. 
1999, Johnson et al. 2000, Johnson et al. 2002).  For their studies of compensation 
wetlands, Mockler et al. (1998) and Johnson et al. (2002) classified compensation 
wetlands according to their dominant type of compensation.  However, some projects 
lacked sufficient information to make this determination, while other projects lacked 
dominance by any one type of compensation.   

6.5.5.1 Use of Mixed Compensation Projects 

In the six studies that discussed how frequently mixed compensatory mitigation was 
required, results ranged from 13% (Johnson et al. 2002) to 43% (Johnson et al. 2000).  
Most studies found that mixtures were used for less than a third of projects (Holland and 
Kentula 1992, Shaich and Franklin 1995, Gwin et al. 1999, Morgan and Roberts 1999).   

6.5.5.2 Effectiveness of Mixed Compensation Projects 

Only two studies, both from Washington, examined the effectiveness of projects utilizing 
a mixture of compensation types.  Johnson et al. (2000) found that 32% of mixed projects 
were in compliance.  Johnson et al. (2002) determined that all of the mixed projects were 
moderately successful.   

6.5.6 Wetland Mitigation Banking 

Mitigation banking is defined as “the practice of restoring, creating, enhancing, or 
preserving off-site wetland areas to provide compensatory mitigation for authorized 
impacts to wetlands” (Environmental Law Institute 2002).  Wetland banking provides an 
alternative to traditional, concurrent, compensatory wetland mitigation, and its 
acceptance and use continue to grow.   

Typically a public agency, organization, or private entrepreneur establishes a bank on a 
large area to be used to compensate for a number of smaller wetland impacts.  Banks are 
generally established as compensation in advance of authorized impacts to wetlands at 
another site.  One may conclude that this practice could provide advantages over 
traditional compensatory mitigation by reducing the temporal loss of wetland functions.   
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6.5.6.1 Use of Wetland Banking 

Mitigation banking was used for about 7% of Section 404 permits in California issued 
from 1971 to 1987 (Holland and Kentula 1992).  For permits issued from 1996 to 1998 
which required mitigation, the Corps District of Norfolk, Virginia reported about 10% of 
projects purchased bank credits for use as compensation (Jones and Boyd 2000).   

By the beginning of 1996, Brown and Lant (1999) determined that 68 banks had been 
established across the country, totaling nearly 41,000 acres (16,590 ha).  A recent survey 
by the Environmental Law Institute (2002) determined that 219 banks had been approved 
across 40 states, totaling more than 139,000 acres (56,250 ha).   Though 22 of the 219 
banks have already sold all their eligible compensatory wetland acreage/credits, the 
remaining 197 banks were active, meaning they had credits/acreage that had not yet been 
purchased for use as compensation (Environmental Law Institute 2002).   

Since wetland bank credits result from one or more of the previously mentioned types of 
compensation, the Environmental Law Institute (2002) investigated how frequently each 
type was used in mitigation banking.  Results indicated that 78% of banks involved 
multiple types of compensation and that enhancement and restoration are the most 
commonly used.  Of the banks that relied on a single type of compensation, about a third 
was restoration; another third was creation, while enhancement and preservation were 
each used on 16% of the banks.   

6.5.6.2 Effectiveness of Wetland Mitigation Banks 

Only one study has examined the effectiveness of wetland mitigation banks.  Brown and 
Lant (1999) examined banks that had been established by the beginning of 1996.  
Overall, they found there would be a net loss of over 21,000 acres (8,450 ha) of wetland 
due to the use of enhancement and preservation at banks.  The authors also discovered 
that eight banks did not provide the functions required or specified, while four banks used 
or sold more acreage for compensation of wetland loss than was eligible from the bank 
(in other words, the bank was overdrawn).   

Wetland mitigation banking is increasingly being used to compensate for wetland losses. 
Yet the only study investigating the effectiveness of banks raises concerns about its use. 
Further study will therefore be critical to determine the level of compliance and success 
of mitigation banks in providing functions.   

Please refer to Section 6.10.6 Mitigation Banking for more information on wetland 
banking as it relates to improving compensatory mitigation.  In addition, the Draft 
Programmatic Environmental Impact Statement: Washington State’s Draft Rule on 
Wetland Mitigation Banking (Driscoll and Granger 2001) contains a more in-depth 
discussion of the issues involved in mitigation banking (available at: 
http://www.ecy.wa.gov/biblio/0106022.html).   
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6.5.7 In-Lieu Fee Programs 

In-lieu fee programs provide an additional option for compensatory mitigation.  They 
allow permit applicants to compensate for wetland losses by paying a fee to a third party 
such as a government agency or conservation organization (U.S. General Accounting 
Office 2001, Environmental Law Institute 2002).  The fees are intended to be used to 
restore, create, enhance, or preserve wetlands (U.S. General Accounting Office 2001).   

Generally, in-lieu fee contributions are collected in advance of wetland losses.  These 
funds are accumulated until they are sufficient to design and implement a wetland 
compensation project (Environmental Law Institute 2002).   

6.5.7.1 Use of In-Lieu Fee Programs 

A recent survey by the Environmental Law Institute (2002) determined there were 87 
active in-lieu fee programs across 27 states.  “Through fiscal year 2000, developers used 
the in-lieu-fee option to fulfill mitigation requirements for over 1,440 acres [583 ha] of 
adversely affected wetlands, and paid over $64.2 million to in-lieu-fee organizations” 
(U.S. General Accounting Office 2001).   

6.5.7.2 Effectiveness of In-Lieu Fee Programs 

Two studies discussed the effectiveness of in-lieu fee programs.  However, neither study 
provided information on the level of compliance or ecological success of these programs.   

A study by the U.S. General Accounting Office (2001) examined the effectiveness of in-
lieu fee programs used by the U.S. Army Corps of Engineers (Corps) to compensate for 
wetland losses permitted through the Section 404 program.  Of the 17 Corps districts 
using in-lieu fees, 65% did not require a specific timeframe for spending or obligating the 
fees received, and a few districts had not spent or obligated any funds though they had 
been collecting fees as compensation for wetland losses for at least three years (U.S. 
General Accounting Office 2001).  The study found that three districts used the fees for 
research and/or education, rather than on-the-ground activities to compensate for wetland 
loss.  In-lieu fee programs in 30% of the districts restored, created, enhanced, or 
preserved wetland acreage equal to or greater than the wetland acreage lost.  The 
remaining districts either had used the fees to implement wetland activities that did not 
compensate for the wetland acreage lost, or they did not have any data (U.S. General 
Accounting Office 2001).   

A study by the Environmental Law Institute found that 45% of in-lieu fee programs 
lacked the data necessary to determine their effectiveness.  In-lieu fees replaced more 
wetland acreage than was lost in 56 programs, while “thirteen in-lieu-fee programs 
reported replacing fewer acres than had been impacted” (Environmental Law Institute 
2002).   

These studies paint a rather grim picture of the effectiveness of in-lieu fee programs as 
compensation for wetland loss.  However, both in-lieu fees and mitigation banking can 
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provide a mechanism to compensate for regulated wetland impacts that are so small they 
currently do not require compensation, because compensation for such small wetland 
losses was not considered viable or practical (Shabman et al. 1993).  In the year 2000 
federal guidance on the use of in-lieu fee arrangements for compensatory mitigation was 
issued, while prior to this there were no federal requirements for in-lieu fee programs 
(Environmental Law Institute 2002). Further study will be needed to ensure that abuses of 
in-lieu fee compensation are not occurring.   

6.5.8 Summary of Key Points 

• The variety of definitions or criteria associated with types of compensatory 
mitigation has led to confusion in permitting and evaluating projects.  For 
instance, comparing the effectiveness of one type of compensation with another is 
impossible when it is not clear if a project involved creation, restoration, 
enhancement, or some combination thereof.   

• Restoration has been recommended as the “highest priority” method for 
compensation.  Research in Washington has found that it is the least used, though 
one of three projects was in compliance and one of two projects was fully 
successful.   

• Creation was used in one-third to one-half of compensation projects.  In 
Washington, 10% of creation projects were in compliance, 60% were at least 
moderately successful.  Studies from other states indicated that creation projects 
experienced major problems such as a failure to establish vegetation and produce 
wetland conditions.   

• Enhancement was used for compensation in more than one-third of compensation 
projects.  Research in Washington found that less than 13% of enhancement 
projects were in compliance. There were no fully successful enhancement 
projects, while 89% were minimally or not successful.   

• The low level of success for enhancement projects was attributed to an inability to 
achieve the proposed vegetative structure/diversity, a minimal gain in functions, 
or both.  This may partially be a factor of time: There will be continued temporal 
loss of some functions until young sites mature to more complex structural 
conditions.   

• Two studies from Washington indicated that mixed compensation projects had a 
higher level of compliance than either creation or enhancement, and all mixed 
projects were moderately successful.   

• Preservation can result in permanent protection of existing wetland resources, but 
compliance was found to be variable.  One study found a large area of preserved 
wetland was actually predominantly upland habitat.  However, a study in 
Washington found that 100% of preservation sites were in compliance.   
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• Studies of wetland mitigation banking and in-lieu fee programs focused on 
whether the goal of preventing the net loss of wetlands had been achieved on 
paper.  The results indicated that a net loss of wetland area was occurring.  A few 
banks were overdrawn, and some of the in-lieu fee programs had not used the 
money collected to implement compensation activities.  No studies determined 
their effectiveness on the ground.   

Does size influence the effectiveness of compensatory wetland mitigation projects? 

Studies of the effect of wetland size on compensation projects revealed mixed results.   

Two studies indicated that larger projects, which probably involved more planning and regulatory 
oversight, had a higher level of compliance (Brown and Veneman 2001) or success (Allen and 
Feddema 1996).  Allen and Feddema (1996) noted that large projects (greater than 8.6 acres 
[3.5 ha]) resulted in a net gain of wetland acreage, while the smaller projects resulted in a net loss 
of wetland acreage.  Though Brown and Veneman (2001) indicated larger projects had a higher 
level of compliance, larger projects were no more successful at replacing the plant communities 
or wildlife functions that were lost than the smaller compensation wetlands.   

Two other studies determined that no statistically significant correlation existed between wetland 
size and compliance or success (Balzano et al. 2002, Johnson et al. 2002).  Raw data from 
Johnson et al. (2002) implied that compensatory mitigation projects 5 acres (2 ha) or larger were 
less successful than smaller projects.  Balzano et al. (2002) found that larger compensation 
wetlands tended to be more successful at establishing the required wetland acreage.  However, 
this trend was attributed to one large site (over 40 acres [16 ha]) that established more wetland 
acreage than was required.   

The Committee on Mitigating Wetland Losses determined that wetland size does affect wetland 
functions (National Research Council 2001).  For example, “for water quality purposes, many 
small wetlands would be more effective than one large wetland covering the same area.”  The 
committee therefore concluded that “replacement area should be proportional to the area required 
to replace the functions lost” (National Research Council 2001).   

6.6 Replacement Ratios 
A replacement ratio, or compensation ratio, is an approach used to determine appropriate 
reparation for permitted wetland losses.  Not all regulatory agencies use this approach.  
For example, the U.S. Army Corps of Engineers, Seattle District considers the needs for 
compensation on a project-specific basis rather than assigning replacement ratios.   

The replacement ratio reflects the acreage of a particular type of compensatory mitigation 
(creation, restoration, enhancement, or preservation) required to make up for the loss of 
an acre of wetland (King et al. 1993, McMillan 1998).  For example, a permitted loss of 
one acre may be compensated with two acres of restoration, thus requiring a 2:1 
replacement ratio.  The rationale for requiring more than 1:1 replacement for wetland 
impacts is provided in Section 6.6.1.   
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This section provides the following information:   

• The rationale for using replacement ratios 

• A summary of the literature regarding what replacement ratios are being required 
and if they are being achieved 

• Some of the methods used to determine appropriate replacement ratios 

6.6.1 Rationale for the Use of Replacement Ratios 

When compensatory wetland mitigation was first required, the loss of an acre of wetland 
would simply require an acre of compensation (McMillan 1998).  A simple 1:1 
replacement ratio generally is no longer considered appropriate (Castelle et al. 1992a, 
King et al. 1993, National Research Council 2001) for the following reasons:   

• Risk of failure.  It is possible that compensation projects will not perform as 
proposed (King and Bohlen 1994) and may fail to compensate for wetland losses 
(Castelle et al. 1992a).   

• Temporal loss.  It may take anywhere from several years to several decades for a 
compensation project to achieve ecological equivalency (National Research 
Council 2001) and to develop the proposed/required wetland structures and/or 
functions (Castelle et al. 1992a).   

Because of the risk of failure and temporal loss, “replacement ratios greater than 1:1 are 
used as a means of equalizing the tradeoff.  While the goal is always to replace the lost 
functions at a 1:1 ratio, it is almost always necessary to increase the replacement acreage 
in order to accomplish this” (McMillan 1998).   

A literature review performed by Castelle et al. (1992a) concluded that:   

The risks of project failure and the time it takes for a created wetland to 
represent a fully functioning ecosystem should be factored into 
replacement ratios which exceed 1:1…   

Replacement ratios of 2:1 or greater are necessary to compensate for our 
current rate of failure to achieve permit compliance of basic wetland 
community structural objectives within attempted mitigation projects, 
neither of which are accurate measures of functional equivalency.   

An additional consideration is that there are many types of wetlands and various degrees 
of degradation.  As a result, not all wetlands provide the same levels of functions or 
values.  Replacement ratios, therefore, should take into account the type and quality of 
the wetland and the functions and values that would be lost.  For example, the loss of a 
high-quality forested wetland would require a higher replacement ratio than the loss of a 
highly degraded wet pasture (Breaux and Serefiddin 1999).   
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Also, the type of compensation can influence the replacement ratio.  Johnson et al. 2002 
found that the use of enhancement not only results in a net loss of wetland area but 
provides a limited increase in wetland functions.  Therefore, enhancement typically 
requires higher replacement ratios than restoration or creation (McMillan 1998).   

Higher replacement ratios result in more area for compensatory mitigation, but 
unfortunately size does not guarantee success or quality.  A study conducted by the 
National Academy of Sciences concluded that attempts to compensate for rare wetland 
types by requiring high replacement ratios yielded wetlands of a common type at a low 
ratio.  Rather than replicating the rare wetland type, a more common wetland type was 
substituted.  “In effect, the regulatory program may reassemble the landscape with a 
different habitat mix than the wetlands being lost” (National Research Council 2001).   

6.6.2 Replacement Ratios Required and Achieved 

Table 6-8 summarizes the overall or average replacement ratios that were required for 
compensatory wetland mitigation projects.  A wide range of replacement ratios was 
required—from 0.66:1 to 5.9:1 (Kunz et al. 1988, Johnson et al. 2000).  These are the 
extremes.  The low end represents projects from the early to mid 1980s, when 
compensatory mitigation was still a relatively new idea.  The higher ratios reflect more 
recent projects using predominantly enhancement and/or preservation, which typically 
require higher replacement ratios.   

Between these extremes, the remaining studies noted ratios ranging from 1.5:1 to 2.7:1 
(Wilson and Mitsch 1996, Morgan and Roberts 1999, Michigan Department of 
Environmental Quality 2000, Balzano et al. 2002, Johnson et al. 2002, Robb 2002).   

Actual replacement ratios that were achieved for the projects studied are also shown in 
Table 6-8.  None of the studies found that the required ratios had been realized.  In fact, 
Balzano et al. (2002) determined that forested compensation wetlands achieved only 
1/100th of an acre for every acre lost despite the fact that over 2 acres of forested wetland 
were required.  Achieved ratios ranged from 0.7:1 to 1.9:1 (Wilson and Mitsch 1996, 
Morgan and Roberts 1999, Balzano et al. 2002, Johnson et al. 2002, Robb 2002).   

As mentioned in the previous section, replacement ratios typically require greater than 
1:1 replacement to factor in the risk of failure.  Table 6-8 demonstrates the utility of this 
approach since all of the studies indicated that the achieved ratios were smaller than those 
required.  All but one of the studies found the achieved ratios were greater than 1:1, 
though not by a substantial margin.  But two of these studies included enhancement of 
existing wetlands.   

Ratios are a tool to address the temporal loss of wetland functions and the historic failure 
of replicating wetland acreage and functions.  The results indicate an inability of 
compensation projects to achieve their required replacement ratios.  It is assumed that this 
inability reflects the same problems and shortfalls associated with compensation project 
success and compliance (see Section 6.4).   
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Table 6-8.  Comparison of replacement ratios that were required and achieved.   

Location of 
Study and 
Reference No. 

No. of 
Projects 
Evaluated 

Replacement 
Ratio Required 

Replacement 
Ratio Achieved 

Comments 

Washington 
(Johnson et al. 
2002) 

24 2.2:1a 1.87:1 a Enhancement accounted for 65% 
of the established acreage 

Washington 
(Johnson et al. 
2000) 

45 5.9:1 a NA Acreage predominantly 
preservation and enhancement 

Washington 
(Kunz et al. 
1988)  

35 0.66:1 NA Corps and EPA data 1980 to 
1986 

Michigan 
(Michigan 
Department of 
Environmental 
Quality 2000) 

76 1.82:1 (average) NA Required ratios ranged <1:1 to 
>5:1; study did not include 
enhancement 

Indiana (Robb 
2002) 

31 2.5:1 1.1:1 Achieved ratios for specific 
Cowardin classes ranged from 
0.48:1 for PFO to 45:1 for POW;  
study did not include 
enhancement 

Ohio (Wilson 
and Mitsch 
1996) 

4 

(5) 

1.5:1 

(1.7:1) a 

1.4:1 

(0.7:1) a 

Study reviewed 5 projects, 
results and conclusions focus on 
4; parentheses reflect results for 
all 5  

New Jersey 
(Balzano et al. 
2002) 

75 1.8:1 (average) 

2.04:1 PFO 

2.78:1 PSS 

1.85:1 PEM 

1.07:1 POW 

0.78:1 (average) 

0.01:1 PFO  

0.91:1 PSS 

1.29:1 PEM  

0.28:1 POW 

Sites proposing POW did not 
achieve the required acreage. 
However, POW was on sites that 
did not propose to have open 
water; thereby resulting in three 
times more POW acreage than 
required  

Tennessee 
(Morgan and 
Roberts 1999) 

47 2.7:1 1.9:1 Ratio = 0.88:1when enhancement 
and preservation are excluded 

NA = not available 

PFO = palustrine forested; PSS = palustrine scrub-shrub; PEM = palustrine emergent; POW = palustrine 
open water 
a Calculated from data provided. 
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6.6.3 Approaches for Determining Replacement Ratios 

King et al. (1993) proposed a framework for calculating replacement ratios, “based on the 
idea that compensatory mitigation involves trading one form of environmental capital for 
another and that full compensation requires increases in environmental functions and 
values from the compensation wetland that are sufficient to make up for the decline in 
functions and values resulting from the loss of existing wetland.”  The authors mentioned 
five parameters to consider when determining an appropriate replacement ratio.   

• The pre-existing level of wetland function per acre at the site proposed for 
wetland compensation.  In the case of enhancement, this ensures that an applicant 
does not get mitigation credit for functions that were already being provided by a 
pre-existing wetland.   

• The maximum level of function anticipated to be provided by the wetland 
compensation project.   

• The number of years after construction that will be required for the wetland 
compensation project to reach its anticipated or sustainable level of function.   

• The number of years between the loss of the original wetland and the completion 
of construction of the compensation wetland (temporal loss).  Mitigation could be 
done concurrent with impacts, in advance, or delayed after impacts occur.   

• The likelihood that the project will not achieve its anticipated level of function.   

King et al. (1993) suggested entering the values for each of the five parameters into an 
analytic model that then calculates an appropriate compensation ratio for the project-
specific information provided.  King and Bohlen (1994) provided easy to use tables of 
replacement ratios that would result from a variety of values for the five parameters 
identified above.  Using parameters comparable to King et al. (1993) for determining 
appropriate compensation, Rheinhardt et al. (1997) described an approach based on 
function assessment.  The authors proposed the following steps.   

1. Develop a function assessment method for the specific regional conditions, 
including identification of reference wetlands.   

2. Assess wetlands proposed to be lost, thereby determining the level of each 
wetland function that will be lost.   

3. Assess potential compensatory mitigation sites to evaluate their current level of 
function and predict future conditions and levels of function that would result 
from mitigation activities within the timeframe required for regulatory 
monitoring.   

4. Calculate ratios for compensation for each function “by dividing the degree to 
which a function is reduced through project alteration by the degree to which a 
function is increased through restoration” (Rheinhardt et al. 1997).   
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The ratio “varies among functions and is influenced by (1) the magnitude to which any 
given function occurs at a project site both before and after the site is altered, (2) the 
magnitude to which any given function occurs at a compensatory mitigation site both 
before and after restoration is applied, and (3) the rate at which any given function is 
restored” (Rheinhardt et al. 1997).  The goal of this approach is not just to ensure no net 
loss of wetland functions but also to restore wetland ecosystems (Rheinhardt et al. 1997).   

In contrast, Breaux and Serefiddin (1999) argue that “there has not been any single, 
universally accepted assessment procedure to determine wetland functions and values 
(Kusler 1997).”  As a result they suggest that “the quantitative measure of area provides a 
degree of certitude that should be taken advantage of” (Breaux and Serefiddin 1999).  In 
other words, assessing or determining the level of functions provided by a wetland can be 
time-consuming to near impossible, while acreage provides an easy measurement. The 
authors mention a few conditions that may require greater than 1:1 replacement ratios 
(for example 2:1 or 3:1):   

1. If it is determined that the area lost includes functions and values of 
high quality…   

2. If… the replacement area is outside the watershed, sub-watershed, or 
county; 

3. If the replacement area involves a high risk of failure or uncertain 
outcome, 

4. If there are high temporal losses… 

5. If the habitat loss is likely to be substantially greater than the creation 
of new habitat; or 

6. If the connection between two wetland sites is severed or a large site is 
divided (Breaux and Serefiddin 1999).   

Robb (2002) also proposed using an acreage-based system for determining appropriate 
replacement ratios.  However, where the previous studies did not base ratios on the type 
of wetland, his system focused on developing replacement ratios for each Cowardin class.  
This approach resulted from a delineation of 31 compensatory mitigation sites in Indiana.  
Robb (2002) compared the required acreage of each Cowardin class with the acreage that 
was established.  For example, results indicated that 71% of the required acreage of 
palustrine forested wetlands was not established (a 71% rate of failure).  The ratio 
recommended to overcome this failure was calculated by dividing the required acreage by 
the acreage actually established.  Using these data, the ratio for palustrine forested 
wetlands should therefore be 3.5 acres of compensation for every acre of wetland lost.  
The rationale was that for every 3.5 acres constructed that were intended to be palustrine 
forested wetland, 1 acre would actually become forested wetland.  Proposed ratios for 
other wetland types included:   
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• 1.8:1 for scrub-shrub 

• 7.6:1 for wet meadow 

• 1.2:1 for shallow marsh 

• 1:1 for open water 

Robb (2002) conceded that his study did not consider the quality of the compensation 
wetlands or whether they replaced the functions lost.  The author mentioned that more 
regulatory follow-up could result in more successful projects and therefore lower 
replacement ratios.   

6.6.4 Summary of Key Points 

• Replacement ratios provide a means of taking into account the potential failure 
and temporal loss of functions as well as the potential change in acreage or 
functions to be provided by the compensation project.   

• Several methods are available to calculate replacement ratios on a case-by-case 
basis.  Examples of some of the criteria used to determine ratios include the 
functions proposed to be provided at the compensation site, the functions 
anticipated to be lost at the impact site, size, landscape position, and relative 
chance of success.   

• Required replacement ratios vary from one state to another, based on the type of 
compensation proposed, and based on project-specific circumstances.   

• Studies found that compensation projects did not achieve their required 
replacement ratios.  In some cases this resulted in less than 1:1 acreage 
replacement.   

6.7 Replacement of Wetland Acreage 
This section summarizes the results of studies examining whether compensatory wetland 
mitigation is replacing the acreage of authorized wetland losses.  Replacement of wetland 
acreage is similar to “no net loss,” which refers to a goal for the nation and Washington 
State to ensure there will be no overall net loss in acreage and function of the remaining 
wetland resource base (The Conservation Foundation 1988, McMillan 1998).  The no-
net-loss goal, however, “does not mean that no further wetlands will be lost; rather, that 
mitigation and non-regulatory restoration will offset wetland losses” (McMillan 1998).  
Replacement of wetland acreage, on the other hand, focuses on wetland losses and gains 
associated with compensatory wetland mitigation.   
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Replacement of wetland acreage provides a measurable and consistent method for 
evaluating and comparing the effectiveness of compensatory mitigation programs (Kusler 
1988).  The scientific literature contained two types of information on this topic.   

• Studies that evaluated how well permitting programs (e.g., Section 404) achieved 
replacement of wetland acreage.  Most of these studies used information from 
permit files and databases.   

• Studies that evaluated how well compensation projects achieved the replacement 
of wetland acreage on the ground.  These studies were conducted in the field and 
typically involved the delineation of wetland boundaries.   

6.7.1 Programmatic Evaluations of Acreage Replacement 

Programmatic evaluations, in contrast to most of the studies mentioned thus far, are not 
concerned with the effectiveness of individual compensatory mitigation projects.  Instead, 
programmatic evaluations focus on whether a permitting agency or permit program is 
requiring sufficient wetland acreage compensation to replace the authorized wetland 
losses occurring over a specified time.   

In a programmatic evaluation, wetland acreage replacement is determined by comparing 
the acreage of wetlands lost, or adversely altered, with the acreage of wetlands required 
for compensatory mitigation in a specific geographic area.  These evaluations typically 
rely on information from permit files and databases, rather than verification of on-the-
ground, as-built conditions.   

Five studies examined the effectiveness of wetland permitting and compensatory 
mitigation programs (Table 6-9).  The earliest study reviewed Section 404 permit data 
from Washington, 1980 to 1986, and Oregon, 1977 to 1987, “to describe how permit 
decisions affect the wetland resource” (Kentula et al. 1992).  Results indicated that in 
Washington 39 acres (16 ha) of wetland were not replaced, while in Oregon 79 acres 
(32 ha) of wetland were not replaced.  The authors also observed, “In Washington, 
approximately 3 percent of the permits issued required compensatory mitigation” 
(Kentula et al. 1992).   

The results of this study should be considered within the context of the Seattle District 
Corps of Engineers regulatory program in the early 1980s.  The authors of Volume 1 
observed that in the early 1980s compensatory mitigation, when it was required, was only 
required for projects that triggered an individual permit.  The threshold for wetland fill 
under a Nationwide Permit 26 (a general permit for headwaters and isolated waters 
discharges) was 10 acres (4 ha), therefore an individual permit was only required for 
projects with greater than 10 acres of wetland fill.  Fill of 10 acres or less in isolated 
wetlands was permitted outright.  It is therefore possible to conclude that the 40 acres of 
wetland identified by Kentula et al. (1992) as “not replaced” very likely represents but a 
fraction of the total acreage of permitted wetland losses that were not compensated for at 
that time. 
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A study of Section 404 permitting from southern California noted that 8 acres (3 ha) of 
wetland were not replaced (Allen and Feddema 1996).  The study also determined that 
“freshwater wetlands are experiencing a disproportionately greater loss of area and that 
riparian woodland wetlands are most often used in mitigation efforts.  The net result of 
these accumulated actions is an overall substitution of wetland types throughout the 
region” (Allen and Feddema 1996).   

Two of the remaining studies generally found that permitting programs required a net 
gain from compensatory mitigation (Table 6-9).  Gains in acreage ranged from about 
47 acres (19 ha) (Torok et al. 1996) to nearly 197 acres (80 ha) (Holland and Kentula 
1992).  However, the study of the effectiveness of the New Jersey Freshwater Wetlands 
Protection Act (Torok et al. 1996) mentioned compensatory mitigation acreage only for 
individual permits.  It was not clear from the article if any of the 3,003 general permits, 
resulting in over 600 acres (243 ha) of wetland loss, required any compensatory 
mitigation.  Furthermore, Holland and Kentula (1992), in their evaluation of Section 404 
permitting in California, noted that data on acreage of impacts and compensation were 
lacking in about 40% of the permit files.   

The fifth study focused on the Norfolk Corps District (Jones and Boyd 2000).  The 
authors indicated that new wetland acreage produced by creation or restoration did not 
fully replace the permitted wetland losses, thereby resulting in a loss of about 260 acres 
(105 ha) (Jones and Boyd 2000).  However, preservation, mitigation bank credits, and 
substantial in-lieu fee contributions provided additional compensation.  If acreages from 
all types of compensatory mitigation are included, the authors assumed there was a gain 
of at least 1,500 acres (607 ha).  Despite the fact that only 24% of the permits required 
compensation, the authors concluded that replacement of wetland acreage was achieved, 
at least on paper (Jones and Boyd 2000).   

The results (Table 6-9) indicate that since the early 1980s, permitting programs have 
required an increasing amount of acreage to compensate for wetland losses.  It can be 
inferred that permits from the mid-1980s did not require the replacement of acreage for 
wetland losses, whereas permits from the mid- to late 1990s appear to have required 
replacement of wetland acreage.   

Table 6-9.  Permitted wetland loss compared to required wetland compensation.   

Location of 
Study  

No. of 
Permits 

Wetland Area 
Lost 

Area of 
Compensation 
Required 

Comments 

Washington 
(Kentula et al. 
1992) 

35 152 acres 
(61.4 ha) 

112 acres (45.5 ha) 
created 

Section 404 permits 1980-1986 

Oregon (Kentula 
et al. 1992) 

58 183 acres 
(73.9 ha) 

103 acres (41.8 ha) 
created 

Section 404 permits 1977-1987 

California 
(Holland and 
Kentula 1992) 

324 2,907 acres 
(1,176.3) ha 

3,103 acres (1,255.9 
ha) 

Section 404 permits 1971-1987; 
data on acreages was often 
lacking  
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Location of 
Study  

No. of 
Permits 

Wetland Area 
Lost 

Area of 
Compensation 
Required 

Comments 

California/ 
southern (Allen 
and Feddema 
1996) 

75 199 acres 
(80.5 ha) 

191 acres (77.3 ha) 
completed 

Section 404 permits 1987-1989; 
permits required 276 acres 
(111.6 ha) of compensatory 
mitigation 

Norfolk Corps 
District (Jones 
and Boyd 2000) 

1692 863.8 acres 
(349.6 ha) 

538.6 acres created 
(218.0 ha) 

65.5 acres restored 
(26.5 ha) 

1,537.2 acres preserved
(622.1 ha) 

200.8 bank credits 

$2,574,966 in lieu fee  

Section 404 permits 1996-1998 

New Jersey 
(Torok et al. 
1996) 

3003 

(107)  

602 acres 
(243.8 ha) 

164 acres 
(66.5 ha) 

NA 

171 acres (69.2 ha) 
created;  
41 acres (16.5 ha) 
restored 

New Jersey Freshwater 
Wetlands Protection Act 
permits 1988-1993.  Numbers 
in italics are individual 
permits; all other numbers are 
state general permits. 

6.7.2 Project-Specific Evaluations of Acreage Replacement 

Studies that examined the effectiveness of compensation projects often assessed whether 
the projects achieved replacement of wetland acreage.  The assessment generally 
involved determining how much wetland acreage the compensation projects provided.  
The wetland compensation acreage produced on the ground was then compared to the 
acreage of wetland loss associated with those projects.  If the compensation acreage was 
less than the wetland acreage lost, a net loss of wetland occurred.  Seven studies analyzed 
compensatory wetland mitigation project data to determine whether replacement of 
wetland acreage was achieved.   

Four studies either focused on creation or restoration, or they did not mention the type of 
compensation.  The studies noted that the acreage of wetland compensation was less than 
the acreage of wetland loss by as much as 34%, thereby resulting in a net loss of up to 8 
acres (3 ha) (Gwin and Kentula 1990, Allen and Feddema 1996, Wilson and Mitsch 
1996).  However, a study conducted for the South Florida Water Management District 
found that creation and restoration activities resulted in 106% of the wetland acreage 
lost—a net gain of almost 65 acres (26 ha) of wetlands (Erwin 1991).   

One issue that emerges when considering replacement of wetland acreage is the use of 
enhancement and preservation as wetland compensation.  Three studies noted that 
enhanced or preserved wetlands accounted for 45 to 65% of the acreage of compensation 
(Shaich and Franklin 1995, Morgan and Roberts 1999, Johnson et al. 2002).  In 
Washington nearly two-thirds of the established acreage of compensation involved 
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enhancing existing wetlands, while creation and restoration of wetland area replaced only 
65% of the permitted wetland losses (Johnson et al. 2002).   

Some authors discounted the acreage provided by enhancement and preservation.  
Enhancement and preservation are often not included in determining net loss or gain 
because neither type of compensatory mitigation produces any new wetland acreage 
(Breaux and Serefiddin 1999).  When acreage provided by enhancement and preservation 
are disregarded, three studies found wetland losses of 22, 11, and 24 acres (9, 4, and 10 
ha) respectively (Shaich and Franklin 1995, Morgan and Roberts 1999, Johnson et al. 
2002).  This equaled 58, 12, and 41% of the authorized wetland losses, respectively 
(Shaich and Franklin 1995, Morgan and Roberts 1999, Johnson et al. 2002).   

6.7.3 Summary of Key Points 

• Programmatic evaluations have documented an increase in the acreages of 
wetland compensation required since the early 1980s.  However, the acreage of 
wetland replacement may include preservation, enhancement, or both.   

• Project-specific data revealed that compensation wetlands did not replace the 
acreage of wetlands that were lost.  Even larger losses occurred if the acreages of 
enhancement and preservation were discounted.   

6.8 Functions and Characteristics Provided by 
Created, Restored, or Enhanced Wetlands 

This section describes the functions and characteristics provided by wetlands created, 
restored, or enhanced for compensatory mitigation and non-regulatory projects.     

• The capacity of created and restored wetlands to provide wildlife habitat for 
invertebrates, amphibians, and birds.  Wildlife habitat was evaluated through 
direct observations or evidence of wildlife use, the presence of structural 
indicators, or comparison to reference wetlands.   

• The ability of created, restored, or enhanced wetlands to develop plant 
communities and vegetative characteristics.  Studies involved comparisons with 
reference wetlands and investigations of factors affecting vegetation.   

• The importance of soil conditions, particularly as they relate to establishing 
vegetation and improving water quality.  Soil properties of created and restored 
wetlands were compared with reference wetlands.   

• The ability of created and restored wetlands to provide water quality functions.   

• The importance of water regime and how the creation and enhancement of 
compensation wetlands can result in atypical water regimes.   
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The scientific literature indicated that the ability of compensatory wetland mitigation 
projects to perform wetland functions is not noticeably different from that of non-
regulatory restoration or creation projects.  Newly implemented wetland sites face similar 
challenges and develop in similar ways regardless of whether they were legally required 
or voluntarily initiated.   

Refer to Chapter 2 of this document for a discussion of the functions that wetlands 
provide.   

 

 

6.8.1 Wildlife Habitat 

Most articles focused on the ability of a created or restored wetland to provide habitat for 
one specific guild or group of animals, such as invertebrates, amphibians, or birds.  
Information on other habitat functions provided by created or restored wetlands was 
lacking.   

6.8.1.1 Invertebrates 

Several studies have compared the invertebrate communities of created or restored 
wetlands with those of reference wetlands.  Most of these determined that reference 
wetlands were more diverse, had greater taxon richness, or had higher density of species 
than created or restored sites (Brown et al. 1997, McIntosh et al. 1999, Fairchild et al. 
2000, Dodson and Lillie 2001).  One study, however, found “no convincing differences” 
in fly (dipteran) densities between created and reference wetlands (Streever et al. 1996).  
None of these studies were conducted in the Pacific Northwest.  However, the results 
should be broadly applicable to wetlands anywhere.   

The age of the wetland, or the amount of time elapsed since restoration occurred, was an 
important factor influencing invertebrate taxon richness, abundance, and/or diversity 
(Brown et al. 1997, Fairchild et al. 2000, Dodson and Lillie 2001).  For example, “insects 
with aerial dispersal capability rapidly colonized the restored habitats, but some less 
mobile forms (non-insects and some hemipterans [true bugs]) either colonized more 
slowly or not at all” (Brown et al. 1997).  Dodson and Lillie (2001) determined that a 
newly restored site would require 6.4 years for the zooplankton taxon richness to 
resemble that of a minimally disturbed reference wetland.   

The growth and development of vegetation also appears to affect invertebrate 
communities (Chovanec 1994, Brown et al. 1997, Chovanec and Raab 1997, McIntosh et 
al. 1999, Fairchild et al. 2000).  For example, certain predatory groups of beetles were 
early colonists at young sites with limited development of vegetation, while herbivorous 
beetle groups occurred at older sites after specific types of vegetation had developed 
(Fairchild et al. 2000).  McIntosh et al. (1999) concluded, “wetlands at different 

In Section 6.8, use of the terms “significant” and “significantly” implies statistical 
significance that was determined by the authors of the specific study being discussed.  
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successional stages may contain very distinct aquatic macroinvertebrate assemblages 
which may be important to the food web and other functional processes of wetlands.”   

6.8.1.2 Amphibians 

The amphibian habitat present in created or restored wetlands has been compared with 
that of reference wetlands in several studies.  On the east slope of the Cascade Range in 
the Teanaway and lower Swauk River drainages of Kittitas County, Quinn et al. (2001) 
found no difference in species richness of amphibians between created and reference 
wetlands, “although sample sizes may have been too small for differential species-use 
patterns to emerge.”  Other authors determined that created and restored wetlands 
differed from reference wetlands in terms of amphibian community structure, species 
richness, or stomach content (Bursey 1998, Lehtinen and Galatowitsch 2001, Pechmann 
et al. 2001).   

Though created or restored wetlands provide habitat for some amphibian species, 
conditions within the wetland and conditions outside the wetland may limit productivity, 
dispersal, colonization, or all three.  Conditions within a wetland that appear to affect 
amphibian communities include hydroperiod, substrate, presence of emergent vegetation, 
presence of fish, and the availability of an invertebrate prey source (Bursey 1998, Baker 
and Halliday 1999, Monellow and Wright 1999, Pechmann et al. 2001).   

Conditions outside of a restored or created wetland that affect amphibian communities 
include distance to other wetlands, connectivity between habitats, and the land use of the 
surrounding terrestrial habitats (Baker and Halliday 1999, Monellow and Wright 1999, 
Lehtinen and Galatowitsch 2001, Pechmann et al. 2001).  For example, Baker and 
Halliday (1999) observed that two species of amphibians dispersed to new ponds only if 
they were within 1,312 feet (400 m) of an existing pond, while two other species 
colonized new ponds up to 3,117 feet (950 m) from an existing pond.   

Monellow and Wright (1999) concluded, “The interconnectiveness of amphibian habitat 
is an essential element in sustaining amphibian populations because it allows amphibians 
to overcome large population fluctuations and recolonize areas where populations have 
been extirpated.”   

Lehtinen and Galatowitsch (2001) found that the wetlands restored in urban areas had the 
lowest amphibian species richness.  However, authors of a study of wetlands created in a 
recreational area in an intensively used urban site near Vienna, Austria observed all seven 
of the amphibian species known to occur in the area.  As many as six species were 
breeding (Chovanec 1994).   

6.8.1.3 Birds/Waterfowl 

All of the studies that examined the ability of created or restored wetlands to provide 
habitat for birds focused on non-regulatory projects.  Therefore this section does not 
contain information on the ability of compensatory wetland mitigation projects to provide 
habitat for birds.  However, the information is still relevant based on the similarity of 
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results among compensatory and non-regulatory projects for the other studies of 
functions.  None of the studies cited below were conducted in the Pacific Northwest.   

Studies comparing bird use of created or restored wetlands and reference wetlands 
demonstrated variable results, perhaps indicating that site-specific conditions influence 
bird use.  For example, two studies found no difference in bird abundance between 
restored and reference wetlands (Brown and Smith 1998, Ratti et al. 2001), while two 
other studies determined that reference wetlands had greater bird species richness and 
abundance (Delphey and Dinsmore 1993, Dobkin et al. 1998).  Brown and Smith (1998) 
found no difference in bird abundance or the number of bird species observed.  However, 
they did determine that the bird communities differed by a statistically significant margin 
and that density was greater at reference wetlands (Brown and Smith 1998).  Regardless 
of the findings for bird populations in general, two studies noted that ducks had similar or 
greater abundance, species richness, or density at created and restored wetlands (Delphey 
and Dinsmore 1993, Ratti et al. 2001).   

In the literature, the main factors that appeared to affect wetland use by bird populations 
were:   

• The percent cover of emergent vegetation (Belanger and Couture 1988, Hemesath 
and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996) 

• The density and abundance of invertebrates (Belanger and Couture 1988, Cooper 
and Anderson 1996) 

Though the age of the wetland did not directly affect overall bird populations at created 
and restored wetlands, VanRees-Siewert and Dinsmore (1996) noted that the richness of 
breeding bird species was significantly greater at older restoration sites.  The composition 
of the bird community changed with age.  Both of these effects were associated with an 
increase in the emergent vegetation in older wetlands.   

6.8.2 Plants 

6.8.2.1 Comparisons with Reference Wetlands 

This section discusses studies that compared the vegetation of created and restored 
wetlands to that of reference wetlands.  The studies examined a variety of parameters in a 
number of states and found variable results.  Only one study determined that there was no 
difference in vegetation between created/restored and reference wetlands (Brown 1991).  
Two studies were conducted in the Pacific Northwest.   

In the metropolitan area of Portland, Oregon, reference wetlands differed significantly 
from mitigation wetlands in terms of floristic composition.  Mitigation wetlands had 
higher overall plant species richness, higher average percentage of native species, and 
significantly higher average occurrence of introduced and invasive/introduced species 
than reference wetlands (Magee et al. 1999).   
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Another study was conducted in the northwestern Great Basin on land that had previously 
been grazed by cattle.  The study found that “sedge cover, forb cover, and foliage height 
diversity of herbs were greater” on reference plots, in which livestock had been excluded 
for more than 30 years. “[B]are ground, litter cover, shrub cover, and shrub foliage height 
diversity were greater” on restored plots, in which livestock grazing pressure had been 
removed prior to commencement of the study (Dobkin et al. 1998).  During the four-year 
study period, restored plots experienced an increase in grass, forb, rush, and cryptogamic 
cover, but sedge cover did not change.  The authors concluded, “the lack of change in 
sedge and shrub cover on open [restored] plots suggests that restoration to a sedge-
dominated meadow will not happen quickly” (Dobkin et al. 1998).   

Restored prairie pothole wetlands were found to lack low prairie and wet meadow zones 
that reference wetlands possessed.  Restored wetlands had significantly higher richness of 
submersed aquatics and greater coverage by mudflat and open water (Delphey and 
Dinsmore 1993, Galatowitsch and van der Valk 1995, Galatowitsch and van der Valk 
1996).  The researchers concluded that restored wetlands are not likely to develop the 
sedge meadow and wet prairie zones present in reference wetlands (Galatowitsch and van 
der Valk 1995, VanRees-Siewert and Dinsmore 1996).   

Other authors determined that reference wetlands exhibited greater percent cover by 
wetland species.  However, created wetlands had species richness that was equal to or 
greater than reference wetlands (Moore et al. 1999).  Restored wetlands had significantly 
lower wetland index values (indicating that wetland species were providing more of the 
total vegetative cover) than reference sites (Brown 1999).   

One could hypothesize that created and restored wetlands have greater vegetation species 
richness due to the level of disturbance associated with creation and restoration and the 
broad range of niches created on a new site.  For example, a newly created or restored 
site is like a tabula rasa (a blank slate) upon which species will be planted (installed or 
seeded), species from the previous habitat on the site will re-emerge, and species adapted 
to disturbance will colonize.   

6.8.2.2 Cowardin Classes Provided by Compensatory Mitigation 
Wetlands 

Cowardin class refers to a method used to categorize wetlands based on the dominant 
type of vegetation (Cowardin et al. 1979), as well as other factors.  The main Cowardin 
classes used to categorize freshwater wetlands are:   

• Emergent 

• Scrub-shrub 

• Forested 

• Aquatic bed 

• Open water (though not technically a Cowardin class, open water is often used to 
map and describe unvegetated areas of inundation) 



 

Wetlands in Washington State   Chapter 6 
Volume 1 – A Synthesis of the Science 6-50 March 2005 

Several studies evaluated compensatory wetland mitigation sites to determine which 
Cowardin classes were being established.  Nearly all of these studies found that 
compensatory mitigation resulted in more acreage of open water/aquatic bed/deep marsh 
than was originally lost or required (Kentula et al. 1992, Shaich and Franklin 1995, 
Bishel-Machung et al. 1996, Magee et al. 1999, Cole and Brooks 2000, Michigan 
Department of Environmental Quality 2000, Balzano et al. 2002, Johnson et al. 2002, 
Robb 2002).   

For example, in Washington State over 16 acres (6 ha) of open water/aquatic bed 
wetlands were gained (Johnson et al. 2002).  In the Portland metropolitan area of Oregon, 
29 acres (12 ha) of open water were gained (Shaich and Franklin 1995), and Indiana 
gained over 3 acres (1 ha) of open water/deep marsh/aquatic bed (Robb 2002).  
Compensatory wetland mitigation projects in New Jersey generated 50 acres (20 ha) 
more open water than was required (Balzano et al. 2002).   

Results for other Cowardin classes were more variable.  For example, four studies noted 
either a loss of forested wetland area (4 to 8 acres [2 to 3 ha]) or an inability to establish 
this wetland class (Shaich and Franklin 1995, Bishel-Machung et al. 1996, Brown and 
Veneman 2001, Balzano et al. 2002, Robb 2002).  On the other hand, a study from 
Washington State observed a net gain of over 12 acres (5 ha) in forested/scrub-shrub 
wetlands (Johnson et al. 2002).   

Additional variability occurred in the balance of emergent wetlands.  Two studies from 
the Pacific Northwest noted a loss of 35 to 51 acres (14 to 21 ha) for emergent wetlands 
due to their conversion to other Cowardin classes (Shaich and Franklin 1995, Johnson et 
al. 2002).  Studies from other states, meanwhile, found that emergent wetlands were 
established more successfully than other wetland classes (Bishel-Machung et al. 1996, 
Brown and Veneman 2001, Balzano et al. 2002).  Though the studies did not mention 
whether the emergent wetlands were dominated by native vegetation, Brown and 
Veneman (2001) noted “plant communities in replicated wetlands differed significantly 
from those in wetlands they were designed to replace” in terms of the number and percent 
cover of species in general and the number and percent cover of wetland species.   

Compensatory mitigation may often result in a different wetland type compared to what 
was lost (Shaich and Franklin 1995, Balzano et al. 2002, Johnson et al. 2002, Robb 
2002).  For example, if an open-water pond was provided as compensation for an 
authorized impact to a wetland pasture, a change in wetland type occurred.  If the 
compensatory mitigation was enhancement and involved constructing an open water 
pond in another wetland pasture, a second change in wetland type occurred.   

The studies examining changes in Cowardin classes at compensation wetlands found a 
net increase in open water/aquatic bed habitats (Shaich and Franklin 1995, Balzano et al. 
2002, Johnson et al. 2002, Robb 2002). Though the reasons for this change are not clear 
for all studies, several studies indicated that open water/aquatic bed resulted from an 
inability to establish the proposed Cowardin class (Balzano et al. 2002, Robb 2002). One 
could assume that another reason may be that open water is relatively easy to establish 
given adequate hydrologic conditions. Furthermore, the authors of Volume 1 have 
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observed situations in which the wetland mitigation design was intended to maximize a 
limited space by providing a variety of habitat niches, and open water is often considered 
a key habitat niche for waterfowl. Therefore, it is possible to conclude that regulatory 
decisions may have been biased toward the construction of more open water/aquatic 
bed/emergent wetland complexes in order to achieve an enhancement of functions in a 
limited space.   

Studies from Washington and Oregon reported a net loss of emergent wetlands (Shaich 
and Franklin 1995, Johnson et al. 2002).  However, many wetlands in the Puget 
Lowlands of Washington and the Willamette Valley of Oregon that are classified as 
emergent are wet pastures dominated by non-native grasses.  Johnson et al. (2002) noted 
that 90% of the emergent acreage lost or converted was pasture dominated by non-native 
species.  It can be assumed that much of the current area of emergent pasture may 
historically have been forested wetland.  Therefore, one can conclude that converting 
pastures into other wetland types with a greater diversity of hydroperiod and more 
structural complexity, such as forested wetlands, may represent an opportunity for a net 
increase in wetland functions over time, compared with leaving the wet pastures 
unchanged.   

6.8.2.3 Factors Affecting Plants 

Several major factors influencing wetland vegetation have emerged from the literature:   

• Soil and soil disturbance 

• Age of the wetland 

• Competition and non-native vegetation 

• Seed or plant source 

• Human manipulation 

The studies summarized in this section looked at different parameters in different types of 
wetlands across the country; therefore, the results are highly variable.   

Soil and Soil Disturbance 
Five studies indicated that soil conditions at the created or restored wetlands influenced 
vegetation composition (Brown 1991, Ashworth 1997, Brown and Bedford 1997, 
Stauffer and Brooks 1997, Brown 1999).  Three of these studies discussed the positive 
effects of adding salvaged or donor hydric soil to created or restored wetlands.  Benefits 
included increased species richness (Brown 1991, Stauffer and Brooks 1997) and 
significantly higher number and percent cover of wetland species (Brown and Bedford 
1997).  Stauffer and Brooks (1997) concluded that more organic matter in the hydric soil 
improved the retention of moisture and nutrients, thereby helping to increase plant cover, 
density, and species richness.  Another study, involving dike removal to restore a site, 
observed that disturbance of the soil resulted in vegetation dominated by cattails (Brown 
1999).   
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Age of the Wetland 
The effect of age on the vegetation of created and restored wetlands was noted in various 
studies (Reinartz and Warne 1993, Magee et al. 1999, Moore et al. 1999).  Created and 
restored wetlands less than three years old differed, in terms of floristic composition, 
from sites three years and older (Reinartz and Warne 1993, Magee et al. 1999).  Older 
sites had higher mean total plant cover and mean cover of native wetland species 
(Reinartz and Warne 1993).  Moore et al. (1999) found that age, in addition to 
sedimentation, resulted in:   

• A decrease in open water and water depth 

• An increase in emergent and woody cover 

• An increase in the number of plant species 

• An increase in wetland vegetation species richness 

In western Washington, Celedonia (2002) investigated the age at which canopy 
convergence occurs.  The study found that “aerial [woody] cover increases with age until 
year 8 and remains constant into years 10-11.”  The author noted, “80% cover is 
generally achieved by year 8, and perhaps as early as year 7.”  The study found that the 
most abundant species in terms of frequency and cover were red alder (Alnus rubra), 
willows (Salix spp.), black cottonwood (Populus balsamifera) and red osier dogwood 
(Cornus sericea).  In addition, Celedonia (2002) found that native woody cover was 
strongly correlated with the density of stems greater than 6.5 feet (2 m) tall, such that 
percent cover increased as stem density increased up to about 2,100 stems per acre.  Sites 
with densities higher than 2,100 stems per acre generally had greater than 90% woody 
cover (Celedonia 2002).   

Competition and Non-Native Vegetation 
The effect of competition on vegetation has been examined in several studies.  The 
studies focused on specific species or treatments used to manage vegetation, factors that 
affect competition with non-native species, and the presence and extent of non-native 
species on compensatory wetland mitigation sites.   

A few of the studies were conducted outside of the Pacific Northwest, and may have 
limited applicability to Washington State.  For example, in the southeastern United States 
McLeod et al. (2001) determined that an existing willow canopy did not detrimentally 
affect the survival of three under-planted tree species.  In the Midwest, Budelsky and 
Galatowitsch (2000) experimented with hairy sedge (Carex lacustris).  The authors 
concluded, “C. lacustris can produce dense stands under a primarily annual weed 
community within two to three growing seasons, but that reed canary grass (Phalaris 
arundinacea) can preclude successful establishment of C. lacustris” (Budelsky and 
Galatowitsch 2000).   

In the western Washington, Celedonia (2002) found that reed canary grass (P. 
arundinacea) can exist at relatively high densities (as much as 40% aerial cover) under 
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abundant canopy cover (>95%).  This study was not able to determine: 1) whether reed 
canary grass was actually spreading through the understory, or whether it was a remnant, 
and woody species were establishing ‘over’ it; or 2) the extent to which reed canary grass 
inhibits establishment of desirable plant species during the re-initiation of the understory 
(Celedonia 2002).   

Research has identified two factors that affect competition with non-native species. 

• Shrub density.  Celedonia (2002) observed, “greater shrub layer densities were 
associated with less reed canarygrass.”  The author suggests that an initial 
planting of a very dense shrub layer (e.g., more than 3,000 stems per acre) may 
help to preclude domination of reed canarygrass (Phalaris arundinacea).   

• Land use.  Magee et al. (1999) found that “the number of introduced and 
invasive/introduced species per site increases significantly with more intensive 
land use.”   

A few studies investigated how many compensation projects experienced problems with 
invasive species or how many non-native species occurred on sites.  In Washington State, 
Johnson et al. (2002) noted that 61% of compensatory mitigation sites had at least 25% of 
the site dominated by non-native species.  Celedonia (2002) found that nearly half of the 
sites visited in Washington had greater than 10% cover of reed canarygrass.  In a study 
conducted by the Michigan Department of Environmental Quality (2000), “8% of 
mitigation sites were found to have a problem with invasive species” (defined as 
constituting 10% or more of the vegetation community).   

In the Portland metropolitan area of Oregon, a study of vegetation at compensatory 
mitigation wetlands observed that non-natives composed more than half of the species 
present and “nine of the 14 most common taxa were invasive introduced species” (Magee 
et al. 1999).   

Seed or Plant Source 
The seed or plant source has been identified as important for restored wetlands (Reinartz 
and Warne 1993, Galatowitsch and van der Valk 1995).  Restoration wetlands seeded 
with native wetland species had higher diversity and richness and less cover by cattails 
than the unseeded wetlands (Reinartz and Warne 1993).  Emergent perennial species 
rapidly recolonized restoration wetlands possessing a viable refugium of wetland plant 
species (e.g., present in existing ditches) that spread through vegetative rooting 
(Galatowitsch and van der Valk 1995).  The importance of proximity to a seed source 
was mentioned by Reinartz and Warne (1993) but discounted by Galatowitsch and van 
der Valk (1995).   

Kellogg and Bridgham (2002), however, found that low density planting “offered no 
clear advantages over hydrologic restoration.”  Though seeding of a cover crop appeared 
to limit the establishment of aggressive species such as Phalaris arundinacea, it also 
appeared to limit establishment of wet prairie and sedge meadow species (Kellogg and 
Bridgham 2002).   
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Human Manipulation 
A study conducted in the Willamette Valley of Oregon examined the response of wetland 
vegetation to three techniques for the restoration of wet prairie: burning, hand removal, 
and mowing (Clark and Wilson 2001).  Results indicated that:   

• Burning significantly reduced the survival and percent cover of woody species 
and non-native forbs (e.g., common St. John’s-wort [Hypericum perforatum]), 
increased flowering of slender rush (Juncus tenuis), and increased cover of native 
forbs (e.g., Spanish-clover [Lotus purshiana] and marsh speedwell [Veronica 
scutellata]), but decreased flowering of tufted hairgrass (Deschampsia cespitosa), 
the dominant wetland prairie grass.   

• Hand removal significantly reduced cover by woody species and non-native 
forbs, increased cover of native forbs, but increased flowering of non-native 
grasses (e.g., velvet grass [Holcus lanatus] and sweet vernal grass [Anthoxanthum 
odoratum]).   

• Mowing had no effect on cover of woody species, but it increased the flowering 
of non-native grasses and significantly increased flowering of slender rush.   

The authors concluded that though “no treatment was clearly superior in fulfilling the 
restoration objectives” mowing with removal of cut material was specifically not 
recommended (Clark and Wilson 2001).   

6.8.3 Soil Characteristics  

Soils are a critical component of wetlands. Soil characteristics can influence the growth 
and development of vegetation as well as the ability of wetlands to perform certain water 
quality functions.  Researchers have investigated several factors related to wetland soil 
characteristics at compensatory wetland mitigation sites, including:   

• Organic matter content 

• Bulk density (compaction) 

• Particle size 

• Nitrogen content 

Several authors used the approach of comparing soil conditions of created wetlands with 
reference wetlands.  In these studies, the reference wetlands were either of the same 
wetland types as the mitigation wetlands, or they were adjacent to the mitigation 
wetlands.  Only one study compared treatment plots to control plots at created wetlands.  
None of the articles on soil characteristics involved non-regulatory projects.  Only one 
was conducted within the Pacific Northwest.   
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Results consistently indicated that the soil of created wetlands had a lower content of 
organic matter than reference wetlands (Brown 1991, Bishel-Machung et al. 1996, 
Streever et al. 1996, Shaffer and Ernst 1999, Whittecar and Daniels 1999, Stolt et al. 
2000).  Bishel-Machung et al. (1996) found that created wetlands had less organic matter 
than reference wetlands regardless of the Cowardin class or hydrogeomorphic class.   

In the Portland metropolitan area, Shaffer and Ernst (1999) observed that both reference 
and mitigation wetlands with a high extent and duration of standing water had a lower 
concentration of soil organic matter.  However, the authors also observed a consistent 
pattern of lower concentrations of organic matter in the soil of mitigation wetlands 
compared to reference wetlands within the same soil series, texture classes, and 
associations.  Since many of the mitigation wetlands in this study involved construction 
of a pond in an existing wetland, the authors hypothesized that organic matter in 
mitigation wetlands is being lost due to the excavation of upper soil layers during project 
installation (Shafer and Ernst 1999).   

In studies examining created wetlands from one to 11 years old and one to eight years 
old, the age of the created wetlands did not have an effect on organic matter content of 
the soil (Shaffer and Ernst 1999, Bishel-Machung et al. 1996).  Concentrations of organic 
matter were relatively uniform between surface and subsurface samples.  This indicated 
that accumulation of organic matter was either not occurring or was occurring so slowly 
it was not detectable (Bishel-Machung et al. 1996, Shaffer and Ernst 1999).   

Stauffer and Brooks (1997) examined the effect of adding organic soil amendments to 
created wetlands.  The authors found that plots treated with “salvaged marsh surface” 
(hydric topsoil) and leaf litter compost contained more organic matter than untreated, 
control plots.  After two growing seasons, soil organic matter remained higher in plots 
treated with organic soil amendments.   

Studies looking at particle size, bulk density, and nitrogen content found that soils in 
created wetlands had more sand, higher bulk densities (more compacted), and a lower 
nitrogen content than reference wetlands (Bishel-Machung et al. 1996, Whittecar and 
Daniels 1999, Stolt et al. 2000).  In combination with low organic content, the soil 
characteristics of created wetlands may hinder plant establishment and growth (Whittecar 
and Daniels 1999, Stolt et al. 2000), denitrification and pollutant trapping (Stolt et al. 
2000), and redox conditions (Bishel-Machung et al. 1996), thereby influencing microbial 
activity (Whittecar and Daniels 1999).   

In contrast, Gilliam et al. (1999) found that redox levels and nitrogen content (in the form 
of ammonia) at an eight-month-old created wetland were comparable to a reference 
wetland after the created wetland was inundated.  However, pH, phosphorus, manganese, 
magnesium, and zinc did not change noticeably at the created site.  The authors 
concluded that eight months was “an insufficient period of time for a complete change 
toward hydromorphic soils.”   
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6.8.4 Water Quality 

Most of the water quality studies investigated the ability of created or restored wetlands 
to retain sediment, phosphorus, nitrogen, or some combination.  One study compared 
water quality attributes at created and reference wetlands (Streever et al. 1996).  None of 
the studies were conducted in the Pacific Northwest.   

6.8.4.1 Comparison of Water Quality at Created and Reference 
Wetlands 

Streever et al. (1996) determined that created wetlands had higher pH and conductivity 
than reference wetlands.  The authors hypothesized that the amount of organic matter in 
the soil is related to pH and conductivity:  “because decomposition of organic material 
releases CO2, lower pH values would be expected in natural systems with well-
developed organic soils.  A well-developed organic substrate may isolate surface water 
from underlying sand and rock, leading to decreased dissolution of minerals and lower 
conductivity.”  (See the previous discussion of soil characteristics in Section 6.8.3.)   

6.8.4.2 Sediment Removal 

Findings related to retention of sediment by created wetlands include the following:   

• Wetlands created adjacent to roads were effective at retaining sediment, such that 
inflow culverts were clogged by accumulated sediment at a couple of sites (Moore 
et al. 1999).   

• Mitsch (1992) found that a created wetland retained 90% of sediments, while a 
reference wetland retained 3%.  The actual amount of sediment retained depends 
upon the loading rate.   

• Fennessey et al. (1994) investigated the location within a created wetland where 
sediment was retained.  Rates of sediment deposition, in general, were highest 
near the inflow and decreased as distance from the inflow increased, “except 
when outflow ceased, in which case the maximum sedimentation often occurred 
near the outfall.”  Open water areas also had higher sediment deposition than 
vegetated areas, which restricted flow.  The authors observed that vegetation 
seems to present a barrier to water and sediment flow and, therefore, the study 
“did not illustrate the conventional belief that the presence of vegetation enhances 
sedimentation.”  The authors concluded, “deeper open water areas are more 
conducive to sediment accumulation than are shallower open water areas that are 
more easily subjected to wind-driven and biological sediment disturbances and 
subsequent re-suspension.”   
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6.8.4.3 Nutrient Removal 

In several studies, phosphorus retention at created or restored wetlands ranged from 16 to 
96% (Mitsch 1992, Mitsch et al. 1995, Niswander and Mitsch 1995, White et al. 2000).  
In all but one of these studies, created/restored wetlands retained at least 53% of 
phosphorus (Mitsch 1992, Mitsch et al. 1995, White et al. 2000).  The percent of 
retention varied depending on:   

• Whether the wetland experienced high or low flows (Mitsch 1992, Mitsch et al. 
1995) 

• The configuration of the outflow 

• The amount of time water was retained in the wetland (Niswander and Mitsch 
1995) 

White et al. (2000) mentioned that a restored wetland’s capacity for phosphorus retention 
is limited.  Sediments near the wetland inflow had a limited ability for additional uptake 
of phosphorus.  However, approximately 66% of the marsh sediments still had a high 
capacity for uptake.  The authors concluded, “future treatment efficacy may decrease if 
the remaining sediments become saturated.  Continued high P [phosphorus] loading to 
the marsh may lead to eutrophication problems and downstream P export from the 
wetland.”   

Romero et al. (1999) found that total nitrogen retention was 30 to 91% at four restored 
wetlands.  The authors attributed this to the high retention of dissolved inorganic 
nitrogen, while the retention efficiencies for particulate and dissolved organic nitrogen 
were much lower.  The authors observed no significant difference between nitrogen 
retention and the age of the restored wetland.   

Woltemade (2000) examined the factors that affect the ability of a created or restored 
wetland to retain nutrients.  The most critical design elements for wetlands constructed to 
treat agricultural runoff were determined to be the retention time (amount of time that 
water is retained in the wetland) and the wetland-to-watershed ratio (size of the wetland 
compared to the size of its contributing basin):   

If nutrient and sediment concentrations are to be reduced to acceptable 
levels on a landscape scale, drainage water must be retained for at least 
one to two weeks within wetlands before being discharged into streams.  
Monitoring of restored wetlands indicates that the longer the retention 
time, the greater the water quality benefits. . . Ultimately, the appropriate 
size of a restored wetland will depend on the contaminant of greatest local 
concern that requires the longest retention time for its degradation, and 
on the percent reduction of this contaminant that is required seasonally, 
annually, or interannually (van der Valk and Jolly 1992).  (Woltemade 
2000).   
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6.8.5 Water Quantity 

No studies were found that discussed the ability of created or restored wetlands to 
perform water quantity functions, such as decreasing downstream erosion or reducing 
peak flows, or that mentioned factors influencing a wetland’s ability to perform water 
quantity functions.   

Two studies compared the water regime of compensatory mitigation wetlands with 
reference wetlands.  Both found that the compensatory wetlands had more standing water 
for a longer period (Shaffer et al. 1999, Cole and Brooks 2000).   

6.8.5.1 Using Hydrogeomorphic (HGM) Classification to Study 
Water Regime at Mitigation Sites 

Differences in the water regime between existing wetlands and mitigation wetlands have 
been examined by several researchers in the Pacific Northwest and elsewhere.  The 
researchers used the hydrogeomorphic (HGM) classification to compare the water 
regimes of existing wetlands with those of mitigation wetlands.  As described in 
Chapter 2, the HGM classification is based on the position of the wetland in the 
landscape (geomorphic setting), the wetland’s water source, and the flow and fluctuation 
of the water once in the wetland.  These are some of the major environmental factors that 
control wetland functions (National Research Council 1995).   

Gwin et al. (1999) focused on HGM classifications of wetlands to determine how 
compensatory mitigation was affecting the wetland resource in and around Portland, 
Oregon.  Classification of reference wetlands resulted in three regional HGM classes that 
were typical in the Portland metropolitan area: slope, riverine, and depressional.  
However, classification of mitigation wetlands 

required development of new, atypical HGM classes to describe the 
unique combinations of site morphology and landscape setting found in 
these wetlands:   

• depression-in-riverine setting,  

• in-stream-depression, and 
• depression-in-slope setting (Gwin et al. 1999).   

Atypical refers to created or enhanced wetlands that do not match the geomorphic setting, 
water source, and/or hydroperiod found within the range of existing wetlands in a region.  
Gwin et al. (1999) characterized atypical classes by:   

• Exaggerated depressional morphology with steep banks 

• Large areas of open and/or deep water 

• A large berm isolating the wetland from an adjacent stream channel 

• Excavation within the stream channel producing an open water area wider and 
deeper than the original stream 
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In Washington 35% of compensatory mitigation projects resulted in wetlands of an 
atypical HGM class (Johnson et al. 2002).  In Portland, Gwin et al. (1999) found that 
almost all of the enhanced wetlands and nearly half of the created wetlands resulted in an 
atypical HGM class.   

What are the hydrologic consequences of creating atypical wetlands in the landscape?  
Shaffer et al. (1999) examined hydrologic conditions in reference and mitigation 
wetlands in the Portland metropolitan area.  The study compared the regional HGM 
classes identified by Gwin et al. (1999)—slope, riverine, and depressional—with the 
atypical classes for mitigation wetlands—depression-in-riverine setting, depression-in-
slope setting, and in-stream-depression.  The results indicated significant differences.  For 
example, slope wetlands had the lowest extent, depth, and duration of inundation, “while 
depression-in-slope wetlands had the highest water levels and greatest extent/duration of 
inundation” (Shaffer et al. 1999).   

Similarly, Cole and Brooks (2000) noted that created wetlands were dominated by open 
water, while “most naturally occurring mainstem floodplain wetlands in central 
Pennsylvania are vegetated with very little open water.”  The authors concluded, “in the 
rush to make sure there is some water in mitigation wetlands we have gone too far in 
keeping sites inundated.  In reality, many wetlands are merely saturated, or much drier” 
(Cole and Brooks 2000).   

Schaffer et al. (1999) state:   

Unless wetlands are restored or created in a manner that reproduces the 
hydrogeomorphic characteristics of naturally occurring wetlands in a 
region, management activities are unlikely to maintain or replace 
hydrologic and other valued functions of wetlands.   

Similarly, Cole and Brooks (2000) conclude:   

The ecological consequences of a different hydrologic regime are clear.  
Standing water will promote anaerobic conditions in the soil, and the 
resulting soil chemistry will be defined by anaerobic pathways (Mitsch 
and Gosselink 1993).  When combined with other common construction 
effects (e.g. soil compaction), this leads to difficult conditions for plant 
community establishment.   

In addition, water regimes exhibiting extensive areas of open water in mitigation 
wetlands hindered the formation of soil organic matter (Shaffer and Ernst 1999).   

6.8.6 Summary of Key Points 

• Functions performed and characteristics produced by created, restored and 
enhanced wetlands differed from those performed and produced by reference 
wetlands, except water quality functions, which appeared to be performed in a 
similar capacity.   



 

Wetlands in Washington State   Chapter 6 
Volume 1 – A Synthesis of the Science 6-60 March 2005 

• Most studies determined that reference wetlands provided habitat for a greater 
diversity or abundance of wildlife than created or restored wetlands.  Birds were 
an exception since half of the studies found no difference between 
created/restored sites and reference wetlands, particularly for ducks.   

• A variety of factors appeared to influence the abundance and diversity of wildlife 
at created or restored wetlands: development of vegetation communities, 
particularly emergent vegetation communities; age of the wetlands, which is often 
associated with the development of vegetation communities; and availability of a 
food source, often invertebrates, which is also often associated with the 
development of vegetation communities.   

• Amphibian communities were affected by additional factors, such as the 
hydroperiod of the wetland, the presence of fish, distance to other wetlands, 
connectivity between terrestrial and wetland habitats, and surrounding land uses.   

• Created and restored wetlands have different vegetation characteristics and plant 
communities than reference wetlands.  A few studies found that certain plant 
communities, such as sedge meadows, may require many years to develop, if they 
develop at all.   

• Compensatory mitigation is producing more acreage of open water wetlands than 
was lost.  The ability of compensatory mitigation to produce other Cowardin 
classes varied.   

• Several major factors were found to affect vegetation and plant communities, 
including the age of the wetland (older created/restored sites had a higher percent 
cover of emergent and woody species than younger sites); soil conditions 
(positive effects on vegetation resulted from adding hydric topsoil); competition 
(reed canarygrass can be problematic when attempting to establish emergent 
vegetation); and a source of native seeds or plants (this may speed up 
recolonization and increase diversity).   

• Created, restored, and enhanced wetlands had less organic matter than reference 
wetlands.  In addition, organic matter at compensation wetlands did not appear to 
accumulate over time.  Plant establishment at compensation sites could be 
hindered by the low organic content in conjunction with soils that were found to 
be sandier, more compacted, and lower in nitrogen than soils at reference 
wetlands.   

• Created and restored wetlands were comparable to reference wetlands at retaining 
sediments, phosphorus, and nitrogen.  Factors affecting sediment and nutrient 
retention included the volume of water flowing into the wetland, the length of 
time water remains in the wetland, and the size of the wetland compared to the 
size of the basin.   

• Some compensatory mitigation wetlands produced different HGM classes than 
were present in reference wetlands.  This has resulted in wetlands that have more 
inundation for a longer duration than reference wetlands.   
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6.9 Reproducibility of Particular Wetland Types 
This section discusses findings from the literature regarding the ability to restore, create, 
or enhance certain wetland types, such as bogs and fens, vernal pools, alkali wetlands, 
and mature forested wetlands.   

6.9.1 Bogs and Fens 

Bogs and fens are characterized by their highly organic soils, water regimes, and water 
chemistries.  There were no studies of bog or fen restoration conducted in the Pacific 
Northwest.  However, studies of bog and fen restoration in Northern Europe and Canada 
concluded that restoration may not be possible due to “irreversible changes of the biotic 
and abiotic properties” (Schouwenaars 1995, Schrautzer et al. 1996).  This includes soil 
compaction and eutrophication (Grootjans and van Diggelen 1995, Schrautzer et al. 1996, 
Wind-Mulder and Vitt 2000) and other alterations to bogs resulting from drainage, peat 
harvesting, pollution, and agricultural practices (National Research Council 2001).   

The studies mentioned difficulties in restoring bog vegetation communities (Bolscher 
1995, Grosvernier et al. 1995, Schouwenaars 1995, Schrautzer et al. 1996), water regime 
(Grootjans and van Diggelen 1995, Schouwenaars 1995), and/or water chemistry (Wind-
Mulder and Vitt 2000).  Major conclusions include the following:   

• Restore the water regime and the vegetation community will follow (Grootjans 
and van Diggelen 1995, Grosvernier et al. 1995).   

• Prior to any restoration activity, the chemical state of the bog must be assessed.  
This influences the vegetation community and will, therefore, dictate the 
development of a restoration plan (Wind-Mulder and Vitt 2000).   

• “Hydrological research may be crucial for a correct assessment of perspectives for 
rewetting” (Schouwenaars 1995).  Prior to restoration it is necessary to determine 
the reason for a low water table because this affects the activities that will be 
required to restore a suitable water regime for the desired vegetation communities 
(Schouwenaars 1995).   

• Bogs that were restored by rewetting and tree removal “differed from those of 
natural raised bogs, particularly in having taller and denser vegetation, a smaller 
range of moisture gradient and a more uniform vegetation physiognomy.  
Rewetted bogs did not have an undulating surface relief of hummocks and 
hollows” (Bolscher 1995).   

• The best chance for restoration lies with restoring the least disturbed or damaged 
bogs or fens (Grootjans and van Diggelen 1995, Schrautzer et al. 1996).   

• Restoration of bogs or fens will not yield rapid results (Grootjans and van 
Diggelen 1995).   
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• “Research has demonstrated that natural recovery of the moss surface following 
harvesting takes about 20 years (Elling and Knighton 1984)” (National Research 
Council 2001).   

In terms of creation, research indicates that in reference systems organic soil (peat) 
accumulates at 0.1 to 3.8 mm per year (National Research Council 2001).  At this rate it 
would take from 7 to 250 years for just 1 inch of peat to accumulate.   

No information was available on the success or compliance of bogs or fens that were 
restored or created as wetland compensation.  However, the literature suggests that bogs 
and fens cannot be reproduced within a regulatory timeframe.   

6.9.2 Vernal Pools 

Vernal pools are characterized by their short duration of inundation (National Research 
Council 2001).  Thus, in order to reproduce a vernal pool, a site with a suitable substrate 
must be found and the correct depth and hydroperiod must be created or restored 
(National Research Council 2001).  “In a long-term study of California vernal pools that 
were created by excavating depressions near natural pools, the hydroperiods did not 
converge with those of the reference systems until year 10 (Zedler et al. 1993)” (National 
Research Council 2001).  If the hydroperiod is too long, the result will be an emergent 
marsh or an open water or aquatic bed system.  If the site has inadequate substrate or is 
too shallow, the result may be upland with no inundation.   

In terms of compliance, De Weese (1998) examined over 1,500 created vernal pools in 
California.  She found that 83% of projects were in permit compliance, 96% met their 
hydrologic performance standards for depth of inundation, and 69% met vegetation 
performance standards.  Seventy-two percent of projects were compared with reference 
vernal pools to determine their biological viability, while 35% of projects required some 
site remediation.   

Guidance on construction has helped to transform the steep-sided “bathtubs” into pools 
that more closely mimic reference pools with gradual, vegetated slopes (De Weese 1998).  
De Weese (1998) concluded, “The art and science of constructing vernal pools have 
greatly improved over the past eight years [1987 to 1994].”   

The literature suggests that, in California, vernal pools may be reproduced under the right 
conditions.  However, the right conditions typically occur where vernal pools already 
exist, so creation of new pools merely increases the density of pools in an area (National 
Research Council 2001).   

No information was found on the reproducibility of vernal pools in Washington.   
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6.9.3 Alkali Wetlands 

No information was found that addressed the reproducibility of alkali wetlands.   

6.9.4 Mature Forested Wetlands 

Though studies have found that forested wetlands can be reproduced in Washington 
(Celedonia 2002, Johnson et al. 2002), mature forested wetlands have not been 
successfully reproduced simply because of the time necessary for the trees and the 
structural characteristics of the forest to mature (National Research Council 2001).  
Enhanced and created sites that have been planted often have a high density of stems to 
rapidly provide woody cover and shade out invasive species in the understory (Celedonia 
2002, National Research Council 2001).  Within a regulatory time-frame, compensatory 
mitigation wetlands may not begin to reproduce some of the attributes of mature forested 
reference wetlands unless these sites are thinned (National Research Council 2001).   

6.9.5 Summary of Key Points 

• The reproducibility of some wetland types is generally dependent upon time. For 
example, bogs, fens, and mature forested wetlands require several decades at a 
minimum, and possibly centuries, to develop the structural, chemical, biological, 
and hydrological attributes that characterize these wetland types.   

• Studies suggest that vernal pools, at least in California, may be reproducible under 
the right conditions.   

6.10 Suggestions from the Literature for Improving 
Compensatory Mitigation 

A number of reports and articles suggested or recommended changes that could be made 
to help improve the effectiveness of compensatory wetland mitigation or alleviate 
problems that were frequently encountered.  The recommendations described below are 
those of the authors of the literature sources cited, not the agencies or staff who have 
synthesized the information in this volume.   

Data from a variety of sources are summarized throughout this section in a series of 
tables.  To simplify the tables and efficiently use space, each literature source listed in the 
tables is represented by a reference number listed in Table 6-10.  This is not a 
comprehensive list of all references cited in this section; see the references section at the 
end of Volume 1 for a complete list of literature sources.   
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Table 6-10.  Literature sources and corresponding reference numbers.   

Reference No. Literature Source Reference No. Literature Source 

1 Allen and Feddema (1996) 19 Shaich and Franklin (1995) 

2 Balzano et al. (2002) 20 Storm and Stellini (1994) 

3 Brown (1999) 21 Ossinger (1999) 

4 Ashworth (1997) 22 Wilson and Mitsch (1996) 

5 Erwin (1991) 23 Barry et al. (1996) 

6 Gwin and Kentula (1990) 24 Castelle et al. (1992a) 

7 Holland and Kentula (1992) 25 Celedonia (2002) 

8 Holland and Bossert (1994) 26 Chovanec (1994) 

9 Johnson et al. (2000) 27 Hunt et al. (1999) 

10 Johnson et al. (2002) 28 Kentula (2000) 

11 Stauffer and Brooks (1997) 29 National Research Council 
(2001) 

12 Kentula et al. (1992) 30 Race and Fonseca (1996) 

13 Kunz et al. (1988) 31 Sheldon and Dole (1992) 

14 Shaffer and Ernst (1999) 32 Whittecar and Daniels (1999) 

15 Michigan Department of 
Environmental Quality (2000) 

33 Zedler and Callaway (2000) 

16 Mockler et al. (1998) 34 Mitsch and Wilson (1996) 

17 Morgan and Roberts (1999) 35 Breaux and Serefiddin (1999) 

18 Robb (2002) 36 Kellogg and Bridgham (2002) 

 

The scientific literature contained recommendations that fall into three main categories:   

• Recommendations for regulators of compensatory mitigation, including guidance 
on mitigation plans and monitoring reports, compliance tracking and enforcement, 
and alternative mitigation options 

• Recommendations for site selection and design, including comprehensive wetland 
planning, baseline monitoring, hydrologic analysis, and considerations for site 
design 

• Recommendations for implementing compensatory mitigation, including having a 
wetland biologist on-site to oversee construction activities, performing monitoring 
and maintenance of the site 
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The scientific literature provided more extensive information on additional topics:   

• Performance standards 

• Compensatory mitigation using a watershed approach 

• Mitigation banking and in-lieu fees 

Each of these is discussed below.   

6.10.1 Regulatory Improvements 

Of the suggestions provided by the scientific literature, the majority focused on elements 
that regulatory agencies should address (Table 6-11), such as:   

• Improving guidance for every step of the mitigation process, from avoidance and 
minimization to submitting a monitoring report for a compensation wetland.  This 
should help regulators with decision-making and provide applicants and 
consultants with more predictability 

• Adjusting replacement ratios to reflect the risk of failure 

• Requiring financial assurances or performance bonding 

• Protecting all compensatory mitigation sites in perpetuity with a legal mechanism, 
such as a deed restriction or conservation easement 

• Increasing regulatory follow-up and enforcement of compensatory mitigation 
projects, including developing and maintaining a database and filing system, 
allocating staff to perform compliance and enforcement activities, and 
implementing reviews of regulatory program performance 

• Developing and implementing alternative mitigation options, such as advance 
mitigation, mitigation banking, and in-lieu fees 

Table 6-11.  Suggestions from the literature for regulatory improvement. 

Suggestion Reference No. a 

Improve mitigation sequencing (i.e., avoidance and minimization) 5, 19, 29, 2, 10 

Improve guidance for compensation projects, focusing on replacing functions 
as well as area 

22, 29, 10 

Improve site selection criteria. Site selection should be based on a watershed 
scale to maintain diversity, connectivity, and a balance of upland and wetland 

5, 12, 15, 29, 2, 10 

Improve goals, objectives, and performance standards, so that they are 
measurable, meaningful, achievable, and enforceable 

13, 5, 31, 20, 19, 17, 9, 
29, 10, 21  

Standardize report format and elements for mitigation plans and monitoring 
reports, including an implementation schedule 

13, 7, 8, 20, 17, 15, 2, 10 
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Suggestion Reference No. a 

Adjust (increase) replacement ratios to reflect the risk of failure. This should 
be based on the level of success of previous projects 

1, 2, 18 

Require performance bonding/financial assurances 13, 5, 8, 20, 15, 29, 2, 18 

Require that compensation wetlands be protected in perpetuity with some 
kind of legal mechanism, such as a deed restriction or conservation easement 

20, 29 

Improve regulatory follow-up and enforcement of compensatory mitigation 
projects 

5, 20, 19, 1, 30, 17, 15, 9, 
29, 10, 18 

Develop and maintain a permit/compensatory mitigation project tracking 
database and filing system 

5, 7, 20, 19, 1, 17, 9, 15, 
29, 2 

Allocate staff for compliance and enforcement 5, 19, 17 

Implement regular reviews of regulatory program performance 7, 19, 2 

Implement studies of cumulative wetland loss (beyond what is recorded for 
regulatory permitting programs) 

19, 1 

Develop and implement alternative compensatory mitigation options: in-lieu 
fees, mitigation banking 

20, 19, 1, 15, 29 

Perform the compensatory mitigation in advance of the wetland loss 30, 29, 10, 18 
a See Table 6-10 for a listing of literature sources that correspond to each reference number. 

6.10.2 Improving Site Selection and Design 

The scientific literature also suggested site selection and design considerations 
(Table 6-12), including:   

• Using a watershed approach to improve site selection 

• Prioritizing wetland restoration 

• Performing baseline monitoring of the wetland to be lost, identifying the wetland 
types and functions so that they can be replaced more effectively 

• Performing baseline monitoring of the areas proposed for compensation to 
document the existing conditions and level of function 

• Performing a hydrologic analysis for compensation wetlands to identify where the 
water will come from, how it will get to the site, and what the extent and duration 
of inundation or saturation will be 

• Designing the compensation site to be self-sustaining and incorporating or 
simulating natural processes and structures, such as hydroperiods, slopes, 
shorelines, soils, topography, and vegetation 
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Table 6-12.  Suggestions from the literature for improving site selection and design.   

Suggestions Reference No.a 

Ensure that compensation wetlands will have a suitable source of water and 
compatible adjacent land uses 

5, 28, 17, 29, 2, 
10 

Use a watershed approach to select compensation sites and support comprehensive 
wetland planning 

19, 1, 28, 17, 29, 
10 

Prioritize restoration as the first choice for compensatory mitigation 17, 15, 29 

Design compensatory mitigation wetlands to be self-sustaining and incorporate natural 
processes whenever possible 

33, 29 

Perform baseline monitoring of wetlands to be lost and areas proposed for 
compensatory wetland mitigation. Monitoring should characterize hydroperiod, soils, 
water quality, macroinvertebrates, and wetland functions 

13, 5, 31, 20, 29, 
10 

Perform hydrologic analysis: identify hydrologic source, how water will get to the site, 
the intended depth and duration of inundation, and demonstrate that water source will 
be reliable and adequate 

Determine appropriate hydroperiod/hydrologic inputs early in the design stage, so that 
the water levels of the compensation wetland dictate how to design the building sites 
and roads, rather than letting the upland development create poor wetland conditions 
(too wet or too dry) 

5, 31, 16, 28, 2  

Grade slopes to be as gentle as possible; they should match the slopes of adjacent 
natural wetlands 

6 

Provide heterogeneous topography. For example, simulate microtopographic “mound 
and pool” features (e.g., wind-thrown or toppled trees) 

23, 29 

Incorporate native upland ecosystems into compensatory mitigation sites 5, 29 

Deconsolidate (i.e., break-up) soils to reduce compaction and amend to insure 
adequate soil organic matter (e.g., 2 inches of coarse sand and 4 inches organic 
compost, natural hydric muck, or topsoil) 

6, 16, 28, 32, 14 

Take advantage of native seedbanks, natural recruitment, and salvaged topsoil and 
plants when available and feasible 

29, 3, 4, 11 

Minimize human encroachment by planting dense vegetation around the site or 
installing fences 

26, 20, 16 

Establish rapid canopy convergence and limit invasive species infestations by planting 
trees and shrubs at specific densities 

25 

Indicate the boundaries of the site with signs and markers 20, 16 
a See Table 6-10 for a listing of literature sources that correspond to each reference number. 
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6.10.3 Improving Implementation 

Compensatory wetland mitigation projects would be greatly improved if they were 
implemented as designed (Johnson et al. 2000, Balzano et al. 2002).  The scientific 
literature provides numerous suggestions for improving implementation (Table 6-13), 
such as:   

• Having a wetland biologist on-site during construction 

• Monitoring the compensation wetland  

• Develop an adaptive management plan that allows potential problems to be 
detected early and identifies how problems will be addressed 

• Maintaining the compensation wetland to avoid problems and manage them early 
in the development of the site 

Table 6-13.  Suggestions from the literature for improving implementation.   

Suggestion Reference No.a 

Wetland biologist on-site to oversee construction or train/educate contractors and to 
authorize and document any necessary changes 

5, 31, 9, 2 

Monitoring of mitigation sites should characterize baseline, construction, as-built, and 
post-construction conditions. Monitoring reports should include a section on lessons 
learned 

13, 6, 5, 24, 7, 
31, 8, 20, 19, 
15, 9, 2, 10 

Monitoring parameters and methods should be specific to a project’s goals, objectives, 
and should include: project size, shape, topography, hydroperiod, water quality, flora, 
and fauna 

5, 17, 33 

Monitor compensatory mitigation wetlands.  Duration of monitoring may range from 3 
to more than 20 years, depending on the size of compensation wetland, the proposed 
wetland type (e.g., Cowardin class), and the likelihood of success 

5, 34, 35, 17, 
15, 10, 29, 36 

Monitor hydrology during the first growing season to characterize the site’s 
hydroperiod. Develop and implement a planting plan after the hydroperiod has been 
characterized 

27 

Perform long-term monitoring after a project has been deemed successful to keep track 
of it over time, study how it matures, use it as model for other sites 

5, 28, 36 

Develop an adaptive management program, which includes early monitoring of wetland 
structure, processes, and functions to detect potential problems and allow for corrective 
actions  

29 

Maintain compensatory mitigation sites, including a contingency plan for how to 
address problems. Maintenance should focus on controlling invasive species, providing 
irrigation, replacing dead plants, correcting slopes and topography 

13, 24, 31, 8, 2, 
10, 29 

a See Table 6-10 for a listing of literature sources that correspond to each reference number. 
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6.10.4 Performance Standards 

Performance standards, performance criteria, success criteria, success measures, 
standards of success, and other terms all refer to regulatory conditions used to determine 
how effective a mitigation project is at meeting regulatory requirements, which may or 
may not include compensating for wetland loss.  Ideally performance standards should 
serve as “measurable benchmarks used to evaluate the development of ecological 
characteristics associated with specific wetland functions” (Azous et al. 1998).  
Performance standards allow regulators to determine if a compensatory mitigation project 
has fulfilled its goals, and also provide a mechanism for regulators to implement 
enforcement actions against unsuccessful projects (Streever 1999).   

As explained in Chapter 2, wetlands differ in how they function, by geomorphology and 
water regime and other characteristics.  Compensatory wetland mitigation projects, 
likewise, exhibit considerable variability with different types of wetland compensation 
(creation, restoration, etc.).  The variability makes it difficult to develop and require 
universal performance standards, yet in the absence of some kind of uniformity, 
performance standards that are approved can lack meaning.   

6.10.4.1 Shortcomings of Existing Performance Standards 

Sheldon and Dole (1992) performed a study of eight compensatory mitigation projects in 
King and Snohomish Counties in Washington.  The authors observed that “none of the 
goal statements provided a quantifiable method of determining success, thus they 
provided no means for an agency to assess success/failure or to require remediation.”  
The Michigan Department of Environmental Quality (2000) similarly found, “The 
practice of including no specific performance standards, or only very general 
performance standards (regarding the size and possibly the type of wetland to be 
constructed), resulted in many unenforceable permits and contributed to the poor quality 
mitigation wetlands.”   

Johnson et al. (2000), in their study of 45 compensatory mitigation wetlands, noted some 
problems with performance standards, such as:   

• Standards that are too general or “easy to attain” and, therefore, are not indicative 
of ecological development at a site 

• Standards that are not measurable and, therefore, cannot be used to evaluate the 
success or compliance of projects 

• Standards that contain confusing or ambiguous language and, therefore, result in 
inaccurate assessment or preclude assessment 

In addition, Johnson et al. (2002) in their evaluation of 24 compensation projects 
excluded performance standards that were unrealistic, not feasible, or so rigorous that the 
standard may never be attained.  Such standards were “. . .setting sites up for failure” and 
therefore “. . .did not reflect how the site was functioning or progressing ecologically” 
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(Johnson et al. 2002).  Ossinger (1999), in a guidance document for the Washington State 
Department of Transportation, suggests that performance standards should strike a 
balance between accountability and flexibility.  The author recommends that crafting 
performance standards requires a technical knowledge of the quantitative values that are 
achievable, or to be expected, for the wetland attributes targeted by the standard.   

Approved mitigation projects can also lack performance standards for important wetland 
functions or conditions.  Breaux and Serefiddin (1999) discovered in their review of 110 
projects in San Francisco, California, that only 22% had quantitative standards focusing 
on hydrological parameters.  Johnson et al. (2000) reviewed 179 performance standards 
from 36 projects and observed that 8% of the performance standards related to 
hydrological conditions.  The Michigan Department of Environmental Quality (2000) 
found that “none of the permits examined contained any specific criteria regarding 
vegetation or hydrology by which the mitigation wetland could be judged for success or 
failure.”  Johnson et al. (2002) noted that most of the projects evaluated in their study of 
24 compensation wetlands lacked basic standards for wetland area, water regime, area of 
Cowardin classes, percent cover of native wetland vegetation, and maximum percent 
cover of invasive vegetation.   

Breaux and Serefiddin (1999) argue, “In seasonal wetlands, hydrology clearly ought to be 
the reigning criterion given that the successive presence and absence of water is the 
defining characteristic of a seasonal wetland.”  However, the authors go on to admit, 
“there is no agreement as to what the specific hydrological criterion should be.”   

6.10.4.2 Use of Reference Wetlands in Developing Performance 
Standards 

Brinson and Rheinhardt (1996) state that “the proper use of reference wetlands removes 
potential bias and provides the foundation for more objective functional-assessment 
procedures…reference wetlands should be central to the development of standards 
against which impacts to wetlands and restoration efforts are evaluated.”   

Azous et al. (1998) also support the use of reference wetlands:   

By collecting data on the ecological characteristics associated with 
reference wetlands, and created or restored wetlands, standards of 
comparison can be established by which to judge the development of 
wetland characteristics in compensatory mitigation projects.  The use of 
regional reference wetland characteristics provide greater assurance that 
project performance standards will be reasonable (i.e., attainable) and 
useful gauges of the development of wetland functions.   

For example, a compensation wetland might have a goal to provide amphibian habitat by 
the end of the monitoring period.  Based on an evaluation of 24 depressional, flow-
through, reference wetlands in the Puget Lowlands of western Washington, Azous et al. 
(1998) proposed performance standards to determine if amphibian habitat had 
successfully been established.  “The standards include specific guidelines for planning 
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and designing mitigation projects to provide preference for the establishment of 
amphibian breeding, feeding, and refuge habitats.”  The authors suggested the following 
standard, “Wetlands created for amphibian habitat should have thin-stemmed emergent 
plants that comprise at least 30% or more of the total wetland area (Azous et al. 1998).”   

However, Whittecar and Daniels (1999) mention a problem with using reference 
wetlands to develop benchmarks or performance standards for compensatory mitigation:   

[U]nlike the mitigation site, reference wetlands coexist with landforms 
that may have required thousands of years to form (Brinson et al. 1995).  
Each wetland has a history that influences modern functions.  Many of 
these functions will not redevelop in the new wetland within a time span 
acceptable to regulatory constraints without thoughtful planning and 
careful attention to construction.   

Ehrenfeld (2000) recommends that reference sites be identified in urban areas and used to 
develop attainable performance standards for compensatory wetland mitigation projects 
that are also located in urban areas.  The author states: “Measures of restoration success 
and functional performance must start with an appreciation and assessment of the 
particular conditions imposed by the urban environment.”   

6.10.4.3 Longer Period Needed to Evaluate Projects 

Part of the problem with developing achievable performance standards is that monitoring 
periods or regulatory timeframes for the majority of compensatory mitigation projects are 
relatively short (five to 10 years).  The “success” or compliance of compensatory 
mitigation projects is, therefore, determined or evaluated when the site is still relatively 
young and immature (Kentula 1995, Mitsch and Wilson 1996).  Longer monitoring 
periods are necessary to allow for secondary succession and natural events (e.g., drought 
or floods) that may affect or restructure vegetation communities (Kellogg and Bridgham 
2002).  Long term monitoring would also result in larger data sets upon which realistic 
performance standards and project goals could be based (Kellogg and Bridgham 2002).   

If projects are to be evaluated within five to 20 years, then they should be compared to 
other compensatory mitigation projects.  Kentula (1995) suggests comparing “wetland 
creation and restoration projects to each other and to similar, naturally occurring wetlands 
to define standards for project performance over time.”  She describes an approach for 
developing performance standards based on monitoring information from previous 
projects.  “In this way, we can be assured that new projects are doing at least as well as 
past projects.”   

Celedonia (2002) implemented Kentula’s approach by conducting a study of 29 
compensatory mitigation projects from six to 11 years old in the lowland wetlands of 
western Washington.  Time series curves were created from the data to determine at what 
point in time projects could be expected to meet certain vegetative standards, such as 
percent areal cover of woody vegetation.  Based on the data, the author proposed that by 
year eight a mitigation site could attain 80% cover of native woody vegetation.   
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6.10.5 Compensatory Mitigation Using a 
Watershed/Landscape Approach 

In the context of compensatory mitigation, a watershed approach means:   

to recognize that management of wetland types, functions, and locations 
requires structured consideration of watershed needs and how wetland 
types and location serve these needs.  A watershed approach means that 
mitigation decisions are made with a regional perspective, involve 
multiple agencies, citizens, scientists, and nonprofit organizations, and 
draw upon multiple funding sources (e.g., permittee-responsible, 
mitigation banks, and in-lieu fees).  A watershed approach means that 
permitting decisions are integrated with other regulatory programs (e.g., 
storm water management or habitat conservation) and nonregulatory 
programs (e.g., conservation easement programs) (National Research 
Council 2001).   

Bedford (1996) explained the need for a watershed/landscape approach as follows:   

From a policy perspective, the central issue in wetland mitigation is not 
the effects on a single site but the cumulative effect of numerous mitigation 
decisions on landscapes.  Mitigation must be recognized as a policy that 
has the potential to re-configure the kinds and spatial distribution of 
wetland ecosystems over large geographic areas. … The net effect is the 
loss of wetland diversity in terms of both hydrologic functions and 
biological communities, and a consequent homogenization of wetland 
landscapes.  One way to avoid such cumulative effects is to make 
decisions about individual projects within a framework focused at larger 
scales (Lee and Gosselink 1988).   

This section describes recommendations from the literature for methods to implement a 
landscape or watershed-scale approach in order to improve the success of mitigation 
projects.  Further discussion of restoration using a landscape approach is included in 
Chapter 7 in the context of addressing cumulative impacts to wetlands.   

6.10.5.1 Methods for Implementing a Landscape Approach 

Three types of watershed planning are described in a report by the National Research 
Council (2001):   

• Management-oriented wetland planning, which would replace case-by-case 
permitting.  Decisions about permitting, mitigation sequencing, and the acreage, 
type, and location of compensation would be made in advance using a watershed 
approach.  This type of watershed plan would require regulatory and non-
regulatory programs to be coordinated.   
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• Protection-oriented wetland planning, which is focused on avoiding wetland loss 
and alteration by identifying wetlands and their ecological value.  This type of 
watershed plan would be used during the mitigation sequencing process.   

• Compensation wetland planning, which “identifies watershed needs for types, 
functions, and general locations of wetlands in the landscape in order to establish 
restoration priorities for both regulatory and nonregulatory programs. …This type 
of planning might link projects undertaken through both regulatory and 
nonregulatory programs to secure some desired mosaic of wetlands in the 
landscape.”   

Hashisaki (1996) discusses the utility of a landscape-level analysis to examine conditions 
not just at an impact, compensation, or reference site, but also in the surrounding 
landscape.  A landscape-level analysis “considers the effect of historic, current, and 
proposed land management practices on the individual functional indicators. . . . In 
addition to identifying constraints on land management practices, it can be useful in 
identifying critical preservation and restoration opportunities.  Understanding the control 
that human activities exert on the disturbance regimes of an ecosystem allows projections 
about expected future conditions.”   

Bedford (1996) recommends developing wetland profiles/templates based on the 
diversity of wetland types that exist in a region as a result of the unique interaction of 
hydrogeology and climate.  By understanding the current and historic wetland types and 
their relative abundances in a region, decisions regarding compensatory mitigation can be 
made to help maintain the diversity and hydrologic equivalence.   

In some cases, using a watershed approach may result in a watershed plan that identifies 
all the wetlands in an area and assesses the functions that they perform.  Hruby and 
Scuderi (1995) used this approach for a watershed near Seattle, Washington, that was 
experiencing development pressure.  The goal of the plan was “to ensure that the 
performance of wetland functions and their societal values continue to be equal to or 
greater than those currently existing…” (Hruby and Scuderi 1995).  Wetland areas 
targeted for restoration or enhancement were assessed to quantify how much wetland 
function could be gained.  The proposed/potential gain in function through 
restoration/enhancement could then be used to determine how much wetland function 
could be lost to development activities in the watershed.   

A report by the National Research Council (2001) proposed that “Functional tradeoffs 
might be considered in the context of the needs of the watershed.”  A watershed plan 
would be developed for an area, such that the functions of wetlands proposed for loss or 
alteration are understood, as well as the needs of the watershed for wetland functions.  
Functions that are abundant or a low priority in a watershed could be lost and replaced by 
other functions that are limited or a higher priority in the watershed.   
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Race and Fonseca (1996) point out that on a national level, a landscape approach to land 
use and compensation would require the cooperation/participation of thousands or 
millions of private landowners:   

Taking a large-scale, ecosystem approach to wetlands management is a 
significant change in natural resource management policies, one 
representing a major paradigm shift that will require radical revision in 
values, management practices, and institutional structures in order to 
succeed (Cortner and Moote 1994). …Thus, integrating ecologically 
relevant concepts such as landscape-scale decision criteria need more 
than good science; it will also require conscious redesign of the entire 
permitting infrastructure to avoid legal challenges.   

6.10.6 Mitigation Banking 

Compensatory mitigation banking and other third-party compensation approaches (in-lieu 
fee, market-based mitigation) are believed by some to provide part of a solution and have 
offered new hope for successful compensation of wetland impacts (Kukoy and Canter 
1995).   

Currently, even when wetlands have been avoided or established as compensation they 
often “have diminished ecological functions from polluted runoff, from changes in 
hydrologic regimes, and from the fragmentation of the landscape which isolates the 
wetlands from the surrounding uplands, water, and biological resources of the watershed” 
(Shabman et al. 1993).   

In addition, some federal, state, and local permits for wetland loss do not require 
compensatory mitigation because the individual impact is so small that compensation is 
considered impractical, despite the fact that cumulative losses are occurring (Shabman et 
al. 1993, Kukoy and Canter 1995, Weems and Canter 1995).  Finally, even when 
compensatory mitigation is required there is no guarantee that it will be implemented or 
successful.   

Shabman et al. (1993) outlined a market solution to improve compensatory wetland 
mitigation.  Market-based mitigation approaches start with an entrepreneurial restoration 
firm seeking to make a profit from selling a product—a wetland ecosystem.  If the 
product is not of a particular quality then it will not sell.  For example, if the wetland 
bank is not in compliance, not meeting its performance standards, or not providing the 
proposed functions then the regulatory agencies will not accept credits from the bank as 
compensation for wetland losses. The permit applicant, therefore, will not purchase the 
“product” of the wetland bank.  This is the incentive for the restoration firm to establish a 
functioning wetland ecosystem.   

In addition, a restoration firm can take the time to find a suitable location for the wetland 
that will minimize problems with fragmentation (Kukoy and Canter 1995).  Wetland 
banks can also secure large sites for restoration that would not be feasible on a small 
project scale (Weems and Canter 1995).   
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Once the wetland is established, credits or tradable portions of the wetland can be made 
available for purchase to compensate for wetland losses (Weems and Canter 1995), even 
wetland losses that were previously too small to require compensation (Kukoy and Canter 
1995).  It is assumed that the availability of bank credits for compensation can also 
provide efficient permitting since the applicant would not have to worry about getting a 
mitigation plan approved, and regulators could more readily assess the effectiveness of 
the compensation.   

Mitigation banking in Washington State has been more thoroughly discussed in the Draft 
Programmatic Environmental Impact Statement: Washington State’s Draft Rule on 
Wetland Mitigation Banking (Driscoll and Granger 2001, available at: 
http://www.ecy.wa.gov/biblio/0106022.html).  For additional information on mitigation 
banking and in-lieu fee programs refer to Banks and Fees: The Status of Off-Site Wetland 
Mitigation in the United States (Environmental Law Institute 2002).   

6.10.7 Summary of Key Points 

• The scientific literature provided suggestions for improving virtually every aspect 
of the mitigation process from regulatory guidance and policies to specifications 
for controlling invasive vegetation.   

• Suggestions included measurable, meaningful, achievable, and enforceable 
performance standards; better sites that provide increased benefits due to their 
location within a watershed; better monitoring of compensatory mitigation 
wetlands; and measures to increase regulatory follow-up of compensation 
projects.   

6.11 Chapter Summary and Conclusions 
Wetland compensatory mitigation has been studied in Washington and elsewhere in the 
United States for the past 15 years.  Considerable data are available to evaluate the 
effectiveness of compensatory mitigation.   

The majority of compensatory wetland mitigation projects described in the literature was 
neither fully successful nor completely unsuccessful. Most projects were found to have 
an intermediate level of success.  While most compensatory mitigation projects were 
installed, compliance of the projects with permit requirements was generally low.  The 
authors of Volume 1 hypothesized that this was due to shortfalls of wetland acreage, 
failure to achieve performance standards, and a lack of monitoring and maintenance.  The 
few studies that examined the effect of regulatory follow-up suggested that it had a 
positive influence on the level of compliance and success for compensatory wetland 
mitigation projects.   

There is a general lack of information about the relative effectiveness of the various types 
of compensation (e.g., restoration, creation, enhancement, etc.).  Creation is generally the 
most frequently used type of compensation, but studies of its effectiveness produced 
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mixed results.  Enhancement of wetlands was also frequently used, but few studies 
examined its effectiveness.  Limited studies from Washington indicated a low level of 
success among enhanced wetlands, primarily due to a minimal gain in functions.  
Restoring wetlands was noted as a high priority, but as a type of compensation it is not 
frequently used.   

Preservation and a mixture of compensation types appear to be used occasionally.  
Studies provided limited information on the effectiveness of these types.  Two studies 
from Washington indicated that mixed compensation projects had a higher level of 
compliance than creation or enhancement, and all mixed projects were moderately 
successful.  The lack of data regarding the effectiveness of preservation is problematic 
since one of the only studies to look at its effectiveness determined that one large site was 
predominantly upland habitat.  On the other hand, if a site can be confirmed as wetland, 
or if a mosaic of wetland and upland is determined to be acceptable, preservation of 
existing wetlands offers no risk of failure and no temporal loss of wetland functions, 
which are inherent in the other types of compensation.  Preservation does, however, result 
in a net loss of wetland area and possibly functions.   

Replacement ratios attempt to equalize the trade-off between the wetland being lost and 
the wetland being provided as compensation by accounting for the risk of failure and 
temporal loss of functions.  Required replacement ratios vary from one state to another, 
based on the type of compensation proposed, and based on project-specific 
circumstances.  Replacement ratios actually achieved through compensation were less 
than what was required, which is to be expected since the ratios are meant to encompass a 
certain level of failure. However, in some cases this resulted in less than 1:1 acreage 
replacement.   

Studies relying solely on permit files and databases indicated that permitting programs 
have improved over time in terms of wetland acreage required for compensation.  
However, studies which relied on site visits and field analyses indicated that 
compensatory wetland mitigation has resulted in a loss of wetland acreage.   

Functions performed and characteristics produced by created and restored wetlands 
differed from those performed and produced by reference wetlands, except water quality 
functions, which appeared to be performed in a similar capacity. None of the studies 
compared the functions provided by compensation wetlands with the functions provided 
by the wetlands that were lost.   

For the most part, reference wetlands provided habitat for a greater diversity or 
abundance of wildlife than created or restored wetlands.  Birds were an exception since 
half of the studies found no difference between created/restored sites and reference 
wetlands, particularly for ducks.  Created and restored wetlands have different vegetative 
characteristics and plant communities than reference wetlands.  Certain plant 
communities, such as sedge meadows, may require many years to develop if at all.   

The authors of Volume 1 conclude that the common finding that wetland compensation 
sites have greater vegetation species richness is linked to the broad range of niches 
created on a new site.  A newly created or restored site is a “blank slate” upon which 
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species will be planted, species from the previous habitat on the site will re-emerge, and 
species adapted to disturbance will colonize.  Over time the site will stabilize and mature 
and only the species adapted to the resulting conditions will remain.  However, research 
on restored, created, or enhanced sites that have stabilized is currently lacking.  One 
could infer, therefore, that sites are not studied for a long enough time, due either to the 
relatively short regulatory timeframe or the decades or lifetimes necessary to achieve 
stabilization and maturity.   

Researchers observed that created, restored, and enhanced wetlands had less organic 
matter than reference wetlands.  This could be due to the excavation of surface soil layers 
during project construction.  Studies also indicated that organic matter at compensation 
wetlands did not appear to accumulate over time.  Therefore, plant establishment at 
compensation wetlands could be hindered by low organic content in conjunction with 
soils that were found to be sandier, more compacted, and lower in nitrogen.   

Compensatory mitigation is producing more acreage of open water wetlands than was 
lost.  The ability of compensatory mitigation projects to produce other Cowardin classes 
varied.  Some compensatory mitigation wetlands have produced different HGM classes 
than were present in the reference wetlands.  This has resulted in wetlands that have more 
inundation for a longer period than reference systems.   

Some unique types of wetlands, such as bogs, fens, and mature forested wetlands, may 
not be reproducible, especially not within current regulatory timeframes.  Other wetland 
types, such as vernal pools, may be reproducible given the right conditions.   

The literature provided numerous suggestions on virtually every aspect of the mitigation 
process.  Key suggestions include:   

• Improving regulatory guidance on a variety of topics, such as measurable, 
meaningful, achievable, and enforceable performance standards for compensatory 
mitigation 

• Finding better sites that provide increased benefits due to their location within a 
watershed 

• Monitoring compensatory mitigation wetlands more effectively 

• Implementing measures to increase regulatory follow-up of compensation projects 

The literature suggests that some improvements have been made in compensatory 
mitigation over the past two decades, particularly in terms of what is required.  However, 
overall success and permit compliance have not noticeably improved.  Most studies 
indicate that created and restored wetlands do not provide the same characteristics or 
level of functions as reference wetlands (water quality functions may be the exception).   

Since the effectiveness of compensatory mitigation remains highly variable and 
somewhat questionable, it is increasingly important to understand the cumulative effects 
of the continuing loss of wetland acreage and functions.  This will be addressed in the 
next chapter.
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Chapter 7  
Cumulative Impacts to Wetlands and the 
Need for a New Approach 

“Evidence in increasing that the most devastating environmental effects may result, not 
from the direct effects of a particular action, but from the combination of individually 
minor effects of multiple actions over time.” (Council of Environmental Quality 1997) 

7.1 Reader’s Guide to This Chapter 
This chapter introduces the concept of “cumulative impacts” to represent the incremental 
losses and degradation of wetlands that continue in spite of all the existing regulatory and 
non-regulatory actions we are taking to protect them.  The chapter discusses different 
types of cumulative impacts and the loss of wetland area as the most easily assessed 
measure of cumulative impacts.  It goes on to present some of the causes of cumulative 
impacts in Washington.   

The synthesis of the scientific literature in Chapters 2, 3, and 4 has clearly established 
that wetlands do not function in isolation from the landscape that surrounds them.  A 
wetland’s ability to provide certain functions is influenced by the conditions and land 
uses within their contributing basins, especially by the patterns of water flow and 
movement that can be changed by different land uses.  Existing wetland regulations 
usually are structured so decisions are made on an application by application basis.  
There are no provisions for assessing or considering the implications of individual 
decisions on the resource in general.  The information presented in previous chapters 
demonstrates that project-by-project decisions cannot adequately address the 
complexities of wetland systems, and new approaches are needed to reduce the continued 
impacts to wetlands. 

7.1.1 Chapter Contents 

Major sections of this chapter and the topics they cover include: 

Section 7.2, Loss of Wetlands as an Indicator of Cumulative Impacts describes the 
total wetland losses in Washington and three studies in the Pacific Northwest that 
illustrate more recent loss.   

Section 7.3, Types of Cumulative Impacts describes how cumulative impacts result 
from disturbances related to geography and time that are not adequately managed.  It lists 
types of cumulative impacts such as fragmentation and time lags.  
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Sections 7.4, Causes of Cumulative Impacts in Washington describes how the current 
approach to wetland management and protection results in cumulative impacts.  The 
causes discussed include case-by-case permitting, lack of consistency between 
jurisdictions, and implementation of local programs for protecting wetlands through 
regulations.  Different types of cumulative impacts are listed along with examples of 
possible causes from inadequate protection at the local level.  

Section 7.5, Chapter Summary and Conclusions ties together the major concepts 
presented in the chapter. 

7.1.2 Where to Find Summary Information and Conclusions 

One summary is provided at the end of the chapter, along with the authors’ conclusions.  
The reader is encouraged to remember that a review of the entire section preceding the 
summary is necessary for an in-depth understanding of the topic. 

7.1.3 Sources and Gaps in Information 

Much of the literature published on the topic of cumulative impacts is not specific to 
wetlands.  Most of the research has been focused on environmental processes that affect 
biodiversity (i.e., habitat loss, fragmentation, metapopulations).  The available 
information is weighted toward the impacts of some types of land use (urbanization and 
forest practices), with less information available on the impacts from other types of land 
use (agricultural practices, mining).   

The 1997 Council of Environmental Quality report (Executive Office of the President) is 
a key document on cumulative impacts in general, and it provides a good summary of 
how land uses can cause cumulative impacts.  This document is available on the internet 
at:  http://ceq.eh.doe.gov/nepa/ccenepa/ccenepa.htm .  This information can be applied to 
the protection and management of wetlands in the state. 

The information available that specifically addresses wetlands is very general in nature 
and addresses cumulative impacts to wetlands only in terms of direct loss of wetland 
area, not the changes in functions that might result from changes in environmental 
processes at the landscape scale.   

There is a significant gap in information regarding the cumulative impacts to wetlands 
and their functions resulting from the current approaches to managing wetlands at any 
level of government.  The gap regarding the cumulative impacts and local protection 
programs is especially significant.  The legal framework within Washington State (see 
Chapter 2 in Volume 2), delegates the decisions about land use, including comprehensive 
planning, designation of zoning, and regulation of critical areas, to local governments.  
As the information synthesized in Chapters 2-4 of this document has shown, decisions 
that change land uses can cause impacts to wetlands.  However, little research has been 
conducted on the effectiveness of local efforts in effectively planning for and protecting 
wetlands, thereby preventing cumulative impacts.  Only two studies were found that 
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review the effectiveness of local protection programs for wetlands, and they dealt with 
specific topics relating to regulations:  standards for compensatory mitigation in King 
County and buffer requirements in the critical area ordinances of local jurisdictions in 
Washington in 1999 (See section 7.4.3).   
Some hypotheses about the effectiveness of local programs, however, can be made by 
correlating the findings of the relevant literature with different aspects of the regulatory 
framework for wetlands used by local governments.  The scientific information provides 
ample guidance on what is needed to protect wetland functions (e.g., planning to address 
and protect landscape processes, providing adequate buffers, modifying current practices 
of compensatory mitigation).  A comparison of this information to the usual standards 
found in current programs can provide insights about the effectiveness of these programs.  
If they do not provide the range of measures for protection that are suggested by the 
scientific literature, it can be hypothesized that those programs may not be providing 
adequate protection to prevent cumulative impacts and assure long-term sustainability of 
wetlands. 

What are Cumulative Impacts? 

Cumulative impact, as defined by the Council on Environmental Quality, “is the impact 
on the environment which results from the incremental impact of the action when added 
to other past, present, and reasonably foreseeable future actions regardless of what 
agency (Federal or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking 
place over a period of time.”  http://ceq.eh.doe.gov/nepa/regs/ceq/1508.htm#1508.1 

Cumulative impacts also have been described by Hemond and Benoit (1988) as follows: 
“Wetlands are frequently subject to multiple impacts over time and/or space; the effects 
of such multiple impacts may be simply additive, or the total effect may be more severe 
than the sum of the effects of the individual impacts alone.  Cumulative impact as used 
here refers to multiple impacts whose effects on the wetland cannot be predicted by 
simply adding the effects of all the individual impacts.” 

7.2 Loss of Wetlands as an Indicator of Cumulative 
Impacts 

The loss of wetland area that continues to occur as a result of human activities is a 
general indicator that cumulative impacts are occurring.  A net loss of wetland area and 
the functions it supports is a measure of the incremental impacts of human activities that 
are not adequately addressed.  At the national level, wetlands continue to be lost, 
according to a report released by the National Research Council (1995).  The U.S. 
Environmental Protection Agency states that although wetland loss rates are slowing, the 
United States continues to lose approximately 70,000 to 90,000 acres (28,300 to 36,400 
ha) of wetlands on non-federal, rural lands each year (U.S. Environmental Protection 
Agency 2002).   
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Here in Washington, the state has lost an estimated 31% of its 1.35 million acres (55 
million ha) of wetlands up to the 1980s (Dahl 1990).  Recent data on total wetland losses 
in the state are not available, but three studies in the Pacific Northwest illustrate that the 
loss of wetlands continues: 

• Bell (2002) studied sphagnum-dominated peatlands that were originally mapped 
by Rigg in the early 1950s in King County.  Bell found a 69% loss of these 
wetlands since 1958.  Of 26 sites, six remained relatively undisturbed.  Eight 
showed a decline in acreage and quality of plant communities.  Five wetlands are 
now highly disturbed with no sphagnum moss present.  The remaining seven 
wetlands were either drained or filled.  Of the 406 acres (162 ha) present in 1958, 
only 125 acres (50 ha) remain today.  The losses were due to agricultural 
conversion, development, and peat mining.  

• A study of recent losses of wetlands within the Willamette Valley, Oregon, found 
that from 1981/1982 to 1994 there was a loss of approximately 9,500 acres 
(3,800 ha) of wetlands, representing approximately a 2.1% loss of wetlands within 
the Willamette Valley study area.  They found that 70% of the loss was 
attributable to agriculture, 6% was associated with the impacts of urbanization, 
and 24% was attributable to other unidentified causes (Bernert et al. 1999).   

• A study conducted by Holland et al. (1995) in the greater Portland, Oregon, area 
found that 40% of the wetlands identified in the National Wetland Inventory of 
1981/1982 were missing in 1992.  They attributed most of the loss to the impacts 
of urbanization, yet they still attributed 31% of the losses to agricultural 
conversion.  One conclusion of their study was that small, often isolated wetlands 
were lost due to decisions regarding single-project permits that did not take into 
account the overall pattern of wetland loss. 

In addition to the direct loss of wetlands, alterations have occurred from human activities 
such as diking, draining, and agricultural practices (Washington State Department of 
Natural Resources 1998).  These changes, even if apparently small on an individual basis, 
can have a cumulative impact on the functions of wetlands.   

7.3 Types of Cumulative Impacts 
Cumulative impacts result from the spatial (geographic) and temporal (time) crowding of 
disturbances that are not adequately managed.  The impacts of a disturbance can be 
compounded when a second disturbance occurs at a site before the ecosystem can fully 
recover from the effect of the first disturbance (Council of Environmental Quality 1997).  
The scientific community has not yet agreed on a standard definition or method for 
assessing cumulative impacts because of the diversity of disturbances, the complexity of 
environmental processes, and the diversity of impacts possible (Council of 
Environmental Quality 1997).  Nonetheless, the Council was able to identify eight 
scenarios (types of cumulative impacts) by which cumulative impacts occur (Table 7-1).  
These types are discussed further in Section 7.4.4 (Table 2) in relation to various causes 
of cumulative impacts in Washington. 
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Table 7-1.  Types of cumulative impacts (modified from Council of Environmental Quality 
1997) 
Type of Cumulative 
Impact 

Main Characteristics Examples of Cumulative 
Impacts  

Time crowding Frequent and repetitive 
disturbances before the ecosystem 
has recovered from previous 
disturbance 

Changes in the water regime that 
increase the depths of water and 
duration of flooding that, in turn, 
drowns vegetation not tolerant to 
prolonged inundation 

Time lags Impacts of disturbance are 
delayed from the time the 
disturbance occurs 

Changes in water regime that 
causes a slow shift in the 
vegetation to species not suitable 
as sites for laying amphibian eggs 

Space crowding Impacts are occurring in close 
physical proximity to each other  

Construction of new roads and 
commercial land uses on opposite 
sides of a wetland, resulting in 
increased human disturbances, 
such as noise, lighting, and less 
upland habitat 

Cross-boundary Impacts occur away from the 
source 

Eutrophication in wetlands and 
lakes that results from discharges 
of nutrients in upper watershed 

Fragmentation Changes in the pattern of 
ecosystems across the landscape 

Construction of a subdivision 
with roads interrupts the natural 
pathways used by animals for 
movement between patches of 
habitat 

Compounding effects Impacts arising from multiple 
sources or pathways  

A small buffer reduces the upland 
habitat needed for wildlife that is 
closely associated with wetlands 
and that allows intrusion by 
humans and domestic pets 

Indirect effects Additional disturbances that result 
from changes in human activities 
that themselves are a result of the 
initial disturbance 

The additional impacts that result 
from development after roads or 
other infrastructure are built.  The 
building of a road has direct 
impacts but also changes human 
activities that cause additional 
ones. 

Thresholds and triggers The accumulation of disturbances 
causes a fundamental change in 
the behavior of the ecosystem 

Changes in land use result in 
increased surface runoff that 
causes streams to become incised.  
As a result, wetlands become 
disconnected from the floodplain.  
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7.4 Causes of Cumulative Impacts in Washington 
Some of the causes of cumulative impacts on wetlands stem from how wetlands are 
regulated in Washington State, and how local governments plan for future land use and 
development.  Local city or county governments generally have the authority to plan for, 
manage, and otherwise regulate land uses within their jurisdictional boundaries, including 
those within and adjacent to wetlands.  They may regulate what occurs directly in a 
wetland and, in many cases, they regulate land uses adjacent to a wetland and its buffer 
(see Volume 2).  Federal and state agencies may regulate many direct impacts to 
wetlands.  However, state and federal agencies do not regulate all activities that take 
place in wetlands and do not regulate land uses in the uplands around a wetland.  They 
also don’t provide the comprehensive planning and inter-jurisdictional coordination that 
affects cumulative impacts.  Thus, federal and state agencies that regulate wetlands do 
not manage, and cannot protect, all wetlands nor many of the landscape processes that 
influence the functions that wetlands provide.  

7.4.1 Case-by-case Permitting as a Cause of Cumulative 
Impacts 

Wetlands in Washington are primarily managed by local jurisdictions through regulations 
that are implemented on a case-by-case or permit-by-permit basis.  Proposed actions are 
often reviewed and approved without a legal authority or mechanism to assess how 
previous, relevant decisions may have impacted wetlands and caused cumulative impacts.  
Each action also is not typically reviewed in the context of impacts to associated 
landscape processes that may result in cumulative impacts.   

On a national level, there is information on the relation between case-by-case decision-
making and cumulative impacts.  One of the reasons often cited for the failure of site-
specific management to adequately protect aquatic resources is the inability of such an 
approach to address cumulative impacts (Johnston et al. 1990, U.S. Environmental 
Protection Agency 1999, Dale et al. 2000).   

The literature has clearly identified that environmental regulations that are implemented 
on a permit-by-permit basis have a substantial cumulative impact.  This occurs because 
the permit-by-permit approach fails to identify and account for the landscape processes 
that create and maintain wetlands (Wissmar and Beschta 1998).  In the late 1980s, 
Bedford and Preston (1988) observed, “The incongruity between the regional scales at 
which wetland losses are occurring and the project-specific scale at which wetlands are 
regulated, and also studied, has become obvious.”  Failure to address the landscape 
processes results in two types of cumulative impacts (see Table 7-1) that are based on 
larger, geographic scales - cross-boundary impacts and fragmentation. 



Wetlands in Washington State  Chapter 7 
Volume 1 – A Synthesis of the Science 7-7 March 2005 

Bedford and Preston (1988) note that making decisions on a project-by-project basis fails 
to evaluate the potential impacts within the spatial and temporal scale within which 
ecosystems function.  They state that, although project-by-project decision-making 

. . .  allows evaluation of the local impacts on resources, it does not allow 
evaluation of impacts of the project on these resources as a whole, of the 
total impact on these resources from all anthropogenic disturbances, or of 
secondary impacts resulting from the interaction of impacts from the 
project with other anthropogenic disturbances.  This is true because the 
spatial and temporal boundaries of the analysis have not fully enclosed 
spatial and temporal dynamics of the environmental resources of concern 
and the anthropogenic activities influencing them.  

These authors recognize that impacts can be generated not only from project-specific 
actions, but they can also result from actions that occur out of time and outside the 
vicinity of the activity that may be under scrutiny for a particular project.  This results in 
two types of cumulative impacts described on Table 7-1, time-lags and indirect effects. 

Others, such as Everard (1999), are concerned that regulating wetlands and other aquatic 
resources without considering landscape processes creates the illusion that the resources 
are being protected by case-by-case management decisions.  The ramifications of this 
misconception include: 

• Assumptions by the public that current land-use regulations and management 
decisions are adequate to protect aquatic systems 

• The public perception that protection of aquatic resources is an ongoing financial 
burden 

• The assumption that current regulations are adequate eliminates any incentive or 
perceived need to assess or modify existing policies and/or regulatory programs  
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Cumulative effects of decisions made project-by-project: An analogy 

Understanding the implication of cumulative impacts from a project-by-project 
perspective rather than one at a landscape scale may seem abstract given the complexity 
of how the environment functions in the landscape.  The following analogy is offered to 
provide an alternative description of cumulative effects and the need to manage natural 
resources using a landscape approach.  Credit for the following analogy was given to 
Gosselink and Lee by Preston and Bedford (1988): 

Imagine a Renaissance mosaic of a mother and child, composed of beautiful tiles of 
various shapes and colors.  As it has aged the mosaic has begun to lose tiles.  As 
managers responsible for the mosaic, we have to determine which of the tiles to preserve 
and reinforce, which to attempt to restore, and which we will allow to be further 
damaged or even destroyed.  Our objective is to attempt to preserve the highest value for 
the mosaic.  Using a tile-by-tile decision method (the project-by-project impacts 
assessment), each tile would be assessed separately and individually for its intrinsic 
value.  Each decision for a tile would not consider the other nearby tiles, nor even how 
the tiles fit into the whole image.  This strategy would very likely not preserve the image 
of the mother and child.  Yet, it is the image that gives the mosaic its inherent value, not 
the sum of the individual tiles.  If one is to preserve the value of the image, then one 
needs to be able to determine the relative significance of each individual tile relative to 
each other tile and to the image as a whole.   

7.4.2 Lack of Consistent Plans and Regulations between 
Jurisdictions as a Possible Cause of Cumulative 
Impacts 

The approach of managing wetlands on a permit-by-permit basis described in the 
previous section is the best documented cause of cumulative impacts.  There are other 
aspects, however, of the regulatory framework in Washington that can be hypothesized to 
cause cumulative impacts.  A possible source of cumulative impacts is the lack of 
consistent regulations between jurisdictions to protect and manage landscape processes 
that occur across jurisdictional boundaries.  One jurisdiction may manage water flows 
from impervious surface, but another one that is further upstream may not manage such 
flows.  Or, one jurisdiction may provide a 200-foot buffer on a reach of riparian wetlands 
while the adjacent jurisdiction may only provide a 50-foot buffer on the same reach.   

In Washington State, most local jurisdictions have development codes that establish the 
regulatory framework for land use in all areas including wetlands.  These codes are based 
on the objectives developed for each jurisdiction.  Adjacent jurisdictions may have quite 
different objectives for managing the resources and therefore adopt distinctly different 
codes and regulatory protection.  A common inconsistency in regulatory protection is the 
use of different wetland rating systems that result in variable levels of protection.  For 
example, the city of Tukwila in King County has adopted a rating of wetlands into three 
categories (Critical Areas Ordinance #2074, December 13, 2004) while King County has 
adopted a four category rating system (Final Critical Areas Ordinance 15051, Adopted 
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October 29, 2004).  The levels of protection assigned each of the wetland categories is 
also different.  Disparities between rating systems may result in different levels of 
protection to different portions of the same wetland if it crosses jurisdictional boundaries.  
It is also quite possible that different buffer widths and different ratios for compensatory 
mitigation could be required for different parts of the same wetland in adjacent 
jurisdictions.  Such discrepancies therefore can result in cumulative impacts across 
boundaries.  

The failure to address the landscape processes consistently can result in two types of 
cumulative impacts (see Table 7-1) that are based on larger geographic scales - cross-
boundary impacts and fragmentation.  The differences in rating systems can result in 
“cross-boundary” impacts while the example of the different buffers for riparian wetlands 
would cause impacts from fragmentation.  

7.4.3 Implementation of Regulatory Programs at the Local 
Level as a Possible Cause of Cumulative Impacts 

Currently, there is little published information on the possible cumulative impacts that 
may result from the implementation of regulatory programs by local jurisdictions.  For 
example, there is no documentation on the impacts of: 

• Exempting wetlands from protection based on size (e.g., wetlands smaller than ¼ 
acre are not being regulated at all).  Such exemptions can be hypothesized to 
cause cumulative impacts such as fragmentation and exceeding thresholds of 
ecosystem viability if there are many small wetlands within a jurisdiction.   

• Exempting wetlands based on isolation (e.g., isolated wetlands are those that do 
not have a surface water connection to other water bodies).  Such exemptions can 
be hypothesized to cause cumulative impacts such as fragmentation and 
exceeding thresholds of ecosystem viability if there are many isolated wetlands 
within a jurisdiction.   

• Inadequate provisions for protection (e.g., inadequate buffer widths).  This can be 
hypothesized to cause cumulative impacts such as “compounding effect” where 
an inadequate buffer reduces the habitat for species that need the buffer, as well as 
by introducing additional disturbances from adjacent development.    

• Using standards for compensatory mitigation that are inadequate to ensure 
replacement of wetland area and/or function.  This will result in all types of 
cumulative impacts because there is a continued loss of wetlands and their 
functions.  

Scientific information synthesized in this document provides guidance on what should be 
used to effectively protect wetland functions (e.g., landscape approaches, buffers, 
mitigation standards).  See Volume 2 in this two-part series for details regarding specific 
recommendations.  To assess the effectiveness of local programs, we can, therefore, 
compare the requirements developed by local jurisdictions against what natural resource 
experts say is needed.  The information available suggests that local programs do not 
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provide the level of planning and protection needed to maintain existing functions and 
address cumulative impacts.   

Two studies in Washington provide more direct information regarding this issue.  A King 
County study (Mockler et al. 1998) concluded that standards for compensatory mitigation 
implemented by the county were significantly less than what was necessary to meet the 
goal of no net loss of function or area.  In addition, data from the Washington State 
Department of Community, Trade and Economic Development (CTED) addresses the 
adequacy of buffer requirements by local governments in Washington.  The department 
collects data on the buffer requirements in critical area ordinances of cities and counties 
in Washington.  In the last such survey in 1999 (Chris Parsons, CTED, personal 
communications 1999, data are available on request from CTED), the buffers for 
wetlands were considerably narrower than what the scientific information indicates is 
necessary to protect many functions.  Of the 128 jurisdictions in Washington that specify 
a numeric buffer width, 99 had buffers of 100 ft or less on wetlands that rate high for 
their habitat functions.  The summary of the scientific information provided in Chapter 5 
indicates, however, that most habitat functions are not adequately protected by this buffer 
width. 

Additionally, no city or county in Washington has developed and implemented a 
landscape-based approach to assessing and protecting wetlands.  The scientific 
information summarized by the Ecological Society of America (Dale et al. 2000) and by 
the Council of Environmental Quality (1997) indicates that a landscape-based approach is 
necessary to minimize cumulative impacts.  

Thus, it is reasonable to hypothesize that existing wetland protection programs, as 
implemented in Washington, are not adequately protecting wetland functions and values, 
and cumulative impacts are resulting.  

7.4.4 Relating the Types of Cumulative Impacts to Measures 
Taken by Local Governments 

The list of types of cumulative impacts listed in Table 7-1 can be related to inadequacies 
of the measures taken to protect wetlands at the local level that have been documented or 
that can be hypothesized.  Examples of the different types of cumulative impacts and 
examples illustrating these inadequacies are provided in Table 7-2.  The inadequacies 
span the realms of planning, coordination, and regulation.   
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Table 7-2.  Types of cumulative impacts and examples of factors at the local level 
that might cause the impacts.  

Type of 
Cumulative 
Impact 

Main Characteristics Examples of 
Cumulative Impacts 

Examples at the Local Level 
That Might Cause This 
Impact 

Time crowding Frequent and repetitive 
disturbances before 
recovery has occurred from 
previous disturbance 

Reoccurring flooding 
that drowns vegetation 
that is not adapted to 
prolonged inundation 

Inadequate storm-water 
regulations that do not 
address impacts on wetlands 
of changes in water regime 

Time lags Impacts of disturbance are 
delayed  

Exposure to toxics 

 

No provision for regulating 
the use of chemicals on 
residential lawns draining to 
wetlands 

Space 
crowding 

Impacts are occurring in 
close proximity to each 
other  

Construction of new 
highways and high-
density commercial 
zones on both sides of a 
wetland, resulting in 
increased noise, lighting, 
and human presence 

No provision for planning at 
the landscape scale that 
allows the identification and 
adequate protection of critical 
landscape linkages between 
habitats 

Cross-
boundary 

Impacts occur away from 
the source 

Eutrophication in 
wetlands and lakes that 
results from nutrient 
discharges in upper 
watershed 

Lack of coordination among 
jurisdictions in controlling 
nutrient inputs to a watershed 

Fragmentation Changes in the pattern of 
ecosystems across the 
landscape 

Distribution and size of 
wetlands across the 
landscape is reduced 

No planning at a landscape 
scale that identifies key 
landscape processes and 
incorporates appropriate 
management options.  
Permits are issued on a case-
by-case basis 

Compounding 
effects 

Impacts arising from 
multiple sources or 
pathways  

Construction of roads, 
stormwater facilities, and 
high density commercial 
development after an 
approved rezone 

The lack of authority to 
adequately assess potential 
long-term effects to 
landscape processes when 
changing the potential land 
use of a parcel or area 

Thresholds and 
triggers 

The accumulation of 
disturbances causes a 
fundamental change in the 
behavior of the ecosystem 

Increased surface runoff 
causes streams to be 
incised and wetlands 
become disconnected 
from the floodplain 

Permit-by-permit decision 
making precludes the ability 
to regulate known or 
anticipated cumulative 
effects, unless the regulatory 
framework is in place 
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7.5 Chapter Summary and Conclusions 
Loss of wetland area and alteration of wetland functions due to human activities are 
indicators that cumulative impacts are occurring.  Wetland losses continue to occur on a 
national level.  The few studies done in the Pacific Northwest suggest that losses continue 
to occur in the region as well.   

The Council on Environmental Quality has identified seven types of cumulative impacts:  
time crowding, time lags, space crowding, cross-boundary, fragmentation, compounding 
effects, thresholds and triggers. 

Some of the causes of cumulative impacts include the following: 

• Permit decisions made on a case-by-case basis.  The scientific information 
available has clearly identified that environmental regulations that are 
implemented on a permit-by-permit basis have substantial cumulative impacts.  

• Lack of consistent regulations between jurisdictions.  Local governments vary in 
the protection they provide to wetlands or to different parts of the same wetland if 
it crosses political boundaries.  Therefore, the same wetland may be subject to a 
variety of policies and regulatory standards.  Differing standards can result in 
cumulative effects and loss of wetland functions across the landscape. 

• Insufficient protection at the local level.  Most cities and counties in Washington 
have historically required buffers that are considerably less than what the research 
indicates are necessary to protect functions.   

• The lack of planning at a larger geographic scale.  The scientific information 
shows that a landscape-based approach is needed to effectively manage wetlands.  
However, no local government in Washington has developed and implemented a 
landscape-based approach to assessing and protecting wetlands.   

Based on the synthesis of the scientific literature, combined with the knowledge of the 
standards for protection and how land-use decisions are currently made, it can be 
hypothesized that current protection programs result in cumulative impacts to wetlands.    

Improvements in the way wetlands are protected and managed, and therefore how 
cumulative impacts can be avoided, is the subject of the second volume in this two-part 
series.  It provides guidance in regard to: 

• Implementing a four-part framework for protecting and managing wetlands  

• Analyzing the landscape and its wetlands  

• Using landscape information in developing plans and policies, and incorporating 
these into comprehensive planning  

• Developing and improving tools typically used in local regulations (rating, 
buffers, compensatory mitigation, etc) 
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• Developing and improving non-regulatory tools such as preservation, 
conservation, and restoration 

• Identifying the risks from proposed or existing programs 

• Implementing programs 

• Monitoring wetland protection and management measures that have been 
implemented, and adapting programs to address the inadequacies identified 

The reader is referred to Volume 2 for suggestions regarding solutions to the problem of 
cumulative impacts. 
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Glossary 

Terms defined in the context of the sentence in which they appear in this document 
may not be included in the glossary. 

 
Adventitious roots.  Additional roots that develop in some plants, such as willows and 

alders, as an adaptation to saturated or flooded conditions.  

Aquatic resources (systems).  Refers to ecological systems where the regular or 
occasional presence of water is the dominant factor determining the 
characteristics of the site. Aquatic systems are made up of wetlands, rivers, 
streams, lakes and other deepwater habitats. 

Assessment methods.  Methods that generate a number representing an estimate of the 
performance of a wetland function. The number generated is relative to a 
predetermined standard (e.g., level of function provided by reference wetlands). 
Numbers do not reflect an actual level of function performance (Hruby 1999). 
Examples include the Washington State Methods for Assessing Wetland 
Functions (WFAM) (Hruby et al. 1999 and 2000) and the HGM approach to 
wetland function assessment (Brinson et al. 1995). 

Biological wetland.  A biological wetland is a wetland that meets the three parameter 
criteria of either the 1987 Corps of Engineers Delineation Manual or the 1997 
Washington State Wetlands Identification and Delineation Manual (WAC 173-22-
035). Compare to jurisdictional wetland.   

Bog.  A unique type of wetland dominated by mosses that form organic peat.  Bogs form 
in areas where the climate allows the accumulation of peat to exceed its 
decomposition.  Bog hydrology is dominated by precipitation rather than surface 
inflow.  The plant community is specialized to survive in the nutrient-poor and 
highly acidic conditions typical of bog systems.   

Buffers or buffer areas.  Vegetated areas adjacent to wetlands, or other aquatic 
resources, that can reduce impacts from adjacent land uses through various 
physical, chemical, and/or biological processes. 

Canopy cover.  The degree to which the foliage of the highest vegetation layer in a plant 
community blocks sunlight or obscures the sky.  

Class.  A grouping based on shared characteristics in a classification scheme. In the 
Cowardin et al. (1979) classification of wetlands a class is the third level in the 
‘taxonomy’ of wetlands whereas in the Hydrogeomorphic Classification (Brinson 
1993) it is the highest taxonomic unit. 
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Compensatory mitigation. The compensation stage of the mitigation sequence where 
impacts to the functions and values of wetlands are replaced through creation, 
restoration, or enhancement of other wetlands.  Because regulatory requirements 
and policies tend to focus on the compensation stage, the term “mitigation” is 
often used to refer to compensation, which is just one part of the overall 
mitigation sequence.  See mitigation.  

Conductivity.  A measure of the amount of dissolved constituents (ions) in water, based 
on the water’s ability to conduct electricity.  See specific conductance.   

Connectivity.  The structures on the landscape that facilitate movement of living 
organisms between patches or their habitat that are found across the landscape.  
The movement can occur either within the lifetime of an organism or over a 
period of generations.  The purpose of facilitating movement is to maintain viable 
populations that allow species and communities of species to persist in time.  
Connectivity can be achieved via a continuous and linear habitat feature (as in a 
corridor) or discrete habitat patches comprised of but not limited to individual 
forests, wetlands, shrub lands, and shorelines. 

Conservation easement.  A restriction placed on a piece of property to protect the 
resources (natural or man-made) associated with the parcel.  It restricts the type 
and amount of development that can take place on a parcel of land. For example, 
the landowner may sell or donate the development rights while retaining the 
ownership of the property.  Easements are recorded on the property deed and are 
held in trust by a conservation easement "holder" such as a land trust or 
government agency.  The holder polices the terms of the easement for the duration 
of its existence, which is usually into perpetuity. 

Contingency plan.  A plan outlining actions that would be triggered if monitoring of a 
project revealed a problem that would prevent the site from attaining its stated 
goals, objectives, and performance standards. Contingency plans should identify 
anticipated problems and the specific maintenance activity that would be 
implemented to rectify each problem.  

Contributing basin.  The geographic area from which surface water drains to a 
particular wetland. 

Corixids.  A group of aquatic insects commonly called “water boatmen.”   

Corridor: Corridors are areas that contain relatively undisturbed habitat and/or 
vegetation that maintain connections for wildlife throughout the landscape.  
Corridors usually represent linear habitats with the range of environmental 
functions necessary to permit the movement of animals between larger and more 
fully functioning habitats.  Corridors can include but are not limited to, annual or 
seasonal migration corridors that connect wintering and breeding habitat, or intra-
seasonal corridors that connect foraging and nesting habitat or breeding and 
dispersal habitat. 



Wetlands in Washington State  Glossary 
Volume 1 – A Synthesis of the Science 3 March 2005 
 

Cowardin classification.  The first commonly used classification system for wetlands 
developed in 1979 by the U.S. Fish and Wildlife Service.  The Cowardin system 
classifies wetlands based on water flow, substrate types, vegetation types, and 
dominant plant species.  

Cumulative impacts.  The incremental effect of an impact added to other past, present, 
and reasonably foreseeable future impacts.   

Deed restriction (definition from legal dictionary). Clauses in a deed limiting the future 
uses of the property. Deed restrictions may impose a vast variety of limitations 
and conditions, for example, they may limit the density of buildings, dictate the 
types of structures that can be erected or prevent buildings from being used for 
specific purposes or even from being used at all. 

Depressional wetland. A class of wetlands in the hydrogeomorphic classification. These 
are wetlands that occur in topographic depressions that exhibit closed contour 
interval(s) on three sides and elevations that are lower than the surrounding 
landscape.  

Dioxin.  A group of several hundred chemical compounds that share certain chemical 
structures and biological characteristics.  They include the chlorinated dibenzo-p-
dioxins (CDDs), chlorinated dibenzofurans (CDFs), and some polychlorinated 
biphenyls (PCBs).  The term dioxin is also used to refer to a well-studied and 
toxic dioxin, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD).   

Disturbance. An event that disrupts the processes or structure of ecological systems.  
Disturbances may occur naturally (e.g., wildfires, storms, floods) or be caused by 
human actions (e.g., clearing land, building roads, altering stream channels).  The 
effects of disturbances on ecological systems are controlled in large part by their 
intensity, duration, frequency, timing, and size and shape of area affected.   

Ditch.  Any channel that has been specifically dug to facilitate drainage. 

Drainage systems.  Often called basins, sub-basins, watersheds, or river basins 
depending on the size of the area.  In this document, drainage systems are 
generally referred to using one of two terms: 1. Watershed. A geographic area of 
land bounded by topographic high points in which water drains to a common 
destination; and 2. Contributing basin.  A geographic area from which surface 
water drains to a particular wetland. 

Drawdown.  A lowering of the ground-water surface caused by pumping. 

Dytiscids.  Predaceous diving beetles.   

Ecoregion.  Geographic regions where climatic conditions are similar and the ecosystems 
(including wetlands) are relatively homogeneous. Omernik and Gallant (1986) 
mapped the following ecoregions in Washington: Coast Range, Puget Lowland, 
Cascades, Eastern Cascades Slopes and Foothills, North Cascades, Columbia 
Plateau, Blue Mountains, and Northern Rockies. 
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Ecosystem.  A loosely defined assemblage of co-occurring organisms and the geographic 
location which they inhabit.  The term is an operational convenience defined by 
the user of the term for the convenience of description (Levin 2001).  There is no 
basic geographic scale associated with the term ecosystem, and that also has to be 
defined by a user.  For example, the term can be used to describe the micro-
organisms co-occurring in a spoonful of soil (soil ecosystem) at one end of the 
scale to the ecosystem of the world that encompasses all organisms on the planet.  

Ecotone.  An area that is transitional between two different types of ecosystems and has 
some of the features of both.  Wetlands are often characterized as being ecotones 
between aquatic and terrestrial ecosystems. 

Edge.  The boundary where habitats meet or where successional stages of plant 
communities come together. 

Emergence trap.  A device placed over the water or sediment in a wetland to capture 
flying aquatic insects as they emerge from their non-flying larval state into their 
winged adult form. 

Environmental processes.  The same as landscape processes.   

Eutrophication.  The undesirable overgrowth of vegetation caused by high 
concentrations of plant nutrients in bodies of water, especially nitrogen and 
phosphorous, often as a result of human activities. 

Evapotranspiration.  The combination of water that is evaporated from the surface and 
that is transpired from the leaves of plants as part of their metabolic process.   

Fen.  A type of wetland that is similar to a bog, containing accumulated peat.  Fens 
support marsh-like vegetation including sedges and wildflowers.  Fens differ from 
bogs in their plant communities, hydrology, and water chemistry.  They are fed by 
groundwater and are not as acidic as bogs.   

Flats.  A class of wetlands in the hydrogeomorphic classification.  These are wetlands 
that occur in topographically flat areas that are hydrologically isolated from 
surrounding ground or surface water.  They are primarily maintained by 
precipitation. 

Forb.  Any herbaceous plant that is not a grass or sedge.   

Forested wetland.  A wetland class in the Cowardin classification where woody plants 
taller than 20 feet form the dominant cover.  Shrubs often form a second layer 
beneath the forest canopy, with a layer of herbaceous plants growing beneath the 
shrubs. 

Fragmentation.  The breaking up of ecosystems into patches of habitat that are separated 
by areas altered by human land uses.  Fragmentation always consists of both the 
reduction in the area of the original habitat and a change in spatial configuration 
of what remains.  
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Functions.  The physical, biological, chemical, and geologic interactions among different 
components of the environment.  See wetland functions.   

Functional feeding group.  A group of animals (aquatic insects, birds, etc) that feed in a 
similar way.  For example, insects that scrape algae from rocks in a stream are 
called scrapers; those that shred leaf material are caked shredders; and those that 
filter small particles from the water column are filter feeders. 

Furans.  A chemical substance resulting from the manufacture of organic compounds, 
such as nylon.   

Geomorphic setting.  The topographic location of a site within the surrounding 
landscape and the geology that underlies it.   

Geomorphology.  The geologic composition and structure of a landscape—its 
topography, landforms, soils, and geology.   

Hemipterans.  A group of insects with straw-like, sucking mouth parts. 

Herbaceous (stratum).  A layer of non-woody vegetation, usually less than 6 feet (2 m) 
tall.   

Hertz (Hz).  A unit of frequency equal to one cycle per second.   

Humic.  Of or pertaining to humus, which consists of partially or wholly decayed plant 
matter.   

Hydrodynamics.  Refers to the movement of water and its capacity to do work.  There 
are three qualitative categories of hydrodynamics: (1) vertical fluctuations of the 
water levels or water table, (2) unidirectional surface or near-surface flows that 
range from strong currents contained in channels to slow sheet flow down a slope, 
and (3) bidirectional flows resulting from tides or wind-driven currents in lakes. 

Hydrogeomorphic (HGM) classification.  A system used to classify wetlands based on 
the position of the wetland in the landscape (geomorphic setting), the water 
source for the wetland, and the flow and fluctuation of the water once in the 
wetland.   

Hydroperiod.  The pattern of water level fluctuations in a wetland.  Includes the depth, 
frequency, duration, and timing of inundation or flooding.  Patterns can be daily, 
monthly, seasonal, annual, or longer term. 

Impact.  Changes to the environment that are caused by human disturbances.  Impacts 
can be either beneficial or detrimental to the ecosystem, environmental process, or 
species. 

Interior (species).  Animal species that require the conditions found on the interior of a 
habitat type and which are subject to disturbance in areas toward the edges of that 
habitat.  For example, forest interior birds find optimum conditions within the 
center of a forested area where they are not subject to domestic pets, noise, severe 
weather, or other disturbances that penetrate the outer forest edge. 
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Jurisdictional wetland.  A wetland that is regulated by the provisions of the law under 
the jurisdiction of one or more federal, state, or local agencies.  Not all areas of 
the landscape that have the biological characteristics of wetlands are regulated or 
jurisdictional wetlands. 

Lacustrine.  Pertaining to lakes or lake shores. 

Lacustrine (lake) fringe wetlands.  A wetland class under the hydrogeomorphic 
classification.  These are wetlands that occur at the margins of topographic 
depressions in which surface water is greater than 8 hectares (20 acres) and 
greater than 2 meters deep in western Washington and 3 meters in eastern 
Washington. 

Landscape processes.  Environmental factors that occur at larger geographic scales such 
as basins, sub-basins, and watersheds. Processes are dynamic and usually 
represent the movement of a basic environmental characteristic such as water, 
sediment, nutrients and chemicals, energy, or animals and plants. The interaction 
of landscape processes with the physical environment creates specific geographic 
locations where groundwater is recharged, flood waters are stored, stream water is 
oxygenated, pollutants are removed, and wetlands are created.  

Landscape scale.  The geographic scale that encompasses the broader landscape (i.e., 
large areas such as basins, sub-basins, watersheds, and habitat corridors).   Also 
see site scale and large scale.  

Large scale.  Large in scope.  This term is used specifically to indicate geographic areas 
that extend beyond the boundaries of an individual site, wetland, or resource.  
Please note that this term has the opposite meaning when it is used in cartography.  
Large scale maps are ones that cover a smaller geographic area than a small scale 
map.  

Large woody debris (LWD).  Large pieces of downed wood, such as logs, rootwads, 
and limbs, that are in or near a body of water.  LWD provides habitat structure for 
fish and other aquatic organisms. 

Lentic.  Having slow moving or still water, such as a pond or lake (as compared to lotic – 
having running water, such as a river or stream). 

Metapopulation.  A group of local populations between which individuals can migrate. 

Microbe.  A microscopic organism, such as a bacterium. 

Microhm.  A unit of measure describing the resistance of a substance to electrical 
current.   

MilliSiemens.  A unit of measure for conductivity.  See specific conductance. 
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Mitigation (or mitigation sequencing). Mitigation is a series of actions that requires 
addressing each action, or step, in a particular order.  This sequence of steps is 
used to reduce the severity of negative impacts from activities that potentially 
affect wetlands.  Mitigation involves the following:  1. Avoiding the impact 
altogether by not taking a certain action or parts of an action; 2. Minimizing 
impacts by limiting the degree or magnitude of the action and its implementation, 
by using appropriate technology, or by taking affirmative steps, such as project 
redesign, relocation, or timing, to avoid or reduce impacts; 3. Rectifying the 
impact by repairing, rehabilitating, or restoring the affected environment; 4. 
Reducing or eliminating the impact over time by preservation and maintenance 
operations during the life of the action; 5. Compensating for the impact by 
replacing, enhancing, or providing substitute resources or environments; and 6. 
Monitoring the required compensation and taking remedial action when necessary 
(WAC 197.11.768). See compensatory mitigation.  

Natural Heritage (Wetlands) (as defined by the Natural Heritage Program of the 
Washington State Department of Natural Resources).  Wetlands that are either 
high quality undisturbed wetlands or wetlands that support threatened, 
endangered, or sensitive plant species.  

Niche.  The area within a habitat occupied by an organism; the set of functional 
relationships of an organism or population to the environment it occupies.   

PCBs.  Polychlorinated biphenyls, a type of toxic chemical compound once widely used 
in electrical equipment.  See dioxin. 

Phreatic zone.  The area above the groundwater table.   

Redox (potential).  Reduction-oxidation potential, or a measure of the potential 
movement of electrons in a system.  Reduction refers to the chemical process 
whereby molecules of a substance gain an electron.  Oxidation refers to loss of 
electrons.  Measuring the redox potential of a wetland soil provides information 
about the types of chemical reactions that are occurring in the soil, and thus 
whether the soil is more aerobic (contains oxygen) or anaerobic (lacks oxygen).   

Richness.  The number of different species of organisms present in a community.  

Riparian.  The strip of land adjacent to a body of water that is transitional between the 
aquatic system and the upland.  Some riparian areas contain wetlands. 

Riverine wetlands.  A class of wetlands in the hydrogeomorphic classification. 
Wetlands that occur in floodplains and riparian corridors in association with 
stream or river channels where there is frequent overbank flooding.  

Rotifers.  Minute organisms that live in fresh and salt water.  A crown of hair-like 
structures (cilia) propels them through the water.   

Roughness.  The amount of friction or resistance a surface provides against water flow.  
For example, an area containing shrubs and downed branches has greater 
roughness than a mowed lawn.   
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Site processes.  Environmental factors that occur within the wetland itself or within its 
buffer.  The interactions of site processes with landscape processes define how a 
wetland functions. 

Site scale.  The geographic scale that encompasses the area within the boundary of a 
single wetland and its immediate surroundings.  Also see landscape scale. 

Slope wetlands. A class of wetlands in the hydrogeomorphic classification.  These are 
wetlands that occur on the slopes of hills or valleys.  The principal water source is 
usually seepage from groundwater. 

Specific conductance.  A measure of electrical conductivity standardized to 25oC.  Use 
of specific conductance accounts for the fact that the conductivity of water 
changes as its temperature changes.  It is measured in units of milliSiemens per 
centimeter.   

Sub-basin.  A smaller drainage basin that is part of a larger drainage basin or watershed.  
For example, the watershed of a large river may be composed of several sub-
basins, one for each of the river’s tributaries. 

Temporal loss (of functions).  The concept that there is a time lag between the loss of 
existing wetland functions through human or natural disturbance and the 
reestablishment of functions over time.   

Tidal Fringe wetlands.  A class of wetlands in the hydrogeomorphic classification. 
Wetlands that occur on continental margins where marine waters are greater than 
2 meters deep and more than 8 hectares (20 acres) in size. 

Trophic level.  A concept used to describe feeding levels in a foodweb.  Plants fill the 
first trophic level by utilizing sunlight to create carbohydrates and other 
compounds.  Plants are consumed by plant-eating animals (herbivores) in the 
second trophic level, which in turn become food for predators in the next trophic 
level, and so on.   

Values.  See wetland values.  

Watershed.  A geographic area of land bounded by topographic high points in which 
water drains to a common destination. 

Wetland functions.  The physical, biological, chemical, and geologic interactions among 
different components of the environment that occur within a wetland. Wetlands 
perform many valuable functions and these can be grouped into three categories: 
functions that improve water quality, functions that change the water regime in a 
watershed such as flood storage, and functions that provide habitat for plants and 
animals. 
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Wetland rating.  Also called a wetland rating system. is a tool for dividing or grouping 
wetlands into groups that have similar needs for protection. One method used in 
Washington is the Washington State wetland rating systems (Hruby 2004a,b), 
which places wetlands in categories based on their rarity, sensitivity, our inability 
to replace them, and their functions.   

Wetland Values. Wetland processes, characteristics, or attributes that are considered to 
benefit society. 
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Appendix 1-A 
Team Guiding Production of Volume 1 

An interagency team (the Core Team) guided all aspects of and participated in the search 
and reading of the scientific literature, wrote the synthesis, and produced Volume 1.  
Additional members were added during the production of Volume 2 (see Volume 2).   

For Volume 1, the team consisted of staff from the Washington State Department of 
Ecology, the Washington State Department of Fish and Wildlife, the U.S. Environmental 
Protection Agency, and Sheldon and Associates, the consulting firm hired to assist with 
production.  Additional Ecology staff served as authors (see the list of authors on the title 
page of this document).  The editor was included on the Core Team in the later stages of 
production of draft of Volume 1 and was involved through the development of the review 
draft of Volume 2.  

The Core Team included the following individuals (alphabetical by last name): 

Teri Granger   Washington State Department of Ecology (coordinator) 

Kim Harper  Sheldon and Associates1 

Tom Hruby  Washington State Department of Ecology 

Katherine March  Washington State Department of Fish and Wildlife 

Andy McMillan Washington State Department of Ecology 

Sara Noland  2N Publications (editor of the draft) 

Ralph Rogers   U.S. Environmental Protection Agency 

Dyanne Sheldon  Sheldon and Associates 

Erik Stockdale  Washington State Department of Ecology 

 

                                                 
1 Currently with the Washington State Department of Ecology. 
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Appendix 1-B 
Characteristics of a Valid Scientific Process  

The characteristics of a valid scientific process in the context of “best available science” 
are defined below, as quoted directly from WAC 365-195-905: 

1. Peer review.  The information has been critically reviewed by other persons who 
are qualified scientific experts in that scientific discipline.  The criticism of the 
peer reviewers has been addressed by the proponents of the information.  
Publication in a refereed scientific journal usually indicates that the information 
has been appropriately peer-reviewed. 

2. Methods.  The methods that were used to obtain the information are clearly stated 
and able to be replicated.  The methods are standardized in the pertinent 
scientific discipline or, if not, the methods have been appropriately peer-reviewed 
to assure their reliability and validity. 

3. Logical conclusions and reasonable inferences.  The conclusions presented are 
based on reasonable assumptions supported by other studies and consistent with 
the general theory underlying the assumptions.  The conclusions are logically and 
reasonably derived from the assumptions and supported by the data presented.  
Any gaps in information and inconsistencies with other pertinent scientific 
information are adequately explained. 

4. Quantitative analysis.  The data have been analyzed using appropriate statistical 
or quantitative methods. 

5. Context.  The information is placed in proper context.  The assumptions, 
analytical techniques, data, and conclusions are appropriately framed with 
respect to the prevailing body of pertinent scientific knowledge. 

6. References.  The assumptions, analytical techniques, and conclusions are well 
referenced with citations to relevant, credible literature and other pertinent 
existing information. 

Information derived from one of these sources can be considered scientific information if 
it possesses the required characteristics shown in Table 1B-1.   
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Table 1B-1.  Source and characteristics of scientific information. 

Characteristics 

Sources of Scientific Information 
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A. Research.  Research data collected and analyzed as 
part of a controlled experiment (or other appropriate 
method) to test a specific hypothesis. 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

B. Monitoring.  Monitoring data collected periodically 
over time to determine a resource trend or evaluate a 
management program. 

 
NA 

 
X 

 
X 

 
Y 

 
X 

 
X 

C. Inventory.  Inventory data collected from an entire 
population or population segment (e.g., individuals in a 
plant or animal species) or an entire ecosystem or 
ecosystem segment (e.g., the species in a particular 
wetland). 

 
 

NA 

 
 

X 

 
 

X 

 
 

Y 

 
 

X 

 
 

X 

D. Survey.  Survey data collected from a statistical sample 
from a population or ecosystem. 

 
NA 

 
X 

 
X 

 
Y 

 
X 

 
X 

E. Modeling.  Mathematical or symbolic simulation or 
representation of a natural system.  Models generally are 
used to understand and explain occurrences that cannot be 
directly observed. 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

F. Assessment.  Inspection and evaluation of site-specific 
information by a qualified scientific expert.  An 
assessment may or may not involve collection of new data.

 
NA 

 
X 

 
X 

 
NA 

 
X 

 
X 

G. Synthesis.  A comprehensive review and explanation of 
pertinent literature and other relevant existing knowledge 
by a qualified scientific expert. 

 
X 

 
X 

 
X 

 
NA 

 
X 

 
X 

H. Expert Opinion.  Statement of a qualified scientific 
expert based on his or her best professional judgment and 
experience in the pertinent scientific discipline. The 
opinion may or may not be based on site-specific 
information. 

 
 

NA 

 
 

NA 

 
 

X 

 
 

NA 

 
 

X 

 
 

X 

X = Characteristic must be present for information derived to be considered scientifically valid and reliable. 
Y = Presence of characteristic strengthens scientific validity and reliability of information derived, but is not 
essential to ensure scientific validity and reliability. 
NA = The characteristic does not apply to the source type.  For example, monitoring data are not typically peer 
reviewed. 
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Appendix 1-C 
Methods Used for Searching and Reviewing 
the Literature  

Searching the Literature 
To begin the literature review for Volume 1, personal bibliographies were solicited from 
a small number of professionals known to have extensive libraries on wetlands in the 
Pacific Northwest.  Other published reference lists were reviewed for relevant 
documents.  In addition to the specified reference lists, computer searches were 
conducted of databases that are publicly available using a variety of keywords.  Table 
1C-1 lists the sources of reference lists and the names of the databases searched, as well 
as the approximate number of documents contained in each source.  

Table 1C-2 lists the keywords that were used in the searches of computer databases.  This 
list was developed by the Core Team and expanded based on comments from focus 
groups (see Chapter 1 for information on focus groups).  The searches were done 
combining the word “wetland” plus one of the keywords.  The words in the last column 
were used to exclude wetland types not covered by this report.  Specific wetland types 
not found in Washington and known to be very dissimilar from Washington wetlands 
were also excluded, as were estuarine and marine wetlands.  Lists resulting from the 
searches of the computer databases were compiled into a ProCite® database for the 
project.   
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Table 1C-1.  Summary of reference lists and databases searched for Volume 1. 

List Source Approx. No. of 
Documents 

Notes 

Personal Bibliographies 

Dr. Paul Adamus, EPA  1,600 Broad range of documents 

Dr. Tom Hruby, WA Ecology  600 Broad range of documents, many focus 
on wetland functions 

Mary Kentula, EPA  170 Focus on wetland mitigation, 
management, policy effectiveness 

Dr. Klaus Richter, King County  3,500 Focus on amphibians w/Pacific NW 
emphasis 

Published Reference Lists 

Management recommendations for WA 
priority habitats:  freshwater wetlands and 
fresh deepwater (Morgan 1998) 

640 Focus on wildlife and aquatic habitats 

Management recommendations for WA 
priority habitats:  riparian (Knutson and 
Naef 1997) 

550 Focus on riparian habitats, not necessarily 
wetlands 

Managing for enhancement of riparian 
and wetland areas of the Western U.S.:  
an annotated bibliography (Koehler and 
Thomas 2000) 

1,900 Broad application to western U.S.; many 
documents not relevant to Pac. NW 

Classification and management of 
aquatic, riparian and wetland sites on the 
national forests of Eastern Washington 
(Kovalchik 2004) 

400 Focus on eastside and forested areas 

Effects of urbanization on pond-breeding 
amphibians:  an annotated literature 
review (Ostergaard 2000) 

100 Focus on amphibians and urban effects 

Database Searches 

Keyword searches of various databases 9,800 Databases searched included Ovid, 
ProQuest, Biosis, Dissertation Abstracts, 
Agricola, Current Contents, Biological 
Abstracts 

Total  ~17,860 Total includes an unknown number of 
duplicates among the various sources 
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Table 1C-2.  Keywords used in searching computer databases of literature. 
Base Word Keywords Exclusions 
Wetland Aesthetics 

Agriculture 
Alkali 
Alluvial  
Amphibians 
Aquifer Recharge 
Arid Land 
Artesian 
Birds 
Bog 
Buffers 
Compensation 
Conservation 
Cumulative Impacts 
Development 
Disturbed 
Dynamic 
Economics 
Enhancement 
Erosion 
Farmed 
Fen 
Fish 
Floodplain 
Fluvial 
Functions 
Geology 
Geomorphology  
Grazing 
Groundwater  
Habitat 
Hydraulic 
Hydric 
Hydrology 
Hyporheic 
Industrial  
Inventory 
Invertebrates 
Irrigation 
Isolated 

Land Use 
Landscape 
Maintenance 
Mammals 
Mapping  
Mining 
Mitigation 
Mollusks 
Monitoring 
Nutrients 
Perched 
Policy 
Public Access 
Recreation 
Regulation  
Reptiles 
Residential 
Restoration 
River 
Rural 
Seasonal 
Septic 
Slope 
Soils  
Spatial 
Stewardship 
Stormwater 
Transportation 
Corridors 
Urban 
Utility Corridors 
Values 
Variation 
Vegetation Types 
Vernal Pools (not 
Calif.) 
Water Quality 
Water Regime 
Wells 
Wildlife 

Bottomland Hardwood 
California Vernal Pools 
Estuarine  
Intertidal 
Lacustrine 
Marine 
Mississippi Floodplain 
Mudflats 
Salt Marsh 
Saltwater 
 

Reviewing, Sorting, and Prioritizing the Reference Lists 
All reference lists were reviewed by one or more of the Core Team members.  From these 
lists, the Core Team selected those documents that were determined to be relevant to the 
project, based solely on the title of the article and its date.  Those marked documents 
were then prioritized using a two-tiered system in which those considered most critical to 
the project were designated as those to be obtained first.  Eventually, attempts were made 
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to obtain all the documents on the lists that were believed to be relevant based on their 
titles.  In addition, references were found while individual authors searched for subjects 
for which information was lacking.  These references are provided in the list of 
references cited in the report. 

Criteria Used to Identify Articles Relevant to the Project  

When screening lists of articles, the Core Team used the following criteria to determine, 
through reading the title and looking at the date, which were relevant to the project and 
should be obtained.  Those that were deemed a “definite yes” were those that were: 

• Related to wetland protection and management 
• Applied to Washington or the Pacific Northwest 
• Were out of region but dealt with land uses 
• The only paper on a subject 

 
Those that were rejected out-right were those that were: 

• Very old and superceded by newer information 
• Related to estuarine and marine systems, which were not going to be 

covered in the document 
• Primarily scientific minutia that weren’t useful to managing and 

protecting wetlands 
• Not related because of region 
• Related to wetlands and waste-water treatment, which was not going to 

be covered in the document 

Obtaining & Reading Documents & Writing the Report 
Of the more than 17,000 documents on all lists used, copies of over 1,400 documents 
were obtained after review of the titles and dates, as prioritized using the screening 
process described above.  References were skimmed and those dealing with Washington 
or the Pacific Northwest and with practical application to the protection and management 
of wetlands were prioritized for reading.   

Each reader summarized the article in the ProCite® database.  Searches of the database 
or the original articles were used by each author to write their portions of the draft 
document.  Additional articles were discovered during the course of writing the draft 
document.  These references were not included in the ProCite® database. 

The documents used to write the synthesis included scientific journal articles, 
government publications, technical books, and other sources, all of which meet the 
definition and characteristics of BAS in WAC 365-195-905 (see Appendix 1-B and 
Chapter 1).  Conference proceedings and personal communications were occasionally 
used when no other information was available.  In most cases, we were unable to 
ascertain to what level these additional sources were peer reviewed.   
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For the most part, available documents from the past ten years were used as the primary 
sources for this report.  It was assumed that this more recent literature would incorporate 
relevant science from the preceding years.  Older documents were used in instances 
where they had not been superseded by more recent studies.  

In a few instances, we used unpublished data collected during the calibration of the 
Washington State wetland function assessment methods and the Washington State 
wetland rating systems.  These data have not been published in scientific journals.  
However, these observations reported as “unpublished data” in Volume 1, were collected 
in the field by interdisciplinary teams of wetland experts and used to support and 
calibrate the assessment methods and the wetland rating system.  The methods and rating 
system have been extensively reviewed and field tested by peer experts, as well as the 
public.  The data were offered for review upon request during public review and continue 
to be available on request.  See Chapter 1 for discussion of the occasional use of 
hypotheses and assumptions made by the authors based on the literature or their 
professional experience. 
 

Obtaining References Suggested by Reviewers 
A questionnaire was circulated with the review draft of the document.  The draft of 
Volume 1 was reviewed by peer experts.  In addition, we invited anyone who so desired 
to review it.  Reviewers were asked to provide additional references that we may have 
missed, for topics for which we lacked information, or to support suggested changes to 
the document.  Many references were provided and a screening process was used to 
prioritize and obtain references.  See the document containing our responses to comments 
for a table listing the references that were suggested, the references which were obtained, 
and notes of explanation for each reference suggested.  (The Comments and Responses 
for Volume 1 can be found at http://www.ecy.wa.gov/biblio/0506007.html.) 

Establishing a Repository 
The ProCite® database is not available for general use because of technical reasons and 
the time and money required in making it accessible to a wide variety of users and their 
varied software programs.  However, paper copies of many of the articles reviewed for 
the synthesis of the science are being held in an archive at the Washington State 
Department of Ecology.  The archive is accessible to the public by appointment.   

A number of theses, dissertations, and books are not included in the archive, as well as 
some articles in private libraries, due to copyright laws and the limited options for 
purchasing some documents.  In these cases, borrowed copies were used and returned, 
with only the title pages and tables of contents copied for the archive. 
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Appendix 1-D 
Reviewers of Volume 1 

Name of Individual or Organization Affiliation at the Time of Review (if 
individual) 

Paul Adamus, PhD Private Consultant 
Jeff Azerrad, Wildlife Biologist WA State Department of Fish and Wildlife 
Joann Bartlett, PWS  Wiltermood Associates 
Doug Beyerlein, PE Aqua Terra Consultants 
Elizabeth Binney, PhD, PWS  ATSI 
Catherine Conolly, PWS and Teresa H. 
Vanderburg, PWS (submitted comments jointly) 

Adolfson Associates 

Brent Davis, Wetland Biologist Clark County Community Development 
Department 

Tim Determan, Puget Sound Ambient 
Monitoring Program Coordinator WA State Department of Health 

Donald F. Flora  Private citizen 
Richard R. Horner, PhD  University of Washington 
Richard Jack WA State Department of Ecology 
Jim Kelley, PhD Parametrix, Inc. 
Bernard L (Bud) Kovalchik, retired U.S. Forest 
Service -- Eastern Washington Area Ecologist 

Kovalchik Riparian Wetland Consulting 
 

Ivan Lines, Regional Biologist Ducks Unlimited, Inc. 
Scott Luchessa, Certified Ecologist, MS. Ecological Solutions, Inc. 
Chris L. McAuliffe, Ecologist Private citizen, retired from the Seattle District of 

the Army Corps of Engineers 
Elliot Menashe, Environmental Consultant Greenbelt Consulting 
Jeff Meyer, PWS Parametrix, Inc. 
Jim Mitchell, PE, PWS  Mitchell Consultants L.L.C. 
Lyn Morgan-Hill, Natural Resources Specialist Whatcom County Planning and Development
Francis Naglich Ecological Land Services, Inc. 
Scott Williams, Land Planner Puget Sound Energy 
Klaus Richter, PhD, PWS  King County Department of Natural 

Resources
Scott J. Rozenbaum, PWS, Certified 
Professional Soil Scientist 

Rozewood Environmental Services, Inc. 

Todd Thompson, Fish & Wildlife Program Lead Spokane District Bureau of Land Mngmt 
WETNET (Audubon) Science Committee  
Megan White WA State Department of Transportation 
Bob Zeigler WA State Department of Fish and Wildlife 
Unidentified Individual  
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Appendix 2-A 
Methods for Organizing and Grouping 
Information about Wetlands 

The following information is adapted from Hruby (1999). 

Many groups including federal and state agencies have been developing techniques for 
analyzing wetland functions ever since wetlands were first subject to regulation in the 
1970s.  The motivation for developing such methods has primarily been the need to 
predict the effects of alterations to wetlands and set appropriate requirements for 
compensatory mitigation.   

Methods for organizing knowledge about wetlands have been called classifications, 
categorizations, characterizations, ratings, assessments, and evaluations.  These 
groupings are meant to indicate the type of information a method provides.  
Unfortunately, the scientific community has been sloppy in the use of these terms to the 
extent of misnaming many of the analytical tools developed.  Users of methods 
developed for analyzing wetlands should be aware of some of these problems with 
definitions.  Standard definitions for analytical methods based on Webster’s Seventh New 
Collegiate Dictionary (1963) are described below. 

Classification/categorization—a systematic grouping into categories according to 
established criteria or shared characteristics.  The two most common wetland 
classifications are those of Cowardin et al. (1979), which is based on shared 
characteristics of vegetation and water regime, and the hydrogeomorphic classification 
(Brinson 1993b), which is based on shared characteristics of geomorphic setting and 
water regime.  The criteria used for grouping are generally not linked to specific 
functions, and thus classifications are not true methods for assessing functions.  They can, 
however, provide a basis on which to develop assessment methods (Brinson 1995). 

Characterization—a grouping by a distinguishing trait, quality, or property.  For 
example, the Oregon method (Roth et al. 1993) characterizes wetlands by the properties:  
“provides” a specific function; “has the potential to provide” a function; or “does not 
provide” a function.  These are three distinct attributes that give some information about 
whether a wetland performs a function, but no information is generated about levels of 
performance.  The Washington State wetland rating systems are characterizations based 
on five properties (sensitivity to disturbance, rarity, importance, ability to replicate, and 
relative level of functioning) (Hruby 2004a, b).  

Rating—classification based on a grade.  Ratings usually group wetlands using the 
qualitative grades of high, medium, or low on a variety of scales such as the performance 
of a function or its value.  The wetland evaluation technique or WET (Adamus et al. 
1987) is probably the most widely used rating method. 
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Assessment—an estimate or determination of importance or value.  This is the first 
level at which numbers are generated to represent an estimate of performance or value of 
a function.  All commonly used “rapid” numeric methods fall into this category.  These 
methods only provide an assessment that is relative to some predetermined standard.  
They do not provide an assessment of actual levels of performance or value.  The term 
assessment is one of the most commonly misused words in the lexicon of wetland 
scientists.  Almost any method developed is now called an assessment, regardless of 
whether it might actually be a categorization, a rating, or a true assessment. 

Evaluation—a determination or fixing of value.  The fixing of value for any item is 
based on having a generally acceptable currency.  Up to now the only currency used has 
been monetary, and evaluations of wetland functions have most often tried to generate 
dollar values based on different types of economic models such as the travel cost method, 
random utility model, hedonic techniques, contingent valuation method (Titre and 
Henderson 1989, Lipton et al. 1995), or willingness-to-pay method (Farber and Costanza 
1987).  
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Appendix 2-B  
Associations between Species of Wildlife and 
Wetlands in Washington and Oregon 
 
This appendix shows the level of association between species of wildlife and wetlands in 
Washington and Oregon in a table. The data are copied directly from the tabulated data 
on a computer disk provided with Johnson and O’Neil (2001).  

Four types of wetland habitat were identified in the document by Johnson and O’Neil.  
The definitions for these types are summarized below and are from Chappell et al. (2001) 
and O’Neil and Johnson (2001).  Detailed descriptions of the geographic distribution, 
physical setting, landscape setting, structure, and composition are given in Chappell et al. 
(2001). 

Herbaceous Wetlands (list of species starts on page 4) 

Wetlands with the following vegetation types:  

• Graminoid Wet Meadow 
• Freshwater Aquatic Bed 
• Herbaceous and Sedge Wetlands 

This habitat is called palustrine emergent wetlands in Cowardin et al. (1979).  

Westside Riparian – Wetlands (list of species starts on page 15) 

Wetlands with the following vegetation types: 

• Alnus viridis ssp. sinuata – Acer circinatum Shrublands 
• Westside Riparian and Wetland Deciduous Forests 
• Picea sitchensis Wetland Forests and Woodlands 
• Tsuga heterphylla-Thuja plicata Coniferous Wetlands 
• Westside Riparian/Wetland Shrublands 
• Shrub/herbaceous Sphagnum Bogs 
• Wooded Bogs 

This habitat includes all palustrine forested wetlands and scrub-shrub wetlands at lower 
elevations west of the Cascades as well as a small subset of persistent emergent wetlands, 
those with sphagnum bogs.  However, drier portions of this habitat in riparian flood 
plains may not qualify as wetlands according to the Cowardin definition.  
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Montane Coniferous Wetlands (list of species starts on page 29) 

Wetlands with the following vegetation types:  

• Westside Montane Coniferous Wetlands 
• Picea engelmannii Forested Wetlands 

This habitat includes nearly all the wettest forests within the Abies amabilis and Tsuga 
mertensiana zones of western Washington and most of the wet forests in the Tsuga 
heterophylla and Abies lasiocarpa zones of eastern Oregon and Washington.  

Eastside (Interior) Riparian – Wetlands (list of species starts on page 
38) 

Wetlands with the following vegetation types: 

• Eastside Midmontane Alnus incana-Salix spp. Riparian Shrublands 
• Eastside Lowland Riparian Shrublands 
• Eastside Populus balsamifera spp. trichocarpa 
• Alnus rhombifolia Riparian 
• Pinus ponderosa Riparian Woodlands 
• Populus tremuloides Riparian/Wetland Forests and Woodlands 

This habitat is called palustrine scrub-shrub and palustrine forest in Cowardin and 
includes some palustrine emergent in the National Wetland Inventory. 

Definitions for the Types of Association 
(copied from O’Neil and Johnson 2001)  

Closely Associated.  A species is widely known to depend on a habitat for part or all of 
its life history requirements.  Identifying this association implies that the species has an 
essential need for this habitat for its maintenance and viability.  Some species may be 
closely associated with more than one habitat; others may be closely associated with only 
one habitat.  

Generally Associated.  A species exhibits a high degree of adaptability and may be 
supported by a number of habitats.   In other words, the habitats play a supportive role for 
its maintenance and viability.  

Present.  A species demonstrates occasional use of a habitat.  The habitat provides 
marginal support to the species for its maintenance and viability. 

The expert panelists developing this list also assigned an overall “confidence rating” to 
the categorization for each species within each habitat type.  The confidence ratings were 
high (e.g., many peer or published accounts), moderate, and low (e.g., few or no 
published accounts).  
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PLEASE NOTE:  The following tables of data do not contain the Latin name of the 
species.  The original tables on Johnson and O’Neil (2001, data on CD) did not have the 
Latin names although they do have information on each individual species and its Latin 
name in other databases on the computer disk.  
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Wildlife Species Found in Herbaceous Wetlands 
 

Amphibians Associated with Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Bullfrog Closely 
Associated 

Feeds and 
Breeds High 

Requires warm-water ponds, 
marshes, or river/stream backwaters 
for breeding. 

Columbia Spotted Frog Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
or bullfrogs occur. Requires shallow 
water in wet meadows or 
stream/pond edges with abundant 
aquatic vegetation for breeding. 

Great Basin Spadefoot Closely 
Associated 

Feeds and 
Breeds High Requires ponds or temporary rain-

filled depressions for breeding. 

Long-toed Salamander Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
are occur. Requires ponds, shallow 
lake edges, seasonal pools (like elk 
wallows) or slow streams for 
breeding. 

Northern Leopard Frog Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds or lake edges with 
dense aquatic and emergent 
vegetation for breeding. 

Northwestern Salamander Closely 
Associated 

Feeds and 
Breeds High Requires ponds or stream backwaters 

for breeding. 

Oregon Spotted Frog Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
or bullfrogs occur. Requires shallow 
water in wet meadows or 
stream/pond edges with abundant 
aquatic vegetation for breeding. 

Pacific Chorus (Tree) Frog Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds, seasonal pools, 
temporary rain-filled depressions or 
slow streams for breeding. 

Red-legged Frog Closely 
Associated 

Feeds and 
Breeds High Requires cool-water ponds, lake 

edges or slow streams for breeding. 

Rough-skinned Newt Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds or stream backwaters 
with abundant aquatic vegetation for 
breeding. 

Tiger Salamander Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
occur. Requires warm ponds or 
shallow lake edges for breeding. 

Western Toad Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds or shallow lake 
edges for breeding. 
 

Woodhouse's Toad Closely 
Associated 

Feeds and 
Breeds High 

Requires warm, shallow water in 
ponds, lakes, or slow streams for 
breeding. 

Cascades Frog Generally 
Associated 

Feeds and 
Breeds Moderate 

Range limited to Cascade axis 
fringe. Requires bogs or ponds with 
cold springs for breeding. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

American Avocet Closely 
Associated 

Feeds and 
Breeds High None noted. 

American Bittern Closely 
Associated 

Feeds and 
Breeds High None noted. 

American Black Duck Closely 
Associated 

Feeds and 
Breeds Low None noted. 

American Coot Closely 
Associated 

Feeds and 
Breeds High None noted. 

American Wigeon Closely 
Associated 

Feeds and 
Breeds High None noted. 

Baird's Sandpiper Closely 
Associated Feeds Moderate None noted. 

Barn Swallow Closely 
Associated Feeds High 

Can nest anywhere buildings, 
bridges, or overhanging cliffs occur 
in close proximity to water. 

Black Tern Closely 
Associated 

Feeds and 
Breeds High None noted. 

Black-crowned Night-heron Closely 
Associated Feeds High Requires shrubs or trees for nesting. 

Black-necked Stilt Closely 
Associated 

Feeds and 
Breeds High None noted. 

Blue-winged Teal Closely 
Associated 

Feeds and 
Breeds High None noted. 

Bufflehead Closely 
Associated Feeds High Nests in tree cavities near ponds or 

lakes. 

Canada Goose Closely 
Associated 

Feeds and 
Breeds High None noted. 

Canvasback Closely 
Associated 

Feeds and 
Breeds High None noted. 

Caspian Tern Closely 
Associated Feeds High None noted. 

Cattle Egret Closely 
Associated Feeds High Requires shrubs or trees for nesting. 

Cinnamon Teal Closely 
Associated 

Feeds and 
Breeds High None noted. 

Clark's Grebe Closely 
Associated 

Feeds and 
Breeds High 

Nests placed on a floating platform 
of fresh and decaying vegetation in 
shallow water. 

Common Loon Closely 
Associated 

Feeds and 
Breeds Moderate 

Nests in emergent vegetation at lake 
edges. No nesting confirmed in 
Oregon. 

Common Snipe Closely 
Associated 

Feeds and 
Breeds High None noted. 

Common Yellowthroat Closely 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Dunlin Closely 
Associated Feeds Moderate None noted. 

Eared Grebe Closely 
Associated 

Feeds and 
Breeds Moderate 

Nests placed on a floating platform 
of fresh and decaying vegetation in 
shallow water. 

Forster's Tern Closely 
Associated 

Feeds and 
Breeds High None noted. 

Franklin's Gull Closely 
Associated 

Feeds and 
Breeds High Breeds at Mahleur Lake, Oregon. 

Gadwall Closely 
Associated 

Feeds and 
Breeds High None noted. 

Great Blue Heron Closely 
Associated Feeds High Requires trees for nesting. 

Great Egret Closely 
Associated Feeds High Requires tall shrubs or trees for 

nesting. 

Greater White-fronted Goose Closely 
Associated Feeds High None noted 

Greater Yellowlegs Closely 
Associated Feeds High 

Has bred at least four times at 
Downy Lake, Wallowa County, 
Oregon. 

Green Heron Closely 
Associated Feeds High Requires shrubs or trees for nesting. 

Green-winged Teal Closely 
Associated 

Feeds and 
Breeds High None noted. 

Horned Grebe Closely 
Associated 

Feeds and 
Breeds Moderate 

Nests placed on a floating platform 
of fresh and decaying vegetation in 
shallow water. 

Least Bittern Closely 
Associated 

Feeds and 
Breeds High Rare breeder in Oregon; does not 

occur in Washington. 

Least Sandpiper Closely 
Associated Feeds Moderate None noted. 

Lesser Scaup Closely 
Associated 

Feeds and 
Breeds High None noted. 

Lesser Yellowlegs Closely 
Associated Feeds High None noted. 

Lincoln's Sparrow Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Long-billed Dowitcher Closely 
Associated Feeds High None noted. 

Mallard Closely 
Associated 

Feeds and 
Breeds High None noted. 

Marsh Wren Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mute Swan Closely 
Associated 

Feeds and 
Breeds Moderate This is an introduced species which 

breeds only in urban wetlands. 

Northern Pintail Closely 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Northern Rough-winged Swallow Closely 
Associated Feeds High Requires burrows in dirt banks, 

usually next to water, for nesting. 

Northern Shoveler Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pectoral Sandpiper Closely 
Associated Feeds Moderate None noted. 

Pied-billed Grebe Closely 
Associated 

Feeds and 
Breeds High 

Nests placed on a floating platform 
of fresh and decaying vegetation in 
shallow water. 

Redhead Closely 
Associated 

Feeds and 
Breeds High None noted. 

Red-necked Grebe Closely 
Associated 

Feeds and 
Breeds High 

Nests placed on a floating platform 
of fresh and decaying vegetation in 
shallow water. 

Red-winged Blackbird Closely 
Associated 

Feeds and 
Breeds High None noted. 

Ross's Goose Closely 
Associated Feeds High None noted. 

Ruddy Duck Closely 
Associated 

Feeds and 
Breeds High None noted. 

Sandhill Crane Closely 
Associated 

Feeds and 
Breeds High None noted. 

Short-eared Owl Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Snow Goose Closely 
Associated Feeds High None noted. 

Snowy Egret Closely 
Associated Feeds High Requires tall shrubs or trees for 

nesting. 

Solitary Sandpiper Closely 
Associated Feeds Moderate None noted. 

Sora Closely 
Associated 

Feeds and 
Breeds High None noted. 

Swamp Sparrow Closely 
Associated Feeds High None noted. 

Tree Swallow Closely 
Associated Feeds Moderate Requires snags not far from open 

water for nesting. 

Tricolored Blackbird Closely 
Associated 

Feeds and 
Breeds High None noted. 

Trumpeter Swan Closely 
Associated 

Feeds and 
Breeds High None noted. 

Tundra Swan Closely 
Associated Feeds High None noted. 

Virginia Rail Closely 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Western Grebe Closely 
Associated 

Feeds and 
Breeds High 

Nests placed on a floating platform 
of fresh and decaying vegetation in 
shallow water. 

Western Sandpiper Closely 
Associated Feeds Moderate None noted. 

White-faced Ibis Closely 
Associated 

Feeds and 
Breeds High None noted. 

Willet Closely 
Associated 

Feeds and 
Breeds High None noted. 

Wilson's Phalarope Closely 
Associated 

Feeds and 
Breeds High None noted. 

Yellow Rail Closely 
Associated 

Feeds and 
Breeds High None noted. 

Yellow-headed Blackbird Closely 
Associated 

Feeds and 
Breeds High None noted. 

American Goldfinch Generally 
Associated Feeds High None noted. 

American Kestrel Generally 
Associated Feeds High None noted. 

American Robin Generally 
Associated Feeds High None noted. 

American White Pelican Generally 
Associated Feeds High Feeds in open water areas of 

wetlands. 

Bald Eagle Generally 
Associated Feeds High None noted. 

Bank Swallow Generally 
Associated Feeds High Requires burrows in dirt banks, 

usually next to water, for nesting. 

Barn Owl Generally 
Associated Feeds High None noted. 

Barrow's Goldeneye Generally 
Associated Feeds Moderate Nests in tree cavities near ponds or 

lakes. 

Black-chinned Hummingbird Generally 
Associated Feeds Low None noted. 

Bobolink Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Brewer's Blackbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Brown-headed Cowbird Generally 
Associated 

Feeds and 
Breeds High None noted. 

Burrowing Owl Generally 
Associated Feeds High None noted. 

California Gull Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Cliff Swallow Generally 
Associated Feeds High 

Can nest anywhere rimrock, over-
hanging cliffs, buildings or bridges 
occur in close proximity to water. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Common Nighthawk Generally 
Associated Feeds Moderate None noted. 

Common Raven Generally 
Associated Feeds High None noted. 

Cooper's Hawk Generally 
Associated Feeds High None noted. 

Double-crested Cormorant Generally 
Associated Reproduces High None noted. 

Eastern Kingbird Generally 
Associated Feeds Moderate None noted. 

Eurasian Wigeon Generally 
Associated Feeds High None noted. 

European Starling Generally 
Associated Feeds Moderate 

Requires snags or trees with cavities 
or buildings with crevices for 
nesting. Most likely to use this 
habitat where adjacent to agriculture 
or urban habitats. 

Glaucous Gull Generally 
Associated Feeds Low None noted. 

Golden-crowned Sparrow Generally 
Associated Feeds Moderate None noted. 

Great Gray Owl Generally 
Associated Feeds High None noted. 

Great Horned Owl Generally 
Associated Feeds High None noted. 

Gyrfalcon Generally 
Associated Feeds Moderate None noted. 

Herring Gull Generally 
Associated Feeds High None noted. 

Hooded Merganser Generally 
Associated Feeds High Nests in tree cavities near ponds or 

lakes. 

Killdeer Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Long-billed Curlew Generally 
Associated Feeds Moderate None noted. 

Long-eared Owl Generally 
Associated Feeds Moderate None noted. 

Northern Goshawk Generally 
Associated Feeds Moderate None noted. 

Northern Harrier Generally 
Associated 

Feeds and 
Breeds High None noted. 

Palm Warbler Generally 
Associated Feeds Low Only along the coast. 

Peregrine Falcon Generally 
Associated Feeds High None noted. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Purple Martin Generally 
Associated Feeds Low None noted. 

Red-tailed Hawk Generally 
Associated Feeds High None noted. 

Ring-billed Gull Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Ring-necked Duck Generally 
Associated 

Feeds and 
Breeds High None noted. 

Ring-necked Pheasant Generally 
Associated Feeds High None noted. 

Rough-legged Hawk Generally 
Associated Feeds Moderate None noted. 

Savannah Sparrow Generally 
Associated 

Feeds and 
Breeds High None noted. 

Sharp-shinned Hawk Generally 
Associated Feeds High None noted. 

Song Sparrow Generally 
Associated 

Feeds and 
Breeds High None noted. 

Spotted Sandpiper Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Swainson's Hawk Generally 
Associated Feeds Moderate None noted. 

Thayer's Gull Generally 
Associated Feeds Moderate None noted. 

Turkey Vulture Generally 
Associated Feeds High None noted. 

Upland Sandpiper Generally 
Associated 

Feeds and 
Breeds High Has been found at Sycan Marsh, 

Lake County, Oregon. 

Vaux's Swift Generally 
Associated Feeds Low None noted. 

Violet-green Swallow Generally 
Associated Feeds Moderate None noted. 

White-crowned Sparrow Generally 
Associated Feeds Moderate None noted. 

White-throated Swift Generally 
Associated Feeds Low 

Could forage over herbaceous 
wetlands incidently, such as those 
found in desert playas. 

American Crow Present Feeds High None noted. 
American Dipper Present Feeds Moderate None noted. 
American Pipit Present Feeds Moderate Winter only. 
Bewick's Wren Present Feeds Low None noted. 

Black Swift Present Feeds Low 

Black swifts are long-distance 
foragers that may travel many miles 
from breeding sites and take 
advantage of flying insects caught in 
updrafts over just about any habitat. 
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Birds Associated with  Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Black-billed Magpie Present Feeds High None noted. 
Black-capped Chickadee Present Feeds Moderate None noted. 
Calliope Hummingbird Present Feeds Low None noted. 
Cedar Waxwing Present Feeds Moderate None noted. 
Common Goldeneye Present Feeds Moderate Nests in tree cavities near ponds or 

lakes. 
Golden Eagle Present Feeds High None noted. 

House Finch Present Feeds Moderate Uses this habitat where it is not too 
far from urban or agricultural areas. 

Lapland Longspur Present Feeds Low None noted. 
Loggerhead Shrike Present Feeds Moderate None noted. 
Merlin Present Feeds Low None noted. 
Northern Pygmy-owl Present Feeds High None noted. 
Northern Shrike Present Feeds High None noted. 
Pine Siskin Present Feeds Low None noted. 
Ruby-crowned Kinglet Present Feeds High Winter only. 
Rufous Hummingbird Present Feeds Moderate None noted. 
Snowy Owl Present Feeds Moderate None noted. 
Western Meadowlark Present Feeds Low None noted. 
Western Screech-owl Present Feeds Moderate None noted. 
Wood Duck Present Feeds Moderate Nests in tree cavities near ponds or 

lakes. 
Yellow-rumped Warbler Present Feeds Low None noted. 

 
Mammals Associated with Herbaceous Wetlands 

Species (alphabetically by common 
name within each association ) Association Activity Confidence Comments 

American Beaver Closely 
Associated 

Feeds and 
Breeds High None noted. 

Deer Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Long-tailed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Meadow Vole Closely 
Associated 

Feeds and 
Breeds Low None noted. 

Mink Closely 
Associated Feeds Moderate None noted. 

Montane Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Moose Closely 
Associated Feeds High None noted. 

Muskrat Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Bog Lemming Closely 
Associated 

Feeds and 
Breeds Moderate Cold, wet bogs above 5000 feet. 
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Mammals Associated with Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Northern River Otter Closely 
Associated 

Feeds and 
Breeds High None noted. 

Nutria Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pallid Bat Closely 
Associated Feeds High None noted. 

Raccoon Closely 
Associated Feeds Moderate None noted. 

Townsend's Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Western Harvest Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Yuma Myotis Closely 
Associated Feeds High None noted. 

Big Brown Bat Generally 
Associated Feeds Moderate None noted. 

Black Bear Generally 
Associated Feeds High None noted. 

Black-tailed Deer Generally 
Associated Feeds High None noted. 

Bobcat Generally 
Associated Feeds Moderate None noted. 

Brazilian Free-tailed Bat Generally 
Associated Feeds High None noted. 

California Myotis Generally 
Associated Feeds High None noted. 

Columbian White-tailed Deer Generally 
Associated Feeds High None noted. 

Coyote Generally 
Associated Feeds High None noted. 

Feral Pig Generally 
Associated 

Feeds and 
Breeds Moderate Eastern Oregon wet meadows. 

Fringed Myotis Generally 
Associated Feeds Low None noted. 

Hoary Bat Generally 
Associated Feeds Low None noted. 

Keen's Myotis Generally 
Associated Feeds Low None noted. 

Little Brown Myotis Generally 
Associated Feeds High None noted. 

Long-eared Myotis Generally 
Associated Feeds Moderate None noted. 

Long-legged Myotis Generally 
Associated Feeds Moderate None noted. 

Long-tailed Weasel Generally 
Associated Feeds Moderate None noted. 

Mountain Caribou Generally 
Associated Feeds Moderate None noted. 
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Mammals Associated with Herbaceous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Mountain Lion Generally 
Associated Feeds High None noted. 

Mule Deer Generally 
Associated Feeds High None noted. 

Pacific Jumping Mouse Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pacific Water Shrew Generally 
Associated 

Feeds and 
Breeds Moderate Closely tied to water. 

Rocky Mountain Elk Generally 
Associated Feeds High None noted. 

Roosevelt Elk Generally 
Associated Feeds High None noted. 

Shrew-mole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Silver-haired Bat Generally 
Associated Feeds Low None noted. 

Spotted Bat Generally 
Associated Feeds Moderate None noted. 

Striped Skunk Generally 
Associated Feeds Moderate None noted. 

Townsend's Big-eared Bat Generally 
Associated Feeds Low None noted. 

Townsend's Mole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Vagrant Shrew Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Western Jumping Mouse Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Western Small-footed Myotis Generally 
Associated Feeds Low None noted. 

White-tailed Deer (Eastside) Generally 
Associated Feeds High None noted. 

Yellow-bellied Marmot Generally 
Associated Feeds Low 

Requires talus slopes, lava fields, 
rimrock, or boulder fields in close 
proximity to grassy openings or 
meadows. 

Common Porcupine Present Feeds Moderate Needs large shrubs for food. 
Feral Horse Present Feeds Low None noted. 
Grizzly Bear Present Feeds Low None noted. 
Preble's Shrew Present Feeds and 

Breeds Low None noted. 

Wild Burro Present Feeds Low 

In southeastern Oregon, this habitat 
is mostly unavailable due to the fact 
that they are situated primarily on 
private lands and are fenced. 
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Reptiles Associated with Herbaceous Wetlands  

Species (alphabetically by common 
name within each association ) Association Activity Confidence Comments 

Common Garter Snake Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pacific Coast Aquatic Garter Snake Present Feeds and 
Breeds Moderate 

Uses this habitat where near 
marshes, streams, rivers, ponds or 
lakes. 

Painted Turtle Closely 
Associated Feeds Moderate None noted. 

Red-eared Slider Turtle Closely 
Associated Feeds High None noted. 

Snapping Turtle Closely 
Associated Feeds Moderate None noted. 

Western Pond Turtle Closely 
Associated Feeds High None noted. 

Western Terrestrial Garter Snake Generally 
Associated Feeds High None noted. 
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Wildlife Species Found in Westside Riparian - Wetlands  
 

Amphibians Associated with Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Bullfrog Closely 
Associated 

Feeds and 
Breeds High 

Requires warm-water ponds, 
marshes, or river/stream backwaters 
for breeding. 

Cascade Torrent Salamander Closely 
Associated 

Feeds and 
Breeds High 

Requires very cold, clear seeps, 
springs, and small streams for 
breeding. 

Columbia Torrent Salamander Closely 
Associated 

Feeds and 
Breeds High 

Requires very cold, clear seeps, 
springs, and small streams for 
breeding. 

Cope's Giant Salamander Closely 
Associated 

Feeds and 
Breeds Moderate 

Requires clear, cold steep-gradient 
streams with a streambed of gravel, 
boulders and large logs for breeding.

Long-toed Salamander Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
are occur. Requires ponds, shallow 
lake edges, seasonal pools (like elk 
wallows) or slow streams for 
breeding. 

Northwestern Salamander Closely 
Associated 

Feeds and 
Breeds High Requires ponds or stream backwaters 

for breeding. 

Olympic Torrent Salamander Closely 
Associated 

Feeds and 
Breeds High 

Requires very cold, clear seeps, 
springs, and small streams for 
breeding. 

Oregon Spotted Frog Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
or bullfrogs occur. Requires shallow 
water in wet meadows or 
stream/pond edges with abundant 
aquatic vegetation for breeding. 

Pacific Chorus (Tree) Frog Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds, seasonal pools, 
temporary rain-filled depressions or 
slow streams for breeding. 

Pacific Giant Salamander Closely 
Associated 

Feeds and 
Breeds Moderate 

Requires small to mid-sized streams 
with a streambed of gravel, boulders 
and large logs for breeding. 

Red-legged Frog Closely 
Associated 

Feeds and 
Breeds High Requires cool-water ponds, lake 

edges or slow streams for breeding. 

Rough-skinned Newt Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds or stream backwaters 
with abundant aquatic vegetation for 
breeding. 

Southern Torrent Salamander Closely 
Associated 

Feeds and 
Breeds High 

Requires very cold, clear seeps, 
springs, and small streams for 
breeding. 

Tailed Frog Closely 
Associated 

Feeds and 
Breeds Moderate Requires clear, cold steep-gradient 

streams for breeding. 
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Amphibians Associated with Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Western Toad Closely 
Associated 

Feeds and 
Breeds High None noted. 

Black Salamander Generally 
Associated 

Feeds and 
Breeds Low Requires logs, woody debris, or 

moist talus with woody debris. 

California Slender Salamander Generally 
Associated 

Feeds and 
Breeds Moderate Requires logs. 

Cascades Frog Generally 
Associated 

Feeds and 
Breeds Moderate Requires bogs or ponds with cold 

springs for breeding. 

Dunn's Salamander Generally 
Associated 

Feeds and 
Breeds Moderate 

Requires moist or wet rock outcrops, 
talus, gravel, boulders, or rock 
crevices 

Ensatina Generally 
Associated 

Feeds and 
Breeds High Requires logs, woody debris, or 

moist talus with woody debris. 

Foothill Yellow-legged Frog Generally 
Associated 

Feeds and 
Breeds High 

Requires still-water or gentle 
gradient portions of streams for 
breeding. 

Oregon Slender Salamander Generally 
Associated 

Feeds and 
Breeds Moderate Requires large logs, woody debris, 

or moist talus with woody debris. 

Van Dyke's Salamander Generally 
Associated 

Feeds and 
Breeds Moderate 

Requires moist talus, rock outcrops, 
logs, seeps, or woody debris and 
rocks along streams. 

Western Red-backed Salamander Generally 
Associated 

Feeds and 
Breeds High 

Requires moist or shaded talus, 
rocks, or large logs. Occasionally 
uses springs or stream edges. 

 

Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

American Black Duck Closely 
Associated 

Feeds and 
Breeds Low None noted. 

American Dipper Closely 
Associated 

Feeds and 
Breeds High None noted. 

Band-tailed Pigeon Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Barn Swallow Closely 
Associated 

Feeds and 
Breeds High 

Can nest anywhere buildings, 
bridges, or overhanging cliffs occur 
in close proximity to water. 

Belted Kingfisher Closely 
Associated 

Feeds and 
Breeds High None noted. 

Black Phoebe Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Black-throated Gray Warbler Closely 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Bullock's Oriole Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Cliff Swallow Closely 
Associated 

Feeds and 
Breeds High 

Can nest anywhere rimrock, 
overhanging cliffs, buildings or 
bridges occur in close proximity to 
water. 

Common Merganser Closely 
Associated 

Feeds and 
Breeds High Nests in tree cavities near large lakes 

or rivers. 

Common Yellowthroat Closely 
Associated 

Feeds and 
Breeds High None noted. 

Downy Woodpecker Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

European Starling Closely 
Associated 

Feeds and 
Breeds High 

Requires snags or trees with cavities 
or buildings with crevices for 
nesting. Most likely to use this 
habitat where adjacent to agriculture 
or urban habitats. 

Great Blue Heron Closely 
Associated 

Feeds and 
Breeds High None noted. 

Green Heron Closely 
Associated 

Feeds and 
Breeds High None noted. 

Harlequin Duck Closely 
Associated 

Feeds and 
Breeds High None noted. 

Hooded Merganser Closely 
Associated 

Feeds and 
Breeds High Nests in tree cavities. 

Lesser Goldfinch Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Lincoln's Sparrow Closely 
Associated 

Feeds and 
Breeds High None noted. 

Mallard Closely 
Associated 

Feeds and 
Breeds High None noted. 

Mourning Dove Closely 
Associated 

Feeds and 
Breeds High None noted. 

Northern Rough-winged Swallow Closely 
Associated 

Feeds and 
Breeds High Requires burrows in dirt banks, 

usually next to water, for nesting. 

Northern Waterthrush Closely 
Associated 

Feeds and 
Breeds High None noted. 

Purple Finch Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Red-eyed Vireo Closely 
Associated 

Feeds and 
Breeds Moderate 

Range of red-eyed vireo overlaps 
that of large black cottonwood 
groves. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Ring-necked Duck Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Ruffed Grouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Solitary Sandpiper Closely 
Associated Feeds High None noted. 

Spotted Sandpiper Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Swamp Sparrow Closely 
Associated Feeds High None noted. 

Tree Swallow Closely 
Associated 

Feeds and 
Breeds Moderate Requires snags not far from open 

water for nesting. 

Warbling Vireo Closely 
Associated 

Feeds and 
Breeds High None noted. 

Western Screech-owl Closely 
Associated 

Feeds and 
Breeds High None noted. 

Willow Flycatcher Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Wilson's Warbler Closely 
Associated 

Feeds and 
Breeds High None noted. 

Wood Duck Closely 
Associated 

Feeds and 
Breeds High Nests in tree cavities. 

Yellow Warbler Closely 
Associated 

Feeds and 
Breeds High None noted. 

Yellow-breasted Chat Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Allen's Hummingbird Generally 
Associated 

Feeds and 
Breeds Low None noted. 

American Crow Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Goldfinch Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Kestrel Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Robin Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Wigeon Generally 
Associated Feeds High None noted. 

Bald Eagle Generally 
Associated 

Feeds and 
Breeds High None noted. 

Barn Owl Generally 
Associated 

Feeds and 
Breeds High Requires cliffs, caves, rimrock, or 

tree cavities for nesting. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Barred Owl Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Bewick's Wren Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Black Swift Generally 
Associated 

Feeds and 
Breeds Low Requires suitable cliffs behind 

waterfalls for breeding. 

Black-capped Chickadee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Black-crowned Night-heron Generally 
Associated Feeds High 

Only one and maybe two known 
breeding sites exist west of the 
Cascades, though historically a large 
breeding colony occurred near 
Portland. 

Black-headed Grosbeak Generally 
Associated 

Feeds and 
Breeds High None noted. 

Brewer's Blackbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Brown Creeper Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Brown-headed Cowbird Generally 
Associated 

Feeds and 
Breeds High None noted. 

Bufflehead Generally 
Associated 

Feeds and 
Breeds High Nests in tree cavities. 

Bushtit Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

California Quail Generally 
Associated 

Feeds and 
Breeds High Uses this habitat where adjacent to 

more open habitats. 

Cedar Waxwing Generally 
Associated 

Feeds and 
Breeds High None noted. 

Chestnut-backed Chickadee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Common Nighthawk Generally 
Associated Feeds Moderate None noted. 

Common Raven Generally 
Associated 

Feeds and 
Breeds High None noted. 

Cooper's Hawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Dark-eyed Junco Generally 
Associated 

Feeds and 
Breeds High None noted. 

Evening Grosbeak Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Fox Sparrow Generally 
Associated Feeds High Winter only. 

Golden-crowned Kinglet Generally 
Associated 

Feeds and 
Breeds High None noted. 

Golden-crowned Sparrow Generally 
Associated Feeds Moderate None noted. 

Gray Jay Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Great Egret Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Great Horned Owl Generally 
Associated 

Feeds and 
Breeds 
 

High None noted. 

Greater Yellowlegs Generally 
Associated Feeds Low None noted. 

Green-winged Teal Generally 
Associated Feeds High None noted. 

Hairy Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Hermit Thrush Generally 
Associated Feeds High None noted. 

Hermit Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

House Wren Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Hutton's Vireo Generally 
Associated 

Feeds and 
Breeds High None noted. 

Killdeer Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Lazuli Bunting Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Least Flycatcher Generally 
Associated 

Feeds and 
Breeds Low Found nesting near Monroe, 

Snohomish County, Washington. 

Lesser Yellowlegs Generally 
Associated Feeds Low None noted. 

Macgillivray's Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Merlin Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mountain Quail Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Nashville Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Flicker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Goshawk Generally 
Associated Feeds Moderate None noted. 

Northern Pygmy-owl Generally 
Associated 

Feeds and 
Breeds High None noted. 

Olive-sided Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Orange-crowned Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Osprey Generally 
Associated 

Feeds and 
Breeds High None noted. 

Pacific-slope Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Palm Warbler Generally 
Associated Feeds Moderate Only along the coast. 

Peregrine Falcon Generally 
Associated Feeds High None noted. 

Pied-billed Grebe Generally 
Associated 

Feeds and 
Breeds High Uncertain about the frequency of 

breeding in this type of habitat. 

Pileated Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pine Siskin Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Purple Martin Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Red-breasted Nuthatch Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Red-breasted Sapsucker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Red-shouldered Hawk Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Red-tailed Hawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Red-winged Blackbird Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Ring-necked Pheasant Generally 
Associated 

Feeds and 
Breeds High None noted. 

Ruby-crowned Kinglet Generally 
Associated Feeds High Winter only. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Rufous Hummingbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Savannah Sparrow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Song Sparrow Generally 
Associated 

Feeds and 
Breeds High None noted. 

Spotted Towhee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Steller's Jay Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Swainson's Thrush Generally 
Associated 

Feeds and 
Breeds High None noted. 

Townsend's Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Turkey Vulture Generally 
Associated 

Feeds and 
Breeds High 

Requires rocky outcrops, small 
caves, boulder piles, ledges on high 
cliffs or large hollow logs for 
nesting. 

Vaux's Swift Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Violet-green Swallow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Western Tanager Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Western Wood-pewee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

White-breasted Nuthatch Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

White-crowned Sparrow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Wild Turkey Generally 
Associated Feeds Moderate 

Low elevation sites only; likely uses 
this habitat more for cover than 
feeding. 

Winter Wren Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Yellow-rumped Warbler Generally 
Associated Feeds Moderate None noted. 

American Redstart Present Feeds and 
Breeds Low None noted. 

American Tree Sparrow Present Feeds Moderate None noted. 

Anna's Hummingbird Present Feeds and 
Breeds Low None noted. 
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Birds Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Ash-throated Flycatcher Present Feeds and 
Breeds Low Requires an oak component. 

Blue Grouse Present Feeds and 
Breeds Moderate None noted. 

Bohemian Waxwing Present Feeds Moderate Occurs in Westside habitats only 
during irruption years. 

Canada Goose Present Feeds and 
Breeds Moderate None noted. 

Chipping Sparrow Present Feeds Low None noted. 

Common Redpoll Present Feeds Moderate Only in Skagit and Whatcom 
counties, Washington. 

Double-crested Cormorant Present Feeds and 
Breeds High None noted. 

House Finch Present Feeds and 
Breeds Moderate Uses this habitat where it is not too 

far from urban or agricultural areas. 

Lewis's Woodpecker Present Feeds Moderate 
May use as wintering habitat in 
Oregon; historically occurred in this 
habitat in western Washington. 

Northern Harrier Present Feeds and 
Breeds High None noted. 

Northern Saw-whet Owl Present Feeds and 
Breeds Moderate None noted. 

Red Crossbill Present Feeds and 
Breeds Moderate None noted. 

Rough-legged Hawk Present Feeds High None noted. 
Snowy Egret Present Feeds Moderate None noted. 
Townsend's Solitaire Present Feeds Moderate None noted. 

Veery Present Feeds and 
Breeds High None noted. 

Western Scrub-Jay Present Feeds and 
Breeds Moderate None noted. 

White-tailed Kite Present Feeds and 
Breeds Moderate None noted. 

White-winged Crossbill Present Feeds Low None noted. 



Wetlands in Washington State 24 Appendix 2-B 
Volume 1 – A Synthesis of the Science  Associations Between Species of Wildlife and Wetlands  
  March 2005 
 

 

Mammals Associated with Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

American Beaver Closely 
Associated 

Feeds and 
Breeds High None noted. 

Deer Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Dusky-footed Woodrat Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Fisher Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Fog Shrew Closely 
Associated 

Feeds and 
Breeds High None noted. 

Long-tailed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Mink Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mountain Beaver Closely 
Associated 

Feeds and 
Breeds High None noted. 

Muskrat Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern River Otter Closely 
Associated 

Feeds and 
Breeds High None noted. 

Nutria Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pacific Jumping Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pacific Shrew Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pacific Water Shrew Closely 
Associated 

Feeds and 
Breeds High Closely tied to water. 

Raccoon Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Southern Red-backed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Water Shrew Closely 
Associated 

Feeds and 
Breeds High 

Lead a semi-aquatic life and require 
cold, clear water in small streams or 
ponds with abundant cover in the 
form of rocks, overhanging banks, 
etc. 

Water Vole Closely 
Associated 

Feeds and 
Breeds Low None noted. 

White-footed Vole Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Mammals Associated with Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Yuma Myotis Closely 
Associated 

Feeds and 
Breeds High 

More closely associated with water 
than other bat species. Uses caves, 
mines, loose bark and bark crevices 
typically close to water. 

Big Brown Bat Generally 
Associated 

Feeds and 
Breeds Moderate 

Requires snags, caves, mines, rock 
crevices, or bridges for breeding and 
roosting. 

Black Bear Generally 
Associated 

Feeds and 
Breeds High None noted. 

Black-tailed Deer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Bobcat Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Broad-footed Mole Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Brush Rabbit Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

California Myotis Generally 
Associated 

Feeds and 
Breeds High Uses rock crevices, hollow trees, 

mines or caves for breeding.  

Coast Mole Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Columbian Mouse Generally 
Associated 

Feeds and 
Breeds High None noted. 

Columbian White-tailed Deer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Common Porcupine Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Coyote Generally 
Associated 

Feeds and 
Breeds High None noted. 

Creeping Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Eastern Cottontail Generally 
Associated 

Feeds and 
Breeds Low 

Likely uses this habitat where 
adjacent to urban or agricultural 
habitats. 

Ermine Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Fringed Myotis Generally 
Associated 

Feeds and 
Breeds Low Requires caves, mines or rock 

crevices. 

Gray Fox Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Hoary Bat Generally 
Associated Feeds Low 

Requires trees for roosting, but 
forages in openings and at edges of 
forests. 
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Mammals Associated with Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Keen's Myotis Generally 
Associated 

Feeds and 
Breeds Low 

Little studied; hard to distinguish 
from long-eared myotis. Likely 
requires tree cavites for breeding, 
caves for hibernacula. 

Little Brown Myotis Generally 
Associated 

Feeds and 
Breeds High Uses caves, mines, or hollow trees, 

often near water. 

Long-eared Myotis Generally 
Associated 

Feeds and 
Breeds Moderate Uses caves, mines, hollow trees, 

loose bark or rock crevices. 

Long-legged Myotis Generally 
Associated 

Feeds and 
Breeds Moderate 

Uses caves or mines as hibernacula. 
Uses hollow trees, loose bark or rock 
crevices for maternity colonies. 

Long-tailed Weasel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mountain Lion Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Flying Squirrel Generally 
Associated 

Feeds and 
Breeds High None noted. 

Pallid Bat Generally 
Associated Feeds Low None noted. 

Red Fox Generally 
Associated 

Feeds and 
Breeds Low Non-native Red fox. 

Rocky Mountain Elk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Roosevelt Elk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Shrew-mole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Silver-haired Bat Generally 
Associated Feeds Low None noted. 

Snowshoe Hare Generally 
Associated 

Feeds and 
Breeds High None noted. 

Striped Skunk Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Townsend's Big-eared Bat Generally 
Associated Feeds Moderate None noted. 

Townsend's Chipmunk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Townsend's Mole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Townsend's Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Mammals Associated with Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Trowbridge's Shrew Generally 
Associated 

Feeds and 
Breeds High None noted. 

Virginia Opossum Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Western Red-backed Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Western Spotted Skunk Generally 
Associated 

Feeds and 
Breeds Low None noted. 

American Marten Present Feeds and 
Breeds Moderate None noted. 

Brazilian Free-tailed Bat Present Feeds Moderate None noted. 

Bushy-tailed Woodrat Present Feeds and 
Breeds Moderate None noted. 

Heather Vole Present Feeds and 
Breeds Moderate None noted. 

Masked Shrew Present Feeds and 
Breeds Moderate None noted. 

Montane Shrew Present Feeds and 
Breeds Moderate None noted. 

Red Tree Vole Present Feeds and 
Breeds Moderate None noted. 

Vagrant Shrew Present Feeds and 
Breeds Moderate None noted. 

 

Reptiles Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Common Garter Snake Closely 
Associated 

Feeds and 
Breeds High None noted. 

Western Pond Turtle Closely 
Associated 

Feeds and 
Breeds High None noted. 

Northern Alligator Lizard Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northwestern Garter Snake Generally 
Associated 

Feeds and 
Breeds High None noted. 

Pacific Coast Aquatic Garter Snake Generally 
Associated 

Feeds and 
Breeds High None noted. 

Painted Turtle Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Red-eared Slider Turtle Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Reptiles Associated with  Westside Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Rubber Boa Generally 
Associated 

Feeds and 
Breeds High Usually does not occur far from 

water. 

Sharptail Snake Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Snapping Turtle Generally 
Associated 

Feeds and 
Breeds Moderate Avoids flowing water that lacks 

vegetation. 

Western Rattlesnake Generally 
Associated 

Feeds and 
Breeds High None noted. 

Western Terrestrial Garter Snake Generally 
Associated 

Feeds and 
Breeds High None noted. 

California Mountain Kingsnake Present Feeds and 
Breeds Moderate None noted. 

Common Kingsnake Present Feeds and 
Breeds Low None noted. 

Ringneck Snake Present Feeds and 
Breeds Moderate None noted. 

Southern Alligator Lizard Present Feeds and 
Breeds Moderate None noted. 
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Wildlife Species Found in Montane Coniferous 
Wetlands 

 
Amphibians Associated with Montane Coniferous Wetlands 

Species (alphabetically by common 
name within each association ) Association Activity Confidence Comments 

Long-toed Salamander Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
are occur. Requires ponds, shallow 
lake edges, seasonal pools (like elk 
wallows) or slow streams for 
breeding. 

Northwestern Salamander Closely 
Associated 

Feeds and 
Breeds High Requires ponds or stream backwaters 

for breeding. 

Pacific Chorus (Tree) Frog Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds, seasonal pools, 
temporary rain-filled depressions or 
slow streams for breeding. 

Rough-skinned Newt Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds or stream backwaters 
with abundant aquatic vegetation for 
breeding. 

Western Toad Closely 
Associated 

Feeds and 
Breeds High None noted. 

Cascades Frog Generally 
Associated 

Feeds and 
Breeds High Requires bogs or ponds with cold 

springs for breeding. 

Columbia Spotted Frog Generally 
Associated 

Feeds and 
Breeds Moderate 

Rare or absent where predatory fish 
or bullfrogs occur. Requires shallow 
water in wet meadows or 
stream/pond edges with abundant 
aquatic vegetation for breeding. 

Oregon Spotted Frog Present Feeds and 
Breeds High 

Rare or absent where predatory fish 
or bullfrogs occur. Requires shallow 
water in wet meadows or 
stream/pond edges with abundant 
aquatic vegetation for breeding. 

Pacific Giant Salamander Present Feeds and 
Breeds High 

Requires small to mid-sized streams 
with a streambed of gravel, boulders 
and large logs for breeding. 

Red-legged Frog Present Feeds and 
Breeds High Requires cool-water ponds, lake 

edges or slow streams for breeding. 



Wetlands in Washington State 30 Appendix 2-B 
Volume 1 – A Synthesis of the Science  Associations Between Species of Wildlife and Wetlands  
  March 2005 
 

Birds Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Bufflehead Closely 
Associated 

Feeds and 
Breeds Moderate Nests in tree cavities. 

Evening Grosbeak Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

American Robin Generally 
Associated 

Feeds and 
Breeds High None noted. 

Barrow's Goldeneye Generally 
Associated 

Feeds and 
Breeds Moderate Nests in tree cavities. 

Black Swift Generally 
Associated Feeds Low 

Black swifts are long-distance 
foragers that may travel many miles 
from breeding sites and take 
advantage of flying insects caught in 
updrafts over just about any habitat. 

Black-backed Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate 

Reach highest densities in recently 
burned forests or areas of bark beetle 
infestations. 

Blue Grouse Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Bohemian Waxwing Generally 
Associated Feeds Moderate 

There are a few confirmed records of 
breeding. Nesting habitat usually is 
beaver ponds and bog areas. 

Boreal Chickadee Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Brown Creeper Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Calliope Hummingbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Cassin's Finch Generally 
Associated 

Feeds and 
Breeds High None noted. 

Cedar Waxwing Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Chestnut-backed Chickadee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Common Nighthawk Generally 
Associated Feeds Moderate None noted. 

Common Raven Generally 
Associated 

Feeds and 
Breeds High None noted. 

Common Redpoll Generally 
Associated Feeds Moderate None noted. 

Cooper's Hawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Dark-eyed Junco Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Dusky Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Golden-crowned Kinglet Generally 
Associated 

Feeds and 
Breeds High None noted. 

Gray Jay Generally 
Associated 

Feeds and 
Breeds High None noted. 

Great Gray Owl Generally 
Associated 

Feeds and 
Breeds High None noted. 

Hairy Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Hermit Thrush Generally 
Associated 

Feeds and 
Breeds High None noted. 

Hermit Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Macgillivray's Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Mountain Chickadee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Nashville Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Flicker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Goshawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Pygmy-owl Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Northern Saw-whet Owl Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Olive-sided Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pacific-slope Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Peregrine Falcon Generally 
Associated Feeds High None noted. 

Pileated Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pine Grosbeak Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pine Siskin Generally 
Associated 

Feeds and 
Breeds High None noted. 

Red Crossbill Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Birds Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Red-breasted Nuthatch Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Red-breasted Sapsucker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Ruby-crowned Kinglet Generally 
Associated 

Feeds and 
Breeds High None noted. 

Ruffed Grouse Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Rufous Hummingbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Song Sparrow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Spruce Grouse Generally 
Associated 

Feeds and 
Breeds High Uses this habitat where adjacent to 

lodgepole alpine forest. 

Steller's Jay Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Swainson's Thrush Generally 
Associated 

Feeds and 
Breeds High None noted. 

Three-toed Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate 

Reach highest densities in recently 
burned forests or areas of bark beetle 
infestations. 

Townsend's Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Tree Swallow Generally 
Associated 

Feeds and 
Breeds Moderate Requires snags not far from open 

water for nesting. 

Varied Thrush Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Vaux's Swift Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Violet-green Swallow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Warbling Vireo Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Western Tanager Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Williamson's Sapsucker Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Willow Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Wilson's Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Winter Wren Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Yellow-rumped Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

American Crow Present Feeds and 
Breeds High None noted. 

American Kestrel Present Feeds and 
Breeds Moderate None noted. 

Barn Swallow Present Feeds and 
Breeds Moderate 

Can nest anywhere buildings, 
bridges, or overhanging cliffs occur 
in close proximity to water. 

Brown-headed Cowbird Present Feeds and 
Breeds Moderate None noted. 

Chipping Sparrow Present Feeds and 
Breeds Low None noted. 

Clark's Nutcracker Present Feeds Low None noted. 

European Starling Present Feeds and 
Breeds Low 

Requires snags or trees with cavities 
or buildings with crevices for 
nesting. Most likely to use this 
habitat where adjacent to agriculture 
or urban habitats. 

Great Horned Owl Present Feeds and 
Breeds High None noted. 

Merlin Present Feeds Low None noted. 

Mountain Bluebird Present Feeds and 
Breeds Moderate None noted. 

Northern Rough-winged Swallow Present Feeds Moderate Requires burrows in dirt banks, 
usually next to water, for nesting. 

Turkey Vulture Present Feeds and 
Breeds Low 

Requires rocky outcrops, small 
caves, boulder piles, ledges on high 
cliffs or large hollow logs for 
nesting. 

Western Screech-owl Present Feeds and 
Breeds Moderate None noted. 

White-winged Crossbill Present Feeds and 
Breeds Moderate None noted. 

Wood Duck Present Feeds and 
Breeds Moderate Nests in tree cavities. 
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Mammals Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Big Brown Bat Closely 
Associated 

Feeds and 
Breeds High 

Requires snags, caves, mines, rock 
crevices, or bridges for breeding and 
roosting. 

Deer Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Long-tailed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pacific Jumping Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Snowshoe Hare Closely 
Associated 

Feeds and 
Breeds High None noted. 

Southern Red-backed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Water Shrew Closely 
Associated 

Feeds and 
Breeds High 

Lead a semi-aquatic life and require 
cold, clear water in small streams or 
ponds with abundant cover in the 
form of rocks, overhanging banks, 
etc. 

Water Vole Closely 
Associated 

Feeds and 
Breeds Low None noted. 

Yuma Myotis Closely 
Associated 

Feeds and 
Breeds High 

More closely associated with water 
than other bat species. Uses caves, 
mines, loose bark and bark crevices 
typically close to water. 

American Beaver Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Marten Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Black Bear Generally 
Associated 

Feeds and 
Breeds High None noted. 

Black-tailed Deer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Bobcat Generally 
Associated Feeds Moderate None noted. 

Bushy-tailed Woodrat Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

California Myotis Generally 
Associated 

Feeds and 
Breeds High Uses rock crevices, hollow trees, 

mines or caves for breeding.  

Columbian Ground Squirrel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Columbian Mouse Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Mammals Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Common Porcupine Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Coyote Generally 
Associated 

Feeds and 
Breeds High None noted. 

Creeping Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Fisher Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Golden-mantled Ground Squirrel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Hoary Bat Generally 
Associated Feeds Low 

Requires trees for roosting, but 
forages in openings and at edges of 
forests. 

Little Brown Myotis Generally 
Associated Feeds High Uses caves, mines, or hollow trees, 

often near water. 

Long-eared Myotis Generally 
Associated 

Feeds and 
Breeds Moderate Uses caves, mines, hollow trees, 

loose bark or rock crevices. 

Long-tailed Weasel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mink Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Montane Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Moose Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mountain Caribou Generally 
Associated 

Feeds and 
Breeds High None noted. 

Mountain Lion Generally 
Associated Feeds High None noted. 

Mule Deer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Bog Lemming Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Flying Squirrel Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Pocket Gopher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pacific Water Shrew Generally 
Associated 

Feeds and 
Breeds High Closely tied to water. 

Rocky Mountain Elk Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Mammals Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Roosevelt Elk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Shrew-mole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Silver-haired Bat Generally 
Associated 

Feeds and 
Breeds Moderate 

Uses trees, bark crevices, and snags 
for summer roosts; if present in 
winter, may use caves, mines, or 
rock crevices for hibernacula. 

Townsend's Big-eared Bat Generally 
Associated Feeds Moderate None noted. 

Townsend's Chipmunk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Trowbridge's Shrew Generally 
Associated 

Feeds and 
Breeds High None noted. 

Western Jumping Mouse Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Western Spotted Skunk Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Wolverine Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Coast Mole Present Feeds and 
Breeds Moderate None noted. 

Ermine Present Feeds and 
Breeds Low None noted. 

Fringed Myotis Present Feeds Low Requires caves, mines or rock 
crevices. 

Grizzly Bear Present Feeds Moderate None noted. 

Heather Vole Present Feeds and 
Breeds Moderate None noted. 

Long-legged Myotis Present Feeds and 
Breeds Moderate 

Uses caves or mines as hibernacula. 
Uses hollow trees, loose bark or rock 
crevices for maternity colonies. 

Lynx Present Feeds Low None noted. 

Masked Shrew Present Feeds and 
Breeds Moderate None noted. 

Montane Shrew Present Feeds and 
Breeds Low None noted. 

Vagrant Shrew Present Feeds and 
Breeds Moderate None noted. 
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Reptiles Associated with Montane Coniferous Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Common Garter Snake Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Rubber Boa Generally 
Associated 

Feeds and 
Breeds High Usually does not occur far from 

water. 
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Wildlife Species Found in Eastside (Interior) 
Riparian -Wetlands 

Amphibians Associated with Eastside (Interior) Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Bullfrog Closely 
Associated 

Feeds and 
Breeds High 

Requires warm-water ponds, 
marshes, or river/stream backwaters 
for breeding. 

Columbia Spotted Frog Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
or bullfrogs occur. Requires shallow 
water in wet meadows or 
stream/pond edges with abundant 
aquatic vegetation for breeding. 

Great Basin Spadefoot Closely 
Associated 

Feeds and 
Breeds High Requires ponds or temporary rain-

filled depressions for breeding. 

Long-toed Salamander Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
are occur. Requires ponds, shallow 
lake edges, seasonal pools (like elk 
wallows) or slow streams for 
breeding. 

Northern Leopard Frog Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds or lake edges with 
dense aquatic and emergent 
vegetation for breeding. 

Pacific Chorus (Tree) Frog Closely 
Associated 

Feeds and 
Breeds High 

Requires ponds, seasonal pools, 
temporary rain-filled depressions or 
slow streams for breeding. 

Tailed Frog Closely 
Associated 

Feeds and 
Breeds Moderate Requires clear, cold steep-gradient 

streams for breeding. 

Tiger Salamander Closely 
Associated 

Feeds and 
Breeds High 

Rare or absent where predatory fish 
occur. Requires warm ponds or 
shallow lake edges for breeding. 

Western Toad Closely 
Associated 

Feeds and 
Breeds High None noted. 

Woodhouse's Toad Closely 
Associated 

Feeds and 
Breeds High 

Requires warm, shallow water in 
ponds, lakes, or slow streams for 
breeding. 

Cascades Frog Generally 
Associated 

Feeds and 
Breeds Moderate Requires bogs or ponds with cold 

springs for breeding. 

Northwestern Salamander Present Feeds and 
Breeds High 

Range extends only peripherally into 
the eastside Cascades in Washington 
only. Requires ponds or stream 
backwaters for breeding. 

Red-legged Frog Present Feeds and 
Breeds High Range extends only peripherally into 

the eastside Cascades. 
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Amphibians Associated with Eastside (Interior) Riparian - Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Rough-skinned Newt Present Feeds and 
Breeds High 

Range doesn’t extend very far east of 
Cascades. Needs ponds/backwaters 
& profuse aquatic vegetation breed. 

 
Birds Associated with  Eastside (Interior) Riparian -Wetlands 

Species (alphabetically by common 
name within each association ) Association Activity Confidence Comments 

American Black Duck Closely 
Associated 

Feeds and 
Breeds Low None noted. 

American Dipper Closely 
Associated 

Feeds and 
Breeds High None noted. 

American Redstart Closely 
Associated 

Feeds and 
Breeds High None noted. 

Bank Swallow Closely 
Associated 

Feeds and 
Breeds High Requires burrows in dirt banks, 

usually next to water, for nesting. 

Barn Swallow Closely 
Associated 

Feeds and 
Breeds High 

Can nest anywhere buildings, 
bridges, or overhanging cliffs occur 
in close proximity to water. 

Belted Kingfisher Closely 
Associated 

Feeds and 
Breeds High None noted. 

Black-billed Magpie Closely 
Associated 

Feeds and 
Breeds High None noted. 

Black-crowned Night-heron Closely 
Associated 

Feeds and 
Breeds High Occur in wide bottomlands, not 

narrow canyons. 

Blue Grouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Bullock's Oriole Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Cedar Waxwing Closely 
Associated 

Feeds and 
Breeds High None noted. 

Cliff Swallow Closely 
Associated 

Feeds and 
Breeds Moderate 

Can nest anywhere rimrock, 
overhanging cliffs, buildings or 
bridges occur in close proximity to 
water. 

Common Merganser Closely 
Associated 

Feeds and 
Breeds High Nests in tree cavities near large lakes 

or rivers. 

Common Yellowthroat Closely 
Associated 

Feeds and 
Breeds High 

None noted. 

Cordilleran Flycatcher Closely 
Associated 

Feeds and 
Breeds Moderate 

None noted. 

Double-crested Cormorant Closely 
Associated 

Feeds and 
Breeds High 

None noted. 
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Birds Associated with  Eastside (Interior) Riparian -Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

European Starling Closely 
Associated 

Feeds and 
Breeds High 

Requires snags or trees with cavities 
or buildings with crevices for 
nesting. Most likely to use this 
habitat where adjacent to agriculture 
or urban habitats. 

Fox Sparrow Closely 
Associated 

Feeds and 
Breeds High None noted. 

Gray Catbird Closely 
Associated 

Feeds and 
Breeds High None noted. 

Great Blue Heron Closely 
Associated 

Feeds and 
Breeds High None noted. 

Great Egret Closely 
Associated 

Feeds and 
Breeds High 

More common in broad flood plains; 
does not occur in narrow riparian 
corridors as a breeder. 

Harlequin Duck Closely 
Associated 

Feeds and 
Breeds High None noted. 

Hooded Merganser Closely 
Associated 

Feeds and 
Breeds Moderate Nests in tree cavities. 

Lazuli Bunting Closely 
Associated 

Feeds and 
Breeds High None noted. 

Lincoln's Sparrow Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Long-eared Owl Closely 
Associated 

Feeds and 
Breeds High 

Typically nests in the abandoned 
nests of other corvids, raptors or 
squirrels. 

Mallard Closely 
Associated 

Feeds and 
Breeds High None noted. 

Mourning Dove Closely 
Associated 

Feeds and 
Breeds High None noted. 

Northern Rough-winged Swallow Closely 
Associated 

Feeds and 
Breeds High Requires burrows in dirt banks, 

usually next to water, for nesting. 

Northern Waterthrush Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pygmy Nuthatch Closely 
Associated 

Feeds and 
Breeds Moderate Uses this habitat where ponderosa 

pine occurs. 

Red-eyed Vireo Closely 
Associated 

Feeds and 
Breeds Moderate 

Range of red-eyed vireo overlaps 
that of large black cottonwood 
groves. 

Red-naped Sapsucker Closely 
Associated 

Feeds and 
Breeds High None noted. 

Ring-necked Pheasant Closely 
Associated 

Feeds and 
Breeds High None noted. 
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Birds Associated with  Eastside (Interior) Riparian -Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Ruffed Grouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Sharp-tailed Grouse Closely 
Associated Feeds High In Oregon this was historically very 

important overwintering habitat. 

Snowy Egret Closely 
Associated 

Feeds and 
Breeds High Requires tall shrubs or trees for 

nesting. 

Solitary Sandpiper Closely 
Associated Feeds Moderate None noted. 

Spotted Sandpiper Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Tree Swallow Closely 
Associated 

Feeds and 
Breeds Moderate Requires snags not far from open 

water for nesting. 

Veery Closely 
Associated 

Feeds and 
Breeds High None noted. 

Warbling Vireo Closely 
Associated 

Feeds and 
Breeds High None noted. 

Western Screech-owl Closely 
Associated 

Feeds and 
Breeds High None noted. 

Willow Flycatcher Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Wood Duck Closely 
Associated 

Feeds and 
Breeds High Nests in tree cavities. 

Yellow Warbler Closely 
Associated 

Feeds and 
Breeds High None noted. 

Yellow-billed Cuckoo Closely 
Associated 

Feeds and 
Breeds Moderate 

Not known from eastside 
Washington (even historically); in 
Oregon species may still occur in a 
few scattered locations. 

Yellow-breasted Chat Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

American Crow Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Goldfinch Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Kestrel Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Robin Generally 
Associated 

Feeds and 
Breeds High None noted. 

American Tree Sparrow Generally 
Associated Feeds Moderate None noted. 

Bald Eagle Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Species (alphabetically by common 
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Barn Owl Generally 
Associated 

Feeds and 
Breeds High Requires cliffs, caves, rimrock, or 

tree cavities for nesting. 

Black Swift Generally 
Associated 

Feeds and 
Breeds Low Requires suitable cliffs behind 

waterfalls for breeding. 

Black-capped Chickadee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Black-chinned Hummingbird Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Black-headed Grosbeak Generally 
Associated 

Feeds and 
Breeds High None noted. 

Black-throated Gray Warbler Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Bobolink Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Bohemian Waxwing Generally 
Associated Feeds Moderate None noted. 

Brewer's Blackbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Broad-tailed Hummingbird Generally 
Associated 

Feeds and 
Breeds Low 

High elevation, montane riparian. 
Breeding suspected but not 
confirmed. Birds have been found in 
eastside riparian aspen and willow 
habitats. 

Brown Creeper Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Brown-headed Cowbird Generally 
Associated 

Feeds and 
Breeds High None noted. 

Bufflehead Generally 
Associated 

Feeds and 
Breeds Moderate Nests in tree cavities. 

Bushtit Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

California Quail Generally 
Associated 

Feeds and 
Breeds High Uses this habitat where adjacent to 

more open habitats. 

Calliope Hummingbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Canyon Wren Generally 
Associated 

Feeds and 
Breeds Moderate Requires rocky outcrops, cliffs for 

nesting. 

Cassin's Finch Generally 
Associated 

Feeds and 
Breeds High None noted. 

Cassin's Vireo Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Cattle Egret Generally 
Associated 

Feeds and 
Breeds High Requires shrubs or trees for nesting. 

Chipping Sparrow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Common Nighthawk Generally 
Associated Feeds Moderate None noted. 

Common Raven Generally 
Associated 

Feeds and 
Breeds High None noted. 

Common Redpoll Generally 
Associated Feeds Moderate None noted. 

Cooper's Hawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Dark-eyed Junco Generally 
Associated 

Feeds and 
Breeds High None noted. 

Downy Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Dusky Flycatcher Generally 
Associated 

Feeds and 
Breeds 
 

Moderate None noted. 

Eastern Kingbird Generally 
Associated 

Feeds and 
Breeds Moderate Requires groves of hardwoods for 

breeding. 

Evening Grosbeak Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Flammulated Owl Generally 
Associated 

Feeds and 
Breeds Moderate Must have ponderosa pine/aspen. 

Golden Eagle Generally 
Associated 

Feeds and 
Breeds High Needs cliffs for nesting. 

Golden-crowned Kinglet Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Golden-crowned Sparrow Generally 
Associated Feeds Moderate None noted. 

Gray Jay Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Great Horned Owl Generally 
Associated 

Feeds and 
Breeds High None noted. 

Greater Yellowlegs Generally 
Associated Feeds Low None noted. 

Green-winged Teal Generally 
Associated Feeds High None noted. 

Hairy Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Hermit Thrush Generally 
Associated 

Feeds and 
Breeds High None noted. 

House Wren Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Killdeer Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Least Flycatcher Generally 
Associated 

Feeds and 
Breeds Low 

Has bred regularly at Clyde Holiday 
State Wayside, Grant County, 
Oregon, and numerous singing males 
have been found in eastside 
hardwood riparian habitats in 
Washington.  

Lesser Yellowlegs Generally 
Associated Feeds Low None noted. 

Lewis's Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Macgillivray's Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Mountain Bluebird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mountain Chickadee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Mountain Quail Generally 
Associated 

Feeds and 
Breeds High None noted. 

Nashville Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Flicker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern Goshawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Pygmy-owl Generally 
Associated 

Feeds and 
Breeds High None noted. 

Olive-sided Flycatcher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Orange-crowned Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Osprey Generally 
Associated 

Feeds and 
Breeds High None noted. 

Peregrine Falcon Generally 
Associated 

Feeds and 
Breeds High Needs cliffs for nesting. 

Pied-billed Grebe Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Pileated Woodpecker Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pine Siskin Generally 
Associated 

Feeds and 
Breeds High None noted. 

Red-breasted Nuthatch Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Red-breasted Sapsucker Generally 
Associated 

Feeds and 
Breeds Moderate 

Only in south-central Oregon: may 
hybridize with Red-naped sapsucker 
in Eastside riparian. 

Red-tailed Hawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Red-winged Blackbird Generally 
Associated 

Feeds and 
Breeds High None noted. 

Ring-necked Duck Generally 
Associated 

Feeds and 
Breeds High None noted. 

Rufous Hummingbird Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Sandhill Crane Generally 
Associated 

Feeds and 
Breeds High Uses open riparian areas with only 

scattered willows or willow clumps.

Savannah Sparrow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Say's Phoebe Generally 
Associated 

Feeds and 
Breeds Moderate Needs cliffs or rimrock for nesting. 

Song Sparrow Generally 
Associated 

Feeds and 
Breeds High None noted. 

Spotted Towhee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Steller's Jay Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Swainson's Hawk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Swainson's Thrush Generally 
Associated 

Feeds and 
Breeds High None noted. 

Townsend's Solitaire Generally 
Associated Feeds Moderate None noted. 

Turkey Vulture Generally 
Associated 

Feeds and 
Breeds High 

Requires rocky outcrops, small 
caves, boulder piles, ledges on high 
cliffs or large hollow logs for 
nesting. 

Violet-green Swallow Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Western Bluebird Generally 
Associated 

Feeds and 
Breeds High None noted. 

Western Tanager Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Western Wood-pewee Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

White-breasted Nuthatch Generally 
Associated 

Feeds and 
Breeds Moderate 

Uses this habitat where ponderosa 
pine and hardwoods occur in the 
riparian zone. 

White-crowned Sparrow Generally 
Associated 

Feeds and 
Breeds High None noted. 

White-headed Woodpecker Generally 
Associated 

Feeds and 
Breeds Low Requires a ponderosa pine 

component. 

White-throated Swift Generally 
Associated Feeds Low May use riparian areas as travel 

corridors. 

Wild Turkey Generally 
Associated 

Feeds and 
Breeds High None noted. 

Williamson's Sapsucker Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Wilson's Warbler Generally 
Associated 

Feeds and 
Breeds High None noted. 

Winter Wren Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Yellow-rumped Warbler Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

American Wigeon Present Feeds Moderate None noted. 

Ash-throated Flycatcher Present Feeds and 
Breeds Low None noted. 

Band-tailed Pigeon Present Feeds Moderate None noted. 

Barred Owl Present Feeds and 
Breeds Moderate None noted. 

Black-backed Woodpecker Present Feeds and 
Breeds Moderate None noted. 

Canada Goose Present Feeds and 
Breeds Moderate None noted. 

Chukar Present Feeds Moderate None noted. 

Green-tailed Towhee Present Feeds and 
Breeds Moderate None noted. 

House Finch Present Feeds and 
Breeds Moderate Uses this habitat where it is not too 

far from urban or agricultural areas. 
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Lesser Goldfinch Present Feeds and 
Breeds Moderate None noted. 

Merlin Present Feeds Low None noted. 

Northern Harrier Present Feeds and 
Breeds High None noted. 

Northern Saw-whet Owl Present Feeds and 
Breeds Low None noted. 

Prairie Falcon Present Feeds and 
Breeds High Needs cliffs for nesting. 

Red Crossbill Present Feeds Low None noted. 
Rough-legged Hawk Present Feeds High None noted. 

Ruby-crowned Kinglet Present Feeds and 
Breeds Moderate None noted. 

Three-toed Woodpecker Present Feeds and 
Breeds Moderate None noted. 

Townsend's Warbler Present Feeds and 
Breeds Low 

Heavy use during migration, and 
occasional breeding where conifers 
are present. 

Vaux's Swift Present Feeds and 
Breeds Low None noted. 

 
Mammals Associated with  Eastside (Interior) Riparian -Wetlands 

Species (alphabetically by common 
name within each association ) Association Activity Confidence Comments 

American Beaver Closely 
Associated 

Feeds and 
Breeds High None noted. 

Big Brown Bat Closely 
Associated 

Feeds and 
Breeds High 

Requires snags, caves, mines, rock 
crevices, or bridges for breeding and 
roosting. 

Bushy-tailed Woodrat Closely 
Associated 

Feeds and 
Breeds High None noted. 

Deer Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Long-legged Myotis Closely 
Associated 

Feeds and 
Breeds Moderate 

Uses caves or mines as hibernacula. 
Uses hollow trees, loose bark or rock 
crevices for maternity colonies. 

Long-tailed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Meadow Vole Closely 
Associated 

Feeds and 
Breeds Low None noted. 

Mink Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Muskrat Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Northern River Otter Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pacific Jumping Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Pallid Bat Closely 
Associated 

Feeds and 
Breeds Moderate Requires rock cliffs, caves or mines 

for breeding. 

Raccoon Closely 
Associated 

Feeds and 
Breeds Moderate None noted. 

Snowshoe Hare Closely 
Associated 

Feeds and 
Breeds High None noted. 

Southern Red-backed Vole Closely 
Associated 

Feeds and 
Breeds High None noted. 

Water Shrew Closely 
Associated 

Feeds and 
Breeds High 

Lead a semi-aquatic life and require 
cold, clear water in small streams or 
ponds with abundant cover in the 
form of rocks, overhanging banks, 
etc. 

Water Vole Closely 
Associated 

Feeds and 
Breeds Low None noted. 

Western Harvest Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Western Jumping Mouse Closely 
Associated 

Feeds and 
Breeds High None noted. 

Western Pipistrelle Closely 
Associated 

Feeds and 
Breeds High Requires cliffs, rimrock, caves or 

mines for breeding and roosting. 

Western Small-footed Myotis Closely 
Associated 

Feeds and 
Breeds Moderate Requires cliffs, rimrock, boulders, or 

talus for breeding. 

White-tailed Deer (Eastside) Closely 
Associated 

Feeds and 
Breeds High None noted. 

Yuma Myotis Closely 
Associated 

Feeds and 
Breeds High 

More closely associated with water 
than other bat species. Uses caves, 
mines, loose bark and bark crevices 
typically close to water. 

Black Bear Generally 
Associated 

Feeds and 
Breeds High None noted. 

Black-tailed Deer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Bobcat Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Broad-footed Mole Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 
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Brush Rabbit Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

California Myotis Generally 
Associated 

Feeds and 
Breeds High Uses rock crevices, hollow trees, 

mines or caves for breeding.  

Columbian Ground Squirrel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Columbian Mouse Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Common Porcupine Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Coyote Generally 
Associated 

Feeds and 
Breeds High None noted. 

Creeping Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Eastern Cottontail Generally 
Associated 

Feeds and 
Breeds Low 

Likely uses this habitat where 
adjacent to urban or agricultural 
habitats. 

Eastern Fox Squirrel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Ermine Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Feral Horse Generally 
Associated Feeds Low None noted. 

Feral Pig Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Fisher Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Fringed Myotis Generally 
Associated 

Feeds and 
Breeds Low Requires caves, mines or rock 

crevices. 

Hoary Bat Generally 
Associated Feeds Moderate 

Requires trees for roosting, but 
forages in openings and at edges of 
forests. 

Little Brown Myotis Generally 
Associated 

Feeds and 
Breeds High Uses caves, mines, or hollow trees, 

often near water. 

Long-eared Myotis Generally 
Associated 

Feeds and 
Breeds Moderate Uses caves, mines, hollow trees, 

loose bark or rock crevices. 

Long-tailed Weasel Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Masked Shrew Generally 
Associated 

Feeds and 
Breeds High None noted. 

Montane Vole Generally 
Associated 

Feeds and 
Breeds High None noted. 
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Moose Generally 
Associated 

Feeds and 
Breeds High None noted. 

Mountain Caribou Generally 
Associated 

Feeds and 
Breeds High None noted. 

Mountain Lion Generally 
Associated 

Feeds and 
Breeds High None noted. 

Mule Deer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Flying Squirrel Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Pocket Gopher Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Pacific Water Shrew Generally 
Associated 

Feeds and 
Breeds Moderate Closely tied to water. 

Red Fox Generally 
Associated 

Feeds and 
Breeds Low Non-native Red fox. 

Rocky Mountain Elk Generally 
Associated 

Feeds and 
Breeds High None noted. 

Shrew-mole Generally 
Associated 

Feeds and 
Breeds High None noted. 

Silver-haired Bat Generally 
Associated 

Feeds and 
Breeds Moderate 

Uses trees, bark crevices, and snags 
for summer roosts; if present in 
winter, may use caves, mines, or 
rock crevices for hibernacula. 

Spotted Bat Generally 
Associated 

Feeds and 
Breeds Moderate Requires clliffs for breeding. 

Striped Skunk Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Townsend's Big-eared Bat Generally 
Associated Feeds Moderate None noted. 

Trowbridge's Shrew Generally 
Associated 

Feeds and 
Breeds High None noted. 

Virginia Opossum Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Western Spotted Skunk Generally 
Associated 

Feeds and 
Breeds Low None noted. 

Wild Burro Generally 
Associated Feeds Low None noted. 

Yellow-bellied Marmot Generally 
Associated 

Feeds and 
Breeds Moderate 

Requires talus slopes, lava fields, 
rimrock, or boulder fields in close 
proximity to grassy openings or 
meadows. 
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Yellow-pine Chipmunk Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

American Badger Present Feeds Moderate None noted. 

American Marten Present Feeds and 
Breeds Moderate None noted. 

Coast Mole Present Feeds and 
Breeds Moderate None noted. 

Golden-mantled Ground Squirrel Present Feeds and 
Breeds Moderate None noted. 

Grizzly Bear Present Feeds Moderate None noted. 

Heather Vole Present Feeds and 
Breeds Moderate None noted. 

Least Chipmunk Present Feeds and 
Breeds Low None noted. 

Montane Shrew Present Feeds and 
Breeds Moderate None noted. 

Preble's Shrew Present Feeds and 
Breeds Low None noted. 

Pronghorn Antelope Present Feeds Moderate None noted. 

Vagrant Shrew Present Feeds and 
Breeds Moderate None noted. 

White-tailed Jackrabbit Present Feeds and 
Breeds Moderate None noted. 
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Reptiles Associated with Eastside (Interior) Riparian-Wetlands 
Species (alphabetically by common 

name within each association ) Association Activity Confidence Comments 

Common Garter Snake Closely 
Associated 

Feeds and 
Breeds High None noted. 

Gopher Snake Generally 
Associated 

Feeds and 
Breeds High None noted. 

Northern Alligator Lizard Generally 
Associated 

Feeds and 
Breeds High None noted. 

Painted Turtle Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Racer Generally 
Associated 

Feeds and 
Breeds High None noted. 

Rubber Boa Generally 
Associated 

Feeds and 
Breeds High Usually does not occur far from 

water. 

Sharptail Snake Generally 
Associated 

Feeds and 
Breeds Moderate None noted. 

Western Rattlesnake Generally 
Associated 

Feeds and 
Breeds High None noted. 

Western Terrestrial Garter Snake Generally 
Associated 

Feeds and 
Breeds High None noted. 

Southern Alligator Lizard Present Feeds and 
Breeds Low None noted. 
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Abstract Accidents during marine transport and offshore

production facilities often are responsible for oil spills in

the open sea. In few cases, these oil slicks drift towards the

shore and further into the estuaries, which serve as an

important spawning and nursing grounds for many fish

species. This study examined the role of salinity in the

uptake and accumulation of toxic PAH from crude oil in

select somatic and reproductive organs of Tilapia mos-

sambica. Our results showed significantly (ANOVA,

p \ 0.01) lower PAH solubility in higher salinity waters

and its uptake by fish. The differences were largest with the

low molecular weight (LMW) two (naphthalenes) and

three (phenanthrene) ring compounds as compared with

higher molecular weight (HMW) compounds such as pyr-

ene (four ringed).

Keywords Oil spills � Toxic PAH � Salinity �
Tilapia mossambica

Oil spills are associated with marine transport and offshore

production facilities; they often take place in the open sea.

In some cases, the oil slicks drift towards the shore and into

estuaries. These near-shore habitats serve as an important

spawning and nursing grounds for many fish species. Since

the physico-chemical characteristics of these coastal areas

are different from those that persist in open sea, environ-

mental factors such as temperature and salinity could

significantly influence the natural fate and distribution of

the oil. Salinity of water may influence the solubility of

toxic hydrocarbons that are present in the crude oil and the

accumulation of these hydrocarbons by aquatic organisms

that dwell in different salinity mediums.

Crude oil is a mixture of several fractions of hydrocar-

bons, with varying solubilities, which depend on their

octanol–water partition coefficients (Kow). Amongst them,

polycyclic aromatic hydrocarbons (PAHs) are ranked as

relatively soluble; more soluble than alkanes that comprise

an equal number of carbon atoms (McAuliffe 1987). Since

many PAHs rank among the most toxic components of

crude oil (Ramchandran et al. 2006), PAH solubility is an

important feature of oil spills. McAuliffe (1987) found

solubilities of toluene in 3.5% and 20% NaCl to be 70%

and 16% of that in distilled water. Sutton and Calder

(1975); reviewed in McAuliffe (1987) found that the mean

reduction in solubility for 12 aromatic hydrocarbons was

68 ± 4.4% less at 25�C in seawater relative to fresh water.

Therefore, the concentrations of aromatic hydrocarbons

after an oil spill would increase in the water column of low

salinity coastal water or estuaries and would have a greater

adverse impact on aquatic organisms than that can be

expected in the case for spills in open ocean waters. Hence,

the results of bioassays conducted with marine test

organisms in salt water would not be useful to predict

effects on fresh or brackish water organisms.

Fish can accumulate soluble petroleum hydrocarbons

very rapidly (Collier et al. 1995) and the fish that are placed

in water contaminated with crude oil will take up dissolved

hydrocarbons until a steady state is established between the

fish and water.

The lighter PAHs volatilize and solubilize easily, the

heavier and more toxic fractions are less soluble. The

hydrophobic nature of the more toxic fractions enables

them to partition directly from crude oil to lipid rich tissues
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coming into contact with oil droplets. Uptake of soluble

PAH may also be influenced by changes in osmoregulation,

if PAHs are taken up across the gills by transport with

water.

This study examined the role of salinity in the uptake of

PAH from crude oil by Tilapia mossambica. Tilapia mos-

sambica was chosen to enable comparisons with freshwater

data from previous experiments across salinities within their

zone of tolerance (0–30%). Teleosts, the bony fish inhabit

both fresh water and seawater environments. Regardless of

adaptation, the gills of these animals possess a highly spe-

cialized cell type called the chloride cell (Karnaky 1986).

Tilapia, a euryhaline species, enabled testing at higher

salinities up to 30% without confounding results by osmotic

stress. They are highly amenable to laboratory studies, which

is also a common and abundant species, found along the west

and east coast of India and would almost certainly be affected

in case of coastal oil spills.

Materials and Methods

The crude oil used to make up water soluble fraction

(WSF) was obtained from a production platform in the

Bombay high oil field, West Coast Offshore Region, India.

The oil had a viscosity of 5–10 CSt (Centistokes) at 38�C.

The crude oil was weathered by sparging with air for 130 h

to simulate the loss of volatile components at sea shortly

after a spill (about 14% by weight of whole oil).

Tilapia mossambica were chosen for exposure bioassays

at salinities of 0%, 15% and 30% because of their ability

to tolerate wide fluctuations in salinity. Tilapias were col-

lected from a hatchery’ present near the seashore (near

Mumbai). They were placed in a 1,200 L holding tank with

a recirculating water system at 30�C. Salinity was main-

tained at 15% by adding 10 g/L of sea salt to dechlorinated

municipal water. To acclimate Tilapia to 30%, salinity was

increased gradually over a week (about a 3% increase per

day).

In order to estimate small scale variability, water soluble

fractions of a crude oil sample were prepared in duplicates

following conditions described by Ramachandran et al.

(2004) using water, adjusted to 15% and 30%. A 1:9

mixture of oil and water was mixed for 18 h at 18�C,

settled for 1 h and the WSF layer was separated from

surface oil to use as exposure solution.

To determine the PAH composition, the WSFs were

subjected to liquid–liquid extraction by means of separa-

tory funnel, using methylene chloride (HPLC grade, E.

Merck Germany) as the solvent (Standard Methods,

APHA, AWWA, WEF, 2005, Method 6410 B). The

extracts were cleaned up in a silica gel column and then

concentrated to 1 ml over a Kuderna Danish apparatus, on

a boiling (100�C) water bath. The polycyclic aromatic

hydrocarbons (PAHs) analyses were performed using gas

chromatography with mass spectrometer (GC/MS) (Stan-

dard Methods, APHA, AWWA, WEF, 2005, Method

6410B). Five parent PAHs (naphthalene, fluorene, phen-

anthrene, pyrene and chrysene) were quantified and the

standards for these PAHs were obtained from M/s Acros

Organics Ltd. Belgium. Table 1 shows the detection limits

for selected PAHs along with mean concentration of indi-

vidual PAH in both the WSFs, which were considered as

the representative PAH concentration.

The acute toxicity of the WSF to Tilapia was determined

at different WSF:water ratios. The ratio that resulted in the

lowest LT50 (time to 50% mortality in fixed concentration)

was used to expose the fish at varying salinities (0%, 15%
and 30%). Five fish of similar size (ranged about

15 ± 2 cm) were placed in each of the exposure tanks with

salinities of 0%, 15% and 30%, respectively. Triplicates

were run at each of the salinities along with a control.

After 96 h of exposure two fish from each replicate were

anaesthetized and killed by severing the spinal cord. Their

livers, muscles, gills and gonads were removed, weighed

and subjected to 6 M methanol KOH saponification

(Tremblay et al. 1992). The digests were diluted with water

and purified using a solid phase extraction column packed

with silica gel (Activated at 200�C for 17 h and deactivated

5% w/v with HPLC grade water). The column was washed

with hexane (HPLC, Lichrosolv, Germany) and the sample

was applied as a 1 mL extract and PAHs were eluted with

10 mL hexane:dichloromethane (4:1 v/v). Extracts of bio-

logical tissues were analyzed using high-resolution gas

chromatography (Agilent 5973 N, USA) coupled to a mass

selective detector. The following GC (Ultra 2, 0.17 lm

Table 1 PAH composition of

WSF of crude oil
PAH Water soluble fraction (WSF) concentration in ppm Method detection

limits (lg/L)
WSF (0%) WSF (15%) WSF (30%)

Naphthalene 19.9 14.9 11.2 1.6

Phenanthrene 0.8 0.6 0.5 5.4

Fluorene 1.4 1.26 1.18 1.9

Pyrene 0.5 0.42 0.36 1.9

Chrysene 0.46 0.40 0.0 2.5
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capillary column Supelco, USA) conditions were used for

the analysis; splitless injection 225�C, temperature pro-

grams 60�C hold 2 min. ramp at 6�C min. to 300�C hold

13 min. A duplicate certified reference material and oper-

ational blank was routinely performed with each batch of

ten samples. Following the above mentioned procedure

percent recovery was estimated for somatic and reproduc-

tive organs spiked with 0.1 lg/g PAH. Two, three, four and

five ringed aromatics were calculated as naphthalene,

phenanthrene, fluorene, pyrene and chrysene equivalents.

The data generated during the study was processed with

the aid of Statistica (5.1) software. The data characteristics

such as mean, standard deviation, range, etc. were deter-

mined and the One-Way Analysis of Variance test was

carried out to check the difference between the PAH

accumulation in fish (fish organs such as liver, muscle, gill,

and gonad) exposed to different salinities.

Results and Discussion

The mean concentrations of different classes of PAHs

found in somatic and reproductive tissues of Tilapia

exposed to varying salinities (0%, 15% and 30%) are

shown in Fig. 1.

A consistent PAH recovery of more than 90% was

obtained from fortified fish tissues (Table 2). Table 3

shows the accumulation of individual PAHs in select

somatic and reproductive organs (mean ± standard devia-

tion) of Tilapia. Relatively low concentrations of PAHs

were accumulated in somatic and reproductive tissues.

Gills were the primary site for bioaccumulation of

hydrocarbons closely followed by the liver. Muscle showed

least accumulation. The highest level of accumulation was

noted for naphthalenes and the lowest for chrysene.

The same superscript letters indicate significant differ-

ences (p \ 0.05, verified by repeated measure one-way

ANOVA) between the recorded bioaccumulation concen-

trations at different salinity concentrations.

A hypothesis to explain salinity effects on PAH uptake

by fish states that salinity controls PAH solubility and

bioavailability in an aquatic system. The solubility of

hydrophobic organic contaminants is low at higher salini-

ties (Schlautman et al. 2004). This holds true for PAH, as

corroborated by the PAH data from this experiment

(Fig. 1) and by the results of other research (Whitehouse

1984; Ramchandran et al. 2006). At 0% there were higher

concentrations of individual PAHs in solution than at 15%
and still lower at 30%, with the differences being statis-

tically significant (ANOVA, p \ 0.01). The differences

were largest with the low molecular weight (LMW) two

(naphthalenes) and three (phenanthrene) ring compounds

as compared with higher molecular weight (HMW) com-

pounds such as pyrene (four ringed). As stated by
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Fig. 1 Mean concentrations of

individual PAHs in somatic and

reproductive organs of Tilapia,

a liver; b muscle; c gills; and

d gonad expressed on a wet

weight basis (lg/g)

Table 2 Percentage recovery of PAH from fortified fish tissues

PAH Liver (%) Muscle (%) Gills (%) Gonads (%)

Naphthalene 92.83 90.53 92.93 91.97

Phenanthrene 90.29 93.9 90.47 93.40

Fluorene 90.17 90.50 90.28 92.93

Pyrene 92.47 92.2 93.63 90.24

Chrysene 91.68 90.87 92.78 91.62
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Ramachandran et al. (2006), we also found the LMW

PAHs to be more soluble in water than HMW compounds,

with salinity affecting the solubility of the LMW com-

pounds to a greater extent than HMW compounds.

Interactions between PAH and particulates might also be

affected by salinity, but their interactions were probably

unimportant in these assays. Fish were not fed for 48 h

prior to testing to avoid fecal material and exposures were

carried out in filtered water. Hence, there would be few

particulates available for binding with PAH.

Table 3 Recorded accumulation of individual PAHs in select somatic and reproductive organs of Tilapia mossambica (N = 6)

Treatment Fish organs PAH Salinity

0 % 15 % 30 %
Mean ± SD Mean ± SD Mean ± SD

Control Liver Naphthalene 2.60 ± 0.15 2.40 ± 0.02 2.60 ± 0.02

Phenanthrene 0.40 ± 0.02 0.40 ± 0.02 0.30 ± 0.03

Fluorene 0.40 ± 0.02 0.40 ± 0.02 0.40 ± 0.03

Pyrene 0.26 ± 0.02 0.25 ± 0.03 0.22 ± 0.03

Chrysene ND ND ND

Muscle Naphthalene 0.70 ± 0.03 0.60 ± 0.02 0.70 ± 0.03

Phenanthrene 0.09 ± 0.003 0.10 ± 0.03 0.06 ± 0.003

Fluorene ND 0.02 ± 0.003 0.01 ± 0.003

Pyrene 0.10 ± 0.03 0.09 ± 0.003 0.10 ± 0.03

Chrysene ND ND ND

Gills Naphthalene 1.30 ± 0.02 1.20 ± 0.02 1.10 ± 0.02

Phenanthrene 0.40 ± 0.02 0.39 ± 0.03 0.30 ± 0.02

Fluorene 0.80 ± 0.03 0.85 ± 0.03 0.78 ± 0.02

Pyrene 0.20 ± 0.02 0.20 ± 0.03 0.17 ± 0.04

Chrysene ND ND ND

Gonad Naphthalene 1.00 ± 0.02 0.90 ± 0.03 1.20 ± 0.02

Phenanthrene 0.40 ± 0.03 0.36 ± 0.03 0.41 ± 0.02

Fluorene 0.40 ± 0.03 0.38 ± 0.03 0.39 ± 0.03

Pyrene ND ND ND

Chrysene ND ND ND

Exposed Liver Naphthalene 8.80 ± 0.11a 6.30 ± 0.12ab 2.70 ± 0.02ab

Phenanthrene 0.60 ± 0.02a 0.20 ± 0.02ab 0.09 ± 0.003ab

Fluorene 1.10 ± 0.02a 0.80 ± 0.02ab 0.39 ± 0.02ab

Pyrene 0.22 ± 0.03a 0.18 ± 0.02ab 0.11 ± 0.02ab

Chrysene 0.28 ± 0.03 ND ND

Muscle Naphthalene 2.60 ± 0.02a 1.00 ± 0.02ab 0.60 ± 0.02ab

Phenanthrene 0.30 ± 0.03a 0.07 ± 0.003a ND

Fluorene 0.90 ± 0.02a 0.30 ± 0.02ab 0.10 ± 0.03ab

Pyrene 0.18 ± 0.02a 0.07 ± 0.003ab 0.03 ± 0.002ab

Chrysene ND ND ND

Gills Naphthalene 11.2 ± 0.02a 6.40 ± 0.02ab 3.00 ± 0.11ab

Phenanthrene 0.70 ± 0.02a 0.40 ± 0.02ab 0.17 ± 0.04ab

Fluorene 1.30 ± 0.02a 0.90 ± 0.02ab 0.30 ± 0.03ab

Pyrene 0.53 ± 0.02a 0.46 ± 0.03ab 0.31 ± 0.03ab

Chrysene 0.30 ± 0.02a 0.05 ± 0.002a ND

Gonad Naphthalene 3.70 ± 0.02a 2.80 ± 0.03ab 1.30 ± 0.02ab

Phenanthrene 0.50 ± 0.03a 0.10 ± 0.02ab 0.03 ± 0.004ab

Fluorene 1.00 ± 0.02a 0.65 ± 0.03ab 0.32 ± 0.03ab

Pyrene 0.46 ± 0.03a 0.38 ± 0.03ab 0.22 ± 0.03ab

Chrysene 0.15 ± 0.03 ND ND
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Although osmoregulation was not examined in our test

animals, it may have been an essential factor since the fish

regulate osmotic balance as salinity changes (Hoar 1966).

In hypo-osmotic environments, fish are subjected to dif-

fusion of water from the surrounding medium into the gills,

as is the case with freshwater fish. As the salinity of the

surrounding medium is increased, this process slows until

iso-osmotic conditions prevail (about 15%) (Ramchandran

et al. 2006). Increased salinity markedly reduced

(ANOVA, p \ 0.01) PAH uptake from water-soluble

fraction by Tilapia mossambica. Tilapias are euryhaline

and are quite adapted to changing salinities and have

chloride cells to excrete salt in saline conditions (Karnaky

1986). If water uptake or loss via the gills acts as a transfer

medium for PAH across the gills, in addition to passive

diffusion across lipid membranes, the reduction in PAH

uptake at higher salinities might be due to water and PAH

efflux in response to osmotic gradients. However, the efflux

of water with increased salinity is counteracted by the

requirement that fish drink water at high salinities, which

might provide a dietary loading of PAH equivalent to the

efflux of PAH with water via the gills. These possibilities

cannot be resolved without physiological experiments to

partition uptake and excretion rates among the gills,

intestine and possibly the kidney to develop a mass balance

of water flows and PAH loading. Considering that hydro-

phobicity drives partitioning of PAH from water into lipid

membranes, the trans-membrane transport of PAH with

water should decrease in importance with an increasing

molecular size and octanol water partition coefficient.

Overall, the reduction in PAH uptake with increasing

salinity in fish exposed to WSF of crude oil likely reflects

the combined effect of lower PAH solubility and osmo-

regulation. Therefore, the potential risks to aquatic life of

PAH toxicity following oil spills are enhanced in lower

salinity waters such as estuaries and near coastal zones.
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Water originating from coal-bed natural gas (CBNG) production
wells typically contains ammonium and is often disposed
via discharge to ephemeral channels. A study conducted in
the Powder River Basin, Wyoming, documented downstream
changes in CBNG water composition, emphasizing nitrogen-
cyclingprocessesandthefateofammonium.Dissolvedammonium
concentrations from 19 CBNG discharge points ranged from
95to527µM.Withinspecificchannels,ammoniumconcentrations
decreased with transport distance, with subsequent increases
in nitrite and nitrate concentrations. Removal efficiency, or
uptake, of total dissolved inorganic nitrogen (DIN) varied between
channel types. DIN uptake was greater in the gentle-sloped,
vegetatedchannelascomparedto the incised,steep,andsparsely
vegetated channel and was highly correlated with diel
patterns of incident light and dissolved oxygen concentration.
In a larger main channel with multiple discharge inputs (n
) 13), DIN concentrations were >300 µM, with pH > 8.5, after
5 km of transport. Ammonium represented 25-30% of the large-
channel DIN, and ammonium concentrations remained
relatively constant with time, with only a weak diel pattern
evident. In July 2003, the average daily large-channel DIN load
was 23 kg N day-1 entering the Powder River, an amount
which substantially increased the total Powder River DIN load
after the channel confluence. These results suggest that
CBNG discharge may be an important source of DIN to western
watersheds, at least at certain times of the year, and that
net oxidation and/or removal is dependent upon the extent of
contact with sediment and biomass, type of drainage channel,
and time of day.

Introduction
Throughout much of the United States, particularly in the
western states, production of coal-bed natural gas (CBNG)
is a rapidly increasing source of natural gas. In 2002, the
annual U.S. CBNG production was nearly 1.6 trillion ft3 or
slightly more than 7% of the U.S. natural gas consumption
for the same year (1, 2). Conservative estimates of recoverable,
remaining CBNG resources are about 163 trillion ft3, with
slightly more than 50% located in the Powder River Basin
(PRB, eastern Wyoming and Montana) and Alaska (2). Large

quantities of methane-rich gas are often trapped in subsurface
coals due to hydrostatic pressure and sorption of methane
into the coal matrix. Much of this natural gas can be readily
extracted from coal by installing wells in the coal seam and
pumping water from the coal-bed aquifer. The process of
pumping water to the surface releases the natural gas from
the coal, thus providing a cost-effective means for gas
recovery.

A byproduct of CBNG production is the large volume of
water that is pumped from the coal. In 2006, CBNG water
production in Wyoming was 1.1 × 108 m3 (3), or equivalent
to nearly 80% of the 2006 Powder River discharge at
Moorhead, MT (4). Disposal of CBNG production water is a
topic of major concern, the method of choice usually being
dictated by the geochemistry of the water and the formation
from which the water originated. PRB coal-seam water salinity
(primarily from the Fort Union formation) is relatively low
(0.2-4.0 g L-1 total dissolved solids) (5), resulting in a large
portion of the PRB CBNG production water being discharged
into streams, drainage channels, impoundments, and stock
ponds. The total dissolved solids, major ion composition,
pH, and sodium adsorption ratio (SAR) are parameters that
have received the greatest amount of attention because of
potential effects on downstream waters and ecosystems,
livestock in rangelands, or crops, if the water is used for
irrigation (6-8). The SAR, which is the ratio of the concen-
tration of sodium relative to calcium and magnesium
concentrations, is an issue because the sodium concentration
in the production water is relatively high. The issue is further
complicated by the presence of highly soluble salt loads in
the semiarid soils. These salts can be mobilized by discharge
of CBNG water, particularly when impoundments are
installed in upland areas, resulting in moving fronts of high-
salinity water in the subsurface beneath the impoundment
(9).

Methane is not the only reduced, decomposition product
present in coals. Recalcitrant organic compounds, sulfides,
and ammonium also can be present. The relative amount of
each in CBNG production water varies between coal forma-
tions. In many locales, such as the PRB, sulfide concentrations
in coal-seam water are generally low. The presence of sulfide
“sours” natural gas and is routinely assessed, but unlike
sulfide, much less is known about reduced inorganic nitrogen
in CBNG production waters. Ammonium is present in CBNG
well water in the PRB, with concentration ranges in one study
of 60-290 µM (7). The transport and fate of that ammonium,
particularly once it is released into ephemeral channels,
where the composition of the CBNG production waters can
change downstream with time and distance, are largely
unknown. What happens to the ammonium? How much of
it is delivered as dissolved inorganic nitrogen (DIN) to
perennial rivers, many of which are pristine, nutrient-limited
systems?

The purpose of this study was to assess the occurrence
of ammonium in CBNG production water in the PRB and the
fate and transport of the ammonium once it was discharged
into natural, ephemeral drainage channels leading to the
Powder River. Production water geochemistry from several
discharge locations was characterized as well as synoptic
and diel studies in channels receiving water from individual
or multiple discharge points. This study documents the net
effect of uptake on ammonium and DIN transport in these
channels and demonstrates the importance of including
day-night fluctuations in nitrogen speciation when con-
sidering the effect of CBNG activities. Uptake is defined here
as the combined net effect of all processes leading to a
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concentration decrease in the water. For ammonium, this
could be due to sorption, volatilization, assimilation into
biomass, or dissimilatory reactions, such as oxidation to
nitrite and nitrate by nitrification or oxidation to nitrogen
gas by anammox-type reactions. Likewise, DIN uptake could
be the result of both assimilatory and dissimilatory processes,
but would not include nitrification, which does not result in
a net concentration change in the water. Nitrate reduction
is used to mean any dissimilatory process that decreases the
nitrate concentration, including denitrification. The latter is
presumed to be a dominant nitrate-reducing process, but
was not specifically assessed in this study.

Experimental Section
Study Site. The study was conducted in the Powder River
Structural Basin, a sedimentary basin located primarily in
northeastern Wyoming, which features late Cretaceous to
early Tertiary age coal and shale deposits that are currently
the focus of intensive development for CBNG recovery. The
basin is a semiarid, high-plain rangeland environment
characterized by sagebrush, grasses, and ephemeral drainage
channels. CBNG discharge water samples were collected
mostly within Johnson County, WY (see the Supporting
Information). Stream channel studies were conducted in
Burger Draw, an ephemeral channel, which drains into the
Powder River, a perennial channel, near Buffalo, WY (Figure
1). In 2005, Burger Draw received year-round discharge from
an estimated 50-200 CBNG production wells. The number

of wells in operation at any given time varied. Water was
pumped from a production well into an open-air tank at a
discharge location, where it was combined with water from
several other wells. The residence time in the tank was
estimated to be 10-20 min. The water exited the tank through
an overflow pipe by gravity and was discharged within a few
meters into a drainage channel via a standpipe. Discharge
near the mouth of Burger Draw was 0.036 m3 s-1 on June 25,
2005, all of which was attributable to CBNG production.

Sample Collection. Water samples for synoptic or regional
collection events were collected from stream channels or
directly from the discharge standpipes. Whole water samples
were measured on-site for temperature, pH, dissolved oxygen
(DO), and specific conductance with a portable field meter.
Water samples were filtered through a Gelman 0.45 µm
capsule filter and preserved by (1) freezing (anions), (2)
acidification with H2SO4 (pH ≈ 2; cations), or (3) acidification
with H3PO4 (pH ≈ 2) and chilled at 4 °C for dissolved organic
carbon (DOC). Diel sampling stations consisted of a pro-
grammable, automated water sampler, a Hydrolab miniSonde
with dissolved oxygen, pH, temperature, and specific con-
ductance probes, and a terrestrial pyranometer connected
to a data recorder. Diel water samples were stored on ice
until processing, which occurred within 0-8 h after collection.
Streamchanneltraveltimesweredeterminedusingrhodamine
as a tracer. Samples were collected at the diel sampling
station.

FIGURE 1. Map of the Burger Draw study site in Johnson County, WY. Sampling stations for each channel start at 1, as indicated,
and consecutively increase in the downstream direction. Unnumbered discharge locations were not sampled.
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Analyses. Anions (including nitrate and nitrite) and
cations (including ammonium) were analyzed by ion chro-
matography (10). DOC was analyzed by oxidation with
ammonium persulfate and conductometric detection (11).
Quality assurance/quality control was monitored by including
sample duplicates, blanks, and reference standards for all
analyses and reference samples for DIN species (nitrate,
nitrite, and ammonium). Rhodamine concentrations were
determined with fluorescence spectroscopy.

Results and Discussion
DIN in CBNG Water. A survey of DIN concentrations in CBNG
production water is shown in the Supporting Information
(Table 1A); the ammonium data are summarized in Table 1.
Included in the table are results from Rice et al. (7) for water
collected directly from individual CBNG wellheads and water
samples collected for this study from 19 CBNG discharge
pipes in the Powder River Basin. Each discharge sample is
a mixture of water from several CBNG wells; in one case it
is a composite from a large number of wells. Chemical
composition of the CBNG water was variable, with specific
conductance and alkalinity ranging from about 470 to 4500
µS cm-1 and from 5 to 38 mequiv L-1, respectively, though
pH and DOC were more uniform, from 6.8 to 8.2 and from
133 to 439 µM C, respectively. SAR values for the discharge
waters were 18.2-35.3, illustrating the high sodium con-
centrations relative to calcium and magnesium concentra-
tions that are typical of CBNG production water (7, 12). SAR
values >18 are considered to be a high sodium hazard and
harmful to soil structure (5).

Ammonium was present in all CBNG production waters
tested, ranging from 60 to 527 µM, and was the dominant
inorganic nitrogen species. Nitrate and nitrite concentrations,
when present, were less than 8 and 1 µM, respectively. At
least part of the variability in ammonium concentration may
have been related to the length of time a well had been
pumped. For example, at one discharge location (trib B)
ammonium concentrations were determined for nearly a
3.5 year period (Figure 2). Ammonium concentrations were
highest when CBNG production first commenced and
subsequently decreased with time of withdrawal. The
concentration ranged from 450 to 140 µM with a steady
decrease of about 18% per year. This contrasts with chloride,
which increased about 7% per year over the same time
interval.

Coal, which is the product of a depositional environment,
generally contains from 0.5% to 3% (dry weight) nitrogen,
most of it organic (13-15). Ammonia gas production from
organic nitrogen has long been known as an unwanted
byproduct of coal gasification technology (15). In coal
deposits, coalification (coal formation), coal weathering, and
anaerobic microbial degradation of coal can all result in

mineralization of organic nitrogen to ammonium (13). Hence,
coal can contain relatively high amounts of exchangeable
ammonium (16). The gradual decrease in ammonium
concentration may have been due to long-term depletion of
sorbed ammonium that was associated with the coal,
continued pumping causing a decrease in the pool of sorbed
ammonium in the vicinity of the well bore. A similar
decreasing concentration trend with time is observed with
methane, which also sorbs to the coal matrix (17).

Assuming the mean ammonium concentration from this
study (Table 1) is a reasonable approximation of CBNG
production water in the PRB, the average PRB CBNG well
discharges 12-34 kg of ammonium N per year (using the
2006 Wyoming average annual pumping rate of 6.7 × 106 L).
The basin-wide total discharge for 2007 (17 300 producing
wells) would be approximately 200-500 t of N in 1.1 × 108

m3 of water. For comparison, the annual average discharge
for the Powder River near Moorhead, MT (1930-2008) was
3.9 × 108 m3 (4). If the average DIN concentration at that
location before CBM production began was 0.5-1.0 mg of
N L-1 (only very sparse data are available), that corresponds
to an annual load of 200-400 t of N. The implication is that
DIN in CBM production water could represent a substantial
contribution to nitrogen export via the Powder River,
depending upon the extent of removal during transport
through the PRB watershed.

Synoptic Stream Channel Study. The fate of ammonium
when CBNG water was discharged into ephemeral channels

TABLE 1. Range of Selected Constituents in CBNG Well Water and Production Water Point Source Discharges in the Powder
River Basin, Wyoming

CBNG wellsa CBNG water discharge pointb

constituent range mean range mean

specific conductance (µS cm–1) 470–3020 1300 1502–4470 3400
pH 6.8–7.7 7.3 6.9–8.2 7.4
alkalinity (mequiv L–1) 5–38 16 9–26 20
sulfate concn (µM) <0.1–125 25 <5–225 35
chloride concn (µM) 150–1800 370 227–1287 820
ammonium concn (µM) 60–290 130 95–527 360

a Data from ref 7 for 47 individual wells in the Powder River Basin. b Data from this study for 19 discharge locations in
the Powder River Basin. Discharge sources comprise water from several permitted CBNG wells (typically 5-10, but in some
cases (Beaver Creek) substantially more than that). Details of discharge locations and sampling dates can be found in the
Supporting Information.

FIGURE 2. Changes in normalized concentration of ammonium
and chloride in water collected from the tributary B discharge
pipe over a 3.5 year period. The first sample collected (C0, May
2002) contained 978 and 453 µM chloride and ammonium,
respectively.
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was determined using synoptic studies along two channels
receiving discharge from individual outfalls as compared to
the Burger Draw main channel that received discharge from
several separate discharge locations. The two individual
channels, or “tributaries”, differed in that trib B was a heavily
vegetated (with grasses), gentle slope with a south-facing
aspect, while trib C was a deeply incised, steeper slope that
was sparsely vegetated, with a north-facing aspect. Trib B’s
reach is 0.45 km long; water takes ∼6 h to travel from the
discharge pipe to the confluence with trib A. Trib C’s reach
is 1.7 km, with ∼3 h travel time. Complete results for the
synoptic sampling events for trib B, trib C, and the main
channel are shown in the Supporting Information, Tables 2A
and 3A.

The dissolved ammonium concentration in trib B source
water for a synoptic sampling event in July 2003 was 350 µM,
with no detectable nitrate or nitrite (Figure 3). Down gradient
from the outfall pipe, the ammonium concentration dropped
markedly with distance and was undetectable 0.24 km
downstream with subsequent nitrate and nitrite production
within the same interval (Figure 3). Nitrite concentrations
increased to slightly greater than 130 µM about 0.1 km
downstream from the outfall, but then decreased with
subsequent downstream distance. By the end of the trib B
reach the DIN was essentially 100% nitrate. The total DIN
concentration decreased throughout the reach and was ∼25%
of the initial ammonium concentration in the outfall water
just above the confluence with trib A (Figure 3). DOC
increased from 300 to 520 µM along the reach, while the pH
increased from 7.3 to 8.9. Sulfate and chloride concentrations,
however, remained constant throughout the reach (Sup-
porting Information, Table 2A).

In the trib C source water, ammonium concentrations
were somewhat lower than in the trib B outfall, but also
variable, ranging from 445 to 200 µM for May 2004 to
September 2005 (data not shown). When released into the
trib C channel, ammonium decreased in concentration
downstream, with a concomitant increase in nitrite and
nitrate (Figure 3). Unlike trib B, ammonium was transported
the entire length of the trib C channel (1.7 km). However, in
September nitrification within the reach was more complete
than in March, with less ammonium and more nitrate and
nitrite present (data not shown). Total DIN concentrations
decreased along trib C by only 25% in March and not at all
in September. DOC and pH increased along the reach, in
similar proportion to the increases in trib B, but in contrast
to trib B, sulfate concentrations increased substantially along
the trib C reach relative to chloride concentrations (Figure
3). This is likely due to gypsum dissolution, similar to the

observation by Healy et al. (9) during CBNG water infiltration
from an impoundment located near the trib C discharge.

The main channel of Burger Draw receives CBNG water
from multiple sources, some directly discharging into the
main channel, others from tributary channels having varying
flow rates, travel lengths, and duration of operation. Con-
sequently, the patterns of DIN concentrations within the
main channel were rather variable from one sampling event
to another, but some general trends were evident. First, total
DIN concentrations were relatively constant along the main
channel reach but gradually decreased with time. For
example, in May 2002, the mean reach DIN was 370 µM,
which had decreased to 170 µM by March 2005 (Figure 4).
Most commonly, the concentration order was nitrate >
ammonium > nitrite, indicating that ammonium oxidation
was typically incomplete, but examples of all other sequence
orders also were evident, including situations where nitrite
concentrations exceeded 100 µM. The temporal decrease in
DIN load likely reflects a similar pattern seen in the trib B
source water (Figure 2); however, it could also be the result
of increased DIN removal rates within Burger Draw. Second,
ammonium was always present near the mouth into the
Powder River (station 8, Figure 1); concentrations ranged
from 68 to 210 µM. Third, the pH in the main channel was
always >8, ranging up to 8.7 at station 8.

The dynamics of ammonium and DIN uptake in the Burger
Draw tributaries can be determined, at least in part, from
the synoptic sampling results. Downstream concentration
profiles for reactive nitrogen from a point source discharge
were compared to those of chloride, a conservative solute,
to determine the channel uptake length (Sw), mass transfer
velocity (vf), and first-order rate constant (k1) for ammonium
and DIN in the section of the channel in which the
concentrations were decreasing (Table 2; see refs 18 and 19).
The ratio of Sw,NH4 for trib C to trib B is >16, indicating that
ammonium on average traveled nearly 20× further in trib C
than in trib B. Tracer studies in headwater streams across
the United States attributed depth and velocity as primary
factors related to differences in Sw,NH4 and vf,NH4 (20). As noted,
the trib C channel is more incised and steeper than that of
trib B, which fits the observed correlation. However, in-stream
processes also accounted for some of the uptake variability
in headwater streams (20) and in Burger Draw (Figure 3,
Table 2). Nitrification was a primary ammonium uptake
process in both channels, but there was also substantial non-
nitrifying uptake in trib B. Nitrification does not result in a
net loss of DIN. Thus, relatively short DIN uptake lengths
indicate DIN uptake by processes other than nitrification,
such as assimilation. For trib C, Sw,DIN > Sw,NH4 . reach length,

FIGURE 3. Changes in concentration of ammonium, nitrate, nitrite, DOC, and pH along tributary B of the Burger Draw channel in July
2003 and tributary C in March 2005. Also shown is the ratio of sulfate to chloride concentrations in tributary C.
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suggesting that net removal of ammonium from the produc-
tion water discharge was minimal (indeed, in one sampling
event there was a net DIN gain within trib C (Supporting
Information, Table 5A)). In trib B, once [NH4

+] < 50 µM, Sw,DIN

increased 8×, suggesting that nitrate uptake processes
(including nitrate reduction) were less active than processes
responsible for ammonium uptake and thus required a longer
transport interval to remove an equivalent amount of DIN.
Other factors not considered here may also contribute to the
differences in ammonium and DIN uptake that were evident
between tribs B and C.

Diel Stream Channel Study. The synoptic sampling events
in the Burger Draw watershed were primarily conducted
during daytime. However, in small stream channels, there
could be shifts in redox reactions if DO concentrations
fluctuate substantially on a diel basis. Thus, to fully char-
acterize the geochemistry of the discharged CBNG water on
a 24 h basis, diel sampling stations were installed in Burger
Draw (Figure 1). There was a diel fluctuation in DO
concentration at each station during each deployment
(Supporting Information, Table 4A). The greatest change was
evident for trib B with a summertime diel range of 122-352
µM O2 (55-169% air saturation) at the downstream end
(Figure 5). In contrast, the main channel summertime DO
concentration was lower, ranging from 102 to 193 µM O2

(47-88% air saturation). During March, the DO fluctuations
were attenuated for trib B but enhanced for the main channel,
with nighttime low values for each near air saturation
concentrations (data not shown). There were also large
fluctuations in DIN concentration and speciation, which
directly correlated with the DO fluctuations in Burger Draw
(Figure 5). At the downstream end of Trib B, DIN concentra-

FIGURE 4. Changes in (top) DIN concentration along the main
stem of the Burger Draw channel in May 2002, July 2003, June
2004, and March 2005 and (bottom) distribution of DIN species
in July 2003.

TABLE 2. Summary of Mean Values for Ammonium and DIN
Uptake Parameters from Burger Draw Tributaries B and C
Synoptic Sampling Eventsa

NH4
+ uptakeb DIN uptakeb

channel Sw (m) vf (m h-1) k1 (day-1) Sw (m) k1 (day-1)

tributary B (n ) 7) 48 0.165 56.6 195 14.4
tributary C (n ) 2) 812 0.035 16.8 -10000 1.1

a Details of sampling events, calculations, and error
estimates can be found in the Supporting Information,
Table 5A. Terms defined as Sw ) uptake length, or average
distance traveled by a solute molecule before being
removed or reacted, vf ) mass transfer coefficient, or
velocity of solute removal or reaction from the water
column, and DIN ) total dissolved inorganic nitrogen, or
[NO3

-] + [NO2
-] + [NH4

+]. b Uptake calculated for stream
interval where [NH4

+] > 50 µM; see Figure 3.

FIGURE 5. Diel changes in incident light, dissolved oxygen
concentration, temperature, pH, and concentrations of inorganic
nitrogen species in the downstream end of tributary B of
Burger Draw (see Figure 1 for location) in July 2003.
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tions were highest during peaks of DO and incident light and
were composed entirely of nitrate. As DO concentrations
decreased, nitrate and DIN concentrations decreased, reach-
ing low values in the early dark period, when DO concentra-
tions were lowest. The change in DIN concentration was up
to 130 µM in a 12 h period, or 65% of the maximum value
(Figure 5). Also evident was the appearance of nitrite, up to
40 µM, which persisted for about 12 h, starting in the dark
at the nitrate minimum. The presence of nitrite, coupled
with the continued absence of ammonium, clearly suggested
that nitrate reduction rates were substantially increased at
night, when oxygen production had ceased. Similar trends
were evident at the downstream end of trib C (September
2005, data not shown), though the concentration changes
were much smaller. Nitrate decreased after the midday peak
by ∼16% (maximum value 195 µM), while nitrite ap-
proximately doubled in concentration during the night from
daytime low values of ∼15 µM.

At the Burger Draw main channel diel station there was
some indication of diel cycling, but concentration fluctuations
were small compared to absolute values, and the trends were
not always consistent with DO concentrations or time of
day. Ammonium concentrations in the main channel varied
from 140 to 270 µM (mean 210 µM, July 2003) but with no
discernible periodic pattern. The same was true for total DIN,
which ranged from 340 to 440 µM (mean 390 µM, July 2003).

Nitrogen Loads and Implications for CBNG Discharge.
The results of the diel sampling clearly indicate that calcula-
tions of DIN loads in stream channels from CBNG production
waters (and probably all other redox-sensitive species) must
take into account daily fluctuations of nitrogen speciation
and concentration. The mean daily contribution of DIN to
the Burger Draw main channel was approximately the same
for trib B and trib C. Each represented 2-3% of the total DIN
load near the mouth of the main channel (Table 3). The load
calculations further emphasize that a substantial amount of
the source ammonium N was removed during transport
through the trib B channel but virtually none was removed
in the longer trib C channel. This difference is attributed
primarily to the presence of dense stands of grasses in the
trib B channel. Nitrification, ammonium assimilation, and
nitrate reduction all appear to be more active in the trib B
channel. This is likely assisted by oxygen and DOC production
by the plants and associated epiphytes, which generally are
lacking in trib C. In-stream chamber incubations confirmed
that nitrification and nitrate reduction were both active in
trib B surface sediments, even in plant-free patches of the
channel (21). Both processes demonstrated light vs dark
related fluctuations in rates of activity during the chamber
incubations. It appears that nitrification was quite efficient

in trib B during daytime periods, oxidizing first ammonium
and then nitrite in the first 200 m below the discharge point,
but much less so in the dark when oxygen concentrations
were lower (Figure 3) (21). In the distal 250 m of trib B,
nitrification was essentially complete and nitrate reduction
was the predominant process, but much more so in the dark
than during daylight (21). This resulted in the nighttime nitrite
peak seen at the trib B diel sampling station (Figure 5). In
trib C, on the other hand, nitrification was much less efficient,
requiring nearly the whole reach to oxidize the CBNG
ammonium and thus providing any nitrate reducing activity
much less opportunity to ultimately lower the DIN load.

Overall, it appears that the Burger Draw daily summertime
contribution to the Powder River was about 23 kg of DIN in
2003 (Table 3). This load is a substantial contribution to the
entire Powder River DIN load at Burger Draw. For example,
in September 2004 the Powder River DIN load for depth and
width integrated water samples above and below Burger Draw
was 3.76 and 51.81 kg of N day-1, respectively (Supporting
Information, Table 6A). Similarly, in July 2005 the DIN
increase attributable to Burger Draw was 9.69 kg of N day-1

(9.82 to 19.51 kg of N day-1). Although it is unknown at present
whether Powder River DIN loads are increasing overall, the
DIN increase from 2004 to 2005 upstream from Burger Draw
does correspond with increased CBNG discharge in the
Powder River watershed (3). It is important to note that while
the Burger Draw nitrogen contribution to the Powder River
was substantial, the amount of water was not. For example,
in July 2003, discharge was 48 and 1135 L s-1 (monthly mean)
for each, respectively (Table 3) (4).

Management strategies for disposal of CBNG-produced
water rarely consider downstream nitrogen effects. The
results of this study clearly indicate that CBNG-associated
DIN was being delivered from Burger Draw to the Powder
River. The net result is an increased potential for eutrophi-
cation, though relatively little is specifically known about
in-stream nitrogen cycling in this semiarid region. The Burger
Draw results suggest that certain types of drainage channels
much more effectively remove DIN than do others. It appears
that increased exposure to channel sediments and plant
communities substantially increases the amount of nitrogen
removed, particularly if the travel distance is several hundred
meters long. In contrast, short travel distances, deeply incised
channels, or multiple discharge points closely spaced together
all appear to decrease the efficiency of DIN removal and to
decrease the net oxidation of ammonium to nitrate. The latter
is particularly important because the pH increased with
transport in Burger Draw, often approaching the pK for
ammonia-ammonium equilibrium (9.2). In this pH range,
the EPA water-quality criterion for ammonia concentration
decreases sharply due to increased toxicity of the unproto-
nated form to fish and other aquatic species (22). For example,
water in the Burger Draw drainage entering the Powder River
in June 2004 contained 131 µM ammonium (pH 8.53,
temperature 28 °C), which corresponds to a midday, acute
(1 h exposure) and chronic (30 day exposure) water quality
criterion of 216 and 31 µM ammonia, respectively (22). Since
both pH and temperature fluctuate in this channel on a diel
basis, this study suggests that ammonia toxicity levels will
similarly fluctuate and be greatest mid to late afternoon and
least in the predawn period. Although seasonal differences
might also be expected, in limited sampling (March and
November) there was no obvious change during transport
in pH or in the extent of ammonium oxidation in cold weather
months. It appears that high-pH, ammonium-containing
water entered the Powder River all year long.

More investigation is needed to optimize nitrogen removal
strategies from CBNG waters. It is clear that, for direct channel
discharge, choosing appropriate drainage channel locations
a priori could maximize both the efficiency of ammonium

TABLE 3. DIN Loads (kg of N day-1) in Burger Draw at the
Source and Mouth of Two Tributaries Receiving a Single
CBNG Discharge and near the Mouth of the Main Channel

tributary Ba tributary Cb main channela
nitrogen
species source downstreamc source downstreamc downstreamc

nitrate 0.00 0.62 0.03 0.36 7.34
nitrite 0.00 0.07 0.00 0.05 3.18
ammonium 1.71 0.00 0.42 0.07 12.08

total 1.71 0.69 0.45 0.48 22.60
a Results from July 2003. b Results from September

2005. c Based on mean values of samples collected at 2 h
intervals for at least a 76 h period and instantaneous
discharge measurements (3.8, 1.8, and 48.1 L s-1 for trib B,
trib C, and the main channel, respectively) made near the
beginning or end of the sampling period. Downstream
sites are diel sampling stations for each channel (see
Figure 1).
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oxidation to nitrate and the total amount of DIN removed
during transport, at least for the short term (2-3 years). The
vegetation in the ephemeral channels in the Burger Draw
watershed is primarily terrestrial plants and grasses. The long-
term effect of the CBNG discharge on these communities
may affect the overall long-term efficiency of nitrogen
removal. At the same time, it appears that DIN concentration
in CBNG water decreases with time (Figure 2). Therefore,
the long-term need for nitrogen removal and its overall
effectiveness are largely unknown. Other key issues that need
addressing include the cumulative fate and effect of CBNG
nitrogen loads on the Powder River and other perennial
streams and rivers. Increasingly, as CBNG development
continues, other production water disposal practices are
being used, including the use of impoundments and center
pivot irrigation. Potential differences in nitrogen removal
capacity and nitrogen-cycling processes from these other
approaches, and the overall implications for CBNG water
management strategies, remain to be considered.
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Table 2.3 Utah Coal Resources by Coal Field, 2011
Million Short Tons

Coal Field
Original 

Principal 
Resource1

Original 
Estimated 

Recoverable 
Resource2

Cumulative 
Production 
1870-2011

Remaining 
Estimated 

Recoverable 
Resource

% of Remaining 
Estimated 

Recoverable 
Resource

Kaiparowits 22,740.0 9,096.0 0.1 9,095.9 60.7%
Wasatch Plateau 6,378.9 1,913.7 672.1 1,241.6 8.3%
Alton 2,155.0 1,055.7 0.4 1,055.3 7.0%
Kolob 2,014.3 805.9 0.9 805.0 5.4%
Emery 2,336.0 817.6 16.6 801.0 5.3%
Book Cliffs 3,527.3 1,033.5 368.3 665.2 4.4%
Henry Mountains 925.5 484.7 0.0 484.7 3.2%
Sego 1,144.0 343.2 2.7 340.5 2.3%
Salina Canyon 692.7 207.8 0.5 207.3 1.4%
Mt. Pleasant 249.1 99.6 0.0 99.6 0.7%
Tabby Mountain 231.7 69.4 0.0 69.4 0.5%
Vernal 177.1 53.2 0.5 52.7 0.4%
Coalville 186.0 55.8 4.3 51.5 0.3%
Wales 12.2 3.7 0.8 2.9 *
Harmony 1.3 0.4 0.0 0.4 *
Lost Creek 1.1 0.4 0.0 0.4 *
Sterling 2.0 0.6 0.3 0.3 *
Total 42,774.2 16,041.2 1,067.5 14,973.7

*Value less than 0.1%
1Total coal resource with no economic, land use, or geologic constraints.

Source:

Note:

Smith and Jahanbani, 1988; Quick and others, 2004; Bon and others, 2006; production data from UGS coal 
company questionnaires and MSHA

EIA reserve data will not match above data because they are from different sources.  Estimated recoverable 
resources do not take into account economic or land use constraints.

2For Wasatch Plateau, Alton, Emery, Book Cliffs, and Henry Mountains; resources were constrained by a seam height minimum of four 
feet, with no more than 3000 feet of cover.  For the remaining fields, resources were constrained by an estimated resource factor ranging 
from 30% to 40% of principal resources.



Figure 2.1 - Remaining Estimated Recoverable Resources in Utah by Coal 
Field, 2011
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Table 2.14 Distribution of Utah Coal by Method of Transportation, 1970-2010
Thousand Short Tons

Year Railroad Truck Conveyor Other* Overseas 
Exports Total

1970 3,665 187 394 45 260 4,551
1971 3,691 636 330 12 0 4,669
1972 4,148 863 0 26 0 5,037
1973 3,952 1,562 0 26 0 5,540
1974 4,238 982 714 26 138 6,098
1975 5,020 742 1,061 0 36 6,859
1976 5,470 1,926 0 25 0 7,421
1977 5,679 2,830 297 8 0 8,814
1978 5,577 2,221 1,274 21 0 9,093
1979 5,759 3,096 1,860 38 0 10,753
1980 6,564 3,424 2,099 151 776 13,014
1981 5,848 3,332 1,898 77 3,472 14,627
1982 6,560 4,366 2,294 0 2,177 15,397
1983 4,918 3,871 2,022 31 1,346 12,188
1984 5,862 3,527 1,777 59 849 12,074
1985 6,641 5,056 2,004 35 625 14,361
1986 6,447 4,263 1,982 0 551 13,243
1987 8,812 5,166 2,431 25 555 16,989
1988 8,400 5,937 2,487 336 1,044 18,204
1989 9,463 5,902 2,749 0 2,175 20,289
1990 10,573 6,276 2,834 73 1,751 21,507
1991 10,503 6,130 2,713 12 2,086 21,444
1992 9,725 6,269 2,778 20 2,260 21,052
1993 10,285 5,923 2,692 383 2,959 22,242
1994 11,613 6,021 2,716 177 2,698 23,225
1995 12,917 6,064 2,542 69 3,930 25,522
1996 13,409 5,104 4,291 50 5,305 28,159
1997 12,053 5,821 4,078 905 3,414 26,271
1998 14,328 5,817 3,367 717 2,535 26,764
1999 15,314 4,685 3,393 10 2,313 25,715
2000 15,776 5,103 3,995 8 3,073 27,955
2001 16,524 4,052 4,012 174 2,144 26,906
2002 14,221 6,249 2,739 41 1,142 24,392
2003 13,348 6,036 2,725 1,124 318 23,551
2004 13,562 4,609 3,359 1,269 0 22,799
2005 12,488 4,640 3,905 1,641 0 22,674
2006 13,725 6,692 3,750 298 0 24,465
2007 9,303 11,029 3,687 432 0 24,452
2008 14,426 7,335 3,097 27 0 24,884
2009 10,694 7,078 2,329 238 0 20,341
2010 10,190 6,381 1,970 45 0 18,585

*River, Great Lakes, tidewater, unknown

Source: U.S. Department of the Interior, Bureau of Mines, Mineral Industry Surveys - Bituminous Coal and Lignite Distribution , for 
1970-1976
EIA, Annual Coal Distribution

http://tonto.eia.doe.gov/FTPROOT/coal/coalpubs.htm�
http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/a_distributions.html�


Figure 2.5 - Distribution of Utah Coal by Method of Transportation, 1970-
2010
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Abstract The relationships between macrobenthic sub-
tidal community structure and the status of sediment
pollution were analysed at 24 sampling stations in the
Montevideo coastal zone. In order to judge the status of
community perturbation a phylum-level meta-analysis
was applied to the production data from the Montevi-
deo coastal zone samples alone and combined with the
original training data set from 50 samples collected on
the NE European shelf. The community was dominated
by the gastropod Heleobia cf. australis. The MDS
(multi-dimensional scaling) ordination with abundance
data (species-level) and the MDS ordination with pro-
duction data (phylum level), using only our samples,
showed the formation of three groups of stations. Re-
sults of the BIO-ENV procedure showed that lead,
salinity and polycyclic aromatic hydrocarbons (PAHs)
were the variables that best explained the biological
pattern observed. However, a clear salinity gradient was
observed from the inner stations of Montevideo Bay to
the outer coastal stations; the high levels of Pb, PAH
and Cr concentrations recorded at stations B, C and D
in Montevideo Bay were important in discriminating
these locations from the others. The MDS ordination
combining the production data from the 24 samples
from the Montevideo coastal zone with the original data
set showed correct assessment of the pollution status for
the 24 samples from Montevideo on a common scale of

perturbation. The separation of the Montevideo coastal
zone samples seems to be mainly due to the high pro-
portion of molluscs. Our results suggest general appli-
cability of the phylum-level meta-analysis approach,
even in such cases as this, with high dominance of only
one phylum; however, more studies are still necessary.

Introduction

Sediments accumulate natural and anthropogenic
products from the overlying water. Heavy metals,
hydrocarbons and other kind of pollutants derived from
anthropogenic activities produce perturbations in an
ecosystem, changing its abiotic conditions and affecting
its biota. The assessment of anthropogenic impacts in
estuaries is often complicated by the natural variability
of physico-chemical and geological conditions (Gaston
et al. 1998). However, numerous studies have evidenced
that benthic organisms are useful indicators of estuarine
environmental status as they respond predictably to
many kinds of natural and human-induced disturbances
(López-Jamar 1985; Dauer 1993; Ritter and Montagna
1999).

The analysis of changes in benthic structure through
several univariate and multivariate methods has become
an important tool for assessing and monitoring the
biological effects of marine pollution. Species composi-
tion varies considerably from place to place depending
on local environmental conditions, and it is possible that
an unperturbed community in one locality and a per-
turbed community in another have the same diversities
(Warwick and Clarke 1993). Because they reduce a great
amount of information into a single summary index,
diversity measures are much less sensitive than multi-
variate methods in detecting community change (War-
wick et al. 1990; Warwick and Clarke 1991). Also, the
identification of all organisms to the species level is
much too time consuming. Trying to resolve these con-
straints, several authors have demonstrated that it is
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possible to work at taxonomic levels higher than that of
species without a significant loss of information (War-
wick 1988a, 1988b; Ferraro and Cole 1990; Gray et al.
1990; Somerfield and Clarke 1995; Olsgard et al. 1997).

Warwick and Clarke (1993) proposed the phylum-
level meta-analysis approach as a way of comparatively
assessing the community status of different geographical
or regional areas on a common scale of disturbance.
They combined abundance and biomass data aggregated
at the phylum level in a production matrix and per-
formed an MDS (multi-dimensional scaling) ordination,
with the scale of disturbance represented by the hori-
zontal axis. The most organically enriched sites ap-
peared at the right end of the horizontal scale, and the
undisturbed sites, at the left end. However, they rec-
ommended caution in evaluating new data sets, because
their training data set was unlikely to be fully repre-
sentative of all types of perturbations that could be
encountered and because they only used data from the
NE European shelf.

Some studies have evaluated the phylum-level meta-
analysis with reliable results, suggesting the general
applicability of this approach (Agard et al. 1993; Tam
and Carrasco 1997; Drake et al. 1999). On the other
hand, Savage et al. (2001) suggested that the meta-
analysis is more suitable for the assessment of the impact
of organic and chemical pollution than it is for physical
disturbance. In order to further evaluate the general
applicability of the phylum-level meta-analysis, more
data sets should be examined with this approach.

The Montevideo coastal zone between 34�50¢–
34�56¢S and 56�05¢–56�25¢W is located in the middle
Rı́o de la Plata basin (Ayup 1986), which is the second
largest basin in South America. The Rı́o de la Plata is a
coastal-plain tidal river, with a semi-enclosed shelf sea
at the mouth. Salinity, halocline depth and vertical
mixing vary with astronomic tidal oscillation on an
hourly basis, while axial winds influence water height
and salinity on a daily basis (Nagy et al. 2002). The
mean annual river flow that governs monthly to inter-
annual variations is 25,000 m3 s)1. The outer Rı́o de la
Plata and the adjacent continental shelf are covered
with sand, while silty clay, clayey silt and silt are con-
fined to the upper and middle Rı́o de la Plata basin
(López-Laborde 1997).

Included in the Montevideo coastal zone, Montevi-
deo Bay has an approximate area of 10 km2. It harbours
the ANCAP refinery, the Batlle steam water plant
(UTE) and the principal port of Uruguay (Montevideo
Harbour). Three streams flow into it: the Miguelete
Stream, the Pantanoso Stream and the Seco Stream,
which flows through a pipe. These streams carry wastes
from many different industries, urban centres and from a
great number of sewage pipes. Modern sediments are
mainly composed of silt and clay fractions (Ayup 1986).
The predominant winds are from NE and W–SW and
are very important in determining water circulation at
shallow depths (Moresco and Dol 1996), which is mainly
clockwise.

Eastwards of the Montevideo coastal zone, in the
region of Pta. Carretas, the most important sewage pipe
of Uruguay exists. The authorities of Montevideo are
planning the construction of another one of similar
characteristics westwards, in the Pta. Yeguas zone, that
will concentrate the sewage of the Pantanoso and Mi-
guelete streams, which at present discharge into Mon-
tevideo Bay.

According to Muniz et al. (2002) the inner part of
Montevideo Bay has higher sediment heterogeneity,
higher organic load and lower oxygen content in bottom
sediments than the outermost part of the bay, i.e. the
Pta. Carretas and Pta. Yeguas zones. This inner part of
Montevideo Bay is grossly polluted by Cr, Pb and
petroleum hydrocarbons, while the other zones show
moderate pollution. Danulat et al. (2002) defined the
Montevideo Harbour as a hyper-eutrophic system that
receives considerable nutrients and organic loads. Gó-
mez-Erache et al. (2001) reported that the water quality
in Montevideo Bay has deteriorated greatly, because of
several point and non-point sources and harbour activ-
ities that introduce great amounts of heavy metals and
nutrients producing a high biological oxygen demand.

In view of future labours and since available infor-
mation about the effects of pollutants on macrobenthic
communities is almost non-existent for this area, the
present study could be very useful in future assessments
of the health of this ecosystem.

The aim of the current study was to assess macro-
benthic subtidal community structure in relation to the
status of sediment pollution in the Montevideo coastal
zone and to evaluate the applicability of the phylum-
level meta-analysis to judge community status in this
particular case. As far as we know, this is the first re-
search on the South America Atlantic region in which
this approach has been applied.

Materials and methods

Samples were collected at 24 stations in January 1998 (Fig. 1). At
each station six sediment samples were taken with a corer (4.5 cm
internal diameter) for the analysis of the following variables:
granulometric parameters, photosynthetic pigment content of sur-
face sediments, redox potential, organic matter content, Cr, Pb and
petroleum hydrocarbons. The detailed methodology used for the
analysis of each variable can be found in Muniz et al. (2002).
Bottom water samples were obtained using Hydro-Bios bottles in
order to measure temperature and to determine dissolved oxygen
content by the Winkler titration method (Grasshoff 1983). Salinity
and pH were determined with a YSI multi-parameter device, and
depth was measure using a Hummingbird echo-sounder.

Benthic macrofaunal samples were taken using a 0.053 m2

Ekman grab; three replicates were taken at each station. Samples
were sieved through 0.4-mm-mesh, and the retained material was
preserved in 70% ethanol. Macrofauna was sorted, counted and
identified to the lowest possible taxonomic level. Samples were
dried at 70�C for between 24 and 48 h until constant weight, cooled
at room temperature in a desiccator and weighed. Then, samples
were burned at approximately 500�C in a furnace, cooled again,
and biomass was estimated as ash-free dry weight.

Data were analysed using univariate and multivariate methods.
Density was estimated as number of individuals (N) per unit area
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(0.159 m2), and species richness was determined as the total num-
ber of species (S). Diversity (H¢, loge) was estimated by the Shan-
non–Wiener index (Shannon and Weaver 1963), and evenness (J),
according to Pielou (1966). Nematodes and ostracods were not
identified; for that reason, they were not included in either the
calculation of the diversity index or in the construction of the
species abundance similarity matrix. A non-metric, two-dimen-
sional MDS ordination (Kruskal and Wish 1978) was used to de-
fine groups of stations with similar benthic macrofaunal structure.
In construction of the abundance similarity matrix the Bray–Curtis
similarity index (Bray and Curtis 1957) and the mean group-aver-
age linkage method were employed, and data were transformed by
fourth-root transformation. In order to relate environmental data
to biological data (species abundance matrix) and explain the
biological pattern observed, the BIO-ENV procedure was applied
(Clarke and Ainsworth 1993). The best matches of abiotic and
biotic similarity matrices were measured using the weighted
Spearman rank correlation coefficient (qw).

Species abundance (A) and biomass (B) data were aggregated to
phylum level, and production (P) was estimated using the allo-
metric equation P=(B/A)0.73·A, as suggested by Warwick and
Clarke (1993). The production of each phylum was expressed as a
proportion of the total production for each sample. First, a non-
metric, two-dimensional MDS ordination was performed with the
production data from the 24 samples from the Montevideo coastal
zone alone. Second, the production data of the ten sampling
locations in Montevideo Bay were combined with the original
training data set from the 50 samples from the NE European shelf
and another non-metric, two-dimensional MDS ordination was
performed. A final MDS ordination was carried out with the
production data from the 24 samples from the Montevideo coastal
zone combined with the original training data set from the 50
samples from the NE European shelf. In all cases data were
transformed by fourth-root transformation, and the similarity
matrix was constructed using the Bray–Curtis similarity index
(Bray and Curtis 1957). The contribution of phyla to the separation
of Montevideo samples alone and of Montevideo samples and NE
European samples was determined using SIMPER (similarity per-
centages) (Clarke 1993). Data analyses were performed using the
software package PRIMER (version 4.0, Clarke and Warwick
1994).

Results

A total of 12 species and 29,528 individuals of benthic
macrofauna were recorded from the 24 sampling sta-
tions in the Montevideo coastal zone. In terms of species

composition, the dominant group was polychaetes
(50%). In terms of individuals, the most abundant group
was molluscs (88%). The most abundant species were
the gastropod Heleobia cf. australis, the bivalve Erodona
mactroides, the crustacean Neomysis americana and the
polychaete Nephtys fluviatilis. The community was
dominated by the gastropod H. cf. australis. Relatively
large-sized nematodes, which were retained in the 0.4-
mm-mesh sieve, dominated at stations B, C and D in
Montevideo Bay. Species richness according to the total
number of species ranged between 1 and 6; diversity was
very low, ranging from 0.07 to 1.25; and eveness ranged
from 0.07 to 0.70. Total number of species, diversity and
eveness were lower in the inner part of Montevideo Bay
than in the outermost part, i.e. Pta. Carretas and Pta.
Yeguas zones.

The MDS ordination (stress=0.06) showed three
different groups according to their abundance similarity
(Fig. 2). Stations B, C and D, corresponding to the in-
ner part of Montevideo Bay, formed the first one. The
second group was formed by stations A, E, F, G, H, I
and J, corresponding to the outermost part of Monte-
video Bay, and the third group was formed by the sta-
tions of the Pta. Carretas and Pta. Yeguas zones
(stations K–X).

Fig. 1 Map of the Montevideo
coastal zone showing the 24
sampling stations. Straight lines
at the entrance of the bay
correspond to the barriers that
protect Montevideo Harbour
from intense winds

Fig. 2 Multi-dimensional scaling ordination diagram of the 24
sampling stations (Q-mode) of the Montevideo coastal zone
according to their species abundance similarity
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The results of the BIO-ENV procedure showed that
the combination of variables which best explained the
biological pattern observed was Pb, salinity and PAHs
(qw=0.757), but other combinations or even Pb con-
centration alone showed similar values (Table 1).

From the three groups of stations formed in the MDS
ordination, group 1 (stations B, C and D) showed high
levels of Pb, PAH and Cr concentrations, the lowest
salinity and dissolved oxygen values and the lowest
species richness and diversity when compared to the
other groups (Table 2).

Production data for the 24 sampling stations of the
Montevideo coastal zone are shown in Table 3. It can be
seen in this table that of the 14 phyla encountered by
Warwick and Clarke (1993), only 4 were recorded in the
present study.

In the first MDS ordination performed with the
production data of the Montevideo coastal zone alone,
the same three groups of stations obtained with the

species abundance similarity data were found. The sep-
aration between group 2 and group 1 (Table 4) was due
to the greater proportion of nematodes in group 1 and
the greater proportion of annelids in group 2. The sep-
aration of group 3 from group 1 (Table 4) was mainly
due to the greater proportion of crustaceans and mol-
luscs in the former and the high proportion of nema-
todes in the latter. Finally, the separation between
group 3 and group 2 (Table 4) was due to the greater
proportion of nematodes and annelids in group 2 and
the greater proportion of crustaceans in group 3.

In the MDS ordination performed with the produc-
tion data for the ten sampling locations of Montevideo
Bay combined with the original training data set from
the 50 samples of the NE European shelf, two distinct
groups emerged (Fig. 3a). Diagram stress was 0.16,
indicating acceptable ordination. Except for stations B,
C and D, which were located at the extreme right along
the first axis of ordination, the other stations in Mon-
tevideo Bay were located also at the right end, but near
stations c6 and c7 of the Clyde sewage-sludge dump-
ground. This arrangement suggests that stations B, C
and D are more severely perturbed than stations c6 and
c7. The distinction between the two groups (48.2% of
dissimilarity) was principally due to the greater pro-
portion of annelids in the NE Atlantic samples, con-
tributing to 21.07% of the dissimilarity, the greater
proportion of nematodes, contributing to 19.5% of the
dissimilarity, and the prevalence of molluscs in the
Montevideo Bay samples. The distinction was also
attributable to the large proportion of echinoderms in
the NE Atlantic samples, which was absent in Monte-
video Bay.

In the last MDS ordination combining the produc-
tion data for the 24 samples from the Montevideo
coastal zone with the original training data set for the 50
samples from the NE European shelf, the general spread

Table 1 Summary of the BIO-ENV results for the Montevideo
coastal zone macrobenthic data. Only the best correlations are
shown. Bold type indicates overall optimum (qw weighted Spear-
man rank correlation coefficient; Pb lead; Sal salinity; Cr chro-
mium; PAHs total polycyclic aromatic hydrocarbons; OM total
organic matter)

Best variable combinations (qw)

1 Pb (0.753)
1 Sal (0.608)
1 Cr (0.546)
1 PAHs (0.543)
1 OM (0.478)
1 Clay (0.313)
1 Depth (0.208)
2 Pb, Sal (0.754)
3 Pb, Sal, PAHs (0.757)
4 Pb, Sal, Cr, PAHs (0.738)

Table 2 Means of the biological
and environmental parameters
in each of the three groups
formed by the multi-
dimensional scaling ordination
performed with the abundance
similarity data (SD in
parentheses). Bold type indicates
the variables that best explained
the biological pattern (D
density; S number of species; H¢
diversity; J¢ eveness; Pb lead;
Sal salinity; Cr chromium;
PAHs total polycyclic aromatic
hydrocarbons; %OM organic
matter percentage; Eh redox
potential; Chl a chlorophyll a
concentration; Md mean
diameter; n-Alk n-alkanes;

Parameter Group 1 (n=3) Group 2 (n=7) Group 3 (n=14)

Mean SD Mean SD Mean SD

D (ind./0.159 m2) 214 (122) 316 (279) 2,003 (1,624)
S 1 4 (1) 5 (1)
H¢ 0.46 (0.38) 0.55 (0.36)
J¢ 0.30 (0.22) 0.34 (0.21)
Pb (mg kg)1) 322.83 (66.5) 72.77 (63.8) 56.25 (1.5)
Sal 7.33 (6.7) 10.29 (5.3) 21.26 (1.4)
Cr (mg kg)1) 276.57 (329.6) 108.03 (119.7) 39.11 (1.7)
PAHs (mg kg)1) 7.35 (5.9) 1.38 (1.1) 0.86 (0.1)
%OM 10.53 (1.9) 9.31 (6.3) 5.76 (0.8)
%Clay 22.79 (7.8) 14.00 (13.1) 11.65 (5.3)
Depth (m) 3.33 (2.8) 5.1 (3.3) 7.9 (1.3)
O2 (mg l)1) 2.53 (0.7) 4.48 (1.3) 4.81 (0.6)
Eh (mV) 30.00 (16.4) 116.57 (69.5) 166.14 (33.4)
Chl a (mg kg)1) 7.97 (4.1) 1.26 (2.17) 0.37 (0.19)
%Sand 16.62 (16.4) 14.05 (10.4) 4.99 (2.6)
%Silt 60.59 (8.7) 71.96 (11.8) 83.36 (6.3)
Md () 5.47 (0.7) 5.43 (0.8) 5.39 (0.3)
pH 7.14 (0.08) 7.15 (0.52) 7.93 (0.11)
Temp. (�C) 23.73 (1.5) 23.14 (1.0) 21.68 (0.19)
n-Alk (mg kg)1) 7.16 (3.18) 3.15 (1.61) 3.75 (0.42)
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pattern of the NE Atlantic stations along the scale of
disturbance was maintained (Fig. 3b). Diagram stress
was 0.13, indicating acceptable ordination. The 24 sta-
tions of the Montevideo coastal zone were arranged
according to this scale; stations B, C and D from
Montevideo Bay were located again toward the right
end of the horizontal axis, in the more perturbed posi-
tion, however not at the extreme end of the diagram as
when only the ten samples from Montevideo Bay were
considered (Fig. 3a). Stations K–X, corresponding to
the Pta. Carretas and Pta. Yeguas zones, were located to
the left, in the unperturbed position. Along the vertical
axis a clear separation between the two groups was ob-
served. The distinction between them (51.2% of dis-
similarity) was attributed primarily to the following six
phyla: Annelida, Echinodermata, Mollusca, Crustacea,
Nemertea and Nematoda, which contributed together to
88.4% of the dissimilarity between the two groups.
Annelids were present in a greater proportion in the NE
Atlantic samples; however, molluscs and crustaceans
were present in greater proportions in the Montevideo

coastal zone samples. Echinoderms and nemerteans were
absent in the Montevideo coastal zone.

Discussion

Shallow coastal habitats and estuaries are considered
dynamic environments characterised by great fluctua-
tions in abiotic parameters and subject to continuous
disturbance (Turner et al. 1995). This natural variability
can be a major source of stress to organisms, but the
input of nutrients, organic matter and pollutants derived
from anthropogenic activities can alter environmental
conditions to an even greater extent, producing faunal
changes different from those expected due to natural
variability alone.

Species richness and diversity were very low in the
Montevideo coastal zone. Only 12 macrobenthic species
were found, and the community was dominated by the
small gastropod Heleobia cf. australis. Low diversity and
the high abundance of a single species have previously

Table 3 Production data for the 24 stations of the Montevideo
coastal zone. Nomenclature for the phyla is as used by Warwick
and Clarke (1993). Nomenclature used in the multi-dimensional

scaling ordination diagrams performed with Montevideo samples
combined with the 50 original NE European samples (MA to MX
the 24 Montevideo coastal zone samples)

Table 4 Contribution of each
phylum to the average Bray–
Curtis dissimilarity between the
three groups of stations
obtained in the meta-analysis of
production data from the 24
samplings of the Montevideo
coastal zone (Group 1 stns. B, C
and D; Group 2 stns. A, E–J;
Group 3 stns. K–X)

Phylum Groups 2 & 1 Phylum Groups 3 & 1 Phylum Groups 3 & 2

% Cum. % % Cum. % % Cum. %

Nematoda 37.73 37.73 Nematoda 57.42 57.42 Nematoda 40.52 40.52
Annelida 31.49 69.23 Crustacea 21.42 78.84 Annelida 36.84 77.37
Crustacea 20.23 89.46 Mollusca 11.18 90.02 Crustacea 19.36 96.72
Mollusca 10.54 100.00 Annelida 9.98 100.00 Mollusca 3.28 100.00
Average dissimilarity
between groups

33.80 42.47 22.16

Stn. Cnid. Plat. Neme. Nema. Pria. Sipu. Anne. Chel. Crus. Moll. Phor. Echi. Hemi. Chor.

MA 0 0 0 1.1 0 0 2.7 0 0 96.1 0 0 0 0
MB 0 0 0 52.9 0 0 0 0 0 47.1 0 0 0 0
MC 0 0 0 48.7 0 0 0.3 0 0 51.0 0 0 0 0
MD 0 0 0 58.3 0 0 0 0 3.4 38.3 0 0 0 0
ME 0 0 0 2.6 0 0 10.8 0 0.7 83.9 0 0 0 0
MF 0 0 0 0.9 0 0 4.4 0 1.2 93.5 0 0 0 0
MG 0 0 0 3.0 0 0 12.9 0 14.2 70.0 0 0 0 0
MH 0 0 0 1.1 0 0 1.6 0 2.8 94.6 0 0 0 0
MI 0 0 0 0.5 0 0 11.5 0 2.9 85.2 0 0 0 0
MJ 0 0 0 1.3 0 0 13.9 0 2.8 82.0 0 0 0 0
MK 0 0 0 0 0 0 0.03 0 0.98 98.98 0 0 0 0
ML 0 0 0 0 0 0 0.05 0 1.89 98.06 0 0 0 0
MM 0 0 0 0 0 0 0.25 0 16.79 82.89 0 0 0 0
MN 0 0 0 0 0 0 0.40 0 14.69 84.91 0 0 0 0
MO 0 0 0 0 0 0 0.08 0 0.72 99.20 0 0 0 0
MP 0 0 0 0 0 0 0.17 0 1.46 98.30 0 0 0 0
MQ 0 0 0 0 0 0 0.07 0 3.94 95.92 0 0 0 0
MR 0 0 0 0 0 0 0.09 0 2.47 97.44 0 0 0 0
MS 0 0 0 0 0 0 0.15 0 12.80 87.05 0 0 0 0
MT 0 0 0 0 0 0 0.23 0 3.58 96.19 0 0 0 0
UM 0 0 0 0 0 0 0.15 0 2.09 97.76 0 0 0 0
MV 0 0 0 0 0 0 0.29 0 2.01 97.70 0 0 0 0
MW 0 0 0 0 0 0 0.70 0 2.18 97.11 0 0 0 0
MX 0 0 0 0 0 0 0.19 0 3.26 96.54 0 0 0 0
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been reported in other estuaries with similar character-
istics near the Montevideo coastal zone, with H. cf.
australis as the dominant species (Bemvenuti 1997; Ieno
and Bastida 1998; Rosa-Filho and Bemvenuti 1998;
Muniz and Venturini 2001). Although, in these studies,
small polychaetes like Heteromastus similis were present
in high abundance. The presence of small-sized oppor-
tunistic species could be related to high salinity fluctu-
ations, the physical instability of the sediments (a factor
not studied), the organic enrichment of the sediments
and/or chemical pollution (Tenore 1972; Pearson and
Rosenberg 1978; Mucha et al. 2002).

Results of the BIO-ENV procedure showed that a
combination of the variables Pb, salinity and PAHs was
best to explain the biological pattern observed. In fact,

the increase in Pb and PAHs and the decrease in salinity
from the adjacent coastal zone to the innermost part of
Montevideo Bay (stations B, C and D) were associated
with a decrease in abundance, species number and
diversity. This procedure only provides correlational
evidence on the biological and/or ecological effects of
contamination and does not demonstrate a cause-and-
effect relationship; however, it is important to note that
qw values were almost the same for the best three-vari-
able combination as for the single-variable results with
Pb, which may suggest an important influence of Pb
concentrations on the benthic macrofauna in the study
area. Pb has no known biological function and produces
very harmful effects on biotic communities (Kennish
1992). Pb is assumed to be toxic for aquatic organisms at
concentrations above 100 mg kg)1 of dry sediment
(Environment Canada 1998). However, at a level of
30 mg kg)1 adverse biological effects have occasionally
been observed, and this value is lower than the minimum
Pb content recorded in the present study.

The inner part of Montevideo Bay receives large
amounts of Pb, Cr and petroleum hydrocarbons derived
from city runoff, marine traffic, tannery wastes and the
ANCAP petroleum refinery (Muniz et al. 2002). PAHs
are very prevalent in anaerobic and poorly oxygenated
sediments, where they can accumulate to high levels
(Witt 1995). Some PAHs have been identified as car-
cinogenic and mutagenic, affecting negatively the
reproduction, growth and, in consequence, survival of
organisms (Marvin et al. 1995). The low biogeochemical
mobility of Cr reduces its toxic potential, but it can be
toxic for aquatic biota at elevated concentrations such as
those reported in the present study (Kennish 1992).

Although salinity, depth and sediment composition
have been considered important factors in explaining the
macrobenthic community structure in several estuaries,
the natural variability of these factors can obscure the
detection of macrobenthic responses to sediment pollu-
tion (Rakocinski et al. 1997; Mucha et al. 2002). Despite
the salinity gradient from the inner part of Montevideo
Bay to the outermost part, i.e. Pta. Carretas and Pta.
Yeguas zones, an organic and chemical pollution gra-
dient was also observed, which seems to be a determi-
nant factor in explaining the macrobenthic community
structure in the Montevideo coastal zone. High salinity
fluctuations are a common feature in the Rı́o de la Plata
estuary, occurring both on an hourly basis and on a
daily basis (Nagy et al. 2002). Danulat et al. (2002) also
observed high salinity variations during a 6 h period in
Montevideo Harbour. Considering this and the fact that
the macrobenthic species recorded in the present study
are typical of other mixohaline biotopes of nearby re-
gions, the low species richness and diversity values seem
to be related to the alteration of bottom environmental
conditions due to the anthropogenic activities performed
in the area.

At the phylum-level, the MDS ordination provided
correct assessment of the disturbance status of the 24
samples from the Montevideo coastal zone. According

Fig. 3 Multi-dimensional scaling ordination diagram of the
phylum-level production data from: a the ten Montevideo Bay
samples combined with the 50 original NE European shelf samples
(Warwick and Clarke 1993) and b the 24 Montevideo coastal zone
samples combined with the 50 original NE European shelf samples.
Nomenclature of locations in panel b is the same as in panel a, plus
Montevideo coastal stations (MK to MX)
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to Warwick (1988b), the assessment of the pollution
status by the MDS ordination technique is less reliable
at the phylum-level than at lower taxonomic levels. In
the present study, with the very small number of species
found, it was not surprising that MDS ordination with
abundance data (species level) and MDS ordination with
production data (phylum level) showed consistent re-
sults.

Results of the MDS ordination performed with the
production data for the ten sampling locations of
Montevideo Bay combined with the original training
data set showed the compatibility between the two data
sets as the original configuration was maintained.
Comparing the phyletic composition of the 50 NE
Atlantic samples with the ten samples from Montevideo
Bay, we observed that stations B, C and D were located
at the extreme right of the first axis due to the the high
contribution of nematodes to the total production of
these samples. In agreement with the results found by
Warwick and Clarke (1993), large-sized nematodes
associated with organic enrichment were very important
at the polluted end of the diagram.

The MDS ordination combining the production data
for the 24 samples from the Montevideo coastal zone
with the original data set showed good assessment of the
pollution status of the 24 samples from Montevideo
along a common scale of perturbation. The samples
from the Montevideo coastal zone were clustered fol-
lowing the pollution gradient indicated by the previous
analyses. As was indicated by Warwick and Clarke
(1993), the position of the samples at the extreme right
of the meta-analysis is due to the occurrence of large-
sized nematodes associated with organic enrichment, but
communities subjected to chemical contamination only
showed different configurations. Probably, the change of
stations B, C and D to a less right position is associated
with the gross pollution by Pb and Cr of these samples.

All previous studies indicated the occurrence of ver-
tical separation between the samples studied and the NE
Atlantic samples. This separation was attributed to the
alteration of the balance between echinoderms and
crustaceans, due to the estuarine characteristics of the
coast of Trinidad (Agard et al. 1993), to the higher
proportion of annelids, due to oxygen-deficient condi-
tions in central Chile (Tam and Carrasco 1997), and to
the higher proportion of crustaceans and annelids and
the lower proportion of molluscs and echinoderms in the
Gulf of Cádiz (Drake et al. 1999). Non-mined samples
from southern Africa exhibited a lower proportion of
molluscs and echinoderms, but a larger proportion of
crustaceans than the NE Atlantic samples (Savage et al.
2001).

In the present study, part of the separation could be
explained by the absence of echinoderms, due to the
salinity gradient that would prevent the presence of these
osmoconformer organisms (Agard et al. 1993). It could
also be attributed to the lower proportion of annelids
and the higher proportion of crustaceans in the Mon-
tevideo coastal zone samples with regard to those from

the NE Atlantic. However, the prominent separation of
the Montevideo coastal zone samples seems to be mainly
due to the high proportion of molluscs. Similar results
were obtained in mined samples from the southern
African coast, which were ascribed to the capacity of
some gastropods to withstand the physical disturbance
caused by the mining process (Savage et al. 2001). In this
case the high proportion of molluscs is the consequence
of the high dominance of the gastropod H. cf. australis
that seems to tolerate the environmental instability
characteristic of estuarine areas and the high organic
and inorganic loads existing in the Montevideo coastal
zone. According to Rakocinski et al. (2000), hydrobiid
gastropods are among many opportunistic and/or tol-
erant estuarine taxa associated with sites of moderate or
high contamination, with both metals and organic
chemicals.

The meta-analysis approach was found to be efficient
for evaluating the degree of pollution of the Montevideo
coastal zone samples along a common scale of pertur-
bation. Perhaps, the strong inorganic pollution gradient
existing from the innermost part of Montevideo Bay to
the adjacent coastal zone is responsible for the hori-
zontal separation of the Montevideo coastal zone sam-
ples from the NE Atlantic samples. Also, the gradient of
heavy metal pollution may explain the differences in
configurations obtained by meta-analysis performed
only with the ten samples of Montevideo Bay and with
the 24 samples from the Montevideo coastal zone. Our
results support the general applicability of this ap-
proach, even in such cases as this, with high dominance
of only one phylum; however, more studies are still
necessary.
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he copper-induced reduction of critical swimming speed in rainbow trout
Oncorhynchus mykiss) is not caused by changes in gill structure
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a b s t r a c t

In the present experiments, we investigated, if copper exposure causes a decrease in the critical swim-
ming speed, as has been observed earlier, and if such a decrease can be explained by a disturbance in
eceived in revised form 18 May 2009
ccepted 27 May 2009

eywords:
ill epithelium
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gill structure. The results show that this is not the case. While copper exposure tended to increase the
thickness of gill diffusion barrier in resting fish, a similar difference was not seen in swimming animals.
However, copper exposure caused a decrease in the critical swimming speed. This decrease must thus be
caused by factors other than structural changes in the gills, associated with copper exposure.

© 2009 Elsevier B.V. All rights reserved.
ocomotion
almonid

While copper is required by animals at low concentrations, e.g.,
s part of the active group of several enzymes, it becomes toxic at
igh concentrations (Heath, 1995). Because both uni- and divalent
opper ions exist, the toxic effects observed can be caused, at least
artly, by redox disturbances induced by copper ions. As a result
f copper toxicity a reduction of the maximal swimming speed,
ustained swimming ability (Beaumont et al., 1995; De Boeck et
l., 2006), and disturbances in gill structure (van Heerden et al.,
004) have been observed. The water-to-blood diffusion distance

s increased by copper exposure (van Heerden et al., 2004). An
ncrease of diffusion distance between water and blood, caused
y environmental contaminants, results in a decrease of critical
wimming speed (Nikl and Farrell, 1993).

In the present study, we investigated, if the copper-exposure-
nduced decrease in critical swimming speed of rainbow trout could
e caused by decreased diffusion capacity, which is consequent to
opper-induced increase in water-to-blood diffusion distance. This
as done by measuring the swimming speed and arithmetic mean

hickness of the gill epithelium.
Rainbow trout (Oncorhynchus mykiss, 65 ± 15.3 g, 18.1 ± 1.4 cm,
= 33), obtained from the Finnish Institute for Fisheries and
nvironment (Parainen, Finland), were acclimated to laboratory
onditions for at least 1 week before experimentation. Fish were
ept in recirculating, dechlorinated tap water with osmolality
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E-mail addresses: wolfgang.waser@utu.fi (W. Waser), olga.bausheva@helsinki.fi
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ity of Helsinki, FIN-15140 Lahti, Finland.

166-445X/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.aquatox.2009.05.016
adjusted to 108 mOsm by adding (in mmol l−1) NaCl 65.1, MgSO4
6.0, CaCl2 1.4, KCl 1.5 (to maintain the brackish water conditions
of the source), at 9 ◦C and a 12 h/12 h photoperiod, and fed com-
mercial trout pellets twice a week. The fish were randomly divided
into 4 different groups of 8 animals each with no differences in
fish weight and length between groups: (1) control (no exercise, no
copper exposure), (2) control + exercise (exercise, no copper expo-
sure), (3) copper control (no exercise, copper exposure), and (4)
copper + exercise (exercise, copper exposure). All the groups had
similar handling stress. In ‘no exercise’ groups (1 and 3) groups of
four fish were placed for 4 h in the swim tunnel (90 l, Qubit Sys-
tems, Kingston, Canada), after which they were quickly removed
and killed and gills sampled. Fish from ‘exercise’ groups (2 and 4)
were placed in the swim tunnel individually, allowed to acclimate
for 2 h, and then the maximal swimming velocity was determined
during 2 h. Afterwards, fish were also killed for gill sampling. For
the copper exposure groups, CuSO4·7H2O was added to the water
in the swim tunnel before the experiment to a final concentration of
1.65 �mol l−1 (105 �g l−1). All animal experiments were conducted
in accordance with local and EU regulations.

Critical swimming speed was measured according to Brett
(1964). Following the 2 h acclimation period, during which the
water velocity was set to 10 cm s−1 (∼0.55 body lengths (BL) s−1),
water velocity was increased by 10 cm s−1 (Uincr) every 15 min (Tintv)
until fish were completely exhausted (i.e. the animal was swept
against the back grid of the animal section of the swim tunnel

the second time after lowering the water speed to allow the fish
to restart swimming and switching back to the higher speed (De
Boeck et al., 2006)). The maximal swimming speed (Umax) was
taken as the highest water velocity setting the fish could swim for
the whole time interval, while the time until exhaustion at the last
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Fig. 2. Arithmetic mean thickness (+S.D., n = 10 for ctrl, n = 8 for other groups) of sec-
ondary lamellar epithelium, determined as in van Heerden et al. (2004), in the four
8 W. Waser et al. / Aquatic

peed setting was noted as fatigue time Tfatg. From these the critical
wimming speed was calculated using the equation (Brett, 1964):

crit = Umax + Uincr × Tfatg

Tincr

After 4 h the fish were stunned with a blow to the head, weight
nd length were measured, and samples of the second left gill arch
ere excised, fixed, treated and cut for gill morphometric analy-

is as described in van Heerden et al. (2004). During embedding
ill filaments were oriented so that cross sections of the secondary
amellae could be obtained. Stereological measurements were done
s described by van Heerden et al. (2004) on 1 �m thick, tolui-
ine blue-stained sections from which digital images were obtained
ith a Leica DM RXA microscope and a Hamamatsu ORCA UV dig-

tal camera (Hamamatsu Corporation, Bridgewater, NJ, USA) using
00× magnification. The cycloidal grid (Howard and Reed, 1998;
rid C1) was placed over the images and the points on epithe-
ial cells (E), on blood space (including red blood cells, B), and
ntersections between grid lines and the outer surface of lamel-
ar epithelium (I) were counted. From these counts the arithmetic
hickness of the epithelium was calculated as

ar = (E + B) × 20�m

2 × I

ith 20 �m as the grid constant (Weibel and Knight, 1964).
For statistical evaluation, data were first tested for normal dis-

ribution using Shapiro–Wilk’s test for normality. Differences in
ritical swimming speed between the two exercise groups were
hen analysed using student’s t-test, and differences in lamellar
hickness between all groups were analysed using ANOVA. Results
re given as mean ± standard deviation (S.D.). Differences between

roups were regarded statistically significant when p-values were
0.05.

Copper exposure caused a significant (Fig. 1; p < 0.01) reduc-
ion in the critical swimming speed. Ucrit of control animals was
.50 ± 0.39 BL s−1 (n = 8, 83.8 cm s−1), while that of copper-exposed

ig. 1. Critical swimming speed (Ucrit) in body lengths per second (BL s−1) of control
ctrl) and acutely copper exposed (cu) rainbow trout. Black squares and error bars
epict mean ± S.D., open circles represent individual measurements (n = 8 for both
xperiments).
treatment groups: control (ctrl), control-exercise (ctrl-exc), copper exposed (cu),
and copper exposed and exercised rainbow trout (cu-exc). No statistically significant
differences between the groups were found.

trout was only 3.89 ± 0.40 BL s−1 (n = 8, 71.4 cm s−1), i.e., 86% of the
critical swimming speed in controls. A decrease in critical swim-
ming speed of similar magnitude has now been observed both in
acute (this study; to 86%) and chronic (McGeer et al., 2000; to 88%
of control swimming speed) copper exposure experiments.

For the arithmetic mean thickness of the secondary lamellar
epithelium no significant differences could be determined between
the four treatment groups. As a result of copper exposure thickness
tended to increase from lowest (control) values (3.64 ± 0.58 �m,
n = 10; Fig. 2), thus agreeing with earlier findings using the same
water and copper concentration (van Heerden et al., 2004). How-
ever, thickness also tended to increase as a result of exercise (Fig. 2).
Thus, the impairment of swimming ability which is caused by cop-
per exposure must be due to other effects of copper than effects on
gill epithelium. A possibility is that increased ammonium produc-
tion as a result of sublethal copper exposure causes the reduction
of swimming speed (Beaumont et al., 2003). It is also notable that
the exercise tended to increase the arithmetic mean distance as
compared to resting animals. Earlier studies have not evaluated
the effects of swimming on morphometric measurements of gills
(Hughes and Wright, 1970; Hughes et al., 1978). However, the pos-
sibility of methodological effects cannot be discounted, since, e.g.,
the measured haematocrit value based on morphometric measure-
ments of gills is approximately twice that measured based on blood
samples from major vessels (Nikinmaa et al., 1980; Tuurala, 1983).
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Trace Metal and Major Ion 
Interactions in Aquatic Animals 
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In reviewing studies of trace metal uptake over the last 
30 years, evidence is sought for specific mechanisms 
controlling transepithelial metal uptake or loss, and 
their possible relationship with pumps controlling the 
regulation of physiologically-important electrolytes. 
There is evidence of zinc regulation in some crus- 
taceans. However, the widespread occurrence of specific 
transepithelial regulatory mechanisms for trace metals 
is unlikely. Metal uptake and toxicity is often negatively 
associated with salinity. Although this phenomenon is 
probably related, in part, to trace metal speciation, an 
associated calcium effect is seen in some species. 
Several examples exist of interactions between calcium 
regulation and trace metals, suggesting there may be a 
number of shared pathways. Cadmium is particularly 
implicated in this regard. Inhibition of Na/K ATPase by 
trace metals is seen in some fish, although there is no 
direct evidence of competitive inhibition of trans- 
epithelial sodium movemelht by trace metals. 

The work of Bryan (1964, 1966, 1967) demonstrated 
that zinc was regulated by crustaceans in a variety of 
ways. His studies were carried out at a time of great 
progress in understanding of the ionic regulatory 
physiology of aquatic animals, although the knowledge 
of trace metal regulation was then very rudimentary. By 
the end of the 1960s, the tools available for the 
investigation of major electrolytes included the char- 
acterization of the components of trans-membrane or 
trans-epithelial electrochemical gradients (differential 
ionic activities); the measurement of unidirectional and 
net ionic fluxes with the aid of radionuclides; and the 
coupling of trans-membrane ionic shifts with ATPase 
activity. Further characterization of the regulatory 
mechanisms involved the use of a variety of metabolic 
and other inhibitors. 

Unfortunately, these techniques were rarely applic- 
able to trace metals because of the very low concentra- 
tions of metals found in most tissues; their strong 
binding capacity for a variety of ligands; and, con- 
sequently, their low activities relative to major physio- 
logical ions. Although the dynamics of trace metal 
uptake, loss and tissue distribution were characterized 
by isotope studies (e.g. Bryan, 1966; Pentreath, 1973, 
1976) the question remained whether specific regu- 
latory mechanisms existed, or if major ionic regulatory 
mechanisms were also capable of influencing trace 

metal uptake (or loss). A corollary of this involves the 
potential for trace metals to influence the regulation of 
major physiological ions. Evidence for trace metal 
regulation has therefore been provided through the 
following types of studies: 
• Comparison of body and tissue metal concentrations 
with environmental levels, over a range of external 
metal concentrations. 
• Characterization of differential metal:metal uptake 
or bioconcentration ratios not explained by external 
metal levels. 
• Linkage of the trans-epithelial movement of trace 
metals and major physiological ions. 

This review focuses principally on the third line of 
investigation, and examines evidence for a mechanistic 
relationship between the transfer of trace metals and 
major electrolytes across membranes. In doing so, 
perhaps the most difficult problem is to differentiate 
between biological influences and the effect of water 
(and sediment) chemistry on trace metal bioavailability. 
This is typically illustrated with reference to the effects 
of salinity. 

The  Effects  o f  Salinity 

Table 1 shows the relationship between trace metal 
uptake or toxicity, and salinity for several estuarine 
species. The majority of the data are from laboratory 
studies, although some field data are included. Almost 
all show a negative relationship for metal uptake/ 
toxicity with salinity. There may be several reasons for 
this, none of which is mutually exclusive. For estuarine 
field data, a potentially significant influence is the co- 
correlation between freshwater inflow and a freshwater 
(upstream) metal source. Data for copper and cadmium 
in Chesapeake Bay oysters (Crassostrea virginica; see 
Huggett et aL (1973) and Phelps et al. (1985) are 
probably affected by freshwater metal sources, and the 
same is likely to be the case for zinc in the polychaete 
Nereis diversicolor from Restronguet Creek in south- 
west England (Bryan & Hummerstone, 1973a). Results 
from controlled laboratory experiments require a 
different explanation, however. 

Meta l  Spec ia t ion  

The most broadly accepted paradigm explaining the 
negative effect of salinity on trace metal uptake assumes 
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TABLE 1 
Effect of salinity on trace metal uptake and toxicity in aquatic animals. 

Trace Relationship 
Species metal Endpoint with salinity Reference 

Crustaceans 
Uca pugilator Cd Uptake Negative 
Uca pugilator Cu, Cd Uptake Negative 
Carcinus maenas Cd Uptake Negative 
Palaemonetes pugio Cd Uptake Negative 
Mysidopsis bahia Cd Uptake Negative 
Palaemon elegans Zn Uptake Negative 
Palaemon elegans Zn Mortality Negative 
Palaemonetes varians Zn Uptake Negative 
Orchestia gammarellus Cd, Zn Uptake Negative 
A rtemia franciscana Cd Uptake Negative 

Molluscs 
Crassostrea virginica Cu, Zn Field body burdens Negative 
Mytilus edulis Cd, Cu Uptake Negative 
Mytilus edulis Cd Uptake Negative 
Saccostrea echinata Hg Uptake 30'C Negative 
Saccostrea echinata Hg Uptake 20'C No effect 
Saccostrea echinata Cd, Zn Uptake 20 and 30'C No effect 
Crassostrea virginica Cd, Cu Field body burdens Negative 
Crassostrea virginica Cu Uptake Negative 
Crassostrea virginica Cd Uptake Negative 
Hydrobia ventrosa Cd Effects on growth Negative 

Annelids 
Nereis succinea Hg Uptake Positive 
Nereis diversicolor Zn Field accumulation Negative 
Nereis diversicolor Mn Field accumulation Negative 

Fish 
Morone saxatilis (fingerlings) Cd Mortality Negative 
Rivulus marmoratus Cd Mortality Negative 

O'Hara (1973) 
Thurberg et al, (1973) 
Wright (1977a) 
Sunda et aL (1978) 
DeLisle & Roberts (1988) 
Nugegoda & Rainbow (1989b) 
Nugegoda & Rainbow (1989a) 
Nugegoda & Rainbow (1989a) 
Rainbow et al. (1993) 
Blust et al, (1992) 

Huggett et aL (1973) 
Phillips (1976) 
George etaL (1978) 
Denton & Burdon-Jones (1981) 
Denton & Burdon-Jones (1981) 
Denton & Burdon-Jones (1981) 
Phelps et al. (1985) 
Wright & Zamuda (1987) 
Patel & Anthony (1991) 
Forbes (1991 ) 

Luoma (1977) 
Bryan & Hummerstone (1973a) 
Bryan & Hummerstone (1973b) 

Reardon & Harrell (1990) 
Lin & Dunson (1993) 

that the most bioavailable metal form is the free metal 
ion (Sunda et al., 1978; Engel & Fowler, 1979). 
Increasing complexation (chiefly with chloride) at 
higher salinities reduces the free ionic concentration 
(activity) in a non-linear manner. The model provides 
an excellent fit for several of the data sets in Table 1 
(e.g. Sunda et al., 1978; Nugegoda & Rainbow, 1989a,b; 
Blust et al., 1992; Rainbow et al., 1993) and probably 
accounts for most of the variability in metal accumula- 
tion in the majority of cases. 

Such a model is not necessarily incompatible with 
one or more possible underlying biological influences, 
which may compound this salinity effect. Attempts to 
differentiate between biotic and abiotic influences have 
revealed some interesting interspecies differences. Blust 
et al. (1992) found that the shrimp Artemia franciscana 
accumulated cadmium in a salinity-correlated manner 
over a wide salinity range (16-160% seawater). Net 
uptake of the element was controlled by the free 
cadmium ion activity and was affected only slightly by 
osmolarity (Fig. I(A)) and was independent of the 
calcium concentration (Fig. I(B)). On the other hand, 
salinity-dependent cadmium uptake into the haemo- 
lymph of Carcinus maenas (Wright, 1977a) could be 
explained in large part by a calcium effect (Wright, 
1977b; Fig. I(C)), which apparently dominated the 
salinity effect under those experimental conditions. 
Cadmium uptake by the gill was apparently related to 
tissue calcium levels (Wright, 1977b), a phenomenon 
seen at the whole body level in Gammarus pulex 
(Wright, 1980). Cadmium accumulation by the isolated 
gill of Mytilus edulis was inversely related to salinity, 

although the effect could be negated by adjusting the 
osmolarity of the medium .to a constant level with 
sucrose (George et al., 1978;-Tig. I(D)). This depend- 
ence on osmolarity was seen by the authors as a result 
of cellular swelling which was hypothesized to increase 
the accessibility of cadmium to a binding site on the gill 
membrane. Accessibility to binding sites is affected by 
membrane permeability, at least at the apical side. 

Salinity-related zinc uptake by the crustacean 
Palaemon elegans was independent of the osmolarity of 
the medium (Nugegoda & Rainbow, 1989b). Blust et al. 
(1992) recognized a permeability component in 
salinity-related changes of cadmium uptake by A. 
franciscana, although it seems likely that salinity 
reduction would normally result in a decrease in 
permeability to metals, where such a change occurs. 
Rainbow et al. (1993) reported a sharp reduction in the 
permeability of Orchestia gammarellus to zinc and 
cadmium at salinities of 16%o and less. This signifies a 
possible degree of control over permeability in this 
species. Bjerregaard & Depledge (1994) designed an 
experimental matrix to investigate independent salinity 
and calcium effects on cadmium uptake by the 
gastropod Littorina littorea, the bivalve M. edulis and 
the shore crab C. maenas. Multiple regression analysis 
indicated that a large proportion of the variance in 
cadmium uptake by L. littorea could be explained by 
calcium; for M. edulis cadmium uptake was principally 
controlled by salinity, and C. rnaenas was intermediate 
with respect to the effects of salinity and calcium on 
cadmium accumulation. DeLisle & Roberts (1994) 
reported that cadmium toxicity partially correlated with 
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Relationship between cadmium uptake and salinity in aquatic 
animals. Role of calcium and osmolarity. (A) Cadmium uptake 
by Artemia franciscana in concentrated and dilute seawater with 
and without the addition of sucrose to stabilize osmolarity to 
that of concentrated seawater (Blustet al., 1992). (13) Cadmium 
uptake by A. franciscana from concentrated seawater with 
varying calcium concentration (Blust et al., 1992). (C) Cadmium 
uptake by Carcinus maenas from full strength and 40% 
seawater with varying calcium concentration (Wright, 1977b). 
(13) Cadmium uptake by Mytilus edulis from dilute seawater 
with and without sucrose added to bring osmolarity to that of 
full strength seawater (George et al., 1978). 

both calcium and salinity (examined independently) in 
Mysidopsis  bahia.  

Lin & Dunson (1993) examined cadmium toxicity to 
the swamp-dwelling fish, Rivu lus  marmora tus ,  exposed 
to a range of media differing chiefly in their calcium or 
sodium concentrations (Fig. 2). Cadmium toxicity could 
be explained largely (but not completely) on the basis of 
the free cadmium ion/chloride complexation model 
described above, with the residual presumably 
accounted for by calcium-cadmium competition. 

Copper accumulation by the eastern oyster C. 
virginica was strongly influenced by salinity under 
controlled conditions (Wright & Zamuda, 1987). 
Uptake at 10%o salinity exceeded that at 30%0 by 
factors of 4.5 at 10 Ixg 1-1 total copper concentration 
and of 2.3 at 30 ~tg 1 -~ total copper concentration (Fig. 
3). Adjustment of cupric ion concentrations with NTA 
to pCu values of 9 and 10 at each of these salinities 
resulted in little reduction of the salinity effect. This 
indicated that a component of the salinity effect remains 
unexplained by the chemical speciation model. 

In general, therefore, it appears that much of the 
variability associated with salinity effects on trace metal 
accumulation may be explained in terms of the bio- 
availability of the free metal ion. However, underlying 

biological effects may operate in various ways. Access 
to binding sites may be controlled by competition with 
other ions, or by physical changes to the membrane. 
The latter may be seen as channel effects, or configura- 
tional changes perhaps caused by osmotic shifts. A 
further question is whether or not the binding site itself 
is part of a specific regulatory mechanism concerned 
with the trace metal or major ion transport. Some 
insights on this matter are gained by a review of ionic 
interactions involving trace metals in a variety of 
freshwater species. 

Effects on Unidirectional and Net Electrolyte 
Fluxes 

Investigations of the effects of trace metals on ionic 
balance are summarized in Table 2. The majority of 
these studies have employed finfish, and many involve 
the interactions between metals and pH. In this context, 
the principal focus of trace metal/pH relationships has 
been the effect of pH on metal speciation and 
membrane permeability, and has been the subject of 
numerous reviews. McDonald et al. (1989) pointed out 
that the unidirectional influx of ions tends to be affected 
at lower trace metal concentrations than those affecting 

10 
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Fig. 3 Copper uptake by Crassostrea virginica at 10%o and 30%0 
salinities from 10 and 30 gg 1 -~ ambient copper concentrations, 
and from media with NTA added to adjust the free cupric ion 
activities to pCu9 and pCul0 at each salinity (Wright & 
Zamuda, 1987). 

efflux. Therefore, in terms of trace metal effects, the 
inhibition of influx is the most important component  of 
ionic balance. Few data are available from invertebrates 
on the effects of trace metals on ionic fluxes. Figure 4 
shows the effect of cadmium, copper, lead and zinc on 
unidirectional sodium influx in the estuarine amphipod 
Leptocheirus p lumulosus  (Wright, unpublished data). 
Influx was measured at two different sodium concentra- 
tions and over a range of metal concentrations between 
2 and 200 gM. Efflux data were also available for 

copper, cadmium and zinc. Lead was the only trace 
metal which inhibited sodium influx from 20 mM 
sodium. Unidirectional fluxes from this sodium con- 
centration tended to be subject to considerable 
variability. Sodium influx from 2 mra Na was less 
variable and was significantly inhibited by copper, 
cadmium and zinc at 10 ~tM, and by lead at 100 ~tM. 
Whether the relatively greater degree of inhibition at 
lower sodium concentrations was the result of a 
competitive effect (i.e. due to the higher ratios of trace 
metals:sodium) clearly requires more investigation. 
Trace metals had no noticeable effect on sodium efflux 
at these concentrations. 

Using a similar approach to determine the effect of 
mercury on unidirectional sodium and calcium fluxes in 
the freshwater isopod Asellus aquaticus, Wright & 
Welbourn (1991) concluded that mercury-induced 
inhibition of both sodium influx (Fig. 5) and calcium 
influx (Fig. 6) was probably non-competitive. In terms 
of their inhibitory effect on calcium influx in fish, 
McDonald et al. (1989) ranked the metals 
Cd > Cu > Zn > Mn in descending order of potency. 
However, this has since been revised to include Ag, 
which is similar in rank to Cd (McDonald & Wood, 
1993), and fresher revision may yet accommodate  A1 in 
light of the work of Verbost et al. (1992; see below). 
Metal effects in invertebrates merit a more tentative 
ranking in this regard. However, unpublished data 
showing substantial lead inhibition of calcium influx in 
the freshwater amphipod Garnmarus palustris suggests 
a provisional ranking of Hg > Pb >- Cd > Zn for 
crustaceans. 

Work summarized in Table 2 is confined to 
mechanistic laboratory investigations involving the 
dynamics of ionic regulation. Several other studies have 
indicated that both the uptake and toxicity of cadmium 
are increased in soft, calcium-impoverished water 
compared with harder water, and that calcium can 
ameliorate these effects (Caroll et al., 1979; Calamari et 
a/., 1980; Wright & Frain, 198l; P~irt et al., 1985; 
Palawski et al., 1985; Wicklund & Runn, 1988; Pratap 
et al., 1989; Bentley, 1991). Field studies have also 
indicated a variety of significant interactions between 
trace metal bioaccumulation and water quality para- 
meters such as hardness. Work related to cadmium has 
recently been reviewed by Wright & Welbourn (in 
press). Several distinct independent variablcs may be 
involved in the effects on metal dynamics (e.g. pH. 
DOC, TOC, water hardness and alkalinity), and again 
this poses the question as to how to differentiate 
between biotic and abiotic effects. 

The role of H + particularly illustrates this problem. 
In addition to significantly affecting the speciation of 
several trace metals, H + may itself act as a borderline or 
Class A metal (Nieboer & Richardson, 1980), 
according to whether chemical or biological reactivity is 
considered. As such, H + may compete with trace metals 
for both aquatic ligands and sites on the organism itself 
(Campbell & Stokes, 1985). In addition, H + may affect 
the integrity of biological membranes, and may there- 
fore act directly or in concert with trace metals in 
influencing ionic balance. Aluminium is particularly 
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TABLE 2 
Effect of trace metals on ionic balance in aquatic animals. 

Marine Pollution Bulletin 

Species Trace metal Concentration (pM) Effect Reference 

Fish 
Salmo salar (alevins) Cd 0.07 
Salmo salar (alevins) Cd 0.007 
Salmo gairdneri Zn 12 
Salmo gairdneri Cd 6 

Salmo gairdneri Cu 6 

Salmo gairdneri Cu 0.2 

Salmo gairdneri Cd 0.1 

Salmo trutta (fingerlings) Cd 0.004 

Salmo trutta (fingerlings) Mn 4.5 

Cyprinus carpio Al 7.4 
Fundulus heteroclitus Cd 10 

Fundulus heteroclitus Zn 10 

Crustaceans 
Gamrnarus pulex Cd 5 
Gammarus pulex Zn 10 
Carcinus maenas Hg 4.9 

Carcinus maenas (as u,r~,~12 ) 19.7 
Asellus aquaticus Hg 5 

(as HgC12) 
Asellus aquaticus Hg 0.04 

(as C I~HgC1 ) 
Asellus aquaticus 0.04 

(as HgCl2) 
Orconectes propiruluus HgCI 2 4.9* 

Inhibition of net K uptake 
Inhibition of net Ca and Na uptake 
Almost complete inhibition of net Ca flux 
Almost complete inhibition of 

unidirectional Ca influx 
60% inhibition of unidirectional Ca 

influx 
Inhibition of unidirectional Na and 

CI influx at gills 
70% inhibition of unidirectional Ca 

influx at 17 h 
50% reduction in unidirectional Ca 

influx 
60% reduction in unidirectional Ca 

influx 
55°/, reduction in Ca influx at 1-2 h 
Significant (28°/,) reduction in Ca 

uptake by isolated scale patches 
Significant (34%) reduction in Ca uptake 

by isolated scale patches 

Inhibition of unidirectional Ca influx 
Inhibition of unidirectional Ca influx 
Lowered haemolymph concentrations of 

Na, K and C1 
Rise in haemolymph Cd 
Inhibition of unidirectional Na influx 

Inhibition of unidirectional Na and Ca 
influx 

Inhibition of unidirectional Ca influx 

Decrease in haemolymph Na and Ca 
at 14 days 

Rombough & Oarside (1984) 
Rombough & Garside (1984) 
Spry & Wood (1985) 
Reid & McDonald (1988) 

Reid & McDonald (1988) 

Laurdn & McDonald (I 986) 

Verbost et al. (1989) 

Reader & Morris (1988) 

Reader & Morris (1988) 

Verbost et al. (1992) 
Sauer & Watabe (1988) 

Sauer & Watabe (1988) 

Wright (1980) 
Wright (1980) 
Bjerregaard & Vislie (1985a) 

Bjerregaard & Vislie (1985b) 
Wright & Welbourn (1991) 

Wright & Welbourn (1991) 

Wright & Welbourn ( 1991 ) 

Wright & Welbourn (1993) 

*pM kg -1 (in food). 
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implicated in this regard. A complex relationship 
between aluminium toxicity and pH has been explained 
by Booth et  al. (1988) in terms of two different physico- 
chemical models. One relies on the pH-dependent 
formation of polymers and/or precipitates (Schofield & 
Trojnar, 1980), and the other is based on the differential 
toxicities of mono-, di- and trivalent AI species which 
alter proportionately at different pH values. The 
authors stress that neither mechanism is mutually 
exclusive, and that the predominance of one mechanism 
over the other may depend on several factors, including 
both Ca concentration and pH. These models and the 
gill surface interaction model developed by Pagekopf 
(1983) remain essentially chemical in nature. 

Evidence for Involvement of Trace Metals with 
Active Ionic Pumps 

Several pieces of circumstantial evidence point to the 
involvement of active ionic pumps in trace metal 
accumulation. Ion-transporting cells (e.g. chloride cells) 
in aquatic animals are concentrated in gill tissue, and 
several studies demonstrate that the gills are the 
primary site of uptake of many trace metals in fish 
(Table 3). This, coupled with the apparently competit- 
ive relationship between metal uptake and calcium 
uptake, strongly suggests the existence of a common 
route of uptake. 

For further evidence, it is necessary to focus on 
situations where an active ionic pump is stimulated, and 
this results in enhanced trace metal uptake. For 
example, Spry & Wood (1988) demonstrated increased 
zinc uptake by rainbow trout, following a soft water 
acclimation which led to a proliferation of chloride cells 
in the gill tissues. Zia & McDonald (in press) provided 
contradictory evidence for zinc, but found enhanced 
cadmium uptake by rainbow trout following acclima- 
tion to soft water. However, they reported little sign of 
cadmium concentration in the chloride cells. They 
agreed with Verbost et  al. (1989) that cadmium 
probably enters via calcium channels, but concluded 
that such channels may not be restricted to chloride 
cells. It was postulated that cadmium may pass through 
non-specific channels on pavement cells (Zia & 
McDonald, in press). Requirements for skeletal calcium 
are particularly high during both early fish development 
and the crustacean moult cycle, and probably rely on 
active calcium pumps. Even in saline environments 
where calcium is relatively plentiful, rapid calcification 
is essential for post-moult crustaceans to feed, move 
and avoid predation. The increased uptake and/or 

TABLE 3 

Studies showing the importance of trace metal uptake via the gills 
of fish. 

Species Metal Reference 

Pleuronectesplatessa Zn, Mn Pentreath (1976) 
Salmo gairdneri Hg (as CH3HgCI ) Olson et al. (1978) 
Gambusia affinis Cd Williams & Giesy (1978) 
Salmo gairdneri Cd Pfirt et al. (1985) 
Salmo gairdneri Zn Spry & Wood (1988) 
Salmo trutta Ni Tj~ilve et al. (1988) 
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toxicity of trace metals, notably cadmium, in moulting 
crustaceans (Wright, 1977b; Wright & Frain, 1981; 
White & Rainbow, 1986; McCahon & Pascoe, 1988; 
Bodar et al., 1990; Zanders & Rojas, 1992; DeLisle & 
Roberts, 1994) strongly suggests a metal-calcium 
interaction at the level of the calcium pump, although 
whether this represents competitive or non-competitive 
inhibition by trace metals requires further investigation. 

Interference by trace metals with the calcification of 
early life stages of fish may begin in sexually mature 
females. The exposure of vitellogenic rainbow trout 
showing increased plasma calcium levels to 0.88 IXM 
cadmium resulted in a decrease in free plasma calcium; 
a reduction in protein-bound calcium; and reduced 
binding of calcium to vitellogenin. The resultant 
hypocalcaemia was consistent with cadmium inter- 
ference with ion regulating tissues (Haux et aL, 1988). 

Figure 7 shows the effect of cadmium on calcium 
uptake by white perch eggs over the first 42 h after 
fertilization at three different levels of hardness, these 
containing respectively 10, 50 and 113 mg Ca 1-1 
(Wright, unpublished data). In cadmium-exposed eggs, 
an early peak (6 h) in calcium uptake was seen, which 
was not apparent in control eggs. Thereafter, the 
calcium uptake rate fell and became inversely related to 
the degree of cadmium exposure. In all cases, control 
eggs developed very significantly higher concentrations 
of calcium relative to the cadmium-exposed eggs. 
Experiments with the eggs of Fundulus heteroclitus 
(Meteyer et al., 1988) extended the cadmium exposure 
period to 2 days post-hatch (7.5 days from fertiliza- 
tion), and demonstrated a virtually complete cessation 
of calcification in the presence of 4.5 ~tM cadmium. 
Michibata (1981) and Michibata et al. (1986) demon- 
strated the existence of a competitive effect between 
calcium and cadmium accumulation by the eggs of 
Oryzias latipes, which was described principally in 
physicochemical terms. 

Most of the cadmium in the foregoing studies was 
found in the chorion. Similar results were obtained by 
Beatty & Pascoe (1978) for rainbow trout eggs, and by 
Peterson & Martin-Robichaud (1986) studying cad- 
mium uptake by eggs of the salmon, Salmo salar. 

Bioconcentration factors for S. salar eggs were 
approximately 1000, 100 and 10 for the chorion, 
embryo and perivitelline fluid, respectively. Peterson & 
Martin-Robichaud (1986) concluded that cadmium 
levels in the chorion and perivitelline fluid could be 
governed by physicochemical parameters such as the 
electrochemical potential and charge density on 
chorionic proteins, but that cadmium uptake by the 
yolk and embryo . . .  'involves uptake mechanisms 
specific to living tissues and is less dependent upon the 
chemical nature of the ambient medium'. 

Probably the most direct evidence for the involve- 
ment of trace metals with ionic regulatory mechanisms 
comes from studies of their effect on ATPase activity in 
ion-transporting epithelia (Table 4). Several interesting 
points emerge from these data. Refinement of metal 
buffering systems and models for describing ionic 
calcium activities, together with the development of 
vesicular epithelial preparations, have led to some 
remarkable values describing calcium-cadmium inter- 
actions in the gills and intestinal epithelia of fish. The 
reported IC50 of 8.2 pM for cadmium effects on Ca 2+ 
ATPase in tilapia intestine (Schoenmakers et al., 1992) 
means that any unbound cadmium in this tissue will 
inhibit the calcium pump. These authors postulated that 
cadmium transport into the blood may occur via 
cadmium/calcium competition for sites on a calcium/ 
sodium antiporter. 

Cadmium inhibition of the Na/K ATPase is not 
perceived to occur as a result of direct competitive 
inhibition, but through the displacement of Mg 
associated with the enzyme, leading to non-competitive 
inhibition. Cadmium inhibition of calcium uptake by 
fish gills was regarded by Verbost et al. (1989) to result 
from the blockage of apical channels by Ca 2÷, which 
would then be inhibited from access to the basolateral 
pump by Cd 2+. Dose-related inhibition of calcium 
uptake by aluminium has also been regarded as 
occurring at the level of the calcium channel (Verbost et 
a/., 1992). Channel closure has been considered to be 
correlated with adenylate cyclase inhibition, in turn 
caused by competitive inhibition of the Mg 2+ co- 
factor by A13+. Roesijadi & Unger (1993) described 
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Fig. 7 Effect of cadmium on calcium uptake by the eggs of white perch 
(Morone americana) at three different levels of water hardness 
(Ca concentrations: low hardness, 10 nag 1-1; medium hardness, 
50 mg 1-1; high hardness, 113 mg 1-1). From unpublished data of 
D. A. Wright. 
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TABLE 4 

Interactions between trace metals and ion-regulating ATPase enzymes in aquatic animals. 

Species Metal Effect Reference 

Rutilus rutilus Hg; Cu 
Rutilus rutilus Zn; Pb 
Fundulus heteroclitus Cu 

Fundulus heteroclitus Zn 

Cyprinus carpio Hg 

Salmo gairdneri Cd 
Oreochromis mossambicus Cd 

In vitro inhibition of Ca 2+ ATPase from gills at < 5 ~M Fig* 
In vitro inhibition of Ca 2+ ATPase from gills at < 50 ~tr~ Fig 
Significant reduction in Na/K ATPase activity in opercular 

epithelium at 100 ~tM Cu 
Significant reduction in Na/K ATPase activity in opercular 

epithelium at 10 ~tM Zn 
Significant decrease in kidney Na/K ATPase activity at 0.2 

I~M and Mg ATPase activity at 0.49 it~ Hg 
Gill Ca 2+ ATPase inhibition with an ICs0 of 2 nM 
Inhibition of intestinal Ca 2+ ATPase activity with an ICs0 of 

8.2 pM Cd. Inhibition of intestinal Na/K ATPase with an 
ICs0 of 2.6 ~tM Cd 

Shephard & Simkiss (1978) 
Shephard & Simkiss (1978) 
Crespo & Karnaky (1983) 

Crespo & Karnaky (1983) 

Lan etal. (1993) 

Verbost etal. (1988) 
Schoenmakers et al. (1992) 

Morone saxatilis Sn In vitro inhibition of gill Na/K ATPase and Mg ATPase at Pinkney et al. (1989) 
(as TBTO) 0.5 and 0.25 I~M, respectively 

Fundulus heteroclitus Sn In vitro inhibition of gill Na/K ATPase and Mg ATPase at Pinkney et al. (1989) 
(as TBTO) 0.1 and 0.025 ~tM, respectively 

*Lower inhibitory Hg and Cu concentrations compared with Zn and Pb result from increased refinement of preparation in this case. 

energy-dependent cadmium uptake by the gill of the 
oyster C virginica, which was inhibited by calcium 
channel blockers. They postulated the participation of 
an ATP-dependent protein kinase, which could 
facilitate the movement of both calcium and cadmium 
through calcium channels, but did not suggest the 
involvement of a Ca 2+ ATPase in this tissue. The 
demonstration of a sulphydryl-rich Ca 2+ ATPase in the 
gills of M. edulis (Viarengo et al., 1991), however, 
implies that a re-examination of bivalve molluscs may 
be merited. Viarengo et al. (1993) showed that trace 
metals significantly inhibited gill Ca ATPase in the 
order Hg 2+ > Pb 2+ > Cu 2+ > Cd 2+ > Zn 2+. Inhibition was 
reversed by the addition of glutathione to the reaction 
medium. 

Several investigators have reported differences in the 
effects of trace metals on fish gill ATPase enzymes, 
depending on whether the exposure occurred in vivo or 
in vitro. In rainbow trout, zinc was shown to increase 
gill Na/K ATPase activity in vivo, but inhibited the 
enzyme in vitro (Watson & Beamish, 1980, 1981). 
Pinkney et al. (1989) reported a similar effect by 
tributyltin on Na/K ATPase activity in the gills of 
striped bass. Stagg & Shuttleworth (1982) found in- 
vitro copper inhibition of Na/K ATPase activity in 
flounder gill. In vivo, there was an apparent 19% 
enhancement of ATPase activity, although ouabain 
binding studies suggested a 50% increase in the number 
of enzyme sites. Therefore, activity on a per unit 
enzyme basis was actually lower in vivo. The authors 
hypothesized that the increase in pumping sites was a 
compensatory reaction to copper exposure. 

Membrane-Level Control of Trace Metal Loss 

There have been relatively few studies of the 
regulation of trace metal loss at the membrane level in 
aquatic animals. For zinc, where there is good evidence 
of regulation by a variety of aquatic species (e.g. Bryan, 
1964, 1966, 1967; Rainbow & White, 1989), Bryan 
(1964) concluded that urinary loss from the lobster 

Homarus vulgaris represented a significant and con- 
trollable excretory route. Achievement of a maximal 
urine to haemolymph ratio for zinc in excess of four 
following zinc loading is certainly suggestive of a 
control mechanism, and this is reinforced by the data in 
Table 5, where a zinc budget constructed from the data 
of Bryan (1964) on H. vulgaris is compared with zinc 
and cadmium data from studies performed on the shore 
crab C maenas (Bryan, 1966; Wright, 1977c). 

Cadmium in C maenas is present at a urine to 
haemolymph ratio consistently <1. The urinary 
cadmium concentration in C. maenas is intermediate 
between the haemolymph cadmium concentration and 
that of filtered serum. This indicates the possible 
secretion of metal into the urine, or the binding of 
cadmium to low molecular weight proteins capable of 
passing through the filter used. Bryan (1966) found a 
similar situation for zinc in this species. However, 
despite the ability of C maenas to increase urine output 
by > 8-fold in dilute seawater (Shaw, 1961), cadmium 
loss remains minor in low salinities. Zinc losses in the 
urine from Zn-loaded C. maenas are approximately 7% 
of the loading rate and may represent a significant 
excretory route, particularly in dilute seawater where 
the zinc loss would be expected to rise proportionately 
with the increase in urine output. In full-strength 
seawater, Bryan (1966) calculated that 85% of zinc loss 
from C maenas occurred via the gills. He postulated 
the presence of a specific branchial zinc uptake 
mechanism, with an exchange component to account 
for this loss. No hard evidence exists to date for such a 
mechanism; however, there is little doubt that the gills 
may represent a major excretory route for trace metals 
in many aquatic animals. 

Although the current discussion is confined to 
mechanistic aspects of trace metal-ionic interactions 
and their transepithelial movement, it is recognized that 
metallothioneins may play an important part in trace 
metal regulation and that metal-metal interactions may 
occur at binding sites on these and other regulatory 
proteins such as calmodulin (Richardt et al., 1986). 
Trace metal interaction with calcium concretions may 
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TABLE 5 

Urinary trace metal loss in marine crustaceans. 

Marine Pollution Bulletin 

C. maenast C maenas-~ C. maenas¢ 
Homarus vulgaris* 100% SW 100% SW 50% SW 

Assumed weight (g) 400 50 100 100 
Metal Zn Zn Cd Cd 
Urine metal concentration (~tM) 116 61.5 0.95 0.66 
Urine: haemolymph ratio 1.63 § 0.10 0.10 0.14 

serum ratio¶ NA NA 5.4 2.6 
Total body metal content (IXM) 58.5 27 9.50 16.0 
Metal uptake rate (~tM day -~) 5.8511 2.0 0.67 1.14 
Daily metal loss in urine (~tM day -~) 2.32** 0.15t+ 0.003~::~ 0.16§§ 
Urine metal loss as % of uptake rate 39.6 7.5 0.45 1.4 

*Data from Bryan (1964). 
tData from Bryan (1966). 
.~Data from Wright (1977c). 
§Mean from Zn-loaded animals. Several individuals showed much higher ratios. The maximum was 4.6. 
¶'Serum' was a filtrate through a nominal 10 000 MW cut-off filter. 
I I Resultant of six injections each of 9.75 rtm Zn over a 10-day period and therefore not a true uptake rate. 
**Based on 5% body wt day -~ urine output for a marine crustacean, using literature data discussed by Shaw (1961). 
~tBased on 5% body wt day -~ quoted by Bryan (1966). 
~¢Based on 3.6 body wt day -~ measured for C. maenas in 100% SW. 
§§Based on 24% body wt day -~ calculated by regression of data for urine flow in Shaw (1961) vs salinity. 

also provide the potential for metal regulation, although 
the role that granules play in metal detoxification and 
excretion requires further investigation (Silverman et  al., 
1987). 

Conc lus ions  

There are only isolated instances of a toxic threat to 
aquatic animals through interference by trace metals 
with processes involved with monovalent ionic regu- 
lation, except where trace metals are coupled with low 
pH conditions (e.g. Laur6n & McDonald, 1986). 
However, several examples exist of interactions 
between trace metals and various aspects of calcium 
metabolism. Good evidence exists for the sharing of an 
epithelial regulatory mechanism between calcium and 
trace metals (notably cadmium) at several different 
levels, e.g. calcium channels; calmodulin; ATPase. 
However, the degree to which this occurs varies con- 
siderably from species to species, and probably also 
within a species according to developmental calcium 
needs. Little evidence exists for specific transepithelial 
regulatory mechanisms for trace metals, as initially 
postulated by Bryan (1966). However, the demonstra- 
tion of an asymptotic Michaelis-Menten-type curve 
relating copper uptake by rainbow trout gills to external 
copper concentrations (Laur6n & McDonald, 1986) 
suggests that such mechanisms may yet be demon- 
strated for trace metals having a distinct physiological 
role. 
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Lead (Pb) is a heavy metal and a potentially haz-
ardous environmental pollutant. In this study, the
potential of lead to induce oxidative stress in bio-
logical systems was assessed using the cyanobacte-
rium Hapalosiphon fontinalis-339 as model test
organism. The impact of lead toxicity on the cellular
antioxidant system and the biochemical modulations
that result in generation of antioxidant defense
responses were also studied. To determine the
effect of Pb toxicity, the test organism was grown in
the presence of various concentrations (0.05, 0.10,
0.20, 0.40, 0.80, 1.0, 1.20, and 1.25 mg Æ L)1) of
exogenous lead chloride (PbCl2), and its effects on
growth were observed in terms of the change in chl
content. There was a significant increase in metal
uptake by the alga with a concomitant decrease in
growth. Lead stress appeared to significantly up-
regulate the levels of stress-related antioxidant
enzymes—such as superoxide dismutase (SOD),
ascorbate peroxidase (APX), and glutathione reduc-
tase (GR)—while a decrease in catalase (CAT) levels
was observed. In addition, the levels of nonenzymat-
ic antioxidants, oxidized and total glutathione, were
changed. Our results suggest the existence of a
potent antioxidant defense machinery in H. fontinalis-
339 and this organism can be employed to monitor
lead toxicity in the environment.

Key index words: cellular antioxidant; Hapalosiphon
fontinalis-399; oxidative stress; PbCl2 toxicity;
proline

Abbreviations: APX, ascorbate peroxidase; CAT,
catalase; GR, glutathione reductase; Pb, lead;
PbCl2, lead chloride; SOD, superoxide dismutase

Many heavy metals, such as copper (Cu), iron
(Fe), and so forth, are the integral components of
the biosphere and occur in trace amounts in biolog-

ical systems. Conversely, other heavy metals, such as
cadmium (Cd) and mercury (Hg), are not known to
have any physiological function, and even their
trace amounts can promote oxidative damage
directly by increased cellular reactive oxygen species
(ROS), such as superoxide radicals (O2

•)), hydro-
gen peroxide (H2O2), singlet molecular oxygen
[1O2 (1Dg)], and hydroxyl radical (•OH). Redox-
active metals like Cu and Fe catalyze the generation
of hydroxyl radicals by directly participating in the
Haber–Weiss reaction, and other metals without
redox capacity, such as Pb, inactivate the cellular
antioxidant pool and disrupt the metabolic balance,
eventually enhancing the load of cellular ROS
(Stohs and Bagchi 1995, Briat 2002). Because of its
indiscriminate usage in industry, Pb has gained
considerable importance as a potent environmental
pollutant and a health hazard (Steele et al. 1990).
Apart from the natural weathering processes, Pb
contamination in the environment has resulted
from mining and smelting activities, Pb-containing
paints, gasoline, and explosives, as well as from the
disposal of municipal sewage sludges rich in Pb
(Chaney and Ryan 1994). Despite measures adopted
in many countries to limit Pb input to the environ-
ment, it continues to be one of the most serious
global environmental biohazards.

Changes caused by heavy metals on algae
include cell lysis, growth inhibition, reduced pho-
tosynthesis, disturbances in sexual reproduction,
and changes in bioluminescence and encystment
(Haglund et al. 1996, Gledhill et al. 1997, Okamot-
o et al. 1999, Kupper et al. 2002). These modula-
tions in their biochemical systems may help
monitor levels of heavy metals such as Pb. Some
photosynthetic organisms, especially higher plants,
counteract the toxicity of heavy metals by increas-
ing their antioxidative defense systems. They
reduce concentrations of ROS through antioxidant
enzymes (SOD, CAT, APX) as well as nonenzymat-
ic ascorbate, glutathione, flavonoids, tocopherols,
and carotenoids. However, not much is known
regarding the biochemical modulations of the

1Received 6 September 2007. Accepted 30 January 2008.
2Author for correspondence: e-mail sunaina.zutshi@gmail.com.

J. Phycol. 44, 889–896 (2008)
� 2008 Phycological Society of America
DOI: 10.1111/j.1529-8817.2008.00542.x

889



antioxidant defense system in H. fontinalis-339
under Pb. Therefore, the aim of this study was
to determine modulation in the biochemical anti-
oxidant system of this species, which may be used
to monitor Pb toxicity in the environment.

MATERIALS AND METHODS

Microorganism and culturing conditions. The test strain for
the present study, H. fontinalis-339, was obtained from the
National Center for Culture Collection and Utilization of Blue
Green Algae, Indian Agriculture Research Institute, New Delhi.
The algal cells were grown phototrophically in BG-11 medium
(Stanier et al. 1971) containing K2HPO4 (0.04 g Æ L)1),
MgSO4 (0.075 g Æ L)1), CaCl2 (0.036 g Æ L)1), C6H8O7ÆH2O
(0.006 g Æ L)1), NH4Fe (C6H5O7) (0.006 g Æ L)1), CH2ÆN
(CH2ÆCOOH) (CH2ÆCOONa) 2H2O (0.001 g Æ L)1), Na2CO3

(0.02 g Æ L)1), and trace metal mix solution (1 mL) containing
H3BO3 (2.86 g Æ L)1), MnCl2 (1.8 g Æ L)1), ZnSO4Æ7H2O
(0.22 g Æ L)1), Na2MoÆO4Æ2H2O (0.039 g Æ L)1), CuSO4Æ5H2O
(0.079 g Æ L)1), Co (NO3) 2 6H2O (0.049 g Æ L)1). The cells
were maintained at 30 ± 1�C for 21 d, providing light intensity
of 2,000 ± 200 lux. A 12:8 (light:dark) regime was followed,
and pH was adjusted to 8.0 for the appropriate growth of the
organism. The culture was shaken manually two or three times
daily. All glassware was washed with 20% HCl and rinsed
thoroughly with distilled water, prior to use, to prevent the
binding of metals to decrease artifactual observation.

Chemical treatment of PbCl2. To examine the effect of Pb
stress on H. fontinalis-399, the stock solutions of PbCl2 were
prepared in double distilled water (DDW) and sterilized
through the Millipore membrane filter assembly (Millipore,
Shwalbach, Germany). To fresh growth medium was added
stock solution of PbCl2 in a calculated amount. The cultures
were raised in batch culture and were harvested at 5-, 10-, 15-
, and 21-day intervals by filtration through sterile fine nylon
cloth, followed by washing.

Growthmeasurement. Thegrowthof the test strainH. fontinalis-
339 wasdeterminedby chlestimation method (Mackinney 1941).
For estimation of chl 0.05 g wet biomass was homogenized with
10 mL of 95% methanol. The mixture was agitated on a vortex
shaker and then placed in a water bath at 65�C for 30 min
followed by cooling to room temperature. The loss of solvent (by
evaporation) was made up by adding 95% methanol. The pellet
thus formed was discarded after centrifugation (Sigma, Osterode
am Harz, Germany; model 1-3K) at 2,795g for 30 min, and the
absorbance of the supernatant was taken at k650 and k665 against
95% methanol as blank.

Oxidative damage. Oxidative damage in cyanobacterial cells
was measured by the method of Heath and Packer (1968) in
terms of total content of 2-thiobarbituric acid reactive sub-
stances (TBARS) and expressed as the equivalent of malondi-
aldehyde (MDA) with minor modifications (Cakmak and Horst
1991). Fifty milligrams of culture was ground in 3 mL of 0.1%
(w ⁄ v) trichloroacetic acid (TCA) at 40�C following centrifuga-
tion at 13,000g for 2 min. An aliquot of 0.5 mL from the
supernatant was added to 1.5 mL TBA (0.5% in 20% TCA).
Samples were incubated at 95�C for 20 min, and the reaction
was stopped by incubating in an ice bath. Centrifugation at
1,000g for 5 min was performed, and absorbance of the
supernatant was measured at 532 nm and corrected for
nonspecific turbidity by subtracting the absorbance at
600 nm. The concentration of MDA was calculated using its
extinction coefficient (155 mM)1 Æ cm)1).

Proline estimation. Proline content in cyanobacterial bio-
mass was estimated by the method of Bates et al. 1973. Here,
250 g of wet algal mass was homogenized in 10 mL of 3%
sulphosalicylic acid and centrifuged at 7,826g for 10 min. To

2.0 mL of the filtrate, proline-detecting solution was added
(2 mL glacial acetic acid and 2 mL of ninhydrin solution)
and placed in a boiling water bath for an hour. The reaction
was stopped in an ice bath, and then 4 mL toluene was
added to each sample. The samples were shaken on a vortex
mixer and kept standing for 30–60 s to allow the organic
layer to separate. The absorbance was read at k520 on a
UV–Vis spectrophotometer (model DU-640B; Beckman, Full-
erton, CA, USA). The proline content was calculated from a
proline solution standard curve.

Protein estimation. The protein concentration was deter-
mined by the Lowry method (Lowry et al. 1951) with BSA
(Merck, Darmstadt, Germany) as standard.

Enzyme assay. The method of Dhindsa et al. 1981 was
followed with slight modification for estimating SOD activity.
Fresh biomass (50 mg) was homogenized in 2 mL of extraction
mixture (0.5 M Na-phosphate buffer, pH 7.3, 3 mM EDTA, 1%
PVP, and 1% Triton X 100) and centrifuged at 11,269g at 4�C.
SOD activity in the supernatant was assayed by its ability to
inhibit photochemical reduction of nitroblue tetrazolium
(NBT). The assay mixture, consisting of 1.5 mL reaction buffer
containing 0.1M Na-phosphate buffer, pH 7.5, 1% PVP, 0.2 mL
of L-methionine, 0.1 mL enzymes extract with equal amount of
1 M NaHCO3, 2.25 mM NBT solution, 3 mM EDTA, 60 lM
riboflavin, and 1.0 mL of DDW was incubated under a 15 W
florescent lamp at 28�C. Fifty percent reduction of NBT was
considered as one unit of enzyme activity.

CAT activity was determined by the method of Aebi
(1984). Fresh biomass (50 mg) was homogenized in 5 mL of
extraction buffer (0.5 M Na-phosphate buffer, pH 7.3, 3 mM
EDTA, 1% PVP, 1% Triton X 100) and was centrifuged at
7,826g for 20 min at 4�C. CAT activity in the supernatant was
determined by monitoring the disappearance of H2O2,
measuring a decrease in absorbance at 240 nm. Reaction
was run in a final volume of 1 mL of reaction buffer (0.5 M
Na-phosphate buffer, pH 7.3) containing 0.1 mL, 3 mM
EDTA, 0.2 mL of enzyme extract, and 0.6 mL of
3 mM H2O2 for 3 min. CAT activity was calculated by using
the coefficient of absorbance of 0.036 mM)1 Æ cm)1. One unit
of enzyme determines the amount necessary to decompose
1 lmol of H2O2 per min.

APX was estimated by the method of Nakano and Asada
(1981). Fresh biomass (50 mg) was homogenized in 5 mL of
extraction buffer (0.5 M Na-phosphate buffer, pH 7.3, 3 mM
EDTA, 1% PVP, 1% Triton X 100) and was centrifuged at
7,826g for 20 min at 4�C. APX activity was determined in
supernatant by the decrease in absorbance of ascorbate at
290 nm, due to its enzymatic breakdown, 1 mL of reaction
buffer contained 0.5 mM ascorbate, 0.1 mM H2O2, 0.1 mM
EDTA, and 0.2 mL of extract containing enzyme. The reaction
was run for 3 min at 25�C. APX activity was calculated by using
coefficient of absorbance 2.8 mM)1 Æ cm)1. One unit of
enzyme determines the amount necessary to decompose
1 lmol of ascorbate per min.

GR activity was determined by the method of Foyer and
Halliwell (1976) and modified by Rao (1992). Fresh biomass
(50 mg) was homogenized in 2 mL of extraction buffer (0.1 M
Na-phosphate buffer, pH 7.0, 3 mM EDTA, 1% PVP, 1% Triton
X 100) and was centrifuged at 7,826g for 10 min at 4�C. The
supernatant was immediately assayed for GR activity through
glutathione-dependent oxidation of NADPH at 340 nm. One
mL reaction mixture containing 0.2 mM NADPH, 0.5 mM
oxidized form of glutathione (GSSG), and 0.2 mL of enzyme
extract was kept for 5 min at 25�C. Corrections were made for
any GSSG oxidation in the absence of NADPH. The activity was
calculated by using coefficient of absorbance 6.2 mM)1 Æ cm)1.
One unit of enzyme denotes the amount necessary to decom-
pose 1 lmol of NADPH per min.
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Glutathione content. Reduced (GSH), oxidized (GSSG), and
total glutathione (GSH + GSSG) were determined by the
glutathione recycling method (Anderson 1985). Fresh biomass
(50 mg) was homogenized in 2 mL of 5% sulphosalicylic acid
at 4�C. The homogenate was centrifuged at 7,826g for 10 min.
To 0.5 mL of supernatant, 0.6 mL of reaction buffer (0.1 M
Na-phosphate buffer, pH 7.0, 1 mM EDTA) and 0.04 mL of
0.15% 5,5-dithiobis-2-nitrobenzoic acid (DTNB) were added
and read at 412 nm after 2 min. To the same mixture, 0.04 mL
of 0.4% NADPH and 0.002 mL of GR (50 mg enzyme unit)
were added, and the reaction was run for 30 min at 25�C. The
samples were again read at 412 nm to determine the total
glutathione.

Atomic absorption spectrophotometry. The samples were dried
at 80�C in an oven. Dry powdered samples (0.05 g) were
digested in acid mixture containing concentrated HNO3 and
HCl in (2:1) ratio. The digested filtered (Whatman no. 42)
clear solution was diluted to standard volume (i.e., 100 mL)
with DDW (Jarvis et al. 1976, Jones et al. 1998, Franson 1998).
The Pb contents in the solution were estimated in ppm using a
flame atomic absorption spectrometer (Video11; Thermo
Jarrell Ash Corporation, Franklin, MA, USA), using a cathode
lamp as source and an air- acetylene flame. Measurements were
made at k283.3 nm. All determinations were carried out in
triplicate. The final values in lg Æ g)1 dry weight (dwt) were
calculated by using the following formula:

Metal content ¼ X � V � D=W ð1Þ
where X is reading in ppm, V is final volume, D is dilution
factor, and W is dry weight of samples.

RESULTS

Growth effects. Exogenous addition of different
concentrations (0.05, 0.10, 0.20, 0.40, 0.80, 1.00,
1.20, 1.25 mg Æ L)1) of PbCl2 to the growth media
was carried out, and H. fontinalis-339 cultures were
exposed to them. UV–Vis spectrophotometry and
atomic absorption spectrophotometry were per-
formed to measure the growth and metal uptake,
respectively. Growth observations were taken on the
5th, 10th, 15th, and 21st days (Fig 1). These results
indicate that the growth of H. fontinalis-339 started

to be impeded as early as 1 d after Pb treatment
compared to the control, and the extent of growth
inhibition was dose dependent. To ascertain the
concentration of Pb capable of causing 50% dose
inhibition, the inhibitory concentration (IC50) for
growth ⁄ chl was calculated (Fig. 2, a and b). These
results indicate that at both the 5th day (Fig. 2a)
and the 10th day (Fig. 2b), the 50% inhibition was
achieved at 1.1 and 1.2 mg Æ L)1 of Pb, but (IC50)
was extended to the 15th day with IC50 0.4 mg Æ L)1

of PbCl2 (data not shown).
Major increases in the TBARS MDA contents

were also observed at higher doses of PbCl2
(Fig. 3a), indicating an increased production of free
radicals, which in turn leads to peroxidation of fatty
acids and results in the synthesis of MDA. At
1.20 mg Æ L)1 PbCl2 treatment, �121% increase in
TBARS level was observed compared to control.

In H. fontinalis-339, the activity of SOD and
APX antioxidant enzymes increased with increas-
ing concentration of PbCl2 in the culture medium
(Fig. 3, b and c). The observed increase was up to
35% and 57% in SOD and APX, respectively.
These results indicate that the free radical scav-
enging system gets turned on with lead stress. The
activity of CAT decreased with an increase in
PbCl2 concentration (0.2–1.2 mg Æ L)1). The per-
centage of reduced activity was maximum (77.5%)
at 1.2 mg Æ L)1 with respect to the control shown
in (Fig. 3d).

GR, a crucial enzymatic component of the cellu-
lar resistance mechanism, usually operates in a cycle
with APX. GR activity exhibited a gradual increase
with respect to control; maximum increase was
243.3% at 1.2 mg Æ L)1 PbCl2 (Fig. 4a). The content
of the nonenzymic antioxidant, reduced glutathione
(GSH), decreased (73%) compared to control
(Fig. 4b), while oxidized glutathione and total gluta-
thione increased rapidly in a dose-dependent man-
ner (Fig. 4, c and d).

A pronounced enhancement in total protein was
observed with increasing doses of PbCl2 (Fig 5a).
The maximum protein content was detected in the
sample treated with 1.2 mg Æ L)1 of PbCl2.

We also monitored changes in the proline (imino
acid) that serves as an important osmolyte to coun-
teract changes in cell osmolarity and also acts to
scavenge heavy metals by sequestering them. An
increasing trend in proline concentration was
observed compared to the control (Fig. 5b), indicat-
ing that proline also plays an important role in
heavy metal stress in H. fontinalis-339.

The amount of Pb taken up by the cyanobacte-
rial cells was measured using atomic absorption
spectrophotometry. The uptake of lead increased
with increasing concentration of PbCl2 in the cul-
ture medium in a concentration-dependent man-
ner (Fig. 5c). However, the rate of lead uptake
became stationary after 1.0 mg PbCl2 concentra-
tion in medium.

Fig. 1. Effect of lead exposure on the growth of the cyanobac-
teria Haplosiphon fontinalis-399. Cyanobacteria cultures were trea-
ted with indicated doses of PbCl2 as described in the Materials
and Methods. The growth of the culture was monitored by taking
absorbance for determining chl content at various time points as
indicated.
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DISCUSSION

We have determined the effect of Pb exposure
on the biochemical modulation of a cyanobacterial
system. Pb exposure resulted in a dose-dependent

enhancement in the production of ROS as reflected
by the higher production of MDA. The antioxidant
defense system was also turned on as reflected by
the increase in SOD and APX contents in response
to Pb stress. After heavy metal exposure in the

Fig. 2. Determination of inhibitory concentration (IC50) of lead on the growth of the cyanobacteria. Cells were treated with indicated
concentrations of lead as shown on the x-axis, and the changes in chl content were monitored. Harvested samples after (a) 5 d exposure
and (b) 10 d exposure.

Fig. 3. Effect of lead exposure on (a) malondialdehyde (MDA) content, (b) superoxide dismutase (SOD), (c) ascorbate peroxidase
(APX), and (d) catalase (CAT) in Hapalosiphon fontanilis-399. The cyanobacterial culture was treated with the indicated amount of lead in
(mg Æ L)1) for a period of 21 d as described in the Materials and Methods. The graphical representation is shown. Bars indicate the mean
of the three independent probes ±SE. The P-values represent the level of significance as compared to control and calculated by standard
statistics analyses. P < 0.05 was considered statistically significant. Bars devoid of P-value are more than P < 0.05 but less than P < 0.01, indi-
cating higher significance throughout the text.
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Fig. 4. Effect of lead treatment on (a) glutathione reductase (GR), (b) reduced glutathione (GSH), (c) oxidized glutathione (GSSG),
(d) and on total glutathione in Hapalosiphon fontanilis-399. The graphical representation is shown. Bars indicate the mean of the three
independent probes ±SE. The P-values represent the level of significance as compared to the control and calculated by standard statistics
analyses. P < 0.05 was considered statistically significant.

Fig. 5. Effect of lead exposure on (a) total soluble proteins, (b) proline levels, (c) lead uptake by cyanobacterial cells in lg Æ mL)1.
Cultures were exposed to various concentrations of lead (mg Æ L)1) as indicated for a period of 21 d. The metal uptake in lg Æ mL)1 is
shown on y-axis.
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marine dinoflagellate Gonyaulax polyedra (Okamoto
et al. 1996) and the diatom Ditylum brightwellii
(Rijstenbil et al. 1994), ROS metabolism is affected,
which results in increased oxidation of proteins and
lipids, and increased levels of SOD, APX, and b-car-
otene, while in the green macroalga Enteromorpha
prolifera, the glutathione redox ratio is decreased
(Rijstenbil et al. 1998).

The toxic impact of PbCl2 on H. fontinalis-339
growth was quite prominent (chl) as indicated by
the effective IC50 value. The toxicity of Pb on cyano-
bacteria and algae may be caused by factors involv-
ing binding of the metal onto the thylakoid or
other membranes, which eventually leads to mem-
brane damage and impedes photosynthetic activi-
ties. Another possible effect of Pb toxicity may be
attributed to the interaction of the Pb ion with po-
lyphosphates in the cell, which results in loss of
phosphate nutrients through the precipitation of
insoluble lead phosphate (Vymazal 1995).

In this study, MDA content increased with
increasing concentration of PbCl2 with concomitant
decrease in growth, suggesting that PbCl2 toxicity is
probably elicited through generation of ROS as a
result of Pb stress. Induction of oxidative stress by
heavy metals might be due to blockage of electron
flow in PSII (Kato and Simizi 1985). Lipid peroxida-
tion can be enhanced by higher activity of the iron-
containing enzyme lipoxygenase (Thompson et al.
1987). Moreover, some routes of H2O2 generation,
other than through dismutation of superoxide,
might be accelerated by Pb2+ treatment (Choudhari
1988).

Up-regulation of SODs is essential for combating
the oxidative stress and catalyzing the dismutation
of O2

•) O2 and H2O2. SOD acts as an enzymatic
protector (antioxidant) against peroxidation (Ruley
et al. 2004, Reddy et al. 2005). Our results show
increased activity of SOD in H. fontinalis-339 grow-
ing under toxic levels of lead, the trend of increase
being dose dependent. SOD activity has been
reported to increase under salinity (Combo et al.
1998), water stress (Baisak et al. 1994), and UV-B
radiation (Malanga and Puntarulo 1995). The
increase in SOD activity in response to stresses
appears to be due to de novo synthesis of enzymatic
proteins (Lozano et al. 1996). SOD activity is of
more relevance in metal stress studies for the main-
tenance of the overall defense system of a plant sub-
jected to oxidative damage (Slooten et al. 1995).

APX and GR are indispensable components of
the ascorbate-glutathione pathway, required to scav-
enge H2O2 produced mainly in chloroplasts and
other cell organelles and to maintain the redox
state of the cell (Asada 1992). APX utilizes the
reducing power of ascorbic acid to eliminate poten-
tially harmful H2O2. Our results indicate an
enhancement in the activity of APX in response to
Pb stress. The activity of GR suggests that the
GSH ⁄ GSSG ratio is kept high under normal condi-

tions. Under oxidative stress, increased GR activity
could be required to supply GSH to the ascorbate-
glutathione (Asc-Glu) cycle. Our results show
increased GR activity in Pb-treated H. fontinalis-339,
which suggests possible involvement of GR in regen-
erating GSH from GSSG under Pb toxicity condi-
tions to increase GSH ⁄ GSSG ratio and the total
glutathione pool (Noctor and Foyer 1998). Increase
in the activity of GR has been attributed to the de
novo synthesis of the enzyme (Baisak et al. 1994).
Similar induction was reported in response to chill-
ing (Fadzillah et al. 1996), drought (Mittler and
Zilinskas 1994), ozone toxicity (Kubo et al. 1995),
Cu toxicity (Weckx and Clijsters 1996), and UV-B
radiation (Hidge et al. 1997).

Reduced glutathione helps in ascorbate regenera-
tion (Noctor and Foyer 1998), regulates the protein
thiol-disulfide exchange reactions (Rennenberg
1982), increases stress tolerance, and seems to be
an important signal molecule (May et al. 1998). In
this study, the GSH pool reduced and GSSG accu-
mulated, suggesting an adaptative mechanism.

Stress conditions possibly cause a depletion of
CAT activity by reducing the rate of protein turn-
over (Hertwing et al. 1992). The function of CAT is
to metabolize the peroxide liberated in the peroxi-
some following the conversion of glycolate during
photorespiration. A decline in CAT activity under
Pb toxicity was observed in our study. Decline in
CAT activity is regarded as a general response to
many stresses supposedly due to the inhibition of
enzyme synthesis or change in assembly of the
enzyme subunits (Mac Rae and Ferguson 1985).
The decrease in CAT activity could indicate its inac-
tivation by accumulation of H2O2 induced by lead.
CAT activity is reported to decline with progress of
oxidative stress under other abiotic stresses (Zhang
and KirKham 1994, Fadzillah et al. 1996, Combo
et al. 1998).

Proline accumulates rapidly and more frequently
than any other amino acid under unfavorable envi-
ronmental conditions (Lutts et al. 1999), especially
in drought and salt stress in addition to heavy metal
stress. It could be involved in stress resistance mech-
anisms by acting as an osmoprotectant, thereby facil-
itating osmoregulation, protection of enzymes, and
stabilization of cytosolic acidity (Alia and Saradhi
1991). Considerable accumulation of proline
occurred in H. fontinalis-339 in response to PbCl2.
Similar trends were reported in other cyanobacteria
(Anacystis nidulans) and algae (Chlorella sp.) in the
presence of heavy metal stress (Wu et al. 1995).
There was also an increase in protein content with
increasing concentration of lead stress. Considering
the protein molecules as primary metal-binding sites
of the cells of the organisms, the possible increase
might be due to the sequestering of Pb, thereby
reducing metal toxicity, or due to the synthesis of
metallothionein (Rauser 1993) or metallothione-
ins ⁄ phytochelatins like protein (Mallick et al. 1994)
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or other binding peptides that temporarily sequester
heavy metal concentration in the cells and thus
reduce their toxicity. Taken together, our results
strongly indicate the presence of a sufficient antioxi-
dant defense system in H. fontinalis-339 to fight
against Pb stress. In addition, these changes in the
biochemical parameters may be used as a helpful
tool in monitoring Pb toxicity in diverse habitats
and to devise strategies to contain this source of pol-
lution.

Taken together, our results suggest that exposure
of PbCl2 causes oxidative stress in the cyanobacte-
rium H. fontinalis-339, and this strain possesses an
efficient cellular antioxidant defense system. SOD,
APX, GR in association with proline probably
quench ROS to allow this organism to grow under
conditions of heavy metal (Pb) stress. In addition,
H. fontinalis-339 can act as a potential biomarker for
monitoring Pb toxicity in the environment.

We are grateful to University Grants Commission, Govern-
ment of India for financial assistance.
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RESOLUTION NO. 5065 

A RESOLUTION TO OPPOSE THE TRANSPORT OF COAL FOR 
EXPORT THROUGH EUGENE. 

The City Council of the City of Eugene finds that: 

A. In October 2011, the Oregon International Port of Coos Bay (the "Port") signed an 
exclusive negotiating agreement with an anonymous company interested in shipping coal from 
the Port. The proposal, called Project Mainstay, would build a new terminal and ship 6-10 
million tons of coal per year. 

B. This coal would originate in Wyoming and Montana and would be shipped to Asia. 
The Port of Coos Bay indicated that as many as 10 trains with 120 to 135 cars that are 1.5 miles 
long could pass through Eugene per week. At 10 to 15 mile per hour these trains could block 
intersections in Eugene for 5 minutes. This would increase traffic and the risk of delaying 
emergency vehicles at rail crossings. 

C. According to findings from the Environmental Protection Agency and research in 
other communities; there are likely to be significant negative impacts to Eugene's public health, 
economy, and air and water quality. 

D. These mile and half long trains which typically carrying 100 tons of coal; can lose up 
to 3% of their load in transit in coal dust. The train cars are not likely to be covered due to danger 
of fires, and nor are they likely to be sealed with a surfactant to prevent the coal dust loss en 
route because of the additional cost of applying the surfactant. 

E. This coal dust will have a negative impact on local businesses, farms, homes and 
crops. Property values along coal transport routes have also been shown to decline. As well, 
local food production is likely to sustain adverse impacts which are counter to our community's 
desire to increase local healthy food production. 

F. Coal dust contains toxic heavy metals, including mercury, arsenic, and lead; all 
known to have serious adverse health impacts on people of all ages, particularly children. These 
heavy metals, as well as emissions from the diesel-powered engines, are linked to increases in 
cancer, bronchitis, emphysema, black lung disease and birth defects. The train tracks through 
Eugene go directly through neighborhoods with populations that already face adverse health 
impacts. 

G. Mercury and other toxic air pollutants produced from burning the coal in Asian 
nations have been shown to adversely impact the Northwest's air, water, fish, and wildlife. 

H. Exporting to, and burning coal in, Asia for electricity production will increase 
greenhouse gases (GHG) and hasten the adverse effects of global warming. Exporting coal to 
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Asia will extend the period of time that Asian nations are reliant on coal, resulting in greater 
worldwide GHG emissions and other air pollution. It is difficult to see how exporting coal fits 
into the larger strategy of moving to a lower carbon future. 

I. The City of Eugene is a leader in the fight for clean air, and against climate change, by 
signing on to the US Mayors Climate Protection Agreement, creating our award-winning 
Community Climate and Energy Action Plan (CEAP), and by establishing Council goals to 
become carbon neutral in City-owned facilities and operations by 2020, and to reduce 
community-wide fossil fuel use by 50% by 2030. 

NOW, THEREFORE, 

BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY OF EUGENE, a 
Municipal Corporation of the State of Oregon, as follows: 

Section 1. While we strongly support the use of rail on the Coos Bay Rail Link for 
freight, and the resulting jobs at the Port of Coos Bay; we find that coal trains through our City 
will have adverse social, economic, and environmental consequences for Eugene without much, 
if any, economic benefit to our community. Allowing coal trains to pass through our City is not 
compatible with the City's efforts to improve air quality, enhance public health, and promote 
local food production. 

Section 2. Exporting coal to Asia for electricity production is inconsistent with Eugene's 
efforts to reduce GHG emissions that cause climate change, move toward a lower carbon future, 
and to create clean energy jobs. 

Section 3. The City of Eugene shall explore whether there are local, state or federal laws 
protecting public health, safety, and air and water quality that can be used to prevent the 
transport of coal through the City, and if so, take reasonable steps to prevent that transport. 

Section 4. We fully support Governor Kitzhaber's request that a federal agency prepare 
a programmatic and comprehensive environmental impact statement (EIS) under the National 
Environmental Policy Act to look at the unprecedented number of coal export proposals pending 
in the Pacific Northwest, as well as the potential effects in this country of the use of coal in Asia. 
Now is the time for a programmatic EIS, before substantial and irreversible commitments of 
resources are made. 

Section 5. The City of Eugene joins the call for review of a comprehensive, independent, 
health impact assessment before any permits are approved for any proposed coal export project. 

Section 6. This resolution shall be sent to Governor Kitzhaber, Senators Wyden and 
Merkley, Congressman DeFazio, Secretary of the Interior Salazar, Secretary of the Army 
McHugh, General Temple of the US Army Corp of Engineers, Director Abbey of the Bureau of 
Land Management, our local state legislative delegation; and the City shall lobby on its behalf 
where appropriate. 
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Section 7. This Resolution is effective immediately upon its passage by the City 
Council. 

The foregoing Resolution adopted on the 24th day of October, 2012. 

City Recorder 
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RESOLUTION NO. 55-2012 

A RESOLUTION TO OPPOSE THE TRANSPORT OF COAL 
THROUGH MILWAUKIE, OREGON 

The City Council of the City of Milwaukie fmds that: 

A. There are currently proposals for projects that would result in the increase of the 
shipment of coal in open-aired freight trains and barges through Oregon and Washington, 
including as many as four to eight, one to one and a half mile trains passing through Milwaukie 
per week. Even at 30 to 40 miles per hour, these trains could block intersections in Milwaukie 
for two to three minutes at a time. The coal trains would operate on the Union Pacific Railroad 
which generally bisects the city, separating a significant residential section of Milwaukie from its 
downtown. This condition is of heightened concern as a single train could simultaneously block 
the three at-grade crossings at Harrison Street, Oak Street, and 3ih Avenue, which are 
immediately adjacent to the Milwaukie Public Safety Building that houses Police and Fire 
services. 

B. According to findings from the Environmental Protection Agency and research in 
other communities, coal trains are likely to cause significant negative effects on Milwaukie's 
public health, economy, and air and water quality. 

C. These mile and a half long trains which typically carry 100 tons of coal can lose up 
to 3% of their load in transit in coal dust. The train cars are not likely to be covered due to the 
danger of fires presented by the use of fully enclosed cars. 

D. This coal dust will have a negative effect on local businesses, homes and natural 
areas. Property values along coal transport routes have also been shown to decline. As well, local 
food production is likely to sustain adverse effects which are counter to our community's desire 
to increase local healthy food production and the promulgation of community gardens. 

E. Coal dust contains toxic heavy metals, including mercury, arsenic, and lead, all 
known to have serious adverse health effects, especially on children. These heavy metals are 
linked to increases in cancer, bronchitis, emphysema, black lung disease and birth defects. 

F. The open-aired freight cars that coal is transported in are designed to drain moisture 
from the bottom of the car. Water seeping from the bottom of these cars could carry coal dust 
onto the track-way and eventually into the groundwater from which Milwaukie draws its 
drinking water. 

G. Mercury and other toxic air pollutants produced from burning the coal in Asian 
nations have been shown to adversely affect the Northwest's air, water, fish, and wildlife. 



H. Derailment is more likely in coal trains than in other trains. Because many homes and 
businesses are in such close proximity to the rail alignment, a coal train derailment could result 
in significant property damage to residents or business owners in Milwaukie. 

I. The City of Milwaukie is a leader in the fight for clean air and against the negative 
impacts from climate change, as evidenced by signing onto the US Mayors Climate Protection 
Agreement. The City has also committed to reducing its environmental impacts in its day-to-day 
operations. The Milwaukie Sustainability Team (S-Team) is a committee made up of 
representatives from various City Departments that meets bimonthly to discuss sustainability 
issues. This group created the Sustainable City Plan, which was approved and adopted by City 
Council via resolution in March 2009. This Plan guides the City's actions in reducing the 
environmental impact of the City's day-to-day operation. The plan has four target action areas, 
namely: Waste Reduction, Energy & Fossil Fuel Consumption, Procurement, and Ongoing City 
Commitment & Education. The City has further committed to participate in the Portland General 
Electric's renewable energy clean wind green tag program for a minimum of a year, and 
instituted a Green Power Challenge to encourage residents to participate. 

NOW, THEREFORE, 

BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY OF MILWAUKIE, 
a Municipal Corporation of the State of Oregon, as follows: 

Section 1. Allowing coal trains to pass through our City is not compatible with the 
City's efforts to improve air quality, enhance public health, and promote local food production. 

Section 2. Allowing trains or barges to pass through the State of Oregon transporting 
coal in the volume and of the type planned is not compatible with the environmental future 
desired by our City residents. 

Section 3. All applicable federal, state, and local laws protecting public health, 
safety, and air and water quality should be enforced to protect the citizens of Milwaukie and the 
state of Oregon from the adverse effects of coal trains and barges. 

Section 4. The City fully supports Governor John Kitzhaber's request that a federal 
agency prepare a programmatic and comprehensive environmental impact statement (EIS) under 
the National Environmental Policy Act to look at the unprecedented number of coal export 
proposals pending in the Pacific Northwest, as well as the potential effects in this country of the 
use of coal in Asia. Now is the time for a programmatic EIS, before substantial and irreversible 
commitments of resources are made. 

Section 5. The City of Milwaukie joins the call for review of a comprehensive 
independent Health Impact Assessment before any permits are approved for any proposed coal 
export project. 



Section 6. This resolution shall be sent to Governor Kitzhaber, Senators Wyden and 
Merkley, Congressman Schrader, Secretary of the Interior Salazar, Secretary of the Army 
McHugh, General Temple of the US Army Corp of Engineers, Director Abbey of the Bureau of 
Land Management, our local state legislative delegation; in addition the City shall lobby on its 
behalf where appropriate. 

Section 7. This Resolution is effective immediately upon its passage by the City 
Council. 

The foregoing Resolution adopted on the~ day of 6C--h bc.-r '2012. 

Jer~d:Yt} 
ATTEST: APPROVED AS TO FORM: 

Jordan Ramis PC 

Pat DuVal, City Recorder 
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The North Portland Neighborhood Chairs Network is a monthly caucus of the leaders of the eleven neighborhood associations in North Portland 

 
 

Coal Train and Barges Resolution 
North Portland Neighborhood Chairs Network  

July 12, 2012 
 
Whereas the proposed coal trains and barges will likely travel through our North Portland 
neighborhoods and the safety of those trains and barges has not been proven.  
 
Be it resolved, that we request that a comprehensive Health Impact Assessment (to include 

cumulative effects), a programmatic Environmental Impact Statement  and a transportation 

impact analysis be completed and examined before any coal export facility, infrastructure or 

related transport is approved by any Oregon, regional or federal agency. 

  

Arbor Lodge Neighborhood Association 
Kenton Neighborhood Association  

Friends of Cathedral Park Neighborhood Association 
St Johns Neighborhood Association 

University Park Neighborhood Association 
Overlook Neighborhood Association  

Sarah Whitefield, Chair, East Columbia Neighborhood Association 
Hayden Island Neighborhood Network 

Shaun Sullens, Chair, Piedmont Neighborhood Association 
Sam Thompson, Chair, Portsmouth Neighborhood Association 
Leslie Sawyer, Co-Chair, Bridgeton Neighborhood Association  

 
 

 

 

 

 



r.,..11 

',.,'i 
I 

1, ;,1s{Jmsrnr["rryË ,'i 

& ffi $ffi ffiRESOLUTION No. 

Adopt a policy opposillg coal trains traveling through the'Öity of Portland until a 
programmatic, comprehensive and area-wide Environmenial Impact Statement is 
completed. (Resolution) 

WHEREAS, the City of Portland and State of Oregon have committed to greenhouse gas 
reduction goals; and 

WI-IEREAS, in 2009 the City of Portland approved the Climate Action Flan, with a goal 
of achieving a 40 percent reduction in carbon emissions by 2030 and an 80 percent 
reduction by 2050; and 

WHEREAS, in 2011, the City and the County determined that people, businesses and 
organizations had successfully undertaken climate protectibn initiatives resulting in a 
reduction in carbon emission of 26 percent per person cbrhpalèd with 1990; and 

WHEREAS, increasingly, evidence demonstrates the negative impacts of fossil fuel 
mining, processing, transport and combustion on the environment and upon human health 
and the imperative for development of clean renewable energy sources; and 

V/HEREAS, in 2010 the City of Portland worked with rnany community partners and 
Portland General Electric to arrive at an agreement to cease coal operations at the 
Boardman power plant, Oregon's only coal-burning power plant, by 2020 (Exhibit A); 
and 

WHEREAS, toxic pollutants from coal-fired energy plants in Asia rise in the winds and 
are carried in the jet streams over the Pacific Ocean, resulting in increased air pollution in 
the Pacific Northwest; and 

WHEREAS, studies have shown that mercury- a potent neuro-toxin -is released from 
burning coal; and 

WHEREAS, up to one ton of coal dust can escape from each rail car in transit which is a 
health concern because it can cause asthma attacks, pulmonary inflammation, bronchitis, 
emphysema, and cancer; and 

WHEREAS, over 135 Oregon physicians, 180 health professionals and public health 
advocates, the Environmental Justice T'ask Force, the Chairs of 14 Norlh Portland 
Neighborhood Associations, and the Yakama Nation have called on Governor Kitzhaber 
to review a comprehensive Health Impact Assessment before approving any coal export 
permits; and 

V/HEREAS, it is anticipated that new coal export terminals along the Columbia River 
and the Northwest coast will result in significant increases in train traffic on rail corridors 
through Portland; and 
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WHEREAS, noise, diesel emissions, and toxic coal dust frbm the increased rail traffic 
will negatively impact the livability of Porlland's neighbôùoôds and the health of ourt "' citizens; and 
WHEREAS, increased rail traffic through Portland will obstruct local roads, causing 
additional noise, air pollution, loss of property values, delayç of emergency vehicles, 
commuters, business and domestic traffic in residential cómmúnities and business ' ¡1: 1r i-r "': I Idistricts; and 
WHEREAS, Portland has strived to be a leader in developing and implementing clean 
energy technologies and practices, promoting sustainable'economic development and 
creating clean-energy jobs; and 

WHEREAS, more than twenty cities and counties in the Northwest have passed 
resolutions or written letters expressing their concern abrqut the potential adverse impacts 
of coal exports in their communities, and called for the Aliny Còrps to study the 
cumulative and comprehensive impacts of coal exports; and 

WI{EREAS, local, state and federal officials including Mayor Sam Adams and Governor 
John Kitzhaber have expressed concerns about the real ând potential harm to our 
collective communities, as well as called on the Army Corps of Engineers to require a 
comprehensive Environmental Impact Statement (EIS) 1'or the proposed coal export 
facilities in Oregon and Washington (See Exhibits B-C); 

1nd 

V/HEREAS, the Linnton Neighborhood Association, the North Portland Coalition of 
Neighborhoods, and the Southeast Uplift Coalition of Neighborhoods, which are adjacent 
to rail lines, have called for an area-wide or programmatic Iìnvironmental Impact 
Statement to be performed; and 

WI-IEREAS, Environmental Assessments, as the Army Corps of Engineers currently 
requires, do not thoroughly review the impacts or allow f'or sufficient public input; and 

WHEREAS, coal trains traveling through our city will have significant consequences fbr 
Portlanders, and it is of paramount importance that community members are fully 
engaged in the decision-making process fiom the beginniqg;and 

WHEREAS, undertaking the process of perf'orming a progr'ámmatic and comprehensive 
Environmental Impact Statement will ensure that the efÏects of increased coal export, its 
alternatives, and possible mitigations, are fully considered, and that the community has 
adequate opportunity to comment; and 

NOW TI{EREFORE BE IT RESOLVED that tlie City of'Portland opposes coal export on 
trains through its jurisdiction until the process of a programmatic, comprehensive and 
area-wide Environmental Impact Statement, is completed; and 
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BE IT FURTHER RESOLVED, that the City of Portlarid'joins with Governor Kitzhaber 
in asking that the Army Corps of Engineers, the gureäu'óf Land Management and other 
responsible federal agencies undertake to perform programmatic, comprehensive and 
area-wide Environmental Impact Statements, studying the cumulative and comprehensive 
impacts of increased coal production from federal lands, and the five proposed coal 
export terminals in Oregon and Washington, to allow for fully informed decisions before 

i i .'.1 I t i.lapproving any coal export facility; and 

BE IT FURTHER RESOLVED that the City of Portland intends to address any impacts 
to public health, safety and property caused by the transport of coal through Portland by 
actively enforcing applicable locþl.püblic health, safety;building, electrical and fire 
codes; and ',, 

BE IT FURTHER RESOLVED that the City of Portland intends to address any impacts 
to surface and groundwater caused by the transport of coal through Portland by actively 
enforcing any applicable environmental statutes delegated to the City of Portland; and 

BE IT FURTHER RESOLVED that the City of Portland will request that the Railroad 
cornpanies make public any development plans for increased rail traffic through Portland 
to accommodate coal exports, and to provide adequate 4otice to Portland citizens of any 
plans for new or expanded rail facilities or any anticipated:increases in rail traffrc 
volume; and 

BE IT FURTHER RESOLVED that the City of Portland will request that the Railroads 
provide representatives to meet periodically with local citizen groups and local 
government officials to address local concerns regarding qoal trains through Portland; 
and 

BE IT FURTHER RESOLVED that the City of Portland,will request that the Railroads 
mitigate any public safety hazards created by the transport o.f coal through Portland; and 

BE IT FURTHER RESOLVED that the City of Portland will request that the Railroads 
submit an emergency environmental cleanup plan in case of accidental spills or train 
derailment; and 

, 

BE IT FURTHER RESOLVED that the City of Portland supports economic growth that 
contributes to citizens' health, safety, and well-being, and that on balance, adheres to 
principles of sustainable development and an overall reduction of carbon emissions. 

i¡ 
i'ltt' '' Adopted by the Council: LaVonne Griffin-ValadeSEp 1 g ?012 

Auditor of the Citv of Pordand 
Commissioner Fritz 
Prepared by: Milena Malone 

By 
\:r'l' ,.)l',..- /,t \,,t.:'r, 

Date Prepared: [Sept. 18th,20121 Deputy 
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SUBSTITUTE 
Agenda No. 

RESOLUTION NO. 86e59 
Title 

Adopt a policy opposing coal trains traveling through the City of Portland until a programmatic, 
comprehensive and area-wide Environmental lmpact Statement is completed, (Resolution) 

INTRODUCED BY 
C o m m iss io ne r/Au d itor: 

Comm Fritz 
COMMISSIONER APPROVAL 

Mavor-Finance and Administration - Adams 

Position 1/utirities - rr,r2  - *tæ 
/ V /Position2^¡/orks-F¡sh 

Position 3/Affairs - Saltzman 

Position 4/Safety - Leonard 

BUREAU APPROVAL  
Bureau: N/A  
Bureau Head:  

Prepared by: Milena Malone  
Date Prepared:September 10, 2012  

Financial lmoact & Public  
I nvolvement' Statement  

Completed X Amends Budget n 
Portland Policv Document  
lf "Yes" requires City Policy paragraph stated  
in dOCrmcnt. YesX Nol I 

Council Meetino Date 
September 19i2012 

City Attorney Approval: 
required for contract, code. easement,  
franchise, charter, Comp Plan  

AGENDA 

TIME CERTAN X 
Start time: 2:00 pm 

Total amount of time needed: 60 min 
(for presentation, testimony and discussion) 

coNsENT n 
REGULAR f] 
Total amount of time needed:  
(for presentation, testimony and discussion)  

CLERK USE: DATE FILED 

LaVon ne Griffin-Valade 
Auditor of the City of Portland 

By: 
Deputy 

ACTION TAKEN: 
,r( ¡t.. 

FOUR-FIFTHS AGENDA  COMMISSIONERS VOTED 
AS FOLLOWS: 

YEAS NAYS 

1. F¡ilz  1. FriE 

2. Fish  2. Fish 

3. Saltzman  3. Saltzman 

4. Leonard  I Leonard 

Adams  Adams 



RESOLUTIONNo. I696 2 
Amend Resolution for City policy opposing coal trains traveling through the City of 
Portland to add a section on Health Impact Assessment (Resolution; amend Resolution 
No.36959) 

ÏVHEREAS, substitute Resolution No. 36959, which opposes coal trains traveling 
through the City of Portland until a programmatic, comprehensive and area-wide 
Environmental Impact Statement is completed, was adopted on September 19th, 2012; 
and 

WHEREAS, Resolution No. 36959 inadvertently omitted an action item that had been 
noticed to the public and referenced in the findings; and 

WHEREAS, the omitted action item indicated that the City of Portland supports the 
development and review of a comprehensive Health Impact Assessment prior to approval 
of coal export permits by any state, regional or federal agency. 

NOW, THEREFORE, BE IT RESOLVED, that Resolution No. 36959, which opposes 
coal trains traveling through the City of Portland, is amended to add a sentence in the Be 
It Resolved Section that states: 

"BE IT FURTHER RESOLVED that the City o-f Portland supports the development 
and review o-f a comprehensive Health Impoct Assessment prior to approval qf coal 
export permits b)t any state, regional orfederal agencJt." 

BE IT FURTHER RESOLVED, that all other terms and provisions of Resolution No. 
36959 remain the same and are not affected by this amendment. 

0cT 0 4 2012 
Adopted by the Council: 

Commissioner Fritz 
Prepared by: Thomas Bizeau 
Date Prepared: Sept. 27th,2012 

LaVonne Griffin-Valade 
Auditor of the City of Portland 
By 

Deputy 
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Agenda No. 
RESOLUTION NO. 3696U 

Title 
Amend Resolution for City policy opposing coal trains traveling through the City of Portland to add a 
section on Health lmpact Assessment (Resolution; amend Resolution No. 36959) 

INTRODUCED BY 
Com missioner/Aud ilor: 

Comm Fritz 

COMMISSIONER APPROVAL 

Mayor-Finance and Administration - Adams 

Position 1/Utilities -Friul- A,-
Position 2Morks - Fish 

Position 3/Affairs - Saltzman 

Position 4/Safety - Leonard 

BUREAU APPROVAL  
Bureau: N/A  
Bureau Head:  

Prepared by: Milena Malone 
Date Prepared:September 26, 2012 

Financial lmpact & Public  
I nvolvement' Statement  

Completed X Amends Budqet n 
Portland Policy Document 
lf "Yes" requires City Policy paragraph stated 
i¡ d66ume¡{.Yesl I NoX 
Council Meetino Date 
October 4,2012 

City Attorney Approval: 
required for contract, code. easement,  
franchise, charter, Comp Plan  

AGENDA 

T|ME CERTAN n 
Start time: 

Total amount of time needed: 
(for presentation, testimony and discussion) 

CONSENT X 
REGULAR N  
Total amount of time needed:  
(for presentat¡on, test¡mony and discussion)  

CLERK USE: DATE FILED 

LaVonne Griffin-Valade  
Auditor of the City of Portland  

By: 
Deputy 

ACTION TAKEN: 

FOUR-FIFTHS AGENDA  COMMISSIONERS VOTED 
AS FOLLOWS: 

YEAS NAYS 

1. Frilz  1. Fritz 

2. Fish  2. Fish 

3. Saltzman  3. Saltzman 

4. Leonard I l"on"ro 

Adams Adams 
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Position Statement on Coal Exports from  
Concerned Oregon Physicians to Governor Kitzhaber 

August 27, 2012 
 
Multinational coal companies propose to send coal mined in the Powder River Basin 
by rail and barge through the Pacific Northwest to be loaded onto large ships and 
exported to Asia. If current proposals are approved, that could result in more than 
150 million tons of coal shipped each year. An average of 26 loaded coal trains, each 
one-mile long (or longer) with over 100 cars propelled by four diesel engines, could 
pass through Oregon and/or Washington every day. This will result in the release of 
significant amounts of airborne pollutants and related disease from diesel engines 
and coal dust. The increased train traffic will also cause significant delays at many 
rail crossings, increased risk of vehicle and pedestrian injuries along the tracks, and 
increased noise pollution. As a group of Oregon physicians, we are deeply concerned 
about the health and safety impacts these proposals. 
 
A group of Washington physicians has carefully reviewed data published in peer-
reviewed medical journals which show that: 
 
Diesel particulate matter is associated with: (See Appendix A, Appendix C) 

 impaired pulmonary development in adolescents; 
 increased cardiopulmonary mortality and all-cause mortality; 
 measurable pulmonary inflammation; 
 increased severity and frequency of asthma attacks, ER visits, and 

hospital admissions in children; 
 increased rates of myocardial infarction (heart attack) in adults; and 
 increased risk of ischemic stroke. 

Coal dust is associated with: (See Appendix B) 
 chronic bronchitis; 
 emphysema; 
 pulmonary fibrosis (pneumoconiosis); and 
 environmental contamination through the leaching of toxic heavy 

metals. 

Noise exposure causes: (See Appendix D) 
 cardiovascular disease, including increased blood pressure, 

arrhythmia, 
 stroke, and ischemic heart disease; 
 cognitive impairment in children; 
 sleep disturbance and resultant fatigue, hypertension, arrhythmia, 

and increased rate of accidents and injuries; and 
 exacerbation of mental health disorders such as depression, stress 

and anxiety, and psychosis. 

Frequent long trains at rail crossings will mean: (See Appendix E) 
 delayed emergency medical service response times; and 
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 increased accidents, traumatic injury and death. 

More recent research published in major medical journals augments prior concerns 
including, but not limited to: (See Appendix F)  

 increased risk of lung cancer. 
 

Additionally, several recent studies have shown that powerful spring trade winds 
can carry Asian pollution into the atmosphere above North America. Some of the 
imported pollution descends to the surface, where it affects ground-level 
concentrations of ozone, mercury, sulfur compounds and soot.  Ground-level ozone 
can cause severe respiratory problems, including asthma, in susceptible individuals. 
  

A 2008 study (see Appendix G) found that Asian emissions of mercury contribute 
18% of springtime mercury concentrations at Mount Bachelor.  Snowpack runoff 
ends up in our rivers and lakes where the mercury contaminates the fish we eat.  
Pregnant women and children are particularly vulnerable to the toxic effects of 
mercury.  Mercury is a potent neurotoxin that can damage developing brains in 
fetuses and children.  

 

The effects of air pollution are not hypothetical, but real and measurable. Many of 
the reviewed studies show significant health effects of exposure to everyday 
airborne pollutant levels that are below national U.S. Environment Protection 
Agency (EPA) guidelines. The data show a linear effect with no specific “safe 
threshold.” 

 
The conclusion that airborne pollutants pose a significant and measurable health 
risk was also reached by the American Lung Association, in their review, “State of 
the Air 2011,”and by the American Heart Association, in their 2011 review, 
“Particulate Matter Air Pollution and Cardiovascular Disease.” 
 
As physicians, we believe the risks to human health from massive coal shipments 
across our state, down the Columbia River, and through our communities are 
significant. We are particularly concerned with the health of our most vulnerable 
populations: prenatal, early childhood, the elderly and those with pre-existing 
conditions. We must identify likely exposures for affected workers and individuals 
all along the line, from the mines to the trains, to the barges, and to the ports of the 
Northwest. We want to prevent new sources of morbidity and mortality. We seek 
your help in doing so. 
 
Specifically, we request that you call for and examine both a comprehensive Health 
Impact Assessment (to include cumulative effects) and a programmatic 
Environmental Impact Statement before any coal export facility, infrastructure or 
related transport is approved by any Oregon state agency. 
 
 
With respect, 
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A. Sonia Buist, MD, PhD 

 
Jonathan Betlinski, MD 
 
Jon A. Blackman, MD 
 
Nathan K. Boddie, MD, MS 
 
Beryl Burns, MD 
 
Mary Ellen Chapman, MD 
 
John F. Christensen, MD 
 
Cynthia Christofani, MD 
 
Harriet Cooke, MD, MPH 
 
Thomas G. Cooney, MD 
 
Mary Ellen Coulter, MD 
 
Nancy Crumpacker, MD 
 
Rhett Cummings, MD 
 
Maggie Bennington-Davis, MD 
 
Linda De Sitter, MD 
 
Maxine Dexter, MD 
 
Stone Doggett, MD 
 
Martin Donohoe, MD 
 
Lucy M. Douglass, MD 
 
Patrick Dunn, MD 
 
Grace Dunsmore, MD 
 
Catherine Ellison, MD 
 
Frank Erickson, MD 
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George Feldman, MD 
 
Virginia Feldman, MD 
 
Larry G. Fickenscher, MD 
 
Bruce Free, DO 
 
Nick Gideonse, MD 
 
Bradford J. Glavan, MD 
 
Marshall Goldberg, MD, MPH 
 
Charles Grossman, MD 
 
Keith Harcourt, MD 
 
Andrew Harris, MD 
 
William K. Harris, MD 
 
Arthur D. Hayward, MD 
 
Ron Heintz, MD 
 
William S. Herz, MD 
 
John Howieson, MD 
 
Linda Humphrey, MD 
 
Lyn Jacobs, MD 
 
Lawrence Jacobson, MD 
 
Paul Kaplan, MD 
 
Alec Karty, DO 
 
Susan Katz, MD 
 
Joel Kay, MD 
 
Steve Kohl, MD 
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Jay D. Kravitz, MD, MPH 
 
Rod Krehbiel, MD 
 
Michael Lefor, MD 
 
Louis Libby, MD 
 
Holger Link, MD 
 
Cat Livingston, MD, MPH 
 
Rebecca MacGregor, MD 
 
Janet Madill, MD 
 
Marissa Maier, MD 
 
Jack McAnulty, MD 
 
Robert A. McFarlane, MD 
 
James Metcalfe, MD 
 
Susan Mikkelson, MD 
 
Craig Miller, MD 
 
Mizuho Mimoto, MD 
 
Marwan Mouammar, MD 
 
John Muench, MD, MPH 
 
Richard A. Mularski, MD 
 
Phil Newman, MD 
 
Paul Norman, MD 
 
William Nunley, MD, MPH 
 
Melissa Nyendak, MD, MHS 
 
Philip Paden, MD 
 
James R. Patterson, MD 
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John Partridge, MD 
 
John Pearson, MD 
 
Carolyn Polansky, MD 
 
David A. Pollack, MD 
 
Jenny Pompilio MD, MPH 
 
J.  Powell, MD 
 
Martin Raitiere, MD 
 
Bonnie Reagan, MD 
 
Peter Reagan, MD 
 
Jonathan A. Rettman, MD 
 
James B. Reuler, MD 
 
Vincent P. Reyes, MD 
 
Eric Richards, MD 
 
Robert H. Richardson, MD 
 
Constance Rosson, MD 
 
David Ruud, MD 
 
Irene Saikevych, MD 
 
Anne Sammis, MD 
 
Thomas Schaumberg, MD 
 
Christine Schjelderup-Free, MD 
 
James P. Scott, MD 
 
John F. Schilke, MD 
 
Jerry M. Slepack, MD 
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Sharon Smith, MD 
 
Praseeda R. Sridharan, MD 
 
Elizabeth Steiner, MD 
 
Karen Steingart, MD, MPH 
 
Tom Stibolt, MD 
 
Frances Storrs, MD 
 
Renee Stronglamill, MD 
 
Richard U’Ren, MD 
 
Andrew J. Uri, MD 
 
Thomas T. Ward, MD 
 
Charles L. Woods, DO 
 
Lanier Williams, MD 
 
William H. Wilson, MD 
 
C. Todd Woolley, MD 
 
Douglas Walta, MD 
 
Philip Wu, MD     
 
Maureen Becker, ND, LAc 
 
Audrey Bergsma, ND 
 
Alicia Bigelow, ND 
 
Meghan Brinson, ND 
 
Patrick Chapman, ND 
 
Joe Coletto, ND, LAc 
 
John Collins, ND 
 
Stephanie Kaplan, ND 
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Jeanette Lyons, ND 
 
Patricia J. Meyer, ND 
 
Patricia Murphy, ND, LAc 
 
David Naimon, ND 
 
Bonnie Neilnu, ND 
 
Peggy Rollo, ND, LAc 
 
Alison Schulz, ND 
 
Rene Schwartz, ND 
 
Igor Schwartzman, ND 
 
Drew Scott, ND 
 
Mary Scott, ND, LAc 
 
Lisa Shaver, ND 
 
Robert Sklovsky, Pharm.D., ND 
 
Eric F. Stephens, DAOM, LAc 
 
Patricia Timberlake, LCSW, ND 
 
Laura Torgerson, ND 
 
Nigel David Adler, DC, LAc 
 
Laura Baffes, DC 
 
Cathy Cummins, DC 
 
Hari Dass Khalsa, DC  
 
 
 
 
Key References: 
   American Heart Association statement 

   American Lung Association statement 

http://circ.ahajournals.org/content/121/21/2331.full.pdf
http://www.stateoftheair.org/2011/assets/SOTA2011.pdf
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   Puget Sound Clear Air Agency document 

 
 
  
Appendices:  
Download Appendix A: Pulmonary Impacts of Airborne Pollutants (including 
diesel particulate matter) (PDF, 152 KB) 
Download Appendix B: Health Impacts of Coal Dust (PDF, 94 KB) 
Download Appendix C: Cardiovascular Impacts of Airborne Pollutants 
(including particulate matter) (PDF, 86 KB) 
Download Appendix D: Health Impacts of Noise Pollution (PDF, 94 KB) 
Download Appendix E: Anticipated Impacts of Frequent Long Trains on 
Emergency Medical Service Response Times and Risk of Injuries at Crossings 
(PDF, 82 KB) 
Download Appendix F: March 12, 2012 Letter from Whatcom, Skagit and King 
County Physicians   (PDF, 304 KB) 
Download Appendix G: “Trans-Pacific Transport of Mercury”  (PDF) 
 
   
 

http://www.pscleanair.org/news/newsroom/releases/2011/03_11_11_NATA.aspx
http://www.coaltrainfacts.org/docs/appendix-A.pdf
http://www.coaltrainfacts.org/docs/appendix-A.pdf
http://www.coaltrainfacts.org/docs/appendix-B.pdf
http://www.coaltrainfacts.org/docs/appendix-C.pdf
http://www.coaltrainfacts.org/docs/appendix-C.pdf
http://www.coaltrainfacts.org/docs/appendix-D.pdf
http://www.coaltrainfacts.org/docs/appendix-E.pdf
http://www.coaltrainfacts.org/docs/appendix-E.pdf
http://www.coaltrainfacts.org/docs/appendix-E.pdf
http://www.coaltrainfacts.org/docs/WhatcomDocs3-12-12.pdf
http://www.coaltrainfacts.org/docs/WhatcomDocs3-12-12.pdf
http://www.atmos.washington.edu/jaffegroup/publications/Pacific_Transport_Hg.pdf


 
 
 
 
 
 
 
 

STATEMENT OF THE YAKAMA NATION REGARDING COAL EXPORT ISSUES 
 

July 19, 2012 
 

Given during the Oregon Physicians for Social Responsibility s  
Press Conference on Health and Safety Impacts from Coal Export 

 
 
Good morning, my name is Kristina Proszek.  I am the Environmental Review Coordinator for the 
Yakama Nation.  I have been asked to deliver this prepared statement on behalf of the Yakama 
Tribal Council. 
 
The Yakama Nation is a federally recognized sovereign Indian tribe having certain rights reserved 
in perpetuity through the Yakama Treaty of 1855 with the United States of America.  Among the 
various rights our ancestors reserved to themselves and future generations is the right to take fish 
at all usual and accustomed places, including the Columbia River, and the right to live free of such 
nuisances as may impair the enjoyment of these reserved rights.  The proposed transportation of 
coal through our this Council to act in 
accordance with its sworn duty to uphold and protect the rights that our ancestors so wisely 
reserved for us and for those not yet born who have no voice to advocate for themselves. 
 
The Yakama Nation strongly supports the Oregon Physicians for Social Responsibility (OSPR) 
and concerned physicians of Oregon in calling for a comprehensive Health Impact Assessment of 
coal export through Pacific Northwest ports.  The Yakama people are among the most vulnerable 
to the human health risks of coal dust, rail and barge accidents involving tribal fishers, 
contamination of our foods, and the air pollution that drifts into our region from Asian coal-fired 
power plants.  Yet we have seen no information that addresses these direct threats to Yakama 
people attempting to exercise their rights guaranteed by the Treaty of 1855.  It is unclear to us how 
any responsible government can evaluate the risks and benefits to its citizens in the absence of 
such critical information.  Accordingly, we support the OPSR and concerned Oregon physicians in 
their advocacy for a complete and thorough study of the potential health costs of coal export to our 
citizens and others potentially affected by this grave regional issue. 
 
The Yakama Nation has identified a number of potential health risks to its members that have not 
been considered in any discussion of coal export proposals to date.   We have seen no assessment 
of the additional fatalities among our members attempting to fish at their usual and accustomed 
places that would most certainly result from increased rail and barge traffic through the Columbia 
River Gorge.  There has been no discussion of human health impacts of the coal dust that is known 
to accumulate along rail lines and at transshipment sites. Any coal export proposals will exact a 
death toll and cost in human suffering that cannot be ignored and must be explicitly described as 
part of any decision. 
 
The contamination of the Columbia River and its aquatic resources in the event of train 
derailments has not been addressed in published documents.  Derailments are not unusual, as  
 

Confederated Tribes and Bands 
of the Yakama Nation 
 

Established by the 
Treaty of June 9, 1855 

 

Post Office Box 151, Fort Road, Toppenish, WA 98948 (509) 865-5121 



 
 
 
attested by the recent derailment of three coal trains in one week, one of which occurred in 
Washington State, within the Ceded Lands of the Yakama Nation.  There is no question that 
increased coal transport through the Columbia Gorge would lead to derailments that contaminate 
the Columbia River with not only coal but the lead, arsenic, and mercury associated with it.  These 
contaminants find their way into our foods and into our bodies.   While the health effects of these 
contaminants on our foods and ourselves can be generally described, there has been no assessment 
of the likely frequency of derailments and their human health consequences. 
 
We also know that increasing the volume of coal exported through our ancestral lands will 
contaminate the very air we breathe.   The Columbia River Gorge is already known to have some 
of the worst air quality and acid rain in the Pacific Northwest.  The large number of coal trains 
envisioned in any of the export proposals would worsen air quality as the diesel engines pulling 
those trains emit more toxins into the surrounding air.  Moreover, the health risks of burning coal 
are well known in the U.S. and have led to the phased closure of the last two remaining coal-fired 
power plants in Oregon and Washington.  This is a tremendous success for our region  that stands 
to be undermined by exporting coal from west coast ports, as several recent studies have shown 
that air-borne pollutants found in the Northwest were traced to emissions from Asian coal-fired 
power plants and factories.  Additional mercury and other contaminants from Asia would only 
worsen the levels we are currently seeing in the Columbia River, its tributaries, and the resources 
that live there. 
 
The OPSR and concerned physicians of Oregon have taken a bold step in calling for a thorough 
evaluation of human health impacts, and the Yakama Nation agrees that this is a necessary 
consideration among many that have not been adequately addressed in the regional assessment of 
coal export proposals.  This is why the Nation is calling upon the federal government to undertake 
a comprehensive, region-wide review of the human health and environmental impacts associated 
with proposals to transport coal through our ancestral lands to west coast ports.   It is inconceivable 
that a decision on coal export through the Pacific Northwest should be made in the absence of 
fundamental, essential information about the risks to health and resources posed by these 
proposals. 
 
This concludes the statement of the Yakama Nation. 
 
 
 
 

Media Contact: Emily Washines, (509) 865-5121 Ext. 6315, wase@yakamafish-nsn.gov 
 



 

 
18294 S. Scotts Lane   rebailey@ccgmail.net   503.631.2178  Office 

Oregon City, OR  97045        971.275.2931   Cell  

 

BAILEY ENVIRONMENTAL 
Aquatic Resource Consulting 

October 30, 2012 

 

 

TO:  Christopher Winter 

  Crag Law Center 

  917 SW Oak St., Suite 417 

  Portland, OR 97205 

 

FROM: Randy Bailey, Principal/Owner 

 

SUBJECT: Bailey Environmental’s Review of a Report entitled Environmental Review for 

the Coyote Island Terminal at the Port of Morrow 

 

Attached as part of this email is my review of the subject document with a specific emphasis on 

those sections and appendices (particularly the BA included as Appendix W) that specifically 

related to fish and fish habitat issues. 

 

My overall conclusion is that the document fails to meet any acceptable scientific standard with 

respect to evaluating the habitats and potential impacts to ESA listed species.  Inappropriate and 

scientifically indefensible methodologies were used to describe baseline conditions and assess 

impacts and effects on listed species.  As a result, the document as written, fails to address fish 

related issues in an appropriate scientific manner. 

 

In my opinion, the fish related portions of the document should be completely rewritten by 

competent biologists using the appropriate and considered level of information, analysis, and 

documentation to support any conclusions. 

 

If you have any questions, please feel free to contact me at (503) 631-2178. 
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October 30, 2012 Bailey Environmental’s Review of a Report entitled: 

 

Environmental Review for the Coyote Island Terminal at the Port of Morrow 

(June 2012 plus updates in August and September of 2012) 

Prepared for: 

Coyote Island Terminal, LLC 

Ambre Energy North America 

 

Prepared by: 

Anderson Perry and Associates, Inc. 

 

Review Request 

Bailey Environmental received a request to review the subject document from Christopher 

Winter, Crag Law Center.  Mr. Winter asked that the review focus on the adequacy of the 

Environmental Review (ER) and attached Biological Assessment (BA), included as Appendix W 

of the ER, as related to the fish and fish habitat in the proposed project area.  This critique should 

emphasize those Endangered Species Act (ESA) listed Pacific salmon and bull trout species and 

focus on the descriptions of the affected environment as related to fish and fish habitat, the 

adequacy and appropriateness of the methodologies used to evaluate impacts to ESA listed fish 

species, and if any conclusions reached in either the ER or BA were supported by scientifically 

defensible methods and analysis. 

Comments on the Document 

General Comments 

 

1. The BA used incorrect and scientifically inappropriate methodologies and criteria to 

evaluate impacts to ESA listed Pacific salmon and bull trout and is therefore fatally 

flawed. 

The evaluation methods used to assess potential impacts to ESA listed Pacific salmon and 

bull trout are described in the BA as: 

 “The National Marine Fisheries Service (NMFS) Matrix of Pathways and 

Indicators described in Making Endangered Species Act Determination of Effect for 

Individual or Grouped Actions at the Watershed Scale (NMFS, 1996) was used to assess 

the current condition of various steelhead and salmon habitat parameters.  The U.S. Fish 

and Wildlife Service (USFWS) matrix described in A Framework to Assist in Making 

Endangered Species Act Determination of Effect for Individual or Grouped Actions at the 
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Bull Trout Subpopulation Watershed Scale (USFWS, 1998) was used to assess the 

current condition of bull trout habitat parameters”. 

These two methodology documents were never intended to be used in a stream as large as 

the main stem Columbia River.  The NMFS document clearly states:  “The matrix 

developed here reflect the information needed to implement the Aquatic Conservation 

Strategy (ACS)(appendix D) and to evaluate effects relative to the Northwest Forest Plan 

ACS Objectives and The Ecological Goals in the Proposed Recovery Plan for Snake 

River Salmon (appendix D) and the LRMP [Land and Resource Management Plan] 

consultation on the eight National Forest in Idaho and Oregon”.  Also, review of the 

individual Pathways and Indicators in Table 1. Matrix of Pathways and Indicators, in the 

NMFS document clearly shows that this matrix evaluation is intended for small 

watersheds in which these indicators can be measured and are biologically relevant at that 

smaller watershed scale.  The preparer(s) of the BA clearly did not understand the 

intended application or appropriateness of trying to apply NMFS’s matrix to the main 

stem Columbia River.  As a result, the description of baseline condition and all effects 

determinations based on NMFS’s document are scientifically indefensible and fatally 

flawed. 

The USFWS document was also misused in the same manner as the NMFS document.  

The USFWS document clearly states in the first paragraph of the Overview section of the 

document that this methodology is intended to be applied to 5
th

 or 6
th

 field Hydrologic 

Unit Code (HUC) watersheds and that results from these levels would have to be 

aggregated to apply to a 4
th

 field HUC.  The Columbia River main stem is a 1
st
 field HUC 

stream and it is therefore totally inappropriate to apply the USFWS’s methodology to the 

proposed project in the BA.  Also, review of the “Diagnostic or Pathway” and 

“Indicators” columns in Table 1 of the USFWS document clearly show that the 

parameters described do not apply and are not biologically meaningful to a stream the 

size of the main stem Columbia River.  Therefore, any description of baseline conditions 

or effects analysis for bull trout presented in the BA is scientifically indefensible and 

fatally flawed. 

The bottom line is that the BA and ER used scientifically inappropriate and indefensible 

criteria to assess baseline conditions and impact assessment.  As a result, the BA and ER 

are fatally flawed with respect to any conclusions drawn based on the use of these 

methodologies. 

2. The BA Failed to adequately analyze the impacts of noise disturbance on fish at the 

Port of Morrow site. 

The BA failed to analyze the impacts of pile driving activities on ESA listed fish present 

at the Port of Morrow (POM) site.  No description of the aquatic habitat of the Columbia 

River adjacent to the POM is presented.  The reader is unable to determine the type of 

habitat(s) that would be affected by the pile driving or operational activities.  No 

description of the river bottom topography, river width, or volume of water potentially 

impacted by pile driving activities is presented in the BA.   
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Table 3-2 of the BA shows the estimated actual amount of time that noise from pile 

driving activities will be generated.  However, the BA does not discuss the specific 

timing of activities (e.g., how many days will pile driving commence when fish have had 

an undisturbed time period prior to initiation of driving that would allow them to move 

into close proximity to the pile driving barges), which could create conditions where 

large numbers of fish could occupy the total volume of water adversely affected by the 

noise generated.  The BA fails to present any information on the surface acreage, 

percentage of the river surface, volume of the water column, or percentage volume of the 

water column that would be adversely impacted by pile driving activities. 

The BA fails to discuss if/how changes in fish behavior, resulting from pile driving 

activities, could affect predation rates on ESA listed fish species.  The BA indicates that 

fish would probably avoid the project site during active pile driving activities, but does 

not address the injury rate, type of injuries that might be inflicted, or type of behavioral 

response (e.g., startle response) that could attract predators to individual fish or 

concentrate predators near the edge of the noise field established by the pile driving. 

The BA failed to discuss the rearing, feeding, and migratory behavior of ESA listed fish 

species in relation to the shoreline of the Columbia River.  The reader is unable to 

determine whether or not certain life stages or distinct population segments (DPS) 

preferentially use the shoreline and are not randomly distributed across the water column.  

If fish are shoreline oriented, then the potential impacts could be much greater than the 

assumptions used in the BA.  The reader has no such information on which to assess 

potential impacts. 

Table 3-4 in the BA shows data on noise levels and distances from the pile driving 

activities in which disturbance or injury occurs.  However, the impact assessment only 

presents the distance from the pile driver at which disturbance or injury might occur 

assuming impact pile driving and an effective bubble curtain to provide attenuation.  

However, in the ER, it states that establishing and maintaining an effective bubble curtain 

is problematic and somewhat uncertain (See Section 3.11, Statement 5, on page 3-229).  

The difference in the noise disturbance distance between an attenuated impact pile 

driving and non-attenuated pile driving activity is 858 meters and 3,981 meters, 

respectively.  The BA categorically assumes that an effective attenuation bubble curtain 

will be established as part of the pile driving activity.  This conclusion is not supported 

by the statements in the BA.  Also, an estimate of Columbia River width at the project 

site from Google Earth shows that the width of the river at that point is approximately 

4,000 meters.  In other words, if the bubble curtain attenuation is not effective for impact 

pile driving, this activity could cause disturbance to all fish across the entire water 

column of the Columbia River. 

Given the problems associated with the noise disturbance and injury discussions in both 

the ER and BA, the entire subject of noise impacts on ESA listed fish is scientifically 

indefensible and fatally flawed. 

3. The BA is largely descriptive, contains little scientifically defensible analysis, and 

reaches conclusions not appropriately supported by the “analyses”. 
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Two examples clearly demonstrate this conclusion.  First, the entire 

noise/injury/disturbance “analysis” related to fish is fatally flawed and scientifically 

indefensible.  While the BA presents a number of “facts” related to noise (mostly in 

Tables 3-1 to 3-4) and reaches conclusions regarding these “facts” with respect to 

distances of effect, there is no corresponding analysis to support the conclusions 

regarding impacts to fish.  For example, no analysis is presented on fish densities in the 

project area, volume of water affected by the noise generating activities, the effectiveness 

of bubble curtain attenuation, the potential for the entire river width to be adversely 

effected by pile driving activities.  A second example is the totally scientifically 

indefensible and misuse of the matrix pathways and indicators from the NMFS and 

USFWS documents to assess the environmental baseline and effects of the proposed 

action.  Also, the use of the matrices primarily addresses changes to physical habitat 

(Table 5-1) and minimally population levels and physical habitat (Table 5-2), even if you 

forget that the use of the matrices was inappropriate and scientifically indefensible to 

start with. 

While the BA reaches conclusions regarding affects to listed species, there is no attempt 

to document the level of individual fish take or assess impacts to populations.  The 

statements regarding fish stranding because of wakes from OGV’s are a good example 

where the amount of stranding reported in the literature is noted, but no analysis is 

presented to document the scope of the take that would occur from this project.  All of the 

mitigation is designed to address habitat impacts, but no mitigation is proposed to address 

the actual take of listed fish species caused by project actions. 

Specific Comments 

A. The ER contains conflicting statements regarding whether or not the unloading shed at 

the Port of Morrow site will or will not have a negative air pressure system to contain 

coal dust emissions.  Both the ER and BA contain statements about minimizing coal dust 

emissions, but no analysis of what minimize really means, particularly with regard to 

impacts on fish habitat at the two ports.  No estimates of the amount of coal dust that 

could escape and its impact on fish habitats or populations at the two ports is presented 

B. Section 7.0 Conservation Measures in the BA contains no discussion of the fate of 

increased runoff from the 20+ acres of increased impervious surfaces at the Port of 

Morrow site.  Creating this much impervious surface will certainly increase the volume 

of stormwater runoff.  The ER indicates that all runoff will be handled using bioswales, 

but does not provide information on how these bioswales will handle substantial runoff 

from weather during those times when the ground is already saturated.  The BA does not 

discuss where and how this stormwater runoff will eventually enter the Columbia River 

water column.  Based on the description of the local soil types, it appears that this runoff 

will have little residence time in the ground before migrating to the river. 

C. The BA contains no discussion of the impacts of increased barge staging time and 

frequency on predation levels of listed species fish that could occur during lock outages 

at any of the dams or should adverse weather result in concentrations of barges at either 

of the two ports. 
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D. The BA contains no mention of the impacts of increased barge traffic resulting from this 

project on the U.S. Army Corps of Engineers downstream barge fish transport program.  

The reader does not know that such a program exists and whether or not the increased 

competition for lockage timing and space will adversely impact the Corps’ transport 

program.  No assessment of potential changes in Corps transport time, delays, or impacts 

on fish imprinting associated with downriver transport are even mentioned in the BA. 

Conclusion 

It is my professional opinion that both the BA and ER are inadequate to scientifically assess the 

potential impacts to listed fish species.  The ER is fraught with conclusions not supported by 

scientifically defensible analysis; used biologically and scientifically inappropriate 

methodologies and parameters to attempt to describe baseline conditions and assess effects of 

listed Pacific salmon and bull trout; completely failed to adequately address the potential effects 

of noise, and generally reached conclusions, which in some cases are correct, but not supported 

by a rigorous analysis. 

The bottom line is that it is impossible to determine the impacts to listed fish species given the 

myriad problems with this document.  A much more considered, scientifically defensible, and 

appropriate analysis of effects and impacts on fish species should be completed prior to any 

decisions being made.  This document fails to meet any reasonable or acceptable scientific 

standard for environmental review and impact assessment on listed fish species. 
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Randy Errol Bailey 

 

18294 S. Scotts Lane      rebailey@ccgmail.net  

Oregon City, Oregon 97045     U.S. citizen 

(503) 631-2178   Office      You may contact any supervisor 

(503) 631-4412   Home 

 

Profile: 

 Proven leader and manager of complex natural resource programs of national importance 

 Highly skilled in budget development and effectiveness in maximizing budget efficiency 

 Extensive experience providing clients with technical and policy guidance related to 

Endangered Species Act issues and consultations, expert witness on ESA take issues 

 Extensive experience in dealing with complex and controversial natural resource issues 

for clients and federal agencies 

 

Employment History: 

Senior Fisheries Consultant     June 2011-Current 
National Environmental Law Center     Charles Caldart (206) 568-2853 

1402 Third Avenue, Suite 715 

Seattle, WA 98101 

Provided senior fisheries scientist input to ongoing litigation regarding take of endangered 

Atlantic salmon populations in Maine.  I developed an expert witness report on the impacts of 

seven dams on listed Atlantic salmon populations without ESA take statements or permits.  I 

have been deposed by attorneys representing the various dam owners.  Trial is scheduled for July 

2012. 

 

Senior Fisheries Consultant     May 2007-Current 
Pebble Limited Partnership      Jane Whitsett (877) 450-2600 

3201 C. Street, Suite 604 

Anchorage, Alaska 99503 

Provide senior fisheries scientist technical and policy input to the company which is attempting 

to permit the world’s largest copper and gold mine.  This prospect is located in an unroaded area 

of Alaska and contains quantities (100’s of billions of dollars) of base, strategic, and precious 

metals that will influence world markets for decades (10+) to come.  Development will include 

the mine site, 90+ miles of road to saltwater, and a port site.  Protection of fish resources, aquatic 

habitat, and water quality and mitigation of development and operation impacts on aquatic 

resources are the primary issues that will determine whether or not this prospect is permitted. 

The State of Alaska views this potential mine as their next Prudhoe Bay in terms of state 

revenues.  National opposition to the proposed project is being lead by Trout Unlimited and 

several other conservation groups.  Approximately 60 permits from federal and state agencies are 

required and litigation is anticipated at the completion of the Environmental Impact Statement.  

 

Accomplishments: 

 I completed a technical and policy review of all fish data collected between 2004 and 
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2007.  I developed an evaluation of the existing data, recommended changes in the data 

collection program and briefed the Chief Operating Officer (COO) of the company on my 

recommendations, which were implemented. 

 I conducted an evaluation of all fish related data from a litigation perspective and 

provided recommendations and briefed the COO, who has implemented a number of the 

recommendations with others still pending. 

 I provide senior oversight on all fish data to determine its scientific credibility and 

defensibly in litigation. 

 I am currently the lead scientist developing a proposed mitigation strategy to address the 

fish and water quality issues, including impact avoidance, aquatic habitat restoration and 

creation, and enhancements to water quality constituents to increase the productive 

capacity of area waters. 

 As the project design evolves, I will provide senior technical and policy input on impact 

assessment and provide coordination with state and federal agencies on project matters. 

 

District Fish and Wildlife Program Manager GS-13  Nov 2004 – Jan 2007 
Portland District, Operations Division,      Rick Goodell (503) 629-8312 (retired) 

U.S. Army Corps of Engineers 

I started as a fishery biologist with responsibilities for the District’s hatchery fish mitigation 

program and technical oversight of fish mitigation and passage programs at 13 Willamette 

Valley and 2 Rogue River Valley dams.  My supervisor retired in January 2005.  I was selected 

as his acting and eventually replacement as District Fish and Wildlife Program Manager.  I 

developed and executed a $21 million dollar fish and wildlife program.  This program included: 

 $7 million in fish passage operations and maintenance at three mainstem Columbia River 

dams 

 $7 million managing fish mitigation programs in the Rogue, Willamette, and Columbia 

River basins including contracts with the Oregon Department of Fish and Wildlife 

(ODFW) and U.S. Fish and Wildlife Service (USFWS) for nine hatchery programs 

 $1 million for the Willamette Valley and Rogue River basins fishery management 

programs including 4 listed fish species, three plant species, and one butterfly 

 $5-6 million in other programs including water quality, flow management, ESA 

consultation, and technical supervision of a 9 FTE field research unit based at Bonneville 

Dam. 

 

Accomplishments: 

 Lead a District effort to update the Endangered Species Act biological opinion for 

operation of 13Willamette Valley dams, which was completed shortly after my departure.  

This effort included coordination with Bonneville Power Administration senior 

management and staff, U.S. Bureau of Reclamation, National Marine Fisheries Service, 

USFWS, and ODFW senior management and staff. 

 Responsible for implementation of the previous biological opinion for the Willamette 

Valley during the preparation of a new biological opinion. 

 Implemented a comprehensive review of fiscal management and expenditures and 

identified millions of dollars in potential efficiencies, some of which I was able to 



 

 

3 

implement and others that I was prohibited from implementing. 

 Identified two of cooperative agreements that were outdated, resulting in excessive funds 

being transferred to other agencies. 

 Implemented reforms in the hatchery budgeting process that saved over $1 million per 

year 

 Developed a strategic plan and budget priorities for Willamette Valley projects in 

anticipation of the data and budget needs for a new biological opinion.  This plan served 

as the basis for development of an appropriation budget that resulted in a $3 million 

increase in FY 2008. 

 Identified shortcomings in the methods used to deal with year-end spending and 

developed a contracting mechanism that allowed Willamette Valley funds to begin 

funding items identified in the strategic plan. 

 Initiated a contract to develop preliminary designs for improving/replacing fish trapping 

and handling facilities at four Willamette Valley tributary dams.  I presented the results 

of this work to the Deputy Chief of Operations and convinced him that action was 

needed.  This work resulted in the decision to begin using Columbia River Fish 

Mitigation funding to implement needed structural improvements at these facilities.  

Construction of one facility is under contract and a second facility is under design. 

 Co-chaired the Fish Passage Operation and Maintenance Committee that dealt with fish 

passage issues at main stem Columbia River dams.  Committee members include:  

Oregon Department of Fish and Wildlife, Washington Department of Fish and Wildlife, 

Bonneville Power Administration, Columbia River Intertribal Fish Commission, National 

Marine Fisheries Service, U.S. Fish and Wildlife Service, Walla Walla District of the 

Corps, Fish Passage Center, and the Corps’ Northwestern Division River Coordination 

Center. 

 

Senior Fisheries Consultant     June 1993 to November 2004 
Metropolitan Water District of Southern California   Steven Arakawa (213) 217-6052 

P. O. Box 54153, Los Angeles, California 90054-0153 

I was approached by Metropolitan to serve as a senior fisheries consultant to advise them on two 

major issues: 1) development of revised water quality standards for the Sacramento-San Joaquin 

Rivers Delta and 2) all matters related to Endangered Species Act issues regarding operations of 

the California State Water Project (SWP) and U.S. Bureau of Reclamation’s Central Valley 

Project (CVP) under a joint operations agreement.  Metropolitan is the world’s largest water 

district, providing water to over 16 million customers through its member agencies in Southern 

California.  My specific role was to provide technical analyses and policy recommendations to 

senior Metropolitan staff and the Deputy General Manager.  Metropolitan is a significant 

member of the State Water Contractors and California Urban Water Agencies, I frequently 

provided briefings to the boards of directors of both agencies, on significant water and ESA fish-

related issues.  Over the years my assignments were highly varied, and I have provided only the 

most relevant below. 

Accomplishments: 

 Completed a technical evaluation of proposed EPA water quality standards to protect 
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listed fish species for the San Francisco Bay-Delta Estuary and found them to be based 

faulty biological data.  I worked cooperatively with two other senior fish biologists and a 

variety of engineers to develop an alternate set of proposed standards.  Developed 

briefing materials for a presentation to the Deputy Assistant Secretary of Interior (she had 

been designed as the federal lead for the standards review).  After the presentation, the 

Deputy Assistant Secretary rejected the federal agencies proposal and agreed that our 

proposed standards were superior to those of the federal agencies.  These standards were 

ultimately adopted by the State Water Resources Control Board and approximately 1/3 of 

the standards consisted of information that I had written.  These standards are still in 

place. 

 Prepared sections of and reviewed the information supporting an Endangered Species Act 

(ESA) consultation with National Marine Fisheries Service and U.S. Fish and Wildlife 

Service on joint operations of the SWP and CVP. 

 Initiated a technical review of the proposal to list the Sacramento splittail under ESA.  I 

found the scientific information had been deliberately misused, deliberate omissions, and 

some data had been manufactured by agency staff.  My report was the basis for litigation 

on the listing decision.  A federal judge determined that the listing was “arbitrary and 

capricious” and ordered the listing vacated.  The agency staff person was transferred to 

the east coast with another federal agency. 

 Provided continuing technical and policy review and recommendations relating to ESA 

listings in the Central Valley, including spring Chinook, delta smelt, winter run Chinook, 

steelhead, and fall Chinook.  This work included technical and policy reviews of status 

review documents, recovery plans, proposed listing packages, and monitoring the 

implementation of biological opinion actions and recovery plan activities. 

 Provided technical review and analyses to Metropolitan staff regarding Colorado River 

ESA-listed fish issues, including comments on the final biological opinion on U.S. 

Bureau of Reclamation’s proposed operational criteria for the lower Colorado River. 

 Developed in cooperation with two other Metropolitan consultants, an ecosystem 

restoration plan for the Central Valley of California.  This plan included considerations 

for ecosystem restoration, improved water quality at the export pumps, reduction in flood 

potential in the Delta, and increased water supply to the SWP and CVP.  I briefed the 

SWC and CUWA boards of directors who both adopted the plan.  I also briefed over 100 

agency scientists, stakeholders, and environmental groups to explain the multiple benefits 

of the plan and how it met the environmental and political needs of California’s water 

supply system.  The plan was given to the state and federal agencies as a starting point for 

their own plan development.  Estimated cost was $5 billion.  Although initially rejected 

by the agencies, after more than a decade, the primary elements and principles are now 

being considered by them.  The critical elements of the plan that met all of the needs of 

the stakeholders were my ideas. 

 Co-authored a program to jump start the ecosystem restoration program in the Central 

Valley, while the agency staffs were beginning the development of their long-term 
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program.  I was also tasked with review of the proposals submitted over a three year 

period and recommending projects for funding. 

 Participated in a six person team to evaluate the effectiveness of approximately $500 

million in ecosystem restoration expenditures in the Central Valley with respect to 

ecosystem improvement and an increase in water supply reliability.  Our review 

determined that the expenditures had provided no measurable effect and that for all 

practical purposes most of the money had been wasted.  

 

 

Chief, Fisheries Division GM-13    June 1984 - June 1993  
U.S. Fish and Wildlife Service      Rowan Gould (currently acting  

Alaska Region       Director, U.S. Fish and Wildlife 

Anchorage, AK       Service) (202) 208-4717 

I directed the Region’s Fisheries Program which conducted management research on the 16 

national wildlife refuges in Alaska, totaling about 76 million acres. When I reported for duty, the 

program had a budget of $2 million with 20 full time equivalents (FTE’s).  My instruction from 

the Regional Director was to “turn this program 180 degrees”.  The program was plagued with 

poor performance, approximately 3-4 major studies were being conducted per year, the staff was 

poorly trained, and cost per FTE was $100,000.  I was responsible for all personnel, budget 

development and execution decisions, technical review of all project designs, editorial review of 

all technical publications and supervising the preparation of 16 fishery management plans for the 

refuges.  During my first five years, I spent approximately 30% of my time as Acting Assistant 

Regional Director for Fishery Resources, Endangered Species, Marine Mammals Management, 

and the Federal Assistance programs.  During the year following the Exxon Valdez oil spill, I 

was responsible for managing the Region’s marine mammals program, reporting directly to the 

Deputy Regional Director.  Later in my tenure, I was given the Region’s Water Resources 

Program which was developing the data to support federal reserved water rights applications for 

the refuges. 

 

Accomplishments: 

 Initiated a review of staff qualifications, identified existing staff weaknesses, and 

developed the mechanism and funding to address staff qualification deficiencies. 

 Revamped the performance evaluation process and made project leaders accountable for 

their negotiated work program.  I required each staff member to be accountable to their 

project leader for their individual work assignments and held both the supervisor and 

individual staff person accountable for work completion. 

 Initiated a regional fisheries technical report series which required peer review of the 

studies conducted.  Each biologist was accountable for professional quality technical 

reports of their specific project.  Project reports were sent to all Service fisheries offices 

in the country and the Washington office, which provided the information to all oversight 

and appropriation committee staff members. 

 Increased the number of studies conducted per year from 3-4 to 12-15. 

 Actively managed budget execution to maximize budget efficiency.  In nine years, all 

year-end budget balances were within $1,000 of appropriated totals, even though 40% of 
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the budget was expended during the 4
th

 quarter of the fiscal year. 

 Cut my cost per FTE from $100,000 to $59,000 despite increasing my FTE allocation to 

42, with my budget increasing to $3.5 million. 

 Developed an active recruitment program to attract females and minorities into the 

program.  With only 10% of the regional workforce, my program had ~25% of the 

region’s female biologists and 50% of the region’s minority hire goal.  I initiated an 

active cooperative education program which resulted in the addition of multiple new staff 

members with Master’s degrees. 

 Developed a fish genetics laboratory which provided genetic information to state and 

federal agencies and the Department of Fisheries and Oceans in Canada (DFO). 

 Developed a cooperative working relationship with the North Slope Borough staff 

(Alaska Native Corporation on the North Slope of Alaska), British Petroleum staff and 

consultants, and staff and Regional Director of DFO with respect to the impacts of oil and 

gas development on the North Slope and the potential impacts of drilling for oil in the 

Arctic National Wildlife Refuge (ANWR). 

 Participated in numerous national task forces to develop new national policy and improve 

the effectiveness and efficiency of the Fish and Wildlife Service’s national fisheries 

program. 

 

As a result of my leadership, strategic planning, budget formulation and execution, a national 

program review, conducted by the Deputy Regional Director from the Pacific Region and all six 

assistant regional directors for fisheries from across the county, determined that I had the best 

educated, informed, and technically competent program in the country. 

 

Other Relevant Consulting Projects     Jun 1993-Feb 2012 

 Prepared an anonymous technical review of a report prepared for the Oregon Legislature 

on the effects of forest management practices on salmon and steelhead resources in the 

Willamette Valley and Coastal Oregon mountains.  My review showed that the data 

analyses were flawed and the conclusions were not justified.  Two other reviewers agreed 

and the report was shelved by the Legislature. 

 Developed the affected environment section, alternative impact analysis, and response to 

public comments on steelhead and resident fishery resources for an oil and gas leasing 

EIS for the Los Padres National Forest in California.  Led the Forest on an endangered 

species consultation and implementation strategy, including direct meetings with 

National Marine Fisheries Service. 

 Prepared several technical reports and a court deposition on the potential impacts of 

instream gravel mining on Chinook salmon and steelhead in the Yuba River, California.  

Reviewed and prepared comments on the National Marine Fisheries Service and U.S. 

Bureau of Land Management’s biological opinion and Endangered Species Act 

documentation regarding lack of fish exclusion devices at the Brophy-South Diversion 

structure on the river. 

 Prepared three reports on: 1) contribution rates of Chinook salmon to adult population 

levels in the Central Valley of California, 2) development of a constant fractional 
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marking program for Central Valley hatcheries, and 3) an evaluation of the practicality 

and political consequences of implementing selective salmon harvest in offshore areas of 

California.  California is now implementing a constant fractional marking program and 

selective fisheries for Pacific salmon are being considered. 

 Provided a technical and policy review of the processes and scientific data used by the 

Alaska Departments of Natural Resources and Fish and Game to evaluate and issue water 

withdrawal and water rights certificates to BP-Amoco on the Arctic Slope of Alaska.  As 

a result of my written review and court affidavit, BP-Amoco withdrew as amicus from 

the litigation.  The court ruled that the Departments of Natural Resources and Fish and 

Game had violated their own policies, state law, and the Alaska Constitution.  One result 

of my involvement in this project was that I received a nomination from five national 

environmental groups to the National Academy of Sciences to participate in an Academy 

review of the effects of oil and gas development on Alaska’s North Slope on fish.  I was 

not selected for the final panel. 

 Developed technical and policy recommendations for the Pyramid Lake Paiute Tribe 

regarding their fishery management program and hatchery propagation program for the 

listed Lahontan cutthroat trout and cui-ui.  Also provided information on Lahontan 

cutthroat trout genetics for the Tribe to incorporate into their overall management 

program.  My recommendations were never implemented because of tribal internal and 

external politics. 

 Developed and wrote ecosystem management plans addressing anadromous fish and 

water quality issues for two watersheds in Placer County, California.  The species of 

concern were steelhead trout and fall Chinook salmon. 

 

Other Relevant Agency Experience 
 

 Regional Fisheries Program Manager, USDA Forest Service, California Region. GS-

12/13 (6/82-6/84).  Provided technical and budget oversight to the fish habitat 

improvement programs on six national forests in Northern California.  Spent one year 

assisting the Bureau of Indian Affairs consultant to develop an ecosystem restoration 

program for the Klamath River Basin.  Actively participated in national program and 

policy development and provided technical and administrative oversight to the Forest 

Service’s anadromous fish research program. 

 Forest Fishery Biologist, Malheur National Forest Oregon.  GS 11 (9/78-6/82).  

Completed fisheries portions ~ 60 National Environmental Policy Documents per year to 

support the Forest’s timber, range, and mining programs.  Responsible for budget 

development and implementation of the Forest’s fish habitat improvement program in the 

Upper John Day River Basin. 

 Fishery Biologist, U.S. Fish and Wildlife Service, Reno, NV.  GS 5/7/9/11 (4/75-9/78).  

Led a 10 person interagency (state and federal staff) crew providing data and analyses to 

the U.S. Department of Justice in support of Federal Reserved Water Rights litigation on 

the Truckee River, Lake Tahoe, and Pyramid Lake Indian Reservation.  Responsible for 

all study design and execution.  Provided quarterly briefings to the Chief, Natural 

Resources Division of Justice, Interior Solicitor’s Office, Native American Rights Fund 

attorney, and Tribal attorney.  Case went to the U.S. Supreme Court, where the lower 
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court rulings were overturned.  No issues or challenges were made to any of the 

biological data collected by my team. 

 Fishery Biologist, U.S. Fish and Wildlife Service, Reno, NV.  GS 5/7/9/11 (4/75-9/78).  I 

also was involved in an intense controversy over the expansion of the Reno-Sparks 

wastewater treatment plant.  This effort included technical coordination with the U.S. 

Environmental Protection Agency, Nevada Department of Environmental Quality, 

Washoe Council of Governments and numerous conservation groups.  I served as the 

Department of Interior's expert witness at numerous technical sessions and briefings 

before the Reno City Council with the Deputy Undersecretary of Interior.  As a result of 

this involvement, I also was responsible for writing the first biological opinion under the 

provisions of the Endangered Species Act for Lahontan cutthroat trout and cui-ui.  

 

Education 

 B.S.  Natural Resources Management, Fish and Wildlife Management Option 

  California Polytechnic State University, San Luis Obispo, California 

 M.S.  Wildlife Management, Fisheries Science Option 

Virginia Polytechnic Institute and State University, Blacksburg, Virginia 

  

Professional Affiliation 

American Institute of Fishery Research Biologists, Fellow Emeritus 

American Fisheries Society - Life Member 

Program Chair, 1989 Society Annual Meeting 

General Arrangements Chair, 1989 Society Annual Meeting 

President, Western Division 
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October 30, 2012 
 
Chris Winter 
Crag Law Center 
917 SW Oak Street, Suite 417  
Portland, OR 97205 
 
RE:  Ecological Impacts of Proposed Coal Shipping on the Columbia River 

Port of Morrow and Port Westward, Oregon 

 
Mr. Winter: 
 
 This technical memorandum provides Leyda Consulting, Inc.'s (LCI) expert ecological 
review of the proposed Coyote Island Terminal Dock and associated coal shipping operation 
involving rail and water routes (the Morrow Pacific Project or MPP).  The location of the 
investigation is the Port of Morrow near Boardman, OR, in Morrow County (T4N, R25E W.M.), 
with proposed barges shipping coal to Port Westward near Clatskanie, OR in Columbia County 
(T8N, R4W W.M.).     
 
 The current proposal is to construct facilities to ship up to 8 million metric tons (8,760,000 
short tons) of low-sulfur intermountain US coal to Asia.1  The applicant will then hire a barging 
company to move the coal along the Columbia River to Port Westward, and then the coal will be 
transloaded over the water by Pacific Transloading from enclosed river barges to ocean-going 
vessels operated by shipping companies commissioned by the buyer of the coal.2 
 
 The analysis in the Environmental Review Document (ERD) depends upon certain 
assumptions that, based on my opinion, are not certain enough to constrain a proper analysis of 
potential ecological impacts.  If the export terminal is constructed, there appears to be no 
enforceable condition that the coal shipped would be exclusively low-sulfur coal from the 
intermountain west, or that enclosed river barges and storage facilities would be used in 
perpetuity.  There also appears to be no limitations on the design of the coal export terminal, 
which could be amended in the future or changed subsequent to construction in the event of 
repair or other alternations.  There is no apparent information in the ERD that these assumptions 
would be imposed as enforceable conditions on the operation of the MPP by either state or 
federal regulatory agencies.       
 
 The applicant states that there is a demand for shipping intermountain west coal through US 
west coast ports to Asia, and that this proposal fills that demand.3  In Appendix J of the 

                                                 
1 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012.  Executive Summary, p. 1 
2 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012.  Executive Summary, p. 1, 2. 
3 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012. P. 1-3. 



ECOLOGICAL IMPACTS OF PROPOSED COAL SHIPPING ON THE COLUMBIA RIVER 

 

Page 2 of 37 

Environmental Review, a map of US coal producing regions is shown.4  The map clearly shows 
the presence of bituminous coal in the Uinta Basin of Utah and Colorado, and in central 
Montana, which is mapped as the same type of coal found in the Appalachian Mountains that 
may contain higher amounts of sulfur.  The Utah Department of Natural Resources estimates that 
the existing coal fields in Utah contain almost 15,000,000,000 short tons of recoverable 
resource5, and a large majority of that coal is moved by rail.6  Given the proximity and demand, 
it is reasonable to assume for this ecological review that any type of coal may be shipped from 
the proposed terminal, including the higher sulfur, higher mercury bituminous coal.  Studies 
pertaining to pollution stemming from sulfidic impurities in coal, such as acid drainage and 
dissolved metals, are therefore relevant to considering the potential impacts of MPP. 
 
 Based on the proposed location of the MPP, primary considerations for assessing impacts to 
ecological receptors includes the proximity of the Port of Morrow to the Umatilla National 
Wildlife Refuge and the presence of sensitive and/or protected areas at the Port of Morrow, Port 
of Westward and along the Columbia River shipping route.  Fish listed under the Endangered 
Species Act include steelhead (Oncorhynchus mykiss) (threatened), Chinook salmon (O. 

tshawytscha) (endangered and threatened), chum salmon (O. keta) (threatened), coho salmon (O. 

kisutch) (threatened), sockeye salmon (O. nerka) (endangered), bull trout (Salvelinus 

confluentus) (threatened), green sturgeon (Acipenser medirostris) (threatened), eulachon 
(Thaleichthys pacificus) (threatened).  Critical habitat for salmon species occurs in the area.   
 
 
I.  Fugitive Coal Dust Impacts 

 
 A. Dust Impacts from Rail Transportation of Coal 

 This review of the available literature demonstrates the potential for coal dust to cause 
adverse impacts to a wide range of ecological receptors, including mammals, fish and benthic 
communities.  The ERD assumes that the operations at the MPP will not result in substantial 
emissions of coal dust, however those assumptions have not been supported by adequate 
information.   
 
 The proposed shipping operation will generate coal dust at various points and the potential 
exists for a discharge of the coal dust to land and water along the rail and river routes.  
According to the ERD, the coal trains will require 4.8 hours to unload, but will likely be split to 
avoid blocking traffic and then require 12 hours to unload.7  The applicant also mentions that 

                                                 
4 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012.  Appendix J - Coal Toxicology Report, p. 6. 
5 Utah Department of Natural Resources, Utah Coal Reserves by Coal Field, 2011 (October 3, 2012) (available at 
http://geology.utah.gov/emp/energydata/statistics/coal2.0/pdf/T2.3%20&%20T2.1.pdf).   
6 Utah Department of Natural Resources, Distribution of Utah Coal be Method of Transportation, 1970-2010 
(December 14, 2011) (available at 
http://geology.utah.gov/emp/energydata/statistics/coal2.0/pdf/T2.14%20&%20F2.5.pdf).   
7 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012. P. 2-11. 
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"prior to shipping, the coal will be coated with an approved surfactant to reduce transit coal dust 
losses by 85%."8   
 
 In Appendix U of the ERD, the applicant states that the rail cars may be treated with a 
product that reduces coal dust discharge during transit.9  The shipper is responsible for treating 
the loaded cars to reduce dust 85% compared to untreated cars.  According to this UP [Union 
Pacific] loading tariff, the topper application applies only to Powder River Basin mines, not to all 
coal shipments bound for the proposed terminal, nor to any other coal mined in the 
"intermountain west," and only those "for subsequent movement on UP."  So, there is the 
potential for any coal mined anywhere else besides the Powder River Basin to escape treatment 
of any kind, as well as coal shipped on any other line aside from UP.   
 
 The same document also says there are alternatives to using the topper agent:  "shipper or 
shipper's loading operator may adopt an alternative coal dust mitigation plan involving other 
measures (e.g. compaction or other technology)" and that BNSF will review test results for those 
measures, and be satisfied that "any product involving topper agents, devices or appurtenances 
utilized to control the release of coal dust will not adversely impact railroad employees, property, 
locomotives, or owned cars."   
 
 The original statement in the Environmental Review that "prior to shipping, the coal will be 
coated with an approved surfactant to reduce transit coal dust losses by 85%,"10 is not accurate.  
Other measures approved by BNSF may be used, such as "compaction or other technology."  
Additionally, no oversight by any government agency or independent authority will monitor any 
dust control measures or alternatives.  The dust control measures are merely voluntary and 
nothing in this application indicates any dust control measures during rail transport beyond this 
treatment, so there is no guarantee of any dust control measure being applied.  Prevention of 
harm to the ecosystem is not a criterion of coal dust release.  Essentially, UP or BNSF makes the 
final decision as to whether coal dust reduction is adequate, which does not contain any measures 
guaranteeing compliance, and could likely result in excessive coal dust discharge into the 
ecosystem.  The assumption that these control measures will be effective is therefore 
unsupported because there is not a clear plan for how coal will be handled and managed.   
 
 Most importantly, the Appendix U document, titled "Item 216," essentially states that no coal 
dust mitigation measures are required at all:  "in order to comply with the BNSF Operating Rule, 
regarding coal dust mitigation measures, Shippers must adopt measures to comply with this Item 
as soon as practicable."  That means that if implementing measures are not "practicable," they 
don't have to occur.  It could be decades before the companies making this agreement decide it is 
"practicable."  Based on the applicant's coal dust mitigation agreement, it is clear that the rail 
cars do not have to be treated to begin shipping coal, and there is no clear indication of how 
much time may pass after the proposed shipments begin before they are treated.  Therefore, 
                                                 
8 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012. P. 3-4. 
9 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, 
Inc.  Updated August 2012. Appendix U - Required Loading Measures, UP6603-C, Item 216 Required Loading 
Measures to Mitigate Coal Dust. 
10 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-4. 
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ecological impacts from coal dust should be considered as if no topping agent or mitigation 
measures will occur.  
 
 The following photographs11 show how Powder River Basin coal fragments in just a few 
days under normal indoor conditions: 

 
 
 PRB coal is highly friable, that is, prone to breaking apart.12  It is likely that coal will crack 
apart during transport from the mine to the proposed shipping terminal, and thus produce more 

                                                 
11 Hossfeld, R.J. and R. Hatt.  PRB Coal Degradation - Causes and Cures.  Private company research accessed 
online at http://www.prbcoals.com/pdf/paper_archives/56538.pdf on 10/18/12. 
12 Hossfeld, R.J. and R. Hatt.  PRB Coal Degradation - Causes and Cures.  Private company research accessed 
online at http://www.prbcoals.com/pdf/paper_archives/56538.pdf on 10/18/12. 
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coal dust in transport than the intact chunks.  If the topping agent treatment actually occurs, and 
if it covers the top part of the coal in the rail car, then if/when the coal cracks during transport, 
the new surfaces will not be treated and could produce large amounts of coal dust along the way.  
The photographs above show PRB coal in an indoor setting - outdoor transportation through dry, 
windy corridors could accelerate the dusting process.  At the Port of Morrow, 29,000 tons of 
dusty, cracked coal would be sitting in rail cars waiting for transfer to barges at the proposed 
export terminal. 
 
 The air quality application shows that particulate matter will be released from the Engart dust 
extractors at the rail car unloading station.13  Appendix E - Vendor Information - Scrubbers page 
2 of 3, Table 1 states, "Particulate Matter Emissions - lbs/hr - 0.13."  Form AQ230, page 2 of the 
application says the operation schedule is year-round, projected for 8,760 hours per year.  That 
means the Engart dust extractor will release approximately 1,139 pounds of coal dust per year.   
 
 In an expert report authored by Dr. Phyllis Fox, revised fugitive dust particulate matter 
emissions are presented.  Dr. Fox calculates emissions from transfers to be approximately 139 
tons/year at the Port of Morrow, which is likely to significantly underestimate the total 
emissions.  Moreover, Dr. Fox finds the emission estimates at Port Westward to be wholly 
unsupportable.  These coal dust emissions, and other emissions from moving the coal, need to be 
closely examined for ecological effects. 
 
 B.  Harmful Pollutants in Coal and Coal Dust 

 The applicant states that coal dust is a non-carcinogen, and that "coal dust itself does not 
require any special consideration in the air quality assessment other than it is a source of 
particulate matter."14  Fugitive coal dust air emissions of antimony, arsenic, beryllium, cadmium, 
chromium, cobalt, lead, manganese, mercury, nickel, selenium, and uranium combined are 
estimated by the applicant at 0.00000666 tons per year (0.01332 pounds = 0.213 oz. = 6.04g).15  
Coal contains elements mentioned by the applicant, and also tin (Sn), boron (B), vanadium (Va), 
copper (Cu), molybdenum (Mo), and zinc (Zn),16 among others. 
 
 The actual emissions of trace elements could be much greater than 6.04g given the estimated 
163 tons of coal dust emissions per year.  Table 1 presents the potential contents of some trace 
elements in three types of US coals.17  An estimate of the potential weight of the trace elements 
in 163 tons of coal dust is included in the far right column, based on the Powder River column.  
The Wasatch Formation is part of the Powder River Basin.  The contents of trace elements can 
vary among different types of coal.  

                                                 
13 Air Contaminant Discharge Permit Application.  Coyote Island Terminal, LLC.  Received August 3, 2012.  
Golder & Associates, July 26, 2012. 
14 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-130. 
15 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-141. 
16 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 
elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
17 Lindahl, P.C. and R.B. Finkelman.  Factors Influencing Trace Element Variations in US Coals in Overview of 
Mineral Matter in US Coals.  Argonne National Laboratory.  Accessed online at 
http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/Volumes/Vol29-4.pdf  
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Table 1.  Concentrations of Selected Elements in Coal Samples from Black Mesa, Powder River, 
and San Juan Regions.18 
Component Black Mesa Powder River San Juan  ~Amount in 163 tons PRB 
 Percent Percent Percent  Tons (pounds) 
Ash 8.0 9.9 21.1  16 
Silicon, Si 1.1 1.5 5.4  2.4 
Aluminum, Al 0.69 0.78 2.7  1.3 
Calcium, Ca 0.78 1.1 0.67  1.8 
Magnesium, Mg 0.1 0.2 0.1  0.3 (600) 
Sodium, Na 0.09 0.1 0.2  0.2 (400) 
Potassium, K 0.04 0.05 0.16  0.08 (160) 
Iron, Fe 0.31 0.54 0.54  0.9 (1,800) 
Titanium, Ti 0.05 0.047 0.11  0.08 (160) 
      
 ppm ppm ppm   
Copper, Cu 5.5 11.2 13.3  0.0018 (3.6) 
Thorium, Th 2.2 4.3 5.9  0.0007 (1.4) 
Zinc, Zn 5.6 20 15.1  0.0033 (6.5) 
Chromium, Cr 3 7 5  0.0011 (2.3) 
Nickel, Ni 2 5 3  0.0008 (1.6) 
Vanadium, V 7 15 20  0.0024 (4.9) 
Manganese, Mn 9.7 51 29  0.0083 (16.6) 
Lithium, Li 3.9 5.9 19.7  0.001 (1.9) 
Lead, Pb 2.7 5.6 19.7  0.0009 (1.8) 
Selenium, Se 1.6 1.7 2  0.0003 (0.6) 
Boron, B 300 300 300  0.049 (97.8) 
Strontium, Sr 150 200 100  0.033 (65.2) 
Niobium, Nb 1.5 1.5 3  0.0002 (0.5) 
Zirconium, Zr 15 15 50  0.002 (4.9) 
      
  PRB Wasatch 

Formation 
   

Cadmium, Cd  0.06   0.00001 (0.02) 
Uranium, U  1.2   0.0002 (0.4) 
Arsenic, As  0.8   0.0001 (0.3) 
Fluorine, F  67   0.011 (21.8) 
Barium, Ba  70   0.011 (22.8) 
Cobalt, Co  1.5   0.0002 (0.5) 
Molybdenum, Mo  0.7   0.0001 (0.2) 
Scandium, Sc  3   0.0005 (1.0) 
Yttrium, Y  7   0.0011 (2.3) 
                                                 
18 Lindahl, P.C. and R.B. Finkelman.  Factors Influencing Trace Element Variations in US Coals in Overview of 
Mineral Matter in US Coals.  Argonne National Laboratory.  Accessed online at 
http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/Volumes/Vol29-4.pdf on 10/12/12. 
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 Coal dust is implicated in causing health problems in humans because of its unique 
properties, which suggests that it may also harm other organisms in the ecosystem.  In humans, 
"recent investigation of coal workers’ pneumoconiosis (also known as black lung disease) 
suggests that finely disseminated pyrite grains within coal dust may be responsible for the 
inflammation of lung tissue that leads to development of lung fibrosis (Finkelman et al. 2006).  
Possible human health issues may also arise from inhalation of airborne “environmental” 
particulate coal owing to the fact that: (1) it can occur in size fractions (e.g., PM2.5; <2.5 µm) 
that are potentially hazardous (Zheng et al. 1999); and (2) because it may be enriched in pyrite 
and/or toxic trace elements such as As, Hg, Se, Cd, and Cr (Eskenazy 1995; Smith et al. 1998; 
Querol et al. 1999; Finkelman et al. 2006)."19  [author cites Finkelman et al. 2006, Geotimes, 51, 
24–28;  Zheng et al. 1999, International Journal of Coal Geology, 40, 119–132;  Eskenazy 1995, 
Chemical Geology, 119, 239–254;  Smith et al. 1998, Advances in Agronomy, 64, 149–195;  
Querol et al. 1999, International Journal of Coal Geology, 40, 175–188]. 
 
 In addition, "many of the coal components are mutagenic and carcinogenic (da Silva et al., 
2000a); for instance, quartz could be a prominent risk factor for lung cancer in coal miners 
(Borm and Tran, 2002), and the International Agency for Research on Cancer (IARC) classified 
it into IARC's Group 1 (carcinogenic to humans), due to sufficient evidence for carcinogenicity 
in experimental animals and in humans (IARC, 2010).  Heavy metals such as arsenic, cadmium, 
as well as polycyclic aromatic hydrocarbons (PAHs), present in coal, are also well recognized 
carcinogens (da Silva et al., 2000a, 2000b).  Coal dust extracts have also been reported to be 
cytotoxic and mutagenic in mammalian systems (Ulker et al., 2008).  Oxidative DNA damage 
was observed to be significantly higher in lymphocytes of retired coal miners than in controls 
(Shins et al., 1995).  There was an increase in the frequencies of sister chromatid exchanges, 
chromosomal aberrations, and micronucleus in underground coal miners, indicating the genetic 
damage due to coal dust exposure (Donbak et al., 2005)."20 [author cites Borm and Tran, 2002, 
Ann Occup Hyg, 46:25–32;  IARC, A review of human carcinogens. Monographs on the 

evaluation of the carcinogenic risk of chemicals to humans Genova: IARC Pres, 2010;  da Silva 
et al., 2000a, Mutat Res 470:39–51;  da Silva et al., 2000b, Environ Mol Mutagen 35:270–8;  
Ulker et al., 2008, Environ Mol Mutagen 2008;49:232–7;  Shins et al., 1995, Int Arch Occup 

Environ Health 67:153–7;  Donbak et al., 2005, Mutat Res 2005;588:82–7].   
 
 "Moreover, airborne coal particles as well as coal tailings are rich in potentially toxic 
hydrocarbons and genotoxic metals, among other contaminants (Celik et al., 2007), that 
ultimately may lead to profound changes in cells, tissues, populations, and ecosystems (Leffa et 

al., 2010)."21  [author cites Celik et al., 2007, Mutat Res 627:158–63;  Leffa et al., 2010, Environ 

Contam Toxicol 59:614–21].  Moving coal results in discharges of these contaminants in 

                                                 
19 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 
Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
20 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 
coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
21 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 
coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
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particulate matter along transport routes such as roadways, and "elevated levels of particulate 
matter have been associated with significant negative effects on human health."22  
 
 Arsenic in coal is an element of "major concern."23  Coal dust was studied at a coal shipping 
terminal in Norfolk, Virginia to assess potential ecological effects of the 35 tons of particulate 
coal released into the air during the year 2000.24  "Black, gritty veneers of what appears to be 
particulate coal coating objects (e.g., automobiles, window sills, plants, etc.) are common in both 
Norfolk and Portsmouth, Virginia, and anecdotal accounts suggest that such veneers are more 
prevalent in the West Ghent neighborhood of Norfolk, proximal to the Lambert’s Point Docks. 
These thin coatings of probable coal dust suggest that airborne transport of coal dust from the 
Lambert’s Point Docks is prevalent in the region."25 
 
 The researchers in the Norfolk study sampled soil 4 cm below the soil down to 32 cm.26  
They found particulate coal in the samples varying from 1 - 20% of the sample by weight; the 
highest sample was found less than one kilometer away, and a sample 5.5 km away had a value 
of 3.4% coal by weight.  The Great Dismal Swamp, approximately 25 miles away, was also 
sampled in two places, and coal dust was found at all depths from 4 - 32 cm, ranging from 1.0 - 
2.02% by weight.  In the Norfolk soil samples, arsenic (As) concentrations from sand-sized coal 
particles were as high as 17.4 mg/kg, with an average of 7.3 mg/kg.  In the whole soil sample, 
"arsenic concentrations for the total (i.e., bulk) soil digests (silicate minerals, metal oxides, 
amorphous phases, organic matter, and particulate coal), performed on aliquots from 8 cm depth 
for each soil core, ranged from a high of 30.5 mg/kg to a low of 3.0 mg/kg, with a mean As value 
of 13.3 mg/kg."27 
 
 In Colombia, mice and iguanas captured near coal mines had significantly more DNA 
damage than control organisms far from coal mines.28  The coal dust from the mines may have 
been instrumental in damaging the organisms, and the author remarked, "water droplets can 
capture coal dust, and this is an efficient method to decrease respirable coal dust."  "Given the 
strong rainy season that took place in late 2010 and early 2011 in Colombia, the concentrations 
of genotoxic compounds could have decreased as a result of heavy precipitations."29  Given the 
ability of coal dust to migrate from coal shipping terminals as demonstrated in the Norfolk study, 

                                                 
22 Aneja, V, et al.  Characterization of particulate matter (PM10) related to surface coal mining operations in 
Appalachia.  Atmospheric Environment 54 (2012) 496-501. 
23 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 
elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
24 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 
Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
25 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 
Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
26 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 
Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
27 Bounds, W.J. and K.H. Johannesson.  Arsenic Addition to Soils from Airborne Coal Dust Originating at a Major 
Coal Shipping Terminal.  Water Air Soil Pollut. (2007) 185:195–207. 
28 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 
coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
29 Cabarcas-Montalvo, M. et al.  Genotoxic effects in blood cells of Mus musculus and Iguana iguana living near 
coal mining areas in Colombia.  Science of the Total Environment 416 (2012) 208–214. 
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the genotoxic effects of coal can be a serious threat to mammals and reptiles on a landscape 
scale, as the Colombian study demonstrates. 
 
 A study of wild rats (Rattus rattus) and mice (Mus musculus) found DNA damage in the 
specimens trapped near a coal mine and processing plant that prepares coal for transport by 
crushing it.  Coal dust was implicated as the likely cause of this damage:  "the rodent species 
investigated in the mining area are subject to exposure due to different mining activities, 
specifically, stripping and crushing of coal.  The first activity includes the extraction of rocks and 
transportation to the crushing machines.  During the crushing procedure, coal is processed into 
small particles in order to enable transportation.  These activities are liberating great quantities of 
fugitive particles into the environment which contain ashes including PAHs and toxic gases [4].  
During the crushing process of the coal large quantities of coal dust particles can be spread into 
the surrounding environment and they are deposited on the surfaces of the plants or in river beds.  
Results similar to ours were obtained in a biomonitoring study conducted in a carboniferous 
areas using wild rodent species Ctenomys torquatus [12]."30 [author cites (4) Carbones del 
Caribe S.A., Plan de Manejo Ambiental, Flanco Occidental del Sinclinal del R´ıo San Pedro 
M´odulo D (Wenceslao), Departamento de Planeaci´on, 1996;  (12) Da Silva, J, et al. Environ. 

Mol. Mutagen. 35 (2000) 270–278]. 
 
 Coal, when deposited in water, can be harmful to aquatic organisms, as one study at the 
Roberts Bank, BC, Canada coal terminal addresses.  "The benthos, composed of organisms 
dwelling on the sea bottom and in sediments are the most greatly affected due to the disturbance 
of the bottom caused by deposition of coal particles.  Anoxic conditions, evident from the 
presence of hydrogen sulphide, in the sediments receiving very high levels of organic input 
(including coal), caused by the consumption of oxygen during the degradation (oxidation) of 
organic matter, would likely have the most detrimental impact on the benthic florae and faunae.  
The ecological contribution of bottom microinvertebrates is very significant, as larvae from 
clams, mussels, barnacles, and crabs drift out to sea and constitute a substantial proportion of the 
seasonal food for juvenile salmonids and herring.  Damage to the benthos therefore has serious 
implications for both the mature invertebrate populations as well as those creatures that predate 
upon the benthic larvae."31  A similar effect could occur at the proposed Columbia River 
terminals if coal dust settles on the river bottom, and could potentially affect juvenile salmonid 
benthic food sources in the Umatilla National Wildlife Refuge, which extends into the Columbia 
River near the proposed Port of Morrow terminal. 
 
 Coal can accumulate in sediments around coal terminals over time, even in moving water 
such as an estuary with river and tidal currents.  Shown below is a map of soil percent coal dust 
concentrations, which accrued from 1977-1999 at the Roberts Bank coal terminal.  "NHS" in the 
map caption stands for "non-hydrolysable solids," a part of the coal that can be measured in the 

                                                 
30 Leon, G, et al.  Genotoxic effects in wild rodents (Rattus rattus and Mus musculus) in an open coal mining area.  
Mutation Research 630 (2007) 42-49. 
31 Johnson, R. and R.M. Bustin.  Coal dust dispersal around a marine coal terminal (1977-1999), British Columbia:  
The fate of coal dust in the marine environment.  International Journal of Coal Geology 68 (2006) 57–69. 
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lab.  NHS values, which give an indication of the coal content in marine sediments, are less than 
the total coal, which includes hydrolysable solids (organic content).32 

  
 
 Coal dust from shipping terminals in other countries also raise environmental concerns.  In 
South Africa, "despite the adoption of several dust abatement mechanisms such as water sprays 
and wind breaks, the coal operations, which involve shunting, stockpiles, conveyer belts and ship 
loading, create dust which is a problem in the harbour and surrounding areas, not only on 
wetland species, but also on other plant communities in the vicinity, as well as on human 

                                                 
32 Johnson, R. and R.M. Bustin.  Coal dust dispersal around a marine coal terminal (1977-1999), British Columbia:  
The fate of coal dust in the marine environment.  International Journal of Coal Geology 68 (2006) 57–69. 
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health."33  Wetland trees contaminated with coal dust 3 km from the coal terminal were found to 
have reduced CO2 exchange (32-39%), transpiration (28% less), and photosynthetic activity.34   
 
 Conclusions.  The Environmental Review Document does not adequately address the 
potential for fugitive dust from coal cars, emissions from dust control systems, and covered 
conveyor systems, or the estimated mass of coal dust that will be emitted each year.  The effects 
of the discharge of 163 tons of coal dust annually as identified in the Fox report should be 
addressed.  The Norfolk study found coal dust and arsenic in soils many kilometers away, 
stemming from a coal terminal authorized to release 35 tons of coal dust per year.  The Roberts 
Bank study shows up to 10% coal particles in the aquatic sediment near the terminal.  These 
impacts should be addressed for the Columbia River and Umatilla National Wildlife Refuge. 
 
 The cracking of coal and the effect of the topper agent should be discussed and the wind 
emissions from the rail cars estimated.  Long-term deposition of coal dust has been documented 
at other coal shipping terminals, and an estimate should be included in the ERD.  An analysis of 
trace elements, such as arsenic and heavy metals, should be multiplied by the mass of coal 
discharged and presented for review.  The potential effects of coal dust on wildlife should also be 
discussed for the long-term.   
 
 Emissions from an accidental explosion should also be presented.  The ERD should include a 
discussion of dust emissions in transit when no topper is applied, and provide more durable and 
government enforceable assurances that 1) only Powder River Basin coal will ever be shipped 
through the terminal for the life of the terminal, and 2) that all shipments will receive dust 
mitigation measures absolutely.  A coal dust monitoring plan should also be presented for all 
phases of the shipping operation, and local vegetation should also be monitored for coal dust.  
Any contingency plans should include shutting down the terminal to prevent environmental 
contamination.   
 
 
II.  Process Water Impacts 

 
 Industrial water will be recycled through concrete sump basins, clarifiers with flocculants, 
and to a filter press that will separate the coal from the water, deposit the coal on to the 
conveyor, and send the water back through the sprayer system.  The system is intended to deliver 
a 21,000 gallon wash-down of the coal buildings once per week.  The water is to be contained in 
sumps, and is proposed for re-use after treatment with the clarifier. 35   
 
 Despite the assurance of a self-contained system with no leaching, the applicant says that an 
Oregon DEQ Water Pollution Control Facility Permit for an "industrial wastewater discharge 
(coal dust abatement)" "pertains to the MPP," as does an Oregon 1200-Z stormwater permit, and 

                                                 
33 Naidoo, G. and Y. Naidoo.  Coal dust pollution effects on wetland tree species in Richards Bay, South Africa.  
Wetlands Ecology and Management (2005) 13: 509–515. 
34 Naidoo, G. and Y. Naidoo.  Coal dust pollution effects on wetland tree species in Richards Bay, South Africa.  
Wetlands Ecology and Management (2005) 13: 509–515. 
35 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-193-194. 



ECOLOGICAL IMPACTS OF PROPOSED COAL SHIPPING ON THE COLUMBIA RIVER 

 

Page 12 of 37 

a Removal/Fill permit.36  Because the applicant intends to apply for a permit to discharge coal 
dust abatement water, it is clear that the system will not be self-contained, and that the risk of a 
discharge exists.  In other words, if there was no discharge, they would not need a permit.  So it 
makes sense to examine the potential ecological impacts of coal dust wash water to the 
environment.   
 
 Considering that the applicant considers emitting approximately 1,139 pounds of coal dust 
from the rail car unloader portion of the dust control system alone to be "less than significant air 
quality impacts,"37 and did not mention the dust system discharge, and that the applicant 
underestimated emitting approximately 163 tons of coal dust annually, it is possible that the 
actual discharges of process water requiring this industrial wastewater discharge permit are 
similarly understated.  In stormwater systems there are generally emergency overflows built in, 
and it is possible that the actual process water system will have some emergency overflow, or 
that it will leach into the ground via the sumps (hence the permit requirement). 
 
 More details about the locations and management of the 21,000 gallons of wash water should 
be examined as well.  Failsafe mechanisms such as freezing protection, breakdown and repair 
protocols, and routine maintenance shut-downs should be evaluated, because if the system is not 
operating then process water could be released.   
 
 If a discharge of the coal-laden process water occurred, the effects could be similar to the 
effects of the stormwater drainages expected from the runoff produced from the 29,000 tons38 of 
coal exposed to the elements in the rail cars.  Some potential effects of coal-affected water 
infiltrating are discussed in the Stormwater section elsewhere in this document. 
 
 Conclusions.  The specifics of how the facility will handle process water to avoid discharge 
should be presented, and any potential discharges should be assessed for contribution of coal 
dust slurry to the environment.  Contingency plans for system breakdowns or regular 
maintenance should also be assessed.  Effects of discharge to groundwater should be discussed, 
including likely movement through soils and soil composition and risk assessment. 
 
 
III.  Impacts to Fisheries 

 
 The proposed Port of Morrow terminal dock is adjacent to the Umatilla National Wildlife 
Refuge, which extends into the Columbia River.39  The 4-5 tugs required for the operation will 
consume 2,500 - 4,000 gallons of diesel fuel per day, and will be re-fueled every five to seven 

                                                 
36 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-187-188.  
37 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-147. 
38 The tracks can accommodate up to two unit trains; each train will carry approximately 14,500 short tons (1 short 
ton = 2,000 lbs.) of coal, for a maximum total of 29,000 tons in two trains.  Environmental Review for the Coyote 
Island Terminal Dock at the Port of Morrow.  Anderson Perry & Associates, Inc.  Updated August 2012. P. 2-11. 
39 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012.  Port of Morrow Zoning Map, Fig. 3.3-2. 
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days, and operate 24 hours per day.40  The ocean-going vessels (OGVs) will consume 50 tons of 
fuel per day at sea and 5 - 7 tons while in port.41  The transloader at Port Westward may 
incorporate diesel storage tanks and a vacuum system for collection of spilled coal.42  The 
presence and operation of vehicles requiring liquid petroleum in such large quantities presents a 
chance that fuel could be spilled into the water, or that residual fuel from routine operations 
could be discharged into the river.  Such a discharge could adversely affect the aquatic 
ecosystem.  In addition, exhaust fumes may also produce polycyclic aromatic hydrocarbons 
(PAHs) that could harm aquatic life if sufficient quantities are generated. 
 
 Nitrogen and sulfur inputs to the environment are also a concern.  In a report by AMI 
Environmental titled AERMOD Modeling of Air Quality Impacts of the Proposed Morrow 
Pacific Project (October 2012), estimated emissions are presented for the Port of Morrow and 
Port Westward: 
 

 
 

 
 
 These emissions could change the water quality in the Columbia River over time, depending 
on the amount deposited and area affected.  The potential effects of these emissions on salmonid 
life cycle, habitat, and food supply should be addressed. 
 

                                                 
40 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 2-13. 
41 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012.  P. 2-13. 
42 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 2-16. 
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Fuel Discharges.  A large number of studies focus on the effects of polycyclic aromatic 
hydrocarbons (PAHs), chemicals that are found in petroleum, and are often found in areas where 
petroleum is spilled, transported, and combusted.43  Diesel contains PAHs, as does other forms of 
petroleum (p. 2657).44  “The percentage of PAHs in crude oil, Bunker C oil, and No. 2 diesel oil 
are about 1%, 4%, and 9% by weight, respectively” (p. 104).45   

 
Oil and/or diesel sheen on the water surface is harmful to fish.  “Fish mortality following 

spills has often been attributed to the formation of a layer of oil (sheen) on the water.  Sheen 
limits the oxygen exchange between air and water, and both sheen and dissolved constituents 
may coat the gills of fish causing lesions on respiratory surfaces affecting respiration (p. 2657) 
[author cites Green, J.; Trett, M. W.  Fate and Effects of Oil in Freshwater; Elsevier: London, 
1989].”46  The sheen itself represents pure product floating on the water surface; the 
concentration there would be much higher than a grab sample several inches below the water 
surface. 

 
Diesel is harmful to salmonids, and one study determined the mortality rates for rainbow 

trout (Oncorhynchus mykiss), as well as the genetic toxicity.  A steelhead is an ocean-run 
rainbow trout, so studies on rainbow trout are relevant to salmonids living in the Columbia 
River.  “Diesel [No. 2] doses of 40 mg/L were associated with a gradual increase in mortality 
over the duration of the test, and a sharp increase in the number of genes and functional groups 
of genes with altered expression.  Exposures ≥200 mg/L of diesel resulted in 100% mortality of 
rainbow trout fry.  Based upon dose–response curves interpolated from data for individual end 
points, toxicity reference values of 4-45 mg/L were determined” (p. 2658).  The data trends show 
that gene expression begins to be affected in a smaller percentage of fish at levels as low as 4.1 
mg/L (Table 2).47    

 
Salmon that are exposed to pollution (such as oil and diesel fuel that may be spilled from 

vessels) could be at risk for pigmented salmon syndrome (PSS) and tainting.  This syndrome’s 
symptoms include discoloration from silver to yellow or red, significant gill and kidney damage, 
anemia, and kill the fish (p. 505-506).48  Studies have found that fish living in water with 2 mg/L 

                                                 
43 Meador, J. P., Sommers, F. C., Ylitalo, G. M., & Sloan, C. A. (2006, October).  Altered growth and related 
physiological responses in juvenile Chinook salmon (Oncorynchus tshawytscha) from dietary exposure to polycyclic 
aromatic hydrocarbons (PAHs).  Canadian Journal of Fisheries and Aquatic Sciences, 63:  2364-2376. 
44 Mos, L., Cooper, G., et al. (2008).  Effects of Diesel on Survival, Growth, and Gene Expression in Rainbow Trout 
(Oncorhynchus mykiss) Fry.  Environmental Science & Technology, Vol. 42, No. 7. 
45 Huntley, S. L., Bonnevie, N. L., & Wenning, R. J. (1995).  Polycyclic Aromatic Hydrocarbon and Petroleum 
Hydrocarbon Contamination in Sediment from the Newark Bay Estuary, New Jersey (pp. 93-107).  Arch. Environ. 

Contam. Toxicol. 28.  
46 Mos, Lizzy, Glenna Cooper, et al. (2008).  Effects of Diesel on Survival, Growth, and Gene Expression in 
Rainbow Trout (Oncorhynchus mykiss) Fry.  Environmental Science & Technology, Vol. 42, No. 7. 
47 Mos, Lizzy, Glenna Cooper, et al. (2008).  Effects of Diesel on Survival, Growth, and Gene Expression in 
Rainbow Trout (Oncorhynchus mykiss) Fry.  Environmental Science & Technology, Vol. 42, No. 7.  
48 Croce, B., Stagg, R. M., et al. (1997, December).  Ecotoxicological Determination of Pigmented Salmon 
Syndrome: A Pathological Condition of Atlantic Salmon Associated with River Pollution (pp. 505-510).  Ambio, 
Vol. 26, No. 8. 
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of diesel can develop PSS if also exposed to certain other chemicals (p. 509).49  In addition, 
salmon that are exposed to 0.224 mg/L of diesel or 0.076 mg/L of crude oil become tainted (p. 
260).50  Tainted fish do not taste as good as un-tainted fish, and tainting can threaten the 
economic livelihood of those people in the supply chain (p. 258)51 because customers do not 
wish to buy tainted fish. 

 
The PAHs in oil and diesel are bioavailable and harmful to salmonids.52  Other sources of 

PAHs besides boats and trains are “creosote wood preserving facilities, petroleum storage and 
refinery facilities, paint and chemical manufacturers, combined sewer overflows, and sewage 
treatment facilities” (p. 93).53  The dominant PAHs found in diesel and oil are naphthalenes (p. 
260).54  PAHs that are larger than naphthalenes are less soluble in water, and can move more 
rapidly into some aquatic organisms.  These PAHs “partition directly from crude oil to lipid rich 
tissues coming into contact with oil droplets.”55  Salmonids have lipid rich tissues, and are at 
immediate risk when in contact with undissolved oil, which could be discharged from tugs or 
Panamax vessels, or from locomotives via the stormwater system.   

 
PAHs can also be absorbed through digestion, and poses a risk to juvenile Chinook salmon 

(and others) moving through urbanized areas when migrating to the marine waters from fresh 
water spawning grounds.  At ingestion levels of 18 – 22 µg/day for 58 days in the lab, 
comparable to field measurements of in Puget Sound, another area of heavy ship traffic, juvenile 
Chinook salmon show signs of starvation and reduced body mass.56  The daily dose that would 
starve a wild juvenile fish living in a polluted Puget Sound estuary, which may be similar to the 
Columbia River estuary, is estimated at 3.8 µg PAH/gram of fish/day;  wild salmon in Puget 

                                                 
49 Croce, B., Stagg, R. M., et al. (1997, December).  Ecotoxicological Determination of Pigmented Salmon 
Syndrome: A Pathological Condition of Atlantic Salmon Associated with River Pollution (pp. 505-510).  Ambio, 
Vol. 26, No. 8. 
50 DAVIS, H. K., MOFFAT, C. F., et al. (2002).  Experimental Tainting of Marine Fish by Three Chemically 
Dispersed Petroleum Products, with Comparisons to the Braer Oil Spill (pp. 257–278).  Spill Science & Technology 

Bulletin, Vol. 7, Nos. 5–6.  
51 DAVIS, H. K., MOFFAT, C. F., et al. (2002).  Experimental Tainting of Marine Fish by Three Chemically 
Dispersed Petroleum Products, with Comparisons to the Braer Oil Spill (pp. 257–278).  Spill Science & Technology 

Bulletin, Vol. 7, Nos. 5-6.  
52 Meador, J. P.; Sommers, F. C.; Ylitalo, G. M. & Sloan, C. A. (2006, October).  Altered growth and related 
physiological responses in juvenile Chinook salmon (Oncorynchus tshawytscha) from dietary exposure to polycyclic 
aromatic hydrocarbons (PAHs).  Canadian Journal of Fisheries and Aquatic Sciences, 63:  2364-2376.  
53 Huntley 1, S. L., Bonnevie, N. L., & Wenning, R. J. (1995).  Polycyclic Aromatic Hydrocarbon and Petroleum 
Hydrocarbon Contamination in Sediment from the Newark Bay Estuary, New Jersey (pp. 93-107).  Arch. Environ. 

Contam. Toxicol., 28.  
54 Davis, H. K., Moffat, C. F., et al. (2002).  Experimental Tainting of Marine Fish by Three Chemically Dispersed 
Petroleum Products, with Comparisons to the Braer Oil Spill (pp. 257-278).  Spill Science & Technology Bulletin, 
Vol. 7, Nos. 5-6. 
55 Shukla, P., M. Gopalani, et al.  Influence of Salinity on PAH Uptake from Water Soluble Fraction of Crude Oil in 
Tilapia mossambica.  Bulletin of Environmental Contamination & Toxicology (2007) 79:  601-605. 
56 Meador, J. P.; Sommers, F. C.; Ylitalo, G. M. & Sloan, C. A. (2006, October).  Altered growth and related 
physiological responses in juvenile Chinook salmon (Oncorynchus tshawytscha) from dietary exposure to polycyclic 
aromatic hydrocarbons (PAHs).  Canadian Journal of Fisheries and Aquatic Sciences, 63:  2364-2376. 
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Sound have been found with about 23 µg PAH/ gram of fish/day for a 7g fish (roughly 
equivalent).57   

 
Descriptions of diesel effects on the environment and organisms should be assumed to 

include a certain fraction of PAH effects as well.  For example, since diesel has a density of 
about 900 kilograms per cubic meter, and 1,000 gallon = 3.785 cubic meters, then 1,000 gallons 
of diesel fuel would weigh about 3,406 kilograms.  Since diesel is 9% PAH by weight, then 306 
kilograms (675 pounds) of PAH (mostly naphthalene) per 1,000 gallons spilled is a reasonable 
estimate. 
 
 PAH absorption through direct contact with oil continues for the duration of exposure, 
depending on the circumstances.  “This is of concern since these contaminants can 
bioconcentrate in tissues of organisms to factors 10–1000 times greater than in water.   
Fluorescing oil droplets were observed under microscope to adhere to the gills of rainbow trout 
(Oncorhynchus mykiss)… Rainbow trout was chosen [for the study] to enable comparisons with 
freshwater data from previous experiments across salinities within their zone of tolerance (0–
15‰).”58 
 
 High-energy ultraviolet light (UVB) reacts with PAHs in water.  Compounds such as 
naphthalene were found to become more toxic when exposed to UVB light (p. 983).59  “PAHs 
and solar radiation can therefore interact to induce a broad range of effects in aquatic animals 
and plants.  After co-exposure to adequate amounts of solar radiation and PAH the lethal effects 
are likely due to massive cellular and tissue damage that cannot be repaired at an adequate rate” 
(p. 984).60   
 
 The applicant states that 8,585 gallons of hazardous material will be theoretically spilled into 
the Columbia River by the operation, and that the estimate in gallons is for liquid petroleum 
products.61  If 8,585 gallons of liquid fuel, such as diesel fuel, were spilled it could affect the 
aquatic life as a source of bioavailable PAHs and heavy metals, as well as having direct effects 
as sheen on the water, as described above (also see Stormwater section for potential effects of 
heavy metals).   
 
 If the 8,585 gallons per year of theoretically spilled material were coal (the hazardous 
material being transported), other effects to the aquatic ecosystem could occur.  Coal has an 
estimated density of 1.9 g/cm3,62 which would equal 136,126 pounds spilled per year, 
                                                 
57 Meador, J. P.; Sommers, F. C.; Ylitalo, G. M. & Sloan, C. A. (2006, October).  Altered growth and related 
physiological responses in juvenile Chinook salmon (Oncorynchus tshawytscha) from dietary exposure to polycyclic 
aromatic hydrocarbons (PAHs).  Canadian Journal of Fisheries and Aquatic Sciences, 63:  2364-2376. 
58 Ramachandran, Shahunthala D., Michael J. Sweezey, et al.  Influence of salinity and fish species on PAH uptake 
from dispersed crude oil.  Marine Pollution Bulletin 52 (2006) 1182–1189. 
59 Pelletier, É., Sargian, P., et al. (2006).  Ecotoxicological Effects of Combined UVB and Organic Contaminants in 
Coastal Waters: A Review.  Photochemistry and Photobiology, 82(4):981-993.   
60 Pelletier, É., Sargian, P., et al. (2006).  Ecotoxicological Effects of Combined UVB and Organic Contaminants in 
Coastal Waters: A Review.  Photochemistry and Photobiology, 82(4):981-993.   
61 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-194. 
62 Luppens, J.A., 2011, A critical review of published coal quality data from the southwestern part of the Powder 
River Basin, Wyoming: U.S. Geological Survey Open-File Report 2011–1148, 23 p. P. 19. 
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corresponding to 42.5 cubic yards of material per year (8,585 gal. = 32,498 L = 32,498,000 cm3 
x 1.9 g/cm3 = 61,746,200 g = 61,746 kg = 136,126 pounds = 68 tons of coal;  32,498 L = 42.5 
cubic yards).   
 
 Coal spillage, such as the theoretical spillage mentioned by the applicant, has been studied 
and determined to affect freshwater invertebrates, including invertebrates that provide food for 
salmonids such as those present in the Columbia River.63  A railway accident in New York 
caused the discharge of several rail cars of coal to Cayuga Inlet, which remained in the water for 
2-3 weeks before total removal.  Cayuga Inlet is a third-order stream approximately 20-45 feet 
wide as it appears on air photos.  The invertebrate inventory included oligochaete worms, 
gastropods (snails), isopods (crustaceans), insect orders Ephemoptera (mayflies), Plecoptera 
(stoneflies), Trichoptera (caddisflies) ("EPT," all three sensitive to pollution), Megaloptera 
(dobsonflies), Coleoptera (beetles), and Diptera (chironomidae).  "Immediately following the 
coal spill (1999) there were significantly lower total invertebrate abundance and taxon richness 
at the site downstream than upstream of the impoundment and the coal spill (Fig. 1a and b).  
Abundance of total invertebrate grazers was also significantly reduced at the site downstream of 
the coal spill in 1999... Abundance of invertebrates in the orders especially vulnerable to 
turbidity (Trichoptera, Megaloptera, Ephemeroptera, and Isopoda) was also significantly reduced 
at the site downstream of the coal spill."64   
 
 The investigators proposed two possible reasons for the invertebrate decline.  "The 
significant decline in total invertebrates and taxa richness following the coal spill with no 
significant effects on EPT demonstrated that the negative effects of the coal spill were not 
limited to the most sensitive invertebrates of the community.  These effects could be attributed to 
two different mechanisms.  First, a change in water chemistry could have caused invertebrate 
mortality, due to increased levels of Fe(OH)x and a decline in pH that occur when coal is added 
to water (Vinikour, 1979; Cherry et al., 1979b; Scullion & Edwards, 1980).  Second, Cherry et 

al. (1979a) reported that in some cases the physical effects of increased turbidity and smothering 
by the coal particles are more deleterious than the toxicity created by the coal/water mixture."65 
[author cites Vinikour, W.S., 1979, Entomology News 90: 203-204; Cherry, D.S., et al 1979b.  
Journal of Fisheries Research Board Canada 36: 1089–1096; Scullion, J. & R. W. Edwards, 
1980. Freshwater Biology 10: 141–162; Cherry, D.S., et al 1979a Hydrobiologia 62: 257–267]. 
 
 Selenium (Se) is an element that is found in coal, ranges between 0.1 - 5.3 mg/kg in coal 
worldwide,66 and is toxic to fish, including bull trout (Salvelinus confluentus) and other 
salmonids.67  One watershed level study in Canada examined Se in creeks downstream from coal 

                                                 
63 Harper, M.P. and B.L. Peckarsky.  Effects of pulsed and pressed disturbances on the benthic invertebrate 
community following a coal spill in a small stream in northeastern USA. Hydrobiologia (2005) 544:241-247. 
64 Harper, M.P. and B.L. Peckarsky.  Effects of pulsed and pressed disturbances on the benthic invertebrate 
community following a coal spill in a small stream in northeastern USA. Hydrobiologia (2005) 544:241-247, p. 243. 
65 Harper, M.P. and B.L. Peckarsky.  Effects of pulsed and pressed disturbances on the benthic invertebrate 
community following a coal spill in a small stream in northeastern USA.  Hydrobiologia (2005) 544:241-247, pp. 
243-4. 
66 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 
elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
67 Palace, V.P., C. Baron, et al.  An assessment of the potential for selenium to impair reproduction in bull trout, 
Salvelinus confluentus, from an area of active coal mining.  Environmental Biology of Fishes 70: 169-174, 2004. 
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mines, which likely provides a dilution effect from the mine drainage sites upstream.  This study 
is important to consider because of the potential for coal or coal leachate discharges to the 
Columbia River which may be initially diluted but still accumulate to harmful levels in places. 
 
 Selenium bioconcentrates (enters from water) and bioaccumulates (enters from sediment) in 
aquatic primary producers (such as phytoplankton) and consumers, as well as fish,68 and so 
represents a toxic threat to the entire food web.  Se accumulation in wild fish is thought to occur 
both from dietary ingestion and direct uptake from the water, beginning in the egg stage.69  Bull 
trout muscle tissue in watersheds with coal mines had Se concentrations from 0.6 - 9.4 µg/g on a 
wet mass basis, with 2 µg/g representing the toxicity threshold.70 
  
 Teratogenesis is the development of malformed organisms or growths, especially in the 
embryo.  "A hallmark of Se toxicity is the appearance of teratogenic deformities in the progeny 
of exposed females that result from the deposition of Se to their eggs.  Teratogenesis is restricted 
to the egg–larval stage of development when the larvae utilize yolks contaminated with Se 
(Lemly 1997a).  The most common types of terata include spinal curvatures (lordosis, scoliosis, 
or kyphosis), missing or deformed fins, gills, opercula and eyes, as well as abnormally shaped 
heads and mouths (Lemly 1993b, 1997a). Other symptoms of Se poisoning include pericardial 
and abdominal edema, exopthalmus (bulging or protrusion of eyes), and cataracts (Lemly 
1996)."71  [author cites Lemly, A.D. 1997a, Ecotoxicol. Environ. Safety 37: 259–266;  Lemly, 
A.D. 1993b, Environ. Monitor. Assess. 28: 83–100;  Lemly, A.D. 1996, "Selenium in aquatic 
organisms." pp. 427–445. In: W.N. Beyer, G.H. Heinz & A.W. Redmon-Norwood (ed.) 
Environmental Contaminants in Wildlife. CRC Press, Boca Raton, FL, U.S.A.]. 
 
 Marine Environment.  Discharges of coal and coal dust to the Columbia River have the 
chance to either become deposited in the freshwater portions of the river or in the estuarine and 
marine areas near the mouth of the river when the Panamax ships leave the river.  Some potential 
impacts to the downstream marine environment from the proposed project are discussed here. 
 
 The shipping of coal in Panamax ocean going vessels invites consideration of potential 
impacts to marine fisheries as well.  Should a vessel full of coal sink in salt water, trace elements 
from the coal can leach into the marine environment, as a study commissioned by Xstrata Coal 
of Australia found.72  Coal contains elements including selenium (Se), chromium (Cr), tin (Sn), 
mercury (Hg), arsenic (As), boron (B), vanadium (Va), cadmium (Cd), copper (Cu), lead (Pb), 
manganese (Mn), molybdenum (Mo), nickel (Ni), and zinc (Zn), which were tested for leaching.  
Of those elements, cadmium, copper, lead, manganese, molybdenum, nickel, and zinc leached 
from the coal into seawater, and copper and manganese exceeded the water quality guidelines for 

                                                 
68 Palace, V.P., C. Baron, et al.  An assessment of the potential for selenium to impair reproduction in bull trout, 
Salvelinus confluentus, from an area of active coal mining.  Environmental Biology of Fishes 70: 169-174, 2004. 
69 Palace, V.P., C. Baron, et al.  An assessment of the potential for selenium to impair reproduction in bull trout, 
Salvelinus confluentus, from an area of active coal mining.  Environmental Biology of Fishes 70: 169-174, 2004. 
70 Palace, V.P., C. Baron, et al.  An assessment of the potential for selenium to impair reproduction in bull trout, 
Salvelinus confluentus, from an area of active coal mining.  Environmental Biology of Fishes 70: 169-174, 2004. 
71 Palace, V.P., C. Baron, et al.  An assessment of the potential for selenium to impair reproduction in bull trout, 
Salvelinus confluentus, from an area of active coal mining.  Environmental Biology of Fishes 70: 169-174, 2004. 
72 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 
elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
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Queensland, Australia, with final concentrations of 11 µg/L of Cu (seawater had 3 µg/L to begin) 
and 37 µg/L of Mn (seawater had 1.8 µg/L).73  These levels could potentially harm listed 
salmonids with sufficient exposure, or be transported into sediments where they could build up 
over time.   
 
 Salt water may attenuate the absorption and effects of dissolved metals such as copper to 
some degree.  According to the NOAA, regarding dissolved copper (dCu), "estuarine and 
nearshore salt water environments, despite their higher salinity (in part due to increased cation 
concentrations) and hardness may or may not confer protection against dCu-induced olfactory 
toxicity."74  Impacts to salmonids in salt water environments from metals such as copper can still 
occur, and until more is known about the risks, it makes sense to use the same regulatory 
thresholds for salt water as the more sensitive fresh water, especially to protect listed species 
such as Chinook salmon. 
 
 The effect of coal dust from a shipping terminal has been shown to produce behavioral 
changes in crabs in laboratory experiments, as a Canadian government study revealed.75  Coal 
dust was gathered from beneath a conveyor belt at Westshore Terminals, Roberts Bank, Canada, 
and mixed with sand to form an experimental substrate in tanks.  After 15-31 days, Dungeness 
crabs were added and observed.  "The burrowing reaction of the crabs differed with the four 
substrates.  Crabs in sand (substrate D) never completely burrowed, but remained completely 
exposed, or with only a fraction of the rear portion of their carapace buried.  The proportion of 
carapace buried increased with increasing amounts of coal in the substrate, so the in substrate (C) 
the crabs burrowed completely under the surface, with only eyes and antennae remaining 
visible."76   
 
 Dungeness crab megalopae (immatures) are prey for Chinook salmon (Oncorhynchus 

tshawytscha) in marine coastal areas.  Although no Dungeness crabs can live in the freshwater 
ecosystem near the Port of Morrow, the change in burrowing behavior of other arthropods, such 
as isopods, if similarly affected by coal dust in the water, could reduce their availability as prey, 
and potentially affect trophic interactions in the Columbia River food web.  Burrowing provides 
protection and likely reduces the opportunity for detection by predators.  If coal dust entered the 
substrate of the salt and brackish portions of the Columbia River estuary where it meets the 
ocean, it could produce this effect on resident crabs there.  Local fishermen who take Dungeness 
crabs near the Roberts Bank coal terminal report a darker coal-coloration of some crabs, and they 
find these crabs more difficult to market.77 
 

                                                 
73 Lucas, S.A, and J. Planner.  Grounded or submerged bulk carrier:  The potential for leaching of coal trace 
elements to seawater.  Marine Pollution Bulletin 64 (2012) 1012-1017. 
74 Hecht, S.A., D.H. Baldwin, C.A. Mebane, T. Hawkes, S.J. Gross, and N.L. Scholz. 2007. An overview of sensory 
effects on juvenile salmonids exposed to dissolved copper: Applying a benchmark concentration approach to 
evaluate sublethal neurobehavioral toxicity. U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-83, 39 p. 
75 Hillaby, B.A. 1981. The effects of coal dust on ventilation and oxygen consumption in the Dungeness crab, 
Cancer magister. Can. Tech. Rep. Fish. Aquat. Sci. 1033: vi + 18 p. 
76 Hillaby, B.A. 1981. The effects of coal dust on ventilation and oxygen consumption in the Dungeness crab, 
Cancer magister. Can. Tech. Rep. Fish. Aquat. Sci. 1033: vi + 18 p.;  p. 12. 
77 Johnson, R. and R.M. Bustin.  Coal dust dispersal around a marine coal terminal (1977-1999), British Columbia:  
The fate of coal dust in the marine environment.  International Journal of Coal Geology 68 (2006) 57–69. 
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 Conclusions.  The ERD does not adequately address potential impacts from continued 
discharges of liquid fuels from shipping operations.  The amount of fuel released annually should 
be estimated and reviewed for effects to aquatic life.  The theoretical spillage of hazardous 
material should be discussed in detail, and the effects of the spillage estimated.  Discharges from 
accidents have the potential to impact aquatic invertebrates that are part of the salmonid life 
cycle.  Selenium pollution causes deformities in fish, and could threaten bull trout and other 
salmonids over time as coal dust deposits increase.  Coal has been shown to leach elements into 
seawater, and could produce pollution harmful to aquatic life if a Panamax OCV became 
grounded or wrecked and allowed sea water to mix with the coal.  Dungeness crab behavior and 
appearance could be affected by coal pollution entering marine waters.  The effects of salinity 
may or may not confer protection to fish from dissolved copper from coal leaching. 
 
 
IV.  Stormwater Plan Review 

 
 The applicant states that the Port of Morrow facility will be designed with full on-site 
containment with no discharge anticipated, with bioswales to 25-year storm intensity standards.78  
"All stormwater and process water will be handled on site, with no discharge to the Columbia 
River."79  Most stormwater designs include an overflow outlet for storms of greater intensity than 
the design.  For example, the proposed 25-year storm system will not contain a 100-year storm 
event, and the excess water must go somewhere if it does not infiltrate.  Generally overflows are 
directed to a receiving body, such as a wetland, river or stream, or to a low point in the uplands.  
The proposal does not include a preliminary drainage report, so the location of the overflow 
outlet and sub-basin sizes are unknown.  LCI recommends reviewing a preliminary drainage 
report to better assess the potential impacts to nearby wetlands or waters that may receive 
stormwater from events larger than the 25-year storm. 
 
 The proposed coal storage area and conveyor system will be covered in some way, and may 
reduce the likelihood of stormwater interacting with the main coal stockpile.  However, there 
will still be substantial contact of stormwater with coal before reaching the covered stockpile, 
which could become polluted and drain into nearby wetlands or waters.   
 
 Pollution of stormwater with coal compounds could occur while the rail cars are waiting to 
be unloaded.  The tracks can accommodate up to two unit trains, each approximately 5,800 feet 
long.80  The coal trains will require 4.8 hours to unload, but will likely be split to avoid blocking 
traffic and then require 12 hours to unload; each train will carry approximately 14,500 short tons 
(1 short ton = 2,000 lbs.) of coal,81 for a maximum total of 29,000 tons in two trains.   
 

                                                 
78 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 3-193. 
79 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 2-8. 
80 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 2-6. 
81 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012. P. 2-11. 
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 Since the terminal will be in operation for 24 hours per day, it is reasonable to assume that 
there will be a constant presence of coal-filled rail cars at the site.  Those rail cars are uncovered, 
and precipitation will fall on the coal, drain to the bottom of the rail cars, and out of any drains or 
gaps in the car bottom.  The large number of rail cars at the proposed terminal will likely provide 
an opportunity for polluted runoff to form similar to a 29,000 ton stockpile of coal.   
 
 When coal is transported, the vibrations may cause the coal chunks to break up to some 
degree.  Coal is generally broken up mechanically at the mine, crushing larger pieces into 
smaller chunks prior to shipment.  Coal chunks may also crack over time, as shown in the photos 
elsewhere in this document.82  This cracking and breakdown exposes fresh coal surfaces to the 
air and increases the surface to volume ratio for a give amount of coal.  When mined minerals 
are exposed to the air, they produce weathering effects at an accelerated rate, which may cause 
acid drainage and heavy metal release that impairs water quality.83  When the coal arrives at the 
proposed terminal, it may have fractured during transport, and fresh surfaces may then be 
exposed to the air, which could pollute any precipitation draining through the rail cars.  The 
polluted runoff could enter surface waters, or infiltrate to the groundwater table. 
 
 The Phase I Environmental Site Assessment Report states that the site has a high soil 
infiltration rate.84  The stormwater design for the outdoor portion of the rail yard involves some 
infiltration of water to the soil via the bioswales.85  Through infiltration via the bioswales, there 
is a high potential for groundwater contamination, depending on the soil properties.86     
 
 Coal piles are known to produce acids and dissolved metals which can run off into nearby 
wetlands or waters, even away from mine sites:  "Analogous to mining operations, the storage of 
coal can also generate highly acidic, metal-rich leachate resulting from the oxidation of sulfidic 
ores present in coal as impurities (1, 2).  Additional water quality concerns with regard to coal 
storage include that coal stockpiles are relatively abundant, not restricted to areas associated with 
mining operations, and often uncontrolled."87 [author cites (1) Davis, E. C.; Boegly, W. J. J. 

Environ. Qual. 1981, 10, 12-133; (2) Swift, M. C. Water Resour. Bull. 1985, 21, 449-457]. 
 
 Pollution from coal storage piles, and potentially from rail car on-site storage, can contain 
toxic metals that have been shown to pollute groundwater.  Coal in the Powder River Basin can 
have the same amount of sulfur as the coal used in one water runoff study.  The Wasatch coal 

                                                 
82 Hossfeld, R.J. and R. Hatt.  PRB Coal Degradation - Causes and Cures.  Private company research accessed 
online at http://www.prbcoals.com/pdf/paper_archives/56538.pdf on 10/18/12. 
83 Sheldon, D., T. Hruby, P. Johnson, K. Harper, A. McMillan, T. Granger, S. Stanley, and E. Stockdale. March 
2005. Wetlands in Washington State - Volume 1: A Synthesis of the Science. Washington State Department of 
Ecology. Publication #05-06-006. Olympia, WA.  P. 3-33. 
84 Baird, Brad.  Phase I Environmental Site Assessment Report Port of Morrow - Morrow Pacific Project Site.  
Anderson Perry & Associates, Inc. 2/27/2012, p. 11. 
85 Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow.  Anderson Perry & 
Associates, Inc.  Updated August 2012.  Figure 3.10-4, Conceptual Bioswale Design. 
86 Anderson, M.A., P.M. Bertsch, et al.  Interactions of Acidic Metal-Rich Coal Pile Runoff with a Subsoil.  
Environ. Sci. Technol. 1991, 25, 2038-2046. 
87 Anderson, M.A., P.M. Bertsch, et al.  Interactions of Acidic Metal-Rich Coal Pile Runoff with a Subsoil.  
Environ. Sci. Technol. 1991, 25, 2038-2046. 
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formation in the Powder River Basin contains up to 1.5% sulfur.88  A study at the US 
Department of Energy's Savannah River Site near Aiken, SC examined the soils that received 
runoff from a stockpile of low-sulfur (1-2%) coal,89 similar to some of the Wasatch formation 
coal.  The study analyzed the soils at the far end of the 1.5 hectare (3.7 acre) coal pile drainage 
basin by lab extraction through a column: 
 
Table 2.  Composition of the Coal Pile Runoff Used in Column Experiments90 
Component Conc., mg/L (except pH)  Component Conc., mg/L 
pH 2.13    
Al3+ 101.0  Li+ 0.232 
Be2+ 0.055  Mg2+ 62.17 
Ca2+ 83.62  Mn2+ 7.302 
Co2+ 0.461  Na+ 11.52 
Cr3+ 0.010  NI2+ 0.878 
Cu2+ 0.262  H4SiO4 69.4 
Fe2+ 4.70  SO42- 2,024 
Fe3+ 119.5  Sr2+ 0.791 
K+ 1.668  Zn2+ 2.392 
  
 The metals from the coal can move into and pollute the groundwater:  "naturally acidic, 
noncarbonatic soils offer little resistance to subsurface migration of acidic, metal-rich runoff.  As 
a result, coal stockpiles situated on such materials pose a serious threat to underlying 
groundwater systems."91  If the soils on the proposed terminal site are similar to these soils, 
substantial pollution could occur.  If other soil characteristics are present, the effects could vary 
from those described in this study.   
 
 The study found that the pollutants moved through the soil in different ways, and 
concentrated the pollution:  "The development of concentration waves attendant with infiltration 
and migration of runoff within subsurface materials further exacerbates potential water quality 
problems.  That is, chromatographic and precipitation-dissolution reactions result in the 
development and movement of metals in waves of concentrations potentially greatly exceeding 
initial source concentrations.  Discharge of effluent meeting appropriate water quality criteria 
may thus produce downgradient concentrations exceeding standards and source concentrations.  
This phenomenon also emphasizes the need for continued research evaluating multicomponent 
transport processes."92   
 

                                                 
88 Luppens, J.A., 2011, A critical review of published coal quality data from the southwestern part of the Powder 
River Basin, Wyoming: U.S. Geological Survey Open-File Report 2011–1148, p. 18. 
89 Anderson, M.A., P.M. Bertsch, et al.  Interactions of Acidic Metal-Rich Coal Pile Runoff with a Subsoil.  
Environ. Sci. Technol. 1991, 25, 2038-2046. 
90 Anderson, M.A., P.M. Bertsch, et al.  Interactions of Acidic Metal-Rich Coal Pile Runoff with a Subsoil.  
Environ. Sci. Technol. 1991, 25, 2038-2046. 
91 Anderson, M.A., P.M. Bertsch, et al.  Interactions of Acidic Metal-Rich Coal Pile Runoff with a Subsoil.  
Environ. Sci. Technol. 1991, 25, 2038-2046. 
92 Anderson, M.A., P.M. Bertsch, et al.  Interactions of Acidic Metal-Rich Coal Pile Runoff with a Subsoil.  
Environ. Sci. Technol. 1991, 25, 2038-2046. 
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 The constant presence of coal in rail cars on the site has the potential to pollute the 
groundwater in high concentrations over time via the stormwater bioswale system if soil 
conditions allow.  It is possible that the Columbia River could be contaminated with metals 
through a groundwater connection.  A hydrogeologic investigation would show the groundwater 
movement patterns, and where such potentially polluted groundwater would travel, and a soil 
analysis would show if the conditions are similar to the concentration wave study.   
 
 Another study examined the sediment collected near a coal storage pile in detention ponds 
for metals, and featured a short-term storage pile of low-sulfur coal.  The sediment contained 167 
-233 ppm (parts per million; 1 ppm = 1 µg/g or 1 mg/kg) of lead (Pb), well above the average 
soil background level of 17 ppm.93  Since the bioswales will catch stormwater that could contain 
similar sediments, similar pollution could build up in the bioswales over time.  This study also 
reported lead groundwater concentrations of 62 ppb (parts per billion; 62 ppb = 62 µg/kg = 62 
µg/L of water = 0.062 mg/L) in a well under the low-sulfur coal short-term storage pile, which 
exceeded Indiana's maximum contaminant level of 15 ppb.94  If soil properties allow the 
concentration wave effect described in the previous study, then this level could become higher 
over time. 
 
 Metals in sediments, such as those that could collect in stormwater control systems 
contaminated with coal and acid drainage, are bioavailable (able to move into or onto an 
organism), can show bioaccumulation (concentration in organism/concentration in sediment), 
and bioconcentration (concentration in organism/concentration in pore water) in aquatic 
organisms.95   
 
 Freshwater macroinvertebrates such as the insect Chironomus sp. (Order Diptera, family 
Chironomidae), and worms Branchiura sowerbyi and Limnodrilus claparedeianus (Order 
Oligochaeta, family Tubificidae), were found to bioconcentrate aluminum, lead, chromium, 
manganese, iron, cobalt, nickel, copper, and zinc from coal contaminated water.96  The 
chironomid bioaccumulated via ingestion97 copper, zinc, and cadmium to levels greater than 
found in the sediment in which they lived, and to a lesser degree aluminum, lead, chromium, 
manganese, iron, cobalt, and nickel; the oligochaete bioaccumulated aluminum, lead, chromium, 
manganese, iron, cobalt, nickel, copper, zinc, and cadmium at levels lower than surrounding 
sediments.98 

                                                 
93 Cook, A.M, and S.J. Fritz.  Environmental Impacts of Acid Leachate Derived from Coal-Storage Piles upon 
Groundwater.  Water, Air, and Soil Pollution 135: 371–388, 2002, p. 383. 
94 Cook, A.M, and S.J. Fritz.  Environmental Impacts of Acid Leachate Derived from Coal-Storage Piles upon 
Groundwater.  Water, Air, and Soil Pollution 135: 371–388, 2002, p. 382. 
95 Lopez, D.L., E. Gierlowski-Kordesch, et al.  Geochemical Mobility and Bioavailability of Heavy Metals in a Lake 
Affected by Acid Mine Drainage: Lake Hope, Vinton County, Ohio.  Water Air Soil Pollution (2010) 213: 27-45. 
96 Lopez, D.L., E. Gierlowski-Kordesch, et al.  Geochemical Mobility and Bioavailability of Heavy Metals in a Lake 
Affected by Acid Mine Drainage: Lake Hope, Vinton County, Ohio.  Water Air Soil Pollution (2010) 213: 27-45, p. 
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97 Lopez, D.L., E. Gierlowski-Kordesch, et al.  Geochemical Mobility and Bioavailability of Heavy Metals in a Lake 
Affected by Acid Mine Drainage: Lake Hope, Vinton County, Ohio.  Water Air Soil Pollution (2010) 213: 27-45, p. 
42. 
98 Lopez, D.L., E. Gierlowski-Kordesch, et al.  Geochemical Mobility and Bioavailability of Heavy Metals in a Lake 
Affected by Acid Mine Drainage: Lake Hope, Vinton County, Ohio.  Water Air Soil Pollution (2010) 213: 27-45, p. 
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 Stormwater and Rail Use.  Another concern is the constant presence of locomotives and rail 
cars on the site.  Rail yards can produce toxic pollution from certain activities.  For example, re-
fueling locomotives can result in spilled diesel fuel, rail car hookups and movement can 
contribute to heavy metal inputs, and maintenance activities all have the potential for creating 
polluted stormwater.  A BNSF Railway Company rail yard in Seattle, WA contributed to 
stormwater pollution in this manner.  That rail yard is approximately 8,000 feet long with 
multiple tracks, so it could conceivably contain 12,000 feet of rail cars or more. 
 
 Because of the intended heavy rail use of up to 12,000 feet of rail cars at one time at the 
proposed terminal, it makes sense to look at other rail operations in the Pacific Northwest to see 
what types and levels of pollution could be generated.  In the recent past at the Balmer Railyard 
in Seattle, metals such as copper, zinc, and lead, as well as polycyclic aromatic hydrocarbons 
(PAHs) from spills and fuel residue drained into the stormwater system.   
 
 Some of the concentrations for pollutants are expressed in micrograms per liter (µg/L).  One 
milligram per liter is equal to 1,000 micrograms per liter (1,000 µg/L = 1.0 mg/L). 
 
 BNSF submitted the following stormwater monitoring data to the Washington Department of 
Ecology between 2003 and 2009:  zinc ranged from 125 - 1,950 µg/L (=0.125 - 1.950 mg/L), 
copper 81 - 522 µg/L (=0.081 - 0.522 mg/L), lead from 44.6 - 1,980 µg/L (=0.047 - 1.980 mg/L), 
and oil and grease as high as 38 mg/L.99  One catch basin in an area dominated by tracks and rail 
car storage showed zinc levels at 1,180 µg/L (1.18 mg/L).  If similar rail car storage functions 
occur at the proposed coal terminal, then it is possible that similar metal pollution will follow.     
 
 The combined presence of rail operations along with coal storage in open rail cars presents a 
potential and opportunity for pollution to surface and/or groundwater, as explained previously.  
Potential effects from bioavailable PAHs, zinc, copper, and lead pollution that may result from 
rail activities and coal are detailed below.  Diesel contains PAHs, as does other forms of 
petroleum.100  "The percentage of PAHs in crude oil, Bunker C oil, and No. 2 diesel oil are about 
1%, 4%, and 9% by weight, respectively."101  These diesel and oil based PAHs are bioavailable 
and potentially toxic to aquatic organisms. 
 

Heavy metals include elements such as copper (Cu), zinc (Zn), and lead (Pb).  The first two 
elements are needed in trace amounts by many organisms; lead has no biological role.  Heavy 
metals accumulate in all levels of the food chain, and enter fish through the gills, tissue, or by 
ingestion.  In the marine environment, where salinity has a negative association on metal uptake, 
animals that may be harmed by heavy metals are oysters, polychaete worms, shrimp, prawns, 

                                                 
99 DMR Data for BNSF (Balmer Yard). (2003-2009).  WA Department of Ecology Industrial Stormwater General 
Permit Discharge Monitoring Reports. 
100 Mos, L., Cooper, G., et al. (2008).  Effects of Diesel on Survival, Growth, and Gene Expression in Rainbow 
Trout (Oncorhynchus mykiss) Fry.  Environmental Science & Technology, Vol. 42, No. 7, p. 2657. 
101 Huntley, S. L., Bonnevie, N. L., & Wenning, R. J. (1995).  Polycyclic Aromatic Hydrocarbon and Petroleum 
Hydrocarbon Contamination in Sediment from the Newark Bay Estuary, New Jersey (pp. 93-107).  Arch. Environ. 

Contam. Toxicol. 28, p. 104. 
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marine snails, various crustaceans, and saline-tolerant bacteria.102, 103  Effects of metals may be 
even more pronounced in freshwater environments such as the Columbia River, which lacks the 
protective effect of salinity. 
 

The entire aquatic ecosystem can be affected when copper pollution harms microscopic 
aquatic organisms, the basis of the food chain.  Copper inhibits photosynthesis in phytoplankton, 
and the presence of UVB light compounds the effect.104  Copper and lead uptake in blue-green 
algae (cyanobacteria) also increases with exposure to UVB light, and limits the organism’s 
ability to synthesize nitrogen.105  This has major implications to the ecosystem, since blue-green 
algae are one of the few organisms that can convert airborne nitrogen (N2) into biologically 
usable nitrate forms (NO3).  “Therefore, any threat to their existence will bring about an 
imbalance in the nitrogen status of entire ecosystems.”106 
 

Copper is toxic to salmonids and even amounts of copper as low as 2-3 µg/L can change a 
fish’s smell and behavior.107  “It is well established that waterborne Cu concentrations above 80 
nmol/L (~5 µg/ L) can be toxic to the olfactory system of fishes causing reduced olfactory 
sensitivity and impaired behavioral responses.”108  One study found that exposure to 80 µg/L of 
copper for five days can kill salmonids.109  Copper levels of 105 µg/L can reduce the critical 
swimming speed of salmonids,110 and make them more vulnerable to predators.  Copper can also 
bind to certain forms of hemoglobin in fish blood, and can destroy the red blood cell 
membranes.111   
 
 According to the NOAA, “adverse effects of dissolved copper and zinc on listed salmon 
occur at very low levels (values ranging from 0.18 to 2.1 µg/L in freshwater for copper [Hecht et 
al., 2007] and at 5.6 µg/L in freshwater for zinc [Sprague, 1968]).  Adverse effects of copper 

                                                 
102 Wright, David A.  Trace Metal and Major Ion Interactions in Aquatic Animals.  Marine Pollution Bulletin, Vol. 
31, Nos 1-3, pp. 8-18, 1995. 
103 Amoozegar, M.A., J. Hamedi1, et al.  Effect of salinity on the tolerance to toxic metals and oxyanions in native 
moderately halophilic spore-forming bacilli.  World Journal of Microbiology & Biotechnology (2005) 21: 1237–
1243. 
104 Rai, Pramoda Kumar, and Lal Chand Rai.  Interactive effects of UV-B and Cu on photosynthesis, uptake and 
metabolism of nutrients in a green alga Chlorella vulgaris under simulated ozone column.  J. Gen. Appl. Microbiol., 
43, 281-288 (1997).  P. 283. 
105 L.C. Rai et al.  Interactive effects of UV-B and heavy metals (Cu and Pb) on nitrogen and phosphorus 
metabolism of a N2-fixing cyanobacterium Anabaena doliolum.  Environmental and Experimental Botany 39 (1998) 
221–231.  P. 229. 
106 L.C. Rai et al.  Interactive effects of UV-B and heavy metals (Cu and Pb) on nitrogen and phosphorus 
metabolism of a N2-fixing cyanobacterium Anabaena doliolum.  Environmental and Experimental Botany 39 (1998) 
221–231.  P. 222. 
107 Green, Warren W., Reehans Mirza, et al.  Copper Binding Dynamics and Olfactory Impairment in Fathead 
Minnows (Pimephales promelas).  Environ. Sci. Technol. 2010, 44, 1431–1437.  P. 1434. 
108 Green, Warren W., Reehans Mirza, et al.  Copper Binding Dynamics and Olfactory Impairment in Fathead 
Minnows (Pimephales promelas).  Environ. Sci. Technol. 2010, 44, 1431–1437.  P. 1434. 
109 A. Gagnon et al. Effects of Cu on plasma cortisol and cortisol secretion by adrenocortical cells of rainbow trout 
(Oncorhynchus mykiss).  Aquatic Toxicology 78 (2006) 59–65.  P. 61. 
110 Waser, Wolfgang, Olga Bausheva, et al.  The copper-induced reduction of critical swimming speed in rainbow 
trout (Oncorhynchus mykiss) is not caused by changes in gill structure.  Aquatic Toxicology 94 (2009) 77–79.  P. 78. 
111 Fedeli, Donatella, Manuel Carloni, et al.  Oxidative damage in trout erythrocyte in response to ‘‘in vitro” copper 
exposure.  Marine Environmental Research 69 (2010) 172–177.  P. 176.   
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include interference with fish sensory systems and important behaviors that underlie predator 
avoidance, juvenile growth and migratory success…adverse effects of zinc include altered 
behavior, blood and serum chemistry, impaired reproduction, and reduced growth” (p. 39).112    
 
 Zinc is absorbed by rainbow trout through the water (at 150-600 µg/L) and dietary intake (at 
45 µg/gram food/fish/day).113  “Zinc is easily bioaccumulated in stream invertebrates – an 
important food source for juvenile salmonids while rearing in freshwater systems.  Recent 
studies demonstrate that fish fed diets contaminated with zinc exhibited reduced survival, 
growth, and increased incidence of disease (Farag et al., 1994, Balasubramanian et al., 1995).”114   
 

Lead is a toxic element and bioaccumulates in aquatic species.  “Apart from the natural 
weathering processes, Pb contamination in the environment has resulted from mining and 
smelting activities, Pb-containing paints, gasoline, and explosives, as well as from the disposal of 
municipal sewage sludges rich in Pb (Chaney and Ryan 1994).  Despite measures adopted in 
many countries to limit Pb input to the environment, it continues to be one of the most serious 
global environmental biohazards.”115   

 
 “Pb is assumed to be toxic for aquatic organisms at concentrations above 100 mg/kg of dry 
sediment (Environment Canada 1998).  However, at a level of 30 mg/kg adverse biological 
effects have occasionally been observed.”116  Lead has been found in the liver and muscle of 
Alaskan Pacific Cod, which is caused by close proximity to ports and human activity.117 
  

Lead has the potential to affect the aquatic food chain by harming a type of phytoplankton, 
blue-green algae, or cyanobacteria (an ancient bacterium found on land and in water).  These 
organisms provide much of the oxygen on earth, and convert inert atmospheric nitrogen into 
forms usable by other organisms (nitrate, ammonia, etc.).   

 

                                                 
112 NOAA. (2009, July 15).  Letter from Steven W. Landino to Mike Gearheard of US EPA. p. 2.   
cites Hecht, S. A., Baldwin, D. H., Mebane, C. A., Hawkes, T., Gross, S. J., & Scholz, N. L. (2007).  An Overview of 

sensory effects on juvenile salmonids exposed to dissolved copper:  Applying a benchmark concentration approach 

to evaluate sublethal neuro behavioral toxicity.  U.S. Department of Commer., NOAA Technical Memorandum 
NMFS-NWFSC-83. 
cites Sprague, J. B. (1968).  Avoidance reactions of rainbow trout to zinc sulphate solutions, Vol. 2:367-372. Water 
Research Pergamon Press. 
113 Sappal, Ravinder, and Collins Kamunde.  Internal bioavailability of waterborne and dietary zinc in rainbow trout, 
Oncorhynchus mykiss: Preferential detoxification of dietary zinc.  Aquatic Toxicology 93 (2009) 166–176.  P. 167. 
114 Bowen, Lizabeth, Inge Werner, et al.  Physiological and behavioral effects of zinc and temperature on coho 
salmon (Oncorhynchus kisutch).  Hydrobiologia (2006) 559:161–168. 
115 Zutshi, Sunaina, Meenakshi Choudhary, et al.  Evaluation of antioxidant defense responses to lead stress in 
Hapalosiphon fontinalis-339.  Journal of Phycology 44, 889-896 (2008). 
116 Venturini, N., P. Muniz, et al. Macrobenthic subtidal communities in relation to sediment pollution: the phylum-
level meta-analysis approach in a south-eastern coastal region of South America. Marine Biology (2004) 144:119-
126. 
117 Burger, Joanna, Michael Gochfeld, et al.  Heavy Metals in Pacific Cod (Gadus macrocephalus) from the 
Aleutians: Location, Age, Size, and Risk.  Journal of Toxicology and Environmental Health, Part A, 70: 1897–1911, 
2007. 
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When the cyanobacteria are in the presence of lead, they do not absorb nitrogen as easily;  
the effect is vastly compounded when ultraviolet light (UVB) is also present.118   Since 
zooplankton eat phytoplankton like the cyanobacteria, the lead can move up the food chain, 
eventually reaching fish, birds, and marine mammals.  Lead also creates a stress response in 
cyanobacteria, and de-activates the beneficial anti-oxidants inside the cells.119  Another species 
of phytoplankton, a green algae, is harmed by lead concentrations of only 250 µg/L.120   
 
 Urban stormwater runoff (similar to the proposed terminal area), is known in general to have 
adverse effects on waters.121  For example, much of the pollution that degrades the Puget Sound 
and threatens fish in that Pacific Northwest ecosystem is contained in stormwater.122  Even the 
newest stormwater runoff models produce treatment systems that harm aquatic environments, 
especially those vegetated with a wide variety of sensitive native plants.123, 124, 125  The extra 
coal-associated pollutants picked up in the proposed rail yard and terminal area makes this 
typically bad urban runoff even worse, and potentially toxic to fish. 
 
 Conclusions.  A preliminary drainage report should be reviewed to determine the risk of 
discharging pollution to the environment via the stormwater system.  The amount of carbonate in 
the soils should be determined to assess the ability of the soil to attenuate toxic leachates from 
the coal dust entering the infiltrating stormwater system.  More detail should be given about the 
rail operations to estimate the pollution from the rail yard portion of the development, given the 
amount of pollution generated at similar sites in the Pacific Northwest.  Liquid fuel runoff from 
storage tanks should be evaluated for environmental harm.  The effects of potential pollution on 
the food web should be examined more closely to determine if harm to salmonids may occur. 
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V.  Toxicology Report 

    
 The Environmental Review, Appendix J presents a toxicology report by Golder Associates, 
Inc. in the form of a literature review.  In this section a closer look at the works cited reveals 
additional information that should be considered in determining the effects of the coal shipping 
operation. 
 
 The report says, "Ibeanusi et al (2003) observed metals (iron, aluminum, zinc, arsenic, 
cadmium, lead, and selenium) in eastern US coal storage pile runoff at concentrations above 
drinking water standards.  The measurements were based on total metal concentrations; thus the 
biological availability and potential toxicity of these contaminants was not assessed" (p. 2).  The 
Ibeanusi article mentioned is a study about how bacteria can absorb metals from coal runoff and 
be used to process acid mine drainage water.  The Ibeanusi article says,  
 

"Wastewater effluents from coal pile run off are of major concern because of the 
acidity and presence of several dissolved metals in the waste stream. Similar to 
acid mine drainage (AMD), the chemical and biological reactions of pyrite in coal 
pile run off generate acidic minerals, which can oxidize to form sulfuric acid, 
ferrous sulfate and associated toxic metals... Unlike a typical AMD, in which the 
major metal ions are Fe2+ and Fe3+, the coal pile runoff used in this study 
presented unique and complex chemical dynamics due to the prevalence of 
several dissolved toxic metals (Al, As, Be, Cd, Cr, Cu, Fe, Ni, Pb, Se and Zn) in 
the wastewater." (p. 35, 36) 126 
 
"In Figure 1, results of the transmission electron microscopy indicated various 
stages of intracellular complexation of metal precipitates within the cytoplasm 
and cell membranes of the bacterial cells. Ultimately, the metal ions were 
sequestered outside the cells as metal precipitates (Figure 1e). The x-ray 
microanalysis of precipitates revealed the presence of most of the metals (As, Al, 
Cu, Cr, Fe, Pb and Zn) originally present in the wastewater (Figure 2). The 
presence of Ca, P, and S in Figure 2 suggested that most of the metals could 
possibly precipitate as metal carbonates, phosphates and sulfides." (p. 38)127 
 

In the excerpts above, Ibeanusi says the metals are dissolved, in ionic form, are toxic, and that 
the bacteria can absorb the metals into the cell walls and cytoplasm, and that eventually the 
metals can be deposited outside the cells as metal precipitates.  Counter to the Golder Associates 
report statement, the author addressed the toxic nature of the compounds, and showed that they 
are bioavailable to bacteria, which transform them inside the cells and deposit them outside the 
cells as precipitates.   
 
 Another author comments that metal ions are widely accepted to be bioavailable:  "the most 
broadly accepted paradigm explaining the negative effect of salinity on trace metal uptake 
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assumes that the most bioavailable metal form is the free metal ion (Sunda et al., 1978; Engel & 
Fowler, 1979)."128 [author cites Sunda et al., 1978, Environ. Sci. Technol. 12, 409-413;  Engel & 
Fowler, 1979, Environ. Health Perspect. 28, 81-88].  So it seems that the dissolved metal ions 
found in acid mine drainage, such as in the Ibeanusi study quoted by Golder Associates, are 
bioavailable.   
 
 Metal leaching from coal is discussed in the Golder Associates report, which begins with a 
citation of a study by Cabon, et al, 2007129 (p. 2), which is a study on leaching of metals from 
coal into seawater.  Another author criticized Cabon's study, and largely dismissed the relevancy 
of his findings to coal transport:  "Cabon et al. (2007) explained the leaching dynamics (for Mn 
in particular) as a function of the bicarbonate (HCO3

-) system present in seawater.  However the 
leach tests used a few grams of milled (<212 µm) coal samples in 20 mL of seawater and this is 
not typically representative of the top-size of exported coal in a bulk carrier."130 
 
 A study by Cook and Fritz (2002) that examined leaching from coal piles and the fate of the 
leachate is presented (p. 2), and the Golder Associates report highlights the effects of the 
surroundings on the chemicals emanating from the pile.  The cited study concluded by saying,  

 
"data obtained from groundwater monitoring at Wade Utility Plant reflect a site in 
which the impacts of coal-pile leachate are largely ameliorated by carbonate 
mineral dissolution and by dilution.  This is supported by near-neutral 
groundwater pH, minimal concentrations of metals, and limited geographic extent 
of sulfate contamination.  However, a significant accumulation of trace metals in 
recharge pond sediments indicates that the site is not completely immune to the 
negative impacts of coal-pile leachate.  Without the ameliorating effects of 
carbonate minerals to neutralize acid leachate and immobilize trace elements, 
above-ground storage of coal piles in non-carbonate terrain may be compromising 
the water quality of underlying aquifers."131 

 
 The soil and groundwater properties are important to consider, because in the absence of 
carbonate material, it is more likely that coal dust leachates could degrade the groundwater.  It is 
unknown if similar soils exist at the Port of Morrow, and whether they are similar enough to 
ameliorate the leachate.  If there is a groundwater table that absorbs polluted leachate, it will 
likely be transmitted to the adjacent Columbia River, where ESA-listed fish live.   
 
 Nitrogen pollution from coal in the form of ammonium (inorganic nitrogen, the NH4+ ion, 
formed from ammonia, NH3) is discussed.  The Golder Associates report states, "dissolved 
inorganic nitrogen species can be removed from the water through a variety of processes, such as 
exposure to sediments and plant communities (Smith et al. 2009)" (p. 2).  The study by Smith, et 
al. is an examination of polluted water produced from coal bed natural gas (CBNG) extraction in 
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the Powder River Basin of Wyoming.  It describes the dynamics of dissolved inorganic nitrogen 
(DIN) over time and the differences in the form of nitrogen detected in tributaries to the Powder 
River.  The study found by chance that one tributary, "trib B," showed a net removal of nitrogen:  
 

"The load calculations further emphasize that a substantial amount of the source 
ammonium N was removed during transport through the trib B channel but 
virtually none was removed in the longer trib C channel.  This difference is 
attributed primarily to the presence of dense stands of grasses in the trib B 
channel.  Nitrification, ammonium assimilation, and nitrate reduction all appear to 
be more active in the trib B channel."132 

 
 The effect described by the author is similar to nitrogen uptake in wetlands used for 
wastewater treatment.  The study also said, "overall, it appears that the Burger Draw daily 
summertime contribution to the Powder River was about 23 kg of DIN in 2003 (Table 3).  This 
load is a substantial contribution to the entire Powder River DIN load at Burger Draw."133  
"Management strategies for disposal of CBNG-produced water rarely consider downstream 
nitrogen effects.  The results of this study clearly indicate that CBNG-associated DIN was being 
delivered from Burger Draw to the Powder River.  The net result is an increased potential for 
eutrophication, though relatively little is specifically known about in-stream nitrogen cycling in 
this semiarid region."134   
 
 It is important to note that the mining water came into contact with coal, became rich in 
ammonium, and presents the ecological threat of eutrophication (excess nutrients) to downstream 
aquatic communities.  If the runoff from the 29,000 tons of coal being stored in the rail cars 
produces the same effect, it is possible that portions of the Columbia River or other receiving 
bodies could experience eutrophication.   
 
 The Golder Associates report further discusses CBNG water use:  "relatively low-flow 
(ephemeral stream) surface waters that receive coal bed-impacted water have been proposed for 
use as agricultural and livestock or wildlife drinking water (Jackson and Reddy 2007), 
suggesting negligible risk from a discrete nitrogen loading incident on a large river system" (p. 
2).  In other words, because the water is proposed for animal and crop use, it must be okay to 
dump into the Columbia River.  That implication begs the question, if the coal-affected water 
was not safe for drinking, would it still be okay to dump it into the Columbia River? 
 
 Most of the water from the cited study is not safe for human drinking, or for aquatic life, and 
may become unsafe for animal and agricultural use, as the author of the study points out:   
 

"The most restrictive use, based solely on trace metal concentrations, is aquatic 
life.  Most CBNG produced water samples exceeded the aquatic life criteria for Al 
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and Cu.  Based on secondary water quality standards, many CBNG outfall water 
samples are not suitable for human drinking water due to high Fe and Al 
concentrations.  These results suggest that many of the CBNG produced waters 
across the PRB can be used for agriculture and livestock/wildlife drinking 
water."135 
 
"Mean concentrations of Al and Cu decreased over time in disposal ponds, 
whereas Ba, As, and B concentrations increased over time.  Molybdenum 
concentrations remained the same in most watersheds.  Most CBNG-produced 
waters examined were unsuitable for human drinking water and aquatic life, but 
were suitable for agricultural uses and livestock and wildlife drinking water.  If 
the trace elements continue to increase and accumulate in CBNG disposal ponds, 
there may be a point in time when the concentrations of these trace elements 
could exceed standards for agricultural uses and livestock and wildlife drinking 
water."136 

 
 The Golder Associates report mentions coal dust as a source of total suspended solids (TSS), 
and says,  
 

"Fine particulates of coal dust in water could increase the general turbidity (as 
measured by suspended solids, or TSS), based on TSS data for runoff from coal 
storage areas (Tan and Coler 1986, Campbell and Devlin 1997, Curran et al. 
2000).  Clarity of water decreases with increased TSS, and elevated levels of TSS 
have been linked to toxic effects on aquatic organisms (depending on duration and 
concentration of exposure), but given the precautions proposed to minimize coal 
dust entering water bodies from the proposed operations, such elevated levels of 
TSS are not expected to occur" (p. 2-3).   

 
 The Fugitive Coal Dust Impacts section of this document addresses the coal dust risks for the 
proposed Port of Morrow project.  The cited study by Campbell and Devlin 1997 states:   
 

"Coal dust can enter the marine environment around coal ports through storm 
water discharge, coal pile drainage run-off, and when coal dust from storage piles, 
transfer conveyer belts and rail cars becomes airborne and is deposited in the 
surrounding environment (i.e. fugitive coal dust)(Xuan and Robins, 1994). The 
practice of using additives, such as surfactants, in the water being used for surface 
wetting of coal piles can increase the solubility of hydrophobic compounds and 
thus their mobility in the aquatic environment (Enzminger and Ahlert, 1987).  
Coal dust contamination of estuarine habitat can occur around coal loading and 
storage terminals and hence may impinge on vital habitat for juvenile chinook 
salmon (Oncorhynchus tshawytscha)(Levings and Riddell, 1992; Macdonald et 

al., 1988).  Previous studies have shown that low tide use of habitats immediately 
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surrounding coal ports on the British Columbia coast by juvenile Pacific salmon is 
extensive (Levings, 1985).  Chinook salmon may be exposed to coal-dust-derived 
PAHs through contaminated water and via their food since chironomid larvae, a 
significant food source for juvenile salmon, have been shown to bioaccumulate 
PAHs in estuaries contaminated with coal byproducts (Dickmann et al., 1992).  
The construction and expansion of coal terminals has already exerted some 
pressure on the survival of some stocks of Pacific salmon since this activity has 
reduced the amount of suitable estuarine habitat available for juvenile salmonids 
(Levings, 1985 ; Levings and Riddell, 1992).  The exposure of Pacific salmon to 
pollution is of some concern since it is one of the contributing factors implicated 
in the depletion of some chinook salmon stocks on the West Coast of Canada over 
the past decade (Rogers et al., 1988 and Rogers et al., 1989; Birtwell and 
Kruzynski, 1989; Servizi et al., 1993; Kruzynski et al., 1994)."137 

 
 The study tested juvenile Chinook salmon for genetic responses to the PAHs in coal dust: 
   

"It is clear that coal dust has effects on the expression of several genes in juvenile 
chinook salmon.  It is also possible that these sublethal effects may become 
manifest at higher levels of biological organization.  Coal byproducts and specific 
components found in coal dust leachate have been shown to reduce the growth 
rate of trout (Herbert and Richards, 1963), cause oocyte atresia and reduced 
ovarian growth in crayfish (Sarojini et al., 1995) and to promote DNA adduct 
formation and hepatocellular carcinoma in fish (Hendricks et al., 1985; Varanasi 
et al., 1986; Stein et al., 1990).  It is known that CYP1A1 plays a role in the 
activation of procarcinogens and the formation of DNA adducts (Varanasi et al., 
1986, 1989; Okey, 1990)."138 

 
 Campbell et al. also found that the fish were affected by the coal dust, and that expression of 
a particular gene, L5, can potentially be used as a biomarker test for PAH exposure:   
 

"Since L5 plays such a crucial role in ribosome biogenesis and cellular 
metabolism it is certainly plausible that the altered expression of this gene by 
contaminant exposure may ultimately have physiological consequences.  The 
results of this study also indicate that alterations in the expression of L5 may 
potentially be used as a biomarker of specific PAH exposure in teleosts."139 

 
 The levels of coal dust TSS tested by Campbell et al. were of regulatory significance, and 
may apply to future conditions at the proposed Port of Morrow coal terminal: 
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"For the 8 day exposure period a static system was utilized: the tanks were filled 
with sea water only or sea water containing either 60 mg L-1, 200 mg L-1 or 500 
mg L-1 coal dust.  These concentrations were chosen since present regulations in 
British Columbia (Environment Canada) limit levels of suspended solids in coal 
terminal effluent to 60 mg L-1 however, consideration is presently being given to a 
request that allowable levels of suspended solids in coal terminal effluent be 
raised to 200 mg L -1."140 

 
 The Golder Associates report later discusses the risk of PAH poisoning via coal dust, saying, 
"Chapman et al (1996) reviewed the available literature and found no evidence of toxicity from 
PAH or other constituents of coal leachate to crabs or fish" (p. 4).   
 
 However, Golder Associates cites the 1997 study by Campbell et al. that states an effect of 
PAH from coal dust leachate on gene expression in juvenile Chinook salmon, as quoted above.  
Campbell et al's lab study showed one element of how PAH from coal dust can affect salmon 
without causing death.  In nature, there is a lot more going on than in the lab, and sub-lethal 
effects can certainly compromise survival in many situations (such as copper affecting smell, but 
not killing the fish).  Just because a fish doesn't die from an exposure in a lab, doesn't mean its 
survival is not adversely affected by it in the wild.   
 
 The Golder Associates report also mentions that PAHs from coal are not biologically 
available, as found by Deepthike et al (2009) (p. 4).  The study by Deepthike et al. uses a PAH-
sensitive bacterial biosensor to assess the bioavailability of PAHs in the Kulthieth Formation 
coal along the Alaska coast.   
 

"The bioreporter used here employs sensor and regulator proteins of a metabolic 
pathway (i.e., not an intracellular pathway for toxicity response) and exhibits 
increasing response with increasing analyte concentration, characteristic of 
chemical approaches, while reflecting the biological system dynamics, 
characteristic of ecotoxicological approaches."  "When PAHs bind to a repressor 
protein, it activates transcription of the reporter gene to produce a reporter 
mRNA, which undergoes translation to produce EGFP, a stable variant of green 
fluorescent protein GFP (vide infra).  Naphthalene was used for calibration, since 
the organism is most sensitive to naphthalene, although it also reacts to 
phenanthrene and some other PAHs." 141 

 
 The authors mixed kaolinite, a solid from which naphthalene is completely bioavailable, with 
varying concentrations of naphthalene as a control, and then prepared test samples with Exxon 
Valdez crude oil (EVCO) and kaolinite, and samples with coal dust.  The EVCO sample was 
obtained from another researcher who had collected it from the ship after it was stranded.  The 
coal samples were collected from the field, "along a vertical section from dipping beds exposed 

                                                 
140 Campbell, P. M.,  R. H. Devlin.  Increased CYP1A1 and ribosomal protein L5 gene expression in a teleost:  The 
response of juvenile chinook salmon to coal dust exposure.  Aquatic Toxicology 38 (1997) 1-15. 
141 Deepthike, H.U. et al.  Unlike PAHs from Exxon Valdez Crude Oil, PAHs from Gulf of Alaska Coals are not 
Readily Bioavailable.  Environ. Sci. Technol. 2009, 43, 5864–5870.  Supporting information on methods and results 
at http://pubs.acs.org/doi/suppl/10.1021/es900734k. 
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on the east side of upper Tyndall Arm and from riverine coal floats (Figure 1).  Exposed coal 
seams range from 6 cm to 1.5 m thick.  Coal samples with a large PAH content range were 
chosen for this study."142  The samples were analyzed for PAH levels, and reported completely in 
the supporting information available on the internet.   
 

"Naphthalene-amended kaolinite samples were prepared by spiking 1 g of 
kaolinite with 20 µL methanolic solutions of naphthalene at various 
concentrations and thoroughly mixing.  Kaolinite samples amended with various 
concentrations of EVCO were prepared likewise by adding a weight-range of 
small portions of the crude oil.  Coal samples were prepared by grinding and 
sieving (100 µm metal sieve).  For coal, varying PAH concentrations were 
obtained by using samples having different natural PAH contents."143 

 
 The preparations were combined with the bioreporter bacteria, incubated, and examined for 
fluorescence.  In conclusion, the authors found that "biological results indicate that PAHs in Icy 
Bay coals are unavailable (Figure 4B), and geological results support this." 
 
 There are several questions about this study that are not addressed by the authors.  One is that 
the concentrations of PAHs found in the EVCO sample are generally one or more orders of 
magnitude higher than the coal samples.  For example, the EVCO sample was assayed to contain 
7.24 x 105 ng naphthalene /g of sample (nanograms per gram;  1 ng = 0.000000001g), but coal 
sample PKC-G had only 1.33 x 103 ng/g.  In the few cases where the EVCO and coal samples 
are the same order of magnitude, the EVCO samples are several times stronger the coal samples.  
No details about the actual mixtures of the samples or levels of treatment are given;  would the 
results have been different with a more concentrated form of coal-derived PAH? 
 
 Another question is whether the study is representative of realistic conditions in nature.  The 
samples were prepared using a minimal medium (MM) with a pH of 6.8 so that the bacteria 
would be able to live.  In nature, organisms may subject coal particles to varying pHs, for 
example in the gut, which in humans has a pH of 2.  Organisms may also combine enzymes with 
the coal particles during digestion, which could differ among species.  It is possible that a 
bacterium at room temperature in near-neutral pH media might absorb and transform compounds 
differently than a vertebrate with a body temperature four times higher and a pH much lower.   
 
 The authors do address the fact that PAHs may be slow to become available and not able to 
be detected by their study, and that those are beyond the scope of their work:   
 

"Due to the high chemical resistance to mass transport (release) of PAHs from the 
coal samples used here, the corresponding dominant desorption kinetics will be 
very slow, obviously much slower than the time scale of measurement employed 

                                                 
142 Deepthike, H.U. et al.  Unlike PAHs from Exxon Valdez Crude Oil, PAHs from Gulf of Alaska Coals are not 
Readily Bioavailable.  Environ. Sci. Technol. 2009, 43, 5864–5870.  Supporting information on methods and results 
at http://pubs.acs.org/doi/suppl/10.1021/es900734k. 
143 Deepthike, H.U. et al.  Unlike PAHs from Exxon Valdez Crude Oil, PAHs from Gulf of Alaska Coals are not 
Readily Bioavailable.  Environ. Sci. Technol. 2009, 43, 5864–5870.  Supporting information on methods and results 
at http://pubs.acs.org/doi/suppl/10.1021/es900734k. 
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here.  We and other authors have addressed this point from many perspectives, 
full consideration of which is beyond the scope of the present manuscript.  In 
brief, it is difficult to extend bioreporter studies past the time periods used here.  
However, most measurements of bioavailability are similarly restricted to 
measurement periods of a few hours or even weeks, i.e., periods equally 
inadequate to slow desorption (many months to years; with reference to the 
Valdez spill, some studies address this point of very slow desorption (13), others 
overlook it).  One highly cited work on chemical extraction demonstrated that the 
bioremediable (i.e., perforce ad hoc bioaccessible) fraction of desorbing PAHs 
over two years is captured in the amount desorbed to Tenax over the same time 
frame as used in the present experiments (44)."144  

 
 A peer-review scientist's opinion of Deepthike et al's research article is mentioned in the 
published version of the article:  "one reviewer of this manuscript mandated mention of another 
possibility for the role of these coals in the environment:  because of their capacity to sorb PAHs, 
rates of other processes of natural attenuation (photooxidation, biodegradation) could be 
diminished, diminishing the immediate PAH burden, but enhancing the persistence of toxic 
PAHs."145  This comment illustrates that the coal can take up other PAHs from surroundings, 
which may be changed by radiation or biological activity, thereby potentially protecting the 
native coal PAH. 
 
 Finally, the authors reiterate their main point of finding, which is very specific:  "bioavailable 
PAHs do not originate from organic-rich source rock associated with the Poul Creek and 
Kulthieth Formations east of Prince William Sound.  EVCO represents the primary known 
source of bioavailable PAHs in the region."146   
 
 In no way do Deepthike et al. state or imply that all PAHs from all coal are biologically 
unavailable, as the Golder Associates report asserts:  "therefore while coal PAH may be ingested 
by oysters (Bender et al 1987) or even bioaccumulated by aquatic insect larvae (Campbell and 
Delvin 1997), the PAH do not pose a toxicological risk to those animals, or others higher in the 
food chain" (p. 4).  The Deepthike et al study was designed to answer a question about a local 
condition, not a world-wide chemical behavior. 
 
 A scientific article completed just prior to the Deepthike et al study reviewed unburnt coal 
PAH studies, and is also cited by Golder Associates.  The authors write,  
 

"Coal-bound native PAH in soils and sediments have been studied to a minor 
extent, despite 30 years of research on PAH in the environment.  Their impact on 

                                                 
144 Deepthike, H.U. et al.  Unlike PAHs from Exxon Valdez Crude Oil, PAHs from Gulf of Alaska Coals are not 
Readily Bioavailable.  Environ. Sci. Technol. 2009, 43, 5864–5870.  Supporting information on methods and results 
at http://pubs.acs.org/doi/suppl/10.1021/es900734k. 
145 Deepthike, H.U. et al.  Unlike PAHs from Exxon Valdez Crude Oil, PAHs from Gulf of Alaska Coals are not 
Readily Bioavailable.  Environ. Sci. Technol. 2009, 43, 5864–5870.  Supporting information on methods and results 
at http://pubs.acs.org/doi/suppl/10.1021/es900734k. 
146 Deepthike, H.U. et al.  Unlike PAHs from Exxon Valdez Crude Oil, PAHs from Gulf of Alaska Coals are not 
Readily Bioavailable.  Environ. Sci. Technol. 2009, 43, 5864–5870.  Supporting information on methods and results 
at http://pubs.acs.org/doi/suppl/10.1021/es900734k. 
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the environment is not well understood.  Unburnt hard / bituminous coal 
emissions from mining activity particularly impact those countries holding large 
coal basins...  Hard coal consists of a macromolecular network phase and a mobile 
phase, and PAH are part of both.  However, the latter phase is of special 
environmental interest because it is more mobile and is expected to have higher 
bioavailability.  Aromatization of coals increases with increasing rank from sub-
bituminous coal to anthracite.  In coals, oil (mobile phase, including 2–6 ring 
PAH) is generated at low to medium hard coal rank from 0.5–1.3% Ro.  In this 
range also maximum PAH concentrations may occur but they also depend on 
origin (e. g. maceral composition).  naphthalene, phenanthrene, chrysene and 
alkylated derivatives are characteristic petrogenic PAH.  To date, it is hardly 
possible to distinguish PAH derived from oil vs. PAH from coal.  If other 
geosorbents such as black carbon are not present at higher levels, limited 
evaporation of naphthalenes compared to the greater losses in other samples may 
be a helpful indicator of the presence of coal...  The data is presently insufficient 
for us to ascertain if native PAH derived from unburnt hard coal particles pose a 
severe risk for humans or organisms of the benthos and soil."147 
 

 Based on this review, the effects of unburnt coal PAHs are yet to be determined, and may or 
may not have negative effects on portions of the ecosystem.  In such cases, especially when 
threatened or endangered species may be exposed to coal PAH (which some studies show has a 
physiological effect), it is best to err on the side of caution and prevent such exposures.   
 
 Conclusions.  It is important to take a close look at toxicological research literature to assess 
the risks of discharging coal into the environment.  The literature presented by Golder Associates 
shows that: 
 
1) dissolved toxic metal ions from coal are bioavailable and transformable by bacteria;   
2) carbonate-poor soils present a risk of groundwater contamination from metals leached from 
coal; 
3) nitrogen pollution of water in contact with coal can occur, and pose a threat to water quality; 
4) water in contact with coal can contain levels of aluminum, copper, and iron that are unsafe for 
human consumption and harmful to aquatic life; 
5) surfactants used to control coal dust can increase the mobility of coal compounds into the 
aquatic environment; 
6) coal dust contamination around coal loading terminals may impinge on vital habitat for 
juvenile Chinook salmon; 
7) chironomid flies bioaccumulate PAHs which may become available to juvenile Chinook 
salmon via digestion; 
8) coal terminal construction has exerted pressure on Pacific salmon by polluting estuaries; 
9) pollution is implicated in depletion of some Chinook salmon stocks in Canada over the past 
decade; 
10) PAHs in coal effect the expression of several genes in juvenile Chinook salmon; 
11) coal dust leachate has been shown to reduce the growth rate of trout; 

                                                 
147 Achten, C and T. Hofmann.  Native polycyclic aromatic hydrocarbons (PAH) in coals - A hardly recognized 
source of environmental contamination.  Science of the Total Environment 407 (2009) 2461-2473. 
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12) expression of gene L5 in teleost fish may potentially be used as a biomarker of PAH 
exposure; 
13) sub-lethal effects may occur from exposure to coal constituents; 
14) coal in the environment may sorb PAHs from the surroundings, which may prevent the 
native coal PAHs from reacting; 
15) bioavailable PAHs from coal may be limited; 
16) more research is needed to fully understand the biological risks of PAHs in coal. 
 
 A more detailed toxicological review should be performed, and should address the forms and 
reactivity of pollutants in the environment.  Compounds can change in form from largely inert to 
bioavailable when subjected to different conditions, and if those conditions occur in the 
ecosystem near the proposed coal terminal, then they present a risk to organisms.  When 
information on the effects of pollutants are lacking or imprecise, the activities producing those 
pollutants should be prevented because of the potential to directly or indirectly harm listed 
species such as Chinook salmon. 
 
IV.  Conclusions 

 
 The proposed coal terminal has the potential to release harmful substances into the 
environment.  The coal dust generated by the operations may be much greater than discussed in 
the application.  Impacts to fish could occur as a result of physical and chemical discharges from 
the proposed shipping terminal.  Process water could also pose a risk, but more information is 
required to assess the potential for ecological harm.  Stormwater could become polluted from 
coal in rail cars, and/or from the rail operations at the proposed terminal.  The applicant's 
toxicology report contains information on scientific studies that has higher value when explained 
in greater detail.   
 
Sincerely, 
 

 
Joseph D. Leyda, MA 
Professional Wetland Scientist 
Certified Ecologist 
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  I was asked to review the fugitive dust particulate matter (PM) emissions from 
exporting 8.8 million tons per year of Powder River Basin (PRB) coal from the Port of 
Morrow down the Columbia River to the Port of Westward, as reported in the August 
2012 update of the Environmental Review for the Coyote Island Terminal Dock at the 
Port of Morrow (ER)1 and associated July 2012 Air Contaminant Discharge Permit 
Application ("Application").2  The results of my review are summarized below. 
   
I. FIRE AND EXPLOSION 
 
 The facility will handle sub-bituminous coals from the Powder River Basin 
(PRB) in Montana and Wyoming.  These coals are well known to result in significant 
handling and storage difficulties as they are very dusty and flammable.  PRB coals 
smolder and catch fire while in storage piles and have been known to be delivered with 
the rail car or barge partially on fire.3 The very methods used to control fugitive dusts, 
discussed elsewhere, can aggravate spontaneous combustion and fire hazards of handling 
these coals.  The ER fails to acknowledge, let alone quantify and address, the risk of 
upset issues.  The ER incorrectly suggests "hot coal" is rare, contrary to long experience 
with PRB coal.  The only control method even mentioned is use of a "handheld 
thermograph instrument" to identify hot coal and move it elsewhere.  ER, p. 3-170.  How 
is one to identify hot coal when dumping thousands of tons from a rail car or into a barge 
with a handheld instrument?  In this case, simply using a handheld thermograph 
instrument to identify and move hot coal would be an inadequate method of controlling 
fire risks. 
 
 Further, given the high probability of fire from spontaneous combustion, it 
would appear that the facility requires both an emergency fire water pump and 
emergency diesel generator in order to comply with fire codes and mitigate 
potentially significant risk of upset impacts.  The combustion emissions (NOx, SO2, 
PM10, PM2.5) from periodic testing of these emergency diesel-fired units were not 
estimated or evaluated in the ER and commonly result in exceedances of short-term 
NAAQSs. 
 
II. FUGITIVE DUST PARTICULATE MATTER (PM) EMISSIONS 
 
 The ER claims the project is designed to eliminate and minimize dust emissions 
and associated visibility impacts.  The ER asserts very minimal air pollutant emissions 
from handling 8.8 million tons per year of coal due to the project’s proposed design and 
the inherent properties of PRB coal.  ER, pp. 2-16, 3-96, 3-104; ER pdf 546.  The ER 
asserts that "coal dust is so highly controlled by the design of the unloading, storage, and 
                                                
1 Anderson Perry & Associates, Inc., Environmental Review for the Coyote Island Terminal Dock at the 
Port of Morrow, Prepared for Coyote Island Terminal, LLC and Ambre Energy North America, June 2012, 
Updated August 2012. 
2 Golder Associates, Air Contaminant Discharge Permit Application, Coyote Island Terminal, LLC, Bulk 
Transloading Facility, Port of Morrow -- Boardman, Oregon, July 26, 2012. 
3 Roderick J. Hossfeld and Rod Hatt, PRB Coal Degradation -- Causes and Cures, PRB Coal Users Group 
Annual Meeting, April 5-7, 2005.  Available at: http://www.prbcoals.com/pdf/paper_archives/56538.pdf. 
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handling systems that the annual coal dust PM10 emissions are less than 0.1 ton."  ER, p. 
3-140.  As the disclosed emissions are less than the significance threshold of 10 ton/yr 
(ER, p. 3-132), the ER argues fugitive dust impacts are not significant.  ER, p. 3-146.   
 
 However, this claim is wrong as demonstrated below.  The ER has grossly 
underestimated fugitive particulate matter emissions.  Particulate matter emissions from 
project operation will be over a thousand times higher than estimated in the ER and will 
exceed the 10 ton/yr significance threshold for PM, PM10, and PM2.5, posing a risk to 
food handling facilities that share the Port and the Port's neighbors.  The basis for my 
conclusions is set out below. 
 
 Coals from the PRB are extremely friable and break down into very small 
particles independent of how the coal is transported and handled.  The degradation starts 
with mining and continues as long as the coal is exposed to the atmosphere.  As the mines 
that will supply the coal are far from the Port of Morrow, it can be reasonably expected 
that the coal will arrive in a degraded condition that is subject to dusting, fire and 
explosion. 
 
A. Port of Morrow 
 
 The coal arrives by rail at the Port of Morrow from distant mines in Montana and 
Wyoming, where it is loaded into enclosed barges for river transport by tug-propelled 
barges to the Port of Westwood.  The fugitive particulate matter emissions at the Port of 
Morrow were updated in the July 2012 Air Discharge Permit Application.  The ER and 
this revised analysis claim very minimal air pollutant emissions from the Coyote Island 
Terminal Bulk Transloading Facility at Port of Morrow due to naturally high moisture 
content of coal and the enclosures and control devices incorporated into the loading 
operations. Application, p. 1.  This claim is wrong.  Particulate emissions will be over a 
thousand times higher than estimated by the applicant.  The basis for my conclusions 
is set out below. 
 
1. Fugitive Particulate Emissions (PM, PM10, PM2.5) Are Underestimated 
 
 The ER and Application estimate fugitive particulate emissions from only 12 
transfer points (TPs),4 where coal is dropped from one place to another.  The drop 
emissions are grossly underestimated.  Further, the ER ignores fugitive PM emissions 
from staging of trains. 
 
Train Staging Emissions 
 
 The project will import 8.8 million tons per year of coal at the Port of Morrow.  
Upon arrival at the Port of Morrow, the coal will be uncovered from the point the train 
enters the Port until each car enters the unloading shed where the coal is transferred via 

                                                
4 There are two drops to transfer conveyors labeled  TP#4.  They are both included in hourly emission 
calculations, while only one is included in annual emission calculations.  Application, Table 3. 
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rotary dump to a hopper and conveyor.  ER, pp. 2-12 to 2-18.  Fugitive dust emissions 
will occur due to wind erosion of the coal in uncovered trains while the trains are staged, 
prior to entering the unloading shed.  The unit trains, for example, will be split to avoid 
blocking Columbia Avenue, which will increase their original processing time of 4.8 
hours to a much longer processing time of 12 hours.  ER, p. 2-11.   
 
 The existing rail network at the Port of Morrow, totaling 18,000 feet, can handle 
two unit trains at once, each of which is about 5,800 feet long (or about 1 mile).  ER, p. 
2-6.  Each unit train holds about 14,500 tons of coal, which will be exposed to ambient 
conditions for up to 12 hours at the terminal, the time required to unload a unit train.  ER, 
p. 2-11.  The ER indicates that up to 607 trains per year would import coal to the terminal 
at up to 12 hours per train to unload.  ER, p. 3-139.  Thus, coal trains will be present at 
least 83% of the time.5   
 
 The site includes only a single unloading shed that takes 12 hours to process a 
single unit train while the rail tracks can accommodate two unit trains simultaneously.  
ER, pp. 2-6.  Thus, trains will be idle on the tracks, with exposed coal that is either dried 
out upon arrival or can continue to dry out while waiting to be loaded, degrading the coal 
surface and making it readily erodible by wind.  Wind erosion emissions from staging 
were not acknowledged or estimated in either the ER or the Air Discharge Permit 
Application. 
 
 The ER asserts that a "topping agent" will be applied to the coal before leaving 
the mine to prevent coal dust from trailing off the train and settling along the track.  ER, 
p. 2-17.  However, it does not claim the topping agent will control dust from trains staged 
at the Port of Morrow.   
 
 Topping agents have a limited lifetime as they breakdown by ultraviolet radiation 
and microbes; abrasion and loss from wind erosion and motion of the train; washout by 
rain, and degradation of the PRB coal itself.  One proposed topping agent, for example, 
DustBind, is mostly alcohol, which is highly volatile.  ER, Appx. G.  Further, the 
effectiveness of topping agents to control spillage require: (1) application in the rail car 
and (2) use of a modified loading chute to produce a rounded contour of coal in the cars 
to eliminate sharp angles and irregular surfaces.  The ER does not commit or even 
mention either.  Finally, as the topping agent would be applied at the mines, out of sight 
and control of both the applicant and local regulatory agencies, it is possible that the rail 
cars would arrive without any topping agent, exposing degraded6 coal that can be eroded 
by the wind or dislodged during staging.  Thus, any topping agent applied at the mine, as 
proposed in the ER, would  not control wind-blown dust at the Port of Morrow.   
   

                                                
5 Percent of time trains present: 100(607x12/8760) = 83%. 
6 See discussion of PRB coal degradation in Hossfeld and Hatt. 



 4 

 I estimated the amount of fugitive particulate matter that could be emitted from 
staging coal trains using the AP-42 emission factor for wind erosion of storage piles at 
western surface coal mines.7  The equation is: 
 
  PM (lb/hr) = 0.72*u*A*F  
 
where “u” is the wind speed, “A” is the exposed surface area, and “F” is the fraction of 
the released suspended material that is in each PM size fraction.  For total suspended 
particulate matter or PM30, F =1 by definition.  The wind erosion section of AP-42 
indicates that for PM10, F= 0.50 and for PM2.5, F=0.075.8  The area of exposed coal in a 
single unit train (A) is about 1.26 acres.9  Up to two unit trains can be present on site in 
any given hour.  ER, p. 2-6. 
 
 First, I estimated maximum 24-hour PM2.5 emissions to determine if coal train 
staging could violate the 24-hour PM2.5 NAAQS of 35 ug/m3.  The highest daily wind 
speed of wind gusts at Hermiston during 2007-2011 is 64 mph.  Tran 2012,10 p. 5.  The 
maximum 24-hour PM2.5 emissions from a staged unit coal train is 4.35 lb/hr.11  These 
emissions were modeled by others and result in an ambient PM2.5 concentration due to 
staged trains alone of 292 ug/m3,12 or eight times higher than the 24-hour NAAQS of 35 
ug/m3.  Tran 2012, Table 9.  Thus, PM2.5 emissions from wind erosion of staged unit 
coal trains are significant.  These highly significant emissions and their impacts were not 
considered in the ER.   
 
 Second, I estimated the amount of PM, PM10, and PM2.5 emitted per year from 
coal train staging using the above equation.  These calculations used an annual average 
wind speed at nearby Hermiston, Oregon of 7.3 mph (Application, p. 5) and assumed a 
single unit train would be exposed for 7,284 hour.13  These calculations indicate that train 
staging could release up to 24 ton/yr of PM,14 12 ton/yr of PM10,15 and 2 ton/yr of 
                                                
7 AP-42, Section 11.9, Western Surface Coal Mining, Table 11.9-1. 
8 AP-42, Section 13.2.5, p. 13.2.5-3, Industrial Wind Erosion, Available at: 
http://www.epa.gov/ttn/chief/ap42/ch13/final/c13s0205.pdf. 
9 Exposed coal surface area in unit train = length x width.  The length of a unit train is reported to be 5,800 
ft (ER, p. 2-6).  The width of coal in a unit train is about 9.5 feet (for a standard 50 ft railcar, assumed in the 
ER, the width is given as 9 ft 6 in. in boxcar specifications at 
http://www.csx.com/index.cfm/customers/equipment/railroad-equipment/#boxcar_specs).  Thus, 5800 ft x 
9.5 ft x 2.295x10-5 ac/ft2 = 1.26 acres. 
10 Khanh T. Tran, AMI Environmental, AERMOD Modeling of Air Quality Impacts of the Proposed 
Morrow Pacific Project, Final Report, October 2012. 
11 Maximum 24-hour PM2.5 = 0.72 x 64 mi/hr  x 1.26 acres/train x 0.075 = 4.35 lb/hr.  See also Tran 2012, 
p. 5. 
12 From Tran 2012, Table 9: 388.6 - 96.3 = 292.3 ug/m3. 
13 Based on the ER, p. 3-139, the length of time a unit train that could be queued up at the site, waiting to be 
unloaded, is given by: (607 trains/yr)(12 hr/train) = 7,284 hr/yr. 
14 Annual PM staging emissions: (0.72)(7.3)(1.26)(1)(7,284 hr/yr)/2000 lb/ton) = 24 ton/yr. 
15 Annual PM10 staging emissions: (0.72)(7.3)(1.26)(0.5)(7,284 hr/yr)/2000 lb/ton) = 12 ton/yr. 
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PM2.5.16  The emissions of PM and PM10 exceed the ER significance threshold of 10 
ton/yr.  These emissions were not even considered in the ER.  As coal dust contains 
elevated concentrations of toxic trace metals, the impact of these emissions on colocated 
food industries and other neighbors should be assessed. 
 
Transfer Emissions 
 
 The ER and Air Discharge Permit Application assert that all material handling 
operations will be fully enclosed except 12 bulk material transfer points where coal is 
dropped from various facilities and conveyors.  Application, Table 7.  As explained 
below, these transfer point emissions are significantly underestimated, by nearly a factor 
of one thousand.  These particulate matter emissions were calculated in the Application 
by multiplying an emission factor in pounds per ton of material transferred (lb/ton) by the 
maximum actual annual operating rate of each transfer point in tons of coal per year 
(ton/yr).  These uncontrolled emissions were then reduced using a control efficiency.  
There are several very serious problems with these estimates. 
 
a. Transfer equation known to grossly underestimate emissions 
 
 Transfer emissions were estimated for 12 bulk material drop points using the 
following empirical expression from AP-42, Chapter 13.2.4, Aggregate Handling and 
Storage Piles: 
 
 E (lb/ton) = k(0.0032)(U/5)1.3/(M/2)1.4 

 

where “k” is a particle size multiplier, “U” is the mean wind speed, and “M” is the 
material moisture content.17  The values selected by the applicant for the input variables 
U and M both significantly underestimate potential emissions from these transfer points, 
as discussed below. 
 
 The State of Florida, which is home to the seventh largest bulk material port in the 
United States, has investigated the ability of this transfer equation to accurately estimate 
transfer emissions by comparing actual measurements made using stack tests with values 
predicted by this equation.  This study concluded that the AP-42 drop equation used to 
estimate transfer PM emissions at the Port of Morrow "grossly underestimates PM 
emissions up to several orders of magnitude."18  To remedy this situation, Florida 
recommends that potential to emit, used to determine whether New Source Review is 
                                                
16 Annual PM2.5 staging emissions: (0.72)(7.3)(1.26)(0.075)(7,284 hr/yr)/2000 lb/ton) = 1.8 ton/yr. 
17 Ap., v. 1, Appx. C, Table C-9.4, p. C-38 and AP-42, Chapter 13.2.4, p.  13.2.4-4.  
http://www.epa.gov/ttn/chief/ap42/ch13/final/c13s0202.pdf. 
18 Sterlin Woodard, AP-42 Continuous Drop Equation vs Stack Testing, Southeastern Region IV Permitting 
Workshop, May 9-11, 2007, Available at: http://www.metro4-sesarm.org/pubs/SterlinWoodard--AP-
42ContinuousDropEquationvsStack.ppt.  Also reported at December 11, 2008 Material Handler's 
Workshop, Available at: http://fl-
hillsboroughcountyepc.civicplus.com/DocumentCenter/Home/View/69#256,1,     “AP-42 Continuous Drop 
Equation vs Stack Testing”  Material Handler’s Workshop Tampa, Florida  December 11, 2008. 
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triggered, should be calculated based on federally enforceable worst case material.  The 
ER and Application do exactly the opposite, using the same equation but making 
assumptions that result in the lowest conceivable transfer point emissions.   And the 
resulting emissions are not enforceable by any party. 
 
b. Transfer equation not applicable to PRB coals 
 
 The subject transfer equation does not apply at all to PRB coals.  These coals are 
extremely friable and break down into smaller particles, virtually independent of how the 
coal is transported and handled.  Dust generation is a well known and well documented 
issue with PRB coals.19  An industry study20 describes the challenges thus: 
 

 
 
 From the time PRB coal leaves the mine, it starts to degrade.  The top surface of 
an open railcar delivering PRB coal, as proposed at the Port of Morrow, will have large 
distinct cracks that will shatter into smaller pieces when dropped from a height of only 6 
feet.  Hossfeld and Hatt 2005, p. 5.  Further, water evaporates during transport and the 
jagged coal surface, exposed to the wind while coal cars are staged, will be dried out, 
which will increase emissions during unloading.  Thus, using an equation that was 
developed without considering these unique properties of PRB coals or any similar 
materials is indefensible.  The applicant should be required to conduct field studies to 
develop a transfer equation that is applicable to PRB coals and the proposed unit 
operations or to directly estimate these emissions using stack tests at operating facilities 
using similar materials and controls. 
 
c.  Wrong inputs used in transfer equation 
 
 Even if one were to accept the erroneous transfer equation, the inputs assumed for 
wind speed, moisture content and control efficiency in the applicant's calculations result 

                                                
19 See, e.g., Burning PRB Coal: Problems and Solutions, at: http://www.conspec-
controls.com/resources/burning-pbr-coal.asp. 
20 Roderick J. Hossfeld and Rod Hatt, PRB Coal Degradation -- Causes and Cures, PRB Coal Users Group 
Annual Meeting, April 5-7, 2005.  Available at: http://www.prbcoals.com/pdf/paper_archives/56538.pdf. 
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in the lowest possible particulate matter emissions.  These inputs are not defensible for 
the reasons discussed below. 
 
 Mean Wind Speed (U) 
 
 Transfer emissions were estimated using an "effective" wind speed of 2 to 4 mph, 
defined in the Application as the wind speed within enclosures.  These values were 
estimated by starting with an annual average outdoor wind speed at Hermiston, Oregon, 
of 7.3 mph.  The Application then reasons that certain enclosures will reduce the annual 
average wind speed by factors of two to four, with no support whatsoever.  The 
reductions are purely hypothetical and are wrong.  Further, they represent double 
counting the effect of the enclosures because elsewhere, the applicant's calculations 
assume a very high control efficiency to account for the enclosures.   See below Control 
Efficiency section. 
 
 All of the enclosures have "gaps" that allow the entry of wind.  The unloading 
building, for example, is a long shed with openings on each end to allow entry of trains.  
These openings leave gaps that wind can wiz through.  ER, p. 3-139.  Similarly, barge 
loading will occur inside the barge hold, which is partially sheltered from outdoor winds, 
though not completely.  During loadout, there will be a gap that runs lengthwise down the 
barge roof to allow access for the telescoping loadout chute.  Application, p. 5.   Transfer 
emissions were estimated in the ER and Application assuming a wind speed of 4 mph for 
the barge and rail car unloading transfer points while the enclosed conveyors and surge 
bin were assumed to have an average wind speed of 2 mph as they are reportedly less 
accessible to the wind, i.e., gaps presumably smaller.  Application, p. 5.   
 
 No basis is provided for reducing the annual average wind speed by a factor of 
two to four due to openings in enclosures.  In fact, the opposite result would be expected.  
It is well known that restrictions cause wind speed to increase, not decrease.  This effect 
is readily observed in alleys, streets in high density cities such as San Francisco and New 
York, and in narrow mountain passes.  Further, large blowers will be used to evacuate the 
unloading and storage sheds (ER, p. 3-139), further increasing wind speed.  Thus, the 
wind speed at the various transfer points would be substantially higher than the 
unrestricted annual average.  The applicant should collect authentic data from wind 
tunnel studies to support any value for wind speed that deviates from the worst case.   
 
 In the absence of actual emission measurements for the proposed physical site 
layout, a worst-case wind speed should be used that addresses the orientation of the 
openings.  This is important as it is well known that worst-case emissions from storage 
piles occur under windy conditions.  It is also well known that the transfer equation 
underpredicts emissions.  Thus, cutting annual average wind speed by factors of two to 
four is simply unacceptable.   
 
 The layout of the project vis-à-vis openings in the enclosures has not been 
provided so orientation with respect to wind speed cannot be considered in these 
comments.  However, it appears that the unloading shed, for example, is oriented such 
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that maximum wind speeds will be present at its openings.  See windroses in Tran 2012, 
Figure 1 compared to Application, Figures 2 and 3 and ER, Figure 1-9.  The maximum 
wind speeds are from winds out of the southeast, aligned with the opening of the 
unloading terminal. 
 
 In the absence of actual, site-specific measurements for the proposed equipment, I 
recommend the use of the highest daily wind speed averaged over daytime hours at 
Hermiston during 2007-2011 of 32 mph to address the well known underprediction by 
the transfer equation and the increase in wind speed that will occur due to openings in the 
enclosures.  My revised calculations in Exhibit 1 assume a wind speed of 32 mph for all 
transfer points.   
  
 Moisture Content (M) 
 
 Transfer emissions were estimated assuming a material moisture content of 20%, 
at the lower end of the claimed range of 20% to 30% for PRB coals.  Application, p. 5.  
This value is problematic. 
 
 The moisture content value used to estimate wind erosion emissions is the surface 
moisture content.21  This is typically measured as the moisture that evaporates during air 
drying in the lab at equilibrium humidity levels.  The moisture range of 20% to 30% 
reported for PRB coal is the total moisture content, consisting of surface plus inherent 
moisture and is irrelevant for estimating wind erosion fugitive dust emissions.  The 
residual moisture is that which is locked up in the coal after air-drying in a standard 
ASTM test.  Most of the moisture in PRB coals is inherent moisture, due to the retention 
capacity of their looser pore structure.22  Thus, even assuming the AP-42 transfer 
emission equation applied, the 20% value used to estimate transfer emissions is 
substantially overestimated.   
 
 I did not find any data for surface moisture content of PRB coals.  Thus, in the 
absence of any estimate of surface moisture content of PRB coal, I substituted the lower 
end of the range (2.8% - 11%) reported for coals in AP-42 or 2.8%.  AP-42, Table 13.2.4-
1.  This is particularly relevant for coal unloading emissions, as the surface of the coal in 
the rail cars will be dry under most weather conditions.  The use of a higher value should 
be supported by field measurements under conditions expected at each transfer point. 
  
d.  Overestimated control efficiency 
 
 The PM emission factors in lb/ton calculated using the above-discussed empirical 
equation were next multiplied by the tons per year of coal processed at each transfer point 
                                                
21 MRI, Revision of Emission Factors for AP-42 Section 11.9, Western Surface Coal Mining, September 
1998, p. B-24; AP-42, p. 11.9-1  "Caution must be exercised so that only the unbound (sorbed) moisture 
(i.e., not any bound moisture) is used in determining the moisture content for input to the Chapter 13 
equations."  AP-42, p. 11.9-4, Table 11.9-3. 
22 See, e.g., PRB Coal Properties, at:  http://www.cba-
ssd.com/Applications/knowledgeBase/PRBcoal/PRBcoalProperty.htm. 
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(8.8 million tons/yr) to estimate uncontrolled PM emissions in tons per year.  
Application, Tables 1-7.  The assumptions used by the applicant result in uncontrolled 
PM emissions (PM30 or total suspended particulate) of 1.8 ton/yr, uncontrolled PM10 
emissions of 0.83 ton/yr, and uncontrolled PM2.5 emissions of 0.13 ton/yr.  These are the 
estimated emission levels without any controls and suggest that less than 0.00002% of the 
coal would be lost during handling 8.8 million tons of coal and are implausibly small.  
The controlled levels are even smaller:  0.14 ton/yr for PM; 0.07 ton/yr of PM10, and 
0.01 ton/yr of PM2.5.   The applicant's calculations thus suggest very little dust would be 
released from the facility.   
 
 However, if the inputs for wind velocity and moisture content are adjusted as 
discussed above,23 uncontrolled PM emissions increase from 1.8 tons/yr to 799 tons/yr or 
by over a factor of 400.  Actual uncontrolled emissions are likely to be much higher as 
the transfer equation used in these calculations has been documented to significantly 
underpredict emissions, by orders of magnitude.   
 
 These uncontrolled emissions were further reduced by the applicant to account for 
various controls assumed as part of the facility design, including enclosures, water 
sprays, and scrubbers.  Application, Tables 2-7.  The control efficiencies assumed in 
these calculations range from 80% for transfers associated with barge loading to 99.7% 
for those used for train unloading and coal storage.  These control efficiencies are 
unsupported and overestimated, underestimating fugitive particulate matter emissions 
from the facility. 
 
 All of the control efficiencies used in these calculations are based on undisclosed 
and unsupported engineering assumptions, as footnoted in the Application, Tables 2-6.  
Underlying engineering drawings and calculations to support these "engineering 
assumptions" are not provided, so they cannot be independently verified.  The control 
efficiencies are at the upper end of the range of values that have been reported elsewhere 
for other materials.24 They are particularly high for PRB coals which are well known to 
be highly erodible and to generate significant dust plumes, especially when they dry out, 
as from an uncovered train after a long journey.  See, e.g., Figure 1 (Hossfeld and Hatt).   

                                                
23 Increasing wind velocity from 2 to 4 mph to 32 mph and reducing moisture content from 20% to 2.8%. 
24 See, e.g., Western Governors' Association, WRAP Fugitive Dust Handbook, 2006, Table 4-2. 
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Figure 1. 

Dust From Dry PRB Coal 

 
 
 
 The ER and Application do not cite a single measurement or any source beyond 
an "engineering assumption" to support their very aggressive control efficiencies.  In 
general, control efficiencies are not guaranteed by material handling equipment vendors.  
They are typically no more than estimates, based on visual plume observation and 
occasionally, wind tunnel experiments, due to the difficulty of making accurate upwind 
and downwind measurements.  Thus, absent a vendor guarantee that is confirmed by 
periodic site-specific measurements, more conservative values should be assumed.   
Further, this is a first of a kind dust control system, alleging less than 1 ton/yr of 
particulate emissions from handling 8.8 million tons of coal, compared by the applicant 
to a food handling plant!  ER, p. 3-123.  This level of particulate control has not been 
proven at any facility anywhere in the world.   
  
 The control assumptions are wholly unsupported, little more than conjecture.  I 
am not aware of any other coal terminal in the U.S. or elsewhere that handles anywhere 
near 8.8 million tons per year in a "fully enclosed" facility.  Other terminal projects have 
asserted that enclosures and control on this scale are not feasible.  These include the 
Nucor Steel Louisiana terminal and other coal export terminals including Millenium Bulk 
Terminals,25 Gateway Pacific Terminal,26 and the Kinder Morgan terminal.    

                                                
25 Mellennium Bulk Terminals Longview (MBTL), Available at 
http://www.ecy.wa.gov/geographic/millennium/index.html.  See also artist rendering at 
http://www.bnsf.com/customers/pdf/coal-super-trial.pdf . 
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 The obvious weaknesses of the applicant's unsupported "engineering assumption" 
for transfer points (TPs) associated with unloading, storage, and conveying are discussed 
below.  Less obvious flaws, such as coal leakage that could occur through penetrations, 
cannot be ascertained based on the available record, as there are no engineering drawings.  
Further, there is no basis to assume that this state-of-the-art facility will be able to 
maintain the very high control efficiencies on a long-term, day-in, day-out basis. 
 
 First, the calculations assume that 90% of the emissions from train unloading (TP 
#1) will be sucked up by blowers into wet scrubbers that remove 99.7% of the remaining 
particulate.  In other words, 10% of the estimated particulate matter and 0.3% of the 
balance will be emitted directly to atmosphere for a combined control efficiency of 87%.  
This same system is reportedly used to control transfer emissions within the coal storage 
sheds.  Application, Sec. 2.2.3 and Table 4.  However, the emission calculations for the 
storage sheds failed to include the 90% capture efficiency of the collection system, thus 
underestimating emissions at TP #6 and #7 by a factor of four.  This error is corrected in 
my revised emission estimates in Exhibit 1.  Otherwise, I have retained the applicant's 
90% capture efficiency and 99.7% control efficiency for PM30 emissions from the 
scrubber (and 98.4% for PM10 and 94.99% for PM2.5). 
 
 Second, the emission calculations for conveyor drops points, TP #2 to TP#5 and 
TP#8 to TP#10, assumed a 95% control efficiency based on an "engineering assumption 
based on enclosed conveyors and the utilization of a water spray/fogging system."  
Application, Tables 3 and 5, note 5.  The applicant's calculations assume this level of 
control will be achieved continuously.  This is not believable, based on the numerous 
spills and other accidents that have occurred elsewhere with similar equipment.  In the 
absence of any support for 95%, I lowered this value to 80% in my revised calculations, 
to make it consistent with the assumption used by the applicant for barge loading.  It is 
unclear from the record whether all of the drop points themselves or just the conveyors 
are enclosed.27 
 
 Third, emission calculations for barge loading drop point TP#11 assumed 80% 
control based on an undocumented engineering assumption.  This control level was 
justified based on use of a telescoping loading chute with a shroud to maintain contact 
with pile within the barge hold.  This seems reasonable, but should be supported with 
measurements on similar operating systems or detailed engineering calculations and 
drawings. 
 
 Finally, the effect of the enclosures was double counted.  First, annual average 
wind speed was reduced by factors of two to four to account for the enclosures.  Second, 
                                                                                                                                            
26 Gateway Pacific Terminal at Cherry Point, Available at: 
http://www.ecy.wa.gov/geographic/gatewaypacific/. 
27 See, e.g., Application at pdf 38: "Coal will be transferred via enclosed conveyors either directly to barge 
loadout on the Columbia River (via the bypass to Loadout Conveyor) or to one of three planned storage 
buildings.  Water spray is employed at the conveyor drop points outside of the storage buildings as an 
additional emissions control." 
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very high control efficiencies were assumed to also account for these same enclosures.  
This is double counting. 
 
2. Revised Fugitive Particulate Emissions (PM, PM10, PM2.5) 
 

 I recalculated the transfer point emissions, using the assumptions set out above.  
My revised calculations for PM, PM10, and PM2.5 are presented in Exhibit 1.  The 
controlled PM emissions (representing the PM30 or suspended fraction) are compared in 
Table 1 to those estimated by the applicant.  This table shows that the modifications to 
input variables in the transfer emission equation and the slight downward adjustments in 
some of the control efficiencies increase PM emissions from 0.14 ton/yr to139 ton/yr, an 
increase of a factor of a thousand.  These emissions coupled with those from idling trains 
result in 163 ton/yr of PM (139+24) or over a thousand times more than disclosed in the 
ER. These emissions are highly significant and exceed the 10 ton/yr significance 
threshold.  The underestimate is likely much greater than this because the equation itself 
has been demonstrated to grossly underestimate transfer emissions by the State of 
Florida. 

Table 1 
Controlled Transfer Point PM Emissions 

(ton/yr) 
 PM 

Appl. 
Tables 1-6 

Revised 
PM 

Ex. 1 
1 0.0319 7.5 
2 0.0063 14.5 
3 0.006 14.5 
4 0.0063 14.5 
5 0.0063 14.5 
6 0.00038 7.5 
7 0.00038 14.5 
8 0.0063 14.5 
9 0.0063 14.5 
10 0.0063 14.5 
11 0.062 14.5 
Total 0.139 138.7 

 

 Similarly, my calculations in Exhibit 1 indicate an increase in PM10 emissions 
from 0.0695 ton/yr reported in the Application to 66.9 ton/yr and an increase in PM2.5 
emissions from 0.014 ton/yr reported in the Application to 10.7 ton/yr when my revisions 
to input variable are used.  All of these revised transfer emissions taken alone are 
significant compared to a threshold of 10 ton/yr.28 
 

                                                
28 Compare emissions summarized in Application, Table 7 (total annual) with those in Exhibit 1. 
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B. Port of Westward—St. Helens 
 
 The coal is transported from the Port of Morrow, discussed above, to the Port of 
Westward at St. Helens by enclosed barges, where it is transferred to Panamax ships.  
The only emission source at the Port of Westward not related to marine vessel engine 
exhaust is coal dust from transloading coal from the barges to Panamax ship holds.  ER, 
p. 3-141 to 3-142.  Fugitive dust emissions are reportedly minimized by using an 
enclosed Siwertell auger-style loader system.  Coal will be augered out of the barge and 
conveyed on an enclosed conveyor to a chute that will drop the coal down inside a barge 
hold below the hatch level, which will only be partially enclosed.  A mist/fogging system 
will be used at the drop point to suppress dust.  ER, Appx. S, Table 11.   
 
 The ER estimates 0.031 ton/yr of PM, 0.015 ton/yr of PM10, and 0.0022 ton/yr of 
PM2.5 emissions from loading 8.8 million tons of coal.  ER, Appx. S, Table 11.  This 
amounts to only about 0.0000003 pounds (0.2 milligrams) of fugitive dust per ton of coal 
loaded.  ER, Table 3.6-9.  This amount is less than the weight of a feather for every 2000 
pounds of coal dumped into a ship hold.  This estimate has all of the problems discussed 
above in Comment II.A, including the use of an inaccurate and inapplicable transfer 
equation and the use of input variables that underestimate emissions.  My revisions 
increase these emissions by about a factor of 500 (Exhibit 1, Transloader). 
 
 The ER contains no design drawings that demonstrate how the loader would be 
configured to reduce emissions by 90%, as assumed in the Application's calculations.  
ER, Appx. S, Table 11, note (c).  It would appear that coal dust could escape at the 
interface between the holds on the Panamax ships and barges (four per shipment) and the 
transloaders as well as any other penetrations.  The PM emission estimates should be 
supported by studies conducted at similar facilities (if any exist) operating with the 
proposed controls or emission calculations based on detailed engineering design drawings 
that are disclosed as part of the environmental review. 
  
 



Revised Transfer Emissions

PM30

Transfer Point
U 

(mph) M (%) F
CE 

Capture
CE 

Control

Uncontrolled 
PM Emission 
Factor (lb/ton)

Uncontrolled 
PM Emissions 

(ton/yr)

Controlled 
PM 

Emissions 
(ton/yr)

1 32 2.8 0.74 90 99.7 0.0165134 72.7 7.5
2 32 2.8 0.74 100 80 0.0165134 72.7 14.5
3 32 2.8 0.74 100 80 0.0165134 72.7 14.5
4 32 2.8 0.74 100 80 0.0165134 72.7 14.5
5 32 2.8 0.74 100 80 0.0165134 72.7 14.5
6 32 2.8 0.74 90 99.7 0.0165134 72.7 7.5
7 32 2.8 0.74 90 99.7 0.0165134 72.7 7.5
8 32 2.8 0.74 100 80 0.0165134 72.7 14.5
9 32 2.8 0.74 100 80 0.0165134 72.7 14.5

10 32 2.8 0.74 100 80 0.0165134 72.7 14.5
11 32 2.8 0.74 100 80 0.0165134 72.7 14.5

Transloader 32 2.8 0.74 100 80 0.0165134 72.7 14.5
Morrow Total 799.2 138.7

PM10

Transfer Point
U 

(mph) M (%) F
CE 

Capture
CE 

Control

Uncontrolled 
PM Emission 
Factor (lb/ton)

Uncontrolled 
PM Emissions 

(ton/yr)

Controlled 
PM 

Emissions 
(ton/yr)

1 32 2.8 0.35 90 98.4 0.00781039 34.4 4.0
2 32 2.8 0.35 100 80 0.00781039 34.4 6.9
3 32 2.8 0.35 100 80 0.00781039 34.4 6.9
4 32 2.8 0.35 100 80 0.00781039 34.4 6.9
5 32 2.8 0.35 100 80 0.00781039 34.4 6.9
6 32 2.8 0.35 90 98.4 0.00781039 34.4 4.0
7 32 2.8 0.35 90 98.4 0.00781039 34.4 4.0
8 32 2.8 0.35 100 80 0.00781039 34.4 6.9
9 32 2.8 0.35 100 80 0.00781039 34.4 6.9

10 32 2.8 0.35 100 80 0.00781039 34.4 6.9
11 32 2.8 0.35 100 80 0.00781039 34.4 6.9

Transloader 32 2.8 0.35 100 80 0.00781039 34.4 6.9
Morrow Total 378.0 66.9

PM2.5

Transfer Point
U 

(mph) M (%) F
CE 

Capture
CE 

Control

Uncontrolled 
PM Emission 
Factor (lb/ton)

Uncontrolled 
PM Emissions 

(ton/yr)

Controlled 
PM 

Emissions 
(ton/yr)



1 32 2.8 0.053 90 94.99 0.00118272 5.2 0.8
2 32 2.8 0.053 100 80 0.00118272 5.2 1.0
3 32 2.8 0.053 100 80 0.00118272 5.2 1.0
4 32 2.8 0.053 100 80 0.00118272 5.2 1.0
5 32 2.8 0.053 100 80 0.00118272 5.2 1.0
6 32 2.8 0.053 90 94.99 0.00118272 5.2 0.8
7 32 2.8 0.053 90 94.99 0.00118272 5.2 0.8
8 32 2.8 0.053 100 66.9 0.00118272 5.2 1.7
9 32 2.8 0.053 100 80 0.00118272 5.2 1.0

10 32 2.8 0.053 100 80 0.00118272 5.2 1.0
11 32 2.8 0.053 100 80 0.00118272 5.2 1.0

Transloader 32 2.8 0.053 100 80 0.00118272 5.2 1.0
Morrow Total 57.2 11.4

Transloader is at Port of Westward
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EXPERT WITNESS/LITIGATION SUPPORT 
 For plaintiffs, in civil action relating to alleged violations of the Clean Air Act, 

Prevention of Significant Deterioration, for historic modifications (1988 – 2000) at 
James De Young Units 3, 4, and 5.  Reviewed produced documents, analyzed CEMS and 
EIA data, and prepared netting and BACT analyses for NOx, SO2, and PM10.  Expert 
report February 24, 2010 and affidavit February 20, 2010.  Sierra Club v. City of 
Holland, et al., U.S. District Court, Western District of Michigan. 

 For plaintiffs, in civil action alleging failure to obtain MACT permit, expert on potential 
to emit hydrogen chloride (HCl) from a new coal-fired boiler.  Reviewed record, 
estimated HCl emissions, wrote expert report June 2010 and deposed August 2010. 
Wildearth Guardian et al. v. Lamar Utilities Board, Civil Action No. 09-cv-02974, U.S. 
District Court, District of Colorado. 

 For plaintiffs, expert witness on permitting, emission calculations, and wastewater 
treatment for coal to gasoline plant.  Reviewed produced documents.  Assisted in 
preparation of comments on draft minor source permit.  Wrote two affidavits on key 
issues in case.  Presented direct and rebuttal testimony 10/27 - 10/28/10 on permit 
enforceability and failure to properly calculate potential to emit, including underestimate 
of flaring emissions and omission of VOC and CO emissions from wastewater treatment, 
cooling tower, tank roof landings, and malfunctions.  Sierra Club, Ohio Valley 
Environmental Coalition, Coal River Mountain Watch, West Virginia Highlands 
Conservancy v. John Benedict, Director, Division of Air Quality, West Virginia 
Department of Environmental Protection and TransGas Development System, LLC, 
Appeal No. 10-01-AQB. 

 For plaintiffs, expert on BACT emission limits for gas-fired combined cycle power plant. 
 Prepared declaration in support of CBE's Opposition to the United States' Motion for 
Entry of Proposed Amended Consent Decree.  Assisted in settlement discussions.  U.S. 
EPA, Plaintiff, Communities for a Better Environment, Intervenor Plaintiff, v. Pacific Gas 
& Electric Company, et al., U.S. District Court, Northern District of California, San 
Francisco Division, Case No. C-09-4503 SI. 

 Technical expert in confidential settlement discussions with large coal-fired utility on 
BACT control technology and emission limits for NOx, SO2, PM, PM2.5, and CO for 
new natural gas fired combined cycle and simple cycle turbines with oil backup.  (July 
2010).  Case settled. 

 For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations 
of the Clean Air Act, Prevention of Significant Deterioration, for historic modifications 
(1998-99) at Gallagher Units 1 and 3.  Reviewed produced documents, prepared expert 
and rebuttal reports on historic and current-day BACT for SO2, control costs, and excess 
emissions of SO2.  Deposed 11/18/09.  United States et al. v. Cinergy, et al., In U.S. 
District Court for the Southern District of Indiana, Indianapolis Division, Civil Action 
No. IP99-1693 C-M/S.  Settled 12/22/09. 
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 For plaintiffs, expert witness on MACT, BACT for NOx, and enforceability in an 
administrative appeal of draft state air permit issued for four 300-MW pet-coke-fired 
CFBs.  Reviewed produced documents and prepared prefiled testimony.  Deposed 10/8/09 
and 11/9/09. Testified 11/10/09. Application of Las Brisas Energy Center, LLC for State 
Air Quality Permit; before the State Office of Administrative Hearings, Texas.  Permit 
remanded 3/29/10 as LBEC failed to meet burden of proof on a number of issues including 
MACT. 

 For defense, expert witness in unlawful detainer case involving a gasoline station, 
minimart, and residential property with contamination from leaking underground storage 
tanks.  Reviewed agency files and inspected site.  Presented expert testimony on July 6, 
2009, on causes of, nature and extent of subsurface contamination.  A. Singh v. S. 
Assaedi, in Contra Costa County Superior Court, CA.  Settled August 2009. 

 For plaintiffs, expert witness on netting and enforceability for refinery being upgraded to 
process tar sands crude.  Reviewed produced documents.  Prepared expert and rebuttal 
reports addressing use of emission factors for baseline, omitted sources including coker, 
flares, tank landings and cleaning, and enforceability.  Deposed. In the Matter of 
Objection to the Issuance of Significant Source Modification Permit No. 089-25484-
00453 to BP Products North America Inc., Whiting Business Unit, Save the Dunes 
Council, Inc., Sierra Club., Inc., Hoosier Environmental Council et al., Petitioners, B. P. 
Products North American, Respondents/Permittee, before the Indiana Office of 
Environmental Adjudication. 

 For plaintiffs, expert witness on BACT, MACT, and enforceability in appeal of Title V 
permit issued to 600 MW coal-fired power plant burning Powder River Basin coal.  
Prepared technical comments on draft air permit.  Reviewed record on appeal, drafted 
BACT, MACT, and enforceability pre-filed testimony.  Drafted MACT and 
enforceability pre-filed rebuttal testimony.  Deposed March 24, 2009.  Testified June 10, 
2009.  In Re: Southwestern Electric Power Company, Arkansas Pollution Control and 
Ecology Commission, Consolidated Docket No. 08-006-P. Recommended Decision issued 
December 9, 2009 upholding issued permit.  Commission adopted Recommended 
Decision January 22, 2010. 

 For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations 
of the Clean Air Act, Prevention of Significant Deterioration, for historic modifications 
(1989-1992) at Wabash Units 2, 3 and 5.  Reviewed produced documents, prepared 
expert and rebuttal report on historic and current-day BACT for NOx and SO2, control 
costs, and excess emissions of NOx, SO2, and mercury.  Deposed 10/21/08.  United States 
et al. v. Cinergy, et al., In U.S. District Court for the Southern District of Indiana, 
Indianapolis Division, Civil Action No. IP99-1693 C-M/S.  Testified 2/3/09.  
Memorandum Opinion & Order 5-29-09 requiring shutdown of Wabash River Units 2, 3, 
5 by September 30, 2009, run at baseline until shutdown, and permanently surrender SO2 
emission allowances. 

 For plaintiffs, expert witness in liability phase of civil action relating to alleged 
violations of the Clean Air Act, Prevention of Significant Deterioration, for three 
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historic modifications (1997-2001) at two portland cement plants involving three 
cement kilns.  Reviewed produced documents, analyzed CEMS data covering subject 
period, prepared netting analysis for NOx, SO2 and CO, and prepared expert and rebuttal 
reports. United States  v. Cemex California Cement, In U.S. District Court for the Central 
District of California, Eastern Division, Case No. ED CV 07-00223-GW (JCRx), Settled 
1/15/09. 

 For intervenors Clean Wisconsin and Citizens Utility Board, prepared data requests, 
reviewed discovery and expert report.  Prepared prefiled direct, rebuttal and surrebuttal 
testimony on cost to extend life of existing Oak Creek Units 5-8 and cost to address 
future regulatory requirements to determine whether to control or shutdown one or more 
of the units. Oral testimony 2/5/08.  Application for a Certificate of Authority to Install 
Wet Flue Gas Desulfurization and Selective Catalytic Reduction Facilities and Associated 
Equipment for Control of Sulfur Dioxide and Nitrogen Oxide Emissions at Oak Creek 
Power Plant Units 5, 6, 7 and 8, WPSC Docket No. 6630-CE-299. 

 For plaintiffs, expert witness on alternatives analysis and BACT for NOx, SO2, total 
PM10, and sulfuric acid mist in appeal of PSD permit issued to 1200 MW coal fired 
power plant burning Powder River Basin and/or Central Appalachian coal (Longleaf). 
Assisted in drafting technical comments on NOx on draft permit.  Prepared expert 
disclosure.  Presented 8+ days of direct and rebuttal expert testimony.  Attended all 21 
days of evidentiary hearing from 9/5/07 – 10/30/07 assisting in all aspects of hearing.  
Friends of the Chatahooche and Sierra Club v. Dr. Carol Couch, Director, 
Environmental Protection Division of Natural Resources Department, Respondent, and 
Longleaf Energy Associates, Intervener. ALJ Final Decision 1/11/08 denying petition.  
ALJ Order vacated & remanded for further proceedings, Fulton County Superior Court, 
6/30/08.  Court of Appeals of GA remanded the case with directions that the ALJ's final 
decision be vacated to consider the evidence under the correct standard of review, July 9, 
2009.  The ALJ issued an opinion April 2, 2010 in favor of the applicant. Final permit 
issued April 2010. 

 For plaintiffs, expert witness on diesel exhaust in inverse condemnation case in which 
Port expanded maritime operations into residential neighborhoods, subjecting plaintiffs 
to noise, light, and diesel fumes.  Measured real-time diesel particulate concentrations 
from marine vessels and tug boats on plaintiffs’ property.  Reviewed documents, 
depositions, DVDs, and photographs provided by counsel.  Deposed.  Testified October 
24, 2006. Ann Chargin, Richard Hackett, Carolyn Hackett, et al. v. Stockton Port 
District, Superior Court of California, County of San Joaquin, Stockton Branch, No. 
CV021015.  Judge ruled for plaintiffs. 

 For plaintiffs, expert witness on NOx emissions and BACT in case alleging failure to 
obtain necessary permits and install controls on gas-fired combined-cycle turbines. 
Prepared and reviewed (applicant analyses) of NOx emissions, BACT analyses (water 
injection, SCR, ultra low NOx burners), and cost-effectiveness analyses based on site visit, 
plant operating records, stack tests, CEMS data, and turbine and catalyst vendor design 
information.  Participated in negotiations to scope out consent order. United States v. 
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Nevada Power. Case settled June 2007, resulting in installation of dry low NOx burners (5 
ppm NOx averaged over 1 hr) on four units and a separate solar array at a local business.  

 For plaintiffs, expert witness in appeal of PSD permit issued to 850 MW coal fired boiler 
burning Powder River Basin coal (Iatan Unit 2) on BACT for particulate matter, sulfuric 
acid mist and opacity and emission calculations for alleged historic violations of PSD.  
Assisted in drafting technical comments, petition for review, discovery requests, and 
responses to discovery requests.  Reviewed produced documents.  Prepared expert report 
on BACT for particulate matter. Assisted with expert depositions. Deposed February 7, 
8, 27, 28, 2007.  In Re PSD Construction Permit Issued to Great Plains Energy, Kansas 
City Power & Light – Iatan Generating Station, Sierra Club v. Missouri Department of 
Natural Resources, Great Plains Energy, and Kansas City Power & Light. Case settled 
March 27, 2007, providing offsets for over 6 million ton/yr of CO2 and lower NOx and 
SO2 emission limits.  

 For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations 
of the Clean Air Act, Prevention of Significant Deterioration, for historic modifications 
of coal-fired boilers and associated equipment.  Reviewed produced documents, prepared 
expert report on cost to retrofit 24 coal-fired power plants with scrubbers designed to 
remove 99% of the sulfur dioxide from flue gases.  Prepared supplemental and expert 
report on cost estimates and BACT for SO2 for these 24 complaint units.  Deposed 
1/30/07 and 3/14/07.  United States and State of New York et al. v. American Electric 
Power, In U.S. District Court for the Southern District of Ohio, Eastern Division, 
Consolidated Civil Action Nos. C2-99-1182 and C2-99-1250.  Settlement announced 
10/9/07. 

 For plaintiffs, expert witness on BACT, enforceability, and alternatives analysis in 
appeal of PSD permit issued for a 270-MW pulverized coal fired boiler burning Powder 
River Basin coal (City Utilities Springfield Unit 2).  Reviewed permitting file and assisted 
counsel draft petition and prepare and respond to interrogatories and document requests. 
Reviewed interrogatory responses and produced documents.  Assisted with expert 
depositions.  Deposed August 2005.  Evidentiary hearings October 2005.  In the Matter of 
Linda Chipperfield and Sierra Club v. Missouri Department of Natural Resources. 
Missouri Supreme Court denied review of adverse lower court rulings August 2007. 

 For plaintiffs, expert witness in civil action relating to plume touchdowns at AEP’s 
Gavin coal-fired power plant.  Assisted counsel draft interrogatories and document 
requests.  Reviewed responses to interrogatories and produced documents.  Prepared 
expert report “Releases of Sulfuric Acid Mist from the Gavin Power Station.”  The 
report evaluates sulfuric acid mist releases to determine if AEP complied with the 
requirements of CERCLA Section 103(a) and EPCRA Section 304.  This report also 
discusses the formation, chemistry, release characteristics, and abatement of sulfuric acid 
mist in support of the claim that these releases present an imminent and substantial 
endangerment to public health under Section 7002(a)(1)(B) of the Resource 
Conservation and Recovery Act (“RCRA”).  Citizens Against Pollution v. Ohio Power 
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Company, In the U.S. District Court for the Southern District of Ohio, Eastern Division, 
Civil Action No. 2-04-cv-371.  Case settled 12-8-06. 

 For petitioners, expert witness in contested case hearing on BACT, enforceability, and 
emission estimates for an air permit issued to a 500-MW supercritical Power River Basin 
coal-fired boiler (Weston Unit 4).  Assisted counsel prepare comments on draft air 
permit and respond to and draft discovery.  Reviewed produced file, deposed (7/05), and 
prepared expert report on BACT and enforceability. Evidentiary hearings September 
2005.  In the Matter of an Air Pollution Control Construction Permit Issued to Wisconsin 
Public Service Corporation for the Construction and Operation of a 500 MW Pulverized 
Coal-fired Power Plant Known as Weston Unit 4 in Marathon County, Wisconsin, Case 
No. IH-04-21.  The Final Order, issued 2/10/06, lowered the NOx BACT limit from 0.07 
lb/MMBtu to 0.06 lb/MMBtu based on a 30-day average, added a BACT SO2 control 
efficiency, and required a 0.0005% high efficiency drift eliminator as BACT for the 
cooling tower.  The modified permit, including these provisions, was issued 3/28/07.  
Additional appeals in progress. 

 For plaintiffs, adviser on technical issues related to Citizen Suit against U.S. EPA 
regarding failure to update New Source Performance Standards for petroleum refineries, 
40 CFR 60, Subparts J, VV, and GGG.  Our Children’s Earth Foundation and Sierra Club 
v. U.S. EPA et al. Case settled July 2005.  CD No. C 05-00094 CW, U.S. District Court, 
Northern District of California – Oakland Division.  Proposed revisions to standards of 
performance for petroleum refineries published 72 FR 27178 (5/14/07). 

 For interveners, reviewed proposed Consent Decree settling Clean Air Act violations due 
to historic modifications of boilers and associated equipment at two coal-fired power 
plants.  In response to stay order, reviewed the record, selected one representative 
activity at each of seven generating units, and analyzed to identify CAA violations. 
Identified NSPS and NSR violations for NOx, SO2, PM/PM10, and sulfuric acid mist.  
Summarized results in an expert report. United States of America, and Michael A. Cox, 
Attorney General of the State of Michigan, ex rel. Michigan Department of 
Environmental Quality, Plaintiffs, and Clean Wisconsin, Sierra Club, and Citizens' Utility 
Board, Intervenors, v. Wisconsin Electric Power Company, Defendant, U.S. District Court 
for the Eastern District of Wisconsin, Civil Action No. 2:03-CV-00371-CNC. Order 
issued 10-1-07 denying petition.  

 For a coalition of Nevada labor organizations (ACE), reviewed preliminary determination 
to issue a Class I Air Quality Operating Permit to Construct and supporting files for a 
250-MW pulverized coal-fired boiler (Newmont).  Prepared about 100 pages of technical 
analyses and comments on BACT, MACT, emission calculations, and enforceability.  
Assisted counsel draft petition and reply brief appealing PSD permit to U.S. EPA 
Environmental Appeals Board (EAB).  Order denying review issued 12/21/05.  In re 
Newmont Nevada Energy Investment, LLC, TS Power Plant, PSD Appeal No. 05-04 
(EAB 2005). 
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 For petitioners and plaintiffs, reviewed and prepared comments on air quality and 
hazardous waste based on negative declaration for refinery ultra low sulfur diesel project 
located in SCAQMD. Reviewed responses to comments and prepared responses.  Prepared 
declaration and presented oral testimony before SCAQMD Hearing Board on exempt 
sources (cooling towers) and calculation of potential to emit under NSR.  Petition for 
writ of mandate filed March 2005.  Case remanded by Court of Appeals to trial court to 
direct SCAQMD to re-evaluate the potential environmental significance of NOx 
emissions resulting from the project in accordance with court’s opinion.  California Court 
of Appeals, Second Appellate Division, on December 18, 2007, affirmed in part (as to 
baseline) and denied in part.  Communities for a Better Environment v. South Coast Air 
Quality Management District and ConocoPhillips and Carlos Valdez et al v. South Coast 
Air Quality Management District and ConocoPhillips. Certified for partial publication 
1/16/08.  Appellate Court opinion upheld by CA Supreme Court 3/15/10. 

 For amici seeking to amend a proposed Consent Decree to settle alleged NSR violations 
at Chevron refineries, reviewed proposed settlement, related files, subject modifications, 
and emission calculations. Prepared declaration on emission reductions, identification of 
NSR and NSPS violations, and BACT/LAER for FCCUs, heaters and boilers, flares, and 
sulfur recovery plants.  U.S. et al. v. Chevron U.S.A., Northern District of California, 
Case No. C 03-04650.  Memorandum and Order Entering Consent Decree issued June 
2005.  Case No. C 03-4650 CRB. 

 For petitioners, prepared declaration on enforceability of periodic monitoring 
requirements, in response to EPA’s revised interpretation of 40 CFR 70.6(c)(1). This 
revision limited additional monitoring required in Title V permits. 69 FR 3203 (Jan. 22, 
2004).  Environmental Integrity Project et al. v. EPA (U.S. Court of Appeals for the 
District of Columbia).  Court ruled the Act requires all Title V permits to contain 
monitoring requirements to assure compliance.  Sierra Club v. EPA, 536 F.3d 673 (D.C. 
Cir. 2008). 

 For interveners in application for authority to construct a 500 MW supercritical coal-
fired generating unit before the Wisconsin Public Service Commission, prepared pre-filed 
written direct and rebuttal testimony with oral cross examination and rebuttal on BACT 
and MACT (Weston 4).  Prepared written comments on BACT, MACT, and 
enforceability on draft air permit for same facility. 

 For property owners in Nevada, evaluated the environmental impacts of a 1,450-MW 
coal-fired power plant proposed in a rural area adjacent to the Black Rock Desert and 
Granite Range, including emission calculations, air quality modeling, comments on 
proposed use permit to collect preconstruction monitoring data, and coordination with 
agencies and other interested parties.  Project cancelled. 

 For environmental organizations, reviewed draft PSD permit for a 600-MW coal-fired 
power plant in West Virginia (Longview). Prepared comments on permit enforceability; 
coal washing; BACT for SO2 and PM10; Hg MACT; and MACT for HCl, HF, non-Hg 
metallic HAPs, and enforceability. Assist plaintiffs draft petition appealing air permit. 
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Retained as expert to develop testimony on MACT, BACT, offsets, enforceability. 
Participate in settlement discussions.  Case settled July 2004. 

 For petitioners, reviewed record produced in discovery and prepared affidavit on 
emissions of carbon monoxide and volatile organic compounds during startup of GE 7FA 
combustion turbines to successfully establish plaintiff standing.  Sierra Club et al. v. 
Georgia Power Company (Northern District of Georgia).   

 For building trades, reviewed air quality permitting action for 1500-MW coal-fired power 
plant before the Kentucky Department for Environmental Protection (Thoroughbred).  

 For petitioners, expert witness in administrative appeal of the PSD/Title V permit issued 
to a 1500-MW coal-fired power plant. Reviewed over 60,000 pages of produced 
documents, prepared discovery index, identified and assembled plaintiff exhibits.  
Deposed.  Assisted counsel in drafting discovery requests, with over 30 depositions, 
witness cross examination, and brief drafting.  Presented over 20 days of direct 
testimony, rebuttal and sur-rebuttal, with cross examination on BACT for NOx, SO2, and 
PM/PM10; MACT for Hg and non-Hg metallic HAPs; emission estimates for purposes of 
Class I and II air modeling; risk assessment; and enforceability of permit limits. 
Evidentiary hearings from November 2003 to June 2004.  Sierra Club et al. v. Natural 
Resources & Environmental Protection Cabinet, Division of Air Quality and 
Thoroughbred Generating Company et al. Hearing Officer Decision issued August 9, 
2005 finding in favor of plaintiffs on counts as to risk, BACT (IGCC/CFB, NOx, SO2, 
Hg, Be), single source, enforceability, and errors and omissions.  Assist counsel draft 
exceptions. Cabinet Secretary issued Order April 11, 2006 denying Hearing Offer’s 
report, except as to NOx BACT, Hg, 99% SO2 control and certain errors and omissions. 

 For citizens group in Massachusetts, reviewed, commented on, and participated in 
permitting of pollution control retrofits of coal-fired power plant (Salem Harbor). 

 Assisted citizens group and labor union challenge issuance of conditional use permit for a 
317,000 ft2 discount store in Honolulu without any environmental review.  In support of a 
motion for preliminary injunction, prepared 7-page declaration addressing public health 
impacts of diesel exhaust from vehicles serving the Project. In preparation for trial, prepared 
20-page preliminary expert report summarizing results of diesel exhaust and noise 
measurements at two big box retail stores in Honolulu, estimated diesel PM10 concentrations 
for Project using ISCST, prepared a cancer health risk assessment based on these analyses, 
and evaluated noise impacts.   

 Assisted environmental organizations to challenge the DOE Finding of No Significant Impact 
(FONSI) for the Baja California Power and Sempra Energy Resources Cross-Border 
Transmissions Lines in the U.S. and four associated power plants located in Mexico (DOE 
EA-1391).  Prepared 20-page declaration in support of motion for summary judgment 
addressing emissions, including CO2 and NH3, offsets, BACT, cumulative air quality impacts, 
alternative cooling systems, and water use and water quality impacts.  Plaintiff’s motion for 
summary judgment granted in part.  U.S. District Court, Southern District decision concluded 
that the Environmental Assessment and FONSI violated NEPA and the APA due to their 
inadequate analysis of the potential controversy surrounding the project, water impacts, 
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impacts from NH3 and CO2, alternatives, and cumulative impacts.  Border Power Plant 
Working Group v. Department of Energy and Bureau of Land Management, Case No. 02-
CV-513-IEG (POR) (May 2, 2003). 

 For Sacramento school, reviewed draft air permit issued for diesel generator located across 
from playfield.  Prepared comments on emission estimates, enforceability, BACT, and health 
impacts of diesel exhaust.  Case settled.  BUG trap installed on the diesel generator. 

  Assisted unions in appeal of Title V permit issued by BAAQMD to carbon plant that 
manufactured coke.  Reviewed District files, identified historic modifications that should 
have triggered PSD review, and prepared technical comments on Title V permit.  
Reviewed responses to comments and assisted counsel draft appeal to BAAQMD hearing 
board, opening brief, motion to strike, and rebuttal brief.  Case settled. 

 Assisted California Central Coast city obtain controls on a proposed new city that would 
straddle the Ventura-Los Angeles County boundary.  Reviewed several environmental 
impact reports, prepared an air quality analysis, a diesel exhaust health risk assessment, 
and detailed review comments.  Governor intervened and State dedicated the land for 
conservation purposes April 2004. 

 Assisted Central California city to obtain controls on large alluvial sand quarry and 
asphalt plant proposing a modernization.  Prepared comments on Negative Declaration 
on air quality, public health, noise, and traffic. Evaluated process flow diagrams and 
engineering reports to determine whether proposed changes increased plant capacity or 
substantially modified plant operations.  Prepared comments on application for 
categorical exemption from CEQA.  Presented testimony to County Board of 
Supervisors.  Developed controls to mitigate impacts. Assisted counsel draft Petition for 
Writ. Case settled June 2002.  Substantial improvements in plant operations were 
obtained including cap on throughput, dust control measures, asphalt plant loadout 
enclosure, and restrictions on truck routes. 

 Assisted oil companies on the California Central Coast in defending class action citizen’s 
lawsuit alleging health effects due to emissions from gas processing plant and leaking 
underground storage tanks.  Reviewed regulatory and other files and advised counsel on 
merits of case.  Case settled November 2001. 

 Assisted oil company on the California Central Coast in defending property damage 
claims arising out of a historic oil spill.  Reviewed site investigation reports, pump tests, 
leachability studies, and health risk assessments, participated in design of additional site 
characterization studies to assess health impacts, and advised counsel on merits of case.  
Prepare health risk assessment. 

 Assisted unions in appeal of Initial Study/Negative Declaration ("IS/ND") for an MTBE 
phaseout project at a Bay Area refinery.  Reviewed IS/ND and supporting agency 
permitting files and prepared technical comments on air quality, groundwater, and public 
health impacts.  Reviewed responses to comments and final IS/ND and ATC permits and 
assisted counsel to draft petitions and briefs appealing decision to Air District Hearing 
Board.  Presented sworn direct and rebuttal testimony with cross examination on 
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groundwater impacts of ethanol spills on hydrocarbon contamination at refinery. Hearing 
Board ruled 5 to 0 in favor of appellants, remanding ATC to district to prepare an EIR. 

 Assisted Florida cities in challenging the use of diesel and proposed BACT determinations 
in prevention of significant deterioration (PSD) permits issued to two 510-MW simple 
cycle peaking electric generating facilities and one 1,080-MW simple cycle/combined 
cycle facility.  Reviewed permit applications, draft permits, and FDEP engineering 
evaluations, assisted counsel in drafting petitions and responding to discovery.  
Participated in settlement discussions.  Cases settled or applications withdrawn. 

 Assisted large California city in federal lawsuit alleging peaker power plant was violating 
its federal permit.  Reviewed permit file and applicant's engineering and cost feasibility 
study to reduce emissions through retrofit controls.  Advised counsel on feasible and cost-
effective NOx, SOx, and PM10 controls for several 1960s diesel-fired Pratt and Whitney 
peaker turbines.  Case settled. 

 Assisted coalition of Georgia environmental groups in evaluating BACT determinations 
and permit conditions in PSD permits issued to several large natural gas-fired simple cycle 
and combined-cycle power plants.  Prepared technical comments on draft PSD permits 
on BACT, enforceability of limits, and toxic emissions.  Reviewed responses to 
comments,  advised counsel on merits of cases, participated in settlement discussions, 
presented oral and written testimony in adjudicatory hearings, and provided technical 
assistance as required.  Cases settled or won at trial. 

 Assisted construction unions in review of air quality permitting actions before the Indiana 
Department of Environmental Management ("IDEM") for several natural gas-fired 
simple cycle peaker and combined cycle power plants. 

 Assisted coalition of towns and environmental groups in challenging air permits issued to 
523 MW dual fuel (natural gas and distillate) combined-cycle power plant in Connecticut. 
 Prepared technical comments on draft permits and 60 pages of written testimony 
addressing emission estimates, startup/shutdown issues, BACT/LAER analyses, and toxic 
air emissions. Presented testimony in adjudicatory administrative hearings before the 
Connecticut Department of Environmental Protection in June 2001 and December 
2001. 

 Assisted various coalitions of unions, citizens groups, cities, public agencies, and 
developers in licensing and permitting of over 110 coal, gas, oil, biomass, and pet coke-
fired power plants generating over 75,000 MW of electricity.  These included base-load, 
combined cycle, simple cycle, and peaker power plants in Alaska, Arizona, Arkansas, 
California, Colorado, Georgia, Florida, Illinois, Indiana, Kentucky, Michigan, Missouri, 
Ohio, Oklahoma, Oregon, Texas, West Virginia, Wisconsin, and elsewhere. Prepared 
analyses of and comments on applications for certification, preliminary and final staff 
assessments, and various air, water, wastewater, and solid waste permits issued by local 
agencies.  Presented written and oral testimony before various administrative bodies on 
hazards of ammonia use and transportation, health effects of air emissions, contaminated 
property issues, BACT/LAER issues related to SCR and SCONOx, criteria and toxic 



PHYLLIS FOX, PH.D., PAGE 12 

 

pollutant emission estimates, MACT analyses, air quality modeling, water supply and 
water quality issues, and methods to reduce water use, including dry cooling, parallel dry-
wet cooling, hybrid cooling, and zero liquid discharge systems. 

 Assisted unions, cities, and neighborhood associations in challenging an EIR issued for the 
proposed expansion of the Oakland Airport.  Reviewed two draft EIRs and prepared a 
health risk assessment and extensive technical comments on air quality and public health 
impacts.  The California Court of Appeals, First Appellate District, ruled in favor of 
appellants and plaintiffs, concluding that the EIR "2) erred in using outdated information 
in assessing the emission of toxic air contaminants (TACs) from jet aircraft; 3) failed to 
support its decision not to evaluate the health risks associated with the emission of TACs 
with meaningful analysis," thus accepting my technical arguments and requiring the Port 
to prepare a new EIR.  See Berkeley Keep Jets Over the Bay Committee, City of San 
Leandro, and City of Alameda et al. v. Board of Port Commissioners (August 30, 2001) 
111 Cal.Rptr.2d 598. 

 Assisted lessor of former gas station with leaking underground storage tanks and TCE 
contamination from adjacent property.  Lessor held option to purchase, which was 
forfeited based on misrepresentation by remediation contractor as to nature and extent 
of contamination.  Remediation contractor purchased property.  Reviewed regulatory 
agency files and advised counsel on merits of case.  Case not filed. 

 Advised counsel on merits of several pending actions, including a Proposition 65 case 
involving groundwater contamination at an explosives manufacturing firm and two 
former gas stations with leaking underground storage tanks. 

 Assisted defendant foundry in Oakland in a lawsuit brought by neighbors alleging property 
contamination, nuisance, trespass, smoke, and health effects from foundry operation.  
Inspected and sampled plaintiff's property.  Advised counsel on merits of case. Case 
settled. 

 Assisted business owner facing eminent domain eviction.  Prepared technical comments 
on a negative declaration for soil contamination and public health risks from air 
emissions from a proposed redevelopment project in San Francisco in support of a CEQA 
lawsuit.  Case settled. 

 Assisted neighborhood association representing residents living downwind of a Berkeley 
asphalt plant in separate nuisance and CEQA lawsuits.  Prepared technical comments on 
air quality, odor, and noise impacts, presented testimony at commission and council 
meetings, participated in community workshops, and participated in settlement 
discussions. Cases settled. Asphalt plant was upgraded to include air emission and noise 
controls, including vapor collection system at truck loading station, enclosures for noisy 
equipment, and improved housekeeping. 
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 Assisted a Fortune 500 residential home builder in claims alleging health effects from 
faulty installation of gas appliances.  Conducted indoor air quality study, advised counsel 
on merits of case, and participated in discussions with plaintiffs.  Case settled. 

 Assisted property owners in Silicon Valley in lawsuit to recover remediation costs from 
insurer for large TCE plume originating from a manufacturing facility.  Conducted 
investigations to demonstrate sudden and accidental release of TCE, including 
groundwater modeling, development of method to date spill, preparation of chemical 
inventory, investigation of historical waste disposal practices and standards, and on-site 
sewer and storm drainage inspections and sampling.  Prepared declaration in opposition 
to motion for summary judgment.  Case settled. 

 Assisted residents in east Oakland downwind of a former battery plant in class action 
lawsuit alleging property contamination from lead emissions.  Conducted historical 
research and dry deposition modeling that substantiated claim.  Participated in mediation 
at JAMS.  Case settled. 

 Assisted property owners in West Oakland who purchased a former gas station that had 
leaking underground storage tanks and groundwater contamination.  Reviewed agency 
files and advised counsel on merits of case.  Prepared declaration in opposition to 
summary judgment.  Prepared cost estimate to remediate site.  Participated in settlement 
discussions. Case settled. 

 Consultant to counsel representing plaintiffs in two Clean Water Act lawsuits involving 
selenium discharges into San Francisco Bay from refineries.  Reviewed files and advised 
counsel on merits of case. Prepared interrogatory and discovery questions, assisted in 
deposing opposing experts, and reviewed and interpreted treatability and other technical 
studies.  Judge ruled in favor of plaintiffs. 

 Assisted oil company in a complaint filed by a resident of a small California beach 
community alleging that discharges of tank farm rinse water into the sanitary sewer 
system caused hydrogen sulfide gas to infiltrate residence, sending occupants to hospital.  
Inspected accident site, interviewed parties to the event, and reviewed extensive agency 
files related to incident.  Used chemical analysis, field simulations, mass balance 
calculations, sewer hydraulic simulations with SWMM44, atmospheric dispersion 
modeling with SCREEN3, odor analyses, and risk assessment calculations to demonstrate 
that the incident was caused by a faulty drain trap and inadequate slope of sewer lateral on 
resident's property.  Prepared a detailed technical report summarizing these studies.  Case 
settled. 

 Assisted large West Coast city in suit alleging that leaking underground storage tanks on 
city property had damaged the waterproofing on downgradient building, causing leaks in 
an underground parking structure.  Reviewed subsurface hydrogeologic investigations and 
evaluated studies conducted by others documenting leakage from underground diesel and 
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gasoline tanks.  Inspected, tested, and evaluated waterproofing on subsurface parking 
structure.  Waterproofing was substandard.  Case settled. 

 Assisted residents downwind of gravel mine and asphalt plant in Siskiyou County, 
California, in suit to obtain CEQA review of air permitting action.  Prepared two 
declarations analyzing air quality and public health impacts. Judge ruled in favor of 
plaintiffs, closing mine and asphalt plant. 

 Assisted defendant oil company on the California Central Coast in class action lawsuit 
alleging property damage and health effects from subsurface petroleum contamination.  
Reviewed documents, prepared risk calculations, and advised counsel on merits of case.  
Participated in settlement discussions.  Case settled. 

 Assisted defendant oil company in class action lawsuit alleging health impacts from 
remediation of petroleum contaminated site on California Central Coast.  Reviewed 
documents, designed and conducted monitoring program, and participated in settlement 
discussions.  Case settled. 

 Consultant to attorneys representing irrigation districts and municipal water districts to 
evaluate a potential challenge of USFWS actions under CVPIA section 3406(b)(2).  
Reviewed agency files and collected and analyzed hydrology, water quality, and fishery 
data.  Advised counsel on merits of case.  Case not filed. 

 Assisted residents downwind of a Carson refinery in class action lawsuit involving soil and 
groundwater contamination, nuisance, property damage, and health effects from air 
emissions. Reviewed files and provided advise on contaminated soil and groundwater, 
toxic emissions, and health risks.  Prepared declaration on refinery fugitive emissions.  
Prepared deposition questions and reviewed deposition transcripts on air quality, soil 
contamination, odors, and health impacts.  Case settled. 

 Assisted residents downwind of a Contra Costa refinery who were affected by an 
accidental release of naphtha.  Characterized spilled naphtha, estimated emissions, and 
modeled ambient concentrations of hydrocarbons and sulfur compounds.  Deposed.  
Presented testimony in binding arbitration at JAMS.  Judge found in favor of plaintiffs. 

 Assisted residents downwind of Contra Costa County refinery in class action lawsuit 
alleging property damage, nuisance, and health effects from several large accidents as well 
as routine operations.  Reviewed files and prepared analyses of environmental impacts.  
Prepared declarations, deposed, and presented testimony before jury in one trial and judge 
in second. Case settled. 

 Assisted business owner claiming damages from dust, noise, and vibration during a sewer 
construction project in San Francisco.  Reviewed agency files and PM10 monitoring data 
and advised counsel on merits of case.  Case settled. 
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 Assisted residents downwind of Contra Costa County refinery in class action lawsuit 
alleging property damage, nuisance, and health effects. Prepared declaration in 
opposition to summary judgment, deposed, and presented expert testimony on accidental 
releases, odor, and nuisance before jury.  Case thrown out by judge, but reversed on appeal 
and not retried. 

 Presented testimony in small claims court on behalf of residents claiming health effects 
from hydrogen sulfide from flaring emissions triggered by a power outage at a Contra 
Costa County refinery.  Analyzed meteorological and air quality data and evaluated 
potential health risks of exposure to low concentrations of hydrogen sulfide.  Judge 
awarded damages to plaintiffs. 

 Assisted construction unions in challenging PSD permit for an Indiana steel mill. 
Prepared technical comments on draft PSD permit, drafted 70-page appeal of agency 
permit action to the Environmental Appeals Board challenging permit based on faulty 
BACT analysis for electric arc furnace and reheat furnace and faulty permit conditions, 
among others, and drafted briefs responding to four parties.  EPA Region V and the EPA 
General Counsel intervened as amici, supporting petitioners.  EAB ruled in favor of 
petitioners, remanding permit to IDEM on three key issues, including BACT for the 
reheat furnace and lead emissions from the EAF. Drafted motion to reconsider three 
issues.  Prepared 69 pages of technical comments on revised draft PSD permit. Drafted 
second EAB appeal addressing lead emissions from the EAF and BACT for reheat furnace 
based on European experience with SCR/SNCR. Case settled.  Permit was substantially 
improved. See In re: Steel Dynamics, Inc., PSD Appeal Nos. 99-4 & 99-5 (EAB June 22, 
2000). 

 Assisted defendant urea manufacturer in Alaska in negotiations with USEPA to seek relief 
from penalties for alleged violations of the Clean Air Act.  Reviewed and evaluated 
regulatory files and monitoring data, prepared technical analysis demonstrating that 
permit limits were not violated, and participated in negotiations with EPA to dismiss 
action.  Fines were substantially reduced and case closed. 

 Assisted construction unions in challenging PSD permitting action for an Indiana grain 
mill. Prepared technical comments on draft PSD permit and assisted counsel draft appeal 
of agency permit action to the Environmental Appeals Board challenging permit based 
on faulty BACT analyses for heaters and boilers and faulty permit conditions, among 
others.  Case settled. 

 As part of a consent decree settling a CEQA lawsuit, assisted neighbors of a large west 
coast port in negotiations with port authority to secure mitigation for air quality 
impacts.  Prepared technical comments on mobile source air quality impacts and 
mitigation and negotiated a $9 million CEQA mitigation package.  Represented neighbors 
on technical advisory committee established by port to implement the air quality 
mitigation program.  Program successfully implemented. 
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 Assisted construction unions in challenging permitting action for a California hazardous 
waste incinerator. Prepared technical comments on draft permit, assisted counsel prepare 
appeal of EPA permit to the Environmental Appeals Board. Participated in settlement 
discussions on technical issues with applicant and EPA Region 9.  Case settled. 

 Assisted environmental group in challenging DTSC Negative Declaration on a hazardous 
waste treatment facility.  Prepared technical comments on risk of upset, water, and 
health risks.  Writ of mandamus issued. 

 Assisted several neighborhood associations and cities impacted by quarries, asphalt plants, 
and cement plants in Alameda, Shasta, Sonoma, and Mendocino counties in obtaining 
mitigations for dust, air quality, public health, traffic, and noise impacts from facility 
operations and proposed expansions. 

 For over 100 industrial facilities, commercial/campus, and redevelopment projects, 
developed the record in preparation for CEQA and NEPA lawsuits. Prepared technical 
comments on hazardous materials, solid wastes, public utilities, noise, worker safety, air 
quality, public health, water resources, water quality, traffic, and risk of upset sections of 
EIRs, EISs, FONSIs, initial studies, and negative declarations.  Assisted counsel in drafting 
petitions and briefs and prepared declarations. 

 For several large commercial development projects and airports, assisted applicant and 
counsel prepare defensible CEQA documents, respond to comments, and identify and 
evaluate "all feasible" mitigation to avoid CEQA challenges.  This work included 
developing mitigation programs to reduce traffic-related air quality impacts based on 
energy conservation programs, solar, low-emission vehicles, alternative fuels, exhaust 
treatments, and transportation management associations. 

 

SITE INVESTIGATION/REMEDIATION/CLOSURE 

 Technical manager and principal engineer for characterization, remediation, and closure 
of waste management units at former Colorado oil shale plant.  Constituents of concern 
included BTEX, As, 1,1,1-TCA, and TPH.  Completed groundwater monitoring 
programs, site assessments, work plans, and closure plans for seven process water holding 
ponds, a refinery sewer system, and processed shale disposal area.  Managed design and 
construction of groundwater treatment system and removal actions and obtained clean 
closure. 

 Principal engineer for characterization, remediation, and closure of process water ponds 
at a former lanthanide processing plant in Colorado. Designed and implemented 
groundwater monitoring program and site assessments and prepared closure plan. 

 Advised the city of Sacramento on redevelopment of two former railyards.  Reviewed 
work plans, site investigations, risk assessment, RAPS, RI/FSs, and CEQA documents.  
Participated in the development of mitigation strategies to protect construction and 
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utility workers and the public during remediation, redevelopment, and use of the site, 
including buffer zones, subslab venting, rail berm containment structure, and an 
environmental oversight plan. 

 Provided technical support for the investigation of a former sanitary landfill that was 
redeveloped as single family homes.  Reviewed and/or prepared portions of numerous 
documents, including health risk assessments, preliminary endangerment assessments, site 
investigation reports, work plans, and RI/FSs. Historical research to identify historic 
waste disposal practices to prepare a preliminary endangerment assessment. Acquired, 
reviewed, and analyzed the files of 18 federal, state, and local agencies, three sets of 
construction field notes, analyzed 21 aerial photographs and interviewed 14 individuals 
associated with operation of former landfill.  Assisted counsel in defending lawsuit 
brought by residents alleging health impacts and diminution of property value due to 
residual contamination.  Prepared summary reports. 

 Technical oversight of characterization and remediation of a nitrate plume at an 
explosives manufacturing facility in Lincoln, CA.  Provided interface between owners and 
consultants. Reviewed site assessments, work plans, closure plans, and RI/FSs. 

 Consultant to owner of large western molybdenum mine proposed for NPL listing.  
Participated in negotiations to scope out consent order and develop scope of work.  
Participated in studies to determine premining groundwater background to evaluate 
applicability of water quality standards.  Served on technical committees to develop 
alternatives to mitigate impacts and close the facility, including resloping and grading, 
various thickness and types of covers, and reclamation. This work included developing 
and evaluating methods to control surface runoff and erosion, mitigate impacts of acid 
rock drainage on surface and ground waters, and stabilize nine waste rock piles containing 
328 million tons of pyrite-rich, mixed volcanic waste rock (andesites, rhyolite, tuff). 
Evaluated stability of waste rock piles.  Represented client in hearings and meetings with 
state and federal oversight agencies. 

 

REGULATORY (PARTIAL LIST) 
 For various parties, assist in preparation of comments on EPA’s proposed BART 

determinations and cost effectiveness analyses in proposed Regional Haze rulemakings 
for Nevada, Minnesota, and Pennsylvania. 

 For various parties, prepared comments on EPA’s proposed national emission standards 
for hazardous air pollutants from coal- and oil-fired electric utility steam generating 
units, published as 77 FR 9304 (Feb. 16, 2012). 
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 For EPA Region 8, prepared report: Revised BART Cost Effectiveness Analysis for Tail-
End Selective Catalytic Reduction at the Basin Electric Power Cooperative Leland Olds 
Station Unit 2 Final Report, March 2011, in support of 76 FR 58570 (Sept. 21, 2011). 

 For EPA Region 6, prepared report: Revised BART Cost-Effectiveness Analysis for 
Selective Catalytic Reduction at the Public Service Company of New Mexico San Juan 
Generating Station, November 2010, in support of 76 FR 52388 (Aug. 22, 2011). 

 For EPA Region 6, prepared report: Revised BART Cost-Effectiveness Analysis for Flue 
Gas Desulfurization at Coal-Fired Electric Generating Units in Oklahoma: Sooner Units 1 
& 2, Muskogee Units 4 & 5, Northeastern Units 3 &4, October 2010, in support of 76 
FR 16168 (March 26, 2011). 

 Identified errors in N2O emission factors in the Mandatory Greenhouse Gas Reporting 
Rule, 40 CFR 98, and prepared technical analysis to support Petition for Rulemaking to 
Correct Emissions Factors in the Mandatory Greenhouse Gas Reporting Rule, filed with 
EPA on 10/28/10. 

 Assist interested parties develop input for and prepare comments on the Information 
Collection Request for Petroleum Refinery Sector NSPS and NESHAP Residual Risk and 
Technology Review, 75 FR 60107 (9/29/10). 

 Technical reviewer of EPA's "Emission Estimation Protocol for Petroleum Refineries," 
posted for public comments on CHIEF on 12/23/09, prepared in response to the City of 
Houston's petition under the Data Quality Act.  (March 2010) 

 Prepared comments on SCR cost effectiveness for EPA's Advanced Notice of Proposed 
Rulemaking, Assessment of Anticipated Visibility Improvements at Surrounding Class I 
Areas and Cost Effectiveness of Best Available Retrofit Technology for Four Corners 
Power Plant and Navajo Generating Station, 74 FR 44313 (August 28, 2009). 

 Prepared comments on Proposed Rule for Standards of Performance for Coal 
Preparation and Processing Plants, 74 FR 25304 (May 27, 2009). 

 Reviewed and assisted interested parties prepare comments on proposed Kentucky air 
toxic regulations at 401 KAR 64:005, 64:010, 64:020, and 64:030 (June 2007). 

 Prepared comments on proposed Standards of Performance for Electric Utility Steam 
Generating Units and Small Industrial-Commercial-Industrial Steam Generating Units, 70 
FR 9706 (February 28, 2005). 

 Prepared comments on Louisville Air Pollution Control District proposed Strategic 
Toxic Air Reduction regulations. 

 Prepared comments and analysis of BAAQMD Regulation, Rule 11, Flare Monitoring at 
Petroleum Refineries. 
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 Prepared comments on Proposed National Emission Standards for Hazardous Air 
Pollutants; and, in the Alternative, Proposed Standards of Performance for New and 
Existing Stationary Sources: Electricity Utility Steam Generating Units (MACT standards 
for coal-fired power plants). 

 Prepared Authority to Construct Permit for remediation of a large petroleum-
contaminated site on the California Central Coast.  Negotiated conditions with agencies 
and secured permits. 

 Prepared Authority to Construct Permit for remediation of a former oil field on the 
California Central Coast. Participated in negotiations with agencies and secured permits. 

 Prepared and/or reviewed hundreds of environmental permits, including NPDES, UIC, 
Stormwater, Authority to Construct, Prevention of Significant Deterioration, 
Nonattainment New Source Review, and RCRA, among others.  

 Participated in the development of the CARB document, Guidance for Power Plant 
Siting and Best Available Control Technology, including attending public workshops and 
filing technical comments. 

 Performed data analyses in support of adoption of emergency power restoration 
standards by the Public Utilities Commission for “major” power outages, where major is 
an outage that simultaneously affects 10% of the customer base. 

 Drafted portions of the Good Neighbor Ordinance to grant Contra Costa County greater 
authority over safety of local industry, particularly chemical plants and refineries. 

 Participated in drafting BAAQMD Regulation 8, Rule 28, Pressure Relief  Devices, 
including participation in public workshops, review of staff reports, draft rules and other 
technical materials, preparation of technical comments on staff proposals, research on 
availability and costs of methods to control PRV releases, and negotiations with staff. 

 Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors, 
including participation in public workshops, review of staff reports, proposed rules and 
other supporting technical material, preparation of technical comments on staff 
proposals, research on availability and cost of low-leak technology, and negotiations with 
staff. 

 Participated in amending BAAQMD Regulation 8, Rule 25, Pumps and Compressors, 
including participation in public workshops, review of staff reports, proposed rules, and 
other supporting technical material, preparation of technical comments on staff 
proposals, research on availability and costs of low-leak and seal-less technology, and 
negotiations with staff. 

 Participated in amending BAAQMD Regulation 8, Rule 5, Storage of Organic Liquids, 
including participation in public workshops, review of staff reports, proposed rules, and 
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other supporting technical material, preparation of technical comments on staff 
proposals, research on availability and costs of controlling tank emissions, and 
presentation of testimony before the Board. 

 Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors at 
Petroleum Refinery Complexes, including participation in public workshops, review of 
staff reports, proposed rules and other supporting technical material, preparation of 
technical comments on staff proposals, research on availability and costs of low-leak 
technology, and presentation of testimony before the Board. 

 Participated in amending BAAQMD Regulation 8, Rule 22, Valves and Flanges at 
Chemical Plants, etc, including participation in public workshops, review of staff reports, 
proposed rules, and other supporting technical material, preparation of technical 
comments on staff proposals, research on availability and costs of low-leak technology, 
and presentation of testimony before the Board. 

 Participated in amending BAAQMD Regulation 8, Rule 25, Pump and Compressor Seals, 
including participation in public workshops, review of staff reports, proposed rules, and 
other supporting technical material, preparation of technical comments on staff 
proposals, research on availability of low-leak technology, and presentation of testimony 
before the Board. 

 Participated in the development of the BAAQMD Regulation 2, Rule 5, Toxics, including 
participation in public workshops, review of staff proposals, and preparation of technical 
comments. 

 Participated in the development of SCAQMD Rule 1402, Control of Toxic Air 
Contaminants from Existing Sources, and proposed amendments to Rule 1401, New 
Source Review of Toxic Air Contaminants, in 1993, including review of staff proposals 
and preparation of technical comments on same. 

 Participated in the development of the Sunnyvale Ordinance to Regulate the Storage, Use 
and Handling of Toxic Gas, which was designed to provide engineering controls for gases 
that are not otherwise regulated by the Uniform Fire Code. 

 Participated in the drafting of the Statewide Water Quality Control Plans for Inland 
Surface Waters and Enclosed Bays and Estuaries, including participation in workshops, 
review of draft plans, preparation of technical comments on draft plans, and 
presentation of testimony before the SWRCB. 

 Participated in developing Se permit effluent limitations for the five Bay Area refineries, 
 including review of staff proposals, statistical analyses of Se effluent data, review of 
literature on aquatic toxicity of Se, preparation of technical comments on several staff 
proposals, and presentation of testimony before the Bay Area RWQCB. 
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 Represented the California Department of Water Resources in the 1991 Bay-Delta 
Hearings before the State Water Resources Control Board, presenting sworn expert 
testimony with cross examination and rebuttal on a striped bass model developed by the 
California Department of Fish and Game. 

 Represented the State Water Contractors in the 1987 Bay-Delta Hearings before the 
State Water Resources Control Board, presenting sworn expert testimony with cross 
examination and rebuttal on natural flows, historical salinity trends in San Francisco Bay, 
Delta outflow, and hydrodynamics of the South Bay. 

 Represented interveners in the licensing of over 20 natural-gas-fired power plants and 
one coal gasification plant at the California Energy Commission and elsewhere.  
Reviewed and prepared technical comments on applications for certification, preliminary 
staff assessments, final staff assessments, preliminary determinations of compliance, 
final determinations of compliance, and prevention of significant deterioration permits 
in the areas of air quality, water supply, water quality, biology, public health, worker 
safety, transportation, site contamination, cooling systems, and hazardous materials.  
Presented written and oral testimony in evidentiary hearings with cross examination and 
rebuttal.  Participated in technical workshops. 

 Represented several parties in the proposed merger of San Diego Gas & Electric and 
Southern California Edison.  Prepared independent technical analyses on health risks, air 
quality, and water quality.  Presented written and oral testimony before the Public 
Utilities Commission administrative law judge with cross examination and rebuttal. 

 Represented a PRP in negotiations with local health and other agencies to establish 
impact of subsurface contamination on overlying residential properties.  Reviewed health 
studies prepared by agency consultants and worked with agencies and their consultants to 
evaluate health risks. 

WATER QUALITY/RESOURCES 
 Directed and participated in research on environmental impacts of energy development 

in the Colorado River Basin, including contamination of surface and subsurface waters and 
modeling of flow and chemical transport through fractured aquifers. 

 Played a major role in Northern California water resource planning studies since the early 
1970s.  Prepared portions of the Basin Plans for the Sacramento, San Joaquin, and Delta 
basins including sections on water supply, water quality, beneficial uses, waste load 
allocation, and agricultural drainage. Developed water quality models for the Sacramento 
and San Joaquin Rivers. 

 Conducted hundreds of studies over the past 30 years on Delta water supplies and the 
impacts of exports from the Delta on water quality and biological resources of the 
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Central Valley, Sacramento-San Joaquin Delta, and San Francisco Bay.  Typical examples 
include: 

1. Evaluate historical trends in salinity, temperature, and flow in San Francisco 
Bay and upstream rivers to determine impacts of water exports on the 
estuary;  

2. Evaluate the role of exports and natural factors on the food web by exploring 
the relationship between salinity and primary productivity in San Francisco 
Bay, upstream rivers, and ocean; 

3. Evaluate the effects of exports, other in-Delta, and upstream factors on the 
abundance of salmon and striped bass;  

4. Review and critique agency fishery models that link water exports with the 
abundance of striped bass and salmon;  

5. Develop a model based on GLMs to estimate the relative impact of exports, 
water facility operating variables, tidal phase, salinity, temperature, and other 
variables on the survival of salmon smolts as they migrate through the Delta; 

6. Reconstruct the natural hydrology of the Central Valley using water balances, 
vegetation mapping, reservoir operation models to simulate flood basins, 
precipitation records, tree ring research, and historical research; 

7. Evaluate the relationship between biological indicators of estuary health and 
down-estuary position of a salinity surrogate (X2);   

8. Use real-time fisheries monitoring data to quantify impact of exports on fish 
migration;  

9. Refine/develop statistical theory of autocorrelation and use to assess strength 
of relationships between biological and flow variables; 

10. Collect, compile, and analyze water quality and toxicity data for surface 
waters in the Central Valley to assess the role of water quality in fishery 
declines;  

11. Assess mitigation measures, including habitat restoration and changes in water 
project operation, to minimize fishery impacts;  

12. Evaluate the impact of unscreened agricultural water diversions on abundance 
of larval fish;  

13. Prepare and present testimony on the impacts of water resources 
development on Bay hydrodynamics, salinity, and temperature in water rights 
hearings;   

14. Evaluate the impact of boat wakes on shallow water habitat, including 
interpretation of historical aerial photographs; 
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15. Evaluate the hydrodynamic and water quality impacts of converting Delta 
islands into reservoirs;  

16. Use a hydrodynamic model to simulate the distribution of larval fish in a 
tidally influenced estuary; 

17. Identify and evaluate non-export factors that may have contributed to fishery 
declines, including predation, shifts in oceanic conditions, aquatic toxicity 
from pesticides and mining wastes, salinity intrusion from channel dredging, 
loss of riparian and marsh habitat, sedimentation from upstream land 
alternations, and changes in dissolved oxygen, flow, and temperature below 
dams. 

 

 Developed, directed, and participated in a broad-based research program on 
environmental issues and control technology for energy industries including petroleum, 
oil shale, coal mining, and coal slurry transport.  Research included evaluation of air and 
water pollution, development of novel, low-cost technology to treat and dispose of 
wastes, and development and application of geohydrologic models to evaluate subsurface 
contamination from in-situ retorting.  The program consisted of government and 
industry contracts and employed 45 technical and administrative personnel. 

 Coordinated an industry task force established to investigate the occurrence, causes, and 
solutions for corrosion/erosion and mechanical/engineering failures in the waterside 
systems (e.g., condensers, steam generation equipment) of power plants.  
Corrosion/erosion failures caused by water and steam contamination that were 
investigated included waterside corrosion caused by poor microbiological treatment of 
cooling water, steam-side corrosion caused by ammonia-oxygen attack of copper alloys, 
stress-corrosion cracking of copper alloys in the air cooling sections of condensers, tube 
sheet leaks, oxygen in-leakage through condensers, volatilization of silica in boilers and 
carry over and deposition on turbine blades, and iron corrosion on boiler tube walls.  
Mechanical/engineering failures investigated included: steam impingement attack on the 
steam side of condenser tubes, tube-to-tube-sheet joint leakage, flow-induced vibration, 
structural design problems, and mechanical failures due to stresses induced by shutdown, 
startup and cycling duty, among others.  Worked with electric utility plant 
owners/operators, condenser and boiler vendors, and architect/engineers to collect data to 
document the occurrence of and causes for these problems, prepared reports summarizing 
the investigations, and presented the results and participated on a committee of industry 
experts tasked with identifying solutions to prevent condenser failures. 

 Evaluated the cost effectiveness and technical feasibility of using dry cooling and parallel 
dry-wet cooling to reduce water demands of several large natural-gas fired power plants in 
California and Arizona. 
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 Designed and prepared cost estimates for several dry cooling systems (e.g., fin fan heat 
exchangers) used in chemical plants and refineries. 

 Designed, evaluated, and costed several zero liquid discharge systems for power plants. 

 Evaluated the impact of agricultural and mining practices on surface water quality of 
Central Valley steams.  Represented municipal water agencies on several federal and state 
advisory committees tasked with gathering and assessing relevant technical information, 
developing work plans, and providing oversight of technical work to investigate toxicity 
issues in the watershed. 

AIR QUALITY/PUBLIC HEALTH 
 Prepared or reviewed the air quality and public health sections of hundreds of EIRs and 

EISs on a wide range of industrial, commercial and residential projects. 

 Prepared or reviewed hundreds of NSR and PSD permits for a wide range of industrial 
facilities. 

 Designed, implemented, and directed a 2-year-long community air quality monitoring 
program to assure that residents downwind of a petroleum-contaminated site were not 
impacted during remediation of petroleum-contaminated soils. The program included 
real-time monitoring of particulates, diesel exhaust, and BTEX and time integrated 
monitoring for over 100 chemicals. 

 Designed, implemented, and directed a 5-year long source, industrial hygiene, and ambient 
monitoring program to characterize air emissions, employee exposure, and downwind 
environmental impacts of a first-generation shale oil plant.  The program included stack 
monitoring of heaters, boilers, incinerators, sulfur recovery units, rock crushers, API 
separator vents, and wastewater pond fugitives for arsenic, cadmium, chlorine, chromium, 
mercury, 15 organic indicators (e.g., quinoline, pyrrole, benzo(a)pyrene, thiophene, 
benzene), sulfur gases, hydrogen cyanide, and ammonia.  In many cases, new methods had 
to be developed or existing methods modified to accommodate the complex matrices of 
shale plant gases. 

 Conducted investigations on the impact of diesel exhaust from truck traffic from a wide 
range of facilities including mines, large retail centers, light industrial uses, and sports 
facilities.  Conducted traffic surveys, continuously monitored diesel exhaust using an 
aethalometer, and prepared health risk assessments using resulting data. 

 Conducted indoor air quality investigations to assess exposure to natural gas leaks, 
pesticides, molds and fungi, soil gas from subsurface contamination, and outgasing of 
carpets, drapes, furniture and construction materials.  Prepared health risk assessments 
using collected data. 
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 Prepared health risk assessments, emission inventories, air quality analyses, and assisted 
in the permitting of over 70 1 to 2 MW emergency diesel generators. 

 Prepare over 100 health risk assessments, endangerment assessments, and other health-
based studies for a wide range of industrial facilities. 

 Developed methods to monitor trace elements in gas streams, including a continuous 
real-time monitor based on the Zeeman atomic absorption spectrometer, to continuously 
measure mercury and other elements. 

 Performed nuisance investigations (odor, noise, dust, smoke, indoor air quality, soil 
contamination) for businesses, industrial facilities, and residences located proximate to 
and downwind of pollution sources. 

PUBLICATIONS AND PRESENTATIONS (Partial List - Representative Publications) 

J.P. Fox, T.P. Rose, and T.L. Sawyer, Isotope Hydrology of a Spring-fed Waterfall in 
Fractured Volcanic Rock, Submitted to Journal of Hydrology, 2007. 

C.E. Lambert, E.D. Winegar, and Phyllis Fox, Ambient and Human Sources of Hydrogen 
Sulfide: An Explosive Topic, Air & Waste Management Association, June 2000, Salt Lake 
City, UT. 

San Luis Obispo County Air Pollution Control District and San Luis Obispo County Public 
Health Department, Community Monitoring Program, February 8, 1999. 

The Bay Institute, From the Sierra to the Sea.  The Ecological History of the San Francisco 
Bay-Delta Watershed, 1998. 

J. Phyllis Fox, Well Interference Effects of HDPP’s Proposed Wellfield in the Victor Valley 
Water District, Prepared for the California Unions for Reliable Energy (CURE), October 12, 
1998. 

J. Phyllis Fox, Air Quality Impacts of Using CPVC Pipe in Indoor Residential Potable Water 
Systems, Report Prepared for California Pipe Trades Council, California Firefighters 
Association, and other trade associations, August 29, 1998. 

J. Phyllis Fox and others, Authority to Construct Avila Beach Remediation Project, Prepared 
for Unocal Corporation and submitted to San Luis Obispo Air Pollution Control District, 
June 1998. 

J. Phyllis Fox and others, Authority to Construct Former Guadalupe Oil Field Remediation 
Project, Prepared for Unocal Corporation and submitted to San Luis Obispo Air Pollution 
Control District, May 1998. 



PHYLLIS FOX, PH.D., PAGE 26 

 

J. Phyllis Fox and Robert Sears, Health Risk Assessment for the Metropolitan Oakland 
International Airport Proposed Airport Development Program, Prepared for Plumbers & 
Steamfitters U.A. Local 342, December 15, 1997. 

Levine-Fricke-Recon (Phyllis Fox and others), Preliminary Endangerment Assessment Work 
Plan for the Study Area Operable Unit, Former Solano County Sanitary Landfill, Benicia, 
California, Prepared for Granite Management Co. for submittal to DTSC, September 26, 
1997. 

Phyllis Fox and Jeff Miller, "Fathead Minnow Mortality in the Sacramento River," IEP 
Newsletter, v. 9, n. 3, 1996. 

Jud Monroe, Phyllis Fox, Karen Levy, Robert Nuzum, Randy Bailey, Rod Fujita, and Charles 
Hanson, Habitat Restoration in Aquatic Ecosystems.  A Review of the Scientific Literature 
Related to the Principles of Habitat Restoration, Part Two, Metropolitan Water District of 
Southern California (MWD) Report, 1996. 

Phyllis Fox and Elaine Archibald, Aquatic Toxicity and Pesticides in Surface Waters of the 
Central Valley, California Urban Water Agencies (CUWA) Report, September 1997. 

Phyllis Fox and Alison Britton, Evaluation of the Relationship Between Biological 
Indicators and the Position of X2, CUWA Report, 1994. 

Phyllis Fox and Alison Britton, Predictive Ability of the Striped Bass Model, WRINT DWR-
206, 1992. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the North Canyon 
Area of the Former Solano County Sanitary Landfill, Report Prepared for Solano County 
Department of Environmental Management, 1991. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the East Canyon Area 
of the Former Solano County Sanitary Landfill, Report Prepared for Solano County 
Department of Environmental Management, 1991. 

Phyllis Fox, Trip 2 Report, Environmental Monitoring Plan, Parachute Creek Shale Oil 
Program, Unocal Report, 1991. 

J. P. Fox and others, "Long-Term Annual and Seasonal Trends in Surface Salinity of San 
Francisco Bay," Journal of Hydrology, v. 122, p. 93-117, 1991. 

J. P. Fox and others, "Reply to Discussion by D.R. Helsel and E.D. Andrews on Trends in 
Freshwater Inflow to San Francisco Bay from the Sacramento-San Joaquin Delta," Water 
Resources Bulletin, v. 27, no. 2, 1991. 

J. P. Fox and others, "Reply to Discussion by Philip B. Williams on Trends in Freshwater 
Inflow to San Francisco Bay from the Sacramento-San Joaquin Delta," Water Resources 
Bulletin, v. 27, no. 2, 1991. 
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J. P. Fox and others, "Trends in Freshwater Inflow to San Francisco Bay from the 
Sacramento-San Joaquin Delta," Water Resources Bulletin, v. 26, no. 1, 1990. 

J. P. Fox, "Water Development Increases Freshwater Flow to San Francisco Bay," SCWC 
Update, v. 4, no. 2, 1988. 

J. P. Fox, Freshwater Inflow to San Francisco Bay Under Natural Conditions, State Water 
Contracts, Exhibit 262, 58 pp., 1987. 

J. P. Fox, "The Distribution of Mercury During Simulated In-Situ Oil Shale Retorting," 
Environmental Science and Technology, v. 19, no. 4, pp. 316-322, 1985. 

J. P. Fox, "El Mercurio en el Medio Ambiente: Aspectos Referentes al Peru," (Mercury in 
the Environment:  Factors Relevant to Peru) Proceedings of Simposio Los Pesticidas y el 
Medio Ambiente," ONERN-CONCYTEC, Lima, Peru, April 25-27, 1984.  (Also presented 
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PGE's coal-fired Boardman plant gets approval to close in 2020,
with fewer pollution controls

Published: Thursday, December 09, 2010, 6:56 PM     Updated: Saturday, August 13, 2011, 5:07 PM

 
By 

Scott Learn, The Oregonian 

Oregon's Environmental Quality Commission on Thursday unanimously approved

Portland General Electric plan to close the state's only coal-fired power plant by

Dec. 31, 2020 in exchange for a far smaller investment in pollution controls. 

The Boardman plant is a prime source of cheap, reliable power for PGE and

closing it will help drive up rates. The closure will also eliminate Oregon's

biggest source of haze-causing pollution and greenhouse gas emissions. 

PGE says Boardman, which opened in 1977, would be the youngest U.S. coal

plant closed for environmental reasons, putting the EQC's decision in a national

spotlight. 

The nation is struggling to find ways to move toward environmentally friendly

power even as "we're all addicted to using a lot of electricity," commission Vice

Chairman Ken Williamson said before the 5-0 vote.  

"What's happening today is we're taking the first significant step in that journey," said Williamson, an

Oregon State University engineering professor. "I hope we're successful." 

The commission's vote to amend haze regulations governing pollution controls at the Boardman power

plant followed a Department of Environmental Quality recommendation and was not a surprise. 

It allows PGE to install $60 million to $90 million of pollution controls instead of the $500 million that would

have been required for PGE to operate the plant through at least 2040. Given that cost differential, PGE

concluded that closing the plant early was less expensive. 

The cost of the cheaper controls will bump up electricity rates by an average of 2.4 percent while the plant

operates, PGE estimates. That doesn't include potentially huge investments to replace one of the

company's backbone sources of cheap power. 

Boardman, 150 miles east of Portland, provides 130 permanent jobs, primarily for residents in Morrow and

http://connect.oregonlive.com/user/slearn/index.html
http://connect.oregonlive.com/user/slearn/index.html
http://www.deq.state.or.us/about/eqc/eqc.htm
http://www.portlandgeneral.com/default.aspx
http://www.portlandgeneral.com/default.aspx
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Umatilla counties. 

It also provides about 15 percent of Morrow County's property tax revenues, County Judge Terry Tallman

said. County officials hope a natural gas plant, biomass plant or some other substitute replaces the 600-

megawatt power plant to soften the economic blow, he said. 

"We are concerned," Tallman said after the vote. "We're talking with PGE to see if there's anything we can

work on together." 

Others want PGE to close the plant earlier and invest more in pollution controls if it keeps it open to 2020.

The plan approved by the EQC includes an option for Boardman to close in early 2016 with even fewer

pollution controls if PGE chooses. 

Greenpeace activists, who favor closing the plant next year, walked out just after the vote, with one cursing

and others calling the EQC's decision to allow emissions to continue for another decade "shameful." 

The Sierra Club is among environmental groups suing PGE, charging that it should have installed a full suite

of pollution controls when the plant opened.  

That lawsuit could force PGE to close Boardman earlier, as could new pollution regulations expected next

year and an Environmental Protection Agency violation issued this fall that accused PGE of operating the

plant without adequate controls since 1998. 

Robin Everett, associate Northwest representative for the Sierra Club, said the group appreciates the EQC

taking 2040 off the table and including an option for 2016 closure. 

"This is probably the best outcome we could have gotten out of (the EQC)," Everett said. "We believe

(Boardman) will close much earlier than 2020." 

Boardman emits about 4 million tons of greenhouse gases a year and another 25,500 tons of pollutants,

primarily sulfur dioxide and nitrogen oxides. 

That pollution creates haze as well as acid rain and required regulators to demand more pollution controls

under a federal haze rule that seeks to improve visibility in prime spots throughout the country, including

Mount Hood, the Columbia River Gorge and Hells Canyon. 

The EQC's Judy Uherbelau, an Ashland attorney, was the only member to raise concerns about the deal.

The regulations don't address ongoing hazards to human health, she noted, even though PGE has been

"spewing this crap into the air for years." 

Uherbelau also noted that PGE can request to return to the 2040 closure date down the line. "I hope that
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(the regulation) is strong enough for (PGE) to keep to 2020," she said.

 

The EPA has to endorse the plan, and Oregon regulators say PGE will face high

hurdles obtaining a 2040 closure date once the EPA does so. DEQ officials have

been talking with EPA and expect approval by March 2011. 

PGE has agreed to work with the Oregon Environmental Council and other groups

to find green replacement power. Dave Robertson, PGE's vice president of public

policy, said PGE can't "absolutely guarantee" it wouldn't request a longer life for

the plant if circumstances change. 

"But we want 2020," Robertson said, "and that's what we intend to follow through with." 

--Scott Learn 

©  OregonLive.com. All rights reserved.

http://topics.oregonlive.com/tag/boardman/index.html
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Asian emissions can increase ground-level ozone pollution in U.S.
West

March 5, 2012

Contact: Katy Human, 303-497-4747

Springtime air pollution from Asia, swept across the Pacific Ocean on winds, can contribute to episodes of
high surface ozone pollution in the western United States, according to a new study by NOAA scientists
and academic colleagues.

Several recent studies have shown that powerful spring winds can carry Asian pollution into the
atmosphere above North America. The new analysis goes further, using high-resolution models and
observations to show how some of the imported pollution can descend to the surface, where it affects
ground-level ozone, a regulated pollutant. At high concentrations, ground-level ozone can cause severe
respiratory effects in some people, and it damages crops, trees, and other vegetation. 

“We showed that Asian
pollution directly contributes to
surface ozone pollution
episodes in parts of the western
United States,” said Meiyun Lin,
Ph.D., lead author of the new
study. In several areas, about
half of the springtime pollution
episodes that exceeded federal
limits would probably not have
occurred without the
contribution of Asian pollution,
Lin said. Still, Asian pollution
contributed to no more than 20
percent of the ground-level
ozone, according to the new
study: Other sources of the
pollutant include local fossil fuel
use, wildfires, and imported
pollution from other regions of
the globe.

Lin is a researcher with NOAA’s
Geophysical Fluid Dynamics
Laboratory (GFDL) and the
Cooperative Institute for Climate Science at Princeton University in New Jersey. The new paper is
published online in the Journal of Geophysical Research – Atmospheres.

For the analysis, Lin and colleagues from NOAA’s Earth System Research Laboratory (ESRL); the
Cooperative Institute for Research in Environmental Sciences (CIRES) in Boulder, Colo.; NASA, and the
National Center for Atmospheric Research combined detailed observations with high-resolution modeling.

The team drew upon data collected by balloon-borne instruments, aircraft, ground instruments, and
satellites during an intensive study of air quality and climate in California in 2010. 

The researchers found that NOAA GFDL’s high-resolution chemistry-climate model, AM3, could accurately
reproduce the real-world pattern of ozone levels observed in California. And the model could differentiate
the effects of local emissions – from vehicles, power plants and other factors – from Asian emissions.

During episodes of high surface ozone in parts of California and the Southwest, Asian emissions added 8
to 15 parts per billion of ozone to air, comprising up to 20 percent of the total. The Environmental
Protection Agency’s health-based standard limits ozone to 75 parts per billion (averaged over 8 hours).
Roughly half of the pollution episodes that exceeded that health-based standard would not have occurred –
the study reported – without the addition of Asian pollution.

Finally, the scientists reported that they could use satellite data to predict when incoming plumes of
polluted air might affect western air quality, one to three days ahead of time.

“Advance knowledge about incoming pollution could be helpful to local decision makers, who inform the
public about episodes of poor air quality,” said Owen Cooper, Ph.D., coauthor of the paper and a
researcher at ESRL and CIRES.

###

NOAA’s mission is to understand and predict changes in the Earth's environment, from the depths of the
ocean to the surface of the sun, and to conserve and manage our coastal and marine resources. Join us
on Facebook, Twitter and our other social media channels.  

	

U.S. Department of Commerce| National Oceanic and Atmospheric Administration| CONTACT US | PRIVACY POLICY | DISCLAIMER | Freedom of Information Act (FOIA) | Information Quality |  USA.gov

NOAA Research| 1315 East-West Highway| Silver Spring, MD| 20910

mailto:katy.g.human@noaa.gov
http://www.gfdl.noaa.gov/meiyun-lin-homepage
http://www.gfdl.noaa.gov/
http://www.princeton.edu/cics/
http://www.agu.org/pubs/crossref/2012/2011JD016961.shtml
http://www.esrl.noaa.gov/
http://cires.colorado.edu/
http://www.nasa.gov/
http://ncar.ucar.edu/
http://www.noaanews.noaa.gov/exit.html?http://www.facebook.com/usnoaagov
http://www.noaanews.noaa.gov/exit.html?http://www.twitter.com/usnoaagov
http://www.noaa.gov/socialmedia
http://www.doc.gov/
http://www.noaa.gov/
http://www.oar.noaa.gov/contact.html
http://www.noaa.gov/privacy.html
http://www.noaa.gov/disclaimer.html
http://www.osec.doc.gov/omo/FOIA/FOIAWebsite.htm
http://www.cio.noaa.gov/itmanagement/infoq.htm
http://www.usa.gov/


Trans-Pacific transport of mercury
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[1] We examine the trans-Pacific transport of mercury with a global chemical transport
model. Using existing anthropogenic inventories, the model underestimates the observed
Hg/CO ratio in Asian long-range transport events observed at ground-based sites in
Okinawa, Japan and Mount Bachelor, Oregon, by 18–26%. This is in contrast with
previous studies that inferred a factor of two underestimate in Asian anthropogenic
emissions. We find that mercury from land emissions and re-emissions, which are largely
colocated with anthropogenic emissions, account for a significant fraction of the observed
Hg/CO ratio. Increasing Asian anthropogenic Hg0 emissions by 50% while holding land
emissions constant, or further increasing anthropogenic emissions while decreasing
land emissions, corrects the remaining model bias in the Hg/CO ratio. We thus find
that a total Asian source of 1260–1470 Mg/a Hg0 is consistent with observations. Hg0

emissions from Asia are transported northeastward across the Pacific, similar to CO.
Asian anthropogenic emissions of mercury contribute 18% to springtime Hg0

concentrations at Mount Bachelor. Asian RGM is not directly transported to North
America in the lower troposphere but contributes to a well-mixed pool at high altitude.
Asian and North American sources each contribute approximately 25% to deposition to
the United States, with Asian anthropogenic sources contributing 14% and North
American anthropogenic sources contributing 16%.

Citation: Strode, S. A., L. Jaeglé, D. A. Jaffe, P. C. Swartzendruber, N. E. Selin, C. Holmes, and R. M. Yantosca (2008), Trans-Pacific

transport of mercury, J. Geophys. Res., 113, D15305, doi:10.1029/2007JD009428.

1. Introduction

[2] Anthropogenic emissions have caused a factor of
3 increase in the atmospheric mercury burden since prein-
dustrial times [Mason and Sheu, 2002], posing a threat to
human health and wildlife. Asian emissions increased
rapidly in the early 1990s, and in 2000 accounted for
54% of global anthropogenic emissions [Pacyna et al.,
2006]. European and North American emissions decreased
over the same time period.
[3] With an atmospheric lifetime of several months,

elemental mercury (Hg0) undergoes global atmospheric
transport. Global modeling studies indicate that 21–24%
of mercury deposition to North America is of Asian origin,
compared to 30–33% of North American origin [Seigneur
et al., 2004; Travnikov, 2005].
[4] Several observational studies have detected long-range

transport of mercury from Asia. Aircraft measurements
during the ACE-Asia campaign found mercury to be well

correlated with other pollutants in plumes over the western
Pacific Ocean [Friedli et al., 2004]. At a ground-based site in
Okinawa, Japan, Jaffe et al. [2005] measured elevated Hg0

and CO concentrations during episodes of Asian outflow.
During the INTEX-B campaign, Talbot et al. [2007] observed
mercury in Asian plumes on flights over the Pacific. In North
America, observations from Mount Bachelor Observatory,
Oregon (MBO) identified episodes of Asian long-range
transport with high Hg0 concentrations [Jaffe et al., 2005;
Weiss-Penzias et al., 2006]. The Hg0/CO enhancement ratio
during Asian transport events, which represents the relative
increase of the two species over their respective background
levels, is expected to reflect the relative emissions of Hg0 and
CO. However, the Okinawa Hg0/CO enhancement ratio of
0.0056 ng/m3/ppbv observed during Asian long-range trans-
port events is almost twice the emission ratio from the current
anthropogenic mercury and CO inventories [Jaffe et al.,
2005]. Friedli et al. [2004] and Weiss-Penzias et al. [2007]
reported similarly enhanced ratios for long-range transport
events observed during ACE-Asia and at MBO, respectively.
Jaffe et al. [2005] proposed three possible explanations for
this discrepancy: an underestimate of Asian anthropogenic
Hg0 emissions, a contribution from Asian land emissions, or
production of Hg0 from reactive gaseous mercury (RGM)
emissions during transport.
[5] In this paper, we use the GEOS-Chem global chem-

ical transport model to interpret mercury and CO observa-
tions at Okinawa, Japan and Mount Bachelor, Oregon. We
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use the model to improve constraints on the magnitude of
Asian mercury emissions and their contribution to deposi-
tion over North America.

2. Observations and Model

[6] TheHedo Station, Okinawa (HSO) is located at 26.8�N,
128.2�E, 60 m above sea level. It is remote from any major
cities and in the pathway of East Asian outflow. Jaffe et al.
[2005] conducted a campaign at Okinawa from 23 March
to 2 May 2004, measuring concentrations of mercury
species (Hg0, RGM, and particulate mercury) and CO.
[7] MBO is a mountain top site located at 44.0�N, 121.7�W,

2.8 km above sea level. It receives both free-tropospheric and
boundary layer air masses and experiences a diurnal cycle of
upslope and downslope flow [Weiss-Penzias et al., 2006].
Weiss-Penzias et al. [2006, 2007] describe measurements of
total airborne mercury (TAM = Hg0 + RGM + particulate
mercury), CO, and other species at MBO from 28 March
2004 until 30 September 2005. From 30 April to 31 August
2005, Swartzendruber et al. [2006] measured speciated
mercury (Hg0, RGM, and particulate mercury) at MBO.
[8] We analyze these observations with the GEOS-Chem

global tropospheric chemistry model [Bey et al., 2001]
version 7-04-05 (http://www.as.harvard.edu/chemistry/trop/
geos/). The model is driven by assimilated meteorology
from the NASA Global Modeling and Assimilation Office
(GMAO). After a spin-up period to reach steady state, we
run the model for 2004 using the GEOS-4 meteorological
fields. The model has 2� latitude by 2.5� longitude hori-
zontal resolution and 30 hybrid pressure-sigma layers. For
the grid boxes corresponding to Okinawa and MBO, we
extract hourly output from the model.
[9] We perform a CO simulation [Duncan et al., 2007],

which includes emissions from fossil fuel, biofuel, and
climatological biomass burning, as well as a photochemical
source from oxidation of methane and biogenic volatile
organic compounds (BVOCs). The CO simulation has been
evaluated extensively in other studies [e.g., Heald et al.,
2003; Palmer et al., 2003; Liang et al., 2004; Duncan et al.,
2007].
[10] We also perform a mercury simulation, with tracers

for Hg0, divalent mercury (HgII), and particulate mercury
(HgP) [Selin et al., 2007]. We treat the HgII tracer as
comparable to RGM measurements. In the atmosphere,
Hg0 is oxidized to HgII by ozone and OH, and in cloudy
regions HgII can be reduced back to Hg0. HgII is lost
through wet and dry deposition. In the rest of the paper
we will refer to RGM as HgII. The model includes emission,
transport, and deposition of HgP, but does not currently
include HgP chemistry. The atmospheric mercury model is
fully coupled to a slab model of the ocean mixed layer
[Strode et al., 2007]. Mercury entering the ocean mixed
layer through deposition or oceanic mixing can be con-
verted in the ocean to elemental mercury and then emitted to
the atmosphere through gas-exchange, or it can be lost to
the deep ocean through mixing and sinking on particles.
[11] The mercury simulation includes emissions from

anthropogenic sources [Pacyna et al., 2006;Wilson et al., 2006],
biomass burning, and natural emissions plus re-emissions from
land and ocean. Globally, the model includes 2200 Mg a�1

total mercury from anthropogenic sources, 2000 Mg a�1

from land emissions and re-emissions, 520 Mg a�1 from
biomass burning, and 2970 Mg a�1 ocean emissions. Mer-
cury from biomass burning is scaled to climatological bio-
mass burning emissions of CO [Duncan et al., 2003], using a
Hg0/CO emission ratio of 1.5 � 10�7 mol/mol [Slemr et al.,
2006b]. Land emissions are divided into a natural (geogenic)
component of 500 Mg a�1, distributed in regions with
geologic deposits, and a re-emission component of
1500 Mg a�1, distributed according to the pattern of depo-
sition. Ocean emissions are a function of deposition, radia-
tion, biological productivity, temperature, and wind speed.
Land, biomass burning, and ocean emissions are all as Hg0.
[12] Figure 1 shows the distribution of anthropogenic,

land, and biomass burning emissions over Asia (defined
here as 9�S–60�N, 65�–146�W). For this region, anthro-
pogenic emissions are 610 Mg a�1 of Hg0, 380 Mg a�1 of
HgII, and 100 Mg a�1 of HgP. Geogenic emissions of
100 Mg a�1 Hg0 are located primarily in southeast China.
Land re-emissions of 310 Mg a�1 Hg0 are distributed
throughout the region, with large emissions from southeast
China and India. Large anthropogenic emissions and high
deposition rates drive the elevated re-emissions in China.
India has lower anthropogenic emissions than China, but its
land re-emissions are elevated because high precipitation
combined with the elevated rate of HgII formation in the
tropics causes high deposition to this area. Biomass burning
accounts for 150 Mg a�1 Hg0, with large emissions from
Southeast Asia and India peaking in March and April and
emissions from Siberian boreal forest fires peaking in July
and August. This region also includes ocean emissions of
360 Mg a�1 Hg0.
[13] Both CO and mercury tracers are tagged in the model

according to their emission region and source. We consider
four regions: Asia, North America, Europe, and the rest of
the world. For mercury, we also tag emissions from biomass
burning, land, and ocean sources. The regional land tracers
include both geogenic land emissions and land re-emissions.
Mercury emitted as Hg0 that later oxidizes to HgII retains the
tag of its original emission region. For example, the Asian
HgII tracer contains both HgII directly emitted from Asia and
HgII formed by oxidation of Asian Hg0. Ocean emissions are
tagged as primary ocean only if the mercury entered the
mixed layer from the deep ocean; mercury of anthropogenic
or land origin that is deposited to the ocean and then
re-emitted retains its original tag. Our Asian anthropogenic
mercury tracer thus includes both direct emissions from Asia
and also ocean re-emission of previously deposited Asian
anthropogenic mercury. We infer the contribution to each
tracer from ocean re-emission by differencing our standard
simulation with a model simulation with the net sea-air flux
set to zero. For CO, we tag emissions from anthropogenic
(fossil fuel plus biofuel) sources, biomass burning, and the
photochemical oxidation of methane and BVOCs.

3. Results

3.1. Hg0 and CO at Okinawa

[14] Figure 2 shows observed and modeled Hg0 and CO
at Okinawa during spring 2004. The frequent simultaneous
increases in CO and Hg0 concentrations reflect the influence
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of episodic outflow of polluted air from Asia reaching
Okinawa [Jaffe et al., 2005]. For CO, the mean observed
value ± one standard deviation is 215 ± 65 ppbv compared
to the modeled 209 ± 58 ppbv, while for Hg0 the observed
mean and standard deviation is 2.04 ± 0.38 ng m�3 standard
air compared to the modeled 2.04 ± 0.25 ng m�3. The
model captures some of the observed temporal variability,
with r2 = 0.28 for CO and r2 = 0.39 for Hg0. The tagged
simulations show that the variability in CO and Hg0 is
dominated by the variability in Asian tracers, as expected.
For CO, the Asian anthropogenic tracer explains 97% of the
variance in modeled total CO. Using multiple regression,
we find that the Asian anthropogenic and land tracers
together explain 97% of the variance in total Hg0. Land
emissions from Asia covary with the Asian anthropogenic
tracer (r2 = 0.87) due to the approximate colocation of the
anthropogenic and land sources (Figure 1), which allows the
tracers to be transported together.
[15] We used our tagged tracer simulation to divide the

total CO and mercury concentrations over Okinawa into
different source contributions for the 1 March to 31 May
period (Table 1). Asian sources account for 44% of Hg0 at
Okinawa, with Asian anthropogenic, land, and biomass
burning emissions contributing 26, 15, and 3%, respective-
ly. The Asian anthropogenic contribution to HgII (45%) and
particulate mercury (78%) over Okinawa is greater than the

contribution to Hg0 (Table 1) because the model shows
Okinawa receiving direct transport of Asian HgII and
particulate mercury emissions, but the short lifetimes of
these species prevent them from reaching Okinawa by direct
transport from other regions. For CO, the Asian anthropo-
genic contribution is 41%. During periods of enhanced
outflow, the Asian anthropogenic contribution reaches up
to 73% for CO and 43% for Hg0 (Figure 2).

3.2. Hg0 and CO at Mount Bachelor

[16] Figure 3 shows the time series of observed and
modeled CO and TAM at MBO for 2004. At MBO,
the mean model concentrations are 116 ± 20 ppbv and
1.61 ± 0.09 ng m�3 for CO and mercury, respectively,
compared to observed means of 133 ± 28 ppbv and
1.53 ± 0.19 ng m�3, yielding a mean model bias of �12%
for CO and 5% for mercury. The CO bias is evident
primarily in springtime. The r2 value is 0.37 for CO and
0.34 for mercury. The model fails to reproduce the magni-
tude of the observed mercury peaks and has a standard
deviation of only 0.09 ng m�3. It also somewhat under-
estimates the standard deviation of CO. In contrast, the
model better reproduces CO observations, including spring-
time long-range transport events, at the surface coastal site
Cheeka Peak in Washington State [Liang et al., 2004]. The
difficulty at MBO is likely due to subgrid scale processes

Figure 1. Distribution of annual Asian mercury emissions (Mg a�1) from (a) anthropogenic,
(b) geogenic, (c) land re-emission + ocean emission, and (d) biomass burning used in the GEOS-Chem
model. The location of Okinawa is indicated by a star in Figure 1a.
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associated with the local mountainous terrain. The model
grid box containing MBO has a surface altitude of 1.4 km
above sea level. The model is sampled at the vertical level
corresponding to the actual altitude of MBO (2.8 km above
sea level), where the model captures the observed temper-
ature. In the model, this level is usually above the boundary
layer during spring. Springtime observations show that
MBO experiences a mixture of boundary layer and free-
tropospheric air, with a diurnal cycle in up-slope and
downslope flow [Weiss-Penzias et al., 2006]. Thus some
of the model error is likely due to its inability to capture the
transitions between boundary layer and free tropospheric air
at the peak of Mount Bachelor.
[17] Unlike Okinawa, where enhancements are primarily

driven by Asian transport, at MBO the tagged tracer
simulations attribute the majority of the variability in CO
to fluctuations in North American CO and CO from
hydrocarbon oxidation, and much of the variability in
mercury to variations in transport of regional land sources.
During springtime, the North American land tracer explains
46% of the variability in TAM at MBO while the Asian
tracers (anthropogenic + land + biomass burning) explain

42%. In the annual average, the North American land tracer
explains only 29% of the TAM variability while the Asian
tracers explain 57%. The large fraction of variability in the
annual average explained by the Asian tracers is due partly
to their effect on the seasonal cycle; the Asian tracers
explain only 37% of the variance when monthly variability
is removed by subtracting the 31-day running mean.
[18] Weiss-Penzias et al. [2007] discuss a number of

Asian long-range transport events observed at MBO. The
model captures some of these observed events (Figure 3).
For the 9 and 10 April 2004 events (a, b), the model
captures the timing of the events but greatly underestimates
their magnitude. During the large 25 April event (c), the
model shows a small enhancement in the Asian tracers for
CO and mercury. However, the model predicts a larger
Asian event 3 days later on 28 April. Our simulation captures
the timing and duration of the 20 December event (h), and
attributes it to concurrent increases in both the Asian and
North American tracers. For several of the other observed
events, there is a small increase in the Asian tracer
corresponding to the timing of the event, but the model
usually underestimates the magnitude of the events. This

Figure 2. Time series of CO and Hg0 at Okinawa for March–May 2004. (a) Observed (black) and
modeled (red) CO. (b) Model CO tracers tagged by source. (c) Observed (black) and modeled (red) Hg0.
The dashed red line shows model simulation B (Asian Hg0 emissions increased by 50%). (d) Hg0 tracers
tagged by source. The observations are averaged using a 6-h running mean. Asian transport events from
Jaffe et al. [2005] are shaded in gray.
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underestimate is likely due to model resolution and the
inability to capture the high concentrations of a thin
plume.
[19] The modeled lifetime of total gaseous mercury in the

northern hemisphere spring, calculated as the TGM concen-
tration divided by the loss to deposition, is approximately
9 months, so concentrations at both Okinawa and MBO are
influenced by global sources. MBO, though more distant
from Asia, nevertheless receives 34% of its Hg0 from Asian
sources during spring. On average, these Asian sources
include 0.34 ng m�3 (20%) from the Asian background,
0.11 ng m�3 (7%) from ocean re-emission of Asian emis-
sions, and 0.12 ng m�3 (7%) from direct transport from
Asia. Non-Asian land and primary ocean emissions are also
major contributors at MBO, accounting for 31% and 13%,
respectively. The North American anthropogenic contribu-
tion is only 2%, reflecting MBO’s location upwind from
most North American sources. The Asian anthropogenic
percent contribution to Hg0 at MBO shows little variability
between seasons, with an Asian anthropogenic contribution
of 18% in spring and in the annual average. In the model,
the largest Asian Hg0 contribution occurred on 28 April,
when the Asian sources accounted for 41% of Hg0 (Figure 3
and event c). Since the model underestimates the magnitude
of the events, this modeled Asian contribution is likely an
underestimate. For CO, the percent contribution is 24% in
spring compared to 20% in the annual average. The stronger
seasonality in CO reflects its shorter lifetime (�2 months)
compared to the 9-month lifetime of TGM.
[20] If we consider the entire continental United States, we

find a springtime North American anthropogenic contribu-
tion to surface Hg0 concentrations of 4%, a N. American land
contribution of 16%, an Asian anthropogenic contribution
of 16%, and an Asian land contribution of 12%. The

remainder comes from anthropogenic and land emissions
from other regions of the world, biomass burning, and ocean
emissions (Table 1).

3.3. Hg0/CO Ratios

[21] Mercury emissions inventories remain highly uncer-
tain. For the global inventory, the uncertainty is estimated to
be ±25% for fuel combustion sources, ±30% for industrial
processes, and a factor of 2–5 for waste disposal [Pacyna et
al., 2006]. The uncertainty in anthropogenic emissions from
China is ±44% [Streets et al., 2005]. Uncertainties in natural
mercury emissions, with estimates varying by a factor of 4
[Gustin and Lindberg, 2006], as well as re-emissions of
previously deposited mercury further complicate these esti-
mates. Streets et al. [2006] estimate the uncertainty in CO
emissions from China to be ±68%. However, Asian CO
emissions inventories have also been constrained by com-
parison to ground-based, aircraft, and satellite observations
[e.g., Heald et al., 2003, 2004; Palmer et al., 2003].
[22] A common method for estimating emissions based

on observed concentration data is to use the ratio of two
observed compounds [Hansen et al., 1989]. Jaffe et al.
[2005] report an Hg0/CO ratio at Okinawa of 0.0053 ng
m�3 ppbv�1 for the spring 2004 observations, as listed in
Table 2. Ratios for individual Asian transport events range
from 0.0036–0.0074 ng m�3 ppbv�1, with a mean of
0.0056 ng m�3 ppbv�1 during Asian transport episodes
[Jaffe et al., 2005]. This is similar to the TGM/CO ratio of
0.0074 ng m�3 ppbv�1 found in a Shanghai plume during
the ACE-Asia campaign by Friedli et al. [2004] and the
TAM/CO ratio of 0.0046 ± 0.0013 ng m�3 ppbv�1 (mean ±
stddev) for Asian long-range transport events at MBO
[Weiss-Penzias et al., 2007]. In contrast, Weiss-Penzias et
al. [2007] observed a TAM/CO enhancement ratio of

Table 1. Average Springtime Contributions of Source Regions to Hg0 (ng m�3), HgII (pg m�3), and CO (ppbv) at MBO, Okinawa, and

the United Statesa

March 1–May 31

Okinawa
(26.8�N, 128.2�E, 60 m)

MBO
(44.0�N, 121.7�W, 2.8 km)

USA
(30�–46�N, 125�–65�W, Surf.)

Hg0 HgII CO Hg0 HgII CO Hg0 HgII CO

Anthropogenicb

Asia 0.48(26) 6.3(45) 73(41) 0.29(18) 15(18) 30(24) 0.26(16) 5.6(15) 25(16)
North America 0.03(2) 0.2(2) 11(6) 0.03(2) 2(2) 17(13) 0.07(4) 5.9(15) 53(31)
Europe 0.10(5) 0.5(4) 20(11) 0.10(6) 4.8(6) 19(15) 0.10(6) 1.9(5) 19(12)
Rest of worldc 0.12(7) 0.7(5) 3(2) 0.12(7) 7.0(8) 4(3) 0.11(7) 2.7(7) 4(2)

Biomass Burningb

Asia 0.06(3) 0.4(3) 19(12) 0.05(3) 2.5(3) 10(8) 0.04(3) 1.1(3) 8(5)
Rest of worldd 0.09(5) 0.5(4) 5(3) 0.08(5) 5.1(6) 6(5) 0.08(5) 2(5) 8(5)

Landb,e

Asia 0.27(15) 1.4(10) - 0.21(13) 11.1(13) - 0.20(12) 4.3(11) -
North America 0.12(7) 0.7(5) - 0.16(10) 6.7(8) - 0.27(16) 3.4(9) -
Rest of worldf 0.34(18) 2.0(14) - 0.34(21) 19(22) - 0.33(20) 7.3(17) -

Primary oceang 0.22(12) 1.3(9) - 0.21(13) 12.3(14) - 0.21(13) 4.7(12) -
CO: Oxidation of CH4 and BVOC - - 42(26) - - 39(32) - - 44(28)
Total 1.8(100) 14(100) 173(100) 1.6(100) 86(100) 125(100) 1.7(100) 39(100) 171(100)

aPercent contributions are given in parentheses.
bEach tagged tracer includes ocean re-emission.
cIncludes all anthropogenic emissions from regions other than Asia, North America, and Europe.
dIncludes all biomass burning outside of Asia.
eLand tracer includes both geogenic emissions and re-emissions from land.
fIncludes land emissions from all regions except Asia and North America.
gOceanic mercury that originates below the mixed layer is considered primary ocean.
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Figure 3. Time series of 6-h running mean observations and model at MBO for 2004. (a) Observed
(black) and modeled (red) CO. (b) Model CO tracers tagged by source. (c) Observed (black) and modeled
(red) total airborne mercury (TAM) from the standard simulation. (d) TAM tracers tagged by source.
Asian long-range transport events from Weiss-Penzias et al. [2007] are shaded in gray and labeled
Figures 3a–3h.

Table 2. Observed and Modeled Hg0/CO Ratios (ng m�3 ppbv)

Location Episode Observations Model Model Bb Model Cc Model Dd

Okinawa spring 2004 0.0053 0.0039 0.0050 0.0062 0.0045
A 0.0043 0.0044 0.0055 0.0066 0.0048
B 0.0056 0.0029 0.0037 0.0045 0.0030
C 0.0073 0.0045 0.0056 0.0068 0.0052
D 0.0051 0.0065 0.0084 0.0103 0.0080
E 0.0074 0.0044 0.0058 0.0072 0.0053
F 0.0036 0.0050 0.0063 0.0076 0.0058
HSO episode mean 0.0056 0.0046 0.0059 0.0072 0.0054

MBO a 0.0032 0.0025 0.0024 0.0024 0.0026
b 0.0035 0.0029 0.0029 0.0029 0.0032
c 0.0042 0.0055 0.0057 0.0061 0.0063
d 0.0048 0.0047 0.0044 0.0042 0.0045
e 0.0026 0.0027 0.0033 0.0038 0.0030
f 0.0044 0.0019 0.0032 0.0039 0.0030
g 0.0051 0.0027 0.0033 0.0041 0.0029
h 0.0051 0.0023 0.0034 0.0040 0.0031
MBO 2004 Episode mean 0.0041 0.0031 0.0036 0.0039 0.0036

ACE-Asiaa 04/30/01 0.0072 0.0061 0.0073 0.0087 0.0067
aThe value is given for the Shanghai Plume in the ACE-Asia campaign [Friedli et al., 2004].
bModel B has 280 Mg a�1 more Asian anthropogenic emissions and the same land emissions as the standard simulation.
cModel C has 610 Mg a�1 more Asian anthropogenic emissions and the same land emissions as the standard simulation.
dModel D repartitions the total emissions from the standard simulation with more anthropogenic emissions compensated by lower land emissions.
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0.0011 ng m�3 ppbv�1 in U.S. industrial events and 0.0014
ng m�3 ppbv�1 in biomass burning events.
[23] Using the observed ratio, Jaffe et al. [2005] calcu-

lated Asian Hg0 emissions of 1460 Mg a�1 compared to
610 Mg a�1 Hg0 in the anthropogenic inventory of Pacyna
et al. [2006]. Weiss-Penzias et al. [2007] inferred Hg0

emissions of 620 Mg a�1 from China, a factor of 2 larger
than the recent anthropogenic inventory of 300 Mg a�1 from
Streets et al. [2005] for China. The Pacyna et al. [2006]
inventory for 2000 contains 360 Mg a�1 of Hg0 emissions
from China, 20% more than the Streets et al. [2005]
inventory for 1999. Pan et al. [2006] compared a regional
model with ACE-Asia data over the Yellow Sea and found
that using Asian anthropogenic and biomass burning emis-
sions of 1040 Mg a�1 total Hg with 830 Mg a�1 from Asian
land, biogenic, and marine sources, their model underesti-
mated mercury concentrations after subtracting background
concentrations. They suggest that there may be an 80–200%
underestimate in mercury emissions from China. Using
4D-Var to assimilate the ACE-Asia data, Pan et al. [2007]
estimate Asian emissions of 1430–2270 Mg a�1 Hg0,
depending on their assumed boundary conditions.
[24] Here, we examine the ability of GEOS-Chem to

reproduce observed Hg/CO ratios using the Pacyna et al.
[2006] inventory. We sample the model hourly at Okinawa
and find a slope of 0.0039 ng m�3 ppbv�1, 26% lower than
the observed slope of 0.0053 ng m�3 ppbv�1 for the total
data set (Table 2). Considering the ratios only during the
Asian long-range transport events identified by Jaffe et al.
[2005] yields a mean ratio of 0.0046 ng m�3 ppbv�1, with a
range of 0.0029–0.0065 ng m�3 ppbv�1, 18% lower than
the observed mean.
[25] In comparison to the previous studies described

above, we find a smaller underestimate of Asian sources.
The model’s total Hg0 tracer is able to capture the observed
Hg0/CO slope to within 30% because it includes a contri-
bution from Asian land emissions and re-emissions. At
Okinawa, these tracers covary in time with the Asian
anthropogenic tracer and contribute to the magnitude of

the observed events (Figure 2d). If we consider only the
Asian anthropogenic tracer in the model, we get a slope of
0.0031 ng m�3 ppbv�1, 42% lower than that observed
(Figure 4). Anthropogenic emissions from other regions as
well as Asian biomass burning also contribute to some of
the events. However, since the model Hg0/CO ratio is still
lower than the observed ratio, we also examine the sensi-
tivity of the model to higher Asian Hg0 emissions.
[26] Selin et al. [2008] included a dry deposition sink for

Hg0 in the GEOS-Chem model and find that they need
additional sources to balance this 1700 Mg a�1 loss. In
particular, they increase the Asian anthropogenic Hg0

source over the region 70�–152.5�E, 8�–45�N by 50% as
well as increasing other anthropogenic sources and includ-
ing artisanal mining. We conduct a simulation (Model B) by
increasing the Asian anthropogenic source from 610 to
890 Mg a�1 Hg0, but without including dry deposition of
Hg0 or increasing other sources. This simulation reproduces
the observed Hg0/CO slope for the total Okinawa data set
(0.0050 ng m�3 ppbv�1 modeled, 0.0053 ng m�3 ppbv�1

observed) and the Asian transport events within 6%, but
leads to a 13% positive bias in modeled Hg0 for the total
data set at Okinawa. Thus the Hg0/CO ratio is consistent
with a larger Asian anthropogenic source. However, lower
background concentrations would be required to prevent
model bias at Okinawa. Total Asian emissions of Hg0 in this
simulation are 1450 Mg a�1. This estimate is smaller than
the 2270 Mg a�1 of Pan et al. [2007] based on background
concentrations of 1.2 ng m�3, but agrees well with their
estimate of 1430 Mg a�1 based on background concen-
trations of 1.5 ng m�3. GEOS-Chem reproduces mean
concentrations at nonurban land-based sites of 1.58 ng m�3

[Selin et al., 2007]. Since the Hg0/CO ratio at Okinawa is
sensitive primarily to Hg0 emissions, this improvement in
the modeled ratio can be obtained either by increasing total
emissions as described above, or by changing the speciation
of the original emissions so that a larger fraction is emitted
as Hg0. Edgerton et al. [2006] found that 84% of the
mercury in power plant plumes was Hg0. Applying this
speciation to the Asian emissions would lead to approxi-
mately a 50% increase in Asian Hg0 (910 Mg a�1 Hg0,
1470 Mg a�1 total Hg), leading to similar Asian Hg0

emissions and a similar fit to observations compared with
Model B.
[27] We conduct a third simulation (Model C) with

Asian anthropogenic Hg0 emissions over Asia doubled
(1220 Mg a�1) while other emissions are the same as in
the base simulation. This yields a Hg0/CO ratio of
0.0072 ng/m3/ppbv for the Asian long-range transport
events at Okinawa, a standard deviation above the observed
mean (0.0056 ± 0.0016 ng m�3 ppbv�1). For the total data
set, we find a Hg0/CO ratio of 0.0062 ng m�3 ppbv�1

compared to the observed 0.0053 ng m�3 ppbv�1. This
simulation also leads to a 26% positive bias in Hg0

concentrations at Okinawa, although this could potentially
be reduced by inclusion of Hg0 dry deposition. We therefore
consider the doubling of Asian anthropogenic emissions an
upper limit of the uncertainty.
[28] It is possible that an overestimate in the modeled

land emissions could compensate for an underestimate in
anthropogenic emissions. We examine this possibility with a
model simulation (Model D) in which we decrease Asian

Figure 4. Scatterplot of Hg0 (ng m�3) versus CO (ppbv)
concentrations for Okinawa 2004. Observations are in
black, model in red, and model Asian tracer contribution in
green. The mercury tracers are from the standard simulation.
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Hg0 land emissions and re-emissions by 70% (from 540 to
160 Mg a�1) and increase Asian anthropogenic Hg0 emis-
sions by 62% (from 610 to 990 Mg a�1) so that the total
emissions are the same as the reference simulation. We do
not alter the spatial distribution of the land or anthropogenic
emissions. This simulation improves the agreement of the
modeled and observed Hg0/CO ratios for the total data set
and agrees with the observed ratios during long-range
transport events to within 2% (Table 2). It also increases
the overall model Hg0 bias at Okinawa from 2% to 7%.
[29] Mercury emitted from Asia as HgII and then reduced

in the atmosphere can also contribute to the amount of Hg0

reaching Okinawa during transport events. In-cloud reduc-
tion of HgII to Hg0 in GEOS-Chem is scaled according to
constraints on seasonal variability and TGM liftetime [Selin
et al., 2007]. Furthermore, Edgerton et al. [2006] suggest
that in-plume reduction of RGM could explain their obser-
vations of RGM and Hg0. To quantify the role of HgII

emissions in our standard simulation, we conduct a model
simulation without anthropogenic emissions of HgII. We
find that removing direct HgII emissions decreases the model
Hg0/CO slope during Asian long-range transport events from
0.0046 ng m�3 ppbv�1 to 0.0039 ng m�3 ppbv�1 for
Okinawa. This suggests that aqueous reduction of HgII

emissions during transport contributes �15% to the
observed Hg0/CO ratio at Okinawa.
[30] During the ACE-Asia campaign, Friedli et al. [2004]

report a TGM/CO ratio of 6.4 � 10�6 w/w in a plume
originating in Shanghai that they sampled on 30 April 2001.
This is equivalent to 0.0072 ng m�3 ppbv�1. We sample
the model along the 30 April 2001 flight track and find a
TGM/CO ratio of 0.0061 ng m�3 ppbv�1, which would be
23% lower in the absence of HgII emissions. Increasing
Asian emissions by 280 Mg a�1 (Simulation B) results in a
TGM/CO ratio of 0.0073 ng m�3 ppbv�1, in better agree-
ment with the observed ratio (Table 2). Friedli et al. [2004]
observed a peak in TGM concentrations between 6 and 7 km
altitude, which they attribute to lofted pollution. Examining
the vertical profile of Asian Hg0 above Okinawa in the
GEOS-Chem model, we also see episodic enhancements at
this altitude.
[31] We also compare modeled and observed TAM/CO

ratios at MBO during 8 Asian long-range transport events in
2004, as defined by Weiss-Penzias et al. [2007]. This leads
to a modeled TAM/CO ratio of 0.0031 ng m�3 ppbv�1 for
the standard simulation, compared to the 2004 observed
mean ratio of 0.0041 ng m�3 ppbv�1 [Weiss-Penzias et al.,
2007]. Simulation B (50% increase in Asian anthropogenic
Hg0) yields an enhancement ratio of 0.0036 ng m�3 ppbv�1

and an 11% positive model bias in Hg0. Simulation C
(doubled Asian anthropogenic Hg0) results in a small
underestimate of the enhancement ratio (0.0039 ng m�3

ppbv�1) and a 20% positive model bias. Simulation D (62%
higher Asian anthropogenic and 70% lower land emissions)
similarly increases the modeled enhancement ratio to
0.0036 ng m�3 ppbv�1 (Table 1) without changing the
mean Hg0 at MBO.
[32] We consider simulations B and D the best fit to the

observations. This leads to an estimated range of Asian Hg0

emission of 1260–1450 Mg a�1, of which 890–990 is
anthropogenic (Table 3). This represents approximately a
50% increase over the anthropogenic emissions estimate of
Pacyna et al. [2006]. For China, we find Hg0 emissions of
680–800 Mg a�1 of which 530–580 Mg a�1 is anthropo-
genic. This lies within the uncertainty given by Weiss-
Penzias et al. [2007] and at the low end of the Pan et al.
[2007] estimate, but our anthropogenic emissions are larger
than the Streets et al. [2005] inventory (Table 3).
[33] We use GEOS-Chem at 4� � 5� resolution to explore

the effect of source regions on Hg0/CO ratios globally.
Figure 5 shows the Hg0/CO regression slope for a 3-hourly
time series in each model grid box at 930 hPa for April
2004. Slopes are only included where the Hg0 versus CO
regression yields r2 > 0.4, and the standard deviation of CO
exceeds 15% of mean CO. These criteria are met over and
downwind of major source regions such as eastern China,
Europe, and the eastern United States. In the southern
hemisphere, South Africa and Australia are highlighted.
We find large average Hg0/CO ratios downwind of Asia
(0.0040 ng m�3 ppbv�1), and smaller ratios downwind of
the eastern United States (0.0021 ng m�3 ppbv�1) and
Europe (0.0024 ng m�3 ppbv�1). The highest Hg0/CO ratio
occurs near South Africa (0.0099 ng m�3 ppbv�1), while
outflow from Australia has a lower ratio of 0.0025 ng m�3

ppbv�1. This supports the use of Hg0/CO ratios as tracers of
source regions. Care should be taken, however, in the
interpretation of Hg/CO ratios as they reflect land as well
as anthropogenic emissions of mercury. Furthermore,

Table 3. Comparison of Asian and Chinese Hg0 Emissions

(Mg a�1) From Several Studiesa

Reference Emissions: Asia Emissions: China

Jaffe et al. [2005] 1460
Pacyna et al. [2006] (610) (360)
Pan et al. [2007] 1430–2270 720–1140
Weiss-Penzias et al. [2007] (620 ± 180)
Streets et al. [2005] (300)
This study 1260–1450 (890–990) 680–800 (530–580)

aValues are given for emissions from all sources, while emissions from
anthropogenic sources only are in parentheses.

Figure 5. Hg0/CO regression slopes for 3-hourly model
output at 930 hPa for April 2004. Slopes are only given for
grid boxes with a standard deviation of CO greater than
15% of mean CO and r2 > 0.4 for the Hg0/CO correlation.
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enhancement ratios may not be unique to a particular
region. Slemr et al. [2006a] found TGM/CO ratios averag-
ing 0.0050 ng m�3 ppbv�1 at Mace Head, Ireland, similar to
the ratios found in Asian outflow.

3.4. Trans-Pacific Transport of CO and Mercury

[34] The different mechanisms by which Asian Hg0 and
HgII reach North America affect the latitudinal distribution
of their contributions (Figure 6). Hg0, like CO, is trans-
ported to the northeast from Asia with the prevailing winds.
Consequently, at 700 hPa the Asian influence is largest over
Alaska, western Canada and the Northwestern United States
(Figures 6a and 6b). In contrast, Asian emissions influence
North American HgII concentrations through in situ oxida-
tion of the global Asian Hg0 pool rather than by direct
advection of HgII from the emission source. The Asian HgII

contribution is thus largest at low latitudes where high
oxidant concentrations and descending dry air favor accu-
mulation of HgII (Figure 6c). Total HgII concentrations are
also high in this region for the same reason. Asian HgII

deposition follows a similar pattern to Asian HgII concen-
tration since both wet and dry deposition depend on HgII

concentrations. HgII deposition is also larger over land,

where dry deposition velocity is high (Figure 6d). In terms
of percent contribution from Asian sources, the geographic
distribution and the deposition of HgII are similar to that of
Hg0 and CO (Figure 7). This similarity occurs because HgII

originates from oxidation of the Hg0 pool and thus reflects
regional percent contributions to that pool.
[35] Figure 8 shows a longitudinal cross-section of the

contribution of CO, Hg0, and HgII from Asian sources
across the Pacific during spring. The contribution from
Asian Hg0 and CO decreases with distance from Asia, with
Asian Hg0 decreasing by 32% and CO decreasing by 56% at
the surface between 140�E and 125�W. Both species show
lower concentrations in the upper troposphere (Figures 8a
and 8b). In contrast, Asian HgII increases at high altitudes,
where it is not readily removed by wet or dry deposition or
in-cloud reduction [Selin et al., 2007]. Consequently, Asian
HgII in the upper troposphere is due to oxidation of Asian
Hg0 emissions rather than to direct transport of Asian HgII

emissions, which are mostly deposited close to their source
(Figure 8c). The inverse altitude profiles of HgII and Hg0 are
consistent with observations at MBO [Swartzendruber et
al., 2006] and aircraft observations off the Florida coast
[Landis et al., 2005].

Figure 6. Map of March–May 2004 700 hPa concentrations of Asian (a) CO (ppbv), (b) Hg0 (ng m�3),
and (c) HgII (pg m�3) over the Pacific. Asian total deposition (kg a�1) is shown in Figure 6d. Sea level
pressure contours are overplotted in white, and gray arrows indicate wind at 700 hPa.
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[36] We consider the role Asian Hg0 re-emitted from the
ocean using a tagged simulation with ocean emissions
turned off. We find that ocean re-emission increases the
Asian contribution of Hg0 over the west coast of North
America by 29% (from 0.42 to 0.54 ng/m3) (Figures 8b
and 8d). Including Hg0 ocean re-emissions increases the
amount of Hg0 available for oxidation and thus increases
the background levels of HgII in the upper troposphere
(Figures 8c and 8e).

3.5. Origin of Mercury Over the United States

[37] Table 4 shows regional contributions to HgII depo-
sition (wet and dry) to Okinawa, MBO, and the United
States. These contributions are based on the tagged tracer
contributions in our standard simulation. Adding anthropo-
genic (including ocean re-emission) and land tracers together,
we find a North American contribution to deposition over the
continental United States of 26%, slightly lower than the 30%
contribution of North American anthropogenic (direct + re-
emission) to the US of Seigneur et al. [2004] and the 33%
natural + anthropogenic North American contribution to
deposition over North America of Travnikov [2005]. Our
Asian land + anthropogenic deposition to the US is 25%,

compared to 21% over the US [Seigneur et al., 2004] and
24% over North America [Travnikov, 2005]. The Asian
contribution in this study includes anthropogenic, geogenic,
and land re-emission from Asia, as well as ocean re-emission
of all those tracers. For comparison, Seigneur et al. [2004]
include anthropogenic emissions from Asia and re-emission
of those emissions from all regions, while Travnikov [2005]
consider natural and anthropogenic emissions from Asia.
[38] The relative importance of Asian and North American

sources to deposition over the U.S. varies geographically.
We find that the average contribution to deposition in the
western U.S. (125�–100�W) from the North American
anthropogenic tracer is 11%, where as in the eastern U.S.
(95�–75�W) the average contribution is 25% due to larger
anthropogenic emissions in the eastern half of the country.
This is similar to the results of Selin et al. [2007]. The Asian
anthropogenic contribution to deposition is 15% over the
western U.S. and 12% over the eastern U.S. For Hg0

concentrations over the United States, the east-west gradient
is smaller than for deposition, with approximately 15%
coming from Asian anthropogenic sources in both the east
and west of the country and the North American anthropo-
genic contribution increasing from 3% in the west to 6% in

Figure 7. Map of March–May 2004 700 hPa percent contributions from the Asian tracers to (a) CO,
(b) Hg0, (c) HgII, and (d) total (wet + dry) deposition over the Pacific. Sea level pressure contours are
overplotted in white, and gray arrows indicate wind direction.
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the east. The near-source deposition of HgII emissions
drives the large east west gradient in deposition.

4. Conclusions

[39] We conducted a simulation of trans-Pacific transport
of mercury including anthropogenic emissions tagged by
region of origin as well as natural emissions and re-
emissions from land and ocean. The simulation captures
39% of the observed variability in Hg0 concentrations at
Okinawa, Japan, and attributes the variability primarily to
variability in the outflow of Asian anthropogenic and land
emissions. At Mount Bachelor, Oregon, the model captures
mean concentrations (1.53 ± 0.19 ng/m3 observed, 1.61 ±
0.09 ng/m3 modeled) of Hg0, but underestimates the mag-
nitude of the observed long-range transport events.
[40] We tested the model’s ability to reproduce observed

Hg/CO enhancement ratio during Asian long-range trans-
port using the Pacyna et al. [2006] inventory for anthropo-
genic emissions. By including transport of Asian land
emissions, which covary in time with transport of Asian
anthropogenic emissions, the model reproduces the ob-
served Hg/CO enhancement ratios to within approximately
30%. However, the ratio is underestimated, suggesting that
Asian emissions in the inventory may also be underesti-
mated. Increasing Asian anthropogenic Hg0 emissions by
50% improves the ratio, but leads to a positive bias in the
mean concentration. Altering the speciation of the emissions
to increase Hg0 yields a similar result. Increasing Asian
anthropogenic Hg0 emissions by 62% while reducing Asian
land emissions so that total Asian emission is unchanged
also improves the Hg/CO ratio. Doubling Asian anthropo-

genic emissions leads to a 29% overestimate of the Hg/CO
ratio. We find that approximately 15% of the Hg/CO
enhancement ratio at Okinawa is due to reduction of HgII

emissions during transport. We cannot conclusively separate
the effect of anthropogenic versus land emissions, but total
Asian Hg0 emissions of 1260–1470 Mg/a from anthropo-
genic, land, and biomass burning in the region 65�–146�W,
9�S–60�N are consistent with observations.
[41] Trans-Pacific transport of Hg0 follows similar pat-

terns to CO in both its latitudinal and vertical distribution.
At MBO, we find a springtime Asian anthropogenic con-
tribution to Hg0 concentrations of 18% compared to a North
American anthropogenic contribution of 2%. Including land
emissions, these contributions increase to 31% and 12%,
respectively. Ocean re-emission accounts for 22% of the
Asian anthropogenic influence over the west coast of North
America. Unlike Hg0, HgII is not transported across the

Figure 8. Longitude-altitude plot of Asian tracer concentrations averaged over 28�–60�N from 1 March
to 31 May 2004 for (a) CO, (b) Hg0 , and (c) HgII. Figures 8d and 8e show the Asian tracer concentrations
excluding ocean re-emissions.

Table 4. Annual Mean Percent Contribution to Wet and Dry

Deposition of HgII

Annual Mean Deposition % Okinawa MBO USA

Anthropogenic Asia 35 14 14
N. America 1 19 16
Europe 4 5 5
rest of world 7 6 7

Biomass burning Asia 2 2 2
rest of world 5 5 5

Land Asia 11 11 11
N. America 6 9 10
rest of world 17 17 18

Ocean primary 12 12 12
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Pacific in the lower troposphere due to its short lifetime, but
the long lifetime of HgII in the upper troposphere allows
global transport.

[42] Acknowledgments. This work was supported by funding from
the National Science Foundation grant ATM 0238530.
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Introduction
The coals produced in the Powder River Basin (PRB) are environmentally and economically
attractive to power companies.  This type of coal has made enormous inroads to power plants due to
these factors regardless of any difficulties plant personnel might experience.  The difficulties in
handling and storing PRB coal are due to fines generation and spontaneous combustion issues.
Many [1-9] have worked on addressing these concerns and how we can improve our utilization of
these fuels.  Refer to APPENDIX A for basic bulk solids handling considerations for PRB coal.

PRB coal is extremely friable and will break down into smaller particles virtually independent of
how the coal is transported or handled.  PRB represents the extremes of handling problems: dust is
an issue when the coal is fine and dry; plugging in bunkers and chutes is an issue when the same fine
coal is wet.  Once PRB coal is exposed by mining, the degradation process begins – the majority of
the damage can occur in a very short time, even as short as a few days.  The extent of the
degradation that occurs depends in large part on the distance to the plant from the mine, i.e., how
long the coal is exposed to the atmosphere during transportation. Additional factors such as crushed
run of mine (CROM) size, and specific handling procedures also impact the degradation process.
Additional decomposition occurs during handling and storage in a pile and bunker, bin or silo.  We
believe the root cause of the degradation is loss of moisture that impacts the coal both mechanically
and chemically, through the generation of additional surface reaction area.  The combination of the
two is what makes PRB coal so difficult to handle.

This paper focuses on the mechanisms, both inherent and external, that cause this rapid degradation
of the coal particles.  Some of the questions are posed that could lead to preventing, or at least
retarding the degradation of the particles, thus avoiding the results of the associated problems with
handling and storage, such as dust, perceived loss of inventory, bunker hang-ups and especially
spontaneous combustion.
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What is PRB coal?
The Powder River Basin extends from Wyoming into Southeast Montana, with the bulk of the PRB
coal being supplied from the Southern Powder River Basin (Wyoming).  PRB is classified by the
American Society for Testing and Materials (ASTM) as a sub-bituminous A or B [10] coal.
Scientists report that these coals have been burning naturally for over 2 million years.  Early Native
Americans held these coal fired lands to be spiritual.  Prehistoric inhabitants of the Powder River
Basin used porcellanite as weapons and tools.  Porcellanite is formed from the intensively coal baked
shale or siltstone near or in the coal as it burned.   We know this material today as slag.  The fires are
in part caused by the spontaneous combustion of coal.  These same properties show up at the plant as
hot coal, fires and explosions.  While low in sulfur (0.4 to 1.4 LB/MMBTU), PRB coal is also low in
heating value (8,000 to 8,800 BTU/LB, on an as received basis for Southern PRB, with one or two
mines in the north going as high as 9,400 BTU/LB). Additionally, its friability results in fines and,
when dry, the dust (Fig. 1) increases the explosion hazard potential. On the other hand, this same
fine coal can be high in moisture content (Fig. 2), which increases its handling difficulty in
equipment.  Most of the plants currently burning or converting to burn PRB coal have difficulty with
these characteristics.

                          
      Fig. 1 PRB coal – dry           Fig. 2 PRB coal – wet

The relatively low ranking of PRB coal means that the coal is relatively young.  Specific ASTM
ranking is just a laboratory method for drawing a line in the sand to differentiate different types of
coals.  It is basically describing the geological process of transforming plant material to anthracite.
The first phase of coalification (fossilization) is to preserve the plant material from oxidation.  This
peat moss like material is still basically plant material.  The first coal-like material formed is lignite,
or brown coal.  The coalification process basically squeezes out oxygen and water.  As the plant
material becomes less like wood and more like oil, the pore structure constricts, limiting the water
retention capacity of a coal chemically; as the oxygen content decreases the coal becomes more
hydrophobic or water repelling (water and oil don’t mix).  This water retention capacity is measured
using the equilibrium moisture test.  Sub-bituminous coals like the PRB coals are the next step up in
the coal ranking system.  Then comes the low ranked Bituminous C type coal.  This is the ranking of
many Illinois Basin coals.  The higher ranked Bituminous B and C coals are generally found in the
Appalachian coalfields.    Most of the coal tests that ASTM has standardized were written around
higher ranked bituminous and anthracite coals.  The tight pore structures of these coals limit the
amount of inherent moisture they can hold.  Typically these high ranked coals have equilibrium
moistures of between 1 and 10.  The first step of determining coal quality in the lab is to air-dry the
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sample to near equilibrium with the laboratory humidity levels.   This is done to minimize any
impact on lab results of additional drying or absorption of water from the air.  In high rank coals, the
moisture lost in the air-drying step is near equivalent to the surface moisture.
The residual moisture is that moisture that is still locked up in the coal after air-drying.  The higher
ranked coals that ASTM standards were based on possess this well-defined split between the air-
dried or surface moisture and the residual or near equilibrium moisture.  This is not the case for low
rank coals like PRB coal.  The sponge-like or wood like nature of PRB coals make the split between
surface moisture and inherent moisture a rather fuzzy line.
Most of the quality differences between PRB coal and the higher ranked coal are due to the PRB
coal’s looser pore structure and additional moisture retention capacity.  PRB coal also has more
oxygen chemically bonded to the coal, which makes the coal hydrophilic (water-liking).  This helps
explain why the PRB coal is likely to reabsorb water after it has dried and degraded.
Self-heating characteristics
Spontaneous combustion of coal is a well-known phenomenon, especially with PRB coal.  This
high-moisture, highly volatile sub-bituminous coal will not only smolder and catch fire while in
storage piles at power plants and coal terminals, but has been known to be delivered to a power plant
with the rail car or barge partially on fire.
An “explosive” case study [11] was presented at the PRBCUG (Powder River Basin Coal Users
Group) Annual Meeting in Houston, March 2003 that is a case in point.  The dust in a tripper room
ignited, causing a major explosion (Figure 3) at Wisconsin Public Service J.P. Pulliam Generating
Station in Green Bay Wisconsin in June 1991.  At the time, the plant was burning a 50/50 blend of
PRB coal and bituminous coal, and a fire existed in one of the coal bunkers.  Dust within the
atmosphere of the tripper room was ignited by a minor explosion, or puff, within the bunker, which
triggered a massive explosion in the tripper room, blowing out the outer building walls and roof.
While fires prior to this were not uncommon with bituminous coal in the bunker, this was the first
serious dust explosion.

  Figure 3. Tripper room after explosion at WPS J. P. Pulliam Generating Station
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The coal properties that affect spontaneous combustion risk include [12]:
• Moisture content of the PRB coal - or how much drying and rewetting occurs during

handling.
• Friability - or how much size degradation occurs.
• Particle size - or exposed surface reaction area.
• Rank - PRB coal contains a high percentage of reactive components that tend to decompose

as a coal’s rank increases to Bituminous and Anthracite.
• Pyrite concentrations greater than two percent - PRB coal is low in pyrite, so the risk due to

this effect is low.
These properties primarily influence the rate of heat generation during the self-heating of coal.
Since most of the combustible matter in coal is carbon, when coal is stored in an atmospheric
environment, the carbon slowly oxidizes to form carbon dioxide and carbon monoxide.  PRB coal is
also one of the highest hydrogen content coals.  The oxidation reaction with hydrogen forms water.
The production of both water and carbon gases in the coal will not help the situation.  These
reactions produce heat; since coal is a relatively good insulator, much of this heat is trapped,
increasing both the temperature and the rate of oxidation. Depending on how the coal is stored, heat
production may substantially exceed heat loss to the environment, and the coal can self-ignite.
Self-heating occurs when the rate of heat generation exceeds the rate of heat dissipation.  Two
mechanisms contribute to the rate of heat generation, coal oxidation and the adsorption of moisture.
The reactivity of coal is a measure of its potential to oxidize when exposed to air. The mechanism of
coal oxidation is not completely understood.  The coal’s minimum Self Heating Temperature (SHT)
is sometimes used as a relative indication of its reactivity.  There are various methods used to
determine a coal’s minimum SHT, but they all require running a test in real time and monitoring the
temperature of the coal as any reaction occurs.  These tests are typically a relative measure of a
coal’s propensity to self-ignite.  In general, a coal’s reactivity increases with decreasing rank.
The moisture content of a coal is also an important parameter in the rate of heat generation of the
coal.  Drying coal is an endothermic process, in which heat is absorbed, and the temperature of the
coal is lowered. The adsorption of moisture on a dry coal surface is an exothermic process, with a
heat producing reaction.  If it is partially dried during its mining, storage, or processing, coal has the
potential to readsorb moisture, thus producing heat.  Therefore, the higher the moisture content of
the coal, the greater the potential for this to occur. The most dangerous scenario for spontaneous
combustion is when wet and dry coals are combined; the interface between wet and dry coal
becomes a heat exchanger [13].  If coal is either completely wet or completely dry, the risk is
substantially reduced.  In general, the moisture content of coal increases with decreasing rank.  For
example, PRB coal has a higher inherent moisture content than bituminous B type coal.
Friability and previous oxidation of the coal are also important factors in the self-heating process.
The friability of the coal is a measure of the coal’s ability to break apart into smaller pieces.  This
exposes fresh coal surfaces to air and moisture, where oxidation and moisture adsorption can occur.
Previous oxidation makes coal more friable.  Although the oxidized matter is less reactive, the
porous nature of the oxidized coal makes the coal more susceptible to air and water leakage when
exposed to higher pressure differentials, such as in a pile or bunker.
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The oxidation of sulfur in pyrite is also a heat producing reaction.  The heat generated can cause the
temperature of the surrounding coal to increase, thus increasing the rate of oxidation.  Also, as it
oxidizes, the sulfur expands, causing coal degradation to occur.  Fortunately, PRB coal contains less
than the minimum two percent concentration of pyrite considered necessary for a reaction.
Causes of degradation
From the time it leaves the mine, PRB coal starts to degrade.  The most dramatic result of this can be
found by observing the top surface of an open railcar delivering PRB coal to the plant from the mine.
The large particles have distinct cracks and will shatter into smaller pieces when dropped from a
height of only 6 feet.  Particles contained deeper in the bed of coal within the railcar do not appear to
be similarly affected.

The root cause of this degradation of PRB is the drying and resultant cracking and particle size
degradation and oxidation.  There are many variables that are potential contributors to attrition of
PRB coal once it is exposed to air: ambient temperature (heat), moisture (addition and loss),
compaction, impact (drop height), interparticle motion (due to general handling), and time.  It is felt
that all of these variables impact the total degradation process, however the loss of moisture appears
to dominate the process.

The moisture that contributes to the problem of spontaneous combustion comes from humidity and
from other PRB coal.  New PRB coal added over old PRB coal seems to create more heat at that
interface.  The fine particles typically have a higher total moisture content compared to the coarse
particles, due to their larger surface area per unit volume.  Generally, each time a particle diameter is
reduced by half due to breakage, the surface area doubles.  This is true for smooth surface spheres or
cubes.  Coals, especially those low in rank, have a significant amount of surface area that resides
within the pore structure.  This would indicate there is a potential for significantly more surface area
being available when fines are generated.  Also, this available surface area increases as the particle
becomes drier, and the pores that were filled with moisture become available for oxygen adsorption.

Test program
The test program investigated the influence of one variable on the degradation process – time.  In a
relatively dry environment, as time proceeded, the coal dried out.  As it dried out, the coal cracked
and broke down into smaller particles.  The role that particle size plays in this process can be
investigated by exposing both large and small particles to a controlled environment (temperature and
moisture), and monitoring the weight loss (moisture and/or volatiles loss) over time.

Two different types of tests were run.

Test Program 1.  Large PRB coal particles were exposed to ambient conditions (inside a building)
for 6 days.

Test Program 2.  Both fines (-1/4 in. particles) and coarse (3 inch particles) were placed in an
environmental chamber at controlled conditions (72°F and approximately 45% Relative Humidity,
with some excursions) for 16 days.
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Results of Test Program 1
The first test simply allowed large PRB coal particles to sit at ambient conditions (inside a building)
for 6 days while photos were taken.  Figures 4a–4f  show a series of photos of one particle over time.

Figure 4a. PRB coal at start of test. Figure 4b. PRB coal after 5 hours.

Figure 4c. PRB coal after 2 days. Figure 4d. PRB coal after 4 days.

Figure 4e. PRB coal after 6 days. Figure 4f. PRB coal after 6 days.
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As is evident from the photos, degradation of the coal starts immediately upon exposure to the
environment.  In fact, cracks started to appear within one hour after the start of the test!
Results of Test Program 2
Three samples of fines (-1/4 in. particles) and three samples of coarse (3 inch) particles were placed
on individual trays and placed in an environmental chamber.  The temperature was kept constant at
72°F and the Relative humidity at approximately 45% RH (with some excursions).  The test was run
over a period of 16 days.  The weight of the samples was monitored and recorded over that time
period.  The temperature of the coal was monitored also, using multiple thermocouples, but no
change in temperature of the samples was noted.  It was not anticipated that any heat would be
generated because drying of coal (loss of moisture) is an endothermic reaction.  It is likely that even
if any small amount of heat were generated due to the slight gain in moisture (exothermic reaction)
on one of the large particles, the heat would quickly dissipate because the coal surface area was
relatively small compared to the environmental room.  The effect of moisture addition on heat
generation would be a good candidate for further study. The test results are shown in Figure 5.

Figure 5.  Cummulative % Moisture/Volatiles Loss/Gain
for PRB Coal exposed to atmosphere
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The moisture values were determined by drying small samples at 107°C in a forced convection oven
and recording the weight change, until no additional weight loss was recorded.  The loss in weight of
each sample, divided by its original weight before drying, is denoted as the moisture.  The fines,
with an as received (starting) moisture of 34%, lost the largest percentage of weight (18%) during
the first 24 hours compared to the coarse particles.  One coarse particle (particle2) with a starting
moisture of 23%, lost only 3% of its weight during the first 24 hours and 9% over 16 days; another
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coarse particle (particle1) with a starting moisture of only 12%, actually gained weight (0.75% in 24
hours, with a net gain of 0.3% over 16 days).  The equilibrated moisture content of the samples at
the end of the test was determined to be approximately 10% for the fines and 13% for the coarse
particles.  As shown in Figure 5, the rate of moisture loss (or gain) decreased well before the test
ended.  For example, both the fines and coarse particle2 approached their equilibrated moisture
content after 7 days.  However, particle1 still had not reached its equilibrated moisture by the end of
the test (16 days).
Test conclusions
One of the six samples, particle2, showed an indication of the potential for coal to adsorb more
moisture.  If more moisture, i.e., humidity, were available, it is likely that particle2 had the potential
for adsorbing more moisture, setting up the conditions for self-heating.  As discussed previously, the
adsorption of moisture on a dry coal surface is an exothermic process, with a heat producing
reaction.  A Wyoming University/Wyoming State Geological Survey [5] study found that larger,
partially dried particles produce heat as they adsorb moisture.  However, as was the case with our
tests, the Wyoming study dealt mostly with dry coal, so data on this effect is limited.

Preventing and/or retarding degradation
Some of the same procedures that are followed to minimize the potential for spontaneous
combustion can be followed to prevent particle attrition:

Coal Handling (in general)

• Incorporate any process that can minimize additional drying of the coal

• Use larger, slower moving belts

• Minimize drop heights to control drying, especially in open air in windy conditions

• Minimize drop heights to control attrition due to impact.

Coal pile

• Seal the pile to minimize air ingress and air movement in the pile.  This also helps prevent
moisture loss and size degradation.

• Protect the pile from the wind.  A steeper slope creates greater wind resistance, forcing air
into the pile; protecting the pile from the wind (e.g., wind screens) minimizes air movement
through the pile.

Coal bunker

• Design for a mass flow pattern [3, 4, 11] (see APPENDIX A).

• Provide an inerting agent or atmosphere (not recommended on a normal basis)
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Considerations for further study
The following are areas of study that the authors feel may assist in our further understanding of PRB
coal degradation:

• The effect of moisture addition on heat generation.  Particles that are partially dried could be
subjected to varying levels of increased relative humidity, while monitoring the internal
temperature of the large coal particle or bed of coal fines.

• Particle porosity vs. particle size; particle porosity vs. moisture content.
• Moisture gain and loss due to changes in relative humidity.
• How various substances/additives retard the loss and adsorption of moisture.
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APPENDIX A
BASIC BULK SOLIDS HANDLING CONSIDERATIONS FOR PRB COAL

MASS FLOW: ESSENTIAL FOR SAFE COAL STORAGE
Common flow problems

Two of the most common flow problems experienced in an improperly designed silo are no-flow and
erratic flow.

No-flow [Fig. A1] from a silo can be due to either arching (bridging) or ratholing.

Figure A1. No Flow

Arching occurs when an obstruction in the shape of an arch or bridge forms above the outlet of a
hopper and prevents any further discharge.  This cohesive arch occurs when particles pack together
to form such an obstruction.

Ratholing can occur in a silo when flow takes place in a channel located above the outlet.  If the coal
being handled has sufficient cohesive strength, the stagnant material outside of this channel will not
flow into it.  Once the flow channel has emptied, all flow from the silo stops.

Erratic flow is often the result of an obstruction alternating between an arch and a rathole.  A rathole
may fail due to an external force, such as ambient plant vibrations, vibrations created by a passing
train, or vibrations from a flow aid device such as an air cannon, vibrator, etc.  While some coal
discharges as the rathole collapses, falling material often gets compacted over the outlet and forms
an arch.  This arch may break due to a similar external force, and material flow resumes until the
flow channel is emptied and a rathole forms again.

Results of flow problems

Delayed startup time caused by problems related to fuel handling can add significantly to the cost of
a plant. While flow stoppages alone can be very costly problems, any stagnant region in a silo can be
dangerous, especially when handling coals that are prone to spontaneous combustion. If flow takes
place through a channel within the silo, the material outside of this channel may remain stagnant for
a very long time (depending on how often the silo is completely emptied or refilled), increasing the
likelihood of fires.

Arching Ratholing
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Collapsing ratholes and arches can cause silos to shake or vibrate [A1]. They can also impose
significant dynamic loads that can result in structural failures of hoppers, feeders or silo supports. In
addition, non-symmetric flow channels alter the loading on the cylinder walls and can lead to silo
deformation or buckling [A2, A3].

Flow patterns

There are two basic types of flow [A4]:  funnel flow and mass flow.  In funnel flow, some material
moves while the rest remains stationary during discharge from the silo (see Fig. A2).

Flowing
material

Stagnant
material

Fig. A2:  Funnel Flow Pattern

Funnel flow occurs when the sloping hopper walls of a silo are not steep enough and sufficiently low
in friction for material to flow along them.  Under these conditions, particles slide on themselves
rather than the hopper walls, and an internal flow channel develops.

Mass flow is defined as the flow pattern where upon withdrawal of any material, all of the material
in a silo moves (see Fig. A3).

Fig. A3:  Mass Flow Pattern

Mass flow occurs when particles slide along sloping hopper walls during discharge.  Mass flow
eliminates ratholing, stagnant material and the associated problem of spontaneous combustion, and
maximizes the usable (live) capacity of the silo.  In order to achieve mass flow, two conditions must
be met: the sloping hopper walls must be steep enough and low enough in friction for the particles to
slide along them; and the hopper outlet must be large enough to prevent arching.
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TYPICAL SOLUTIONS
The key to reliability is to design the handling system equipment based on the measured flow
properties of the coal being handled.  As discussed above, given the variability of coals, it is
essential to test samples from multiple sources over the expected range of moisture contents.

However, if the plant is already built, there are three methods available to address the types of
problems mentioned here - change the material, change the operating procedures or change the
equipment.  The methods described here also apply to new plant design.

Change the material

The material can be changed by any of the following methods.  The moisture of the coal can be
lowered by covering the storage pile, by mechanical drying, or by blending wet and dry materials.
Increasing the particle size by screening lowers the cohesive strength (arching/ratholing tendency);
however, this is not always a practical consideration, especially for plants that use finer coal for
greater boiler efficiency.  The composition of the coal can be changed by finding another source of
coal or by blending coal from different sources.

Change the operating procedures

Often changing the operational procedures is extremely effective in reducing handling problems, and
in many cases is the most economical solution.  If the coal gains cohesive strength after being stored
at rest for extended periods, limiting the time of storage at rest can reduce its arching or ratholing
tendency.  If the combination of the silo design and the coal flow properties result in stagnant
material, reducing the amount of material being stored (limit silo capacity and thus reduce head
pressure) can reduce the amount of material remaining stagnant.  Frequently drawing the material
down to low levels, or emptying the silo on a regular basis, can help with clean-off and reduce the
amount of stagnant material.

Flow aids can be very effective in breaking arches when used only after an arch has formed (due to
material impact upon filling or after storage at rest) and turned off once flow has resumed; however,
if material flow has not resumed and the flow aids are used repeatedly, the coal will become more
compacted, and restarting flow with these devices will be futile.

If the coal silo has multiple outlets, all outlets must be used simultaneously.  Use of only one outlet
will likely result in severe eccentric silo wall loading and compacted, stagnant material over the non-
flowing outlet(s).

Change the equipment

Consideration should be given to changing the equipment only after measuring or confirming the
flow properties of the coal to be handled, thus eliminating guesswork.  This is particularly wise
given the significant capital investment that was laid out for this equipment in the first place.  Thus,
unnecessary changes should be avoided, if at all possible; however, changes to the equipment may
be the most effective and long-term economic solution.  Based on the measured flow properties of
the coal being handled, the required modifications can range from simply lining the existing hopper
with a less frictional liner to changing the hopper geometry more significantly by such measures as
enlarging the outlet, steepening the angle of the lower hopper section, and/or adding an insert.
Changes to the feeder, standpipe and/or the feeder interface may also be required.



A4

The chutes at belt conveyor transfer points may need modifications as well, ranging from simple
liners to a complete change in geometry to minimize impact points, while ensuring a consistent
velocity to prevent adhesion to the chute surface.

HOW TO DESIGN EQUIPMENT FOR RELIABLE COAL HANDLING
To be confident that the coal storage and handling equipment will operate with few or no problems
due to solids flow, the handling system should be designed utilizing a proven scientific and practical
method.

Achieving mass flow

In order to achieve mass flow, two conditions must be met: the sloping hopper walls must be steep
enough and low enough in friction for the coal particles to slide along them; and the hopper outlet
must be large enough to prevent the coal from arching.

Hopper angle and smoothness.  How steep and how smooth must a hopper surface be?  This answer
depends on the friction that develops between the particles and the hopper surface.  This friction can
be measured in a laboratory using an ASTM test method [A5].  A small sample of coal is placed in a
test cell and slid along wall surfaces of interest (e.g. stainless steel with #2B, #1 or mill finish, and
polyethylene liners).  As various forces are applied normal (perpendicular) to the cell cover, the
shear force is measured.  These measurements are used to calculate the wall friction angle, which
also can be expressed as a coefficient of friction.  From the wall friction angles, limiting hopper
angles for mass flow can be determined using a method developed by Dr. Andrew Jenike [A4].
These angles are used as design criteria for achieving mass flow in new silo installations, and are
invaluable when considering retrofit options using liners, coatings and polished surfaces with
existing designs [A6].

In general, a number of factors can affect wall friction for a given coal, such as:

• Wall material.  Generally, smoother wall surfaces result in lower wall friction (there are
exceptions), thus allowing shallower hopper angles to be sufficient for mass flow to take place.

• Bulk solid condition.  Moisture content, variations in material composition and particle size can
affect wall friction.

• Time at rest.  Some coals adhere to a wall surface if left at rest in a hopper.  Wall friction tests
can be performed to measure the increase in wall friction (if any) due to storage at rest.  If
adhesion takes place, steeper hopper angles are required to overcome it.

• Corrosion.  Wall materials that corrode with time generally become more frictional.
• Abrasive wear.  Often, abrasive wear results in smoother wall surfaces; therefore, designs based

on an unpolished surface are usually conservative.  However, abrasive wear can occasionally
result in a more frictional surface, which can disrupt mass flow.  When handling abrasive
materials, wear tests can be performed to determine the effect on wall friction, as well as
calculate the amount of wear expected. A patented wear tester developed by Jenike & Johanson,
Inc. can be used to estimate the amount of abrasive wear in a particular silo due to solids flow
[A7].  These tests allow for a prediction of the useful life of a liner or surface based on its
thickness, which can be an important economic consideration.
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Hopper outlet size.  The second requirement for mass flow is that the outlet must be large enough to
prevent arching.  Two types of arches are possible.  Interlocking arches can be overcome by ensuring
that the outlet diameter is at least six to eight times the largest particle size in a circular opening, or
the width is at least three to four times the largest particle size in a slotted opening.  (Slotted outlets
must be at least three times as long as they are wide for such conditions to apply.)

The second type of arch, namely a cohesive arch, can be analyzed by determining the cohesive
strength of the material.  First the flow function of the coal (i.e., its cohesive strength as a function of
consolidating pressure) is measured through laboratory testing.  Tests are conducted using an ASTM
described direct shear tester [A5].  In this test, consolidating forces are applied to material in a test
cell, similar to the wall friction test, and the force required to shear the material is measured.  The
measured property directly relates to a coal's ability to form a cohesive arch or a rathole.  Once the
flow function is determined, minimum outlet sizes to prevent arching or ratholing (in funnel flow)
can be calculated through a series of design charts also published by Jenike [A4].

A number of factors affect the minimum outlet sizes required, including:

• Particle size. Generally as particle size decreases, cohesive strength increases, requiring larger
outlets to prevent arching.

• Moisture.  Increased moisture content generally results in an increase in cohesive strength, with
the maximum typically occurring between 70% and 90% of saturation moisture.  At moistures
higher than these, many bulk solids (including coal) tend to become slurry-like and their
cohesive strength decreases.

• Time at rest.  Similar to wall friction, some coals exhibit an increase in their cohesive strength if
left at rest for some period of time.  Cohesive strength can be measured using a direct shear tester
simulating storage time at rest.

Waste coals (such as bituminous gob and anthracite culm) are inherently difficult to handle because
they are high in everything that contributes to flow problems: high fines, high ash (much of which is
clay in waste coals), high moisture and storage time at rest. PRB and lignite, while low in ash, are
high in just about everything else that contributes to handling difficulties.  A robust design requires
testing samples from multiple sources over a range of moisture contents.
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Feeder design

In addition to ensuring that reliable flow takes place in the silo, it is also necessary for the entire
cross-sectional area of the outlet to be active.  A restricted outlet, such as due to a partially open
slide gate, will result in funnel flow with a small active flow channel regardless of the hopper design.
It is therefore imperative that a feeder be capable of continuously withdrawing material from the
entire outlet of the hopper [A8].  This feature allows mass flow to take place in the silo above, if it is
so designed.  It also reduces the potential for ratholing in funnel flow by keeping the active flow
channel as large as possible.

A hopper with an elongated, or slotted, outlet is often the preferred geometry due to its effectiveness
in preventing arching compared to a circular outlet.  When using a slotted outlet, it is essential that
the feeder capacity increase in the direction of flow.  As an example, when using a belt feeder, this
increase in capacity is achieved by using a tapered interface as shown in Fig. A4.

Figure A4. Mass Flow Belt Feeder Interface
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Standpipe design

There are two purposes for a standpipe: to minimize the amount of gas leakage into the silo from a
pressurized boiler and/or mill, and to minimize the upward (positive) gas pressure gradient that can
in turn actually increase the arching potential of the coal, depending on the permeability of the coal.
The finer the coal, the more adverse this latter effect will be - this applies to atmospheric boilers as
well, if the seal air is supplied by positive pressure fans.  Proper analysis must be used to determine
the minimum height requirement for the standpipe.

When dealing with the high cohesive strength associated with waste coals and other fine, high
moisture coals, the use of slotted outlets is becoming more common.  This type of outlet requires a
rectangular shaped standpipe (Fig. A5) between the hopper and feeder.  The long slot makes the
feeder interface design even more critical, compared to a typical round standpipe, to ensure a fully
active flow channel within the standpipe and to avoid belt slippage, as well as minimize belt wear,
by reducing the material head pressure on the belt.  To provide additional stress relief, alternate
design concepts may be needed.

Figure A5. Rectangular standpipe
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Coal Dust Frequently Asked Questions

Why is BNSF establishing coal dust emission standards?

How extensive is the coal dust problem?

BNSF has been shipping coal from the PRB for decades - why is this coming up now?

What are the coal dust standards?

When will the standards become effective?

What basis does BNSF have for the specific coal dust standards that BNSF has adopted?

Why shouldn't the railroad be responsible for dealing with the coal dust problem instead of coal

shippers and coal mines?

Why can't BNSF deal with the coal dust problem through increased maintenance?

Could the coal dust problem be related to rapid discharge gates at the bottom of the cars?

Are there other possible sources of dust or contaminants in the rail ballast?

What types of remediation measures are available to meet BNSF's coal dust standards?

Have any of these remedial measures ever been used before?

How do you know that these measures would be effective in meeting BNSF's standards?

Does the application of a surfactant require large quantities of water?

If a surfactant is used, where should the surfactant be applied?

Will all PRB coal shippers be subject to coal dust emission standards?

What will happen if a shipper's trains do not meet the coal dust emission standards?

Does BNSF intend to establish coal dust emission standards outside of the PRB?

What information about coal dust emissions on particular trains is BNSF providing shippers?

Why is BNSF establishing coal dust emission standards?

BNSF has established coal dust emission standards to ensure the reliability, efficiency and safety of

coal transportation out of the Powder River Basin (PRB). BNSF has determined that coal dust escaping

from loaded coal cars can foul the ballast along rail lines and can lead to weakened track structure.

Coal dust deposits have even caused fires in areas where coal dust has accumulated. BNSF is seeking

to promote the uninterrupted flow of coal from the mines in the PRB to coal-fired electric generating

stations and to avoid safety hazards, congestion and delays that can result from compromised rail

infrastructure.

Top

How extensive is the coal dust problem?

The amount of coal dust that escapes from PRB coal trains is surprisingly large. While the amount of

coal dust that escapes from a particular coal car depends on a number of factors, including the

weather, BNSF has done studies indicating that from 500 lbs to a ton of coal can escape from a single

loaded coal car. Other reports have indicated that as much as 3% of the coal loaded into a coal car

can be lost in transit. In many areas, a thick layer of black coal dust can be observed along the railroad

right of way and in between the tracks. Given the high volume of loaded coal trains that move each day

in the PRB, large amounts of coal dust accumulate rapidly along the PRB rail lines.
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BNSF has been shipping coal from the PRB for decades - why is this coming up now?

The volume of coal transported out of the PRB over the Joint Line by BNSF and UP has increased

substantially during this decade. As many as 88 loaded coal trains move out of the PRB in a single

day. As PRB coal traffic expanded, the amount of coal dust deposited along the railroad right of way

increased to levels that adversely affected PRB coal train operations. In May 2005, there were two

significant derailments of coal trains in the PRB within a short period of time, resulting in significant

disruption in service and congestion. BNSF determined that the derailments resulted from weakened

track structure caused primarily by a combination of coal dust and high levels of rainfall along with

other factors. Following the derailments, BNSF undertook extensive efforts to study the scope of the

coal dust problem and to identify emission standards that would minimize the accumulation of coal

dust on the roadbed. Those efforts resulted in coal dust emission standards that BNSF has established

for coal trains operating on the Joint Line and on BNSF's Black Hills subdivision.

Top

What are the coal dust standards?

BNSF's coal dust emission standards are contained in Items 100 and 101 of BNSF's Coal Rules

publication called Price List 6041-B. The standards require that coal cars must be loaded in

conformance with a specified loading template. The new coal loading profile produces a more rounded

contour of the coal in coal cars that eliminates the sharp angles and irregular surfaces that can

promote the loss of coal dust when cars are in transit.

BNSF's coal dust emission standards also provide that the amount of coal dust emitted from a train

may not exceed specified levels as measured by trackside monitors (TSM) at two locations on PRB

lines. One TSM is located at milepost 90.7 on the Joint Line and the other TSM is located at milepost

558.2 on BNSF's Black Hills subdivision. A third trackside monitoring station has been constructed on

the Big Horn subdivision and is fully operational.

When will the standards become effective?

BNSF issued Items 100 and 101 of its Price List 6041-B on May 27, 2009. The requirement in those

Items that coal trains meet specific IDV.2 (Integrated Dust Value) limits was originally set to become

effective on November 1, 2009. However, in late October 2009, BNSF notified its shippers that it was

suspending the effective date of the IDV.2 limits until August 1, 2010 to give the Surface Transportation

Board an opportunity to review and affirm the reasonableness of BNSF's coal dust emission standards

and to give PRB coal shippers additional time to evaluate alternative means of complying with the

standards. BNSF also announced in late October 2009 that it was undertaking a large-scale trial of

coal dust mitigation measures so that shippers can obtain more information on the effectiveness of

various mitigation measures. BNSF hopes and expects that its suspension of the effective date of the

coal dust emission standards and the initiation of a new trial of coal dust mitigation measures will

promote voluntary compliance with BNSF's coal dust standards.
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What basis does BNSF have for the specific coal dust standards that BNSF has adopted?

BNSF has been conducting scientific studies of coal dust for several years. Among other things, the

studies have involved collecting and analyzing data on coal dust emissions from thousands of trains.

BNSF has retained and worked closely with engineering consultants to design monitoring devices for

coal dust emissions, to implement protocols for measuring coal dust emissions from particular trains,

and to analyze the results of field tests. With its outside consultants, BNSF has determined that limiting

coal dust emissions to the IDV.2 levels specified in Items 100 and 101 would reduce coal dust

emission levels by about 85%.

Why shouldn't the railroad be responsible for dealing with the coal dust problem instead of coal

shippers and coal mines?

BNSF does not believe that any shipper's commodity that is transported by BNSF should be permitted

to escape from the shipping container and foul the railroad's roadbed or surrounding areas. Coal

shippers are no different from other shippers who are responsible for securing their freight for transit

by rail.

Top

Why can't BNSF deal with the coal dust problem through increased maintenance?

Cleaning up coal dust after it has escaped from the coal cars in transit is not an acceptable alternative

to taking preventive measures to reduce coal dust emissions. Routine maintenance procedures cannot

address the structural problems caused by coal dust that accumulates along the rail lines.

Extraordinary maintenance measures are required to deal with this problem. For example, BNSF has

found that it must increase substantially the frequency of undercutting – where the ballast is removed,

cleaned and replaced – to remove coal dust accumulations. In addition to the high costs of such

operations, the increased maintenance activities can adversely affect service availability and reliability.

Undercutting operations take rail lines out of service for protracted periods of time. This cuts back on

line capacity that would otherwise be available for transporting coal and can lead to congestion and

service restrictions.

Could the coal dust problem be related to rapid discharge gates at the bottom of the cars?

BNSF has done studies over the past three years that have confirmed that while some coal leaks from

rapid discharge gates on coal cars, the vast majority of coal dust that is deposited on the railroad right

of way comes off of the top of loaded coal cars. BNSF therefore believes that proper maintenance of

rapid discharge gates is an important opportunity to reduce the loss of coal in transit, but coal dust

mitigation efforts must focus on reducing the level of coal dust emitted from the top of loaded coal

cars.

Are there other possible sources of dust or contaminants in the rail ballast?

Organic chemistry and x-ray diffraction analysis confirm that the preponderance of material fouling the

rail ballast is coal. Only minute amounts of brake shoe dust or diesel particulates have been found in

the rail ballast.

Top

What types of remediation measures are available to meet BNSF's coal dust standards?

A number of remediation measures are available to reduce coal dust emissions. In addition to the new
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loading profile, chemical agents called surfactants can be sprayed over the loaded coal to keep the

coal in place during transit and to reduce coal dust. Other products and services are being explored

and developed. BNSF is confident that as coal shippers begin to implement remediation measures and

search for the most cost-effective approaches, the market will respond with increasingly effective

remediation technologies.

Have any of these remedial measures ever been used before?

Yes. Coal dust suppression measures have been used extensively in areas outside the PRB. The most

common measure until now has been the application of a surfactant. Surfactants have been used for

several years in Canada by the Canadian Pacific to reduce coal dust emissions. In the eastern United

States, Norfolk Southern has used surfactants along with the grooming of loaded coal cars since the

mid 1970's to limit coal dust emissions. Surfactants are increasingly being used in Australia.

How do you know that these measures would be effective in meeting BNSF's standards?

Since 2005, BNSF has been conducting studies in the PRB of coal dust emissions and various

measures available to reduce those emissions. These studies have confirmed that the use of

surfactants can reduce coal dust emissions to the IDV.2 levels set out in BNSF's coal dust emission

standards. In addition, BNSF announced in late October 2009 that that it was undertaking a large-scale

trial of coal dust mitigation measures so that shippers can obtain more information on the effectiveness

of various mitigation measures. The trial will involve participation by chemical vendors as well as

several mines and coal shippers. Different chemical surfactants will be tested in the laboratory and in

the field on operating coal trains to determine the effectiveness of different products and services in

reducing coal dust emissions. The results will be reported to the test participants. BNSF hopes that

this trial will assist coal shippers and their mine agents to identify effective dust suppression measures.

Top

Does the application of a surfactant require large quantities of water?

Several different chemical agents are available for use as a surfactant to reduce coal dust emissions.

Among these products are low-water surfactants.

If a surfactant is used, where should the surfactant be applied?

It is not feasible for BNSF to apply a surfactant while the loaded coal train is on rail property. Stopping

loaded coal trains on the rail property would disrupt operations on the high volume PRB coal lines and

could have a serious adverse impact on the reliability and efficiency of PRB operations. The most

efficient and effective place to apply the surfactant is at the mine immediately after loading of coal into

the rail car.

Will all PRB coal shippers be subject to coal dust emission standards?

Yes. BNSF is the operator of the Joint Line and is responsible for establishing operating rules that

apply to all trains operating on the Joint Line. The coal dust emission standards set out in Item 100

and Item 101 of BNSF's Coal Rules publication referred to as Price List 6041-B have been issued as

operating rules applicable to all trains operating on the Joint Line and on the Black Hills subdivision.

BNSF anticipates establishing in the near future coal dust emission standards for coal trains operating

over BNSF's Big Horn subdivision.
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What will happen if a shipper's trains do not meet the coal dust emission standards?
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BNSF is hopeful and expects that shippers will comply with the standards and will further address any

specific implementation steps as needed.

Does BNSF intend to establish coal dust emission standards outside of the PRB?

In addition to coal dust emission standards applicable to trains operating on the Joint Line, BNSF has

established coal dust emission standards applicable to coal trains originating in the PRB and operating

over BNSF's Black Hills subdivision. BNSF anticipates setting standards applicable to coal trains

originating in the PRB and operating on the Big Horn subdivision in the near future. In addition, BNSF

is continuing to study the impact of coal dust emissions in areas outside of the PRB.

What information about coal dust emissions on particular trains is BNSF providing shippers?

Since January 2009, shippers whose trains operate over the Joint Line and over BNSF's Black Hills

subdivision have been receiving monthly reports on trains that exceed the coal dust emission levels

specified in Items 100 and 101 of BNSF's Price List 6041-B. In addition, BNSF conducts random field

audits of the loading profiles of coal cars and provides information to shippers and mines on cars that

have a loading profile that deviates from the profile described in BNSF's coal dust emission standards.
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Department of State Lands: 
 
 The following comments are submitted on behalf of Columbia Riverkeeper, Sierra Club, 
the Oregon Environmental Council, National Wildlife Federation, Climate Solutions, the Center 
for Biological Diversity, Greenpeace, Friends of the Columbia Gorge, and the Washington 
Environmental Council on the proposed Ambre Energy /dba/ Coyote Island Terminals, LLC 
(hereafter “Ambre”) Removal-Fill Permit Application No. APP0049123 (hereafter “the permit”). 
The commenters are all non-profit organizations, representing tens of thousands of members, 
dedicated to protecting the environment and natural resources, and to seeking positive solutions 
to the challenge of global climate instability caused by combustion of fossil fuels.  We appreciate 
the opportunity to provide comment, and thank the Department of State Lands (DSL) for its 
cooperation in responding to our public records requests and questions regarding the proposed 
Morrow Pacific coal export project. 
 

The onslaught of coal export terminals proposed within designated critical habitat along 
the Columbia River poses one of the greatest threats in recent history to the river and endangered 
species recovery.  These terminals also threaten public health and the public’s ability to use and 
enjoy the Columbia River.  For these reasons and others described below, we request that DSL 
deny Ambre’s removal-fill permit to construct an 8.8 million ton per year coal export project.  
The science is overwhelming that coal is harmful to human health, our environment, and our 
climate.  In a state committed to combatting the serious threats posed by climate change and 
recovering endangered salmon, there is no “public need” for an 8.8 million ton per year coal 
export terminal, including the in- and over-water work required to operate Ambre’s Morrow 
Pacific project. 

 
Ambre’s project is one of three proposals that would transform the Columbia River into a 

major export route for U.S. coal bound for China and other countries.  The decision to authorize 
such projects will undercut Oregon’s considerable efforts to combat climate instability and 
promote sustainable alternatives. 

 
The Morrow Pacific project would export nearly twice the amount of coal burned at 

Oregon’s only coal-fired power plant, PGE Boardman, which burns up to 5 million tons of coal 
per year.  Once burned in a coal-fired power plant or other industrial boiler, 8.8 million metric 
tons of coal will generate approximately 15.9 million metric tons of CO2 annually—roughly 
equivalent to the emissions of 3.6 million U.S. cars driving around for a year, or about 24% of 
Oregon’s annual carbon emissions.   
 

DSL has discretion to obtain information about the impacts of coal export, including all 
“information that the director deems pertinent and necessary to make an informed decision.” 
ORS 196.825(12)(b).  Unfortunately, DSL deemed Ambre’s application “complete” before 
learning fundamental information about the project’s design and environmental impacts.  The 
Department’s decision is particularly disconcerting given the fact that Ambre has a business 
reputation of misleading local, state, and federal officials in coal export terminal applications.  If 
anything, this fact combined with the Ambre’s promise to build and operate a coal export 
terminal unlike any other in the nation or quite possibly the world, should lead to heightened 
government scrutiny. 
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First, Ambre’s project requires open-air coal trains traveling from Wyoming and 
Montana to Oregon.  These trains will be staged, uncovered, at the Port of Morrow.  The project 
is not, therefore, fully enclosed.   

 
It is entirely unclear if Ambre can deliver on its promise of operating an enclosed coal 

storage facility, enclosed conveyor belts, and enclosed barges.  Commenters are not aware of any 
other coal handling terminal in the U.S. or abroad that handles coal in a “nearly enclosed” 
environment at a quantity even approaching the amount of coal Ambre intends to handle through 
the Morrow Pacific Project.  In Australasia (i.e., Australia, New Zealand, and neighboring 
islands), the largest coal export region in the world, the Port of Tauranga in New Zealand 
operates a 1 million ton per year coal import terminal using indoor storage.1  According to the 
Port of Tauranga, this is the only coal handling facility of its type in Australasia.2  On the east 
coast of Australia, the coal industry is proposing a “first of its type” coal export terminal—the 
Fitzroy Terminal Project—using a covered barge to ocean-going vessel model.  The Fitzroy 
Terminal Project, which is in the initial environmental review stages, has not been permitted and 
does not propose storing coal indoors.3   In general, the vast majority of coal export terminals, as 
well as barges used to ship coal, are not enclosed.  It is also worth noting that every other coal 
proposal in the Pacific Northwest, including Ambre’s Longview proposal, is not enclosed. 

 
Coal—particularly Powder River Basin coal—presents unique management challenges in 

an enclosed environment due to its friability (i.e., dustiness) and self-heating characteristics.  
This is likely one reason why Ambre’s proposed Morrow Pacific Project has no counterparts.  In 
turn, DSL must scrutinize the applicant’s novel coal export plans to determine if, in fact, the 
project as promised is even feasible. 
 

Specifically, given Oregon’s inexperience permitting coal terminals, Ambre’s promises 
to operate a first-of-its-type coal export project, and the inherent challenges in managing coal in 
an enclosed environment, DSL should carefully assess the technical feasibility of Ambre’s 
proposal.  The Department will ultimately rely on Ambre’s project proposal (i.e., a nearly fully 
enclosed coal export terminal) as the basis for reaching its statutory determinations under the 
Removal-Fill Law and its implementing rules.  If DSL issues a permit for the first coal dock in 
Oregon and Ambre later determines that its indoor storage and enclosed barge plans are in fact 
not technologically or financially feasible, DSL would have no mechanism to turn back the clock 
and analyze the actual project’s impacts.  The in- and over-water infrastructure would be 
permitted and built. 

 
At the very least, DSL should review all pertinent environmental, economic, and human 

health impacts, including a thorough Environmental Impact Statement, before issuing or denying 

                                                           
1 Port of Tauranga, http://www.port-tauranga.co.nz/images.php?oid=1185. 

2 Port of Tauranga, http://www.port-tauranga.co.nz/images.php?oid=1187. 

3 Fitzroy Terminal, http://www.mitchellgroup.net/main-menu/ports/fitzroy-terminal-. 
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the removal-fill permit.4  We believe that it would be irresponsible for Oregon to make a 
decision on any permits for the state’s first operational coal terminal without carefully evaluating 
impacts to our communities and the Columbia River in a full EIS.  In addition, DSL should not 
act on the permit application until the Oregon Department of Environmental Quality completes a 
401 water quality certification for the dock.5  The 401 process will help inform DSL on the 
project’s impacts to water quality and aquatic organisms.   
 

I. Ambre’s Morrow Pacific Coal Export Project.    
 

Ambre proposes to build Oregon’s first coal export operation using two Columbia River 
port sites.  The U.S. Army Corps of Engineers’ (Corps) Public Notice for the project explains 
Ambre’s proposal: 

 
The proposed project involves construction of a new transloading facility for bringing 
coal in from Montana and Wyoming by rail and transferring it to barges on the Columbia 
River at the Port of Morrow. The transloading facility would include nine dolphins, 
walkways, a fixed dock, and a conveyor system for loading coal along with enclosed 
warehouses in the uplands for storing coal prior to loading onto the barges. 
Approximately 140 permanent piles ranging from 14 to 24 inches in diameter and 110 
temporary 16-inch diameter piles would be installed to complete the project. Over 15,000 
square feet of new overwater structure would be constructed.   
 

Corps No. NWP-2012-56 Public Notice (Mar. 6, 2012) (hereafter “Corps Public Notice”).  
Ambre proposes to ship coal over 200 miles down the Columbia to the Port of St. Helens’ Port 
Westward property.  At Port Westward, Ambre will load coal onto ocean-going “Panamax” 
vessels to be shipped to Asia.  According to the Corps’ Public Notice, Ambre proposes to ship 
3.85 million tons of coal per year “initially.”  The Corps notice states:  
 

At maximum capacity, the facility would be able to handle 8.8 million tons. That would 
translate to approximately 5 trains to Port of Morrow, 5.5 loaded barge tows from Port of 
Morrow to Port Westward, and 1 Panamax ship to Asia per week initially, increasing to 
11 trains, 12 loaded barge tows, and 3 Panamax ships per week at full build out. 

 

                                                           
4 An EIS would be completed pursuant the National Environmental Policy Act as part of the U.S. 
Army Corps of Engineers’ permitting process.  To date, the Corps has not prepared an 
Environmental Assessment (EA) or EIS. 
 
5 The Corps is currently seeking public comment on a Rivers and Harbors Act § 10 permit for the 
project.  In turn, DEQ must issue a Clean Water Act § 401 water quality certification before 
Ambre can undertake the proposed in- and over-water work.  See e.g., EPA Factsheet on 401 
Certification, http://www.epa.gov/owow/wetlands/facts/fact24.html (“The major Federal licenses 
and permits subject to Section 401 are Section 402 and 404 permits (in nondelegated States), 
Federal Energy Regulatory Commission (FERC) hydropower licenses, and Rivers and Harbors 
Act Section 9 and 10 permits.”) (emphasis added). 
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Notably, Ambre’s Joint Permit Application (JPA) to the Corps and DSL fails to disclose any 
information related to the volume of coal handled or the number of trains, barge, and Panamax 
ships required to export coal.  While the Corps’ public notice is instructive, DSL lacks critical 
information from the applicant about the scope of the project and its impacts to state water 
resources. 
 
 Under Oregon’s Removal-Fill Law, ORS 196.800 et seq. and its implementing rules, 
OAR 141-085-0500 et seq., DSL cannot issue a removal-fill permit unless it determines that “the 
project” meets the requirements of ORS 196.825 and OAR 141-085-0565.  While the statute 
does not define “project,” DSL’s implementing rules define “project” as “the primary 
development or use, having independent utility, proposed by one person.  A project may include 
more than one removal-fill activity.”  OAR 141-085-0510(69); see also OAR 141-085-0510(70) 
(defining “project site” as “the geographic area upon which the project is being proposed.”).  The 
rules further state: “ ‘Independent utility’ as used in the definition of ‘project,’ means that the 
project accomplishes its intended purpose without the need for additional phases or other 
projects requiring further removal-fill activities.”  OAR 141-085-0510(41). 
 
 To determine if Ambre’s project meets the requirements of Oregon’s Removal-Fill Law, 
DSL first must determine what constitutes “the project.”  The authority to issue or deny a permit 
rests with DSL and, in turn, it is the Department’s duty—regardless of the applicant’s opinion—
to determine what constitutes “the project.”   

 
 Under DSL’s rules, the “primary development or use” for Ambre’s Morrow Pacific 

Project encompasses, at a minimum, the development of two coal transloading facilities on the 
Columbia River, and the movement of vessels on the Columbia River to achieve the project’s 
objective: export coal.  First, the Morrow Pacific Project, which includes development at the Port 
of Morrow and Port Westward, is “proposed by one person”: Ambre Energy.  Second, Ambre’s 
development activities at the Port of Morrow do not have “independent utility” in relation to 
Ambre’s project at Port Westward.   

 
To demonstrate “independent utility,” Ambre must show that the “project accomplishes 

its intended purpose without the need for additional phases or other projects requiring further 
removal-fill activities.”  As Ambre’s application makes clear, the Port of Morrow coal export 
development cannot “accomplish its intended purpose” but for the additional phase of 
development at Port Westward.  Specifically, without Ambre’s Port Westward development, coal 
would be stranded on barges in the Columbia River.  The Corps’ public notice acknowledges that 
Ambre’s developments at the Port of Morrow and Port Westward constitute one “project.”  See 
Corps Public Notice at 1 (identifying the project location and stating “The Section 10 regulated 
activity is located in the Columbia River at the Port of Morrow, Morrow County, Oregon 
(Section 2, Township 4 North, Range 25 East). Related project activities take place from Port of 
Morrow to Port Westward near Clatskanie, Columbia County, Oregon (Section 16, Township 8 
North, Range 4 West).”).   

 
Ambre’s Port Westward operations will negatively impact the Columbia River Estuary’s 

fragile aquatic environment, including impacts from barge traffic, barge staging, Panamax vessel 
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traffic and associated wake stranding and ballast water discharges, coal spillage, and coal dust.  
DSL must consider these impacts in reaching its determination on Ambre’s permit application. 

 
Ambre’s development activities at the Port of Morrow and Port Westward also lack 

“independent utility” because the Port Westward transloading operation will likely require 
additional “removal-fill activities.”  See e.g., OAR 141-085-0510(41) (stating “‘Independent 
utility’ as used in the definition of ‘project,’ means that the project accomplishes its intended 
purpose without the need for additional phases or other projects requiring further removal-fill 
activities.”) (emphasis added).   

 
A week before submitting its Joint Permit Application to the Corps and DSL, Ambre 

executed a lease with the Port of St. Helens.  The lease expressly contemplates in- and over-
water activities at Port Westward, including barge mooring and dock improvements.  Yet Ambre 
filed its application with DSL a week later and stated that “[n]o in- or over-water work is 
required at Port Westward.”  See JPA (received by DSL Feb. 1, 2012).  These inconsistent 
actions, combined with Ambre’s lack of material disclosure to state and federal officials during 
the Millennium coal export permitting process in Washington State, should be a red flag: DSL 
must carefully scrutinize Ambre’s representations on its project plans and impacts. 

 
Specifically, according to Ambre’s January 25, 2012 lease with the Port of St. Helens, the 

company plans to install “additional barge tie-off pilings, mooring buoys or dolphins.”   Section 
4.3 of the lease states: 

 

 
 
The barge mooring improvements described above would require additional “removal-fill 
activities.”  Moreover, given the amount of coal Ambre proposes to barge (8.8 million tons per 
year), which requires moving and staging twelve (12) loaded and twelve (12) unloaded barge, it 
is reasonable to believe that Ambre will require additional removal-fill activities for barge 
mooring at Port Westward.6  Assuming Ambre uses a four (4) barge tow, this equals a total of 48 
individual loaded barges and 48 individual empty barges.   

 
The lease also calls for investigating capital improvements at the existing Port Westward 

dock, stating: 

                                                           
6 OAR 141-085-0510(41) refers to “removal fill activities.”  In turn, DSL must analyze whether 
Ambre requires additional removal-fill activities, not whether the Port Westward development 
requires additional removal-fill permits.  For example, a project may involve removal-fill 
activities, such as pile driving or dredging, but not require a removal-fill permit based on the 50 
cubic yard permit threshold in non-ESH waters.  
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See generally Port of St. Helens-Pacific Transloading, LLC Lease (Jan. 25, 2012), § 7.   
 

In short, a mere week after executing a lease with the Port of St. Helens—a lease that 
contains extensive discussion of in- and over-water capital improvements—Ambre represents to 
DSL that “[n]o in- or over-water activities is needed at Port Westward.”  Ambre’s 
representations, and potential lack of material disclosure, have direct bearing on DSL’s 
determination of what constitutes “the project” and, in turn, whether Ambre can obtain a 
removal-fill permit.   
 

In addition, state law requires that Ambre provide “complete and accurate information in 
the [removal-fill permit] application.”  Specifically, OAR 141-085-0550(2) states that “[f]ailure 
to provide complete and accurate information in the application may be grounds for 
administrative closure of the application file or denial, suspension or revocation of the 
authorization.”  Before proceeding any further with the permitting process, DSL must determine 
if Ambre provided “complete and accurate information.”  In Ambre’s first failed attempt to build 
a coal export terminal on the Columbia, Ambre failed to disclose complete and accurate 
information to local, state, and federal regulators in Washington State.  See Exhibit (Exh.) 1.  
Ambre’s lack of material disclosure and misrepresentations to government officials in 
Washington State ultimately prompted the company to withdraw its permit applications in 2011.  
Exh. 2.  
 
 Ambre’s zeal for operating a coal export terminal on the Columbia River is no excuse for 
failing to submit a complete, accurate application that discloses fundamental project details.  
This is particularly true when the failure to provide complete and accurate information informs 
DSL’s legal determination of what constitutes “the project.”  Before proceeding further with 
processing the application, the Department should: (1) determine if Ambre failed to provide 
“complete and accurate information” in its application, and (2) deny the application if DSL 
determines that Ambre failed to do so.   
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II.        DSL Prematurely Deemed the Application “Complete” and Lacks Critical 
Information on the Project’s Impacts.  

 
 DSL cannot initiate the agency and public input process until the application is deemed 
“complete.”  ORS 196.825(12)(b); OAR 141-085-0555.  The purpose of the completeness 
determination is to ensure that DSL has the minimum information necessary to determine if the 
application complies with the requirements of the Removal-Fill Law and its implementing rules.  
See OAR 141-085-0550(4) (“The applicant is responsible for providing sufficient detail in the 
application to enable the Department to render the necessary determinations and decisions. The 
level of documentation may vary depending on the degree of adverse impacts, the level of public 
interest and other factors that increase the complexity of the project.”).  After DSL makes the 
completeness determination, it must issue or deny the permit within ninety (90) days or obtain an 
extension from the applicant.   
  
 DSL deemed Ambre’s application “complete” on March 1, 2012 and began the thirty (30) 
day public comment period.  DSL’s decision leaves state agencies, which DSL relies on for 
expertise,7 tribes, and members of the public without basic information about how Ambre plans 
to operate a first-of-its-type coal export terminal.  This includes the impacts of in-water work and 
above-water structures on endangered and threatened salmon and steelhead, as well as the 
project’s impacts on water quality and tribal and recreational fishing, among other things.   
 
 As an initial matter, Ambre’s application lacks basic information about the project’s size, 
design, and scope.  For example, Ambre failed to disclose the quantity of coal it intends to 
handle in the JPA.  It is entirely unclear how DSL can reach any statutory determinations, 
including conducting an alternatives analysis, public need analysis, and determinations on 
impacts to state waters without this fundamental information.   
 
 Ambre also failed to disclose the number of barges and ocean-going vessels that the 
project will require.  How can DSL determine whether the project will “unreasonably interfere 
with the paramount policy of the state to preserve the use of its waters for navigation, fishing and 
public recreation” without basic information on the project’s use of barges and Panamax vessels?   
See e.g., ORS 196.825(1)(b) (requiring DSL to determine that the project will not “unreasonably 
interfere with the paramount policy of the state to preserve the use of its waters for navigation, 
fishing and public recreation.”).  Based on public records requests to DSL, there is no record of 
the applicant filing any supplemental application materials to address these basic project 
components.   
 
                                                           
7 DSL’s Removal-Fill Guide (Nov. 2011) notes: “DSL relies on comments from other state 
agencies for certain expertise.  For example, DSL will rely on comments from ODFW regarding 
project effects to fish habitat, DEQ regarding effects to water quality, and OSMB regarding 
effects to recreational boating.”  Removal-Fill Guide at 6-9.  It is unclear how state agencies such 
as ODFW and DEQ can provide meaningful comments on the removal-fill permit criteria 
without the benefit of Ambre’s frequently referenced, but undisclosed, Environmental Review 
Document and Biological Assessment. 
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 Ambre’s application also lacks basic information on the project’s design.  The application 
states: “At the transfer/transloading facility, coal is nearly fully enclosed as it moves from train 
to storage facility to covered barge . . . .”   JPA at 3.  The application further states: “The coal 
will be offloaded into enclosed buildings and transferred into covered barges by enclosed 
conveyors.”  JPA at 3.  The application contains no information, beyond general statements and 
promises of an “environmentally responsible” facility, which explain how Ambre can operate a 
“nearly fully enclosed” 8.8 million ton per year coal export terminal.  For example, the 
application lacks basic information on project design and engineering that address the following 
questions—questions that speak directly to DSL’s statutory and regulatory determinations on 
removal-fill permits.  
 

• How will Ambre handle 8.8 million tons of coal per year in a “nearly fully enclosed” 
terminal? The application fails to disclose any narrative or engineering drawings that 
explain how this “nearly fully enclosed” facility will operate.  In turn, DSL has no way of 
independently evaluating or verifying if Ambre can deliver on its promise of handling 
nearly 9 million tons of coal per year in a “nearly fully enclosed” environment, including 
an “enclosed” over-water coal conveyor system.  In 2010, Ambre proposed an uncovered, 
5 million ton per year coal export terminal in Longview, Washington.  It is unclear why 
the project applicant now believes that a covered terminal, handling nearly double the 
quantity of coal each year, can operate in a fully enclosed environment. 8   
 

• How long will Ambre stage uncovered trains at its Port of Morrow coal export facility? 
Trains delivering coal from the Power River Basin are typically 1.5 miles long.  Exh. 3.  
To date, Ambre has made no claim that its coal trains will be covered, which is consistent 
with the industry practice of saving money by transporting coal in uncovered trains.  Exh. 
4.  In attempting to control coal dust from trains, the coal industry has used surfactants 
and coal loading techniques to varying degrees of success.  Id.  It is unclear if coal trains 
delivering coal to the Ambre terminal will use any techniques to reduce coal dust 
emissions and, in turn, coal-laden process wastewater and stormwater.  Moreover, even if 
such techniques are employed, fugitive coal dust remains an ongoing problem for the coal 
industry.  Id.; Exhs. 5; 24; 25.   

 
• How will Ambre dispose of wastewater contaminated with coal dust? Coal handling 

facilities generate large amounts of coal dust.  Exh. 4.  This is true for both coal storage 
facilities that are located outdoors, as well as enclosed facilities.  Exh. 6.  One of the most 
common industry practices for attempting to suppress coal dust is spraying coal piles 
with water and/or chemicals.  Id.; Exh. 7.  In turn, coal handling facilities typically 
generate large amounts of coal-contaminated wastewater.  Ambre’s application contains 
no discussion of how it intends to handle coal-contaminated wastewater generated during 
the storage of 8.8 million tons of coal or on the dock.  This issue is directly relevant to 
DSL’s determinations under the Removal-Fill Law.   
 

                                                           
8 Ambre recently resubmitted its Shoreline Management Act application for the Longview coal 
export terminal.  Ambre now proposes to export 44 million tons of coal per year at the Longview 
“Millennium” terminal.   Exh. 30. 
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• How will Ambre discharge coal-contaminated stormwater? Ambre’s application fails to 
acknowledge, let alone address, handling and treatment of contaminated stormwater.  
Like process wastewater generated from coal dust suppression, coal terminals are also 
notorious for generating large quantities of contaminated stormwater.  Exhs. 4; 8; 9.  
Even if Ambre can operate a “nearly fully enclosed” coal export terminal, the facility will 
generate coal contaminated stormwater: (1) coal is delivered to the facility in uncovered 
trains; (2) empty coal trains containing coal residue leave the facility (and will 
presumably spend some amount of time exposed to the elements at the facility); and (3) 
fugitive coal dust from the terminal’s operations will contaminate stormwater.   

 
• How will Ambre ensure that coal does not enter the Columbia River when it loads coal 

barges?  Other coal export facilities in the U.S. and abroad face serious challenges 
controlling coal spillage and coal dust during the conveyor-to-ship and/or conveyor-to-
barge loading process.  Ambre’s application states that “[t]he completed conveyor will be 
enclosed and will have a retractable chute to eliminate potential fugitive dust.”  JPA at 4.   
At other coal terminals, operators continue to discharge coal via spillage and dust even 
with the use of “enclosed” conveyors and retractable chutes.  For example, at the AES 
coal export terminal in Seward, Alaska, which handles roughly 1 million tons of coal per 
year, the company continues to face serious challenges controlling coal spillage and dust 
even after enclosing the conveyor system and employing retractable chutes.   

 
 In addition to lacking basic project design information, DSL deemed the application 
complete in the absence of the repeatedly referenced “forthcoming” “Environmental Review 
Document” (ERD) and “Biological Assessment” (BA).  Neither document was available for 
agency, tribal, or public review during the comment period.  Overall, DSL’s completeness 
determination leaves state agencies, which are expected to weigh-in as experts on water quality 
and other aquatic impacts, tribes, and the public without fundamental information on the 
project’s impacts to state waters, public health, and fish and wildlife.  Based on commenters 
request that DSL extend the public comment period, commenters understand that DSL will 
reopen the public comment period after Ambre submits basic information on the project’s design 
and environmental impacts.   
 

III. Ambre’s Project Fails to Meet the Requirements of State Law. 
 

  ORS 196.825 and its implementing rules, OAR 141-085-0565, govern DSL’s decision on 
Ambre’s removal-fill permit application.  Under ORS 196.825(1), DSL must determine that “the 
project” (a) “[i]s consistent with the protection, conservation, and best use” of the state’s water 
resources, ORS 196.825(1)(a), and (b) “[w]ould not unreasonably interfere with the paramount 
policy of this state to preserve the use of its waters for navigation, fishing and public recreation.”  
ORS 196.825(1)(b). 9    
                                                           
9 ORS 196.825(1) states:  
 

The Director of the Department of State Lands shall issue a permit applied for under ORS 
196.815 if the director determines that the project described in the application: 
 (a) Is consistent with the protection, conservation and best use of the water 
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 In 2007 the legislature amended ORS 196.825(1) to require that DSL determine whether 
“the project” meets the criteria in ORS 196.825(1)(a) and (b).  See Or Laws 2007, ch 849, §§19, 
21; see e.g., Examilotis v. Dept. of State Lands, 239 Or App 522, 528, 244 P3d 880 (2010) 
(discussing amendments to ORS chapter 196 and interpreting prior version of ORS 196.825 in 
challenge to DSL’s issuance of a removal-fill permit).  Prior to the 2007 amendments, and 
discussed at length in Examilotis v. Dept. of State Lands, ORS 196.825(1) called for a more 
narrow analysis of “the removal,” as opposed to a broader consideration of “the project.”  Id. at 
534 – 41.  
 
 Consistent with ORS 196.825(1), OAR 141-085-0565(3) requires that DSL determine 
whether “the project” meet specific criteria.  OAR 141-085-0565(3) states: 
 

The Department will issue a permit if it determines the project described in the 
application:  

(a) Has independent utility;  

(b) Is consistent with the protection, conservation and best use of the water resources of 
this state as specified in ORS 196.600 to 196.990; and  

(c) Would not unreasonably interfere with the paramount policy of this state to preserve 
the use of its waters for navigation, fishing and public recreation, when the project is on 
state-owned lands.  

 

(emphasis added).  For the reasons explained below, DSL should deny Ambre’s removal-fill 
permit because it fails to comply with the criteria in ORS 196.825(1) and OAR 141-085-0565(3). 

 

A.         Ambre’s Industrial Dock and Upland Coal Facility at the Port of Morrow 
Lack Independent Utility (OAR 141-085-0565(3)(a)). 

 
OAR 141-085-0565(3)(a) states that “[t]he Department will issue a permit if it determines 

the project described in the application . . . [h]as independent utility.”  Ambre’s application 
narrowly defines “the project” as in- and over-water work to construct an industrial coal export 
dock.  JPA at 2, § 3 (“Proposed Project Information.”).  The applicant acknowledges that “Work 
in and over the water is needed at the site to facilitate the operation of an enclosed close transfer 
facility at the Port of Morrow.”  Id.   
 

DSL must determine whether “the project” as described by the applicant (i.e., a coal dock 
and related in-water structures) has independent utility.  OAR 141-085-0510(41) defines 

                                                                                                                                                                                           
resources of this state as specified in ORS 196.600 to 196.905; and 
 (b) Would not unreasonably interfere with the paramount policy of this state to 
preserve the use of its waters for navigation, fishing and public recreation. 

 
(emphasis added).   
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“independent utility,” stating: ‘Independent utility’ as used in the definition of ‘project,’ means 
that the project accomplishes its intended purpose without the need for additional phases or other 
projects requiring further removal-fill activities.”) (emphasis added).  In this case, DSL cannot 
determine that the in- and over-water structures accomplish their intended purposes “without the 
need for additional phases.”  Specifically, Ambre’s in- and over-water structures cannot 
transload coal without the delivery of coal to the dock via the upland coal terminal.  In turn, 
Ambre must submit a new application that contains a complete description of “the project,” 
including the upland coal export terminal at the Port of Morrow.   
 

Ambre’s application supports a finding that the upland terminal lacks independent utility 
from the in- and over-water work.  In the JPA under “Proposed Action Description,” Ambre 
states: “The proposed action for this permit application includes the construction of a 
commercial loading dock facility (see Figure 1A) at the Port of Morrow, near Boardman, to 
facilitate the Morrow Pacific project.”  JPA at 3, § 4.”  Ambre goes on to explain the “Major 
Components of Work” without addressing any components related to the upland coal terminal.   

 
DSL must reject Ambre’s attempts to narrowly describe “the project” as the in- and over-

water structures because the applicant’s own description of the connection between coal dock 
and upland facility demonstrates that “additional phases” are required to accomplish the project’s 
intended purpose: coal export.  See JPA at 2, § 4 (stating “the in-water work associated with this 
project, including installing dolphins as well as a dock, walkway, and conveyor pilings, is needed 
to transfer coal from enclosed buildings to covered barges at the Port of Morrow, near 
Boardman, Oregon.”) (emphasis added).   
 

B.         Ambre’s Port of Morrow Coal Operations, including the Industrial Dock 
and Upland Coal Facility, and Port Westward Coal Operations Lack 
Independent Utility (OAR 141-085-0565(3)(a)). 

 
 For the reasons explained in Section I, Ambre’s Port of Morrow dock and upland coal 
storage facility lack independent utility from the project’s Port Westward barge-to-ship 
development.  Under OAR 141-085-0565(3)(a), DSL cannot issue the permit because it lacks 
independent utility.  See OAR 141-085-0565(3)(a) (“The Department will issue a permit if it 
determines the project described in the application . . . (a) Has independent utility.”).  
 

C.  The Project is Not Consistent with the Protection, Conservation, and Best 
Use of Water Resources (ORS 196.825(1)(a); OAR 141-085-0565(3)(b)).  

 

Under the ORS 196.825(1)(a) and OAR 141-085-0565(3)(b), DSL must determine if the 
project “[i]s consistent with the protection, conservation and best use of the water resources of 
this state as specified in ORS 196.600 to 196.990.”  ORS 196.825(1)(a).10  Based on the direct 
                                                           
10 Neither the Removal-Fill Law nor its implementing rules define “protection” or 
“conservation.”  When a word of common usage is not defined in the statute, courts give the 
word its “plain, natural, and ordinary meaning.”  See PGE v. Bureau of Labor and Industries, 
317 Or 606, 610 – 12, 859 P2d 1143 (1993).  The dictionary defines “protection” as “[t]he act of 
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impacts of Ambre’s Morrow Pacific Project to the Columbia River, DSL cannot reach a finding 
that the project is “consistent with the protection, conservation and best use of water resources” 
and, therefore, must deny Ambre’s permit application.   

 

Coal handling terminals are notoriously dirty operations, resulting in direct spillage of 
coal into waterways, the direct discharge of coal via fugitive coal dust, as well the discharge of 
coal-contaminated process wastewater and stormwater.  Exhs. 4; 8; 9; 11.  Powder River Basin 
(PRB) coal is particularly dusty and therefore presents a greater challenge when handling near 
open water.  Exh. 12.  A study on PRB coal explains: 

 

PRB coal is extremely friable and will break down into smaller particles virtually 
independent of how the coal is transported or handled. PRB represents the extremes of 
handling problems: dust is an issue when the coal is fine and dry; plugging in bunkers 
and chutes is an issue when the same fine coal is wet. Once PRB coal is exposed by 
mining, the degradation process begins – the majority of the damage can occur in a very 
short time, even as short as a few days. The extent of the degradation that occurs depends 
in large part on the distance to the plant from the mine, i.e., how long the coal is exposed 
to the atmosphere during transportation. Additional factors such as crushed run of mine 
(CROM) size, and specific handling procedures also impact the degradation process. 
Additional decomposition occurs during handling and storage in a pile and bunker, bin or 
silo. We believe the root cause of the degradation is loss of moisture that impacts the coal 
both mechanically and chemically, through the generation of additional surface reaction 
area. The combination of the two is what makes PRB coal so difficult to handle. 

 

Exh. 12 at 1 (emphasis added).  

 

Apparently acknowledging the dirty business of handling coal, Ambre promises a “nearly 
fully enclosed” project at the Port of Morrow and Port Westward.  As an initial matter, it is 
entirely unclear if Ambre can even deliver on its promise of operating a 3.85 million ton per 
year, let alone an 8.8 million ton per year, coal export terminal in a “nearly fully enclosed” 
environment.  PRB coal’s characteristics, including its affinity to self-heatand dusty properties, 
makes containment particularly challenging.  As one study explains: 

 
                                                                                                                                                                                           
protecting or the condition of being protected,” and “protect” as “[t]o keep from damage, attack, 
theft, or injury.”  American Heritage Dictionary 665 (3rd ed 1992).  The dictionary defines 
“conservation” as “[t]he act or process of conserving,” and “conserve” as “[t]o protect from loss 
or depletion; preserve.”  Id. at 186.  Oregon’s Statewide Planning Goals & Guidelines, which 
define both “protect,” “conservation,” and “conserve,” are also instructive.  The Goals define 
“protect” as “[s]ave or shield from loss, destruction, or injury or for future intended use.”  
Oregon Statewide Planning Goals (2010).  Goals also define “conservation” as “[t]he act of 
conserving the environment,” and “conserve” as “[t]o manage in a manner which avoids wasteful 
or destructive uses and provides for future availability.”  Id. 
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Spontaneous combustion of coal is a well-known phenomenon, especially with PRB coal. 
This high-moisture, highly volatile sub-bituminous coal will not only smolder and catch 
fire while in storage piles at power plants and coal terminals, but has been known to be 
delivered to a power plant with the rail car or barge partially on fire. 
 

Exh. 12 at 3.  Another study states: 

 

Self-heating, or spontaneous heating, is a process which results in increase in temperature 
of a thermally-isolated mass of coal or other combustible material.  The phenomenon is 
caused by the heat-generating chemical reactions between the oxidant (oxygen) and the 
fuel (coal).  If the generated heat is removed or absorbed by the surrounding 
environment, then only temperature oxidation will occur.  However, if nothing is done to 
change the condition of the coal undergoing a self-heating process, spontaneous 
combustion will eventually occur. 

 

Exh. 13.   

 

Ambre’s application fails to: (1) address the technical and engineering challenges of 
handling PRB coal in enclosed environments; (2) explain how the company will overcome these 
challenges, as promised in the application; and (3) provide any examples of other coal handling 
facilities in the U.S. or abroad that handle the volume of coal Ambre proposes to handle using 
enclosed storage, an enclosed conveyor belt, enclosed barges, and barge-to-Panamax vessel 
transfer.  These issues are all directly relevant to DSL’s statutory determination on whether the 
project is consistent with the protection and conservation of state water resources.  Namely, if 
DSL issues the project permit, can Ambre achieve the promised level of environmental 
protection?  For the reasons explained herein and described in exhibits to this comment, DSL 
does not have a reasonable basis to make the required statutory finding under ORS 196.825(1)(a) 
given the high level of uncertainty surrounding Ambre’s ability to protect and conserve the 
Columbia River while operating a multi-million ton per year coal export project. 

 

For example, Ambre’s application fails to acknowledge the serious challenges faced by 
other coal handling terminals in the U.S. and abroad in controlling coal dust, let alone at the 
volume of coal Ambre proposes to handle.  Exhs. 4; 7; 8; 9; 12; 24; 25.  Ambre also fails to 
explain how it will operate a fully enclosed conveyor belt that is capable of handling 3.85 to 8.8 
million tons of coal per year.   

 

Similarly, Ambre’s proposed use of a retractable chute to transfer coal into barges is not a 
silver bullet for dealing with coal discharges to the Columbia River.  Even with the use of 
retractable chutes, other coal handling facilities continue to discharge coal into waterways via the 
dust generated during the loading process.   
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If Ambre can engineer and operate a fully enclosed conveyor belt and storage facility, 
Ambre’s Port of Morrow operations will nonetheless impact the Columbia River through the 
discharge of coal and coal dust.  Coal may be exposed to the Columbia River through process 
wastewater and stormwater discharges resulting from coal spillage and fugitive coal dust 
resulting from the movement and storage of open coal trains and the coal storage facility.  Exh. 
4; 7 (describing water resource impacts from coal terminals).  Studies demonstrate that coal 
directly harms salmon.  Exh. 14.  DSL must account for these impacts when determining whether 
the project is inconsistent with the protection and conservation of state water resources and, in 
turn, deny the permit.   

 

DSL also lacks a reasonable basis to determine that Ambre’s proposed industrial dock is 
consistent with the protection and conservation of water resources.  Ambre’s project at the Port 
of Morrow calls for 572 cubic yards of permanent fill above the high water mark and 153 cubic 
yards of temporary fill below the high water mark.  Ambre’s elevated fixed dock will be six (6) 
feet wide and 275.5 feet long and supported by five (5) bents.  Each bent consists of two (2) 16-
inch diameter steel pile.  The elevated conveyor will be thirty (30) feet wide and 270 feet long, 
supported by three (3) reinforced concrete capped support bents.  Ambre also plans to construct a 
1,160 foot long walkway, supported by thirty (30) bents, two mooring dolphins, and seven 
breasting dolphins.  The total above-surface water area of impact is 15,151 square feet.   

 

The proposed dock and associated structures will result in a significant addition of 
industrial infrastructure within designated critical habitat in this section of the Columbia River.  
Ambre’s dock will result in the direct loss of critical habitat.  The dock will also increase shading 
along the Columbia’s shoreline, which in turn causes more favorable conditions for salmon and 
steelhead predators.  ODFW’s Residential Dock Guidelines explain: 

 

Docks and ramps leading to docks create very dark shadows which in turn create 
conditions more favorable to predation.  Over-water structures create a light/dark 
interface which allows ambush predators to hold in the darkened areas and watch for prey 
against a bright background.  Prey cannot see into the dark shadow and therefore are less 
successful at avoiding predators.  Shadows caused by docks also have a negative effect 
on aquatic macrophytes, epibenthic algae and pelagic phytoplankton.  Aquatic plants are 
the foundation for most aquatic food webs.  Reducing plant diversity and productivity can 
have adverse effects to higher organisms (invertebrates, fishes, amphibians, birds and 
various terrestrial animals). 

 

Exh. 27 at 2.  Although ODFW has not published industrial dock guidelines, the dock shading 
impacts described in the Residential Dock Guidelines should inform DSL’s decisions on 
industrial docks.  Ambre’s application briefly states that the proposed height of the dock will 
address predation impacts by reducing shading.  DSL must assess independently whether this is 
in fact the case, and whether the other in- and over-water structures will lead to increased 
shading and predation within designated critical habitat.  In the end, DSL cannot conclude that 
the project’s in- and over-water industrial infrastructure are consistent with the “protection, 



 
Columbia Riverkeeper et al. Public Comments 
Coyote Island Terminals, LLC Removal-Fill Permit Application 
Page 16 

conservation and best use” of water resources given the direct and indirect impacts of the 
infrastructure on aquatic habitat. 

 

Likewise, DSL cannot determine that the Morrow Pacific project is “consistent with the 
protection, conservation and best use” of the Columbia River given the impacts of the Morrow 
Pacific project’s barge operations.  According to the Corps’ public notice, but not disclosed in 
Ambre’s removal-fill permit application, Ambre’s project will handle 8.8 million tons of coal per 
year, which translates to twelve (12) loaded and twelve (12) unloaded barge tows per week for a 
total of 24 river trips.  Assuming Ambre uses four (4) barges per tow, this equals a total of 48 
individual loaded barges and 48 individual empty barges.  DSL must consider how this 
significant increase in river barge traffic, in conjunction with existing barge traffic, “protect[s]” 
and “conserv[es]” the Columbia River and is “the best use” of the Columbia as a trade corridor 
and recreational river.  The impact of barge traffic on the Columbia River is discussed in greater 
detail below.  See infra at 19.  Ambre’s proposal to significantly increase barge traffic on the 
Columbia for coal export is not consistent with the protection, conservation, and best use of state 
water resources.  

 
 
The Morrow Pacific project is also not “consistent with the protection, conservation and 

best use of the water resources” based on the project’s impacts at Port Westward.  On a weekly 
basis, Ambre will stage between a dozen to over fifty individual barges at Port Westward, 
located in the Columbia River Estuary.  This area of the Columbia River is designated “critical 
habitat” for every listed species of salmon and steelhead on the Columbia, as well as other ESA-
listed species including green sturgeon and eulachon.  Exhs. 15; 16.11  DSL cannot reach a 
statutory determination on whether the project “is consistent with the protection, [and] 
conservation” of the water resources without understanding how staging dozens of barges in 
near-shore habitat would impacted endangered and threatened species.  

  
 
To date, Ambre has not submitted a Biological Assessment on the Morrow Pacific 

Project.  In turn, the National Marine Fisheries Service and U.S. Fish and Wildlife Service have 
not released a Biological Opinion describing the project’s impact on endangered and threatened 
species and designated critical habitat.  Moreover, without a Biological Assessment from the 
applicant, ODFW lacks basic information to inform comments on the removal-fill permit.  As 
DSL is aware, in the application, Ambre did not disclose any ESA-listed species at Port 
Westward and, instead, limited its discussion of ESA-listed species to Port of Morrow.   

 
 
Finally, the Morrow Pacific project is not “consistent with the protection, [and] 

conservation . . . of the water resources of this state” based on the project’s greenhouse gas 
(GHG) emissions.  As noted above, Ambre’s proposal to export 8.8 million tons of coal is nearly 
twice the amount of coal burned at Oregon’s only coal-fired power plant, PGE Boardman.  Once 

                                                           
11 See http://www.nwr.noaa.gov/Salmon-Habitat/Critical-Habitat/CH-GIS-Data.cfm (Columbia 
River salmon and steelhead critical habitat designations). 
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burned in a coal-fired power plant or other industrial boiler, 8.8 million metric tons of coal will 
generate approximately 15.9 million metric tons of CO2 annually, or about 24% of Oregon’s total 
carbon emissions.  The impacts of west coast coal exports on increased GHG emissions is 
addressed at length in Exhibit 21.  In addition to exporting coal for consumption overseas, the 
project will cause increased GHG emissions in Oregon through rail, barging, and storage 
facilities.   

 
In 2007, the United Nations’ Intergovernmental Panel on Climate Change (“IPCC”) 

released its frequently cited report reflecting the new scientific consensus that unrestrained GHG 
emissions are causing global warming.  As summarized by the UN in a press release: 
 

The IPCC, which brings together the world’s leading climate scientists and 
experts, concluded that major advances in climate modeling and the collection 
and analysis of data now give scientists “very high confidence”—at least a nine 
out of ten chance of being correct—in their understanding of how human 
activities are causing the world to warm.  This level of confidence is much greater 
than the IPCC indicated in their last report in 2001.  The report confirmed that it 
is “very likely” that greenhouse gas emissions have caused most of the global 
temperature rise observed since the mid-twentieth century.  Ice cores, going back 
10,000 years, show a dramatic rise in greenhouse gases from the onset of the 
industrial age.  The co-chair of the IPCC working group stated, “There can be no 
question that the increase in these greenhouse gases are dominated by human 
activity. 
 

The United Nations went on to summarize the key findings of the report: 
 

The report describes an accelerating transition to a warmer world—an increase of 
three degrees Celsius is expected this century—marked by more extreme 
temperatures including heat waves, new wind patterns, worsening drought in 
some regions, heavier precipitation in others, melting glaciers and arctic ice, and 
rising global average sea levels. 
 

 Scientific analysis since then has demonstrated that the urgency to act on climate impacts 
is even greater than it was in 2007.  The recent Copenhagen Climate Science Congress, attended 
by 2,000 scientists, concluded with this “Key Message 1:” 
 

Recent observations confirm that, given high rates of observed emissions, the 
worst-case IPCC scenario trajectories (or even worse) are being realized.  For 
many key parameters, the climate system is already moving beyond the patterns 
of natural variability within which our society and economy have developed and 
thrived.  These parameters include global mean surface temperatures, sea-level 
rise, ocean and ice sheet dynamics, ocean acidification, and extreme climatic 
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events.  There is a significant risk that many of the trends will accelerate, leading 
to an increasing risk of abrupt or irreversible climatic shifts.12 
 
Numerous studies predict severe impact from climate change in Oregon, including 

dramatic reductions in snowpack, declining river flows, increased deaths from temperatures and 
air pollution, increased risk of wildfires, loss of salmon and shellfish habitat, lost hydropower 
generation, and flooding.  The Oregon Department of Energy summarizes these impacts, 
including impacts specific to “the water resources of the state: 

 
Rain and Snow Patterns 
Rainstorms and snowstorms could increase in severity, but less 
snow would build up in the mountains. Snowpacks might melt faster, increasing flooding. 
Less water would be available for recreation, irrigation, drinking and fish habitat. The 
concentration of pollutants in the water could increase during summer and fall. 

Sea Level Rise 
A rise in sea level could threaten beaches, sandy bluffs and coastal wetlands. Coast towns 
could experience more flooding, causing increased damage to roads, buildings, bridges 
and water and sewer systems. 

Diminished Water Supplies and Crop Productivity 
Oregon’s crops and livestock could be affected by warmer temperatures, less water 
availability and drier soils. Some crops, such as wheat, might thrive in warmer 
temperatures, while others, such as potatoes, could be harmed. Less water available for 
irrigation would harm agriculture. 

 
Ecosystems 
Native species adapted to Oregon’s climate could suffer if temperatures rise. Warmer 
streams and rivers would harm salmon and other native species and non-native species 
could replace them. The cultural practices of Oregon’s tribes could be affected, as could 
the businesses and recreation practices of those who rely on the state´s native species. 
 

Exh. 17.  Based on the substantial increase in GHG emissions associated with the Morrow 
Pacific Project, DSL cannot reach the required statutory determination that the project is 
consistent with the protection and conservation of the water resources of the state.13    

 

                                                           
12 International Scientific Congress Climate Change: Global Risks, Challenges, and Decisions 
(Mar. 12, 2009). 
13 In addition to GHG emissions, the burning coal in Asia also increases mercury deposition in 
Oregon, including mercury deposition in Oregon’s rivers.  Exhs. 29; 31.  This further 
demonstrates the project is not consistent with the protection and conservation of state water 
resources. 
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D. DSL should Deny the Permit because the Project would Unreasonably Interfere 
with Navigation, Fishing and Public Recreation (ORS 196.825(1)(b); OAR 141-085-
0565(3)(c)). 

 

ORS 196.825(1)(b) states that the Department “shall issue a permit . . . if the director 
determines that the project described in the application . . . (b) Would not unreasonably interfere 
with the paramount policy of the state to preserve the use of its waters for navigation, fishing, 
and public recreation.”  (emphasis added).  See also OAR 141-085-0565(3)(c) (“The Department 
will issue a permit if it determines the project described in the application . . . . [w]ould not 
unreasonably interfere with the paramount policy of this state to preserve the use of its waters for 
navigation, fishing and public recreation, when the project is on state-owned lands.”) (emphasis 
added).  Based on the requirements of ORS 196.825(1)(b) and OAR 141-085-0565(3)(c), DSL 
must deny Ambre’s permit application for the Morrow Pacific Project because it would 
unreasonably interfere with the state’s policy of preserving the Columbia River for navigation, 
fishing, and public recreation.   

 

As noted above, Ambre’s project calls for building a new, 1,160 foot long dock with an 
above-surface water area of 15, 151 feet.  The project also calls for significantly increasing the 
amount of barge and ship traffic on the Columbia River.  At the Port of Morrow, the proposed 
coal dock is located within two (2) miles of a recreational dock.  User-conflict already exists 
between current barge traffic and fishing and public recreation.  Ambre’s barge and ship traffic 
will contribute to the existing conflicts.  For example, Ambre’s barge route will directly impact  
sections of the Columbia River, including Arlington, The Dalles, Rowena, Hood River, Cascade 
Locks, Portland, and Estuary communities downstream of Bonneville dam, which are currently 
used for fishing and public recreation, including, boating, kayaking, canoeing, windsurfing, and 
kiteboarding.   

 

The project will also increase Panamax ship traffic in the Columbia River Estuary (i.e., 
between Port Westward and the mouth of the Columbia River).  At coal export terminals on the 
east coast, delay in coal transport recently resulted in major traffic jams caused by ocean-going 
vessels awaiting coal transfers.  Exh.  23.  At Port Westward, Ambre’s coal operations are 
located within close proximity to private and public fishing and recreational docks.   In turn, 
DSL must carefully assess whether the project’s barge and ship traffic “unreasonably interfere” 
with the state’s policy of preserving the Columbia River for navigation, fishing, and public 
recreation.  Based on this analysis, DSL should deny the removal-fill permit.  

// 

// 
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E.  DSL should Deny the Removal-Fill Permit because the Morrow Pacific 
Project Fails to Comply with the Factors in ORS 196.825(3) and OAR 141-
085-0565(4). 

 

In reaching its decision on whether to issue or deny Ambre’s permit, DSL must consider 
the factors in ORS 196.825(3) and OAR 141-085-0565(4).14  See ORS 196.825(3) (“In 
determining whether to issue a permit, the director shall consider all of the following . . . .”); 
OAR 141-085-0565(4) (“Department Considerations. In determining whether to issue a permit, 
the Department will consider all of the following . . . .”).  DSL’s analysis of the factors in ORS 
196.825(3) and OAR 141-085-0565(4) support and inform the Department’s determinations 
under ORS 196.825(1)(a) and (b).  As noted above, in 2007 the legislature amended ORS 
196.825(1) to require that the Department determine if “the project” is consistent with the 
protection, conservation and best use of water resources, and would not unreasonably interfere 
with the state’s policy to preserve waters for navigation, fishing, and public recreation.  For this 
reason, DSL must assess the project under the factors in ORS 196.825(3) and OAR 141-085-
0565(4).   

 

1. DSL should deny the permit because there is no “public need” 
for the Morrow Pacific Project (ORS 196.825(3)(a); OAR 141-
085-0565(4)(a)). 

 

Under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a), DSL must assess “[t]he public 
need for the proposed fill or removal and the social, economic or other public benefits likely to 
result from the proposed fill or removal.”  DSL’s determination on the “public need for the 
proposed fill or removal” is a separate, distinct determination from DSL’s determination on “the 
social, economic or other public benefits likely to result from the proposed fill or removal.”  
OAR 141-085-0565(4)(a); see e.g., 1000 Friends of Oregon v. v. Div’n of State Lands, 46 Or 
App 425, 429, 611 P2d 1177 (1980) (describing DSL’s duty to make independent finding on 
public need).   

 

For Ambre’s proposed in-water coal handling facilities (i.e., the dock, dolphins, walkway 
etc.), there is no “public need” for the project.  For example, the proposed removal-fill will not 
support coal facilities to meet a public need for coal in Oregon, Washington, or any other state. 
In addition, DSL cannot determine that there is a public need given the existence of two (2) 
industrial docks within close proximity to the Ambre’s proposed dock.  An existing Cemex 
loader exists approximately 1700 feet upstream from the site Ambre’s proposed dock.  A mere 
700 feet upstream from the proposed dock, Tidewater owns an existing dock constructed in 2007 
for loading ethanol onto barges.  Any alleged “public need” for Ambre’s project is significantly 
undermined by the existing industrial docks within close proximity to Ambre’s leasehold, as well 
as dozens of other industrial docks along the Columbia River.  See infra at 23 (discussing 
Ambre’s inadequate alternatives analysis).  

                                                           
14 The factors in OAR 141-085-0565(4) parrot the permit issuance factors in ORS 196.825(3).    
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In describing the “need” for the project, Ambre argues that foreign countries “need” to 
import coal constitutes a “public need” for the project.  See JPA at 2 – 3, § 4 (stating that 
“[p]rojections by the Federal Government consistently show global energy use growing by 50 
percent over the next 25 years . . . Demand for coal is increasing, particularly among our Asian 
trade allies such as Taiwan, South Korea, and Japan.”).15  DSL should reject Ambre’s argument: 
the demand in foreign countries for a U.S. bulk commodity or product does not demonstrate a 
“public need” under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a).  In particular, if a mere 
representation of demand for U.S. exports satisfied the “public need” analysis under ORS 
196.825(1)(a) and OAR 141-085-0565(4)(a), the criteria would be all but eviscerated.   

 

Furthermore, whether the statutory language supports other countries’ projected needs for 
coal is not the relevant inquiry.  ORS 196.825(3) notes that when the applicant “is a public body” 
that “body’s finding as to local public need and local public benefit” can be relied upon.  ORS 
196.825(3) (emphasis added).  Thus, the statutory language indicates that the public need inquiry 
is locally focused.  While Ambre is not a “public body,” the references to a “local” public need 
and “local” public benefit in ORS 196.825(3) undercut any argument that DSL’s assessment of 
the “public need” includes a “public need” for commodities in foreign countries.   

 

In addition, Ambre’s assertions that energy use is increasing worldwide does not create a 
need to ship dirty coal through Columbia River ports.  There are numerous cleaner sources of 
energy to meet increasing use, and Oregon is a worldwide leader in promoting renewable energy.    

 

Oregon has direct experience with wasting public resources to meet the alleged demand 
for U.S. coal in Asia.  Exh. 18.  The Port of Portland constructed a coal export terminal in the 
1980s, based on promises of a demand for U.S. coal in Asia.  The early 1980s saw a rush of coal 
companies proposing export terminals in Washington and Oregon to satisfy a hungry Asian 
market.  Longview, Kalama, Vancouver, and Astoria all entertained proposals, but the Port of 
Portland bought in.  Portland committed to a 25 year lease with Pacific Coal for 90 acres and 900 
feet of prime riverfront for a coal export terminal.  Governor Atiyeh even broke ground at the 
site with a giant gold‐painted power shovel in 1982.  Id. 

 

The Port and investors spent $25 million building a coal export terminal.  Id.  Two years 
later, the project imploded after Asian markets proved unstable, unreliable, and not-so-hungry.  
After a five-month investigation, the Oregonian reported, “Port and Pacific Coal officials 
heedlessly plunged ahead despite clear warnings that they might never move a solitary lump of 
coal.” 

                                                           
15 Under the plain language of OAR 141-085-0565(4)(a) the Department’s duty to determine the 
“public need” is independent of the duty to assess the alleged economic benefits.  See OAR 141-
085-0565(4)(a) (requiring the Department to assess “[t]he public need for the proposed fill or 
removal and the social, economic or other public benefits likely to result from the proposed fill 
or removal.”).  
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Contractors didn’t get paid, borrowers defaulted, and lawsuits flourished.  By betting on 
coal, the Port wasted prime industrial land, money, and jobs. The Oregonian noted: 

Analysts later determined that coal export failed because the Asian demand was based on 
promises rather than actual long‐term contracts. And international banks studying the 
issue found that the demand for coal had been ‘vastly overstated.’  

Soon after the Port of Portland collapse, nearly all other West Coast coal plans were scrapped.  
Id. 

Furthermore, Ambre’s arguments on the “public need” for coal export are severely 
undercut by Oregon’s commitment to combat climate change.  Beginning in 1997, Oregon made 
a decision to regulate carbon emissions within the state.  That year the legislature passed a first in 
the nation law establishing carbon dioxide limits for new power plants sited in the state.  All new 
baseload gas plants must have net emissions 17 percent below the most efficient gas plant in the 
United States.  In 2009, this law was expanded by SB 101, implementing an emissions 
performance standard for utilities in Oregon.  It prohibited any new long-term (defined as 5 year 
or more) commitment to gas or coal plants with emissions equal to or less than 1,100 pounds of 
CO2 per megawatt hour.   

 

ORS 469A.205 lays out Oregon’s climate change goals.  They include targets to be met 
in 2020 and 2050.  In 2010, PGE announced that it would close Oregon’s only coal-fired power 
plant, PGE Boardman, by 2020.  This coal plant, which burns up to 5 million tons of coal per 
year, is the largest single source of greenhouse gas emissions in the state.  From a regulatory 
standpoint, our investor-owned utilities are required to include a proxy cost for CO2 as part of 
their resource planning process (known as Integrated Resource Planning).   

 

Oregon also has a wide array of policies the state has implemented that demonstrate the 
state’s commitment to reducing CO2 emissions.  For example, Public Purpose Charges on utility 
ratepayers are administered by the Energy Trust of Oregon (ETO), invested in energy efficiency 
and small scale renewable resources.  Since 2002 the ETO has saved 274aMW of energy 
efficiency, enough to power 300,000 homes and enough to avoid 6 million tons of carbon.  
Oregon also has a strong renewable energy standard calling for 25% of our energy demand to be 
met with clean, renewable resources by 2025.  

  

In short, Oregon’s strong commitment to reducing CO2 emissions and acting now to 
combat the serious threats posed by global climate change undercut any claim of a “public need” 
for a removal-fill permit for the project.  

 

In addition to assessing the “public need,” DSL must consider “the social, economic or 
other public benefits likely to result from the proposed fill or removal.”  OAR 141-085-
0565(4)(a).  To address this element, Ambre advances three arguments: (1) the in-water work 
will facilitate the larger Morrow Pacific Project and benefit foreign countries with a high demand 
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for coal, (2) the Morrow Pacific Project supports mining-related jobs nationally, and (3) the 
Morrow Pacific Project creates local, family-wage jobs in Oregon.  See JPA at 2 – 3 (“At the 
Port of Morrow through to Port Westward, the Morrow Pacific project creates local, family-wage 
jobs in Oregon, supports mining-related jobs nationally, and provides low-sulfur coal to Asian 
countries to generate electricity.”).  Neither Ambre’s application nor any other submittals to the 
Department identify the number of jobs created or quantify the amount of economic benefit from 
the Morrow Pacific Project.  In Whatcom County, Washington, where a coal export terminal is 
proposed in Bellingham at Cherry Point, a recent economic study severely undercuts the alleged 
net benefit of coal export terminals.  Exh. 26.  The findings of this study illustrate the tenuous 
nature of Ambre’s promised social and economic benefits.  Furthermore, due to the volatility of 
the international coal market, DSL must temper Ambre’s promise of jobs with the reality of 
market conditions and the likelihood that such jobs would in fact materialize and be sustained.  
Exh. 18. 

 

2.  Considering the availability of alternatives to the project, DSL 
should deny the permit (ORS 196.825(3)(c); OAR 141-085-
0565(4)(c); OAR 141-085-0565(5)). 

 

Under OAR 141-085-0565(4)(c), DSL must consider the“[t]he availability of alternatives 
to the project for which the fill or removal is proposed[.]”  OAR 141-085-0565(4)(c) (emphasis 
added); see also OAR 141-085-0565(5) (“Alternatives Analysis.  The Department will issue a 
permit only upon the Department’s determination that a fill or removal project is consistent with 
the protection, conservation and best use of the water resources of this state and would not 
unreasonably interfere with the preservation of the use of the waters of this state for navigation, 
fishing and public recreation. The Department will analyze a proposed project using the criteria 
set forth in the determinations and considerations in sections (3) and (4) above (OAR 141-085-
0565). The applicant bears the burden of providing the Department with all information 
necessary to make this determination.”) (emphasis added).   

 
Ambre’s alternatives analysis narrowly considers alternative project sites and dock 

designs, as opposed to “alternatives to the project.”  See JPA at 9 – 11; compare OAR 141-085-
0565(4)(d)  (requiring DSL to consider “[t]he availability of alternative sites for the proposed fill 
or removal” (emphasis added) to OAR 141-085-0565(4)(c) (requiring DSL to consider “[t]he 
availability of alternatives to the project for which the fill or removal is proposed[.]”) (emphasis 
added) .  For example, Ambre describes two alternative project sites (Alternative 1 and 2) and 
two alternative project designs (Alternative 3 and 4) at the proposed project site.  Id.   

 
 Ambre’s failure to provide DSL with alternatives to the coal export project does not 
relieve the Department of its duty to conduct an alternatives analysis under OAR 141-085-
0565(4)(c).  For example, the Department can consider alternatives to the coal export via rail-to-
barge-to-ship project model, such as: (1) transloading grain, cement, or another bulk commodity; 
(2) transporting coal via rail directly to ports capable of handling ocean-going vessels; (3) 
exporting Powder River Basin coal at an established coal export terminal; and (4) not exporting 
coal (i.e., no action alternative).   
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In fact, Ambre is already pursuing an alternative to the project on the lower Columbia 
River: the “Millennium Bulk Terminals, LLC” coal export project.  Unlike the Morrow Pacific 
Project, Ambre’s Millennium project calls for shipping coal (44 million tons per year) via rail to 
docks below the Columbia River dams capable of handling ocean-going vessels.  Other coal 
companies are also pursuing alternatives to a rail-to-barge-to-ship coal export terminal.  Kinder 
Morgan recently leased property at Port Westward to operate a 30 million ton per year coal 
export terminal using the rail-to-ship model.  SSA Marine is seeking local, state, and federal 
permits to operate a 50 million ton per year coal export terminal at Cherry Point on Puget Sound.  
The Port of Coos Bay has also entered confidentiality agreements with coal export companies 
exploring rail-to-ship coal export terminals on the Oregon coast.  Finally, the Port of Grays 
Harbor is considering rail-to-ship coal export terminal proposals on the Washington coast.  
Although coal companies, including Ambre, are considering and proposing rail-to-ship coal 
export terminals across the Northwest, Ambre fails to consider this alternative in its application.  
While we certainly do not support any of these projects, their existence demonstrates that Ambre 
has failed to consider alternatives. 

 
Given the level of public health and environmental impacts posed by the Morrow Pacific 

Project, DSL must conduct a rigorous alternatives analysis on the project to determine if a 
removal-fill permit is warranted.  To date, the applicant has not prepared such an analysis and, in 
turn, DSL should not issue the removal-fill permit. 

 

3. DSL should deny the permit because there is no evidence of an 
“economic cost to the public if the proposed removal or fill is 
not accomplished” (ORS 196.825(3)(b); OAR 141-085-
0565(4)(b)). 

 

Under ORS 196.825(3)(b) and OAR 141-085-0565(4)(b), DSL must consider “[t]he 
economic cost to the public if the proposed fill or removal is not accomplished[.]”  Ambre’s 
application lacks any qualitative or quantitative description of the economic cost “to the public” 
if the proposed removal-fill for the project is not accomplished.  DSL therefore lacks any 
grounds to determine the economic cost to the public if DSL denies the removal-fill permit.   

 

Moreover, even if Ambre were to submit information related to the economic cost to the 
corporation, this information would be irrelevant under ORS 196.825(3)(b) and OAR 141-085-
0565(4)(b): DSL’s analysis must consider the economic cost “to the public,” not a private 
corporation.   Furthermore, to the extent Ambre argues an economic cost to the public based on 
the loss of future jobs, DSL should temper its reliance on such representations based on the 
volatility of the coal market and, in turn, uncertainty surrounding the whether the project would 
prosper and create jobs.     

//  
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4. Ambre’s alternative sites analysis is inadequate (ORS 
196.825(3)(d); OAR 141-085-0565(4)(d); OAR 141-085-0565(5)). 

 

In addition to considering alternatives to Ambre’s coal export project, DSL must assess 
“[t]he availability of alternative sites for the proposed fill or removal[.]”  ORS 196.825(3)(d) 
(emphasis added); OAR 141-085-0565(4)(d) (emphasis added).   

 

As an initial matter, DSL must reject the applicant’s incorrect characterization of the 
selected alternative site.  Specifically, Ambre insists on referring to the site as “lower quality fish 
habitat.”  JPA at 9 (stating that “the dock must be located in lower quality fish habitat”).  This 
characterization does not square with the facts.  The Columbia River at the Port of Morrow is 
designated critical habitat for eight (8) ESA-listed species.    

 

Based on profit motives, Ambre wishes to site multiple coal export terminals on the 
Columbia River.  This motive, however, does not change the fact that federal expert agencies 
designated the proposed project area as critical habitat.  JPA at 8 (referring to the project site at 
Port of Morrow and stating “[t]his reach of the Columbia River is designated critical habitat for 
all eight of these [ESUs/DPSs] and contains Essential Fish Habitat (ESH) for Chinook salmon 
and Coho salmon (Oncorhynchus kisutch).”).  The Columbia River is home to thirteen (13) ESUs 
of salmon and steelhead, as well as a number of other ESA-listed species.  In recent decades, the 
government and private parties have invested billions of dollars in recovering salmon and 
steelhead.  To the extent the applicant’s project design requires “lower quality fish habitat”—and 
commenters agree this is the case based on the significant environmental impacts—the applicant 
should consider siting its coal export terminal on a different waterbody.  Simply put: designated 
critical habitat is not “low quality fish habitat.” 

 

Ambre bears the burden of providing DSL with information on alternative sites.  As 
noted above, Ambre identifies two alternative sites: (1) an existing dock and loader, which are 
approximately 1700 feet upstream of the selected site (Alternative 1), and (2) the existing 
Tidewater dock and loader, which are approximately 700 feet upstream of the existing site 
(Alternative 2).  Beyond adjacent sites located within 2,000 feet of Ambre’s proposed coal dock, 
Ambre fails to address any alternative sites on the Columbia River or other waterbodies capable 
of transloading bulk commodities.  Based on the narrow scope of Ambre’s alternatives analysis, 
DSL should deny the removal-fill permit.  

 

5. The Morrow Pacific project fails to conform to the sound policies 
of conservation and would interfere with public health and safety 
(ORS 196.825(3)(e); OAR 141-085-0565(4)(e)). 

 

Under ORS 196.825(3)(e) and OAR 141-085-0565(4)(e), DSL must consider “[w]hether 
the proposed fill or removal conforms to sound policies of conservation and would not interfere 
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with public health and safety.”  As an initial matter, DSL cannot determine that the project 
“conforms to sound policies of conservation” given the complete lack of public need for the 
project.  See supra at Section III.E.1.   

 

Ambre’s project also fails to “conform to the sound policies of conservation” because it 
increases the amount of permanent fill and over-water within designated critical habitat in the 
Columbia River when other, less wasteful alternatives exist to the proposed removal-fill.   
Ambre’s fill and removal calls for 572 cubic yards of permanent fill above the high water mark 
and 153 cubic yards of temporary fill below the high water mark.  See supra at Section III.C.   

 

Ambre’s project also fails to conform to the sound principles of conservation based on 
the direct impacts on the aquatic environment.  While Ambre’s proposal to build a coal dock at 
the Port of Morrow may be ideal for its business model, it is nothing short of “wasteful” given 
alternatives to the removal-fill.  

 

In addition, Ambre’s project would interfere with public health and safety.  Each fully-
loaded coal train is over a mile long, and this proposal would significantly increase the daily 
number of trains along the rail route.  These trains will bisect multiple communities along the 
route, leading to significant traffic delays at grade-crossings.  The delay of only a few minutes 
for an emergency response vehicle can mean the difference between life and death for citizens in 
these communities.  In addition, increased rail traffic will lead to increased collisions between 
passenger vehicles, pedestrians, and trains; there are approximately 3,000 vehicle collisions with 
coal trains each year already, and 900 pedestrian accidents.  Exh. 20.  Coal dust has also been 
shown to be a cause of rail bed instability and derailments, which can pose a significant public 
safety hazard.  Exh. 19.  This is particularly true with coal trains, as coal from the Powder River 
Basin is high flammable.   See Ex. 12.  Finally, the storage of this highly flammable coal at the 
proposed facility poses a public safety hazard, as coal stored in piles has been known to 
spontaneously combust.  Id.   

 

For the reasons explained above, the project’s Port Westward components also fail to 
conform to the sound principles of conservation.  See supra (describing why project is 
inconsistent with preservation and conservation of Columbia River). 
 

6. Ambre’s project fails to conform with existing public uses of the 
waters (ORS 196.825(3)(f); OAR 141-085-0565(4)(f)). 

 

 ORS 196.825(3)(f) and OAR 141-085-0565(4)(f) require that the Department consider 
“[w]hether the proposed fill or removal is in conformance with existing public uses of the waters 
. . . .”  Building a new coal dock in the Columbia River and the larger Morrow Pacific Project 
fail to “conform[] with existing public uses of the water,” namely tribal and recreational uses of 
the waters.  The project’s failure to conform with existing public uses (i.e., fishing and public 
recreation) is addressed supra at Section III.D.   
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7. DSL should deny the application because Ambre failed to propose 
any mitigation aside from small-scale plantings near the Port of 
Morrow coal dock.  

 

ORS 196.825(3)(i) and OAR 141-085-0565(i) require DSL to consider “[w]hether the 
applicant has provided all practicable mitigation to reduce the adverse effects of the proposed fill 
or removal in the manner set forth in ORS 196.800.”   Ambre’s application identifies on-site 
mitigation in the form of reseeding sections of the shoreline impacted by construction.  Although 
Ambre’s application states that mitigation is proposed offsite, see JPA at 15, the applicant fails to 
provide any details on the location, amount, or type of mitigation proposed.  In addition, 
Ambre’s proposed reseeding of the shoreline does not begin to mitigate for other project impacts.  
For example, Ambre’s mitigation fails to mitigate for the effect of shipping large volumes of coal 
to Asia.  Ambre’s proposal also fails to mitigate for impacts to water resources caused by 
interference with recreational activities, wake-stranding, ballast water discharges and impacts to, 
including the loss of, near-shore habitat at the Port of Morrow and Port Westward.  Based on 
Ambre’s failure to provide “all practicable mitigation,” DSL cannot reach the required statutory 
determination under ORS 196.825(3)(i) and OAR 141-085-0565(i). 

 

F. Even if DSL Considers Solely the Impact of the “Fill or Removal” at the Port 
of Morrow Coal Dock, as Opposed to Assessing the Project’s Compliance 
with the Removal-Fill Law, DSL should Deny the Removal-Fill Permit under 
ORS 196.825(3) and OAR 141-085-0565(4).  

 

DSL’s narrow interpretation of the Removal-Fill Law and its implementing regulations, 
discussed at length in Examilotis v. Dept. of State Lands, does not govern the Department’s 
decision on Ambre’s removal-fill permit.  See supra at Section III.E. (explaining why DSL must 
consider the project’s compliance with ORS 196.825(3) and OAR 141-085-0565(4)).   In 
Examilotis, DSL narrowly interpreted the removal-fill permit issuance factors and the Oregon 
Court of Appeals upheld the agency’s interpretation.  239 Or App at 541.  The case, however, 
interpreted a prior version of ORS chapter 196 that is no longer the controlling law.   

 

In 2007, the legislature amended ORS chapter 196, which included amending ORS 
196.825(1).  In the amendments, the legislature changed the requirement that DSL determine if 
the “the removal” meets the factors in ORS 196.825(1)(a) and (b) to a requirement that DSL 
determine if “the project”  meets the factors.  This change must guide DSL’s interpretation of the 
permit issuance factors in ORS 196.825(3).  In particular, the amendments to ORS 196.825(1) 
require DSL to assess the impacts of the project, as opposed to narrowly considering the removal 
or fill (i.e., the narrow impact of individual pilings as opposed to the project’s impacts).   

 

It is unclear how DSL can reach the required statutory determinations under ORS 
196.825(3) using a narrow analysis of the impact of individual pilings in the Columbia River.  
For example, how can DSL determine if there is a “public need” for individual pilings without 
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considering their context within the project?  Based on the 2007 amendments to the Removal-Fill 
Law and considering the absurd result of divorcing the pilings (i.e., the fill) from “the project,” 
DSL should evaluate the project under the factors in ORS 196.825(3) and OAR 141-085-
0565(4). 

 

 If DSL nonetheless decides to interpret narrowly the factors in ORS 196.825(3) and OAR 
141-085-0565(4), only considering the “fill or removal” as opposed to “the project,” Ambre’s 
application nevertheless fails to satisfy these requirements for the reasons explained below. 

 

1. DSL should deny the permit because there is no “public need” 
for the proposed “fill or removal” (ORS 196.825(3)(a); OAR 
141-085-0565(4)(a)). 

 

Under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a), DSL must assess “[t]he public 
need for the proposed fill or removal and the social, economic or other public benefits likely to 
result from the proposed fill or removal.”  In the case of Ambre’s proposed in-water coal 
handling facilities (i.e., the dock, dolphins, walkway etc.), there are no grounds for DSL to 
determine that there is a “public need” for the “fill and removal,” namely the additional 
placement of pilings into the Columbia River to build an industrial dock at the Port of Morrow.  
If DSL interprets “fill or removal” narrowly, as explained above, the Department forecloses any 
assessment of an alleged public need for the Morrow Pacific Project (i.e., a coal export terminal).   
Under a narrow interpretation of ORS 196.825(1)(a) and OAR 141-085-0565(4)(a), DSL could 
only the consider the public need for the fill: the placements of dozens of additional pilings in the 
Columbia River.   

 

Under the narrow interpretation, DSL cannot determine that there is a public need for the 
proposed removal-fill for a new industrial dock given the fact that every other proposed coal 
export terminal in the Northwest—including Ambre’s proposed terminal at Longview, 
Washington—calls for transporting coal via rail.  Ambre attempts to detract from the viability of 
rail transport by focused on the lower environmental impacts of transporting coal in covered 
barges.  This argument completely ignores Ambre’s business decision not to transport coal in 
covered trains.   

 

In addition, DSL has no basis to determine that there is a public need for the proposed 
removal-fill given the existence of two (2) industrial docks within close proximity to the 
Ambre’s proposed dock.  See infra at 29 (discussing Ambre’s inadequate alternatives analysis).  

  

As noted above, Ambre addresses exclusively foreign countries “need” to import coal.  
See JPA at 2 – 3, § 4.  This argument fails to address the public need for the “proposed fill or 
removal,” but instead addresses the public need for the entire Morrow Pacific Project (i.e., 
mining coal in the Powder River Basin, transporting via rail to the Port of Morrow, barging the 
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coal to Port Westward, transferring the coal to Panamax vessels, and transporting the coal to 
Asia).  If DSL adopts a narrow interpretation of ORS 196.825(1)(a) and OAR 141-085-
0565(4)(a), the Department must reject Ambre’s argument that demand in foreign countries for a 
U.S. bulk commodity or product demonstrates a “public need for the proposed fill or removal.”  

 

In addition to assessing the “public need” for the removal-fill, DSL must consider “the 
social, economic or other public benefits likely to result from the proposed fill or removal.”  
OAR 141-085-0565(4)(a).  If DSL adopts a narrow interpretation of the, Ambre’s arguments on 
foreign demand for fossil fuels and jobs in the mining industry are irrelevant because the alleged 
benefits do not result from the “proposed fill or removal,” but instead from “the project.”   For 
the same reason, Ambre’s broad-brush argument that the Morrow Pacific Project “creates . . . 
jobs in Oregon” is also irrelevant.  Again, under the narrow interpretation DSL would determine 
if the proposed fill or removal, not the Morrow Pacific Project, will result in likely social, 
economic or other public benefits.  In sum, Ambre has not and cannot demonstrate that the 
proposed removal-fill for the coal dock will result in likely social, economic or other public 
benefits; the alleged benefits stem from “the project,” not the “fill or removal.” 

    

2. DSL should deny the permit because there is no evidence of an 
“economic cost to the public if the proposed removal or fill is not 
accomplished” (ORS 196.825(3)(b); OAR 141-085-0565(4)(b)). 

 

Under ORS 196.825(3)(b) and OAR 141-085-0565(4)(b), DSL must consider “[t]he 
economic cost to the public if the proposed fill or removal is not accomplished[.]”  Ambre’s 
application lacks any qualitative or quantitative description of the economic cost “to the public” 
if the proposed removal-fill (i.e., driving pilings into the Columbia River to create dock 
infrastructure) is not accomplished.  DSL therefore lacks any grounds to determine the economic 
cost to the public if DSL denies the removal-fill permit.   

 

3. Ambre’s alternative sites analysis is inadequate (ORS 
196.825(3)(d); OAR 141-085-0565(4)(d); OAR 141-085-0565(5)). 

 

DSL must assess “[t]he availability of alternative sites for the proposed fill or removal[.]”  
ORS 196.825(3)(d) (emphasis added); OAR 141-085-0565(4)(d) (emphasis added).  Ambre 
bears the burden of providing DSL with information on alternative sites to the fill or removal.  
As noted above, Ambre identifies two alternative site: (1) an existing dock and loader, which are 
approximately 1700 feet upstream of the selected site (Alternative 1), and (2) the existing 
Tidewater dock and loader, which are approximately 700 feet upstream of the existing site 
(Alternative 2).  Beyond adjacent sites located within 2,000 feet of Ambre’s proposed coal dock, 
Ambre fails to address any alternative sites on the Columbia River or other waterbodies capable 
of transloading bulk commodities.  Based on the narrow scope of Ambre’s alternatives analysis, 
DSL should deny the removal-fill permit.  
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4. Ambre’s proposed removal-fill fails to conform to the sound 
policies of conservation and would interfere with public health and 
safety (ORS 196.825(3)(e); OAR 141-085-0565(4)(e)). 

 

Under ORS 196.825(3)(e) and OAR 141-085-0565(4)(e), DSL must consider “[w]hether 
the proposed fill or removal conforms to sound policies of conservation and would not interfere 
with public health and safety.”  Ambre’s removal-fill fails to “conform to the sound policies of 
conservation” because it increases the amount of permanent fill and over-water within designated 
critical habitat in the Columbia River when other, less wasteful alternatives exist to the proposed 
removal-fill.   See supra at 15 (describing direct impacts of dock at Port of Morrow).  The 
removal-fill required to construct Ambre’s new industrial dock fails to conform to the sound 
principles of conservation given the availability of other industrial docks on the Columbia River, 
particularly docks within close proximity to Ambre’s proposed industrial dock, and the direct 
impacts on the aquatic environment.  While Ambre’s proposal to build a coal dock at the Port of 
Morrow may be ideal for its business model, it fails to conform to the sound principles of 
conservation given alternatives to the removal-fill.  
 

5. Ambre’s proposed removal-fill fails to conform with existing 
public uses of the waters (ORS 196.825(3)(f); OAR 141-085-
0565(4)(f)). 

 

 ORS 196.825(3)(f) and OAR 141-085-0565(4)(f) require that the Department consider 
“[w]hether the proposed fill or removal is in conformance with existing public uses of the waters 
. . . .”  Building a new coal dock in the Columbia River fails to “conform[] with existing public 
uses of the water,” namely tribal and recreational uses of the waters.  As noted above, the 
removal-fill will result in a 1,160 foot long dock with an above-surface water area of 15, 151 
feet.  Ambre’s proposed removal-fill activities are within two and half (2.5) miles of a 
recreational boat ramp.  Ambre fails to demonstrate that the dock will not interfere with existing 
public uses of the waters. 

 

6. DSL should deny the application because Ambre failed to propose 
any mitigation aside from small-scale plantings near the dock.  

 

ORS 196.825(3)(i) and OAR 141-085-0565(i) require DSL to consider “[w]hether the 
applicant has provided all practicable mitigation to reduce the adverse effects of the proposed fill 
or removal in the manner set forth in ORS 196.800.”   As noted above, Ambre’s application 
identifies on-site mitigation in the form of reseeding sections of the shoreline impacted by 
construction.  Although Ambre’s application states that mitigation is proposed offsite, see JPA at 
15, the applicant fails to provide any details on the location, amount, or type of mitigation 
proposed.  DSL therefore cannot determine that Ambre “has provided all practicable mitigation 
to reduce the adverse effects of the proposed fill or removal” at the Port of Morrow dock.  
Specifically, Ambre does not provide any mitigation for 572 cubic yards of permanent fill above 
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the high water mark and 153 cubic yards of temporary fill below the high water mark, with a the 
total above-surface water area of impact is 15,151 square feet.  DSL should deny the removal-fill 
permit because Ambre failed to DSL to “ provide[] all practicable mitigation to reduce the 
adverse effects of the proposed fill or removal.”  

 

G. CONCLUSION. 

 

DSL is on the cusp of making the historic decision of whether to permit the first 
operational coal export project in the State of Oregon.  The sheer size of Ambre’s proposed 
export terminal is staggering: Ambre will export nearly double the amount of coal currently 
burned at Oregon only coal-fired power plant each year.  For the Columbia River and its iconic 
salmon and steelhead runs, Ambre’s coal export project means a significant increase in barge and 
Panamax vessel traffic and toxic coal dust.  Moreover, Ambre is asking DSL to authorize a new 
industrial dock, adjacent to two existing industrial docks, for a project lacking any “public need” 
and raising serious conflicts with many existing river users, including tribal and recreational 
fisherman, boaters, and other recreational river users.   

 

For these reasons and others described above, we urge DSL to: (1) request an extension 
from the applicant to gather the critical information that DSL failed to gather before making its 
completeness determination; (2) provide tribes, state agencies, and the public the opportunity to 
consider and provide comment based on additional information provided by Ambre; and (3) 
deny Ambre’s removal-fill permit because it fails to comply with the minimum requirements of 
state law.   

 

 

Sincerely, 

 

 
 
Brett VandenHeuvel 
Executive Director 
Columbia Riverkeeper 
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By David Gambrel  

This is a continuation of the coal dust saga begun in the December 2010 and continued in the
May 2011 issues of Coal Age. The saga centers around coal transported by rail out of the
Powder River Basin (PRB) of Wyoming, and is focused on an attempt by Burlington Northern
Santa Fe (BNSF) to set in place a procedure for controlling coal dust blown from the tops of
open top hoppers.

  

      Some shippers argue BNSF wants to make coal shippers pay the entire cost of prevention.
Publicly-available information does nothing to refute this belief. Forcing coal shippers to have
their loads sprayed with surfactant will no doubt result in less coal dust in the roadbed, and that
will result in longer intervals between undercutting. That will reduce the cost of track
maintenance, and shippers will pay for that reduction if BNSF continues on their current path. 

  

Petition for Declaratory Order
On August 12, 2011, the Western Coal Traffic League (WCTL) on behalf of the Arkansas
Electric Cooperative Corp., filed a Petition to Reopen and for Injunctive Relief Pending
Board-Supervised Mediation with the Surface Transportation Board (STB). Filings of support
were made by NCTA, APPA, NRECA, EEI and CURE. At issue was the so-called “Revised Coal
Dust Tariff,” which refers to Item 100 of BNSF’s Price List 6041-B, published July 20, 2011.
Having found BNSF’s initial attempt (Price List 6041-A) to force coal dust rules on PRB coal
shippers unreasonable, the STB strongly urged BNSF to work cooperatively with coal shippers
to find a reasonable substitute. It did not.

  

Instead, BNSF forged ahead on its own and published Price List 6041-B, which WCTL deems
an unreasonable practice because (a) it fails to inform coal shippers of the penalties they face if
they fail to comply with its terms, (b) all compliance costs are placed on coal shippers, (c) all
liability for use of BNSF-mandated surfactants is placed on coal shippers, and (d) the tariff
cannot be lawfully applied to UP shipments. WCTL claimed shippers were not given access to
the results and procedures underlying the revised tariff compliance terms, and available
materials concerning these results and procedures are fatally flawed.

  What WCTL Sought from the STB
Specifically, the Petition asked three things of the STB: (1) reopen the record on the coal dust
tariff; (2) order STB-supervised mediation, and (3) stay or enjoin the Revised Coal Dust Tariff. In
its response to the Petition, BNSF opposed all three. Even though BNSF seeks to have
shippers pay every dime of cost for rectifying their coal dust problem, it has consistently refused
to enter into any meaningful dialogue with shippers concerning the development of the coal dust
tariffs. This lordly approach to a business relationship with major coal customers has kept many
shippers upset, and is probably responsible for prolonging a solution that all parties can accept. 
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WCTL believes the costs and benefits of coal dust mitigation should be shared fairly between
BNSF and its PRB shippers. They believe shippers should be afforded access to BNSF’s coal
dust mitigation studies, procedures and data before being asked to incur expense and liability
based on those studies, they should be told what penalties BNSF will impose for failing to meet
any approved coal dust standards, and they should not be held liable for any damages resulting
from the use of these standards. It seems like they have a pretty reasonable set of requests.

  

 

  

The Facts As We Know Them
Let us for the moment travel back in time to May 2005. For several weeks heavy snow and rain

had seriously affected rail and mining operations in the PRB. On May 14, a BNSF train derailed
15 cars at MP 75.3 on Main Line 1 headed eastward. On May 15, a Union Pacific (UP) train,
also heading eastward on Main Line 1, derailed 29 cars of a 130 car loaded train. The UP
derailment was about one mile east of NACCO junction, the turnout to the North Antelope and
Rochelle mines. Basically, it had just left the coal mine.

  

Reporting on his inspection of the UP derailment, a Federal Railroad Administra-tion (FRA)
inspector concluded, “A break in the rail at a rail joint at the point of derailment ran 11 inches
from a bolt hole to a field weld and then broke upward through the ball of the rail. The break
allowed a portion of the rail to dislodge and caused the wheels of the 63rd head car in the train
to derail. FRA has recommended prosecution of BNSF for civil penalties for failure to comply
with CWR (Continuous Welded Rail) procedures: not noting required information on the web of
the rail as required,” and noted, “The BNSF track inspector had inspected this area on May 12,
2005, and noted no defects in the derailment area.”

  

While the UP derailment was reported by BNSF, no FRA record of BNSF’s 15-car derailment
can be found. When the Department of Energy wrote about the derailment two years later, there
was no mention of BNSF’s CWR compliance failure. The “damaged track” was attributed to the
accumulation of coal dust in the Joint Line roadbed from the point of derailment at Reno
Junction to Bill, Wyo., a distance of 18 miles. The broken piece of railroad track reported by an
FRA inspector had somehow become 18 miles of coal-dust-choked roadbed. The cause of the
derailments was therefore switched from a railroad responsibility to a shipper responsibility.
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Changing the Subject
It was clear from the FRA report that the UP derailment was caused by a broken piece of CWR,

and it is crystal clear the FRA held BNSF responsible for the break. The report said nothing
about coal dust in the ballast, nor did it imply the problem was caused by a weakened road bed.
Still, when BNSF reported to its stockholders the following month (Form 10-Q, June 2005), the
cause of the derailment was reported as “the long-term accumulation of coal dust on this
trackage which caused the ballast section to retain water and compromise track stability.” No
mention was made of the BNSF “failure to comply with CWR procedures.”

  

Reviewing the rather sparse public record one wonders how BNSF’s failure to comply with
CWR procedures morphed into a dust control amendment to BNSF’s coal tariff. One wonders
how BNSF succeeded in getting the STB and the entire PRB coal industry focused on coal dust
while they said nothing about FRA’s allegation of failure to comply with CWR procedures.
During the STB proceedings BNSF insisted so much of its records be kept secret that one has
no choice but to wonder what they contain. The facts are simply not known, and it appears
BNSF is in a hurry to act without allowing them to become known. Why?

  

One has to wonder why the trucking industry, under the regulations of the Federal Motor Carrier
Safety Administration, must cover (tarp) their loads at their own expense, but their railroad
competitors are well on their way to forcing their shippers to pay for controlling coal dust from
trains. It would seem there are serious inconsistencies within the rail and trucking jurisdictions of
the STB, or within the branches of Congress that regulate transportation.

  

 

  

Moving On
No one argues that coal dust is not a problem. From the shippers’ point of view the argument is

over who should pay for the solution. In the collective mind of BNSF and perhaps other railroads
it undoubtedly goes deeper. The railroad is their demesne, sacred ground upon which none
may tread without permission. They will speak about it to no one who has not signed a contract,
even though it may be to their own benefit in the long run to do so. Shippers may not like it, but
BNSF has done business this way for decades, and are not likely to change soon.
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WCTL had argued that reopening the coal dust case was appropriate because BNSF was not
collaborative in developing the new tariff in violation of the March 2011 decision. While the
Board had sought and even encouraged consensual resolution of disputes, their prior decision
did not impose upon BNSF a regulatory obligation to consult with its shippers prior to issuing a
new coal tariff dealing with coal dust suppression. Railroad industry watchers would have been
happily shocked if BNSF had offered to negotiate with shippers a solution to the coal dust
problem, but it surprised no one when they elected to choose the dictatorial route.

  

In a decision served November 22, 2011, the Board denied WCTL’s request to reopen the
proceeding in Docket 35305 and to institute mediation between BNSF and coal shippers
regarding the BNSF new coal dust tariff. However, the Board will institute a new proceeding to
consider the reasonableness of the tariff’s “safe harbor” provision. This new declaratory order
proceeding is titled “Reasonableness of BNSF Railway Company Coal Dust Mitigation Tariff
Provisions,” Docket No. FD35557. WCTL and BNSF were directed to file a proposed procedural
schedule by December 12, 2011.

    

    

Dave Gambrel is a private consultant to the coal transportation industry. He may be reached at 
bunkgambrel@earthlink.net.
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Video hints at horror of Alaska barista's death

Coal terminal meeting in Boardman draws
hundreds
Published: December 5, 2012 

By Annette Cary, Tri-City Herald

BOARDMAN -- The crowd for an Oregon state meeting Tuesday night on a proposed coal train terminal
was split between locals who largely supported the project and people from elsewhere in the state
concerned about the environment.

About 260 people showed up, crowding the walls of the Port of Boardman meeting room and standing in
line to be allowed into the room if anyone left.

Ambre Energy is proposing building the Coyote Island Terminal at the Port of Morrow in Boardman to
transfer up to 8.8 million tons of coal per year from trains to temporary storage or to barges.

The barges would travel down the Columbia River to Port Westward dock in Clatskanie, Ore., to be loaded
onto ships bound for Asia.

Oregon Physicians for Social Responsibility is asking that air and water quality permits be denied by the
state until a health impact assessment is conducted, said Regna Merritt of the group.

Health care professionals are concerned about the elderly, those with asthma and others whose health
might be at risk from coal dust, she said. It also is concerned about workers at the terminal.

Theodora Tsongas, an epidemiologst from Portland, said she was concerned about the likely contamination
of drinking and surface water.

The Hood River City Council has passed a resolution opposing coal transportation in the Columbia Gorge,
said Kate McBride, a councilwoman.

"We didn't make the decision lightly," she said.

Hood River is known for its water sports and more barge traffic will make that more dangerous, she said.

She was "shocked" by the state's answer during a question period before comments began that if a coal
barge caught fire, it likely would have to be allowed to smolder and burn.

" 'Let it burn' is not a viable solution," she said. The gorge's 30 mph winds would put land and communities
at risk, she said.

But Bill Kuhn, an attorney and Morrow County School Board member, said the district had seriously
considered environmental aspects, determining that there would be no serious impact on children, before
backing the project unanimously.

"I know the good it will do the community," he said.

Ambre has asked for no tax abatement, would provide up to 35 family wage jobs at the terminal and would
voluntarily pay a fee to Morrow County schools that could be $300,000 a year initially and grow to $800,000
annually as the project expands, said project supporters.
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"Today we have an opportunity to bring family wage jobs to Umatilla and Morrow counties," said Debbie
Pedro, executive director of the Hermiston Chamber of Commerce.

Ambre has demonstrated a commitment to the environment, planning to unload railcars of coal completely
inside enclosed facilities, she said. Coal would be stored indoors and moved from storage to barges on
enclosed conveyor belts.

By all standards, the environmental protections on the project exceed those elsewhere, said Don Russell, a
Port of Morrow commissioner.

He expects the coal to be sent to South Korea to provide low sulfur clean coal to replace coal now being
imported from Indonesia, he said.
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SURFACE TRANSPORTATION BOARD 
 

DECISION 
 

Docket No. FD 35305 
 

ARKANSAS ELECTRIC COOPERATIVE CORPORATION—PETITION FOR 
DECLARATORY ORDER 

 
Digest:1  This decision finds that a rail carrier cannot enforce its rule as currently 
written requiring a rail shipper to limit the loss of coal dust from the top of coal 
cars during transit.  While the Board concludes that coal dust poses a serious 
problem for railroad operational integrity and that rail carriers may take 
reasonable measures to address the problem, the challenged tariff in this case 
creates too much uncertainty to be deemed a reasonable practice. 
 

Decided:  March 2, 2011 
 

In response to a petition filed by Arkansas Electric Cooperative Corporation (AECC) on 
October 2, 2009, and the reply of BNSF Railway Company (BNSF) on October 21, 2009, the 
Board instituted a declaratory order proceeding under 49 U.S.C. § 721 and 5 U.S.C. § 554(e) on 
December 1, 2009.2  The purpose of this proceeding is to consider whether a tariff amendment 
by BNSF that requires tariff shippers of coal from the Powder River Basin in Wyoming over 
certain lines to (1) meet specified quantitative measurements of coal dust emission set forth in 
the tariff, as gauged by rail side monitoring devices operated by BNSF, and (2) ensure that coal 
loaded by the Shippers’ suppliers is “profiled” according to specifications set forth in an 

                                                 
1  The digest constitutes no part of the decision of the Board but has been prepared for the 

convenience of the reader.  It may not be cited to or relied upon as precedent.  Policy Statement 
on Plain Language Digests in Decisions, EP 696 (STB served Sept. 2, 2010). 

2  The parties of record in this proceeding include coal shippers, certain associations, 
railroads, and the United States Department of Transportation (USDOT).  The following parties 
are referred to collectively as Shipper Interests: Arkansas Electric Cooperative Corporation 
(AECC), Western Coal Traffic League (WCTL), Concerned Captive Coal Shippers (CCCS), 
Ameren Energy Fuels and Services Company (Ameren), American Public Power Association 
(APPA), Edison Electric Institute (Edison), National Coal Transportation Association (NCTA), 
National Rural Electric Cooperative Association (NRECA), Texas Municipal Power Agency 
(TMPA), and TUCO, Inc. (TUCO).  The following parties are referred to collectively as Coal 
Carriers:  BNSF Railway Company (BNSF), Union Pacific Railroad Company (UP), Norfolk 
Southern Railway Company (NSR), and CSX Transportation, Inc. (CSXT). 
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appendix to the tariff, is an unreasonable practice under 49 U.S.C. § 10702.3  This decision 
discusses: 

 
(1) whether the dispersion of coal dust along the lines at issue poses a serious problem for 

operational integrity.  We find that it does;  
 
(2) whether BNSF may establish rules that require shippers to take actions to limit coal 

dust dispersion from coal trains operated by BNSF over its lines.  We hold that BNSF may 
require shippers to take reasonable measures to address the problem; and  

 
(3) whether the specific provisions of the tariff before us constitute a reasonable practice 

under 49 U.S.C. § 10702.  We find that the provisions of the tariff, when considered as a whole, 
are not reasonable and, therefore, violate § 10702.4 

 
BACKGROUND 

 
On May 27, 2009, BNSF issued Tariff 6041-B Items 100 and 101, the provisions at issue, 

which apply to coal traffic moved by BNSF in common carriage over BNSF’s Black Hills 
Subdivision and the Joint Line.  The Joint Line is a 102-mile line, jointly owned by BNSF and 
UP, over which both carriers’ traffic moves from southern Powder River Basin (PRB) mines to 
their rail networks for delivery to utilities across the United States.  The Joint Line is operated 
and maintained by BNSF.5  Only BNSF traffic travels over the Black Hills Subdivision.  The 
tariff provisions require that PRB coal shippers using the Joint Line or the Black Hills 
Subdivision ensure that the emission of coal dust from the coal cars does not exceed the coal dust 
emission standards set forth in the tariff, but does not direct the shippers to use a particular 
reduction technique or describe the consequences of non-compliance.  The tariff provides in 
relevant part that:  “Shipper shall take all steps necessary to ensure that Trains handling cars 
loaded with coal from any mine origin that move over the Joint Line or Black Hills Subdivision 
shall not emit more than an Integrated Dust Value (IDV.2) of 300 units or 245 units, respectively 
in order to enhance retention of coal in rail cars.”  The IDV.2 standard is a measure of coal dust 
emission from passing open-top coal cars that BNSF collects with electronic dust monitors, 
called E-Samplers, placed at different locations along the Joint Line.  In addition, the tariff 
                                                 

3  The tariff does not by its terms specify what penalties or other enforcement mechanisms 
would apply in the event that a shipper fails to comply with the terms of the tariff. 

4  An additional issue raised by AECC is whether refusal to provide service to shippers 
not in compliance with the tariff provisions would violate BNSF’s common carrier obligation.  
We do not reach a decision on this issue as the finding that the tariff is unreasonable renders it 
unnecessary. 

5  In 1983, predecessors of BNSF and UP entered into an agreement (Joint Line 
Agreement) that governs rail operations over the Joint Line.  The Joint Line Agreement states 
that BNSF:  (1) is the operator of the Joint Line; (2) is responsible for the maintenance of the 
Joint Line; and (3) has the right to establish operational rules so long as they do not discriminate 
in favor of either carrier. 
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requires that shippers’ coal suppliers, when loading coal into open top cars for carriage on the 
Joint Line, “profile” the coal, i.e., ensure that the coal when loaded into the car conforms to 
specific load shape and dimensions, according to a “template” included in the tariff.  The tariff 
provisions were scheduled to go into effect on October 1, 2010.6 

 
The tariff provisions resulted from studies that BNSF claims show that coal dust from 

PRB coal destabilizes rail bed ballast, which underlies and stabilizes tracks, more than other 
contaminants (or “foulants”).  According to BNSF, two derailments that occurred on the Joint 
Line within a few miles of one another on May 14 and 15, 2005, prompted the studies.  BNSF 
asserts that those studies show that the derailments were the result of coal dust in the ballast that, 
when combined with water from extraordinary amounts of precipitation, weakened the roadbed 
and caused the track failure.  BNSF claims that coal dust had not previously been identified as a 
significant ballast contaminant and that this newly-recognized hazard needs to be reduced to 
prevent future accidents.  BNSF also states that it has been engaging in more frequent 
maintenance of the Joint Line through “undercutting” and ballast contamination removal than 
would otherwise be the case, in order to remove dispersed coal dust from the rail beds, resulting 
in added cost and reduced efficiencies.   

 
The Shipper Interests generally dispute the carrier’s claims.  They argue that the railroad 

is to blame for the derailments, pointing to reports in the immediate aftermath of the derailments 
that cite defective construction and inadequate maintenance of the line. 

 
The Board instituted this proceeding to determine if the proposed tariff provisions 

constitute an unreasonable rule or practice.  Following the submission of evidence and 
arguments, the Board held a hearing on this matter on July 29, 2010.  

 

                                                 
6  BNSF originally proposed to make the tariff effective on November 1, 2009.  On 

October 21, 2009, in its reply in opposition to AECC’s petition for injunctive relief to enjoin 
enforcement of the tariff, BNSF stated that it would suspend the effective date of the provisions 
until August 1, 2010.  In response, AECC withdrew its petition to enjoin.  In its rebuttal, BNSF 
stated that it further suspended the effective date of the tariff provisions until October 1, 2010, to 
allow the Board time to deliberate.  On September 30, 2010, AECC filed a petition to enjoin 
BNSF from enforcing the tariff provisions until the Board resolves the underlying petition for 
declaratory order.  AECC stated that it had requested that BNSF delay the effective date of the 
tariff provisions, but that BNSF denied this request and planned to implement the tariff 
provisions on October 1, 2010.  Similarly, on September 30, 2010, the WCTL, APPA, Edison, 
and NRTCA filed a motion for a housekeeping stay asking that the Board issue an order 
enjoining the effective date of the tariff provisions pending a further order of the Board.  On 
October 7, 2010, BNSF replied to both petitions, stating that it did not intend to implement any 
enforcement of the tariff without providing shippers at least 60 days advance notice.  On that 
basis, the Board denied both AECC’s petition and the motion for a stay by decision served on 
November 5, 2010. 



 
Docket No. FD 35305 

 

4 
 

DISCUSSION AND CONCLUSIONS 
 

In this proceeding, we are called upon to resolve this dispute regarding the legality of 
BNSF’s Tariff 6041-B Items 100 and 101.  AECC maintains that the tariff is an unreasonable 
practice, in violation of 49 U.S.C. § 10702(2) (carriers shall establish reasonable rules and 
practices).  As the party petitioning the agency for a declaratory order, AECC (together with 
other parties who intervened in support) bears the burden of proof in this proceeding.  See 
5 U.S.C. § 556(d); City of Lincoln v. STB, 414 F.3d 858, 862 (8th Cir. 2005).  As discussed 
below, AECC and other interested parties have demonstrated that the challenged tariff is 
unreasonable. 

 
Our analysis of the reasonableness of the challenged tariff is set forth in three sections.  

In Section I, we discuss the governing legal standard and our conclusion that a full cost-benefit 
analysis is not required by BNSF before it can attempt to control coal dust emissions.  In Section 
II, we find that coal dust emission is a significant problem and that BNSF may take reasonable 
steps to address the problem.  In Section III, we address our ultimate holding that the tariff 
provision is nonetheless unreasonable, given the level of uncertainty in the existing tariff and the 
available methods to control coal dust.   

 
I.  LEGAL STANDARD 
 

There is considerable discord between the parties on the proper legal standard we should 
apply in this proceeding.  The Shipper Interests and the Coal Carriers agree that whether a 
particular practice is unreasonable under 49 U.S.C. § 10702 depends upon the facts and 
circumstances of the case.7  BNSF further states that the focus of the Board’s inquiry should not 
be what the Board believes is the most reasonable practice, but simply whether BNSF’s tariff is a 
reasonable response to the coal dust issue.  The Shipper Interests assert that the Board’s 
responsibility is to examine whether the proposed tariff is reasonable from a public perspective 
rather than rational from BNSF’s perspective.8  USDOT argues that a tariff rule must be 
technically well-grounded and cost-effective at resolving the problem of coal dust emissions.9 

 

                                                 
7  For example, WCTL/CCCS Opening 11, citing N. Am. Freight Car Ass’n v. BNSF Ry. 

(North American Freight Car), NOR 42060 (Sub-No. 1) slip op. at 8 (STB served Jan. 26, 2007), 
pet. for review denied sub nom N. Am. Freight Car Ass’n v. STB, 529 F.3d 1166 (D.C. Cir. 
2008); BNSF Opening at 20, citing Granite State Concrete Co. v. STB, 417 F.3d 85, 92 (1st Cir. 
2005); NSR Reply 2-3. 

8  WCTL/CCCS Rebuttal 9-10, citing Consolidated Rail Corp. v. ICC (Conrail), 646 F.2d 
642, 647 (D.C. Cir. 1981). 

9  USDOT Rebuttal 1.  Specifically, USDOT states, “the methodology the carrier has 
employed must be sound, the limits must be effective, and . . . alternatives must not be clearly 
less costly.  Because shippers must ensure that their property remains in rail cars, it is appropriate 
that they absorb the expenses of the most cost-effective option when their coal dust escapes.” 
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The parties disagree whether and how a cost-benefit analysis should be utilized to 
determine the reasonableness of BNSF’s coal dust provisions.  USDOT argues that the most cost 
effective solution to the problem is the reasonable method.10  The Shipper Interests cite case law 
stating that the concept of reasonableness requires the balancing of costs and benefits.11  They 
cite Conrail, in which the D.C. Circuit stated that the Board’s analysis should include whether 
benefits of certain safety measures were commensurate with their costs, and whether the 
measures were economical when compared with other possible safety measures.12  In North 
American Freight Car,13 the Board, following a decision by the First Circuit, Granite State 
Concrete Co., 417 F.3d at 92, concluded that it had discretion regarding a request to employ the 
Conrail approach:   

 
[T]he Conrail decision was premised on facts not present here and on a statutory 
scheme predating the Staggers Act.  In any event, in section 10702, Congress did 
not limit the Board to a single test or standard for determining whether a rule or 
practice is reasonable; instead, it gave the Board “broad discretion to conduct 
case-by-case fact-specific inquiries to give meaning to those terms, which are not 
self-defining, in the wide variety of factual circumstances encountered.”  Granite 
State Concrete Co. v. STB, 417 F.3d 85, 92 (1st Cir. 2005); see also WTL Rail 
Corp.—Pet. For Dec. Order and Interim Relief, STB Docket No. 42092, slip op. 
at 6 (STB served Feb. 17, 2006).  This broad discretion is necessary to permit the 
Board to tailor its analysis to the evidence proffered and arguments asserted 
under a particular set of facts. 

 
Whether a particular practice is unreasonable depends upon the facts and circumstances 

of the case.  The Board gauges the reasonableness of a practice by analyzing what it views as the 
most appropriate factors.  While we believe that a general presumption that a tariff should 
employ cost-effective practices that are reasonably commercially available is a valid standard to 
be applied to the coal dust problem, the cost-benefit analysis suggested by the Shipper Interests 
does not fit the circumstances of this proceeding and the available evidence.  As an initial matter, 
the Shipper Interests, who advocate this approach, did not provide a cost-benefit analysis that 
includes all the costs and benefits of each alternative.14  The Shipper Interests’ analysis also 
                                                 

10  USDOT Rebuttal 7. 
11  AECC Opening 4, citing Int’l Union, United Auto., Aerospace & Agric. Implement 

Workers v. OSHA, 938 F.2d 1310, 1319 (D.C. Cir. 1991) (International Union) (citing Conrail, 
646 F.2d at 648). 

12  Conrail, 646 F.2d at 647-8. 
13  N. Am. Freight Car, slip op. at 8. 
14  BNSF Rebuttal, Kalt and Mitchell V.S. 15-16.  We also note that while Shipper 

Interests use the term "cost-benefit" analysis, the more apt term given our finding on the impact 
of coal dust is "cost-effectiveness" analysis.  In a cost-effectiveness analysis, once a 
determination has been made that a problem exists for which a solution is required, the focus is 
on whether the solution is effective in relation to its costs. 
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ignores the persistent capacity constraints that would be created by a coal dust solution that 
focuses exclusively on maintenance, a real-world cost that BNSF has persuaded us should be 
included in any analysis.15 
 

In addition, as several parties have pointed out in this proceeding, the science regarding 
the effects of coal dust dispersion, and its effective control, is still evolving, and carriers continue 
to work with shippers on a collaborative basis to develop the methods that will achieve the 
optimal results in a commercially practicable manner.16  Thus, we cannot conclude that one set 
method of coal dust emission control—or of mitigating the effects of coal dust dispersion—is the 
superior method in a cost-benefit analysis, as such a conclusion may effectively lock in use of 
that method.  Shippers and railroads should have flexibility to create incentives to experiment 
with new methods that could later prove to be better.  Certainly, any tariff provision must be 
reasonably commensurate economically with the problem it addresses, but requiring a formal 
cost-benefit analysis whenever a shipper challenges a new practice would unnecessarily limit the 
Board’s discretion.  There may be instances where a full, quantified cost-benefit analysis is 
warranted, but this is not that instance.   
 
II.  COAL DUST EMISSION IS A SIGNIFICANT PROBLEM 
 

1. Coal dust is a particularly harmful ballast foulant. 
 
 The extent of the problem caused by coal dust emission is a fundamental finding in 
determining the reasonableness of the tariff.  The science related to coal dust is evolving and we 
expect that there will be continued work in the field to examine the impact of coal dust on rail 
ballast, including studies sponsored by shipper and carrier groups, ideally in collaboration.  
However, we must resolve this controversy based upon the evidence available at this time.  
Based on the record before us, we find that BNSF’s arguments and evidence are sufficiently 
persuasive for the Board to hold, at the outset, that coal dust is a pernicious ballast foulant.   
 
 Ballast is an essential structural component of the track primarily because it transfers the 
load of the train from the tie to the subballast or earth.  It also prevents the movement of the track 
laterally, horizontally, and vertically.  Ballast is a uniformly graded stone material, which 
thereby provides voids that function as drainage pathways for water falling upon the track.  
Fouling occurs when foreign material such as broken-down ballast and ties, dirt and dust blown 
from the surrounding area, or granular material spilled from rail cars during transit falls onto the 
track and occupies the voids in the ballast section.  The blockage of the drainage pathways by the 
fouling agents slows and reduces the ballast’s drainage capabilities.  When this happens, water 
can remain on the ballast particle surfaces and can even accumulate within the ballast section.  
These conditions weaken the ballast’s load carrying capacity, the water essentially acting as a 

                                                 
15  BNSF Reply 17-18. 
16  For example, UP counsel’s testimony at the hearing mentioned testing for a 

mechanical compression device involving UP, BNSF, shippers, and vendors.  Hearing Tr., 76, 
July 29, 2010.   
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lubricant between the ballast particles.  Additionally, the fouling agents themselves can act as a 
lubricant on the ballast particle surfaces.  Where large portions of ballast are fouled, the track 
then can become susceptible to movement when a train travels over the tracks. 
 

The Shipper Interests argue that BNSF has not proven that coal dust is worse for ballast 
integrity than other foulants,17 that the amount of coal dust in the ballast varies throughout the 
PRB, and that more study is needed to fully understand the extent of the problem.  Based on its 
own studies, however, USDOT concluded that “[c]oal dust is a particularly harmful ballast 
contaminant that requires frequent remedial action.”18 

 
We conclude that coal dust is a particularly harmful contaminant of ballast that requires 

corrective action.  We give significant weight to USDOT’s conclusion, based on Federal 
Railroad Administration (FRA) research, that coal dust interferes with track stability to a much 
greater extent than other contaminants present in the PRB.19  Unlike some other foulants, coal 
dust is not necessarily visible prior to a track failure, and coal dust’s high volume relative to its 
weight and high moisture-absorbing capacity make it a unique problem.20  Even if the amount of 
coal dust varies throughout the PRB, that does not change its basic character as a ballast foulant. 

 
BNSF asserts that the 2005 derailments were attributable to the combination of excessive 

precipitation and high levels of coal dust in the ballast.21  The Shipper Interests argue that BNSF 
has not proved that coal dust caused the 2005 derailments.  They claim that a unique 
combination of site characteristics other than coal dust was the cause.  Shipper Interests note that 
both derailment sites had what they describe as “documented maintenance failures,” and argue 
that, according to FRA reports, the derailments were caused by defective construction or 
inadequate maintenance, as well as inadequate track inspection.22  The Shipper Interests also cite 
expert testimony and internal BNSF and UP documents to support their claims.23   

 
We do not need to reach a definitive conclusion about the extent of coal dust’s role in the 

derailments to decide that coal dust is a harmful ballast foulant.  We find that the studies done by 
FRA and BNSF provide sufficient evidence for our conclusions about coal dust.  Although the 
FRA’s conclusions in specific accident reports related to the 2005 derailments (and completed 
prior to USDOT’s filings24 in this proceeding) do not refer to coal dust, our finding that coal dust 
poses a unique problem to safe and efficient rail operations is supported by USDOT’s more 
                                                 

17  WCTL/CCCS Opening 20. 
18  USDOT Rebuttal 7. 
19  USDOT Rebuttal 3. 
20  BNSF Opening Statement, Tutumluer V.S.; BNSF Rebuttal, Tutumluer V.S. 
21  BNSF Rebuttal 15-16; UP Reply 14. 
22  AECC Opening 14. 
23  Id. 
24  The FRA is an agency within USDOT. 
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recent and generally applicable conclusions about coal dust.  Whether or not coal dust 
contamination of ballast was a substantial factor in the 2005 derailments, the weight of the 
evidence shows that coal dust is a harmful foulant that could contribute to future accidents by 
destabilizing tracks.  Moreover, we conclude that coal dust exacerbates issues associated with 
maintenance.  Therefore, the goal of reducing coal dust and its impact has a solid foundation.   

 
2.  BNSF may address coal loss from open-top cars. 

 
 Two types of cars are used in the PRB:  gondolas and bottom-dump cars.25  Both have 
open tops.  Gondolas have closed bottoms; bottom-dump cars have gates or doors on the bottoms 
for releasing coal. 
 
 The Shipper Interests argue that BNSF’s tariff is unreasonable because BNSF has not 
shown that emissions from the tops of cars are the principal source of coal dust.  They assert that 
the logical source for most of the coal dust in the ballast is the bottom of bottom-dump cars,26 
rather than the tops of cars and argue that, contrary to BNSF’s claims, BNSF has not proven that 
more coal is lost from the tops of cars than from the bottoms of bottom-dump cars.27  BNSF 
responds that it is indisputable that open-top cars are a major source of coal dust.  BNSF states 
that fact has been recognized elsewhere, including the state of Virginia, and the nations of 
Australia, Canada, and Columbia. 28  It points out that only a small percentage of coal traffic 
moves in bottom-dump cars, and UP points out that all cars, including bottom-dump cars, have 
open tops.29  Moreover, both BNSF and UP have taken steps to preclude coal loss from bottom-
dump cars.  Both railroads repaired the bottom-dump cars they own to reduce potential coal dust 
loss,30 and the railroads conduct multiple inspections during a movement and remove leaking or 
damaged bottom-dump cars.31  
 
 The possibility that some coal is lost through bottom-dump cars does not negate BNSF’s 
general right to address loss from open-top cars.  Though there is dispute as to the amount of 
coal that is lost from the tops of cars, the Shipper Interests have not shown that loss from the 
open tops of cars is not a significant source of coal dust emissions that reasonably needs 
reduction.  BNSF has acted to curtail loss in bottom-dump cars, and it may also take reasonable 
steps to address loss from the open tops of cars.  Given that all cars used in the PRB have open 
tops, addressing loss from the tops of cars is reasonable. 

                                                 
25  UP Reply 10.  
26  WCTL/CCCS Opening 24, citing testimony by Dr. Emmitt in Union Pac. v. Entergy, 

Case No. CV 2006-2711 (Circuit Court of Pulasky County, Ark., Sixth Division). 
27  WCTL/CCCS Opening 23-24. 
28  BNSF Reply 7-8. 
29  BNSF Reply 10; UP Reply 10.  
30  BNSF Opening, VanHook V.S. 11; UP Reply, Beck V.S. 7-8.  
31  BNSF Opening, VanHook V.S. 11, UP Reply, Beck V.S. 6-7. 
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3. BNSF’s conclusion that containment is superior to maintenance alone is reasonable.  

 
The Shipper Interests claim that the lines can be operated safely and efficiently without 

the proposed tariff items if BNSF continues the current level of maintenance, which they argue is 
appropriate to the current traffic level on the lines.  The Shipper Interests argue that implicit in a 
carrier’s obligation under 49 U.S.C. § 11101 to provide service upon reasonable request is a duty 
on the part of the railroad to maintain the rail line.32  The Coal Carriers respond that it is not 
feasible to contain the coal dust problem through maintenance alone, and that the associated 
service interruptions on limited PRB rail capacity are unacceptable.  The Shipper Interests claim 
that the Coal Carriers’ argument that the current maintenance schedule is not sustainable 
assumes limitations that do not exist on maintenance resources, and the Shipper Interests assert 
that the fact that the Coal Carriers currently are doing the necessary level of maintenance 
establishes that it can be done.  As traffic volume increases, the Shipper Interests assert, 
maintenance must increase at the same time.  They claim, however, that while maintenance 
expenses grew between 2005 and 2008, the Coal Carriers’ revenue grew enough to cover the 
increased maintenance expenses.  The Shipper Interests also express concern that 
implementation of the tariff could prompt BNSF to reduce maintenance below acceptable levels.    

 
 We find BNSF’s assertion that coal dust containment efforts that are appropriately 
calculated to produce reliable and efficient service is reasonable.  BNSF’s current, augmented 
maintenance plan for the PRB includes more frequent track inspection, undercutting, shoulder 
ballast cleaning, and mechanical removal using methods such as vacuum trucks.33  These 
activities consume resources and decrease capacity.34  The Shipper Interests’ argument that 
increased revenues have covered the increased costs of maintenance, even if true, does not mean 
that containment is not a reasonable practice.   
 

Moreover, to the extent that coal dust poses a risk of harm to the environment, 
containment is the only way to protect the environment and communities along the right of way.  
Maintenance only addresses the harm to the ballast and does nothing to address the harms to 
neighboring streams, people, and communities.  Furthermore, some coal dust removed in the rail 

                                                 
32  AECC Opening 5, citing R.R. Ventures, Inc.—Aban. Exemption—Between 

Youngstown, Ohio, and Darlington, Pa., In Mahoning and Columbiana Counties, Ohio and 
Beaver County, Pa., AB 556 (Sub-No. 2X) (STB Served Apr. 28, 2008); Bhd. of Locomotive 
Eng’rs v. Staten Island Rapid Transit Operating Auth., 360 I.C.C. 464 (1979). 

33  BNSF Opening, Sloggett V.S. 6-9.  BNSF estimates that “as much as 80 percent of the 
loaders and the maintenance windows on the Powder River Basin are driven by coal dust.”  
Hearing Tr., 48, July 29, 2010.   

34  BNSF Opening, Sloggett V.S. 6-10.   
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bed maintenance process may also find its way back into the environment, either nearby or at 
disposal sites.35  

 
III.  BNSF’S TARIFF PROVISIONS ARE UNREASONABLE 
 
 Recognizing the general findings above, the Board has been asked to declare whether this 
particular tariff is a reasonable way to address the coal dust problem.  The Board’s role under the 
Interstate Commerce Act, as amended, is not to micromanage the railroad industry, and we 
conclude that carriers have a general right to establish reasonable coal loading requirements.  As 
discussed below, however, the tariff at issue here is not reasonable under § 10702.  
 

1. Carriers can require reasonable loading requirements. 
 

The Shipper Interests argue that historically they have shipped their coal in open-top cars 
without any requirement for coal dust suppression.  They describe the tariff as 
“unprecedented,”36 and argue that BNSF has not justified a departure from the long-standing 
practice.  BNSF responds that long-standing case law supports BNSF’s authority to adopt the 
tariff.  BNSF, supported by other carriers, argues that a beneficial change in technology should 
not be hampered by past practice, and that each proposed practice should be assessed on its own 
merits.37  USDOT agrees, stating “the fact that railroads have not previously attempted to use 
tariff rules to hold shippers responsible amounts to inertia, not a reason to hold BNSF’s current 
rule unreasonable.”38   

 
BNSF argues that there is clear precedent allowing carriers to adopt operating rules 

similar to those in the tariff at issue, stating that carriers have “broad authority to establish 
operating rules [including] the power to set reasonable standards for packing and loading 
freight.”39  The Shipper Interests assert that the cases BNSF cites to support its tariff provide 
little, if any, substantive discussion of loading requirements, and that the Board should focus on a 
fact-specific analysis of this case.  The Shipper Interests argue that Chicago Board of Trade, the 
case on which BNSF principally relies, is distinguishable on several grounds.  Chicago Board of 
Trade involved the requirement, adopted by several western railroads, for bulk shippers of grain 
to install or pay for the installation of grain doors on cars used for shipping bulk grain.  They 
point out that the shippers in that case did not dispute the need for grain doors; the only issue was 
whether the shipper or the railroad should pay for their installation.  The Shipper Interests assert 
                                                 

35  BNSF states that much of the removed coal dust is hauled away for disposal, and that 
in a specific effort to remove coal dust around stream beds and water ways along the joint line in 
2008, it removed 300 car loads of coal.  Hearing Tr., 115-16, July 29, 2010.   

36  AECC Reply 4. 
37  CSXT Reply 4-5; BNSF Rebuttal 8. 
38  USDOT Rebuttal 4. 
39  BNSF Opening 18, citing, among other cases, Bd. of Trade of City of Chi. v. Abilene 

& S. Ry. (Chicago Board of Trade), 220 I.C.C. 753 (1937). 
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that here, in contrast, BNSF has instituted the tariff in order to reduce its own maintenance costs 
and that the coal dust containment measures are not needed or wanted by coal shippers.  The 
Shipper Interests also argue that in Chicago Board of Trade, the Interstate Commerce 
Commission found that the installation of grain doors was “an incident of loading bulk grain,” 
for which the shipper was responsible for loading, but that here, coal dust loss is not an incident 
of loading, but an incident of transportation.    

 
The Shipper Interests claim that shippers’ responsibility is to load their cars “in a safe 

manner”40 for transportation, and that rail carriers have the responsibility to transport the goods 
in a safe manner.41  The Shipper Interests claim that the way BNSF operates its trains, changes in 
track modulus, and poor maintenance of the line increase coal dust dispersion.42  BNSF responds 
that it is the shippers’ responsibility to ensure that their freight remains in the loaded cars.43  
USDOT notes that shippers of other commodities “take steps to ensure that their property 
remains intact in or on rail cars during transport” and that “[t]here is no apparent reason why coal 
should be any different.”44  However, USDOT then argues that, if carriers are imposing loading 
requirements, “fairness . . . might favor shifting of or sharing in responsibility for the coal dust 
emissions that inevitably follow in the real-world motions of rail carriage.”45 

 
We conclude that BNSF and other coal carriers have the right to establish coal loading 

requirements, subject to the reasonableness requirement of 49 U.S.C. § 10702.  Carriers regularly 
establish loading requirements for various commodities, and the Shipper Interests cite no case 
law and give no reason why carriers should not be able to change their rules in response to 
changing circumstances, such as here, where the problem of coal dust became apparent after 
years of increasingly heavy traffic.   

 
2. BNSF’s emission standards are unreasonable. 

 
Notwithstanding the above, the tariff at issue here is not reasonable under § 10702 and 

cannot be enforced.  The tariff provisions require shippers to load coal in a particular profile that 
is achieved using a modified loading chute in order to limit coal dust emissions (i.e., a 

                                                 
40  WCTL/CCCS Reply 26, citing Waste Material Dealers Ass’n of Ark. v. Chi., Rock 

Island & Pac. Ry., 226 I.C.C. 683, 688 (1938) (“It is the right and duty of the railroads to refuse 
to accept shipments that are not loaded in a safe manner.”); Consignees’ Obligation to Unload 
Rail Cars in Compliance with Carriers’ Published Tariffs, 340 I.C.C. 405, 410 (1972) (“carriers 
may refuse for shipment articles tendered for transportation, unless in such condition and so 
prepared for shipment as to render the transportation thereof reasonably safe and practicable.”). 

41  WCTL/CCCS Reply 26, citing 49 U.S.C. § 11706. 
42  AECC Reply 26, AECC Rebuttal 17, Nelson V.S. 6-7. 
43  BNSF Rebuttal 7. 
44  USDOT Reply 5. 
45  USDOT Rebuttal 5, n. 4. 
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performance standard).  This profile is designed to reduce coal dust emission by reducing the 
effect of air currents on loaded coal.  The practice has essentially been adopted and employed, 
apparently almost universally, for Powder River Basin coal loadings, and the efficacy of that 
process for mitigating dust dispersal, at least partially, has not been challenged here.  BNSF 
acknowledges, however, that profiling alone is not sufficient to meet the emission limitations in 
BNSF’s tariff.46  BNSF contends that its testing has shown that spraying a chemical surfactant on 
the tops of loaded cars is effective in reducing emissions to an acceptable level.47  No other 
containment methods seem to be under serious consideration for commercial use in the short 
term.  The Shipper Interests argue that the tariff is unreasonable because, even if they use 
surfactants and profiling together, their shipments may still violate the tariff provisions.  They 
claim that no study has shown that the combination will allow them to meet the emission 
standards.48  BNSF claims that its ongoing trial of surfactants and other compliance measures 
will address this problem.49  The Shipper Interests note, however, that at the time of filing of 
rebuttal statements, BNSF had not produced any evidence of a proven compliance method.50 

 
 A coal dust emission requirement that a shipper may be unable to meet, even if the 
currently accepted methods of coal dust suppression are employed, is problematic.  A reasonable 
rule would provide certainty to the shippers, such as that in Chicago Board of Trade.  There, 
shippers were required to take steps to address an identified problem, but once they had loaded 
their cars correctly, they could be certain that the carrier would move their commodity without 
penalty.  The Board does not want to foreclose the use of emission standards in the future, but 
given the circumstances, we find BNSF’s standards are unreasonable. 
 

At the hearing, BNSF stated it was willing to amend its tariff to provide an activity-based 
safe harbor,51 but as of yet, has failed to do so.  Under a safe harbor, shippers that use an 
approved emission control method contained in the tariff would be considered in compliance 
with the tariff, regardless of monitoring system results.  A cost effective safe harbor could go a 
long way to address our concern that the current tariff does not provide shippers with a certain 
method of compliance that does not depend on the monitoring system. 

 
The Board is also concerned with technical aspects of BNSF’s monitoring system and 

emission standards.  The Shipper Interests claim that the monitoring system produces variable 
and unreliable results.  For example, the Shipper Interests contend that the monitoring system 

                                                 
46  BNSF Opening 13-14. 
47  BNSF Opening 15.  
48  NCTA Opening 10-11. 
49  BNSF Reply 34. 
50  WCTL/CCCS Rebuttal 60. 
51  Hearing Tr., 85-88, July 29, 2010.  A safe harbor was also discussed at Hearing Tr., 

213-16, 298-302, 304-06, July 29, 2010.   
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does not account for the fact that dust dispersion is sporadic because of factors like wind speed,52 
and they emphasize that when BNSF placed two E-Samplers next to each other for testing, one 
monitor had 31% higher readings than the other.53  BNSF replies that the emission standards and 
monitoring system are based on sound science,54 arguing that its emission limits account for 
variability in readings.55   

 
The Shipper Interests also claim that the monitors do not measure coal dust deposited on 

the tracks; instead, the monitors measure a variety of particles in the air many feet from the 
tracks.56  BNSF replies that the measurements are indicative of coal dust deposited on the 
tracks.57  
 

The Shipper Interests assert that BNSF violated Board rules of practice when it did not 
provide the computer program it uses to convert the E-Sampler data into IDV.2 values, and that 
the “detailed logic and assumptions” that BNSF states it provided are insufficient for a full 
analysis.58  The Shipper Interests contend that the statistical analysis BNSF used to develop the 
IDV.2 standards is flawed and that BNSF was unable to find a third party to validate the 
methodology.59  The Shipper Interests dispute BNSF’s claim that the Board does not need to 
examine the measurement system and standards, claiming that the Board cannot find that the 
tariff is reasonable without reviewing the technical issues.60  BNSF responds that these 
arguments are without merit, stating that it has made available the logic and assumptions used to 
produce its IDV.2 calculations.  BNSF argues that access to proprietary codes is unnecessary to 
understand the IDV.2 calculations.61  

 
The Board shares many of the Shipper Interests’ concerns regarding the methods of 

effective compliance and the proprietary IDV.2 measurement system.  Shippers cannot be certain 
of effective compliance with this tariff.  After the loading has taken place, the shipment is under 
the control of the railroad and subject to the vagaries of wind, weather, train speed, and track 
                                                 

52  AECC Opening 20. 
53  WCTL/CCCS Opening 28. 
54  BNSF Reply 20-28. 
55  BNSF Reply 25. 
56  WCTL/CCCS Rebuttal 32-36. 
57  BNSF Reply 21-22. 
58  WCTL/CCCS Rebuttal 45-6. 
59  WCTL/CCCS Opening 32. 
60  WCTL/CCCS Rebuttal 31. 
61  BNSF Reply 26-27.  One shipper, Ameren, complains that BNSF refuses to provide 

IDV.2 data on all Ameren-related trains, which makes it difficult for Ameren to make informed 
conclusions about the effectiveness of suppression methods it is using.  Ameren Opening 6; 
Ameren Rebuttal 6. 
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conditions.  Once the movement is in transit, there is nothing the shipper can do to comply.  
Clearly, this suggests that the proper place to focus shipper efforts to minimize coal dust 
emissions must be at the load-out.  BNSF implies that, if shippers adopt profile grooming and 
use surfactants, they can achieve compliance with BNSF’s proprietary emission standards.  But, 
lacking some sort of safe harbor provision, no shipper can ever be confident that any particular 
movement it tenders will be in compliance.   
 

CONCLUSION 
 

While the goal of minimizing the release of coal dust during rail transport is a reasonable 
objective for railroads and coal shippers to pursue, the challenged tariff in this case simply 
creates too much uncertainty to be deemed a reasonable practice.  Under the challenged tariff, 
the railroad would accept rail cars loaded with coal and then inform coal shippers at a later date 
whether and to what extent coal dust was released during transport.  In addition, the tariff does 
not explain what consequences coal shippers would face if they are found to have tendered 
loaded coal cars to the railroad that subsequently released coal dust during transport.  The 
challenged tariff also does not acknowledge any steps that, if taken by a shipper before coal cars 
are tendered to the railroad, would guarantee that the shipper would be deemed in compliance 
with the tariff.   
 

Further, the railroad’s trackside coal dust emission monitoring system raises additional 
questions.  Shippers have raised legitimate concerns about their lack of access to equipment 
testing and other technical data before being asked to accept the equipment’s measurements and 
the subsequent liability that would be triggered by those measurements.  Similarly, shippers have 
legitimately questioned the ability of the monitoring equipment to accurately assign 
responsibility for a release among the railroad, the shipper, third parties or natural causes such as 
severe weather and topography.  
 

Rather than using this decision to define a specific, government-approved approach to the 
problem at hand, we expect that railroads and their customers will collaborate to develop a 
solution that guarantees that loaded rail cars are fit for safe travel, while also ensuring that 
commodity spillage during transport is minimized.  Clearly, this is a problem that must be 
addressed.  We have been persuaded by the record evidence that coal dust is a pernicious ballast 
foulant.  It is inefficient for railroads to move cars loaded in a manner that routinely results in the 
release of coal dust during transport.  Moreover, once a railroad accepts a loaded car, it bears 
responsibility for transporting the car in a manner that avoids releasing or spilling the shipment.  
In light of the importance of the coal transportation supply chain to the national and world 
economy, we are confident that railroads and coal shippers can develop reasonable solutions to 
the problems presented in this case.   
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ANCILLARY ISSUES 
 
Testimony of Gregory Fox   
 

On August 4, 2010, WCTL, CCCS, AECC, APPA, Edison, and NRECA (Movants) filed 
a joint motion to strike a portion of the July 29, 2010 hearing testimony of Mr. Fox.62  The 
Movants claim that portion of Mr. Fox’s testimony is new evidence because it included 
statements about tests of surfactants that were being conducted at the time of the hearing.  The 
Board did not consider Mr. Fox’s oral argument statements regarding surfactants in reaching its 
decision.  The motion is denied as moot.   

 
Other Issues 
 

WCTL and CCCS request that the Board hold that BNSF cannot enforce its operating 
rules governing the application of the tariff items to UP and its shippers, unless and until the 
Board first permits shippers to file comments, in a separate proceeding, concerning the legality 
of BNSF’s actions under the Joint Line Agreement, and the Board issues a decision on those 
matters.  CSXT argues that carriers must be allowed to institute operational rules and practices 
and asks that the Board reject any shipper suggestion that a rule must be determined reasonable 
before it goes into effect.63  The Board agrees with CSXT.  Carriers are permitted to institute 
operational rules and practices without receiving prior Board approval.  Shippers may, to the 
degree that they deem it warranted, challenge the reasonableness of any practice and petition the 
Board to enjoin the practice under 49 U.S.C. § 721(b)(4), pending the Board’s reasonableness 
ruling. 
 

Coal Shippers request that the Board make public UP and BNSF pleadings filed as 
confidential or highly confidential.  UP argues that Coal Shippers have provided no reason for 
these documents to be made public, and that these documents have been treated confidentially 
throughout this proceeding and previous civil litigation without objection.64  We find no valid 
reason to make public UP and BNSF confidential and highly confidential pleadings.  Redacted 
versions of these documents are available for public viewing.  

 
Finally, there are multiple arguments that the Board does not address given our finding 

that the tariff is unreasonable.  WCTL and CCCS request in their Rebuttal that the Board find the 
coal profiling standard in the tariff to be unreasonable, and that the Board rewrite those sections 
                                                 

62  The motion requests that the Board strike the portion of Mr. Fox’s testimony that 
appears at 02:10:17 through 02:10:43 in part 2 of the hearing video.  A hearing transcript was not 
available when the motion was filed.  The hearing video is available at the Board’s website, 
http://www.stb.dot.gov/stb/index.html (follow “Hearings/Meetings Archives” hyperlink; then 
follow “07/29/2010” hyperlink).  The testimony at issue appears at Hearing Tr., 280, lines 5-13, 
July 29, 2010.   

63  CSXT Reply 4-5. 
64  UP Rebuttal 35. 
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of the tariff items.  The Shipper Interests request that if the Board approves the tariff, it also 
should require BNSF to publish an allowance tariff containing a schedule of reasonable sums 
BNSF would pay coal shippers to reimburse them for reasonable compliance expenses.  
Similarly, Ameren requests that if the Board finds the tariff items reasonable, it hold BNSF 
responsible for any consequences of surfactant spraying.  Finally, TMPA states that it is 
currently paying transportation rates to BNSF pursuant to a 20-year Board prescribed rate.65  
TMPA states that the cost for coal dust maintenance is included in the prescribed rate, and that it 
therefore should not be responsible for any costs associated with compliance with the tariff at 
issue.  TMPA asks the Board for a statement in this proceeding to that effect.  We need not 
address any of these arguments because of our finding that the tariff is unreasonable. 
 

This action will not significantly affect either the quality of the human environment or the 
conservation of energy resources. 
 
 It is ordered: 
 

1.  AECC’s petition for a declaratory order is granted.  We find that BNSF’s Tariff 6041-
B Items 100 and 101 constitute an unreasonable practice under 49 U.S.C. § 10702. 

 
2.  The joint motion to strike a portion of the July 29, 2010 hearing testimony of Mr. Fox 

is denied as moot. 
 
 3.  This decision is effective on its service date. 
 
 By the Board, Chairman Elliott, Vice Chairman Nottingham, and Commissioner Mulvey. 
 

                                                 
65  The Board set the rate in Tex. Mun. Power Agency v. Burlington N. & Santa Fe Ry., 

6 S.T.B. 573 (2003). 
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1               P-R-O-C-E-E-D-I-N-G-S

2                                        9:30 A.M.

3             CHAIRMAN ELLIOTT:  Good morning. 

4 Welcome.  The Board has convened a hearing

5 today in the case of Arkansas Electric

6 Cooperative Corporation, Petition for

7 Declaratory Order in Finance Docket 35305.

8             This has drawn a great deal of

9 interest and as a result we have panels of

10 participants who will be speaking today.  A

11 list of participants, together with their

12 allotted times was issued by the Board in our

13 July 21, 2010 decision in this case and is

14 available at the back of the hearing room.

15             Before we begin with

16 presentations, I wanted to cover a few

17 procedural matters.  We've asked each party to

18 present their comments as they deem

19 appropriate, but participants should be

20 prepared to answer questions from the Board

21 after the allotted time.

22             We have read the pleadings and
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1 evidence submitted into the record and while

2 there is no reason to repeat every point, we

3 hope that you will focus on drawing our

4 attention to those aspects you believe are

5 most salient.

6             Speakers, please note that the

7 timing lights are in front of me.  You will

8 see a yellow light when you have one minute

9 remaining and a red light when your time has

10 expired.  The yellow one-minute light will be

11 accompanied by a single chime.  The red light

12 signifying that your time has expired will be

13 accompanied by two chimes.  Please keep to the

14 time you have been allotted.  When you see the

15 red light and hear the double chime, please

16 finish your thought and take a seat.

17             In addition, just as a reminder to

18 everyone to please turn off your cell phones. 

19 Now we will proceed.  

20             Any opening statements?

21             VICE CHAIRMAN MULVEY:  Briefly, I

22 would say it's a very important hearing we're
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1 going to have today.  We have some very

2 detailed presentations, very technical

3 presentations.  Many consultant-verified

4 statements and studies have been submitted and

5 it's obvious that a lot of time and effort has

6 gone into -- has been spent on this issue by

7 both the railroad and by the shippers.

8             One issue that I hope that will be

9 further fleshed out during this hearing is the

10 IDV.2 standard itself in terms of how it was

11 developed, what it measures, how it can be

12 verified regarding its accuracy and integrity. 

13 I hope that the parties will address this

14 thoroughly in their presentations and in the

15 responses to questions from the Board.  Thank

16 you.

17             CHAIRMAN ELLIOTT:  Thank you, Vice

18 Chairman Mulvey.  

19             Anything else?

20             COMMISSIONER NOTTINGHAM:  I have

21 no opening statement.

22             CHAIRMAN ELLIOTT:  I have none
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1 either.  So we will proceed.  We will call up

2 the first panel which is the Government Panel,

3 United States Department of Transportation.

4             You may proceed, Ms. Smith, and

5 you have five minutes.

6             MR. SMITH:  Thank you, Chairman

7 Elliott, Vice Chairman Mulvey, Commissioner

8 Nottingham, my name is Paul Samuel Smith. 

9 Again, it's my distinct privilege to represent

10 the United States Department of

11 Transportation.

12             With me is Dr. Ted Sussman from

13 the Department's Volpe Center in

14 Massachusetts.  I brought him not to make a

15 presentation, but to answer any questions you

16 might have of a technical nature.  He is an

17 expert in rail ballast and track geometry.  He

18 was very closely involved in those portions of

19 the Department's submissions on that subject. 

20 And I would be utterly at sea if I tried to

21 answer any technical questions of the kind the

22 Vice Chairman might be interested in.
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1             I want to leave you today with a

2 few main points.  The first one, indeed as the

3 Doctor will get into, if necessary, is that

4 coal dust is a particularly pernicious fouling

5 agent.  It is not a garden variety dust or a

6 fouling agent.  It has its own particular

7 characteristics, particularly when wet.  It is

8 something that poses a particularly

9 substantive problem to the stability of rail

10 ballast and although there has been some doubt

11 raised on the record, we don't want here to be

12 any doubt that from the FRA's perspective and

13 from the DOT's perspective it is a real

14 substantive problem that must be dealt with.

15             Having said that, it is also the

16 case that from a safety perspective there is

17 more than one way to deal with it.  There is

18 indeed maintenance, accelerated maintenance,

19 expanded maintenance, and that has been going

20 on in the Powder River Basin since

21 approximately 2005 anyway.  There are also

22 other methods, containment-type methods, that
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1 stop it from being released in the first

2 place.

3             From a safety perspective, from a

4 compliance with FRA ballast standards

5 perspective, either will do and we want to

6 make sure that you recognize that there are

7 multiple choices and indeed other countries,

8 other shippers, railroads, government agencies

9 have taken different routes, have indeed, at

10 least in Australia, taken the route that we at

11 DOT prefer and that the Board has preferred,

12 usually as a positive matter and that is a

13 cooperative effort on behalf of all concerned

14 and not just the railroads, not just the

15 shippers.  Those parties have an identify of

16 interest, so that that kind of alignment

17 provides the best incentives, we think, for

18 progress, particularly of a cost effective

19 nature.  In an adversarial proceeding,

20 unfortunately, there is most often a winner

21 and a loser and it's much more difficult to

22 get cooperation in that context.  
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1             In this case, of course, BNSF's

2 tariff rule has put the containment option

3 before you, and as a result under Section 49

4 USC 10702, that must meet the standard of

5 reasonableness.  Reasonableness, in this case,

6 means that you must be satisfied with the bona

7 fides of the methodology chosen by BNSF to

8 arrive at its emission limits.  And there are

9 of course, two different ones for different

10 lines.  And the results can be anticipated

11 from having met those limits.

12             We do not take a position on those

13 highly technical matters, but we think that

14 that's what the law requires.  We do believe

15 it is certainly appropriate for the shippers

16 to load their shipments in a manner that every

17 other shipper does, to our knowledge at least,

18 and that is so that it stays in the transport

19 car, either because in other cases it has its

20 own inherent value or because there could be

21 operational or safety problems if it gets out.

22             I want to just leave you with one
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1 last point and that is that FRA will continue

2 to oversee the safety of the operations in the

3 Powder River Basin and elsewhere.  And I left

4 with you a copy of the Preliminary National

5 Rail Plan.  It's a public document and I'll

6 leave one here for the record and provide you

7 with an electronic copy if you like.

8             On page four, there is a graphic,

9 Figure 1, and it shows traffic density,

10 traffic volume.  And you'll notice right in

11 the center is the bright red.  It's the

12 highest volume traffic corridor in the

13 country.  It's coming from the Powder River

14 Basin and it meets up with other lines after

15 that.  So this is an extremely important line

16 for energy purposes and every other.  

17             Thank you very much and I stand

18 ready to answer your questions of a

19 nontechnical nature.  Dr. Sussman is here for

20 those.  Thank you.

21             CHAIRMAN ELLIOTT:  Thank you very

22 much, Mr. Smith.  We really appreciate you
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1 coming here today and providing your

2 expertise.

3             One question I have and it's more

4 of a broad question and it might go to the

5 Doctor, with respect to in 2005, we have these

6 derailments which were quite serious and the

7 allegation is that it was as a result of --

8 partially as a result of coal dust.  And I

9 guess my question is it only happened, from my

10 understanding in 2005.  Why all these years,

11 for hundreds of years, coal cars have been

12 running without any type of containment?  And

13 why, all of sudden in 2005, has it become such

14 a big issue?  If any of you had such a thought

15 on why that is the case?

16             MR. SMITH:  I could speculate

17 about volumes and such, but prefer not,

18 perhaps. 

19             Dr. Sussman has a thought?

20             DR. SUSSMAN:  For the most part, I

21 think the Powder River Basin has come into

22 large use because of regulations on the
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1 quality of coal used and that has concentrated

2 the source of coal to the Powder River Basin. 

3 But I think BNSF would be better to answer the

4 direct questions of the volumes on those

5 lines. 

6             CHAIRMAN ELLIOTT:  Thank you.  And

7 one other question, with respect -- you

8 mentioned cooperative efforts which I always

9 encourage.  Have there been anything similar

10 to a cooperative effort on issues of this

11 nature, maybe at the FRA or DOT before?

12             MR. SMITH:  Not DOT or FRA to my

13 knowledge and I think I would have learned of

14 that in the process somewhere in this

15 proceeding about coal dust.  Of course, in the

16 record there's references to cooperative

17 endeavors either at one point or it's still

18 on-going perhaps with different railroads or

19 different places, but that's all I know about

20 this particular subject.

21             CHAIRMAN ELLIOTT:  Thank you. 

22 Vice Chairman?
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1             VICE CHAIRMAN MULVEY:  About the

2 coal dust, isn't it true that Powder River

3 Basin coal is different from Appalachian coal

4 or Illinois coal and the dust is finer coming

5 off the trains in the Powder River Basin?

6             MR. SMITH:  My knowledge is

7 limited to a very basic level and that is it

8 different in terms of the energy that it

9 produces and in terms of what is emitted when

10 it is burned, but beyond that, perhaps Dr.

11 Sussman knows.

12             VICE CHAIRMAN MULVEY:  Dr.

13 Sussman?

14             DR. SUSSMAN:  I believe there is a

15 difference in the amount of dust.  It is a

16 finer dust.  It's more prevalent.

17             VICE CHAIRMAN MULVEY:  We had some

18 examples the other day.  We were looking at

19 the Powder River Basin coal in a test tube and

20 Appalachian coal and clearly the Powder River

21 Basin coal did seem finer than the Appalachian

22 coal.
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1             I want to make a small point on

2 this graph since it's been very, very

3 contentious about here.  This graph of the

4 forecast of traffic volumes is based upon the

5 Freight Analytic Forecast, is it not?

6             MR. SMITH:  I believe that's the

7 case and that is not just rail traffic.  That

8 is all 

9 --

10             VICE CHAIRMAN MULVEY:  But are you

11 aware also that we did a study here at the STB

12 by Christiansen and Associates which was done

13 subsequent to this and really questioned the

14 accuracy of this flow, especially given the

15 turndown of the economy that's occurred since

16 this was first developed as well as some of

17 the other projections with regard to coal

18 traffic that were made by the DOE?

19             MR. SMITH:  There's no question

20 that the economy has had an effect on pre-

21 recession projections.  This particular

22 graphic is drawn from information that is
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1 listed as 2002, but I've been assured that at

2 least with respect to Powder River Basin coal

3 volumes, those have not declined at all. 

4 There has been some reduction, again, recently

5 with the recession, but in terms of the

6 relative dimensions, this is still the

7 largest, heaviest volume rail line in the

8 continent of the world.

9             VICE CHAIRMAN MULVEY:  One

10 question for Dr. Sussman on this issue of the

11 IDV.2.  Are you familiar with what that stands

12 for, how it was developed?  Is it parts per

13 million?  What is it measuring?  And are you

14 confident in the techniques that were used to

15 develop these measures?

16             MR. SMITH:  I don't think that Dr.

17 Sussman is.  He has reviewed the verified

18 statements and so forth, but that's the extent

19 of his knowledge at this point.

20             DR. SUSSMAN:  I don't have any

21 knowledge other than what's in the record.

22             VICE CHAIRMAN MULVEY:  Well, it's
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1 a proprietary program I gather, but it makes

2 it hard to evaluate whether or not it's

3 appropriate.  But we'll develop that later.

4             DR. SUSSMAN:  Thank you.

5             CHAIRMAN ELLIOTT:  Thank you, Vice

6 Chairman.

7             Commissioner?

8             COMMISSIONER NOTTINGHAM:  Thank

9 you, Mr. Chairman.  

10             Mr. Smith, thank you for being

11 with us today.  It's always good to have

12 someone from the Department before us.  Just

13 a couple of questions, if I could.  One of the

14 advantages of having the Department

15 participate is we can perhaps learn something

16 about how other modes of transportation handle

17 issues such as spillage, loss of cargo and

18 steps, reasonable or unreasonable, to prevent

19 spillage and loss of cargo.

20             Can you help educate us?  Are

21 there other modes who have taken steps or do

22 take steps routinely to prevent cargo from



202-234-4433
Neal R. Gross & Co., Inc.

Page 21

1 being spilled or lost during transit?  I can

2 just think of, for example, as a customer

3 occasionally my private and sometimes on

4 business capacity of the commercial airlines,

5 if I were to arrive and try to check in a

6 shopping bag that was ripped and leaking

7 clothing or other material at the counter, I

8 probably wouldn't be able to check that bag. 

9 That's sort of a -- that may sound like a very

10 pedestrian example, but can you help fill us

11 in?  

12             We know that a lot of coal, for

13 example, moves by barge, truck.  Have those

14 sectors and modes been able to contain routine

15 spillage?

16             MR. SMITH:  Other than, of course,

17 hazardous materials which are very heavily

18 regulated in terms of their packaging and so

19 forth to prevent that from happening, the only

20 other comparable mode of transport of which I

21 am aware, although you mentioned barges, they

22 go down the riverways, they are not covered,
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1 but they're not -- unless they actually,

2 unfortunately, have an accident, they're not

3 subject to the kind of jostling that rail

4 motions subject their traffic to.

5             The only other remotely comparable

6 transport mode that I'm aware of is the large

7 dump trucks which, of course, in recent years

8 have had to have covers installed to prevent

9 loose shipments of gravel or coal perhaps and

10 for short distances and so forth which

11 historically was not the case, but has been in

12 the last decade or so.  But beyond that, there

13 isn't a problem that I'm aware of with more or

14 less consistent spillage simply because the

15 shippers and the receivers would have a real

16 problem if there was.  Now again, for 100

17 years it hasn't been the case with coal and

18 I'm not exactly sure why it is that it has

19 just been accepted as a byproduct of coal

20 transport for so long.

21             COMMISSIONER NOTTINGHAM:  So in

22 your professional opinion, would you say it is
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1 unusual or the opposite?  Does it fall within

2 the norm for common carriers or a common

3 carrier to routinely or to have routinely

4 allowed for the spillage, routine spillage or

5 routine loss of common carrier cargo?

6             MR. SMITH:  I don't know of any

7 other instance where that's happened across

8 any mode.

9             COMMISSIONER NOTTINGHAM:  Do you

10 have any testimony for us about just the

11 reasonableness of a common carrier wanting to

12 adopt, if it were the case, and we'll explore

13 this later today, I certainly will, if a

14 common carrier wanted to adopt a no-cargo lost

15 policy, would that generally sound reasonable

16 or unreasonable, basically, you pay us to

17 deliver stuff, whatever that stuff might be. 

18 We'll guarantee to the best efforts we can

19 that all the stuff you ordered you'll actually

20 get.  We won't lose any of it on the way. 

21 Does that sound reasonable to you or

22 unreasonable?
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1             MR. SMITH:  I think as a general

2 proposition that's probably reasonable.  I

3 think it's probably the norm, as I said, in

4 other modes of transport, and even in this

5 mode for more or less every other type of

6 shipment that there is.

7             Now obviously, given the

8 extraordinary volumes of the coal traffic and

9 the unit trains and the distances they travel,

10 a lot more than your standard concerns or

11 standard logistics would be required to ensure

12 that that happens.  And of course, the nature

13 of the cargo itself is not quite powder, but

14 it's quite granular.  So it's not pre-packaged

15 in any way like ore in an enclosed container

16 like a box car or a grain car or something. 

17 You would have to go about especially with the

18 backdrop of nothing at all like that with coal

19 transport by rail, you'd have to maybe not

20 invent the wheel, but you have to bring it

21 over from other contexts herein, as an

22 extraordinarily important traffic.
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1             COMMISSIONER NOTTINGHAM:  The

2 point you make about all other commodities

3 moving basically in a manner that prevents the

4 routine spillage or loss of that commodity, I

5 think that's an important point.  It seems to

6 me that the Department has a good sense of the

7 history of freight transportation, that it

8 probably, I don't know this from personal

9 observation, but I'm surmising that perhaps

10 every other commodity today moves in a no

11 spill, no routine spill manner, somewhere

12 along the line historically, actually made

13 some adjustments or made some car standard

14 adjustments to get to that state.  I'm

15 guessing that when railroading first started

16 in the 1800s, you probably had a lot of stuff

17 moving in pretty simple cars, exposed, open,

18 spillage, loss of grain or grain damage, for

19 example.  

20             And over the years, the industry

21 has been working with its customers, seems to

22 have adopted ways to ensure that those, all of
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1 those other commodities actually get to their

2 endpoint destination without routine spillage

3 or loss.  And presumably those railroads and

4 their customers have had to absorb over the

5 years, the costs of those technology

6 improvements, those container improvements. 

7             What happened to coal to make that

8 the exception?

9             MR. SMITH:  I'm personally not

10 enough of an historian for that.  As we

11 recognize in our position papers, we're not

12 aware of this happening anywhere else and we

13 don't know why it happened for so long with

14 coal.  Obviously, circumstances have changed. 

15 We now recognize it's not just a low value

16 commodity that has no consequences when it

17 does get out in volume, especially.   And

18 perhaps that's part of the reason.  That it

19 didn't appear on anybody's radar screen, if

20 you will, for decades.  People didn't

21 recognize it for what it actually was, at

22 least in certain circumstances.  That's all I
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1 can speculate about.

2             COMMISSIONER NOTTINGHAM:  And I

3 know we'll hear some conflicting as we often

4 do and it's one of the good purposes of a

5 hearing, so we'll hear some conflicting

6 arguments about the relative hazards or

7 negative externalities of coal dust.  Some of

8 the submissions to us indicate or argue that

9 it's somewhat benign or it can be addressed

10 with just simple routine maintenance.  Other

11 testimony told us it's a much more serious

12 problem.

13             Putting that aside, even if we

14 were to stipulate just for the moment that

15 coal dust was benign, that it had no harmful

16 effects on anything, couldn't --

17 hypothetically, I'll just ask you, couldn't a

18 common carrier be within the realm of

19 reasonableness by saying we want to guarantee

20 that all the cargo you asked to be shipped to

21 you actually gets to you, even if it's cotton

22 candy or peanuts or coal or widgets that we
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1 won't drop it along the way?

2             MR. SMITH:  I see kind of

3 countervailing strains in that.  The first is

4 yes, of course, that makes sense.  The second

5 is under the legal standard of reasonableness,

6 the cost benefit analysis that ones goes to

7 determine what's reasonable, it may be very

8 expensive to prevent cotton candy from falling

9 out of an open rail car, but if there are no

10 implications for operations or safety or

11 something like that which again perhaps is why

12 coal dust has been left as it has been for so

13 long, then how reasonable is it to enforce a

14 containment strategy of one sort or another. 

15 It would be more expensive and not reach the

16 level, because there's no benefit to attain. 

17 If there's no consequence for the cotton candy

18 or whatever coming out of the car, then what

19 is the benefit to closing it except for again

20 this kind of common sense principle that, of

21 course, whatever it is that's being shipped

22 should stay in the car in the first place.  I
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1 think that's a fall out of the reasonableness

2 test and the adversarial proceeding that

3 brings it to you today and other occasions.

4             COMMISSIONER NOTTINGHAM:  Okay. 

5 I'm not sure if that passes my leaking luggage

6 at the airline counter test.  

7             MR. SMITH:  Clearly, there's no

8 security question about the leaking luggage

9 these days.  The reality is --

10             COMMISSIONER NOTTINGHAM:  That

11 would be an airline or maybe a TSA kind of

12 policy as opposed to a DOT nationwide standard

13 that thou shall not bring leaking luggage

14 aboard your carry ons or something.

15             I'll wrap up in a second, Mr.

16 Chairman.  Thank you for your forbearance.  

17             Have you had a chance, what we

18 really have at issue here today when we boil

19 down what brought this hearing together is, of

20 course, a tariff, a specific tariff that was

21 drafted and opposed by the BNSF.  

22             Have you had a chance to look at
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1 that tariff and the terms that touch on coal

2 dust?

3             MR. SMITH:  I know that there are

4 quantitative limits, one for each of the two

5 lines that are at issue and I know that they

6 are designed according to BNSF to prevent the

7 emissions that were very, very high level of

8 the emissions, but beyond that, that's why Dr.

9 Sussman and others provide the content of our

10 statement, and why even then to make sure that

11 you knew that as far as we are concerned, coal

12 dust is indeed quite pernicious.  We couldn't,

13 and don't, take a position on the scientific

14 bona fides of those particular limits.

15             COMMISSIONER NOTTINGHAM:  If I

16 were to sort of simplify down or strip down to

17 sort of layman's English the terms of the

18 tariff and describe it as follows:  your coal

19 car's rail customer better not leak

20 significant coal dust or else.  And if that

21 phrase were put in the tariff, would you not

22 have some sympathy with the rail customer's
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1 concern well, what does "or else" mean?  In

2 other words, coal dust has been falling off of

3 rail cars for hundreds of years and now we're

4 being told, the rail customer is being told

5 stop it or else.  

6             As you look around the different

7 modes and there are all kinds of requirements

8 about transport including the examples I

9 raised about commercial aviation, there are

10 certain things you can do or can't do to make

11 yourself eligible to actually board a

12 commercial flight, but usually you're told

13 somewhere in specific terms what those terms

14 are and what those repercussions are.

15             Do you have anything to say about

16 sort of the reasonableness of the rail

17 customer's expectation that they actually be

18 told in advance of entering into a commercial

19 relationship what the essential terms and

20 conditions are in some detail?

21             MR. SMITH:  Indeed, the shippers

22 have raised that.  It is a very legitimate



202-234-4433
Neal R. Gross & Co., Inc.

Page 32

1 question.  In its rebuttal filing, BNSF seemed

2 to put a different emphasis on the standards

3 themselves and how -- and what it is going to

4 use them for.  It's a tool.  It's a prod.  And

5 they just want, according to the rebuttal

6 statement, to begin to see some progress to

7 deal with this problem on the containment side

8 and they are going to accept good faith

9 effort, so it was to me, an added element of

10 flexibility, perhaps because the standard is -

11 - even the IDV is a new term and the standard

12 is new and as you said, it's been going on for

13 decades without anybody paying much attention

14 to it.  

15             And so it may be that it's a

16 recognition that a hard edge standard maybe

17 isn't appropriate at this time, but I'll

18 certainly leave that to them, but yes, the

19 shippers certainly have a legitimate point to

20 know to the extent that they can or BNSF can

21 tell them the "or else."  And that is, I

22 think, a legitimate part of your inquiry as to
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1 whether the overall rule is reasonable because

2 if the rule is not going to be enforced, then

3 why bother in the first place?

4             COMMISSIONER NOTTINGHAM:  Thank

5 you.  I have no further questions at this

6 time.

7             VICE CHAIRMAN MULVEY:  Just a bit

8 of a follow up on the question that

9 Commissioner Nottingham had raised earlier and

10 that is whether or not there's any other modes

11 of transportation where this problem exists. 

12 And what comes to my mind is that there has

13 been a problem with fugitive dust in the past

14 from trucks carrying municipal solid waste to

15 landfills.  And I believe that those problems

16 have been addressed by local municipalities

17 putting restrictions on the trucks and

18 requiring the trucks be covered in such a way

19 that they avoid putting out fugitive dust. 

20 But I believe that's a local issue and

21 therefore does not involve interstate commerce

22 usually and so therefore the Department was
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1 not involved.

2             Do you know anything about that

3 issue, that particular issue?

4             MR. SMITH:  I do not.  I don't

5 believe the Department -- I agree with you, I

6 don't believe the Department was involved.  I

7 can't say definitively it was not.  It sounds

8 to me more like either strictly a local matter

9 or possibly within some kind of -- possibly

10 within some kind of overall program or

11 guidance from EPA or another environmental

12 agency on the federal level.

13             VICE CHAIRMAN MULVEY:  Or perhaps

14 state environmental agencies.

15             MR. SMITH:  Indeed.

16             VICE CHAIRMAN MULVEY:  The other

17 thing is, and this is an interesting issue

18 because the shipper and the loader are not the

19 same individuals or the same firms here, the

20 shippers are, in fact, the utilities.  The

21 loaders are the coal mining companies.  Have

22 you looked at that as a problem and how that
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1 could be addressed?  After all, some of the

2 proposals for correcting this, spraying of

3 surfactants or loading the car in such a way

4 as to lessen the likelihood of dust emanating

5 from the cars, would be the responsibility of

6 the coal companies doing this, and yet the

7 penalty goes to the shipper who has very

8 little control over what the coal company

9 does.   

10             Do you have any views on that?

11             MR. SMITH:  The mine owners have

12 been conspicuous by their absence in this

13 proceeding and that may be because -- it may

14 be because that again traditionally all

15 they've ever done is load the cars more or

16 less, I guess, a standardized chute.  I know

17 that they have been more recently involved in

18 changing the profile, if you will, of the

19 coal.  

20             Obviously, to the extent that

21 there would be some kind of containment

22 strategy, whether it's surfactant spraying or
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1 coal car covers of some sort, that changes to

2 some extent the logistics of the loading.  And

3 depending on what it is, the unloading,

4 possibly the burning of the coal, I don't know

5 what surfactants do to the characteristics of

6 the burn, whether they do anything to the

7 inside of the cars that are used, if they're,

8 in fact, made to keep the coal in the car,

9 then I wonder what that does to tipping them

10 over when you get to the utility.  It's just

11 not going to hold several tons, obviously.

12             I just wonder -- that's part of

13 the inquiry here that I'm not familiar with

14 that maybe somebody has addressed that in the

15 record and it may just be that the coal,

16 excuse me, the mine owners will certainly be

17 cooperating with their customers.  And they

18 recognize their customers for the most part

19 are quite some distance away, but as to who is

20 to bear what part of the -- of a corrective

21 measure and the cost of that again, the

22 containment obviously has to be at the mine if
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1 that's the route that is going there.  If it's

2 after-the-fact maintenance, then that just

3 occurs elsewhere on the line.

4             VICE CHAIRMAN MULVEY:  Thank you.

5             CHAIRMAN ELLIOTT:  Thank you, Vice

6 Chairman.  Thank you very much, Mr. Smith and

7 Dr. Sussman.  We greatly appreciate you taking

8 the time to come and help us out in this very

9 complicated and interesting case.  You're free

10 to go.

11             MR. SMITH:  Thank you very much.

12             CHAIRMAN ELLIOTT:  Next, we'll

13 call up the second panel which are the

14 carriers, BNSF and Union Pacific.

15             We'll have BNSF start out.  You'll

16 have 30 minutes.  And it looks like later on

17 10 minutes on rebuttal.

18             MR. WEICHER:  Thank you, Mr.

19 Chairman.  

20             My name is Rick Weicher from BNSF

21 Railway.  There are three of us that are going

22 to make statements on behalf of BNSF and to
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1 some extent some interplay.  On my left is Mr.

2 Greg Fox, our Vice President of

3 Transportation, who will explain why the coal

4 dust problem in the Powder River Basin must be

5 addressed by keeping coal in the cars and not

6 performing after-the-fact maintenance.  Mr.

7 Sipe, on my right, will address the legal

8 framework for assessing the shippers' claim

9 that our coal dust standards are unreasonable,

10 and also summarize some of the evidence that

11 supports our challenged standards and some of

12 the issues that have just been raised about

13 the development of our standards.  And I will

14 address some of the issues about how we

15 anticipate achieving compliance with these

16 rules and our efforts in that regard if this

17 rule is permitted to go into effect.

18             As we've described in extensive

19 evidence, we are asking the Board to conclude

20 three things.  It is necessary to keep coal

21 dust from blowing off loaded cars in transit. 

22 That's important for a lot of good reasons. 
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1 Second, we believe as the operating railroad,

2 we have the authority to issue rules such as

3 at issue here that promote safety,

4 reliability, and efficiency, and do something

5 as fundamental as say the commodity should

6 stay in the car.  Third, we ask that the Board

7 conclude that these standards which have been

8 the product of years of research and work are

9 not unreasonable as they stand today.

10             I'll turn it over to Mr. Fox to

11 describe the background.

12             MR. FOX:  Very good.  Good

13 morning.  I am Greg Fox.  I'm the Vice

14 President of Transportation at BNSF.  My team

15 is accountable from that perspective for our

16 train network, the operation of our train

17 network.  Just prior to this position I was

18 the Vice President of Engineering.  My team at

19 that time had accountability for the

20 maintenance and reliability of our physical

21 infrastructure and I was in that role in 2005

22 at the time of the back-to-back train
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1 derailments on the joint line.  And I played

2 a key role in the extraordinary recovery

3 efforts that we put in place after that

4 incident.

5             I therefore speak about coal dust

6 from both the perspective of track maintenance

7 and the trains that run across that track. 

8 And clearly, based on my experience, coal dust

9 cannot be allowed to continue to be deposited

10 along the right of way.

11             Coal dust compromises the strength

12 and integrity of the track structure and

13 frankly it puts at risk the transportation

14 services in a critical part of the overall

15 nation's energy supply chain.  Shippers must

16 be required to take the measures necessary to

17 keep coal dust in the cars.

18             The evidence in this case shows

19 beyond really any question that coal dust

20 falling along the right of way on the joint

21 line is extensive.  As you can see from these

22 photos, coal dust fouling is not confined to
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1 a specific location.  Coal dust is found all

2 along the joint line.

3             Witnesses have also explained that

4 coal dust is not confined to the coal -- to

5 the joint line alone.  There's a very high

6 volume of coal traffic on lines leading out of

7 joint line.  And extensive coal dust deposits

8 have been found along these lines as well. 

9 Coal dust has been found along BNSF right of

10 way as far as 500 miles from the joint line.

11             There also can be no question that

12 coal dust comes off the top of loaded coal

13 cars in large quantities as shown on this

14 short video clip.

15             (Pause.)

16             This photo shows the top of a

17 loaded coal car and the effect that wind

18 erosion has on the load.  Coal blown off of

19 the car, along with coal blowing off of the

20 thousands of other loaded coal cars on the

21 joint line is deposited along the right of way

22 and ultimately makes it way into the ballast
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1 section.

2             Coal dust emissions on the joint

3 line were manageable in the early years when

4 transportation volumes were relatively low,

5 but the joint line has become, as indicated

6 earlier, the most dense rail corridor in the

7 world.  As many as 70 loaded coal trains move

8 on the joint line each day.  BNSF estimates

9 that up to 500 pounds of coal may be lost from

10 the top of each car.  We assume that each of

11 those 70 trains has 120 cars.  That adds up to

12 over 2,000 tons of coal dust deposited on the

13 joint line every day.

14             BNSF became concerned about coal

15 dust as volumes increased.  And after our

16 initial study of the problem in 2003 and 2004

17 we concluded that measures needed to be taken

18 to address the coal dust emissions.

19             We accelerated our study of coal

20 dust after the May 2005 back-to-back

21 derailments and after five years of

22 cooperative study, the evidence is
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1 overwhelming that it's time to take action. 

2 It's time to keep coal dust in the car.  In my

3 personal opinion, doing nothing is not

4 acceptable.

5             Shippers have argued that BNSF

6 should be required to deal with coal dust

7 through expanded maintenance after the coal

8 has escaped from the cars.  This is an

9 irresponsible position for them to take.  This

10 slide shows a cross section of railroad track

11 or road bed.  The principal purpose of the

12 ballast section you see here is to anchor the

13 track and provide resistance to the movement

14 of ties and rail.  Also, the ballast section

15 bears and distributes the applied load of the

16 train dissipating that pressure to the

17 subgrade and the earth below.

18             Finally, the ballast section is

19 accountable for drainage, providing drainage. 

20 We also use it to facilitate track maintenance

21 and surface, the relationship between the

22 rails.
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1             As indicated earlier, coal dust is

2 one of the worst fouling agents of the ballast

3 section.  Studies by the University of

4 Illinois and my own experience show that its

5 characteristics make it particularly dangerous

6 for track stability, even in small quantities.

7             Sheer strength is a component, a

8 key component of ballast performance.  Sheer

9 strength occurs when friction is created, when

10 one piece of ballast contacts or interlocks

11 with another piece of ballast.  Sheer strength

12 is the characteristics of compacted ballast

13 that allow the ballast section to distribute

14 that applied load of the train to the subgrade

15 below.

16             As you can see on this slide, when

17 coal dust fills the voids between the

18 individual ballast pieces, friction is lost,

19 sheer strength is lost and the support for

20 ties and rails is adversely impacted.  This

21 leads to deviations in surface or the

22 relationship of the rails to one another and
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1 if left unattended to, can result in service

2 interruptions.

3             This situation only gets worse

4 when coal dust gets wet.

5             Routine maintenance cannot deal

6 with the large quantities of coal dust along

7 the joint line.  One of BNSF's engineering

8 consultants recently estimated that more than

9 1.8 million tons of coal are deposited along

10 the right of way on the joint line, not

11 counting the coal that's already in the

12 ballast section. 

13             In 2008, BNSF did a very limited

14 clean up of coal dust around waterways and we

15 removed over 300 rail cars of coal dust; 1.58

16 million tons as shown on the chart would

17 equate to 14,000 rail cars of coal dust that

18 needs to be removed from the joint line,

19 obviously, an extreme condition.

20             Given the high level of coal

21 traffic on the joint line, it's not surprising

22 that coal dust accumulates far too rapidly for
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1 routine maintenance to keep up with it. 

2 Here's a picture taken in May of 2007 of a

3 section of the joint line that was constructed

4 in the fall of 2006.  From this, you can see

5 rapid accumulation of coal dust.

6             Coal dust also does not accumulate

7 only in visible deposits along the right of

8 way.  It also accumulates inside the ballast

9 section.  This photo shows coal dust finds

10 being removed or extracted from the ballast

11 section by an undercutter which cleans the

12 ballast.  

13             We are currently undercutting

14 track on the joint line at least two times,

15 more frequently than what would be required

16 under non-coal dust conditions.  Even with

17 this extraordinary amount of maintenance, it's

18 not enough.  Coal dust, even in small amounts,

19 poses a real threat to the integrity of the

20 ballast section and track stability.  After-

21 the-fact maintenance is absolutely not the

22 answer here.  Coal dust deposits are too
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1 voluminous and widespread.  Maintenance will

2 never be as effective as keeping the coal dust

3 in the cars to begin with.

4             Coal dust accumulates in the

5 ballast section are not always possible to

6 detect, thus making it very difficult to know

7 when and where to do corrective maintenance. 

8 As you can see from this photo, the ballast

9 appears to be clean,  often has coal dust

10 beneath the surface.

11             At the end of the day, with the

12 right confluence of events and with coal dust

13 in the ballast section, there's a very real

14 risk of a service interruption taking place. 

15 That's a risk that BNSF is not willing to

16 take.

17             When maintenance activity takes

18 place and takes tracks out of service,

19 particularly on lines outside of the joint

20 line where we don't have double track or

21 triple track or four main track capability, in

22 those single track locations we hold trains or
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1 maintenance windows several hours or in some

2 cases we reroute trains around those

3 maintenance windows.  

4             This map shows the lengthy reroute

5 of coal trains that were destined for the

6 Memphis Gateway.  We were rerouting trains

7 around an extended maintenance window near

8 Lincoln, Nebraska adding several hundred miles

9 to the route of these trains, just to make

10 time available to address coal dust caused

11 maintenance.

12             Our engineers estimate that as

13 much as 80 percent of the loaders and the

14 maintenance windows on the Powder River Basin

15 are driven by coal dust.  After-the-fact

16 maintenance also does nothing to address the

17 effects of coal dust that's blown off the

18 railroad right of way.  This photo appeared

19 recently in a Nebraska newspaper of a local

20 organic farm that was severely impacted by

21 coal dust washed onto the farm.  Expanded

22 maintenance would do nothing to eliminate the
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1 nuisance caused by coal dust.

2             BNSF's concerns about reliability

3 are clearly not hypothetical.  Coal dust was

4 absolutely a contributing factor in the back-

5 to-back 2005 derailments on the joint line. 

6 We have expanded our efforts to deal with coal

7 dust since then, but again, given the high

8 rate of coal dust deposits, the uncertainty

9 with which accumulations occur and the risk

10 that ballast fouling may go undetected, it is

11 not possible to eliminate the risk of another

12 service interruption.

13             At the end of the day, BNSF is not

14 willing to take that risk and the potential

15 threat to the supply chain.  The best place

16 for coal dust is in the rail car.  There's no

17 other line of business where we allow the

18 product that we're transporting to fall off

19 the car.  Thank you.

20             MR. SIPE:  Good morning, I'm Sam

21 Sipe.  As Mr. Fox explained, BNSF has

22 concluded after extensive study that after-
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1 the-fact maintenance is not a responsible way

2 to address the actual and potential problems

3 created by coal dust emissions.  In

4 particular, after-the-fact maintenance does

5 not, in BNSF's view, provides efficient

6 production against the risk of service

7 disruption.

8             Sound regulatory policy teaches

9 that when it is feasible to eliminate a

10 serious risk, measures that are not unduly

11 costly, preventive measures should be taken. 

12 Contingency planning to address potentially

13 devastating occurrences such as the recent

14 Gulf oil spill should not be ignored simply

15 because the risk of occurrence is perceived to

16 be low.  

17             The risk of a serious coal supply

18 chain disruption may seem low because we

19 haven't had one for five years, but we all

20 know that disruptions in the coal supply chain

21 are not beyond the realm of possibility

22 because we lived through one such disruption. 
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1 And the Board noted that and established its

2 redact in part as a response to that.

3             The precautionary principles

4 spelled out by Professors Calt and Mitchell in

5 BNSF's rebuttal evidence represents a

6 formalization of the common sense adage

7 "better safe than sorry."  BNSF's efforts to

8 foreclose the possibility of an unacceptable

9 event resulting from coal dust contamination

10 is prudent and affordable.  

11             As explained by Professors Calt

12 and Mitchell, under the precautionary

13 principle, the only relevant question about

14 costs is whether the costs associated with the

15 preventive measures are unduly high.  I

16 apologize for the feedback here.  I'm not sure

17 what's causing it.

18             The evidence in this case chose

19 that costs clearly are not unduly high.  One

20 option for containment that has been discussed

21 is surfactant application and for illustrative

22 purposes in our evidence we took a look at the
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1 potential impact of surfactant application on

2 costs.  In fact, it would have a negligible

3 impact on the delivered price of coal and in

4 fact, the impact of surfactant application is

5 regularly dwarfed by the impact of changing

6 coal prices at the mines.

7             Even if surfactant application

8 costs somewhat more than enhanced maintenance

9 which is not what the record shows here, the

10 incremental cost of surfactant application

11 would be an even lower percentage of delivered

12 cost.

13             Any attempt to perform cost-

14 benefit analysis would be misleading in this

15 case.  Professors Calt and Mitchell explain

16 that a comparison of the costs of two

17 alternatives only makes sense where the two

18 alternatives are equally effective and Mr.

19 Smith, I believe, suggest to you that in his

20 view the alternatives of containment and

21 after-the-fact maintenance may be equally

22 effective.  But in fact, the record here
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1 demonstrates that that is not the case. 

2 After-the-fact maintenance can't eliminate the

3 risk of ballast destabilization and track

4 failure caused by undetected coal dust

5 fouling.

6 Prevention of coal dust fouling requires that

7 you keep the coal in the car.

8             So in this case, a comparison of

9 the equally effective alternatives really

10 isn't available because they're not equally

11 effective. The precautionary principle teaches

12 that keeping the coal dust in the car is the

13 appropriate course to pursue and sound

14 regulatory policy.

15             Turning to the reasonableness of

16 BNSF's coal dust standards, there are two

17 guiding legal principles.  First, railroads

18 have the authority to adopt operating rules to

19 promote safe and efficient transportation.  In

20 reviewing an operating rule, the Board's role

21 is not to second guess the railroad's

22 determination, but rather to satisfy itself
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1 that there is a valid basis for the operating

2 rule.

3             Second, shippers are responsible

4 for securing their freight and rail cars so

5 that the freight does not escape from the cars

6 and damage railroad property. 

7 Measured against these standards, BNSF's dust

8 monitoring and load profiling rules are

9 reasonable means to achieve the goal of

10 significantly reduced coal dust emissions.  

11             Now most of the comments about

12 BNSF's coal dust emissions standards addressed

13 BNSF's methods for monitoring coal dust

14 emissions.  And it was BNSF's adoption of a

15 performance-based standard set out in the

16 tariff rule rather than an activity-based

17 standard, that is, a mandated method for

18 reducing coal dust emissions led to the

19 adoption of coal dust monitoring.

20             Mr. Weicher will explain that BNSF

21 adopted a performance standard to give coal

22 shippers the flexibility to adopt dust
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1 curtailment measures of their own choosing. 

2 The adoption of a performance standard makes

3 it necessary for BNSF to implement a

4 monitoring plan to make sure that coal dust is

5 being kept in the cars.  

6             There is nothing particularly

7 novel or complicated about the monitoring

8 system that BNSF has set up.  In fact, BNSF's

9 monitoring system is based on track side

10 monitors and coal dust sensors and it's

11 similar to dust monitoring systems established

12 in Australia and also the State of Virginia. 

13             BNSF's dust monitors measure the

14 level of dust emitted by passing trains.  Coal

15 dusting is episodic and not all trains that

16 dust on their journey will dust as they pass

17 the track-side monitor, but the monitor

18 functions almost like a traffic cop, and the

19 goal is to encourage the adoption of dust

20 suppression measures that will be effective

21 throughout the route of movement.

22             The IDV.2 standard which Vice
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1 Chairman Mulvey indicated an interest in at

2 the outset here, is a measure of the relative

3 dust in the air as the train passes the track

4 side monitor.  And I will describe in light of

5 Vice Chairman Mulvey's question very, very

6 briefly the derivation of the standard.

7             The surfactant monitoring system

8 that BNSF has employs dust sensors that

9 collect particles of dust that enter a chamber

10 where they're subjected to a photographic

11 process that translates to an electronic

12 signal.  That electronic signal is relayed

13 directly to the computers of BNSF's

14 consultant, Simpson Weather Associates in

15 Charlottesville, Virginia.  And it's the

16 intensity of the electronic signal that forms

17 the underpinning of the IDV.2 standard.

18             The standard was derived by

19 collecting two years' worth of dust data

20 through these monitors and toting up the total

21 dust units captured by the monitors over that

22 period.
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1             We then calculated a standard

2 which applied to individual trains would

3 determine how much the dust could be reduced

4 if it did not exceed a particular level of

5 dust as measured by IDV.2.

6             BNSF is determined that compliance

7 with the IDV.2 standard will reduce coal dust

8 emissions by about 85 percent.  And by the

9 way, the 2 in IDV.2 refers to the fact that

10 it's a revised standard, the second version

11 which takes account of dust emitted by lead

12 and trailing locomotives as the train passed

13 the dust sensor.  In other words, we eliminate

14 those in the IDV.2 calculation.

15             The shippers raise a number of

16 issues with respect to BNSF's use of the

17 electronic dust monitors which are referred to

18 as e-samplers.  But the manufacturer of that

19 equipment has specifically approved the way

20 BNSF is using the dust monitors.  BNSF is

21 using the best equipment currently available

22 to monitor coal dust.  None of the parties to
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1 this proceeding has suggested a superior

2 alternative exists.  If an improved monitoring

3 device is developed, BNSF will be receptive to

4 adopting it.  But there's no reason to delay

5 implementation of monitoring with the

6 technology that's currently available.

7             There's plenty of evidence that

8 BNSF's coal dust emissions standards can be

9 met through a combination of load profiling

10 and surfactant application.  Coal dust can be

11 reduced by loading coal to a more aerodynamic

12 profile as illustrated in this slide on the

13 right hand side.  BNSF estimates that coal

14 dust can be reduced by about 15 percent

15 through proper load profiling.  And in fact,

16 that process is currently in place in the

17 Powder River Basin, although we have learned

18 that simply using the profiling chute that has

19 been designed for this process is not

20 sufficient.  The people operating the

21 equipment have to be trained and have to do

22 the job carefully to make sure the benefits of
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1 load profiling are realized.

2             Although shippers are free to

3 choose how they will restrain coal dust

4 emissions, surfactant application has proven

5 to be a viable approach as it is a method

6 that's already used in Canada and Virginia to

7 reduce coal dust emissions.  Queensland

8 Railroad in Australia is preparing to

9 implement an extensive surfactant regime in

10 the near future.  Surfactants work by forming

11 a crust over the loaded coal that keeps the

12 coal dust in the car during transit.  

13             The video clip here shows

14 surfactants being applied to a Powder River

15 Basin train.  The still picture in this slide

16 shows the Chinese surfactant application

17 process.  And as we noted in Mr. Bobb's

18 rebuttal statement, he was informed by the

19 Chinese that they had adopted surfactant

20 application not as an environmental measure,

21 which as you may know they're not particularly

22 noted for, but actually as a means of saving
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1 money by keeping coal dust in the car.  And

2 there is a value to the shippers there.

3             Thank you.

4             MR. WEICHER:  Thank you.  Chairman

5 Elliott, Vice Chairman Mulvey, and

6 Commissioner Nottingham for the opportunity to

7 address this issue and air this thing out.  We

8 know this is somewhat novel and unusual, but

9 very important and very important to a vital

10 part of our economy.

11             After studying this coal dust

12 problem for several years, BNSF concluded that

13 the best approach to curtailing coal dust was

14 to establish a performance-based standard that

15 established a specific limit on coal dust

16 emissions from loaded trains and left the

17 decision to each shipper and its mine agent

18 how best to meet that standard.  

19             As was alluded today, the

20 relationship between the parties here are a

21 bit complex.  We have no direct contract for

22 shipment of coal with mines as you've probably
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1 heard.  We have tariffs and contracts with

2 shippers who are usually utilities and so the

3 utilities, to our knowledge, have arrangements

4 with the mines for the loading and so forth. 

5 Those parties own the coal.  We do not own the

6 coal.  They transfer ownership somewhere in

7 the shipment.  The vast majority of things

8 that move today are in shipper-owned

9 equipment.  We do own some equipment, but the

10 vast majority is theirs.  And we concluded

11 that these decisions, what actions should be

12 taken would be best sorted out by those

13 parties, they have the coal, they have the

14 boilers, they have the mines, how best to do

15 it.

16             Embedded in this process, there is

17 -- we haven't talked much about it, but there

18 is an element of an activity-based standard. 

19 That's the profiling, the chute monitoring,

20 which has been widely adopted and widely

21 accepted and doesn't seem to be in

22 controversy.
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1             We are not aware of any shipper in

2 this proceeding that suggested they would have

3 preferred we made an activity-based standard

4 as a general rule such as putting on a topper. 

5 And I want to address one thing that was

6 alluded to and we can come back to it, in

7 terms of cooperative effort.  We had 10, 12

8 forums over 2 to 3 years, lots of shippers

9 participated, lots of mine people came. 

10 Ultimately, it's our responsibility to address

11 this.  

12             We have the railroad and we're in

13 charge of the joint line with that other

14 railroad that operates on it as well, but

15 under a long-established agreement that we'll

16 come back to, we're the responsible party for

17 this as the railroad.  So we went forward to

18 set a standard to let the mines and utilities

19 work out the best way to adapt to.

20             We think it's the best way to go

21 because we're not in a position to choose the

22 type of chemical surfactant to use for a
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1 particular coal.  We've obviously done a great

2 deal of testing and shared this information

3 and we think there's an incentive here for

4 those parties to work out the most efficient

5 and best way to do it.

6             After the May 2005 derailments,

7 many shippers raised concerns about the

8 reliability of coal transportation in the

9 Powder River Basin.  They realized it was of

10 critical importance to make this a reliable

11 and efficient source of coal with an efficient

12 and reliable transportation network.  They

13 even convinced the Federal Energy Regulatory

14 Commission which obviously, to our knowledge,

15 does not have jurisdiction over coal

16 transportation, you do, to convene a hearing

17 to consider all liability issues.  BNSF and

18 many other parties testified at that hearing. 

19             The somewhat laid back attitude of

20 some of the shippers to this problem today and

21 this evidence, is a great contrast to the

22 crisis atmosphere that existed during that
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1 period.

2             The STB was involved in addressing

3 this crisis by establishing a Rail Energy

4 Transportation Advisory Committee where the

5 Board specifically acknowledged that it "views

6 the reliability of the nation's energy supply

7 as crucial to this nation's economic and

8 national security."  That's a quote from your

9 order setting that up.  We participate in that

10 effort to this day as do many parties.

11             Shippers now seem to ask -- the

12 shippers opposing and we're working with many

13 shippers who are not parties to this, that you

14 ignore these reliability issues.  We think

15 that that would not be responsible to accept

16 a short-sighted desire to minimize cost to

17 curtail coal dust emissions.  Something must

18 be done now to keep the cars in the -- to keep

19 the coal in the cars loaded like every other

20 commodity.

21             We decided to establish our coal

22 dust standards as a rule that would be
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1 generally applicable to our shippers,

2 remembering that we are talking about common

3 carrier shippers here. The vast bulk of our

4 coal moves through contracts which are not

5 part of this proceeding which may or may not

6 incorporate as we work with those shippers.

7             Should I continue or do you want -

8 - we'd be happy to respond to questions.

9             CHAIRMAN ELLIOTT:  You have ten

10 more minutes on rebuttal and then we will

11 actually go to Union Pacific now and then

12 we'll have questions after.

13             MR. WEICHER:  That's fine.

14             MS. RINN:  Good morning, Chairman

15 Elliott, Vice Chairman Mulvey, and

16 Commissioner Nottingham.  It's an honor to

17 appear before you this morning to discuss coal

18 dust rules.

19             I'm Louise Anne Rinn, Associate

20 General Counsel for Union Pacific Railroad. 

21 And I'm accompanied by Joe Rebein who is also

22 representing Union Pacific who is in the
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1 audience.

2             The Board now has the benefit of a

3 very extensive record with vigorous and

4 divergent comments.  In accordance with your

5 notice, UP wishes to focus on three points in

6 my comments.

7             First, preventing deposits of coal

8 dust on the joint line and UP's coal corridor

9 is the best way to assure reliable, safe, and

10 efficient transportation.

11             Second, coal customers play a

12 critical role in prevention because railroads

13 cannot directly prevent coal dust deposits.

14             And finally, mutually beneficial

15 collaboration to achieve prevention will be

16 advanced only if railroads are allowed to

17 adopt reasonable coal prevention rules.

18             Accordingly, in the interest of

19 facilitating discussion between UP and its

20 customers on how to deal with coal dust, we

21 urge you to reject the request that you find

22 the BNSF rules unreasonable or otherwise
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1 unduly restrict their application.

2             Turning to my first point that

3 coal dust prevention is the best strategy for

4 reliable and safe service.  We have consensus

5 on at least two points, I think, on the

6 record.  And that is that coal dust is a

7 dangerous fouling agent in ballast.  And the

8 second is that ballast integrity is essential

9 to reliable and safe railroad transportation,

10 particularly on high density corridors.

11             The difference is between those

12 parties who claim that it is sufficient for

13 railroads to just keep cleaning it up and

14 those who conclude that preventing coal dust

15 from escaping cars in the first place is the

16 only sustainable way to ensure reliable and

17 safe transportation.  UP is convinced that

18 prevention is superior.

19             I begin by asking that you keep in

20 mind that those who ship no coal, still have

21 a real stake in the outcome of this

22 proceeding.  Coal dust removal -- could you
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1 pass the clicker or if you could advance to

2 the next slide, please?

3             Coal dust removal disrupts service

4 to shippers who do not ship coal and who do

5 take responsibility for loading their freight

6 so that it stays within the cars or

7 containers.  The diagram illustrates the UP

8 coal corridor from the end of the joint line

9 through Nebraska and into Kansas.  The yellow

10 boxes show the train count by train type in

11 2007 before the recession dropped our volume. 

12 And you can see that once you get to OþFallons

13 and go east, that our coal customers, yes, a

14 very high density flow, share a corridor, a

15 high-density corridor that had a lot of

16 traffic that is not coal.  For example, North

17 Platte to Gibbon in 2007 averaged 140 trains

18 a day which is roughly one every 10 minutes. 

19 And almost half of those, 65, did not

20 transport coal.  They transported grain, auto,

21 auto parts, intermodal, beer, lettuce, and

22 those customers shared the track with the
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1 track that the coal customers are moving over. 

2 They should not have their shipments delayed

3 and their cars slowed down because they have

4 to wait for us to clean up after coal

5 customers.

6             In addition, coal dust presents

7 risk of right of way fires and it's not

8 welcomed by land owners whose property is

9 beyond the right of way, certainly not the

10 organic gardener who is adjacent to BNSF. 

11 Their interests are best served if coal

12 remains in the cars and is not left behind to

13 be cleaned up later.

14             But they aren't the ones who

15 benefit from prevention.  Coal shippers also

16 will benefit because if the coal remains in

17 the cars, they get all of the coal that they

18 paid for to burn at destination.  And

19 substantial and wide-ranging ballast, bridge,

20 and switch maintenance curfews and slow orders

21 to remove coal dust are eliminated as well as

22 the associated delay to their trains.
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1             Now the opponents of the BNSF

2 rules say that there's more coal dust to be

3 maintaining because the volume of PRB coal has

4 grown and they imply that this is an

5 unavoidable and a simple linear relationship. 

6 I beg to differ.

7             They overlook that the sheer

8 volume of PRB coal has multiplied the need for

9 coal dust removal and that that volume also

10 increases the cost of disruption.

11             And Chairman Elliott, I think that

12 this may partly answer a question you had

13 raised earlier, why did this suddenly become

14 a manifest problem in 2005 when UP at least

15 has been transporting coal out of the Powder

16 River Basin since 1984?  

17             If we could go to the next slide,

18 please.

19             More coal trains required more

20 track.  On the slide, the red lines show where

21 single track became double track, double track

22 became triple track, and even quadruple track
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1 in order to meet the demand.  As the number of

2 tracks increased, in response to an increase

3 in the volume, the amount of coal dust that

4 would be caught instead of blowing off into

5 the high plains also increased and the amount

6 of track to be maintained also increased.  And

7 as more trains were running on parallel

8 tracks, that increased the number of passing

9 trains.  It is clear that passing train

10 episodes are high dusting events.  So that

11 means that when you had a train that was going

12 down a single main line and it would pass a

13 standing train on a siting, it would only emit

14 the normal amount of dust, if any, at that

15 particular location.  But when you have two

16 trains passing each other, that creates enough

17 turbulence that more coal dust is, in fact,

18 being emitted.

19             So I suggest to you that this is

20 not a linear relationship.  Whether it is

21 geometric, I don't know if it can be proved,

22 but I do not believe that it is a linear



202-234-4433
Neal R. Gross & Co., Inc.

Page 72

1 relationship.

2             And one other factor departing

3 from my prepared remarks.  We also found in

4 2005 that this was at the end of a prolonged

5 and very severe drought, the worst drought in

6 that part of Wyoming in more than 100 years. 

7 And subsequent research by Dr. Tutuma has

8 indicated that coal dust is particularly

9 prone, that if it's been dry and you suddenly

10 inundate it with water, that its physical

11 characteristics make it go from solid to

12 plastic to liquid in a very dramatic fashion. 

13 And we did have a major blizzard at the end of

14 April of 2005 that was sufficient to shut down

15 the highways so that the coal mines were

16 closed, followed by rain, followed by in the

17 week before the two derailments which were on

18 a Saturday and a Sunday.  There was a blizzard

19 followed by rain and that weekend is when the

20 joint line literally started falling apart.

21             Not only is there, I suggest, a

22 more than linear relationship with volume in
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1 coal dust, but there's greater disruption with

2 more volume.  More coal trains means more

3 recrews, greater locomotive idle time, and

4 longer cycle times for cars because trains are

5 delayed by the coal dust maintenance.  Adding

6 track maintenance increases the coal dust

7 problem.  It does not solve the problem.  Only

8 prevention reduces the coal dust problem.

9             So in summary, prevention

10 preserves service to all and presents less

11 risk of property damage and personal injury as

12 a result of derailments.  

13             My second point is that coal

14 shippers play a critical role in preventing

15 coal dust.  Coal shippers own the coal.  Coal

16 shippers own the cars that the coal is loaded

17 in to.  The mines own the infrastructure that

18 loads the coal and in addition, they are

19 equipped when coal shippers request them to,

20 as some currently do, to add a suppressant to

21 control coal dust at destination or they will

22 add a de-icing agent in order to prevent coal
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1 from freezing in cold weather or certain

2 customers have them add soda ash to deal with

3 the sulfuric acid problem.  So they are, in

4 fact, equipped to do treatment after the

5 loading of the coal.

6             In contrast, the railroads lack

7 legal status to apply a foreign substance or

8 equipment like a car cover to the shipper's

9 property.  The railroads also lack the legal

10 status to construct and operate a spray or

11 compression device on the mine's property.  We

12 can't just unilaterally go in there and do

13 something about it.  We would need permission

14 and authority.  

15             The clearest proof that any

16 prevention method is beyond the direct control

17 of the railroad is that all of the tests have

18 required the willing participation of coal

19 shippers and one or more of the mines.  

20             And my last point is that mutually

21 beneficial collaboration to achieve prevention

22 will be advanced only if railroads are allowed
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1 to adopt reasonable coal dust prevention

2 rules.  While prevention is the best strategy

3 for dealing with the amount of coal dust

4 associated with the SPRB coal, and coal

5 shippers are best situated to implement

6 prevention, this proceeding provides ample

7 proof that left to their own preferences, the

8 shippers will not change their behavior.  This

9 is not a moral criticism, it's a recognition

10 of inertia.

11             Allowing the coal dust prevention

12 tariff rules to become effective will

13 facilitate constructive discussions between

14 the railroads and their respective customers

15 on how to deal with the dust.  As Dennis Duffy

16 likes to say, "you want to find the problem

17 before it finds you."  And we want to find a

18 solution that works for both us and our

19 customers.

20             Such discussions offer real

21 opportunities for the collaborative

22 development of alternative prevention methods
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1 such as compression or car covers.  It is

2 notable that the BNSF rule proposed do not

3 require a particular method because they, in

4 fact, do provide for that opportunity to

5 explore and try to develop the most cost

6 effective and lower cost opportunities.

7             But if the Board were to decide

8 that BNSF may not establish these rules

9 regarding coal dust dispersion that would

10 freeze shipper and producer cooperation and

11 the research and development of alternatives. 

12 For example, we are planning a test to begin

13 in September for a mechanical compression

14 device.  That requires the participation of

15 the mine and at least two coal shippers in

16 addition to BNSF, UP, and the vendors.  All of

17 the participants are contributing cash or in-

18 kind resources or both.  And we, of course,

19 will be sharing the data with each other.  

20             But if there is no possibility

21 that future shipments of coal must comply with

22 the coal dust prevention rule, then what
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1 incentive does a shipper or a mine have to

2 participate with us?  And what ability do we

3 have to try to develop the most effective

4 prevention method by ourselves. 

5             That is why ICTA recognizes that

6 railroads must be able to establish tariff

7 rules regarding the terms and conditions for

8 the transportation they provide.  Rail

9 transportation is a chain of shippers,

10 receivers, ports, and terminals and connecting

11 railroads to move freight from an origin to a

12 destination.  Each link depends on the others

13 to do so safely, efficiently and reliably. 

14 Only the rail carrier, however, has a common

15 carrier responsibility for that chain.  In

16 addition, we have common carrier

17 responsibilities and contractual

18 responsibilities for other chains that

19 frequently share some of the very same

20 resources.

21             Therefore, the rail carrier is in

22 the best position to encourage behaviors that
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1 optimize the rail network and safety and

2 discourage behaviors that disrupt service or

3 are otherwise inefficient or unsafe.  So the

4 railroad must be allowed to set reasonable

5 terms under 10702.

6             I submit that the Board should

7 allow the BNSF tariff rules to become

8 effective because they have not been shown to

9 be unreasonable and because we think that they

10 will clearly promote safe and reliable

11 transportation.  Thank you for your attention.

12             CHAIRMAN ELLIOTT:  Thank you for

13 your testimony.  A couple quick questions

14 regarding I guess the interplay between UP and

15 BNSF on this line.  And this is directed to

16 Union Pacific.  If, hypothetically, we find

17 this tariff to be reasonable, would Union

18 Pacific also have an identical tariff at that

19 point?  Would they follow the same guidelines

20 as BNSF with respect to the suppression of

21 coal from these open cars?

22             MS. RINN:  No, for two reasons. 
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1 First of all, the BNSF has promulgated an

2 operating rule which applies to Union Pacific

3 which is materially the same as the joint line

4 tariff item.  So we have already encouraged

5 our customers to comply with the BNSF rule,

6 but we have not adopted the same rule.  We

7 have also undertaken to begin to compile the

8 same research on our lines because one of the

9 things we have learned from the BNSF work is

10 that if you were to adopt an IDV standard that

11 it needs to be location specific.  For

12 example, the IDV standard that they have on

13 the joint line is 300 whereas the IDV standard

14 that they have on their Black Hills

15 subdivision I think is 154. 

16             So we are in the beginning stages

17 of getting to develop the data by putting a

18 TSM on the South Morrell and we would have to

19 develop the data.

20             But beyond that, we are frankly

21 waiting to see what this Board is going to say

22 and that will influence our behavior and we're
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1 also thinking that this gets into pricing

2 issues which I tend to not share.  In fact,

3 not tend, I do not share with the other

4 railroad about how we would approach our

5 customers in terms of encouraging them to

6 engage in the behavior that we want them to

7 do.

8             CHAIRMAN ELLIOTT:  And then just

9 as a follow up, what percentage of the traffic

10 on the joint line does UP carry of the coal

11 traffic?

12             MS. RINN:  Currently, I think it

13 is a 48-52 split, but we have a higher share

14 of the cost of the joint line.  Our share is

15 60 percent because all of our trains come in

16 from the south and leave from the south, and

17 the costs are split on a car mile basis.

18             CHAIRMAN ELLIOTT:  That would

19 bring me to BNSF, if Union Pacific isn't

20 exactly on board with the tariff that's been

21 proposed here, wouldn't that almost make it at

22 that point inherently unreasonable if UP is
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1 running across with 48 percent of their trains

2 without the surfactant going, wouldn't the

3 coal dust being blown off their trains at that

4 point and until there's some kind of joint

5 decision between the railroads, wouldn't there

6 be a problem here with the coal dust blowing

7 off the Union Pacific if it wasn't in place

8 simultaneously with BNSF?

9             MR. WEICHER:  If I may address

10 this, the rule -- we had a slide on the

11 operating rule that we have in place.  The

12 relationship between Union Pacific and BNSF is

13 governed by a joint operating agreement,

14 approved by the predecessor.  It has its own

15 system of remedies including were there to be

16 an issue, arbitration, enforcement or

17 whatever, were it to come to that.  There's

18 more of a problem of if we don't get going

19 having a smaller number of shall we say free

20 riders because -- excuse me, a larger number

21 of free riders, because no one starts because

22 there's no rule.  The operating rule with
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1 Union Pacific which we anticipate over time,

2 this is an incremental process, also be

3 effected, we don't know that will be faster or

4 slower than with our customers.

5             The majority of our customers,

6 well over the majority are not subject to this

7 tariff rule other than by incorporation

8 through our contracts and I will also not go

9 into the details of those contracts, but as

10 you know, the vast -- well over 60 to 70

11 percent -- excuse me, over 75 -- I don't want

12 to get too precise here, but you've seen

13 before you some of the common carrier moves we

14 have.  They are the far minority.  They're

15 less than 20 percent.  This is being

16 implemented through our contracts and will be

17 in effect.  

18             How Union Pacific does it with its

19 customers is not our concern.  Obviously,

20 we're talking about some of the same mines and

21 some of the same big utilities and customers. 

22 The lead customer in this complaint is not
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1 really a BNSF customer.  We are having some

2 dealings with them, which is to say no, we

3 believe it's just as likely if this rule goes

4 into effect and far more likely and really the

5 only way it gets into effect over time in an

6 iterative process through our various

7 customers.

8             MS. RINN:  And if I could clarify,

9 please, Chairman Elliott?

10             CHAIRMAN ELLIOTT:  Sure.

11             MS. RINN:  I am not saying that UP

12 is going to tell our customers you can blow it

13 off and ignore the BNSF rules.

14             CHAIRMAN ELLIOTT:  Okay.

15             MS. RINN:  How we approach our

16 customers to encourage them to, in fact,

17 comply with that rule is a matter that we are

18 going to be working out in customer to

19 customer interactions.  And to a certain

20 extent we can't. One, we aren't going to

21 reveal that in front of our competitor.  And

22 secondly, it's hard for us to formulate
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1 exactly how we might do that until we know the

2 results of this proceeding.  But we are

3 shoulder by shoulder with the BNSF in

4 believing that prevention is, in fact, in the

5 best interest for all stakeholders on the

6 joint line.

7             MR. WEICHER:  May we put up the

8 operating rule, Chairman?  It's one slide.

9             CHAIRMAN ELLIOTT:  That's fine.

10             MR. WEICHER:  This is not an

11 attempt to take more time from the parts we

12 didn't cover.

13             CHAIRMAN ELLIOTT:  You're not on

14 the clock now.  You're okay. 

15             MR. WEICHER:  This is published

16 pursuant to the STB-ICC approved joint

17 operating agreement.  You'll notice the first

18 words "as soon as practicable."  We know this

19 is a haul here to get this thing done,

20 although it could move very quickly within the

21 next year or two, but it is not automatic. 

22 And the "as soon as practicable" is an
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1 explicit acknowledgement of the complex

2 relationships we're all facing here.

3             It is our responsibility, we

4 believe, that is BNSF Railway, as the lead

5 operator, dispatcher, maintainer, of this

6 vital facility to shall we say manage this

7 process.  But our vehicle with the other

8 carrier is an operating rule with its own

9 separate enforcement mechanism.

10             CHAIRMAN ELLIOTT:  That's actually

11 very helpful.  Thank you.

12             And just one other question I had

13 with respect to the compliance and this is to

14 BNSF.  As I see the compliance method, you

15 have these machines that monitor what type of

16 coal dust comes off the trains and you use a

17 traffic cop analogy and that some trains will

18 blow off the dust and go over the number and

19 some may not.

20             Wouldn't it be, I guess, using the

21 term of the statute, more reasonable, if you

22 had I guess an activity-base safed harbor
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1 where say coal shippers would put the

2 surfactant on it and that in itself was

3 sufficient enough to pass the tariff as

4 opposed to this monitoring system that may not

5 be entirely consistent?

6             MR. WEICHER:  I would argue that

7 it is not necessarily more reasonable.  Some

8 parties may say it's less reasonable because

9 we were compelling activity.  However, having

10 said that we are perfectly willing to do that. 

11 We are quite open and I will just say without

12 getting into particular things, you can

13 imagine us having a discussion like this with

14 a contract customer.

15             If the Chairman is suggesting

16 something along the lines of should there be

17 or could there be or would we publish or amend

18 to say there would be a presumption that if

19 you used one of the approved surfactants, you

20 were in compliance, certainly.  We are not

21 close to that.  For a given period of time

22 this is going to be an evolving process, two
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1 to three years.  You did it right and it

2 worked, certainly.

3             I would flip it around a little

4 bit, it would be just as reasonable to say all

5 the coal should be in the car, forget about

6 this measuring thing, if it's too complicated. 

7 But in terms of what you were saying, would an

8 activity be a reasonable substitute?  Not

9 taking away, we don't think we should take

10 away that option for the shipper to find

11 another way, whether they want to explore

12 compaction of covers or something else,

13 certainly.

14             MR. FOX:  I guess the only thing I

15 would add to that over the last five years

16 we've been in active dialogue with our

17 shippers through a variety of forums.  At the

18 end of the day they told us they wanted a

19 choice.  They wanted the choice in terms of

20 how to comply and that's why we thought the

21 performance-based standard was a reasonable

22 start.
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1             CHAIRMAN ELLIOTT:  And my thought

2 would be that there wouldn't be -- you could

3 have an activity-based safe harbor, but also

4 still have the measuring to encourage possible

5 economic discovery of what is most efficient. 

6 That is good to hear that you would be open to

7 that.

8             Vice Chairman Mulvey?

9             VICE CHAIRMAN MULVEY:  Thank you,

10 Chairman Elliott.

11             The accidents that occurred in the

12 PRB were five years ago now and I assume that

13 quite a bit of coal dust has escaped from cars

14 over the last five years even with the

15 maintenance.  So coal dust builds up.  I'm

16 sure that the weather in Wyoming has been cold

17 since then and there has been rainfall again.

18             The shippers have argued that the

19 problem with the Powder River Basin were due

20 largely to construction problems, maintenance

21 problems, inadequate maintenance problems,

22 some ties that were not as good as other ties, 
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1 also to blocked drains and the fairly unusual

2 weather pattern that developed.  But there

3 hasn't been an accident since.  Doesn't that

4 speak to the issue that perhaps it was not

5 coal dust that caused these accidents, but

6 rather somewhat unique problems with both the

7 structure and maintenance before that and

8 weather?

9             MR. FOX:  Well, clearly, no

10 derailments is a good thing.  And our overall

11 network service interruptions due to

12 derailments are down across all categories. 

13             The two derailments, the back to

14 back derailments in May, we believe, were

15 caused by a confluence of events that was

16 included, coal dust, absolutely, positively

17 included coal dust, as well as significant

18 precipitation and spring frost coming out of

19 the ground at the same time.

20             We have increased our maintenance

21 since then.  We've doubled our undercutting

22 and we think that's appropriate.  All that
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1 said, there is still coal dust in the ballast

2 section on the joint line.  And at the end of

3 the day, as long as that coal dust is in the

4 ballast section there's still a risk of a

5 service interruption with the right confluence

6 of events.  We're going to work hard to

7 prevent that, but there's a real risk of a

8 service interruption and a disruption to the

9 supply chain is present today.

10             VICE CHAIRMAN MULVEY:  It is true

11 that up to now there has not been another

12 derailment due to the fouling of the ballast

13 because of coal dust because of your

14 maintenance activities, in part anyway.

15             MR. FOX:  That is true.

16             VICE CHAIRMAN MULVEY:  You

17 mentioned about and showed the picture of that

18 organic farm and when I buy organic vegetables

19 I have different assumptions about what that

20 meant.

21             (Laughter.)

22             That's a little disturbing because
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1 we talk about the shippers, the coal mines and

2 we talk about the railroads, the carriers who

3 are all affected by this.  But clearly,

4 there's also impacts on farmers operations

5 along the rights of way and there's quite a

6 bit of that I would think, and animals that

7 could be exposed to some of this dust as well.

8             So we know that coal dust is

9 probably toxic if ingested or inhaled or what

10 have you and certainly not healthy.  Has the

11 EPA ever gotten involved in this issue?  Have

12 they weighed in saying this is an

13 environmental problem and that there ought to

14 be something done to limit the amount of coal

15 dust in the atmosphere?

16             MR. WEICHER:  Well, the Wyoming

17 DEQ has expressed interest in this issue in a

18 general manner.  The EPA, to our knowledge,

19 regulates actually dust at the mine in the

20 loading process and/or at the utility, excuse

21 me, at the utility.  But the answer to your

22 question directly is no, insofar as our
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1 transportation.  

2             We are very much aware of the

3 larger societal and I would call them

4 externalities involved in this.  This is an

5 operating rule dealing with the railroad, we

6 think, and have discussed with our customers

7 and the mines that this would be a very, very

8 rational thing for the private sector to work

9 towards compliance of dealing with the problem

10 that could have much broader impact beyond our

11 narrow right of way and their mine.  And we

12 think that's the right way to go.

13             Having said that, this is a rule

14 directed at dealing with these coal cars on

15 our railroad, but we're not mindful of a

16 broader Big E out there.

17             MR. SIPE:  I was just going to

18 mention that I believe our evidence, our

19 opening evidence references recently adopted

20 EPA rules related to stationary coal sources. 

21 So far, and this I think is the thrust of Mr.

22 Weicher's comment, we don't know what's coming
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1 down the road.  So far, they haven't been

2 looking at mobile sources of coal dust.

3             One could imagine that might be a

4 concern down the road.

5             VICE CHAIRMAN MULVEY:  Thank you. 

6 It was referenced before that this represents

7 some sort of negative externality.  A

8 characteristic of negative externalities is

9 that they don't have a ready market and that

10 market solutions tend not to work for

11 externalities and that is why the Government

12 gets involved when there are negative

13 externalities or external dis-economies.  That

14 would suggest, of course, that perhaps there

15 is a role for the EPA, whether it be the

16 federal EPA or the Wyoming Department of

17 Environmental Quality.

18             MR. WEICHER:  If I may, Vice

19 Chairman, we are not suggesting that

20 ourselves, but I would say you're quite right

21 in terms of the externalities.  This issue,

22 this sort of circular issue, oh just maintain
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1 the right of way more, do more maintenance. 

2 It's obvious that there is nothing that we can

3 do about that farmer or the animals or the

4 general ambience, to be honest.

5             VICE CHAIRMAN MULVEY:  There are

6 also data that have been gathered by BNSF that

7 indicate that while coal is a major

8 constituent of ballast contamination, other

9 contaminants are also present including dirt,

10 other debris, et cetera, and here we are out

11 in Wyoming where the weather is hot and dry in

12 the summer.  There are strong winds and of

13 course, a lot of this dirt and other debris

14 can get into the ballast as well.  

15             If you put this tariff in place,

16 it would not take care of the problems caused

17 by other contaminants and you would still have

18 the need to clean the ballast periodically, et

19 cetera.  So does this really replace or does

20 it really reduce very much the need to clean

21 the ballast?  I know you said it's about twice

22 as common, but I think the weather out there
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1 is also unusual as well as the fact of this

2 coal dust.

3             MR. FOX:  Our testimony clearly

4 outlines the significant amount of science

5 that we put up against determining that coal

6 dust is the number one foulant of the ballast

7 section on the joint line.  I think that's

8 well documented in our testimony.  

9             As I said earlier, for a 400

10 million gross ton railroad, the joint line

11 again is the heaviest railroad in the nation,

12 400 million gross tons travel across that

13 railroad every year.  That requires a 10 to 15

14 year undercutting cycle to remove ballast,

15 broken down ballast, dirt, dirt that gets in

16 from blowing events, those kind of things. 

17 And now we're on at least twice that cycle.  

18             We've got one location on the

19 joint line, Knock O Bridge (phonetic) which is

20 at a key junction into one of the mines.  We

21 cleaned coal dust there a year and a half ago,

22 taken out the entire 24 inches of ballast off
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1 that bridge and we're going to be back there

2 again in less than two years to do it again. 

3 So again, the amount of coal dust is time

4 staggering.

5             VICE CHAIRMAN MULVEY:  One other

6 question for this round.  I know you've

7 employed consultants to look at this and

8 engineering firms, et cetera and so has the

9 other side.  I don't mean to disparage the

10 work of these consultants.  I think a lot of

11 us have done consulting at one time or

12 another.  It is also true, however, I find

13 very few consultants who will say well, while

14 this party paid for me, I'm afraid my results

15 do not agree with its position.  And so

16 typically consultant reports tend to verify

17 what the party paying for them wishes to hear

18 or the reports don't get presented.

19             Was there any attempt at what I

20 would call an unbiased group or the university

21 researchers, or whether it be the National

22 Academy of Sciences Transportation Research
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1 Board -- has any, what I would call objective,

2 unpaid for, groups looked into this problem of

3 the coal dust and made any findings?  Or have

4 there been any meta analysis -- meta analysis

5 is when you gather a whole bunch of disparate

6 analyses and see if you find  common threads -

7 - as to what the overall truth might be?

8             MR. SIPE:  If I may try this one,

9 Vice Chairman Mulvey?  I think there is a

10 distinction between some of the consultants in

11 this proceeding which is we are relying very

12 substantially for purposes of this proceeding

13 which is in the nature of litigation, upon

14 people whom BNSF retained in the real world to

15 try to solve a real world problem.  

16             In fact, the person from Simpson

17 Weather Associates, Mr. David Emmett was

18 retained by BNSF because we understood that he

19 was the foremost coal dust expert available. 

20 He had worked with NS on dealing with their

21 problems in Virginia.  So he got in this thing

22 not to support a position, but to help us find
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1 an answer to a problem.

2             Now given that he thought he found

3 an answer or an approach to the problem it's

4 not very surprising that he would come into

5 this contested proceeding and support the

6 results that he achieved when he was under

7 contract to solve the problem.  So I think

8 there's a distinction. 

9             To my knowledge, there has not

10 been the sort of fully independent, academic

11 enterprise although the professor from the

12 University of Illinois, Dr. Tutumbo, BNSF did

13 fund some of his work, but I believe he views

14 himself as an impartial academic who was

15 studying this coal dust issue for academic

16 reasons.  And I would say he's sort of in the

17 same camp as Dr. Emmett, that is, he did the

18 work to try to come up with some answers to

19 what seemed to be a problem, and now in the

20 context of this contested proceeding, he's not

21 backing away from the conclusions that he

22 previously found.
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1             MS. RINN:  And if I could

2 volunteer, in our opening evidence we put in

3 the testimony of an engineer by the name of

4 Mollesky.  He works for a nonprofit

5 organization.  They have done a great deal of

6 work involving coal dust and other airborne

7 emissions including for the Powder River Basin

8 mines, including studies for the Government. 

9 And it was a very different process working

10 with them than most of the consultants we had

11 worked with because it was peer reviewed in

12 his organization and had to be approved.  

13             And if you'll notice it's not in a

14 typical format.  So this is not your typical

15 litigating consultant.  And basically, the

16 gist of his testimony was that he thought that

17 the mechanisms and the process that BNSF was

18 using for its IDV standard made sense to him.

19             VICE CHAIRMAN MULVEY:  Well,

20 that's good to hear and I do recall reading

21 the testimony submitted referring to him and

22 I was following up on that.  And I was just
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1 asking the question as to whether or not there

2 were other peer reviewed -- very often

3 research that even when it's done for private

4 firms, there's also work that gets published. 

5 University professors interested in tenure try

6 to get their things published in reputable

7 journals that are peer reviewed.  And there

8 are cases where it's been peer reviewed at

9 least by the organization he or she works for.

10             Is there a list of any journal

11 articles that you are aware of, whether it be

12 in the environmental literature, the economics

13 literature, or the transportation literature

14 that addresses this issue and comes up with

15 findings?  I can address this also to the

16 shippers on the other side, that there is this

17 evidence out there that we ought to be aware

18 of, it would be very, very helpful to the

19 Board.

20             MR. WEICHER:  We'll certainly

21 pursue that.  And as I said, these experts

22 have developed these standards.  We were going
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1 down this path two to three years ago, two or

2 three years before we had any idea that there

3 would be this proceeding and we'll continue to

4 keep the Board advised.

5             VICE CHAIRMAN MULVEY:  Thank you.

6             CHAIRMAN ELLIOTT:  Commissioner?

7             (Pause.)

8             VICE CHAIRMAN MULVEY:  As you can

9 see this is not particularly a technically

10 oriented group.

11             (Laughter.)

12             COMMISSIONER NOTTINGHAM:  Sorry

13 about that.  My light wasn't going on.  It

14 worked earlier, but these -- we're still

15 working the sound system.  I did want to

16 mention it may help -- maybe I should not say

17 this now, but I deactivated mine by pushing

18 the button so I wouldn't distract my

19 colleagues or you if I were to ruffle papers

20 and I was going to suggest that everyone adopt

21 that, but maybe I shouldn't, because look what

22 it resulted in.
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1             A couple of questions, Mr. Fox,

2 thank you.  Your testimony was very

3 interesting.  A lot of interesting numbers. 

4 Did I hear you correctly, you said that

5 approximately 500 pounds of coal dust are lost

6 per car on average, based on your experience

7 and your observations or your staff's

8 observations?

9             MR. FOX:  Our field studies have

10 shown that the range is 250 to 700 pounds are

11 lost from the top of the car.  Obviously, we

12 took the mid of that range with the 500

13 estimate.

14             COMMISSIONER NOTTINGHAM:  And you

15 further stated that approximately 2,000 tons

16 of coal are lost each day if you look at the

17 traffic volume?

18             MR. FOX:  And the math there was

19 clearly 70 loaded coal trains a day between

20 BNSF and UP, assume an average of 120 cars a

21 train. You do that math out at the 500 pounds

22 and up to 2,000 tons of coal are lost on the
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1 joint line and other rail lines every day.

2             COMMISSIONER NOTTINGHAM:  And we

3 saw some statement in the -- I forget which

4 panel has mentioned this that $30 a ton is

5 sort of a typical or not unusual rate for

6 delivered ton of coal?  Do I see that correct? 

7 I know that can vary.

8             MR. FOX:  That was delivered cost. 

9 Freight, plus the cost of the coal.

10             COMMISSIONER NOTTINGHAM:  Okay,

11 and Ms. Rinn, thank you.  You helped us by

12 reminding us that one of the concerns here is

13 to make sure that shippers get all the coal

14 that they pay for, if I paraphrase what you

15 said.

16             MS. RINN:  Yes.

17             COMMISSIONER NOTTINGHAM:  It seems

18 to me we've got a lot of -- and also, you

19 helped us understand that the coal was, of

20 course, paid by the shipper based on the

21 volume and weight at the beginning of the

22 journey, at the mine.  So basically we now
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1 know and I guess people have known for a long

2 time that shippers are not getting a

3 significant amount of the coal that they paid

4 for.

5             Have the railroads or either of

6 the two railroads here before us today taken

7 measures to reach out and communicate with

8 customers to try to offer rebates or refunds

9 or credits or some other -- if you factor, if

10 it's a 365 day a year operation based on my

11 understanding of the Powder River Basin, 2,000

12 tons lots a day, it starts to add up to be

13 real money. 

14             Can each of the railroads speak to

15 that question?

16             MR. WEICHER:  I don't necessarily

17 want to refer to any particular detailed

18 discussions, but clearly the issue, from our

19 standpoint, the value of the coal being lost

20 should be an incentive on its own to the

21 customer.  There's a little bit of a dynamic

22 here.  There have been issues of whether who
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1 is really harmed more, us from our parochial

2 standpoint by the impact on our railroad or

3 the nuisance this causes to us. 

4             We do not view ourselves as being

5 responsible for the loss of the coal.  We

6 think that is the customer's responsibility

7 and we would think that would be their own

8 incentive to address it.

9             COMMISSIONER NOTTINGHAM:  Now Mr.

10 Weicher, I did take note that you did say that

11 it is the railroad's -- and you said "our" so

12 I wrote "the railroad's" -- responsibility to

13 address this situation.  So how do you

14 reconcile that statement with your statement

15 a minute ago that the railroad is not

16 responsible for commodities that are lost

17 during rail transportation?

18             MR. WEICHER:  I think I should

19 differentiate.  BNSF is the primary operator

20 of the jointly owned line, it's the party

21 responsible for the actual implementation of

22 maintenance, for the dispatching and for
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1 having appropriate rules to defend the

2 integrity of that asset, that vital national

3 asset.

4             That makes us responsible if there

5 needs to be a rule which makes it clear that

6 the coal should be in the cars, that does not

7 make putting the coal in the cars our

8 responsibility.  We believe that is still at

9 core, just like for every commodity on the

10 railroad, the shipper's responsibility.

11             But we're the one that has to go

12 publish the rule, the operating rule for this

13 asset.  This is not, in our mind, a loss or

14 damage situation or if we have a derailment

15 with a container full of widgets some place we

16 are responsible to the owner of that commodity

17 for damage to the widgets.  We do not view

18 ourselves as responsible to the shipper for

19 the coal that is being lost because it's blown

20 off of their cars.

21             COMMISSIONER NOTTINGHAM:  Putting

22 aside for the moment the question of how
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1 specifically this problem should be solved, do

2 you agree at the end of the day if this

3 problem persists it is ultimately the

4 railroad's responsibility to ensure that the

5 problem does get solved?

6             MR. WEICHER:  It will be

7 ultimately our responsibility to continue to

8 pursue it to protect the railroad and our

9 transportation for all of our customers. 

10 There are limitations, which is why we have

11 this rule for a performance-based standard on

12 what we can do.  We ultimately cannot be

13 responsible to put surfactants on the coal

14 cars or have them loaded properly because we

15 don't own the cars.  We don't control the

16 mines.  We don't own the coal.  

17             We have to promulgate the rule.

18 This touches a bit on your enforcement

19 question, what do we do next?  And that comes

20 down to if we do not have voluntary compliance

21 further action will be subject to the

22 jurisdiction of the Board, but we knew that
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1 this is a problem that has to be solved.  We

2 have to go down that path.

3             So in that sense we have

4 responsibility.  We do not have control of the

5 many aspects of this.  We can't require people

6 to ship.  We have contracts, of course, for

7 people who want to ship and we have tariffs

8 for people who want to ship.  So I guess I'm

9 not quite sure of your question in terms of

10 ultimate responsibility.  We think this

11 problem has to be addressed and we're going to

12 continue to move forward to address it insofar

13 as the railroad and what we can do and then

14 publishing rules for the other parties of the

15 transactions.

16             COMMISSIONER NOTTINGHAM:  Perhaps

17 my question was overly complex.  What I meant

18 to get at is every day, all over the country,

19 railroads are in the business of inspecting

20 cars and making sure that cars are safe and

21 are compliant with railroad requirements

22 before they head out on to the railroad right
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1 of way and throughout the system of interstate

2 railways.  Rail cars can be pulled or moved,

3 detailed, the whole host of different options

4 and remedies.

5             Isn't that basically the railroad

6 industry's, if not best, perhaps last course

7 of action if a negative situation is posing

8 risks of various sorts that we've heard about

9 today continues to persist, that you have the

10 option to deny service?

11             MR. FOX:  Given our mutual

12 interest, we do expect the customers will

13 comply with the operating rule and I think

14 over the last five years we clearly

15 demonstrated a willingness to work with a

16 variety of stakeholders along those lines.  So

17 we talked about good faith effort here.  At

18 the end of the day effort will go a long way,

19 I believe, in terms of what our ultimate

20 decision is.

21             MR. WEICHER:  And to answer your

22 question, if I may, on the theoretical, legal,
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1 regulatory sense, yes.  It is ultimately our

2 responsibility.  If we have a piece of

3 equipment that has a faulty bearing that does

4 not comply with national rules for safety, it

5 is our responsibility to look for it, set the

6 car out.  If we have an overloaded car of coal

7 or of any commodity of coal, coiled steel, we

8 have an obligation to look for that, inspect,

9 and do something about it.  We have an

10 obligation to comply with a variety of FAR

11 rules for the safety of our employees, for the

12 integrity of equipment.  We have to keep track

13 to standards.  Those are all our

14 responsibilities.

15             We have not threatened anybody

16 with anything here.  Back to your "or else"

17 question.  We recognize, for example, if I

18 may, we have rules that say if a car is

19 overloaded, we can set it out, charge the

20 shipper for the set out and have it offloaded

21 or whatever.  Some rules, we have lots of

22 rules for blocking and bracing that don't
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1 necessarily we expect them to be complied

2 with.  They don't necessarily say exactly what

3 happens if the car isn't done right, if that

4 situation is recurring, we might publish such

5 a rule.

6             Have we thought about such things

7 here?  Of course.  Would that be subject to

8 your continuing jurisdiction?  Insofar as it

9 didn't come through a contract, but it came

10 through a common carrier publication to come

11 back to you which is why we think that issue

12 that rolls around in the background is

13 premature.  We think the rule itself that says

14 the coal should be in the car is clearly

15 reasonable where we do propose some remedy

16 that was questionable as to common carrier

17 shippers, you clearly have jurisdiction over

18 that and it's in fact on the customer.

19             COMMISSIONER NOTTINGHAM:  Mr.

20 Weicher, or any of the panelists, this seems

21 to me to be, broadly speaking, putting aside

22 the technical nuances of coal dust and its
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1 various characteristics and attributes, this

2 is not really a new issue, is it, in its

3 broadest terms?  The AAR has an entire

4 structure of technical committees that are

5 comprised of my understanding of car owners

6 and sometimes shippers and certainly railroads

7 to deal with all kinds of challenges related

8 to rail cars and necessary improvements and

9 technological improvements.  And at the end of

10 the day we often get visits, I'm sure my

11 colleagues do too about some of the

12 participants on those technical committees who

13 don't work for the railroads and don't always

14 feel they have an equal vote when the votes

15 get counted, but that's for a reason because

16 at the end of the day, as I understand it, the

17 railroad is ultimately responsible for what

18 happens on the railroad and the railroad right

19 of way and you've got to make decisions, but

20 that's an effort to at least get input in an

21 informed way and give people typically some

22 time line whereby change or a new standard



202-234-4433
Neal R. Gross & Co., Inc.

Page 113

1 will be adopted.  And this has gone on for

2 hundreds of times over the years as I

3 understand.

4             What's the problem here?   Why

5 hasn't the system worked related to coal cars? 

6 I'm just having trouble.  Help me understand. 

7 Every other commodity has had its cars

8 altered, adjusted, improved, standards

9 imposed.  And then there's this mysterious

10 coal car situation that somehow has slipped

11 through the cracks, no pun intended.

12 What's going on here?

13             MS. RINN:  If I may, this is not

14 about the car design.  This is about loading

15 practices.  And both the AAR open top loading

16 rules indicates those are minimum standards. 

17 They're not the only standard.  They're the

18 minimum standard that has to be complied with.

19             They also incorporate the uniform

20 freight classification rules.  I think Rule 27

21 that basically it says here's the principle. 

22 Shippers are responsible for loading the
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1 freight so that it can move safely and not

2 cause any property damage.  I mean that's the

3 principle.

4             It then recognizes that carriers,

5 specific carriers, dealing with their

6 particular circumstances, have the ability to

7 adopt a particular rule and apparently,

8 because let's face it, CSX and NS have been

9 transporting substantial quantities of coal

10 long before UP was a major coal player.  They

11 apparently haven't run into this circumstance

12 and haven't felt a need to do it.  

13             We were not aware that we had this

14 problem with coal dust until the events of

15 2005.

16             COMMISSIONER NOTTINGHAM:  Mr. Fox,

17 you helped us understand a little bit more of

18 the details of how the railroad, how your

19 railroad actually goes in and removes the --

20 periodically removes the coal dust from your

21 track bed.  What do you do with it when you

22 remove it?  Where does it end up going?  And
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1 it looks like you were putting some of it back

2 on rail cars.  Can you help us understand that

3 a little better?

4             MR. FOX:  It's a combination of

5 both.  Oftentimes, we'll load in rail cars and

6 take it to a disposal site.  Other times,

7 frankly, we put it on to the right of way

8 roads well away from the track structure.

9             COMMISSIONER NOTTINGHAM:  And you

10 bring it to disposal sites for -- are those

11 regulated?  Are those for unsafe materials? 

12 What type of sites are those?

13             MR. FOX:  I can't answer that.  I

14 know we take them up to North Dakota and I

15 assume it's a facility that can handle that

16 type of commodity.

17             COMMISSIONER NOTTINGHAM:  But you

18 also load, you actually sort of in an odd way,

19 but out of necessity, it sounds like you're in

20 the business of originating train loads of

21 coal, it sounds like.

22             MR. FOX:  Again, in 2008, we had a
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1 specific effort around coal on the right of

2 way around stream beds and water ways.  That

3 was 300 car loads of coal taken out of those

4 water ways on the joint line and those were

5 hauled --

6             COMMISSIONER NOTTINGHAM:  And so

7 when you originate coal loads, how high do you

8 load the coal up in the rail cars?  Here's a

9 great example to understand it.  Maybe a best

10 practice.  When you have a chance to control

11 the source and the loading and everything else

12 to do it, do you stack it above the height of

13 the actual rail car?

14             MR. FOX:  I can't answer that.

15             COMMISSIONER NOTTINGHAM:  Would

16 you be -- it would help -- Mr. Chairman, with

17 your permission, can we ask that the record --

18 if it would be possible to address -- that

19 question be addressed?  I think it would be

20 important to know whether a railroad that

21 originates train loads of coal actually has a

22 practice of stacking the coal above the height
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1 of the rail car, if they have another practice

2 that seems to possibly work better to reduce

3 the release of coal.

4             MR. WEICHER:  We're certainly

5 looking into what happened with these -- this

6 is a somewhat unusual situation for us.  We

7 have no mines and we buy no coal.  So we're

8 not in the business.  But we will follow up

9 with that.

10             If I could, Commissioner

11 Nottingham, briefly on your prior question --

12             COMMISSIONER NOTTINGHAM:  Before

13 we leave that completely and I don't want to

14 pretend to be an expert on all the dynamics of

15 rail cars and coal heights, but I'm guessing

16 when your maintenance people, your

17 professionals were asked -- were told that

18 their job was to get rid of this coal and put

19 it in rail cars, that they probably didn't

20 fill the rail cars up above the height of the

21 rail cars themselves with coal.  Because if

22 your job is to actually get the coal off the
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1 railroad right away and make sure it doesn't

2 blow away, you probably don't load it above

3 the rim of the rail car.  But I look forward

4 to the record getting clarified there.  It

5 does kind of beg the obvious question why do

6 you load rail cars above, with a material

7 that's known to blow away above the rim of the

8 car?

9             MR. FOX:  As LouAnne mentioned

10 earlier, we are going to -- we have a pilot of

11 some new compaction technology that will start

12 next month on the joint line.

13             COMMISSIONER NOTTINGHAM:  I guess

14 I should rephrase the question.  You're not

15 actually loading the commercial, every day

16 mine practice, I should say why do you allow

17 your customers to load material?  Because I

18 don't think you allow your grain customers to

19 load their grain in a way that routinely blows

20 away or any of your merchandise or your flat

21 screen TVs come into LA/Long Beach or your

22 cases of wine or the beer we heard about.
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1             MR. WEICHER:  To some extent this

2 is a product, the situation of the growing

3 coal shipments and the nature of the loading

4 has probably evolved from everyone's attempt

5 to seek efficiency.  Obviously, the more coal

6 you can get in a car in a certain length of

7 train, the more utility you can get from the

8 expensive equipment the shipper buys, the

9 train's crew and the locomotives can haul more

10 coal in the train.  There's a balance here. 

11 There's no question there was a lot of

12 pressure in recent years to be as efficient as

13 possible.  Trains got longer, loads got

14 longer. 

15             Having said that, that doesn't

16 eliminate the need for proper loading.  And

17 tying into that prior concept, we have now

18 found ourselves in a unique situation in the

19 Powder River Basin that requires great

20 scrutiny, tighter rules on how this coal is

21 loaded here which could be different than

22 what's happened nationally.  
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1             The coals are different, it just

2 came out, some different questions, so it may

3 not be the same for NS, CSX or whatever.  But

4 here, we see this as a real problem for this

5 source.

6             COMMISSIONER NOTTINGHAM:  Mr.

7 Weicher, is your client, is BNSF -- your

8 company, are you basically -- have you adopted

9 -- is this part of the adoption of a no spill? 

10 You used the phrase earlier for a reason, but

11 sort of a no spill policy?  Are you going to

12 be applying this across the board to all your

13 customers over a reasonably -- in a reasonable

14 time period?  

15             I guess I will say practices look,

16 tend to look less reasonable.  That doesn't

17 mean that they're unreasonable, but they tend

18 to look on the scale of extreme

19 unreasonableness to extreme reasonableness,

20 they tend to look less reasonable if they're

21 applied to some shippers and not others who

22 are similarly situated.
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1             MR. WEICHER:  We clearly have a

2 policy of pursuing this compliance through the

3 Powder River Basin.  We've extended it.  We

4 have the north route.  We have standards going

5 in there.  We are looking at it very closely

6 in New Mexico.

7             If you mean in terms of customers,

8 in general, for all commodities, well, you

9 know, it's made us much more acutely aware of

10 gosh, commodities should stay in the cars,

11 whether it's caustic soda, chlorine, wood

12 chips.  It doesn't have to be something

13 hazardous.  Plywood things shouldn't roll off. 

14 We're smart sensitive to that.  But more

15 related to coal shippers, we are looking at it

16 on a broad basis and as some of the slides

17 show, the coal dust problem isn't limited to

18 just this section of railroad.

19             Having said that, what makes this

20 unique and unique for this particular stretch

21 of railroad with its 22, 24 mines is probably

22 the largest single concentrated source of coal
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1 certainly in the United States, maybe in the

2 world, and therefore by addressing this

3 problem at its source we are really coming to

4 grips with something unique that is very

5 focused.  But we're looking at it across our

6 system on coal.

7             MS. RINN:  We have certainly, as

8 situations have come to our attention, where

9 the loading practices are not consistent with

10 keeping the freight in the car, we have taken

11 action.  For example, we adopted a netting

12 requirement for wood chips.  We have

13 previously adopted, I think in the last five

14 years, a requirement for soda ash customers to

15 make sure that they're not leaving loose soda

16 ash on the outside of the car, because we

17 found that the soda ash which is a caustic was

18 interacting and it was throwing off our signal

19 system, so we finally said we can't have this. 

20 You need to do it.

21             So when we become aware of a

22 situation that is causing us a problem, we are
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1 prepared and they have been adopting rules

2 that are necessary, but I think as Mr. Smith

3 indicated for the Department of

4 Transportation, most customers have an

5 incentive to load the freight to stay in the

6 car because it's their right, so they already

7 have an economic incentive and I think that

8 most people are trying to do the same thing.

9             So what we're probably dealing

10 with are the exceptions, not the norms, but

11 there was just a different practice for coal

12 and for whatever reason we are learning that

13 the consequences are much more significant

14 than anybody assumed when at least we began

15 moving coal out of the Powder River Basin in

16 1984.

17             COMMISSIONER NOTTINGHAM:  Mr.

18 Chairman, I'll wind up in a second.  One or

19 two more questions, if I could.

20             Mr. Fox and maybe Mr. Weicher can

21 help with this as well, you've described it in

22 very detailed words the expenses and the costs



202-234-4433
Neal R. Gross & Co., Inc.

Page 124

1 and the processes that are required to remove

2 coal dust from the railroad right of way.  How

3 are those maintenance and they sound like

4 increased costs.  They're not the same costs

5 you have on your southern tier line going

6 west, east-west through Arizona, for example. 

7 The costs are somewhat unique, extra

8 maintenance costs unique to the Powder River

9 Basin.  How are those costs recouped and

10 accounted for as you look at your rate

11 structure to all of your customers?  Are they

12 uniquely targeted and applied to the rates of

13 electric utilities who ship coal?  Or should

14 grain farmers, who also share some of the same

15 track, down track, should they be a little bit

16 concerned that they're paying a little more

17 because of this problem?

18             MR. WEICHER:  We think all of our

19 customers should be concerned about the

20 possibility of increased costs across the

21 whole system and affecting both service

22 reliability and cost for other shippers.  
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1             Having said that, we don't make

2 cost-based rates.  Clearly, costs are a huge

3 part of the regulatory structure and when we

4 have upon occasion had a rate case even on

5 coal before this Board, you know, the costs

6 are very, very important to justifying those

7 rates.  But that's not where they come from. 

8 We do not have direct flow throughs or cost

9 nexus for the maintenance on particular

10 shipments.

11             Clearly, we look at costs

12 internally when we consider rates because our

13 goal is to have margin and to have revenue in

14 excess of costs, not speaking now in terms of

15 the SAC  because that's -- we're business and

16 what we're in.  But there is to some extent we

17 almost view it from our standpoint that this

18 growing problem in the last few years has been

19 shifting additional and anticipated costs on

20 our company through a growing problem coming

21 from the coal dust coming off of the cars. 

22 That is not to say that we don't fully
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1 recognize that and we've seen this thread in

2 some of the documentation that if we save

3 money by not having to do excess maintenance,

4 what should happen about that?

5             You have -- what happens in our

6 contracts happens in our contracts and when

7 the contract is in effect that's not an issue

8 for the Board with all due respect.  And of

9 course, if it isn't in a contract, they have

10 their remedies, as we well know, to approach

11 the Board for the general or specific level of

12 rates for a specific customer.

13             COMMISSIONER NOTTINGHAM:  That's

14 all I have for now.

15             CHAIRMAN ELLIOTT:  Thank you very

16 much.  Do you have any more?

17             VICE CHAIRMAN MULVEY:  Yes, a

18 couple more questions.  Again, I said I'm

19 interested in this IDV.2 issue.  And why

20 doesn't the railroad release to the shippers

21 the computer code that produces these values

22 so that they can verify, they can see how it's
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1 being calculated?  

2             There's also some concern that

3 maybe the IDV.2 values don't really correspond

4 very well to the amount of coal dust in the

5 ballast when you see the stuff blowing off the

6 tops, but it may blow past the ballast and be

7 doing more harm to the countryside than to the

8 ballast per se.  So how do we know that

9 there's a correspondence between the amounts

10 coming off the trains as measured by these

11 receptors which I believe, by the way, are not

12 nearly -- the receptors tend to be some number

13 of feet away from the rights of way, so again,

14 you would expect to get a heck of a lot more

15 of the coal dust not fouling the ballast, but

16 rather be fouling the environment near the

17 ballast?

18             And I guess the final part of that

19 is do you have any idea what percentage of the

20 coal dust -- you mentioned 500 pounds of day

21 gets blown off a car, 500 pounds per car,

22 rather.  How much of that goes into the
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1 ballast and how much of that goes into the

2 general environment?  Is there any way of

3 calculating that?

4             MR. WEICHER:  Do you want to start

5 with that?

6             MR. FOX:  I've seen no

7 calculations of that percentage.

8             VICE CHAIRMAN MULVEY:  The

9 calculation that is being done by the

10 receptors, is a receptor that is 60 feet from

11 the right of way?

12             MR. FOX:  It is off the track,

13 yes.

14             VICE CHAIRMAN MULVEY:  So we don't

15 know whether or not it's measuring what's off

16 the track or what's going down to the ballast. 

17 We know that it's not 500 pounds a day per car

18 going into the ballast that's being blown off,

19 but that's dispersed all over the place.

20             MR. WEICHER:  So it may be on

21 those farms.  

22             VICE CHAIRMAN MULVEY:  May be on
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1 those farms.

2             MR. FOX:  Five hundred pounds was

3 calculated using a different method than the

4 IDV.

5             VICE CHAIRMAN MULVEY:  Oh, it was.

6             MR. FOX:  IDV is a point measuring

7 device at one location.

8             VICE CHAIRMAN MULVEY:  And so that

9 does not measure at all the amount.  

10             MR. FOX:  It does tell you the

11 train dust.

12             VICE CHAIRMAN MULVEY:  Okay.

13             MR. WEICHER:  Your question about

14 the computer code.  We don't own the code. 

15 This is sort of like -- we don't own Minitab. 

16 We don't own Excel.  

17             Having said that, data can be

18 available, but there is an issue of where we

19 hired someone who had a proprietary system two

20 or three years before this litigation and we

21 don't have the right to necessarily give that

22 system to somebody else.  It's something we
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1 bought.

2             VICE CHAIRMAN MULVEY:  It's

3 proprietary?

4             MR. WEICHER:  Yes, it's

5 proprietary.

6             VICE CHAIRMAN MULVEY:  You showed

7 a slide of China using surfactant and I assume

8 that's nationwide in all of their mines

9 perhaps.  But what do the Canadians do?  We

10 have the two western railroads, the CN and CP. 

11 Do they have any processes in place and what

12 about the short lines?  I know the eastern

13 railroads also had this problem, but to a

14 lesser extent because of the nature of the

15 dust, but has anybody else taken the tariff

16 route that BN is proposing?

17             MR. FOX:  The Canadian Pacific

18 does treat their coal.  The Norfolk Southern

19 treats some of their metallurgical coal as

20 well and there's coal that's being treated in

21 the Powder River Basin, as we speak, for

22 select customers.
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1             VICE CHAIRMAN MULVEY:  But no one

2 else has taken the tariff route that BNSF has?

3             MR. WEICHER:  Well, I believe

4 there's some form of CP item, but frankly, I

5 don't think we -- we don't necessarily know

6 the commercial relationship between that

7 railroad and that customer.  Two thirds of our

8 tonnage is actually -- actually more than two

9 thirds, moving through contracts that will be

10 reflecting this by the end of next year, but

11 that won't necessarily show up in a tariff. 

12 It will presumably, without getting into

13 details of this, it's kind of mirrored what

14 we're trying to do here in some respects, and

15 similarly, I don't think we can speak

16 authoritatively to how the other railroads

17 have implemented per se.

18             If we had a precedence

19 specifically of a rule that had been ruled on

20 somewhere, we would show it to you.

21             VICE CHAIRMAN MULVEY:  You also

22 noted that the railroads' rates are based on
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1 costs.  We now have demand-based pricing, yet

2 on the other hand there are things like the

3 fuel surcharge issue where a cost factor was

4 applied to the demand=based rates.  The case

5 here is one that also seems to relate to cost. 

6 And some of the shippers feel that the rates

7 that they're paying already account for

8 maintenance and that these maintenance costs

9 are picked up in their rates, and this would

10 involve a sort of double dipping or charging

11 again for the same service. The cost of

12 maintaining the track is already in the rate. 

13 Now there's going to be an additional cost on

14 top of that.  How do you respond to that

15 charge that this could become something of a

16 profit center as they might have also done

17 with the fuel surcharges?

18             MR. WEICHER:  We have a relentless

19 drive in our company to improve productivity,

20 lower costs, improve efficiency.  That

21 ultimately gets reflected in the nature of the

22 business we're in and our market based rates. 
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1 It does not mean that there is some sort of

2 automatic pass through.  

3             If you take the flip of what you

4 said, if, for example, hypothetically, we

5 tried to impose some sort of charge to apply

6 a surfactant, there's packed into that

7 question, into that hypothetical, a couple of

8 things.  We can't do that.  We don't have the

9 right to.  It's not our coal and so forth. 

10 But trying to mirror your surcharge question,

11 were we to do that, you'd have jurisdiction

12 over that charge, how ever it fit into rates

13 or not.  You have jurisdiction over the basic

14 rates we publish if someone thinks they're too

15 high.  We don't think we owe a customer

16 something for clarifying and confirming a duty

17 to keep a commodity in the car, including if

18 the fact that that were to be done were to

19 reduce our costs.

20             VICE CHAIRMAN MULVEY:  One last

21 question.  Some of the shippers have pointed

22 out that spraying surfactant leaves a sticky
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1 residue and since shippers are the ones who

2 own the cars, they're concerned that that

3 sticky residue, et cetera, could ultimately do

4 damage to the cars.

5             We talked about what the railroads

6 are willing to trade off in terms of safe

7 harbors and all of that, but would the

8 railroads be willing to absorb the cost of

9 repairs on shipper cars that might be caused

10 by the use of surfactants to keep the coal

11 dust down?

12             MR. WEICHER:  We believe that the

13 responsibility to keep the coal in the car is

14 the shippers'.  One of the reasons we have

15 gone to a performance based, as opposed to an

16 activity based standard is we are not

17 mandating.  We are open to if a shipper wants

18 to say does this comply with, presumably will

19 go that way, but we don't want either to

20 accept that liability or to have that control

21 over someone else's car and equipment.

22             We believe the tests are showing
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1 and have shown in the experience and in other

2 countries and other parts of the world, we

3 know that this can be done and we think it can

4 be done safely.  Having said that it should

5 ultimately we think be the shippers'

6 prerogative to control that process.

7             VICE CHAIRMAN MULVEY:  Thank you.

8             COMMISSIONER NOTTINGHAM:  Thank

9 you, Mr. Chairman.

10             Mr. Weicher, I want to make sure I

11 understand the sort of proper alignment of

12 responsibility and accountability here.  You

13 just said, if I heard you a minute ago in

14 responding to Vice Chairman Mulvey's question,

15 that the railroad, if I heard you, is not

16 responsible for this coal dust leakage.  

17             Help me though.  When you accept a

18 rail car onto your system and transport it, at

19 that point you become responsible for the safe

20 transport and for getting what the shipper has

21 paid for delivered to the ultimate

22 destination, are you not?
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1             MR. WEICHER:  Yes, we are.

2             COMMISSIONER NOTTINGHAM:  And you

3 have a very strong, and I think often

4 reinforced by this Board in our process, the

5 tool to protect you from unreasonable risk in

6 that responsibility sharing because you have

7 the right to inspect the car and refuse to put

8 it onto your system, correct?  If there's a

9 problem with leakage or safety, for example,

10 if a grain car shows up and the door is broken

11 or hanging loose and grain is leaking out,

12 your people are trained to actually take that

13 and put it aside and refuse service, correct?

14             MR. WEICHER:  Right, if it's not

15 properly handled, yes.

16             COMMISSIONER NOTTINGHAM:  And I

17 won't even go into the whole -- all the 

18 hypotheticals regarding hazmats and of course,

19 you will refuse, your people will refuse and

20 understandably so to move a chemical car if it

21 was leaking.

22             So putting aside what the right
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1 solution is here, ultimately, do you agree

2 that once the rail cars are moving along and

3 being accepted and placed and accepted by the

4 railroad and moving on the railroad right of

5 way, the railroad is responsible for any

6 leakage that occurs?

7             MR. WEICHER:  We are not

8 responsible for the consequences of the

9 leakage or the leakage if a loading rule

10 hasn't been complied with or if the equipment

11 is defective.  The relationship between the

12 railroad and its customer and the loading

13 entity is multi-party and is multi-faceted. 

14 We're not responsible for the supply of the

15 equipment for coal in the vast predominance. 

16 We have some equipment we supply, but that's

17 the nature of the industry.

18             A car maker makes that car to

19 industry standards, federal FRA standards,

20 often that have been promulgated through the

21 AAR.  We have a variety of responsibilities to

22 inspect, to deal with equipment that is
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1 improper and take it out. 

2             If we are the cause of a

3 derailment, God forbid, then we are

4 responsible, in general, for the commodity and

5 the damage from that derailment.  Our

6 responsibility in this situation includes, as

7 the operator of the joint line, to have the

8 rules in place that we think are appropriate

9 for this unique territory and if implied in

10 this question is it some point to properly

11 enforce them, certainly.  

12             I guess the resistance is that we

13 are not quite -- I believe the legal doctrine

14 was res ipsa loquitur, or whatever it is.  The

15 fact that we take a car and it's good at the

16 beginning, if it's a car of widgets or

17 chemicals or something, doesn't make us

18 universally responsible for the effects of

19 improper equipment or defects in the

20 equipment.  There's a multi-party relationship

21 there.  I don't want to get into finger

22 pointing.  So it's very complex. 
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1             But I think our role here is we've

2 got a problem here and we're managing this

3 joint line, a vital national asset, and we see

4 this problem.  And it's time to do something

5 and it's time to say it's a big source here. 

6 Coal is coming off the top of these cars. 

7 Let's tighten up the rules.

8             MR. SIPE:  If I understand

9 Commissioner Nottingham's question correctly,

10 I think what we're saying through this rule is

11 we don't want to start down the right of way

12 with a coal car that's going to leak.  

13             COMMISSIONER NOTTINGHAM:  Well,

14 Mr. Sipe, that's a very worthy intention, but

15 with all due respect, your clients and other

16 railroads seem to have been doing this for

17 hundreds of years, so that aspirational goal

18 seems to be falling a little short.

19             MR. WEICHER:  We clearly are in a

20 process of continuous improvement and if -- we

21 would have to acknowledge this is a problem

22 that has grown and it wasn't recognized in the
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1 past.

2             We probably share some of the

3 blame both for not recognizing it at a given

4 time or not acting sooner, more aggressively

5 with our customers.  2005 was a huge wake up

6 realizing what had happened in a dry

7 environment and the confluence of events.  And

8 we want to move forward to address it.

9             MR. SIPE:  And the Board has

10 recognized in comparable situations the fact

11 that a particular approach has not been

12 pursued in the past, doesn't make it

13 unreasonable when you decide that

14 circumstances are such that it's now time to

15 adopt this approach.

16             The North American Freight Car

17 case, the Board decided in 2007, specifically

18 stood for that proposition and others as well.

19             The way the world is today, BNSF

20 has come to a judgment that we no longer want

21 to start down the road with these coal cars

22 that are going to have dust blowing out of
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1 them.

2             COMMISSIONER NOTTINGHAM:  And I

3 certainly don't quarrel with that statement. 

4 Basically, from the vantage point of this one

5 solitary Commissioner, I believe that the

6 railroad industry has all the tools it needs

7 to solve this problem and I certainly hope you

8 do it in the way that's collaborative, as

9 collaborative as practicable and gives people

10 some notice.  And of course there's a lot of

11 money involved in car design and loading

12 techniques and relationships with coal mines

13 that are of business significance and a

14 relationship with utilities.  But with all due

15 respect, I think multiple parties here are

16 breathing a lot more nuance into this

17 situation than is necessary.

18             It seems to me this is a pretty

19 simple problem to solve.  Obviously some

20 solutions will cost more than others, but the

21 railroad industry has figured out a way to

22 solve 99.9 percent of all the other commodity
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1 leakage and loss problems over the years.  I'm

2 highly confident you can see to it this one

3 gets solved and maybe I'm just missing

4 something.  This is not the proverbial rocket

5 science.  

6             Coal is being loaded well above

7 the rim of rail cars in windy, bumpy terrain

8 and surprise, surprise, some of it is blowing

9 out and surprise, surprise, it's causing some

10 negative externalities.  And surprise,

11 surprise, pardon my sarcasm, the railroad

12 industry has decided that that's probably not

13 a good thing and we should probably adopt more

14 of a no spill policy. 

15             I'll wind up, but Mr. Weicher, you

16 mentioned contracts and I understand some of

17 this is sensitive, but you did say that you

18 would expect that in the near future, over the

19 next year or so, if I heard you correctly,

20 your contracts with your coal customers will,

21 in fact, mirror the tariff that's at issue

22 today.
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1             What caught my attention with that

2 is in a contract we usually see on the few

3 occasions that we get an opportunity to see in

4 the course of our work rail contracts, which

5 is not too often.  Terms -- but in other

6 business transactions, contracts tend to be

7 looked at by lawyers, especially if they're

8 new, involving the types of contracts,

9 involving the types of money involved here. 

10 And the terms and conditions and sanctions or

11 penalties or consequences are usually pretty

12 well spelled out so the parties know exactly

13 what they're getting into, what they're being

14 held responsible for and what the penalty, for

15 lack of a better word, would be if they don't

16 meet that responsibility.

17             With all due respect, when I read

18 the tariff at issue here, it doesn't read like

19 a contract, perhaps it doesn't have to.  It's

20 a tariff, not a contract.  But it's rather

21 open ended.  I used the expression earlier

22 about the "meet this standard or else" is kind
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1 of my way of dumbing down the tariff.

2             Do you have any sympathy or can

3 you understand why your customers might sort

4 of want a clarification on what do you mean by

5 the "or else"?  Basically, this is the only --

6 presumably parties either don't want a

7 contract or can't reach a contract, so they're

8 going to do business by tariff.  And there's

9 this pretty important provision that seems to

10 hint at possible negative ramifications to a

11 railroad customer if they don't meet a

12 standard, but those consequences are not

13 explained.

14             MR. WEICHER:  The rule doesn't say

15 "or else".

16             COMMISSIONER NOTTINGHAM:  It just

17 says meet this standard, right?

18             MR. WEICHER:  Yes, it does.  And

19 it does not say any particular remedy. 

20 There's a complex series of things going on

21 here and there's a certain issue of who is the

22 free rider and where.
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1             Our contracts, without going into

2 detail, as a general proposition, we have

3 rules like that.  We have a big rule book. 

4 Every contract we have doesn't spell out every

5 single rule.  It might hypothetically

6 incorporate rules for a given period of time. 

7 Contracts have a term.  They roll over.  They

8 are renewed.  Things happen, a corporation

9 changes, lot of people don't sign up for a

10 blank check.

11             So I'm trying to describe the sort

12 of why this will be a gradual implementation. 

13

14             By the same token, we don't think

15 there's anything unreasonable about the rule

16 that says you'll keep the coal in the car. 

17 Okay, we stop there.  We didn't say precisely

18 what the consequence would be or whether there

19 could be a charge some day because we

20 recognize if we do that or publish another

21 thing, that will be subject to your

22 jurisdiction.  We don't think the shippers
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1 should be cavalier that we're going to ignore

2 the rule or not pursue appropriate enforcement

3 eventually.  But depending upon what it was it

4 will not be without oversight.  Again, we're

5 talking about the common carrier.

6             COMMISSIONER NOTTINGHAM:  I just

7 want to say the tariff was drafted in a way to

8 try to avoid STB jurisdiction?

9             MR. WEICHER:  Absolutely not.  The

10 tariff was drafted in a way to try to

11 encourage where some of this discussion

12 started at the beginning of the morning, with

13 voluntary cooperation, with cooperative

14 cooperation, and to parallel our efforts in

15 our contracts to negotiate and implement

16 appropriate phases and timing and

17 implementation.  

18             We know the Board has jurisdiction

19 over the rule and we know the Board will have

20 jurisdiction over enforcement mechanisms that

21 we may implement or pursue or publish as this

22 goes forward.  We fully respect that.
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1             As to the common carrier shippers,

2 as distinguished from the contract shippers,

3 of course, I don't think it's right.  It's

4 premature.  We haven't threatened anybody with

5 anything.  We have said it's time to act. 

6 It's time to get a standard.  It's time to

7 have a rule that the coal stays in the car. 

8 The rule could say all of the coal.  It

9 doesn't.  It leaves leeway to this measuring

10 process to get to a reasonable element of

11 compliance as quickly as we can.

12             COMMISSIONER NOTTINGHAM:  So your

13 customers, in looking at the tariff provision,

14 have several interpretations they can arrive

15 at, that this is just an aspirational

16 statement of an aspiration objective that has

17 no teeth to it whatsoever and can be ignored

18 for all intents and purposes.  That's not

19 really consistent with the spirit of the

20 testimony.  

21             You said frequently today, all of

22 you, that this is a problem that should not be
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1 ignored and can't be ignored.  Or they could

2 surmise that the railroad will either raise

3 rates to address this problem or charge some

4 type of penalty or refuse service.  Is that

5 basically the menu --

6             MR. WEICHER:  I don't want to

7 leave that implication.  This is an operating

8 rule.  This is a serious rule.  We expect it

9 to be complied with and we will have to

10 enforce it in due course.

11             COMMISSIONER NOTTINGHAM:  With

12 serious consequences, correct?

13             MR. WEICHER:  Yes.  But that's not

14 going to happen tomorrow.  We haven't

15 threatened anybody with a charge.  I hate to

16 say this, we don't want the money.  We don't

17 want to have to treat the coal cars.  We don't

18 want a surcharge for it.  We don't want higher

19 rates for it.  We want an efficient, reliable

20 plan that operates with the coal staying in

21 the cars.  And that is our goal and that is

22 what we will continue to pursue.
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1             If voluntary compliance doesn't

2 evolve, if, for example, this rule were not

3 allowed to go into effect, we think the STB

4 would share the responsibility to some extent

5 for not addressing this problem.  That's not

6 intended to be a challenge.  That's just the

7 reality.  We take the responsibility for

8 enforcing it and for your oversight of when

9 enforcement eventually comes.

10             But having said that, operating

11 rules do need to be enforced.  This doesn't

12 now have the force and effect of federal law

13 that an FRA rule for a grab bar or a wheel-

14 bearing standard.  It's an operating rule

15 being mirrored in a common carrier tariff rule

16 that the coal should stay in the cars.  And

17 we're committed to that and we're dedicated to

18 that.  It's not about the money.

19             MS. RINN:  If I may, it's the sort

20 of rule that you need to have nearly universal

21 compliance with, but it's also something

22 where, I think, Mr. Weicher has indicated
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1 earlier this is an evolving situation.  We're

2 in a transitional mode.  And it is sometimes

3 valuable to begin with here is a standard of

4 conduct we need you to -- a behavior, we need

5 you to partake in.  And you educate and you

6 encourage with the idea that you will lead to

7 a rule that becomes mandatory.  And during

8 that period of time as you see compliance,

9 voluntary compliance or lack of voluntary

10 compliance, you can then gauge and design, let

11 us say the incentive mechanism, whether you're

12 going to use an encouragement, whether you're

13 going to be doing a discouragement, based on

14 what the response is.   And sometimes it's

15 just -- it's better to wait and get more

16 information so that you can adjust that to

17 what the voluntary compliance is.

18             So I can certainly understand that

19 if I were a shipper, that they would like to

20 have the consequences spelled out much more

21 clearly in black and white.  Looking at it

22 from the point of view as somebody who advises
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1 my clients on either in a contract or a common

2 carrier, how do you get a customer to change

3 their behavior in a certain way?  There are

4 times when patience and a dialogue are helpful

5 in coming up with what is the best solution.

6             So while I certainly did not

7 consult with my colleagues in Fort Worth about

8 how they did it, what they did made sense to

9 me.  I could understand the logic of it.  But

10 I can also understand the logic of others

11 looking at it and saying well, if you mean it

12 why don't you say what the consequences are? 

13             I think it underscores the fact

14 that we recognize we're in a symbiotic

15 relationship with our customers where we need

16 to have a collaborative dialogue to get us to

17 where we want to be.

18             COMMISSIONER NOTTINGHAM:  Ms.

19 Rinn, and I'll wrap up, I recognize we're not

20 talking today about a tariff that was created

21 by your railroad, so maybe you're a better

22 person to ask about this, slightly less
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1 partial.  Is this type of tariff, in your

2 view, a preferred alternative to sending a

3 letter, a polite letter to all your coal

4 customers that on X date in the future, if

5 there's not an industry collaboratively

6 agreed-upon solution, the railroad will have

7 no alternative but to begin taking protective

8 actions that could include and then listing,

9 include not loading, not allowing rail cars

10 loaded above the rim of the car, requiring all

11 loads, all the solutions, blunt as some might

12 be, that we've heard about today, but we

13 haven't heard much actually about not,

14 arguably, these rail cars could be looked at

15 as being overloaded since they're routinely

16 spilling coal, just sort of stop the

17 overloading by not letting it get above the

18 rim.  

19             Would that be another way to get

20 at this?  Do you see this tariff as sort of an

21 alternative to sending out that letter which

22 I realize would not always be received well by
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1 customers either, but at some point, the

2 railroad is responsible for what happens on

3 railroad right of way and needs to protect

4 itself and the one tool that I think you have

5 that's pretty clear is you don't have to

6 accept overloaded cars that are spilling

7 stuff.

8             MS. RINN:  That is correct.  And

9 one example we cited on another safety rule

10 that we conducted, we found that we were

11 having a lot of derailments because the axles

12 were failing on these cars because not only do

13 they carry a lot of freight, they put more

14 miles on than any other population of cars.  

15             After we investigated those

16 incidents and what we thought was leading to

17 it, we identified requirements in terms of

18 inspection, and requiring that new components

19 be installed as opposed to just a recycled

20 component.  And we basically engaged in

21 education by telling our customers this is

22 what we were seeing and that we were going
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1 that way.  

2             We then published what we

3 considered to be what we said were guidelines. 

4 We are recommending that you follow these

5 practices.  And we indicated that after a

6 certain period of time, we expected to adopt

7 that and make that a mandatory rule. 

8             Well, we did transition that over

9 a matter of years during that period of time. 

10 We basically got compliance with it and I

11 believe that we ended up not having to say "or

12 else" in the rule because to be quite frank,

13 if there is, in fact, a derailment now and it

14 goes to failure of a component because they

15 didn't follow what we have in the rules, we're

16 going to say here's the bill.  And so we

17 didn't need to get there.

18             Perhaps this will -- I don't know

19 that we could get into that situation, but

20 it's one of those things where you kind of,

21 you learn and you work with it over time.  But

22 if, in fact, we'll see as we develop the
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1 information and figure out how we want to do

2 it, if our customers tell us we want to have

3 an "or else", we'll come up with an "or else."

4             COMMISSIONER NOTTINGHAM:  Ms.

5 Rinn, with all due respect, you're not really

6 here today saying that the best solution to

7 this is to come up with a risk-sharing

8 proposal or rule that helps to assign

9 liability once a train wreck has happened and

10 an accident has happened.  Surely we can do a

11 little better than that.

12             MS. RINN:  No, that was a somewhat

13 similar situation, but not analogous, no.  We

14 are not looking for that.  As I said, we are

15 into prevention.  We want the coal to stay in

16 the car.  And there are mechanisms that

17 encourage and there are mechanisms that

18 discourage and you may need to do a

19 combination.  So that's why we are interested

20 as we get a better idea, do we do a

21 performance-based standard?  Do we do an

22 activity-based standard?  
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1             We are going to be in a dialogue

2 with our customers about what they think.  Now

3 we're not going to take necessarily a vote,

4 but we're going to find out what they believe

5 would work and what their concerns are as

6 we're trying to develop this.  But if we can

7 get there by voluntary compliance, we're all

8 for that because we think that that's part of

9 a collaborative relationship and we hate to be

10 in a situation where you have to dictate, but

11 sometimes that's what you have to do.

12             COMMISSIONER NOTTINGHAM:  Thank

13 you, I have no further questions for this

14 panel.

15             CHAIRMAN ELLIOTT:  Thank you very

16 much.  We appreciate your time and we'll see

17 BNSF in a little while.  

18             (Pause.)

19             Why don't we, since this has gone

20 a little longer than we thought, why don't we

21 take a little break and come back around

22 12:30.  That will give people a chance to get
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1 situated and do what they need to do.  

2             All right, thank you.

3             (Whereupon, at 12:05 p.m., the

4 hearing was recessed, to reconvene at 12:30

5 p.m.)

6
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18

19        A F T E R N O O N    S E S S I O N

20                                       12:37 P.M.

21             CHAIRMAN ELLIOTT:  Welcome back,

22 everyone.  We will continue the hearing with
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1 the third panel, the shipper interests.  And

2 we'll start with Arkansas Electric Cooperative

3 Corporation.  You have 30 minutes and you will

4 have then ten minutes on rebuttal.

5             MR. VON SALZEN:  Thank you very

6 much, Mr. Chairman.  I'm Eric Von Salzen on

7 behalf of Arkansas Electric Cooperative

8 Corporation.  With me is Steve Sharp, AECC's

9 principal engineer of fuels and civil and we

10 will divide our 30 minutes.

11             On behalf of AECC, and I'm sure I

12 expressed the sentiments of the other shipper

13 parties as well, we thank the Board for

14 commencing this proceeding to consider the

15 reasonableness of the BNSF's coal dust tariff. 

16 As a result of this proceeding, a great deal

17 of information has come to light about

18 maintenance and operating practices on these

19 lines and the extent that fugitive coal plays

20 a role in those matters.

21             What we have learned leads to the

22 conclusion that BNSF's coal dust tariff is not
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1 merely unnecessary, it would, in fact, be

2 counterproductive.  It would increase the risk

3 of disruption to service on the joint line,

4 not reduce it.

5             In this argument, I intend to

6 address the following three issues.  Can I be

7 heard?

8             CHAIRMAN ELLIOTT:  You're fine.

9             MR. VON SALZEN:  Okay, first, the

10 evidence shows that airborne coal dust which

11 is what is measured by BNSF's track monitors

12 is not principally what fouls the ballast. 

13 The fugitive coal that falls onto the track is

14 substantially caused by the railroad's own

15 operating practices and maintenance practices. 

16 Spraying toppers on coal cars won't affect

17 that process.

18             Second, I intend to discuss

19 briefly the two derailments in 2005 which BNSF

20 repeatedly holds up as justification for its

21 coal dust tariff, but which were not caused by

22 coal dust. 



202-234-4433
Neal R. Gross & Co., Inc.

Page 160

1             Third, coal dust is not what

2 threatens the safe and reliable operation of

3 the joint line.  What does threaten the safe

4 and reliable operation of the joint line is

5 inadequate maintenance.  If the Board approves

6 the coal dust tariff that will lead the BNSF

7 to reduce what it considers excessive

8 maintenance efforts on the joint line.  That's

9 what threatens repetition of the events of

10 2005, not the existence of coal dust.

11             Starting then first with the issue

12 of airborne coal dust, BNSF says that it can't

13 tell in advance whether a particular coal

14 train will violate its coal dust standards or

15 not.  Coal dust deposition, BNSF claims,

16 depends on complex relationships among a

17 number of factors.  So rather than trying to

18 figure out what causes some trains to generate

19 excessive dust while others don't, BNSF wants

20 to impose requirements that in effect would

21 compel all shippers to spray surfactants on

22 all coal cars.
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1             Now that's a red flag right there. 

2 If BNSF can't figure out what it is about a

3 particular train that will cause an excessive

4 coal dust reading in the monitoring system,

5 then perhaps BNSF doesn't really have an

6 adequate understanding of what the problem is

7 that it's trying to address.

8             I'd like to quote the great

9 Justice Frankfurter who said "putting the

10 wrong question is not likely to beget right

11 answers, even in law."  And I would add, even

12 in railroads.

13             BNSF focuses its attention on

14 airborne dust and what it measures is dust

15 that remains airborne when it reaches the

16 monitor 60 feet away from the train track. 

17 Based on a detailed analysis of BNSF's own

18 dust fall data, AECC has shown that such

19 airborne dust accounts only for on the order

20 of 10 percent of the coal that actually lands

21 on the ballast.  You didn't hear that this

22 morning, but it's in the record.
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1             Where does the rest of the coal

2 dust that lands on the ballast come from? 

3 During the early stages of this proceeding,

4 BNSF's witnesses acknowledged that the

5 deposition of coal dust is particularly found

6 on bridges and switches.  But BNSF has

7 scrupulously avoided any consideration of the

8 reasons why.  Fugitive coal deposition would

9 follow the pattern that its own witnesses had

10 observed.  And I believe they mentioned it

11 this morning.  

12             Thanks to the analysis that AECC

13 has provided in this case based on BNSF's own

14 evidence, we now know a lot more about what

15 causes fugitive coal to be deposited under the

16 joint line track in the pattern BNSF's

17 witnesses have described.  We know that to a

18 substantial extent fugitive coal that

19 accumulates on switches and bridges isn't the

20 airborne dust that's picked up by the track

21 side monitors 60 feet from the track.  Rather

22 much of it is coal that is shaken out of the
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1 cars by vibration as the train passes over

2 rough track or over track where the modulus,

3 the stiffness of the track, changes.  That's

4 one reason why you find a lot of coal dust and

5 coal at switches and bridges, because that's

6 where vibrations arise from changes in track

7 modulus as the track goes on and off the

8 bridge or over a switch.  And BNSF has not

9 taken adequate steps to mitigate the effect of

10 such modulus changes.

11             AECC's evidence also shows a

12 deposition of fugitive coal is caused, in

13 part, by BNSF's own poor maintenance practices

14 on switch frogs which has been documented

15 extensively and photographic evidence supplied

16 by the railroads.  One of BNSF's own videos

17 shows vibration as each car passes over a

18 switch with minimal other emissions from that

19 train.  

20             AECC has documented for the Board

21 the fact that BNSF's own dust fall monitors,

22 and these are the dust fall monitors, not the
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1 ones that are at mile post 90.2, I think. 

2 These are the ones that actually measure the

3 dust as it falls on to the ground.  They show

4 much higher accumulations of coal dust on the

5 descending sides of big sags.  By big sags, we

6 mean sustained and pronounced descent followed

7 by a pronounced ascent.  These are typically

8 places where the line makes a perpendicular

9 crossing of a valley.  

10             The evidence documents an apparent

11 operating practice of running trains fast down

12 the descending side of big sags.  One of the

13 videos BNSF cites as an example of high coal

14 dust emissions, in fact, shows a train running

15 down the descending side of a big sag at 50

16 miles an hour.  Even the new table of coal

17 dust accumulation, which is in BNSF's

18 rebuttal, shows that much more coal

19 accumulates on the descending sides of big

20 sags than on the ascending sides of the same

21 big sags and elsewhere.

22             Running trains down the descending
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1 side of big sags at high speeds generates much

2 of the fugitive coal that is at issue in this

3 case.  The same topographic features that

4 create the opposing slopes of the big sags

5 also tend to move water to the low point.  In

6 other words, if you're crossing a valley, you

7 tend to find water at the bottom of the

8 valley.  And where you find the water, you

9 tend to find the bridges.

10             On the joint line, AECC's evidence

11 has highlighted how the bridges that BNSF

12 identifies as focal points of fugitive coal

13 accumulation are primarily those near the

14 bottoms of big sags.  So in addition to high

15 downhill operating speeds, and the resulting

16 amplification of modulus changes at the

17 bridge, AEC has also identified so-called

18 slack action as an apparent causal factor in

19 the deposition of fugitive coal on bridges.

20             A single PRB coal train can easily

21 have 19,000 or more tons of coal in rail cars

22 between the locomotives at the head end and
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1 the DPU at the trailing end.  At the bottom of

2 the big sag, the train is basically

3 transitioning between a breaking mode to a

4 pulling mode, to move the train up the

5 following ascent.  During this transition, an

6 individual car can move freely for a short

7 distance until it imparts an accelerating

8 motion to the next car in the train.  This

9 process of repeated shock wave propagates

10 through the train.  

11             AECC has identified in the record

12 a BNSF video that shows a mild slack action

13 incident as well as statements from BNSF's own

14 experts to the effect that slack action

15 redistributes the coal within a rail car and

16 photographic evidence that appears to show

17 clumps of coal, not airborne coal dust, clumps

18 of coal spilled out of a rail car on a bridge.

19             The evidence indicates that slack

20 action is a factor in at least some of the

21 deposition of fugitive coal within BNSF's

22 jurisdiction.
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1             The evidence identified by AECC in

2 this area, and I've only summarized a small

3 portion of it, but I hope to hit the

4 highlights, the evidence shows (1) most of the

5 fugitive coal on the roadbed results from

6 processes other than the aerial suspension of

7 coal dust measured by BNSF's monitoring

8 system.  Only on the order of 10 percent of

9 the coal dust that lands on the ballast comes

10 from the airborne coal dust.

11             Second, most of the fugitive coal

12 deposited on the track is the result of

13 actions largely or entirely under the control

14 of BNSF as the operator of the line and as the

15 party responsible for maintaining the line,

16 maintaining the switch frogs, maintaining the

17 areas of modulus change, training the crews

18 regarding high-speed operation down descending

19 slopes, and various other methods to minimize

20 slack action.

21 BNSF is trying to hold shippers responsible

22 for actions and circumstances BNSF itself
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1 controls.

2             Third, these actions and

3 circumstances would undermine the

4 effectiveness of chemical toppers even if they

5 were applied.  BNSF's own evidence shows that

6 high operating speeds and the redistribution

7 of coal in the car can compromise

8 significantly the effectiveness of chemical

9 surfactants.  It's not what the toppers are

10 designed to do.  They're not designed to hold

11 clumps of coal from being vibrated out of the

12 car by a train that's going 50 miles an hour

13 down a slope and then its slack action as it

14 goes up.  The surfactants are intended to keep

15 dust from drifting off.

16             BNSF is focusing on the wrong

17 issue.  Airborne coal dust is not what fouls

18 the ballast.  BNSF's tariff doesn't address

19 the coal that falls onto the ballast and that

20 it therefore cannot significantly reduce coal

21 depositions.  

22             Secondly, I'd like to turn briefly
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1 to the 2005 derailments which BNSF cites as a

2 justification for its tariff.  BNSF,

3 throughout this lengthy proceeding, has

4 presented no real proof that coal dust caused

5 the derailments.  They repeatedly said so in

6 conclusory statements over and over again.  Of

7 course, coal dust caused the derailment, but

8 they provided no analysis to how those

9 accidents occurred and how coal dust

10 supposedly contributed to them happening.

11             AECC has presented evidence. 

12 First, we presented the evidence of Douglas

13 DeBerg, an independent railroad transportation

14 consultant with over 40 years' experience in

15 track construction and maintenance, who

16 inspected the derailment sites and reviewed

17 relevant documents produced in discovery.  He

18 concluded that coal dust did not cause the

19 derailments.  Poor maintenance and inspection

20 practices by BNSF caused them.  He describes

21 his reasoning in detail.

22             We presented another witness,
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1 Michael Nelson, who provided additional

2 support insights into the causes of the

3 derailment, based on the analysis of documents

4 produced by BNSF and UP in discovery.  He

5 found that in 2003, UP learned that BNSF had

6 been deferring maintenance on the joint line. 

7 UP encouraged, I choose my word carefully,

8 BNSF to change its practices.  BNSF did

9 increase maintenance in 2004, but not enough

10 to prevent the derailments, when several years

11 of drought in the area -- we heard about that

12 this morning -- ended with the return of more

13 normal precipitation in the spring of 2005.

14             Mr. Nelson examined records of

15 communications between BNSF, train

16 dispatchers, and train crews at the time of

17 the derailments.  They're classified highly

18 confidential and besides they use a lot of

19 salty language, so I'm not going to quote them

20 for you, but in essence, what they show, and

21 they are part of the record in this case, is

22 that rough track had been reported at the
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1 location where the UP train was later to

2 derail.  The crew was sent to fix the

3 condition.  They reported it had been fixed. 

4 The site was tested with a helper locomotive

5 and then the first train over that stretch

6 over that track derailed.

7             As Mr. Nelson said, under these

8 circumstances it is difficult to imagine how

9 a rational person could ascribe this

10 derailment of coal dust rather than inadequate

11 maintenance practices.  Whatever the original

12 source of the rough track may have been, BNSF

13 had forewarning of the problem and ample

14 opportunity to remedy it before the passage of

15 the UP train. 

16             At the other site, Mr. Nelson

17 found that it had been scheduled for

18 undercutting in 2004, but this was not done. 

19 As Mr. Nelson said, as is the case with the UP

20 derailment, BNSF knew in advance there was a

21 problem.  Its references to coal dust did not

22 alter the fact that it failed to perform
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1 maintenance it knew was needed.

2             There's a lot more evidence like

3 this in the record, but I want to focus on

4 evidence from BNSF about where coal dust gets

5 deposited on the track.  Because although

6 BNSF's rhetoric would lead you to think that

7 the entire joint line is covered with coal

8 dust, in fact, their evidence shows that much

9 more coal dust is deposited in certain

10 locations than in others.  BNSF's own data,

11 including the dust bowl jars and the CRA

12 assessment that was presented in rebuttal,

13 show that the coal dust accumulations on the

14 downhill sides of big sags are much higher

15 than they are on the uphill sides.  This is

16 confirmed in BNSF's final evidence in this

17 subject of chart of dust bowl concentrations

18 on page 4 of Mr. Emmett's rebuttal verified

19 statement which I commend to your attention.

20             This is significant because each

21 derailment occurred on the uphill side of a

22 big sag.  How could coal dust be the cause of
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1 the derailments if the derailments occurred

2 where coal dust accumulations are near or at

3 their lowest level?  

4             Before the derailments BNSF was

5 already beginning to develop plans to impose

6 dust suppression obligations on PRB coal

7 shippers.  When the derailments occurred, it

8 is apparent that BNSF decided to use those

9 derailments to strengthen its rhetoric against

10 coal dust and obscure the fact that BNSF had

11 deferred maintenance to the point the only

12 thing keeping substantial portions of the

13 joint line infrastructure stable was a lengthy

14 drought in eastern Wyoming which ended in the

15 spring of 2005.  And when rainfall returned to

16 near normal levels, the derailments happened.

17             The third point I want to stress

18 is that coal dust is not the problem. 

19 Inadequate maintenance is the potential

20 problem.  For the last five years we have not

21 had a derailment on the joint line because

22 BNSF picked up the pace on maintenance of that
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1 line, so we have not had a derailment so far. 

2 But BNSF desperately wants to cut back on its

3 maintenance expenses, failing to recognize --

4 and we saw these statistics from DOT this

5 morning -- this is the highest density rail

6 line in this country and perhaps in the world.

7             And it has grown at a phenomenal

8 rate.  From 1984, 76 million tons to 2008, 375

9 million tons of traffic on that line.  A huge

10 volume of traffic.  A three and four tracked

11 line -- there's a train that goes by I think

12 every 12 minutes.  It's an incredible growth

13 of traffic.  And of course, with that level of

14 traffic you need a high level of maintenance

15 effort because it's the traffic over the line

16 that makes the rails wear out, ties wear out

17 and particularly, it stresses the ballast,

18 causes ballast to break down and requires

19 undercutting track surfacing and so forth.

20             One of the most striking things

21 about the testimony, and I think this is in

22 BNSF reply testimony, is to read the testimony
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1 of Mr. Slogett, General Director of

2 Maintenance at BNSF; and Mr. Smith, General

3 Superintendent of Transportation for the

4 central region, who talk about the fact that

5 they are just barely now keeping up with the

6 maintenance requirements on this line. 

7 They're talking about having 14 months of work

8 to do in only 7 to 10 months of working season

9 to do it in.  They're talking about inspectors

10 being 40 percent overtime at times.

11             BNSF is barely keeping up with the

12 maintenance demands on this line and they

13 desperately want to be relieved of those

14 requirements that come with the blessings of

15 all of the revenues that they get from all of

16 the traffic.  And they think that by getting

17 this Board to approve their coal dust tariff

18 they'll be able to save tens of millions of

19 dollars in maintenance efforts every year.

20             If they do that, it's what they

21 did prior to 2003, and we know where that

22 resulted in 2005.  Coal dust is not the



202-234-4433
Neal R. Gross & Co., Inc.

Page 176

1 problem.  Maintenance is the problem.  The

2 last thing in the world for this Board to do

3 is to encourage BNSF to believe that they can

4 go back to the bad old days and cut back on

5 their maintenance efforts.

6             Thank you.  Mr. Sharp will now

7 address the Board.

8             MR. SHARP:  Thank you.  I'd like

9 to follow on from Mr. Von Salzen's last point

10 and respond to BNSF's assertion that coal

11 shippers must be forced by BNSF and its tariff

12 to act responsibly with respect to coal dust.

13             The fact is that PRB coal shippers

14 have made tremendous investments to enhance

15 the efficiency of coal transportation, such as

16 purchasing aluminum car fleets and

17 constructing longer unloading facilities at

18 our power plants to support longer trains.

19             I think even BNSF acknowledges

20 that coal shippers have improved the

21 maintenance of coal cars which reduces coal

22 lost through the sides and bottoms of those
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1 cars.  We've adopted the profiling of the top

2 of the coal surface as recommended by BNSF and

3 as it's been revised and certainly may be

4 revised again, we are happy to work with the

5 mines and try to accommodate that and

6 accomplish what coal dust reductions may come

7 from that.

8             Many shippers have changed over to

9 the use of larger coal sizes which is also

10 believed to reduce fugitive coal dust.  From

11 Day 1 as a coal user, AECC has willingly

12 invested substantial resources to improve

13 productivity and lower the railroads' overall

14 cost of transporting the coal we use.  But we

15 and other coal shippers oppose the BNSF tariff

16 for two reasons.  First, as discussed by Mr.

17 Von Salzen, coal shippers do not want to

18 provide BNSF an excuse to cut back on the

19 maintenance of the joint line.  We believe

20 that's where the real risk of service

21 disruption lies.

22             Second, coal shippers don't want
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1 to waste money, either ours or anyone else's. 

2 We do not believe that spraying toppers on

3 coal cars is the prudent way to address the

4 coal dust issue.

5             We urge the Board to reaffirm the

6 principle that minimizing overall costs is the

7 central objective and reaffirm BNSF's

8 statutory duty to maintain the performance

9 capabilities of its infrastructure.  If the

10 Board does so, this will provide a sound

11 framework within which shippers and carriers

12 can work cooperatively towards solutions that

13 minimize total resource costs.

14             AECC, like other coal shippers, is

15 ready to participate in reasonable efforts to

16 improve the efficiency and reliability of the

17 joint line, including reducing fugitive coal

18 dust.  Coal shippers have does so already as

19 I've mentioned.  It is possible that cost-

20 effective measures can be developed to reduce

21 fugitive coal dust, including changes in

22 operating and maintenance practices of BNSF
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1 and UP, and through identifying what causes

2 some trains to generate a lot of airborne coal

3 dust.

4             AECC favors cooperative and

5 voluntary action by railroads and shippers

6 towards that end.  But the BNSF coal dust

7 tariff takes this down a dead-end road. 

8 Spraying surfactants on tops of coal cars will

9 not prevent coal dust from being deposited on

10 the track, but it will encourage BNSF to do

11 what it desperately wants to do, cut down on

12 the expense of maintaining this extremely

13 high-density rail line.  The continuation of

14 safe and reliable rail service on the joint

15 line would be fostered by disapproving BNSF's

16 coal dust tariff.  It would also be a good

17 first step towards starting a cooperative

18 process among coal shippers, mines, and

19 railroads to improve the maintenance of the

20 joint line.

21             Thank you.

22             MR. VON SALZEN:  We are done.  I
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1 guess we are the first party to use less than

2 our allotted time.

3             CHAIRMAN ELLIOTT:  I will

4 congratulate you.  That might be an all time

5 first.  Thank you very much for your

6 presentation.  

7             And now we will have a

8 presentation from the Western Coal Traffic

9 League.  And you have ten minutes.

10             MR. LeSEUR:  Thank you, Mr.

11 Chairman.  My name is John LeSeur.  I'm

12 appearing here today on behalf of the Western

13 Coal Traffic League.  The Coal League is an

14 organization of utilities that ship coal mined

15 west of Mississippi River.  Currently the Coal

16 League membership transports approximately 140

17 million tons of coal annually.

18             The Coal League appears here in

19 support of AECC's request that the Board find

20 BNSF's proposed coal dust standards constitute

21 an unreasonable practice.  The Coal League,

22 along with a group called the Concerned
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1 Captive Coal Shippers, has submitted extensive

2 evidence in support of a finding by this Board

3 that the tariff is unreasonable.

4             I'm going to refer to the filing

5 jointly made by the Coal League and the

6 Concerned Captive Coal Shippers as the Coal

7 Shippers' filings since that's the terminology

8 that is used to describe ourselves in our

9 filings.

10             One of the points that BN made

11 repeatedly in its written comments to the

12 Board was the proposed IDV standards are

13 supported by sound science.  And Coal Shippers

14 put in substantial evidence supported by a

15 number of experts demonstrating that the

16 proposed coal dust standards are not supported

17 by sound science.  And what I'd like to do in

18 the time allotted to me today is to hit some

19 of the high points in our testimony.

20             First of all, what we're talking

21 about here are two  BNSF tariff items and they

22 both provide, effective October 1, 2010, coal
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1 shippers transporting PRB coal trains over the

2 joint line or the Black Hills line need to

3 meet specified IDV.2 standards, the cap on the

4 joint line is 300 IDV units.  And the cap on

5 the Black Hills subdivision is 245 units.

6             Returning to our theme of sound

7 science, we believe the first principle of

8 sound science is that if a party is going to

9 be making studies and proposing standards that

10 the folks that are impacted by that should be

11 able to replicate the study procedures,

12 replicate the study results, understand how

13 the calculations are made from a number of

14 purposes.  One, to see whether they are any

15 good, the second, possibly to restate them. 

16 And the BN's calculations all reside in a

17 computer program put together by one of its

18 consultants.  The IDV standard is one that BN

19 made up.  It doesn't exist anywhere except on

20 this computer program.

21             In discovery, in this case, Coal

22 Shippers asked BN to produce the program.  BN
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1 refused to do it.  Without the program, we

2 can't replicate what BN is doing.  We can't

3 understand it.  Our experts can't critique it. 

4 We certainly can't restate it.  As one of our

5 experts noted, what we're dealing with here is

6 a classic black box.  And we submit that in a

7 case involving potentially expenditure of

8 hundreds of millions of dollars in compliance

9 costs, it's unreasonable for BN to refuse to

10 turn the program over and certainly if we

11 don't have it, we can't share it with you. 

12 And the Board also can't figure out what this

13 IDV standard is all about.

14             We would point out an analogous

15 context in cases where computer programs are

16 used to generate evidence.  The Board has

17 consistently ruled that if a computer program

18 was introduced, the other side needs to turn

19 over the program so that opposing sides can

20 review the data and review the answers.

21             Now the next sound science point

22 I'd like to hit on is a basic point.  That is,
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1 sound science requires use of study data

2 suitable for its intended purpose.  The

3 principle input data in BNSF's Black Box IDV

4 calculations is E Sampler data.  The E

5 Samplers are located a mile point 90.7 on the

6 joint line and mile post 558 on the Black

7 Hills subdivision.

8             The asserted purpose, according to

9 BN of the E Sampler data is to measure

10 accurately coal dust deposited in the ballast

11 by each passing train.  And as our evidence

12 demonstrates, the E Sampler data is simply not

13 suitable for this purpose for three principle

14 reasons.  First, the E Samplers are located at

15 a minimum 60 feet from passing trains. 

16 They're not measuring coal dust getting

17 deposited in the ballast.  

18             Secondly, the E Samplers, as

19 they're set up, measure all particulates in

20 the air when the air is being sampled.  It

21 could be dirt.  It could be diesel soot.  It

22 could be bugs.  It could be other
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1 particulates.  But it's not just coal dust, if

2 there's any coal dust there.

3             And third, the E Sampler output

4 used by BNSF is not being developed correctly. 

5 The E Samplers that BNSF has purchased can

6 measure particulate concentrations using two

7 methods, a laser light scatter approach or a

8 gravimetric filter approach.  It's generally

9 recognized, it's actually universally

10 recognized by experts in the field that when

11 you're measuring particulates using lasers,

12 you may not get accurate results because of

13 limitations in the technology. 

14             On the other hand, experts in the

15 field all recognize that if you measure

16 particulate emissions using filters, you will

17 get accurate answers.  So for example, EPA, in

18 most of their air monitoring, uses the filter

19 approach.  And these E Samplers, the purpose

20 of the filter is to provide a check or

21 reference standard to make sure the laser

22 results are accurate.  Now BNSF isn't using
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1 the filters, claims it's not necessary to do

2 so.  BNSF has presented no studies

3 demonstrating when they're measuring

4 particulate emissions in the Powder River

5 Basin that the laser methodology will produce

6 accurate results and don't need to use

7 filters.

8             Coal Shippers, on the other hand,

9 presented extensive evidence primarily through

10 Dr. Mark Vis, one of the nation's leading

11 experts on coal dust emissions demonstrating

12 it's absolutely essential if you're going to

13 use data from one of these lasers, that you

14 check, the data against a known reference.  If

15 you don't do it, you have no idea what you're

16 getting out and basically, there's no way in

17 the world to determine whether the data itself

18 is accurate or not.

19             The last sound science point we'd

20 like to make involves BNSF's so-called

21 variability analysis.  BNSF performed a number

22 of what they called side-by-side tests where
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1 they put two E Samplers next to each other in

2 order to attempt to measure a common

3 particulate emission.  Sometimes they had a

4 common air intake and basically they would

5 have these side-by-side tests.  They would

6 develop IDVs.  They're basically trying to see

7 whether the same two machines would produce

8 the same answers.  And what they found was in

9 most cases they weren't.  They could produce

10 wildly different answers.  For example, you

11 could have in one of these side-by-side tests,

12 one E Sampler, when you take the output from

13 that, run it through the IDV formula, produce

14 an IDV to 50, you take the second parity

15 sampler and produce an IDV that's 10 times

16 higher.  It's roughly equivalent to a police

17 officer having two speed guns in his hand and

18 a car going down the road, one registers the

19 car is going 20 miles per hour, the other

20 register is going 120 and you really don't

21 know which one is correct.

22             To address these variability
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1 results, BN attempted to run a regression of

2 approximately 400 side-by-side pairs.  And

3 based upon this regression the BN concluded

4 that if the IDV is 300 or higher, there's a 95

5 percent chance that the IDV actually being --

6 the train actually possesses is above 134. 

7             The variability analysis is

8 severely flawed.  Our experts have put in a

9 substantial amount of evidence.  Our basic

10 problems are again, you're using an IDV

11 formula.  We don't understand what ties into

12 the regression.  The data going into the IDV

13 calculations is unsuitable.  We also took a

14 pretty close look at the data pairs BN was

15 using and while most of this data is stamped

16 confidential or highly confidential, our

17 experts concluded from a statistical

18 standpoint the vast majority of paired data

19 that BN was using is not suitable for this

20 purpose.  There's a number of other problems

21 with BNS regressions, our experts discuss in

22 their testimony.  
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1             So from the Coal League's

2 perspective focusing exclusively on the IDV

3 standard, we submit the Board shouldn't

4 approve it for three reasons.  One, the

5 underlying program wasn't turned over.  Two,

6 the input data going into it.  It's severely

7 flawed.  And three, BNSF's variability

8 analysis also was done in a very nonscientific

9 manner.  Thank you.

10             CHAIRMAN ELLIOTT:  Thank you very

11 much, Mr. LeSeur.  And now we will hear from

12 the Concerned Captive Coal Shippers.

13             Mr. Loftus, you have ten minutes.

14             MR. LOFTUS:  Thank you, Mr.

15 Chairman.  My name is Michael Loftus.  It's my

16 privilege to appear this afternoon on behalf

17 of the Concerned Captive Coal Shippers, the

18 members of which appear on the projector

19 before you.  Each of these companies is a

20 large consumer of coal and relies upon rail

21 transportation to move that coal to their

22 power plants.
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1             I would ask you to note that

2 several of these entities are eastern

3 utilities and are involved in this proceeding

4 because of their concern about the

5 implications for their traffic if the Board

6 were to approve the proposed tariff items at

7 issue in this proceeding.

8             I intend to focus primarily on one

9 area of the evidence and arguments submitted

10 by the Coal Shippers and that has to do with

11 the comparison of the costs of dealing with

12 coal dust through spraying all PRB coal

13 traffic as opposed to through traditional

14 maintenance.  But first, I would like to show

15 a very brief video clip and you saw this

16 morning a clip from BN or two that showed a

17 lot of dust blowing off of trains on the joint

18 line in the Powder River Basin.  There you see

19 a train that is not emitting any visible dust. 

20 This came to us in the form of production in

21 discovery by BNSF.  We submitted this along

22 with several other clips of similar scenes in
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1 our rebuttal evidence.

2             We also submitted a number of

3 photographs that we had taken at various

4 stages over the joint line and I'd like to

5 just flip through those quickly to show you

6 that although you might, based upon what you

7 heard, think that the entire joint line is

8 covered with black dust, as you go through

9 these at various mile posts throughout the

10 joint line, you see what appears to be clean

11 ballast in otherwise good condition.

12             Returning to the point that I want

13 to focus on, namely comparative costs, the

14 Coal Shippers have developed an extensive

15 analysis of the costs of dealing with coal

16 dust through traditional maintenance

17 techniques and we are talking about costs here

18 in our estimation.  This case, we believe, is

19 largely about BNSF's efforts to shift

20 maintenance costs on to its coal customers. 

21 The costs for spraying coal trains originated

22 in the PRB as we have calculated them, are
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1 multiples of BNSF's costs to deal with coal

2 dust through maintenance procedures such as

3 vacuuming, shoulder cleaning, and ballast

4 undercutting.  The actual numbers which are

5 confidential, appear in Coal Shippers'

6 rebuttal argument at page five, among other

7 places.  

8             From a public policy perspective,

9 the Board should find unreasonable a tariff

10 requirement that seeks to deal with coal dust

11 at a significantly greater cost to shippers

12 and to society at large, than BNSF's costs to

13 deal with coal dust through normal maintenance

14 activities.

15             Applicable Agency and Court

16 precedent support the Board's consideration of

17 the economic efficiency of a tariff-imposed

18 requirement such as those at issue here.  

19             DOT, as you know, has affirmed the

20 principle that coal dust should be dealt with

21 in the most cost-effective way.  And it also,

22 as I read it, accepts either maintenance or
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1 spraying as an acceptable manner of

2 maintaining the ballast in a safe and

3 satisfactory condition.

4 Coal Shippers and BNSF have both presented

5 calculations, but they are substantially

6 different.  

7             I'd like to focus first on the

8 cost of spraying, but I'll say that as to both

9 types of costs, the spraying costs and the

10 maintenance costs the Coal Shippers have

11 relied primarily on materials obtained in

12 discovery from BNSF.  BNSF, by contrast, has

13 backed away from the materials they produced

14 in discovery, and utilized a number of new,

15 and we believe arbitrary, assumptions about

16 costs that have, not surprisingly,

17 substantially increased the amount of their

18 cost estimates.

19             For the cost of spraying, Coal

20 Shippers' expert relied on an extensive

21 analysis of the cost of spraying coal

22 throughout the basin that was produced by BNSF
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1 in discovery.  And that was not developed for

2 litigation purposes.  BNSF and UP have based

3 their costs of spraying on what I would

4 describe as guesstimates from their employees

5 for which no support has been provided when

6 you review their testimony.

7             Turning to maintenance of way

8 costs, Coal Shippers have again relied

9 primarily on analyses of coal dust related

10 maintenance costs obtained from BNSF in

11 discovery.  BNSF disavows those studies and

12 utilizes a number of new, arbitrary

13 assumptions.

14             It is widely acknowledged that

15 ballast contains other ballast contaminants

16 such as breakdown of ballast and concrete

17 ties, dirt, brake shoe dust, traction sand,

18 etcetera.  It was striking to me this morning

19 that the railroad panel completed their

20 prepared remarks without any mention of any

21 contaminant other than coal dust.  It was not

22 until Vice Chairman Mulvey asked a question
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1 that there was an acknowledgement that there

2 are other contaminants in the ballast.

3             One of BNSF's own witnesses stated

4 and I quote, "to assess the impact of coal

5 dust in ballast, it is also important to know

6 what other contaminants are present and the

7 amount of the other contaminants."  That's Van

8 Hook reply verified statement at page 11.

9             Yet, BNSF has not submitted any

10 comprehensive analysis of the amount of

11 different contaminants in the ballast of its

12 PRB lines, nor has BNSF analyzed the rate of

13 accumulation of other ballast contaminants. 

14 Instead, BNSF simply assumes that all

15 additional coal dust-related maintenance is

16 caused solely by coal dust and that all these

17 other contaminants don't have any contributory

18 effect and share in the causal element.

19             I'd like to close by addressing

20 briefly the precautionary principle.  Now

21 first, BNSF only introduced this concept in

22 its rebuttal testimony.  As a result, we have
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1 not had an opportunity and there is no

2 responsive expert testimony addressing the

3 point.  

4             If you review the rebuttal

5 statement of Calt and Mitchell, a few things

6 are very clear immediately.  First, they

7 accept as gospel virtually every single

8 element of BNSF's evidence and reject

9 uniformly all opposing evidence.  The most

10 critical fact that they assume is that the

11 maintenance option is incapable of assuring

12 safe and satisfactory ballast condition.  We

13 believe that is simply incorrect and that

14 because maintenance is capable of maintaining

15 a safe condition, that the Board must consider

16 the relative cost and when it does so, it

17 should find the standards unreasonable.  Thank

18 you.

19             CHAIRMAN ELLIOTT:  Thank you, Mr.

20 Loftus.  

21             Now we'll hear from the National

22 Coal Transportation Association.  Mr. Wilcox,
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1 you have ten minutes.

2             MR. WILCOX:  Thank you, Mr.

3 Chairman, Mr. Vice Chairman, Commissioner

4 Nottingham.  This hearing testimony, as was

5 NCTA's written statement, is presented on

6 behalf of the NCTA's Board of Directors.  The

7 Executive Director of NCTA, Mr. Tom Canter,

8 who I think you all know, familiar with, is

9 here at the hearing in attendance.

10             NCTA is a broad-based association

11 of coal industry stakeholders based in Denver. 

12 It has 140 members and they include virtually

13 all of the parties of record in this

14 proceeding, including the Petitioner, AECC.  

15             NCTA's participation in this

16 proceeding is limited in scope and purpose

17 which is the inclusion of facts related to the

18 coal ballast issue and also relevant aspects

19 of a NCTA-sponsored scientific study on coal

20 dust suppression into the record of this

21 proceeding.

22             NCTA's written submissions
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1 describes how since 1973 NCTA has served the

2 role of an educational organization, a

3 facilitator of solutions of coal

4 transportation issues, west and east.  And its

5 efforts have included all stakeholders

6 including Class 1 railroads.

7             NCTA has been involved in the

8 overall coal dust issue from the beginning

9 when it actively worked with BNSF, UP, and

10 NCTA members to deal with the impacts and

11 aftermath of the joint line derailments.  And

12 also BNSF, I think in the person of Mr. Fox,

13 first announced that BNSF was exploring coal

14 dust suppressants on coal cars at NCTA's

15 annual meeting in the fall of 2005.

16             When BNSF announced in 2006 its

17 intention to formally adopt the performance

18 standard requiring 85 percent of coal dust

19 emissions from coal cars to be eliminated

20 mostly through chemical spraying, this is the

21 IDV 300, the beta version of the current IDV.2

22 standard, doubts and concerns among NCTA's



202-234-4433
Neal R. Gross & Co., Inc.

Page 199

1 members and also BNSF's decision to stop

2 participating actively in a joint effort with

3 NCTA led NCTA to eventually commission an

4 independent study of the coal dust issue by

5 Exponent, Inc.  And the study was funded by

6 NCTA members and the final study was submitted

7 in August 2009 entitled "Rail Car Loss and

8 Effectiveness."

9             In its final form, the study

10 scientifically evaluated the performance of a

11 variety of dust suppressant sprays and in

12 doing so also evaluated and analyzed the coal

13 dust monitoring methods BNSF had employed

14 along the joint line to enforce the standard.

15             NCTA produced the Exponent study

16 to parties in the discovery phase of the

17 proceeding and has attached key portions of it

18 to NCTA's written statement to add to the

19 record of this proceeding.

20             I'm going to highlight three basic

21 points from the written statement.  First,

22 NCTA is, was and is, keenly aware of the
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1 significant cost shifting, legal, and public

2 policy issues associated with BNSF's proposed

3 standard.  And its original study scope

4 included some of those issues, particularly

5 the cost and benefits of various means of

6 controlling coal dust ballast fouling.

7             However, as our statement

8 explains, primarily due to budgetary

9 constraints and because NCTA's goal was to

10 contribute to an industry solution to the

11 overall ballast problem, NCTA narrowly focused

12 Exponent's efforts on some small pieces of the

13 overall issue and that included the testing

14 ability of the chemical sprays to contain the

15 coal dust and critiquing BNSF's methods.

16             Second, based on data from field

17 tests of a limited number of coal trains, the

18 study did conclude that the tested

19 suppressants, I think there were nine or ten

20 of them that were tested did, in fact, control

21 coal dust blowing off of coal cars with

22 varying degrees of success.  However, the
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1 study also concluded that even if the 85

2 percent goal was met for a particular train

3 test, that didn't necessarily mean that that

4 correlated with compliance with BNSF's

5 standard due to this IDV.2 300 standard due to

6 monitoring problems and data deficiencies.

7             Third, the Exponent study

8 identified in the second part of its mission,

9 limited mission, which was to critique the

10 methods BNSF was proposing to enforce

11 compliance, its standards that Mr. LeSeur

12 talked about.  It raised numerous concerns and

13 questions about the methods and devices BNSF

14 was using to measure the enforcement of its

15 proposed standard of the TSM array that

16 they're using along mile post 90.7 and the

17 various collecting devices.

18             These concerns which were put in

19 the initial report of BNSF have been repeated

20 and elaborated on by Dr. Vis in his verified

21 statements submitted on behalf of WCTL and

22 Captive Coal Shippers.  
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1             In conclusion, while necessarily

2 limited in scope and purpose, NCTA believes

3 that the Exponent study nevertheless does

4 provide the Board with some relevant and

5 useful information about the effectiveness or

6 non-effectiveness of using chemical sprays to

7 actually control the loss of coal dust.  And

8 it also provides the Board with a summary,

9 well, more than that, but a discussion of the

10 issues and concerns identified by Exponent for

11 NCTA concerning the means by which BNSF would

12 attempt to accurately and reliably measure and

13 enforce its standard.

14             One final point in response to a

15 statement by Vice Chairman Mulvey on the

16 objectivity of experts, I would note that

17 Exponent was hired at a time when this

18 proceeding was not underway and NCTA is

19 traditionally a non-adversarial association. 

20 And so I do believe that it's not a study

21 prepared in anticipation of litigation, so I

22 think it is afforded a degree of objectivity,
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1 a little more than if it was.  Thank you.

2             CHAIRMAN ELLIOTT:  Thank you, Mr.

3 Wilcox.  You also get a gold star for beating

4 the clock.

5             Now we will hear from the American

6 Public Power Association, Edison Electric

7 Institute, National Rural Electric Cooperative

8 Association.

9             Mr. McBride, you have ten minutes.

10             MR. McBRIDE:  Thank you, Mr.

11 Chairman, Mr. Vice Chairman, and Board Member

12 Nottingham.  I do want to start by saying that

13 it probably bears reminding everyone that we

14 are the best customers of the railroads.  Mr.

15 Rose is quoted in the record as admitting that

16 coal was their most profitable commodity. 

17 We've been accused of being dumpers,

18 litterers, and trespassers in this record, and

19 I think it's important from a legal standpoint

20 to realize that our traffic is on the railroad

21 lines by their consent.  And therefore, we

22 cannot be in legal violation under any of
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1 those doctrines.

2             Board Member Nottingham, you asked

3 a very important series of questions this

4 morning, you wanted some commentary on how it

5 was that the coal cars got to the point where

6 coal was coming off or spilling from the cars. 

7 It occurred to me that you might benefit from

8 a little bit of history here as to how this

9 all came about.

10             In the 1990s, as you all know, the

11 railroads went through a series of mergers. 

12 Some of them were not very successful from an

13 operational standpoint.  Wall Street was not

14 happy.  Wall Street put a lot of pressure on

15 the railroad boards and CEOs to cut back on

16 their capital expenditures.  Some of the

17 railroads resisted better than others.

18             BN and Mr. Krebs tried to resist,

19 but those pressures applied to this whole

20 industry.  And at the same time the economy

21 was booming and coal demand was increasing. 

22 And my clients, and everyone up here's
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1 clients, wanted as much as coal as they could

2 get, especially from the PRB because it's the

3 clean air compliant coal of choice.

4             And as a result, by 2003 to 2004,

5 as I think you all know, there were capacity

6 constraints in the Powder River Basin.  The

7 railroads were in a very happy situation. 

8 Rates were going up.  That's not the object of

9 much of today's discussion, but they had more

10 demand than they had supply for their

11 transportation.  Everyone wanted to move as

12 much coal as they could move.  The railroads

13 dictated the loading requirements.  The

14 railroads even imposed a four hour rule to

15 load a train of as many as 135 cars.  If you

16 think about it, that's not very much time.

17 And as a result, it's not surprising that coal

18 would be out over the tops of the cars, on the

19 sills of the cars, over the sides of the cars.

20             You also heard acknowledgement on

21 the record earlier today from BNSF that some

22 of these cars are the railroad's cars.  And
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1 more coal, in many cases, is coming out of the

2 bottom of the cars than out of the tops

3 because the railroads are not doing as good a

4 job of maintaining some of those cars as we do

5 of ours.  We have to maintain our cars

6 according to their standards.

7             So we got to this situation

8 because of a whole confluence of events. 

9 People learned from them when those

10 derailments occurred.  The loading profiles

11 are better.  You heard about that.  UP is

12 talking about mechanical suppression.  BN

13 didn't do adequate maintenance because it was

14 moving all the coal trains that it could move. 

15 You've heard a lot of evidence about that.  I

16 don't think there's any question about it. 

17 And the FRA, in its studies of what caused

18 those derailments, blamed inadequate welds,

19 too wide gauge, inadequate maintenance,

20 inadequate inspections.  There's no doubt

21 about it.  That's what your sister agency

22 concluded.  I'm surprised they did not come
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1 here and testify about them, but that's what

2 happened.

3             Everybody is moving on from there,

4 but BN is trying to blame its customers for

5 the problems that it itself created on its own

6 property.  That's what happened.

7             Now, even older history which I

8 think is terribly important for you to know,

9 and forgive my voice, I've been ill.  But I

10 got up for this because I realize that we're

11 reliving a little bit of history here.  Thirty

12 some years ago, the railroads tried to refuse

13 to carry our nuclear materials.  And the ICC

14 stepped up to the plate and said you can't do

15 that.  And the 6th Circuit affirmed in the

16 Akron-Canton case that you've seen cited in

17 the record and agreed with the D.C. Circuit

18 that the ICC should defer to its sister

19 agencies including the DOT and accept the FAA-

20 DOT positions on safety as establishing both

21 an inner and outer limit on its safety

22 jurisdiction.  That was relying on the D.C.
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1 Circuit's opinion in the Delta Airlines case.

2             Then we got to the D.C. Circuit

3 after the railroads tried to impose special

4 train service on us.  They said we're not

5 carrying your nuclear materials unless we can

6 impose special train service which the D.C.

7 Circuit noted in the decision of Conrail v.

8 ICC.  It's cited in the record at 646 F.2d at

9 642.  And I would urge you to read both of

10 these decisions.  The first one I cited,

11 Akron-Canton, 611 F.2d at 1162.  Please read

12 especially Conrail v. ICC, 646 F.2d at 642.

13             The Court of Appeals went on at

14 great length about the law here.  It noted

15 that DOT and in that case the Nuclear

16 Regulatory Commission, had not required

17 special train service.  It adhered to the

18 ruling of the 6th Circuit that I've just

19 described to you which followed an earlier

20 D.C. Circuit rule.  And it said that when DOT

21 and NRC did not require special tariff service

22 in that case, a presumption arises that
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1 expenditures for safety measures not specified

2 by those agencies are unnecessary and fail to

3 satisfy the criteria of reasonableness.  That

4 discussion is around page 648.  

5             It goes on.  The Court held that a

6 particular safety measure must produce

7 benefits commensurate with its cost and be

8 economic in order to be reasonable under the

9 statute.  Later, the Court said there was a

10 presumption, it concluded, against special

11 train service arising from both the DOT-NRC

12 regulations and they believed that the

13 Commission should have taken those regulations

14 into account.

15             And the Court finally concluded

16 that the railroads failed to present concrete

17 evidence that safety benefits accruing from

18 special train service would be significant

19 enough to match its high cost.  It's this case

20 all over again.  

21             It reminds me of a story about a

22 wonderful old lawyer named Charlie McCarthy
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1 who used to practice here.  He was General

2 Counsel of the TVA before then.  He once told

3 me about a farmer in Tennessee in the '30s who

4 used to represent -- a lawyer who represented

5 farmers in Tennessee in the '30s whose mules

6 were being taken by Courts under the Doctrine

7 of Replevin because they couldn't pay their

8 loans.  And one week he was in defending a

9 farmer whose mule was going to be taken and

10 the Judge ruled against him and in favor of

11 the lender.  And the next week he was back

12 again representing another farmer.  He made

13 the same argument all over again and the Judge

14 said, "Sir, weren't you in here last week

15 making the same argument against replevin?" 

16 He said "oh, yes, sir, but that was a spotted

17 mule case."  See, in other words, any case can

18 be distinguished slightly on its facts.  

19             But the radioactive materials

20 case, if you will, are the spotted mute cases. 

21 The law is under the doctrine of

22 reasonableness under the act that you may not
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1 uphold a railroad safety standard that FRA or

2 DOT have not imposed on the railroads unless

3 it's reasonable.  And its benefits have to be

4 in excess of its costs.  And I put a bunch of

5 questions into the record with my opening file

6 and I would urge you to think about this case

7 in this sense.  If this standard that BN was

8 proposing was a proposal in a notice and

9 comment rulemaking proceeding, would you three

10 be comfortable with adopting this standard and

11 asking the Court of Appeals to uphold what you

12 did?

13             We don't even know where the

14 standard came from.  You've heard a lot of

15 evidence about that already on this panel. 

16 But you couldn't do that.  You don't have the

17 program.  You don't have the data.  You don't

18 know if it's reliable.  So you couldn't defend

19 it.  And I think that the special train

20 service case that I've cited to you and  the

21 earlier Akron-Canton case stand for the

22 proposition that you have a duty to require
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1 the railroads to overcome a presumption

2 against additional safety precautions when

3 they seek to impose those kinds of costs on

4 us.  And they haven't met that burden.  It is

5 their burden.  They've tried to argue in their

6 papers, oh, that it's our burden because we're

7 the petitioner.  Well, they've asked for

8 declaratory relief along with Arkansas

9 Electric.

10             Or because we're asking that this

11 be declared an unreasonableness practice.  No,

12 the D.C. Circuit held in Conrail v. ICC case

13 it is their burden when they seek to impose

14 additional precautions on us to justify those

15 standards and they can't do it when they won't

16 bring in the program, when they won't produce

17 reliable data, when the data they've produced

18 is suspect, when we don't even know what we're

19 measuring.

20             So I would ask you, I would urge

21 you to think hard about whether this is the

22 right way to go about this, to have a
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1 monopolist put in its tariff what the standard

2 will be and then tell you to trust them when

3 they're trying to shift their costs on to us. 

4 That's what they're trying to do here.  It's

5 not reasonable.  It's not right.  And you're

6 the only people who stand in the way of

7 keeping them doing that and we urge you to do

8 that.  Thank you very much, Mr. Chair.

9             CHAIRMAN ELLIOTT:  Thank you, Mr.

10 McBride.  Thank you, panel.  Now I think we'll

11 have a few questions here.  I don't know

12 exactly how you want to answer because

13 obviously I just encourage you not to give the

14 same answers since you have so many clients

15 represented here today.  But it sounds like

16 you're a little organized in your

17 presentation.

18             My first question is earlier in

19 the proceeding I was asking Mr. Weicher from

20 BNSF if they were willing to do an activity

21 based standard here which would be I think

22 largely surfactants and let's say
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1 hypothetically we found this to be

2 unreasonable.  They put in an activity based

3 standard say a surfactant at a sufficient

4 level and then that would be enough.  And if

5 you do that, there wouldn't be any need for

6 enforcement because you've satisfied what's

7 required in that instance.

8             Would that hypothetical appease

9 the shippers in this instance?

10             MR. VON SALZEN:  I'll try a shot

11 at that.

12             CHAIRMAN ELLIOTT:  Sure.

13             MR. VON SALZEN:  Speaking, I think

14 at least for my client, no, it would not,

15 because the activity that would be mandated or

16 would be an option is still not going to solve

17 the problem.  It's still going to be a waste

18 of money and the practical effect of what BNSF

19 is seeking to impose here is to require

20 everybody to use surfactants.  They say it's

21 a performance-based standard, but the fact of

22 the matter is the only way that anybody is
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1 going to be able to satisfy BNSF, and they

2 made this quite clear, if you send a train

3 past their monitoring site and the bells and

4 whistles go off, they're going to take you

5 aside in the back room and tell you you've got

6 to spray.  That's how they enforce it.  And so

7 I don't see that it would make any benefit

8 whatsoever.

9             CHAIRMAN ELLIOTT:  In hearing your

10 answer, I think the hypothetical would assuage

11 you with respect to the compliance and the

12 enforcement issues, but what you're saying is

13 that the unreasonable part in that situation

14 would be just the fact that spraying

15 surfactants would not be reasonable in itself

16 just because it just wouldn't be effective.

17             MR. VON SALZEN:  It wouldn't be

18 effective and also you have to recognize that

19 according to BNSF's own data only 14 percent

20 of the trains that pass their monitoring site

21 are in violation of their standard, and yet

22 they have a program here that's intended to
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1 require all the cars on all the trains to be

2 sprayed.

3             CHAIRMAN ELLIOTT:  What I've

4 struggled with here is BNSF has imposed this

5 tariff and based on the science that I'm

6 hearing from the shippers with respect to

7 surfactants and whether or not coal dust is

8 such a pernicious -- has such a pernicious

9 effect on the ballast, what I'm concerned

10 about is why are we here if the science is not

11 accurate?  I mean why would BNSF be doing this

12 other than that they felt that this was a

13 reasonable thing to do?

14             Is there something I'm missing

15 here that there's a reason otherwise that

16 they're doing this that you can surmise?

17             Mr. Loftus?

18             MR. LOFTUS:  Mr. Chairman, they

19 spent a lot of money on maintenance as well

20 they should because they haul a tremendous

21 amount of coal over these tracks and they make

22 a huge amount of money in doing it.  But
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1 they'd like to stop paying so much for

2 maintenance and they'd like to simplify their

3 physical maintenance operations and shift

4 those costs to the coal shippers themselves. 

5 That's why they have a very strong financial

6 and operational motive to do it, regardless of

7 the merits of their proposal itself.

8             CHAIRMAN ELLIOTT:  So if I'm

9 following your reasoning, they would be

10 shifting the cost by requiring the surfactants

11 to be put on and then that would decrease

12 maintenance and that's the thought why we're

13 here today?

14             MR. LOFTUS:  From my perspective.

15             CHAIRMAN ELLIOTT:  And I'm just --

16             MR. McBRIDE:  May I respond just a

17 little further to that?

18             CHAIRMAN ELLIOTT:  Sure.

19             MR. McBRIDE:  There's a principle

20 in good regulation, seems to me, and it's

21 applicable in good business too.  And that is

22 the person who benefits ought to be the one
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1 who bears the cost.  You've got an asymmetry

2 here where the monopolist is trying through

3 his tariff to impose on the customer costs

4 that the monopolist then won't have to bear

5 and it will benefit from.

6             Now let's just analogize for a

7 minute to something the three of you, I think,

8 in your statute are acutely aware of, PTC. 

9 Congress is imposing a requirement that the

10 railroads put on PTC on a good bit of their

11 networks.  That's still in flux, of course,

12 and still being argued about, but the

13 railroads are arguing that the costs are

14 something like ten times the benefits.  They

15 have a great incentive to either get the cost

16 down or try to show that they're right, that

17 the benefits don't equal the costs when

18 they're bearing those costs.  

19             They have no incentive here to get

20 the costs of spraying down or otherwise

21 control the dust, whether it's through

22 profiling, mechanical suppression, as UP
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1 talked about, reducing the amount of coal in

2 the car, Board Member Nottingham, whatever it

3 may be, because we end up bearing those costs. 

4             You should be very concerned here

5 that the people who are trying to benefit from

6 this are not the people who are willing to

7 bear the costs.

8             CHAIRMAN ELLIOTT:  And I guess my

9 last point on this line of questions is with

10 respect to my first question about the

11 hypothetical and the answer being the

12 surfactant is the unreasonable part.  

13             It seems to follow then that if

14 they're using it to save on maintenance that

15 the surfactant actually is having an effect in

16 decreasing the maintenance.  I mean it still

17 seems like there is some reason behind what

18 they're doing here.  If they are using the

19 surfactant, it's cutting down on what they're

20 trying to do with the coal dust and the

21 maintenance, that there is some reason behind

22 that.
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1             Do you care to respond to that? 

2 It would probably be good because it addresses

3 what you said.

4             MR. VON SALZEN:  It's the issue

5 that I was trying to stress.  I think when

6 they started all of this, BNSF may very well

7 have believed that they would get a big bang

8 for our buck in terms of reducing maintenance

9 expenses.  But the fact of the matter is the

10 evidence we've analyzed it as evidence from

11 BNSF itself that most of the fugitive coal

12 that falls onto the track and fouls the

13 ballast isn't the airborne stuff that would be

14 prevented by the surfactant so you end up

15 wasting our money.  

16             I mean the fear is, the fear on

17 our side is BNSF may very well believe stuff

18 that isn't true.  That may be the answer to

19 your earlier question.  They may believe it,

20 and they may cut back on their maintenance

21 because they say oh, the coal dust is gone. 

22 Now we don't have to resurface.  We don't have



202-234-4433
Neal R. Gross & Co., Inc.

Page 221

1 to clean our ballast as often as we used to. 

2 And they're going to turn out to be wrong. 

3 Most of the coal dust, most of the fugitive

4 coal is still going to be there.  And the

5 other contaminants which they didn't mention

6 at all this morning, they're going to be

7 there.  And we're going to get 2005 all over.

8             CHAIRMAN ELLIOTT:  I'm following

9 what you're saying.  The disconnect is not in

10 the logic that you're putting forward.  Your

11 view is the disconnect is more with the

12 science is what I'm hearing.

13             MR. VON SALZEN:  We're all of us

14 imperfect and BNSF is a human institution.  I

15 think they're mistaken.  I don't think they're

16 evil.  I think they're mistaken, but their

17 mistakes could lead to terrible consequences.

18             CHAIRMAN ELLIOTT:  Just on another

19 line of questions, with respect to the cost

20 benefit analysis that I saw kind of in the

21 various filings.  My only concern about the

22 cost benefit analysis was its failure to take
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1 into consideration the pass-through

2 constraints with respect to maintenance.  Is

3 there any reason why that wasn't taken into

4 consideration or I know it was said you

5 couldn't evaluate those numbers and come up

6 with something.  But is that everyone's

7 position in this matter, that that wasn't

8 possible?

9             MR. LOFTUS:  If I may address it

10 first?

11             CHAIRMAN ELLIOTT:  Sure.

12             MR. LOFTUS:  There are two reasons

13 it was not included.  Number one, it is not a

14 maintenance expenditure and a maintenance cost

15 in that traditional sense.  Obviously, when

16 you must perform maintenance on a line, it is

17 not available for other use, or at least

18 during the window the maintenance is being

19 performed and so on.  It has been ever thus

20 and always will be.  

21 And so it's just a normal operating

22 consideration in operating a railroad.  
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1             Now there's another reason and

2 that is that the carrier, BNSF, did not submit

3 any comprehensive analysis of what the costs

4 actually were.  It had some very generalized

5 plugged numbers in, but they were not well

6 defended.  And in fact, if you look at the

7 rebuttal filing, when as part of their

8 precautionary principal shift, they decided,

9 they'd say it would really be hard to try and

10 figure out how much that would cost and it

11 would be hard to figure out how much of any

12 given maintenance window was really

13 attributable to the coal dust.  Instead of,

14 all the other ballast contaminants or whatever

15 might be involved in making the -- in

16 performing the maintenance and so on.  So they

17 themselves acknowledge that -- it's hardly

18 clear what those quote capacity costs are.

19             MR. McBRIDE:  Mr. Chairman, it's

20 also the case since 2008, coal demand is down,

21 and I believe there's excess capacity out

22 there.
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1             CHAIRMAN ELLIOTT:  And my last

2 question, I've heard the term cooperative

3 effort kind of bandied about in this

4 proceeding.  Do the shippers see any benefit

5 in some type of cooperative effort here to

6 reach a solution and if so, if there's any

7 suggestions, that would be nice to hear also.

8             MR. McBRIDE:  I'll be happy to

9 take a crack at that first, because in each of

10 my filings I mentioned to you that there are

11 voluntary efforts ongoing between the shippers

12 and the carriers and the mines here.  There

13 have been several meetings.  I think BNSF

14 alluded to some of them this morning.  

15             People have been talking to them. 

16 Some people have been talking to them.  Some

17 people have been spraying.  People are making

18 their own choices in these matters.  We don't

19 discourage those.  We encourage those.

20             This has been a cooperative

21 venture in the Powder River Basin, as Mr.

22 Sharp earlier mentioned, for a long, long
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1 time.  You have the AAR committees and rules,

2 which I think the Board Members asked about

3 this morning, where the cars are designed in

4 accordance with specs that people at least get

5 to talk about, even if the railroads are the

6 only ones that get to decide. 

7             We load in accordance with their

8 requirements or their dictates.  We work with

9 the mines on how things are loaded.  And as

10 I've said to you and volunteered that some

11 people are spraying and they don't want to be

12 interfered with in doing that.  They want to

13 help work this out.

14             I think that if I were in your

15 shoes, I'd wait for a while here and keep this

16 open and see whether any of these things that

17 are ongoing might actually be more productive

18 than just letting BNSF bring down the hammer

19 on us as of October 1 or whatever and say thou

20 shalt do it the way we want you to do it.

21             We all have a stake in this and I

22 frankly think it's inappropriate for the party
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1 that gets to publish the tariff to tell

2 everybody else how to do it.  That's why

3 you're here.

4             MR. WILCOX:  Let me add here. 

5 NCTA was part of a collaborative effort with

6 its members and UP to a lesser extent.  But

7 BNSF, when the derailments occurred and the

8 immediate aftermath, there were several

9 committees set up, which are described in our

10 filing, to talk about the ballast fouling

11 issue in terms of not just spraying, but in

12 terms of other measures that can be taken,

13 some of the mechanical measures that have been

14 discussed here in terms of profiling and cars

15 and things like that.  But those discussions

16 sort of trailed off around the 2006 time frame

17 when BNSF announced its first IDV standard

18 which was very heavily emphasized on using

19 suppressants.  And that put, for want of a

20 better term, a chill on the discussions and

21 then with the amount of stakeholders, it's

22 hard to get a consensus in the first place, so
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1 you had NCTA members who were actively

2 involved in the discussions about a variety of

3 measures were not excited about specifically

4 focusing on suppressants.

5             But Mr. McBride is correct.  BNSF,

6 to its credit, did participate in the Exponent

7 study by helping set up the trains that were

8 used in the on-road testing.  They were part

9 of that study.  And testing is occurring

10 today.  So it's ongoing, but of course, NCTA

11 would welcome a more collaborative effort to

12 have an industry solution.

13             MR. LeSEUR:  I would say on the

14 part of the Western Coal Traffic League, the

15 Coal League first got involved in this when

16 the president of the League sent a letter to

17 the BN and the UP, we saw this tariff coming

18 and we said perhaps we could discuss, rather

19 than having something rammed down our throat

20 and encroach where both the cost and the

21 benefits might be shared.  

22             As I recall, we received no
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1 response from the BN and the UP said they

2 couldn't talk because we'd be violating anti-

3 trust laws.  So the olive branch that we

4 extended didn't go very far.

5             CHAIRMAN ELLIOTT:  Thank you very

6 much.

7             Commissioner Nottingham?

8             COMMISSIONER NOTTINGHAM:  Thank

9 you, Mr. Chairman.  

10             I guess if I could quickly go down

11 the panel and see if we can find some common

12 ground, something that we can all agree on and

13 if we can't, so be it.  But would each of you

14 be willing to stipulate, based on what we've

15 heard today and the record and the history and

16 your and your clients' experience in this

17 matter, can you stipulate that significant

18 quantities of coal are being routinely spilled

19 by the railroads and that this causes a number

20 of negative externalities, including the fact

21 that less than 100 percent of the coal that's

22 paid for actually gets delivered, and other
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1 negative things that happen including what we

2 saw today about the organic farm and those

3 kinds of negative externalities?  Can I get a

4 yes or no to that suggested stipulation?

5             MR. VON SALZEN:  I'd have to say

6 no to that suggested stipulation.  I'd be

7 happy to elaborate on that.

8             COMMISSIONER NOTTINGHAM:  Please,

9 briefly.  Which aspect, that there are not

10 significant quantities being spilled by the

11 railroads or there are not significant

12 externalities?

13             MR. VON SALZEN:  The issue --

14 there's no doubt, look, let me take the

15 organic farm, okay?  Coal that leaves the

16 Powder River Basin travels on average around

17 1100 miles to its destination.  BNSF has been

18 able to find one organic farmer to complain

19 about the adverse effects of coal being blown

20 off a coal car onto an organic farm.  Now I

21 have great sympathy for the organic farmer and

22 the organic farmer's customers.  But that is
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1 not a significant problem.

2             COMMISSIONER NOTTINGHAM:  Just so

3 I'm clear, you're not prepared to stipulate

4 that there are a range of negative

5 externalities related to routine coal spillage

6 off of railroad cars?

7             MR. VON SALZEN:  The externalities

8 are not, but coal getting into the ballast is

9 a contaminant and it is something that costs

10 money, railroad's money to deal with.

11             COMMISSIONER NOTTINGHAM:  It's not

12 a positive externality, but you're not

13 prepared to say that it's a negative

14 externality?

15             MR. VON SALZEN:  It's a negative,

16 but the question is what do you do about it?

17             COMMISSIONER NOTTINGHAM:  So it is

18 a negative.  And then do you take issue with

19 the stipulation I proposed about that

20 routinely coal is being spilled out of rail

21 cars?

22             MR. VON SALZEN:  By various
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1 mechanisms including actions by the railroad -

2 -

3             COMMISSIONER NOTTINGHAM:  No, I

4 wasn't getting into causation.   Thank you. 

5             Mr. Sharp, can you take a crack at

6 that, that two-point stipulation?  Would you

7 agree that significant quantities of coal are

8 routinely spilled by the railroads and that

9 that spillage produces a range of negative

10 externalities including the fact that your

11 company and others don't actually get all the

12 coal they pay for?

13             MR. SHARP:  Well, as part of my

14 concern, Commissioner --

15             COMMISSIONER NOTTINGHAM:  You

16 don't have to answer it.  If you can say it's

17 too tough a question or too sensitive, yes,

18 no, or can't answer.

19             MR. SHARP:  I'll just say very

20 briefly, it gets into what you define as

21 significant.  There's certainly some coal that

22 leaves the rail cars on its 1200 mile journey
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1 to our power plant.

2             COMMISSIONER NOTTINGHAM:  So we

3 heard earlier today 2,000 tons lost every day. 

4 Is that, in your business, if you had to

5 report to your colleagues that you had lost

6 2,000 tons of coal today, would that be

7 significant?

8             MR. SHARP:  That would depend on

9 how much coal I was shipping that day.

10             COMMISSIONER NOTTINGHAM:  You're

11 bigger than I thought.  I knew you were big,

12 but that's impressive.

13             MR. SHARP:  There again, this is a

14 hypothetical.  We have over the period of time

15 we've been shipping coal out of PRB since

16 1978.  Over this period of time we have on

17 several occasions looked at is the small

18 amount of coal that leaves the cars in the

19 form of dust or gets shaken out on rough

20 patches or hills or whatever, a problem?  We

21 have compared the weights that we get after

22 the coal is loaded, it's weighed on a scale
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1 and that's the basis on which we pay for the

2 coal.  When the coal arrives at our power

3 plant, and is off-loaded and fed into the

4 plant, it's measured on a belt scale and then

5 we, from time to time, perform as accurate an

6 assessment of our coal piles as we can.  And

7 we've compared those numbers.  We cannot find

8 anywhere that we're losing a significant

9 amount of coal.  In fact, in some cases when

10 we've done those studies, we show we received

11 more coal than they shipped us.

12             COMMISSIONER NOTTINGHAM:  That

13 does underscore a worry I have about

14 overloading of coal cars.  We'll get to that

15 later.  So you're saying you're not prepared

16 to stipulate that this really is a problem of

17 the spillage, that there is spillage but

18 whether or not it's a significant problem

19 you're not ready to say yes to that?

20             MR. SHARP:  Correct.

21             COMMISSIONER NOTTINGHAM:  That's

22 fair.  Mr. LeSeur?
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1             MR. LeSEUR:  We address this issue

2 in our filing in terms of how much coal is

3 coming out of the cars.  We've heard

4 statements say from BN about how much they

5 think is coming out.  To the best of our

6 knowledge, BN really hasn't done a meaningful

7 study on this issue.  And we pointed out some

8 of the flaws in some of the studies they have

9 used.

10             Utilities keep pretty good track

11 of how much coal they're getting.  And some

12 utilities have prepared studies.  And we

13 introduced that evidence into the record.  I

14 would point specifically to page 16 of Mr.

15 Crowley's rebuttal statement.  Unfortunately,

16 all the numbers we have are stamped "highly

17 confidential" and "confidential", so we can't

18 publicly disclose them.

19             COMMISSIONER NOTTINGHAM:  In the

20 interest of time, I didn't mean this to be --

21 it really was meant to be a pretty simple yes

22 or no --
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1             MR. LeSEUR:  The answer to your

2 question and how much we think is coming out

3 of the cars is on this page I just referenced.

4             COMMISSIONER NOTTINGHAM:  Okay, so

5 is it your opinion that this is a problem, a

6 significant problem or not?  In other words,

7 are routinely significant amounts of coal

8 being spilled out of rail cars?  And the

9 second part of that is does that create a

10 range of negative externalities?

11             MR. LeSEUR:  If you use BNSF's

12 number of 500 tons or whatever that number was

13 as significant, then our position would be the

14 amount coming out is not significant based

15 upon the evidence that we put into the record

16 in terms of an externality.  I'm not even sure

17 I know what the definition of an externality

18 is, but there's no question that we understand

19 that coal dust along with other things gets

20 into the ballast.

21             COMMISSIONER NOTTINGHAM:  Okay,

22 thanks.
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1             Mr. Loftus?

2             MR. LOFTUS:  We filed the same

3 testimony that Mr. LeSeur has just referred

4 to.  It was a joint filing by the two groups

5 and I would give the same answer.

6             COMMISSIONER NOTTINGHAM:  But

7 there is not clearly a problem, not clearly

8 causing negative externalities?

9             MR. LOFTUS:  We certainly don't

10 agree with what BNSF has claimed as the

11 magnitude and as to the externalities, I,

12 myself, am a little fuzzy on exactly what they

13 are and there is certainly -- I didn't see any

14 farmers appearing in this case complaining

15 about coal dust on their lands.  That's not to

16 say that it's not a problem of some nature,

17 but I haven't seen anything in the record

18 that's meaningful.

19             COMMISSIONER NOTTINGHAM:  Mr.

20 Wilcox?

21             MR. WILCOX:  Well, NCTA did not

22 submit any evidence on this.  However, I think
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1 we would agree that current industry practice

2 allows coal to spill out of rail cars.  That's

3 not posited if it's not cleaned up out of the

4 ballast and the extent to which it extends

5 into negative externalities, I don't think, in

6 fact, NCTA has an opinion on that.

7             COMMISSIONER NOTTINGHAM:  Okay. 

8 Mr. McBride?

9             MR. McBRIDE:  Mr. Nottingham, a

10 coal shipper who has been following this as we

11 go today, sent me an email to answer your

12 question.  He said that Mr. Fox mentioned that

13 750 pounds were lost at the high end of the

14 range which would be 0.3 percent of 120 tons

15 of lading in the car.  What is reasonable to

16 manage 0.3 percent shrink?  So I think the

17 answer to your stipulation is not significant.

18             COMMISSIONER NOTTINGHAM:  Okay,

19 thanks.  Are any of you aware of any requests

20 to the Board, I'm not aware of any, for the

21 Board to mediate this problem?  I think the

22 Chairman touched on the possibility of
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1 alternative dispute resolution.  I'm not aware

2 of anybody, but if anybody is aware speak now. 

3 It just seems to me that part of what we have

4 here is I'll say a trust issue.  That's not a

5 new thing for this Board to hear and it's not

6 trivial and I don't mean to trivialize it. 

7 Trust is incredibly important, especially when

8 business relationships involve tens and

9 hundreds of million dollars a year.  

10             But maybe Mr. McBride, I'll ask

11 you, if we were to have a mediation and we

12 were to get the railroads to sign a proverbial

13 blood oath, enforceable, to be inspected and

14 monitored by neutral experts that your clients

15 could approve of, that the railroads would

16 guarantee that they would maintain all current

17 efforts plus add with inflation or other

18 adjustment, current maintenance efforts along

19 that right of way, that they truly are,

20 honestly, interested in trying to adopt a "no

21 spill" and a "we guarantee the customer that

22 they get what they ordered" policy?  Would
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1 that put us on the path, do you think, of some

2 resolution to this?

3             MR. McBRIDE:  Well, I don't know

4 about the last part about you get what you

5 ordered part, because I'm not sure what that

6 would require.  But I want the record to note

7 that I filed a petition for mediation recently

8 in Docket 35302 with BNSF in another matter. 

9 So we're perfectly in favor of Board mediation

10 when the parties are willing.  I've used it in

11 other respects as well.  I think it's a highly

12 commendable part of your process.  You have to

13 have willing parties.

14             But I think I've indicated that

15 there are members of the groups that I

16 represent who have been part of discussions

17 with the railroads over all these many years

18 on all kinds of PRB matters and on these

19 matters in more recent years I think those

20 people would much prefer to see a

21 collaborative process than this kind of

22 process.  And so I suspect there wouldn't be
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1 unanimity on this, but I think there would be

2 a number of people in the industries that I

3 represent who would applaud you for doing

4 that.

5             COMMISSIONER NOTTINGHAM:  So would

6 you say that one way or another we or someone

7 could extract an enforceable agreement that

8 would be able to be monitored that the

9 railroads would not cut back on maintenance

10 along these rail corridors at issue, that that

11 would go a long way towards resolving sort of

12 what I'll call the trust problem here?

13             MR. McBRIDE:  Yes, and we'd have

14 to make sure that that tariff didn't go into

15 effect on October 1.  With those two

16 conditions, I think people would be prepared

17 to have a neutral party preside over these

18 discussions and see if we couldn't get

19 somewhere.  We haven't had that.  We'd welcome

20 that.

21             COMMISSIONER NOTTINGHAM:  Okay. 

22 Mr. Von Salzen, you mentioned that railroad
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1 operations are basically the major cause of --

2 I wrote "the problem," but I realize you're

3 not quite ready to stipulate that it's a

4 problem, that of coal spillage.

5             If it's railroad operations, why

6 don't we hear about other commodities being

7 spilled?  Are you saying that railroads

8 operate their trains dramatically differently

9 when they're carrying coal versus when they're

10 carrying other commodities?

11             MR. VON SALZEN:  I honestly don't

12 know about other commodities.  One of the

13 things that I think we have to bear in mind is

14 coal is a commodity that is carried in open

15 top cars and has been forever.

16             COMMISSIONER NOTTINGHAM:  We are

17 becoming increasingly painfully aware of that. 

18 Thank you.

19             MR. VON SALZEN:  And the same

20 document, the same tariff document that is at

21 issue here on a different page, BNSF requires

22 that the shippers tender them open top cars. 
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1 That's the kind of car that has been approved

2 through an AAR process and so forth and so on,

3 far beyond the scope of what AECC and BNSF

4 might agree on.  So you start from the

5 proposition that at least for coal, you're

6 going to transport it for good, logistical and

7 economic reasons that the whole industry seems

8 to agree with.  You're going to transport it

9 in open top cars. 

10             It is inevitable with that

11 technology you're going to have some loss. 

12 You're not going to have a zero spillage

13 standard.  You can't meet zero spillage

14 standard under that approach.  You can have a

15 reduced spillage standard.  And we're already

16 making substantial progress in that regard

17 with respect to profiling the top of the coal

18 pile, with respect to having better

19 maintenance on the cars themselves so that

20 there aren't seams that coal or dust can slip

21 out of, so for bottom dump cars, the doors are

22 fitting more tightly, using number three coal
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1 instead of number two coal.

2             COMMISSIONER NOTTINGHAM:  I think

3 I get the gist of your answer, thanks.

4             MR. VON SALZEN:  All of that is

5 progress towards the goal that you're talking

6 about.

7             COMMISSIONER NOTTINGHAM:  I just

8 wanted it to be clearly understood and you

9 have helped clarify that it's not just

10 railroad operations.  You're not saying that

11 it's only railroad operations and behavior

12 like speed.  Are you basically saying today

13 that the railroads are going too fast, that

14 they need to slow down?

15             MR. VON SALZEN:  Certainly, in

16 certain locations and certain instances,

17 they're clearly going too fast and there's at

18 least one video in this record that shows

19 that.  You can see it dramatically.  And the

20 fact that -- again, it's BNSF's evidence, that

21 most of the coal dust in the ballast is on the

22 descending side of big sags has got to reflect
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1 the way that the trains are operating in that

2 area.  There's no other reason why you would

3 have that pattern of coal deposition along the

4 line.

5             COMMISSIONER NOTTINGHAM:  It

6 couldn't be the fact that the coal is piled

7 way above the height of the car and then

8 you're going downhill and the wind blows.

9             MR. VON SALZEN:  It's not supposed

10 to be piled way above the top.  It says --

11             COMMISSIONER NOTTINGHAM:  Why is

12 almost every picture we've seen today shows

13 coal piled above the edge of the rail car?

14             MR. VON SALZEN:  It's not way

15 above.  When it's properly profiled it doesn't

16 -- I mean it's not -- the cars that you've

17 seen in these pictures, I don't think anybody

18 has claimed any of those cars are overloaded. 

19 It's the way those cars are intended to be

20 loaded and intended to be used, so that you

21 get an economic level of product into the car

22 that's been designed by the railroad and power
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1 industry acting together.

2             COMMISSIONER NOTTINGHAM:  I want

3 to get to the question of harm.  I think it

4 was touched on by Mr. Weicher earlier. 

5 Where's the harm here?  Have any of you had to

6 pay a fine or had a rail car detained or held

7 back?  What's been the injury caused by this

8 tariff?  I'll let anybody who would like to

9 speak.

10             MR. McBRIDE:  Some of the shippers

11 are paying for surfactants because they've

12 felt some obligation to do that because of the

13 back room conversations that have gone on. 

14 I'm not going to say that they were required

15 to, but I think they felt in order to stay in

16 good graces with the railroad that serves them

17 that they should cooperate.  They haven't

18 necessarily been eager to do so, but they've

19 been spending a fair degree of money to do

20 that.  

21             I've estimated, you saw BNSF

22 estimated today 20 cents a ton.  I've seen
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1 estimates higher than that as much as 25 or 30

2 cents a ton, but even at 20 cents a ton,

3 you've got people spending millions and

4 millions of dollars for somebody else's

5 benefit.  And BN hasn't offered to reimburse

6 those expenses, so that's certainly a harm.

7             COMMISSIONER NOTTINGHAM:  Anybody

8 else want to speak to harm?

9             MR. LeSEUR:  Yes, I would say at

10 this point the tariff hasn't gone into effect

11 and so there haven't been any specific

12 compliances costs associated with the tariff

13 itself because it hasn't gone into effect yet

14 and obviously what our clients are concerned

15 about, among other things, are the costs that

16 they have to incur in order to attempt to

17 comply with this tariff.  That's addressed in

18 our testimony, the range of expenses that we

19 think are out there.

20             The other thing that's costs

21 incurred is this proceeding, to be quite

22 honest with you.
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1             MR. McBRIDE:  There's one other

2 thing, Mr. Nottingham.

3             COMMISSIONER NOTTINGHAM:  Was

4 requested by the parties.

5             MR. McBRIDE:  True, but if you

6 noticed in the video that Mr. Loftus showed,

7 the BN train was not overloaded.  That coal

8 was a little above the sill of the car, eight

9 in the middle as I looked at it, but well

10 below the sill of the car at either end.  It

11 was flat at the top which is clearly a product

12 of the way the car is loaded.  And what's

13 happened is I tried to recount for you in the

14 history of this, is people were jamming in

15 every ton of coal every pound of coal they

16 could get in the car back in 2003, '04, '05,

17 even afterwards, you know, because we were

18 well short of coal after those derailments. 

19 I'm sure you recall the circumstances.  People

20 have cut back.  There is less coal going into

21 the cars in order to try to accommodate the

22 profiling.  That's an expense that the
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1 shippers bear for the most part because

2 whether they pay for their own equipment and

3 get less use out of it or pay for the

4 railroads' use of the railroads' equipment,

5 they're paying for more turns to get the same

6 coal delivered.

7             COMMISSIONER NOTTINGHAM:  Mr.

8 McBride, do you believe the railroads stand to

9 profit if they can squeeze more coal onto all

10 their rail cars?

11             MR. McBRIDE:  I think that's why

12 they did it up until 2005.  And then, I think

13 they may have realized the error of their

14 ways.  And yes, it would be to everyone's

15 benefit, if we could put more coal in the cars

16 now, ours, theirs, the coal companies.  But

17 everybody has learned from the mistakes that

18 led up to 2005 and we're taking the hit, but

19 I don't think the railroads are taking the hit

20 because they end up transporting the same

21 amount of coal and more trains.

22             COMMISSIONER NOTTINGHAM:  I'm just
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1 wondering maybe that helps me understand why

2 I haven't heard any party today advocate for

3 reducing the volume of coal in each car as a

4 way to get at this problem.  It seems that

5 obviously that goes against all the parties'

6 immediate financial interests.

7             Possibly, it could make good

8 public policy, but it doesn't behoove any

9 party here today to actually advocate for

10 that.

11             MR. McBRIDE:  Well, not quite. 

12 That was true up until 2005.  That's what I'm

13 trying to tell you and even into 2006 when

14 people were desperate to get every pound of

15 coal they could get delivered, but I think

16 today, as I understand it, and some of this is

17 done by the mines.  I don't represent them. 

18 Others here may be able to comment on this,

19 but as I understand it, people have been doing

20 better profiling, reducing the amount of coal

21 in the cars.  

22             And I think the video Mr. Loftus
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1 demonstrated that to you.  There wasn't coal

2 sitting on the sills of that car.  We can go

3 back to the video, if you want to look at it. 

4 That car was clean, whereas I've seen pictures

5 of coal cars with coal on the sills.  This is

6 probably back in the '03 to '06 or '07 period

7 when people would jam in every pound of coal

8 they could.  I don't think that's going on any

9 more.  I think people are being somewhat more

10 careful.  But do realize that it's still the

11 railroads that demand that these trains be

12 loaded in four hours and inevitably, I'm sure

13 some coal doesn't get into the car.

14             We are at the mercy of the coal

15 mines and the railroads here.  We don't load

16 these trains.

17             COMMISSIONER NOTTINGHAM:  I

18 appreciate the history lesson, Mr. McBride,

19 that was helpful and I certainly picked up at

20 least a few kernels in there.  And I won't go

21 on and on about the history, but there's, of

22 course, a pretty important ICC and STB history
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1 related to the joint line, too, right?  This

2 is a joint line because of the ICC?

3             MR. McBRIDE:  Absolutely.

4             COMMISSIONER NOTTINGHAM:  And we

5 also, in more recent years, the STB actually

6 has approved the construction of a third line,

7 called the DM&E, fought very valiantly in the

8 Courts, our lawyers to prevail over all kinds

9 of arguments, including arguments that the

10 mere concept of moving more coal through our

11 society was an inherent evil and should

12 therefore -- construction should be stopped. 

13 Fortunately, we prevailed.  

14             So we have a lot at stake here,

15 our Agency.  We're not just a mere observer or

16 -- we have made this line competitive.  We

17 have helped make it work to the extent it's

18 worked all these years with the two major

19 railroads operating.  We've approved the

20 construction of a third line to go in.  

21             So if it takes, in my humble

22 opinion, if it takes a little bit of mediation
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1 or involvement by this Board to address some

2 of the trust issue, guarantee that the line

3 continues to get maintained, but also ensure

4 that the railroads involved can guarantee that

5 what they promised will be delivered to their

6 customers gets delivered and that they don't

7 spill the commodity along the way, I think to

8 me that's pretty doable.  And I hope that we

9 can continue to play a positive role in that

10 regard.

11             I guess that touches on my last

12 question which is just, Mr. McBride, at the

13 risk of picking on you, but you have a good

14 way of getting to answers fairly quickly, so

15 I'll stick with you.  If the railroad just

16 decided to adopt -- put aside the safety

17 arguments and the -- I know it's hard to, but

18 and -- but if a railroad just wanted to say

19 look, we're adopting a new business

20 plan/principle that involves two key

21 components.  One is no spillage.  There's a

22 lot of negative news out in the world about
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1 spillage of energy-related products recently. 

2 I can think of a whole host of very reasonable

3 reasons why a business would want to decide to

4 adopt a no spillage policy when it comes to

5 raw energy materials.  And on top of that the

6 second prong in the railroad policy could be

7 that they want to guarantee that their

8 customers as close to 100 percent as

9 reasonably possible of what they paid for

10 delivered.  And that this no spillage policy

11 goes in that vein as well.

12             Help me understand how that would

13 be unreasonable?  Now granted, you don't find

14 what I just said in the tariff at issue here. 

15 So work with me on that.  

16             MR. McBRIDE:  First of all,

17 remember that the guy who loads the car may be

18 responsible for the spillage.  The tariff

19 under your paradigm arguably extends to the

20 coal mines and I don't think you have

21 authority over them necessarily here.  Maybe

22 you do, but --
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1             COMMISSIONER NOTTINGHAM:  I'm

2 saying once it leaves the mine.

3             MR. McBRIDE:  Okay, once it leaves

4 the mine, fair enough.  I still think that

5 it's unreasonable, but could be worked through

6 in collaborative discussion and here's why

7 it's unreasonable just to impose it.  First of

8 all, as Mr. Von Salzen indicated, the tariff

9 requires open top cars.  The railroads want

10 open top cars.  There's discovery in the

11 record and I don't want to go into it in great

12 detail, but there's some BN internal

13 communications about acknowledging what a

14 disaster it would be if covers were required

15 on cars.   Nobody in this industry believes

16 you can put covers on coal cars because if

17 you've ever been to a power plant to see how

18 the coal is unloaded, particularly in a rotary

19 unloader, you can't do it with a cover on the

20 car.  It simply won't work.

21             COMMISSIONER NOTTINGHAM:  And I

22 have seen that operation.



202-234-4433
Neal R. Gross & Co., Inc.

Page 255

1             MR. McBRIDE:  So you know what I'm

2 talking about.  So covers won't do it.  So

3 even if the coal is below the sill and

4 recognize that there's an economic

5 disincentive for probably all sides here, the

6 mines, the railroads and the shippers to have

7 -- to require that the coal be below the sill

8 of the car, because now we're imposing

9 inefficiencies on the most efficient coal

10 loading and handling operation in the world. 

11 And I know you've been out there recently and

12 seen it.  So I'm sure you know what I'm

13 talking about.  

14             And the railroads were the ones

15 that imposed the four-hour loading

16 requirement.  They want this to be efficient. 

17             At a certain point, they might be

18 squawking if we could only put say 90 tons or

19 100 tons of coal or 110 tons of coal in a car

20 that now gets 120, because think about the

21 capacity constraints that that might start to

22 produce.
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1             So this is a difficult thing to

2 just let one party impose on everybody else

3 and say no spillage, because incidental loss

4 has always been a product of this.  Anybody

5 who has ever walked on a coal line knows that

6 there's a lot of things on that line besides

7 coal dust.  And so again, it's hard to say yes

8 to something that sounds reasonable at first

9 blush because it's going to impose all kinds

10 of dare I say in presence of Vice Chairman

11 Mulvey, negative externalities.

12             COMMISSIONER NOTTINGHAM:  Thanks. 

13 And one last question.  You mentioned this

14 spotted mule analogy.  I guess I just would

15 propose for thought and I'm not making up a

16 judgment here, but you mentioned the

17 importance of some of our case law like the

18 Conrail case of the special train service

19 arguments and line argument.  That could be

20 turned on its face though in this case,

21 couldn't it?  

22             You got me thinking as you raise
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1 that and it probably wasn't your intention. 

2 One could probably argue that for many, many

3 years the coal industry and electric utility

4 industry has been the recipient of special

5 train status.  You and only you have been able

6 to receive these trains with commodity that

7 falls out of the rail car, open, uncovered and

8 loaded above the rim of the car and after a

9 lot of time and effort and discussion and

10 dialogue and some analysis, the railroads are

11 finally coming around to the point saying wow,

12 that special train car service you've been

13 getting all these years, we kind of can't

14 provide it any more.  You're going to be

15 treated like all the other rail customers and

16 be asked to keep your stuff in the car.

17             MR. McBRIDE:  First of all, in the

18 special train cases, the ICC found, and the

19 evidence was irrefutable that the special

20 trains were not safer, so there was no

21 benefit.  And I understand you're asking me to

22 hypothesize that there would be a benefit. 
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1 One of those many questions I put into my

2 opening pleading was to point out to you that

3 there are a number of other things carried in

4 open top cars that do escape from the cars. 

5 They carry sand and gravel.  They carry

6 various ores.  They carry soda ash.  They

7 carry all kinds of things.  

8             So ours isn't the only thing that

9 may be leaving the car, but I understand what

10 your frustration is here.  If there's a

11 simple, economic way to keep something in a

12 car, why wouldn't anybody want to do it? 

13 We're paying a lot of money for the coal. 

14 We're going to pay more for surfactant than we

15 are for the coal, by the way.  But that's what

16 the collaborative efforts that I think people

17 have been working on for years really are best

18 designed to get to.  The bottom discharge cars

19 are going to be better maintained.  We may do

20 the better profiling.  We may get to the

21 point, that UP gets to the point, that people

22 do mechanical suppression.  Some people will
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1 voluntarily spray.  Maybe the cost of spraying

2 will come down.  Maybe all kinds of things

3 will happen.  Maybe BN will agree to bear the

4 cost since it's getting the benefit.  And all

5 of a sudden maybe that would change the whole

6 conversation.

7             So I'm not opposed to trying to

8 keep the coal in the car.  I'm just suggesting

9 to you that this problem is a lot more

10 complicated than just letting one party impose

11 its way on everybody else.

12             COMMISSIONER NOTTINGHAM:  Thank

13 you.  That's all I have for this panel.

14             CHAIRMAN ELLIOTT:  Thank you,

15 Commissioner.  

16             Vice Chairman Mulvey?

17             VICE CHAIRMAN MULVEY:  Thank you,

18 Dan.  I have a few brief questions.  

19             Mike, you mentioned FRA's

20 assessment of the accidents that occurred back

21 in 2005 and you said they assigned blame, they

22 assigned cause, and there's a list of things
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1 including maintenance and the like.  Did they

2 also mention the coal dust at least as a

3 contributing problem or did they completely

4 ignore that?

5             MR. McBRIDE:  I'm going to ask Mr.

6 Loftus or Mr. LeSeur to back me up on this,

7 but I'm relying on the analysis that they put

8 in in Appendix B of their opening pleading of

9 the FRA studies.  And as I recall, coal dust

10 was not mentioned in those reports.

11             VICE CHAIRMAN MULVEY:  Is that

12 your recollection also, Mr. Loftus and Mr.

13 LeSeur?

14             MR. LOFTUS:  It is my

15 recollection, but I wouldn't swear to it

16 because it's a fairly lengthy appendix.

17             VICE CHAIRMAN MULVEY:  I was also

18 wondering if the NTSB at the time when they

19 did their investigation of that accident,

20 since it obviously was one that met their

21 threshold regarding damage, and the NTSB does

22 investigate some railroad accidents, I was
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1 wondering if they investigated that one

2 because they usually do a very thorough job

3 when they do an accident investigation.

4             MR. McBRIDE:  I know they got a

5 lot of information from UP and BN.  I believe

6 they also did their own, but I'm not certain

7 of it.

8             VICE CHAIRMAN MULVEY:  That would

9 be worth looking at just to see whether or not

10 they also felt that coal dust was not a

11 contributing factor or in fact, if they did.

12             You might want to note that the

13 Board up here consists of two lawyers and an

14 economist and none of us are scientists or

15 engineers.  And while I appreciate the fact,

16 Mr. Wilcox, the consultant that you hired did

17 the work, is an expert, I'm still always

18 concerned about whether or not the results of

19 these kinds of studies are as objective as

20 possible.

21             Commissioner Nottingham mentioned

22 the possibility of the Board doing some kind
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1 of mediation on this.  Another possibility

2 might be if the shippers, as a group, and the

3 railroads want to get together to fund

4 somebody like the FRA, or for that matter the

5 TRB or some other group, to do an independent

6 study and to abide by the findings of that

7 independent analysis.  Is that something that

8 any of you would be comfortable with?

9             In other words, trying to find out

10 exactly what the numbers are here.  On the one

11 hand, the railroads are saying the coal dust

12 is the worst possible ballast foulant, that's

13 a new word, foulant, we learned this time.  On

14 the other hand, you're saying that well, only

15 a small fraction of the coal dust gets onto

16 the ballast.  Most of it is dispersed.  It's

17 not the principal problem.  That's one

18 question that might be answered more

19 scientifically than simply employing

20 consultants.

21             Who should pay may be another

22 issue entirely.  That could be a policy
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1 question.  But at least some of the scientific

2 disputes might be resolved through an

3 independent contractor, an independent study

4 paid for by the shippers and the railroads. 

5 Does anyone want to comment on that?

6             MR. LOFTUS:  Vice Chairman Mulvey,

7 my hesitation was attributable to the fact

8 that I'm here representing clients.  I can't

9 respond to a question like that as to what my

10 clients would feel because I haven't discussed

11 that with them.  So I can't answer.

12             VICE CHAIRMAN MULVEY:  I guess the

13 Arkansas Electric Cooperative Corporation is

14 probably closest to being a client.  Would

15 that kind of thing appeal to you as opposed to

16 a trade association?

17             MR. SHARP:  As you said, being the

18 only client sitting here at the table, I'll

19 try to address that, but we wouldn't be

20 against considering that, but there again, I

21 mean it kind of gets into the trust factor. 

22 In other words, who would this be that would
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1 do this?  I mean we'd have serious concern

2 about the party.  I mean if it truly could

3 find someone who we would all agree would be

4 objective and would have all the scientific

5 knowledge needed to not have to just accept

6 information from one party or the other on

7 face value and try to go forward on that kind

8 of basis, we certainly would be interested in

9 looking at that concept.

10             VICE CHAIRMAN MULVEY:  So can we

11 find an honest man, I suppose is the question.

12             MR. SHARP:  Yes.

13             VICE CHAIRMAN MULVEY:  An honest

14 engineer.  I'm not going to speak for my

15 fellow lawyers, but an honest engineer anyway.

16             Mr. Von Salzen, you talked about -

17 - and this was addressed earlier, but I want

18 to follow up on it, and that is the BN, if

19 indeed this tariff was approved the result

20 could be perverse that the BN might actually

21 begin cutting maintenance rather than

22 improving it.  But wouldn't that be
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1 counterproductive?  I mean if they cut

2 maintenance, and they realize how important

3 maintenance is, but if they cut the

4 maintenance and you had an accident, that

5 affects them.  That costs them as well.  It

6 means delays.  It means fewer shipments.  It

7 costs them money and time if they don't

8 maintain the line adequately, no?

9             MR. VON SALZEN:  Absolutely

10 correct, but they've done it before.  It may

11 be short sighted, but it's very clear, I think

12 particularly if you look at their reply

13 evidence, the testimony of Mr. Sloggett, Mr.

14 Smith, Mr. Van Hook, they are committed to the

15 idea that if they can get the shippers to put

16 surfactants on top of the coal, they can cut

17 back on their maintenance costs.  I mean they

18 don't believe it's going to cause a disaster,

19 but they didn't believe it would cause a

20 disaster when they cut back in the early 2000s

21 either.  But we believe that the objective

22 evidence shows that that is indeed what would
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1 happen if they cut back on the maintenance. 

2 If they didn't cut back on the maintenance,

3 then they wouldn't have any benefit from

4 imposing this tariff on us.

5             VICE CHAIRMAN MULVEY:  Anybody

6 else?  Interesting that BN was the railroad,

7 as somebody mentioned here, when the railroad

8 was under Mr. Krebs', Matt Rose's predecessor,

9 that they kept up their investment in the

10 infrastructure probably as much, if not more,

11 than any other Class 1 railroad.  And so it's

12 interesting that you feel they might cut back

13 maintenance.

14             MR. McBRIDE:  Vice Chairman

15 Mulvey, I acknowledged that Mr. Krebs was the

16 one who resisted the most when I recounted

17 that history for you, but even he fell behind

18 in the Powder River Basin.

19             VICE CHAIRMAN MULVEY:  Thank you. 

20 What about the tradeoff between the cost of

21 surfactant and the railroads allege that these

22 cause them to lose 500 pounds of coal for each
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1 car and the amounts were 14,000 rail cars of

2 coal a year?  That seems to be a lot of money

3 worth of coal.  What about the tradeoff

4 between the cost of that coal and keeping that

5 coal in the cars, versus the cost of the

6 surfactant, assuming the surfactant would

7 seriously reduce the amount of coal that was

8 lost?

9             MR. VON SALZEN:  Vice Chairman,

10 there's actually an analysis of that very

11 question in AECC's filing.  I believe it's in

12 the rebuttal filing and it shows that the

13 tradeoff between the cost of the surfactant,

14 the amount of coal that you actually lose, you

15 can't put in quite as much coal in the car

16 because you have to take into account the

17 weight of the surfactant, if you can imagine

18 such a thing so small, and you run it through,

19 it comes out almost an exact wash.  You don't

20 get any benefit out of retaining that tiny

21 additional amount of coal.

22             I should say that analysis uses
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1 225 pounds of coal loss, not 500, which is

2 from a study that was put into the record by

3 UP and the difference between the 225 and the

4 500 is that the BNSF study failed to take

5 account of the fact that there's water loss

6 during the course of the trip and so it

7 overstates the amount of coal loss.

8             As Mr. Sharp said earlier, from

9 actual real world experience, it's kind of

10 hard to find any measurable effect in terms of

11 the actual loss of coal.

12             MR. McBRIDE:  Vice Chairman

13 Mulvey, if we can use BNSF's own data from its

14 PowerPoint this morning, using Mr. Fox's

15 average of 500 pounds per car, which I think

16 is too high for the reasons Mr. Von Salzen

17 just indicated, but let's give them their

18 average for purposes of the analysis.  That's

19 a quarter of a ton.  They said $30 a ton,

20 that's $7.50 worth of coal.  They put up a

21 figure of 20 cents per ton for surfactant, 120

22 tons in a car, that's $24 for surfactant.  You
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1 spend $24 to save at most $7.50 worth of coal. 

2 It's not reasonable.

3             VICE CHAIRMAN MULVEY:  So the

4 tradeoff has been calculated and the benefit

5 cost ratio is not a favorable one.

6             MR. McBRIDE:  That's why BNSF

7 didn't defend this case on cost benefit

8 grounds.

9             VICE CHAIRMAN MULVEY:  There's

10 also the issue of the chemical that's sprayed

11 on, the chemical that's sprayed on the coal. 

12 And when you burn chemicals in combination

13 with other materials, carbon materials,

14 there's always a question as to whether or not

15 there's some kind of interaction and whether

16 or not burning coal that's treated with

17 surfactant doesn't have unexpected

18 environmental consequences. 

19             Has anybody looked at the problem

20 of burning the coal that's treated with

21 surfactant or is that pretty much of a benign

22 product?
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1             MR. SHARP:  I raised this issue

2 when we were having some of the discussions in

3 the NCTA study.  AECC was one of the utilities

4 that participated in the NCTA study funded a

5 small portion of that.  And I got a call from

6 a couple of surfactant suppliers and they said

7 well, what are you talking about?  No one has

8 ever raised this issue.  I said well, okay,

9 what chemicals are in your surfactant?  And

10 they said well, that's proprietary, we can't

11 tell you.

12             VICE CHAIRMAN MULVEY:  Along with

13 the model.

14             MR. SHARP:  Exactly.  So I said

15 okay, well, how do we know that that's not

16 going to react in the boiler?  It's a very

17 complicated chemical situation and all going

18 on in a boiler. No one has to date been able

19 to correctly model that.  You model it the

20 best you can, but almost every time we try

21 something new we learn, we get a result

22 different than the models indicate.  
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1             So the real answer is from all

2 that we've been able to ascertain is no one

3 knows.  There may be negative externalities. 

4 It may affect our pollution control equipment. 

5 It may affect the metal in the boiler.  We

6 just don't know.

7             VICE CHAIRMAN MULVEY:  We always

8 get surprised.  I mean just this morning it

9 was announced that McDonald's was recalling

10 all of these glasses because while they were

11 thought to be benign products that were

12 supposed to be gifts for children, it turns

13 out that they contain some very serious metals

14 which, if they were to get loose in the

15 washing machine, could in fact cause serious

16 harm to children.  So we keep finding out that

17 more and more of what we do is not as benign

18 as we may first think.

19             I noticed that you were talking

20 about some of the problems with why the coal

21 comes out above and beyond the airborne dust

22 from the rattling and the shaking, et cetera,
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1 and why it concentrates in certain places

2 where you're liable to get more rattling and

3 shaking and you especially mentioned the train

4 going too fast going downhill.  And while I

5 appreciate that lately there's been some

6 increased capacity available because of the

7 downturn of the economy, nonetheless I believe

8 your company, in particular, has complained

9 about the failure of the railroads to deliver

10 all the coal that was needed.  And wouldn't

11 reducing train speeds actually cut capacity

12 out of the PRB and create another set of

13 problems?

14             Getting those trains moving even

15 downhill as fast as possible strikes me as

16 something the coal companies and the utilities

17 would like.

18             MR. VON SALZEN:  I haven't seen an

19 analysis that's obviously an issue that would

20 have to be looked at.  But just on the face of

21 it, I don't see that it's necessary that the

22 overall trip time should be materially
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1 impacted by simply slowing the train down on

2 the down slope for ten miles an hour or

3 whatever it would take.  You'd have to do an

4 aerodynamic study, I think, to figure out how

5 much you'd have to do that.

6             What it might do is increase the

7 railroad's fuel costs, because then you'd have

8 to -- you would need more power going up the

9 up slope.  I think the reason -- this is

10 speculation, but I think the reason they speed

11 down the down slope is the same reason you

12 might do it with your car to save a little bit

13 of gas on the up slope.  And that might be one

14 of the countervailing costs for the railroad

15 in reducing the amount of coal dust on the

16 down sides of the big sags.  That's

17 speculation.

18             VICE CHAIRMAN MULVEY:  I guess

19 they can't throw it in neutral and just coast

20 down.

21             (Laughter.)

22             It's interesting to speculate
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1 because the fact of the matter is it's a well-

2 used corridor, very, very heavily traveled and

3 just adding extra time for each train when

4 you've got 70 trains, 120 cars long, with the

5 required spacing distance that they have, it

6 could, in fact, cut into capacity.  So that

7 would be a concern that the railroads might

8 have.  You also suggested that spraying

9 surfactant would not reduce any of the coal

10 lost from rattling.  Do you want to explain

11 that a little further?  It would strike me

12 that a surfactant being a sticky material

13 might effectively reduce both the airborne

14 dust, as well as the lost coal from shaking.

15             MR. VON SALZEN:  As I understand

16 it and there is evidence about this in the

17 record, so I'm not trying to tell you what --

18 I'm a lawyer and I don't know anything about

19 physics or anything like that, but my

20 understanding is that the surfactants that

21 they're talking about put a very thin crust on

22 the top of the coal pile in the car that is
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1 supposed to be sufficient to keep very light

2 dust particles from being blown out by wind,

3 either the wind, the passage of the train or

4 actual wind going across, laterally, across

5 the track.

6             But we're talking often,

7 particularly when you're talking about slack

8 action on these down slopes, we're talking

9 about actual pieces of coal, not necessarily

10 a whole lump, but real pieces of coal and

11 they're too big to be held down by this thin

12 layer of crust as I understand it.

13             VICE CHAIRMAN MULVEY:  Anybody

14 else?

15             MR. McBRIDE:  Yes, I've had people

16 tell me that there's been a problem in the

17 past with the railroads maintaining some of

18 the bottom discharge cars from the doors and

19 I think the vibrations may cause some of that

20 coal to come out of poorly maintained doors. 

21 Hopefully, they're on to doing better

22 maintenance there, but it's interesting that
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1 they propose to put surfactant on the top of

2 the car.  They didn't propose to do anything

3 about the bottom discharge when they're the

4 ones that own those cars.

5             VICE CHAIRMAN MULVEY:  The cars

6 that are bottom discharge cars are basically

7 railroad-owned cars?

8             MR. McBRIDE:  Correct.

9             VICE CHAIRMAN MULVEY:  Most of

10 your cars are open top?

11             MR. McBRIDE:  Open top.

12             VICE CHAIRMAN MULVEY:  Thank you. 

13 That's all I have.

14             CHAIRMAN ELLIOTT:  Thank you very

15 much, Vice Chairman and thank you very much,

16 panel, for your help today.  And we will call

17 our final panel, Panel 4, so Arkansas Electric

18 Cooperative, you can stay up front, as long as

19 you two can behave yourselves up there

20 together, BNSF and Arkansas Electric.

21             (Pause.)

22             Next up, we'll have BNSF on
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1 rebuttal.  You have ten minutes.

2             MR. WEICHER:  Thank you, Chairman. 

3 A lot of things have been raised.  We're going

4 to try to focus on the big picture, initially,

5 of whatever time we have.  We made a massive

6 record.  The shippers seem to say either this

7 last panel, it's really not happening or it's

8 not a problem or it's all about the cost, the

9 shifting of cleaning it up, the money.  For

10 us, it's not about that.  It's about the

11 integrity of the railroad, service and

12 reliability, and the need to reliably supply

13 those stock piles and do the right thing and

14 keep the coal in the cars.

15             Initially, we've got a lot of

16 things we could address, but initially we will

17 address some of what I find frankly the most

18 obnoxious and offensive accusations in this

19 last panel about our railroad and our

20 maintenance practices and how we maintain and

21 plan to maintain this vital national asset

22 which we take with the utmost seriousness.
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1             This is not just shifting around

2 minuscule amounts of cost.  This is about a

3 vital national asset, so we'll defer first to

4 Mr. Fox to address some of these operating

5 accusations and then whatever time is left for

6 Q and A, you raised a lot of other things, but

7 we'll start there.

8             MR. FOX:  First off, on the

9 maintenance issue, the joint line is

10 absolutely maintained at very high levels,

11 world-class levels.  We utilize the best

12 railroad technology available.  We utilize the

13 best equipment available, and we've got the

14 best people available to do that.

15             Our maintenance is condition-based

16 and when you've got a 400 billion gross ton

17 railroad like the joint line, we will always

18 have a high level of track maintenance on the

19 joint line.  We take that responsibility very

20 seriously.  That's why we're here today.  At

21 the end of the day, this is all about

22 eliminating the release of one of the worst



202-234-4433
Neal R. Gross & Co., Inc.

Page 279

1 fouling agents, coal dust.  To infer that our

2 purpose here today is to reduce track

3 maintenance is absolutely wrong and it's

4 frankly insulting. 

5             In terms of the discussion around

6 airborne dust as the issue, it's all about

7 coal falling off due to changes in track

8 modulus, switches and bridges and slack

9 action.                 Well, with the rate

10 load profile, the profile we talk about as a

11 bread loaf that has the right angle of repose

12 in terms of how the coal is loaded, the coal

13 will not fall off the car.  In fact, it should

14 not fall off unless it's on the sill of the

15 car which would be in violation of our

16 activity-based profile standard.

17             Also, from a car design

18 perspective, we talked about bottom dump cars. 

19 Bottom dump cars are 35 percent of the fleet

20 and we found through field tests that releases

21 through the bottom dump cars on average was

22 around 35 pounds.  That is not the issue.  The
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1 majority of cars on the joint line, 65 percent

2 are rotary dump and stuff doesn't fall out of

3 rotary dump cars as they traverse switches and

4 track modulus at bridges.

5             Finally, we're in the midst of

6 doing a field test, as we speak, with

7 additional topper technology and in this case

8 we've treated cars with toppers and then we've

9 put on train monitoring devices, devices that

10 are hung on the cars.  We found that topper in

11 that application can reduce dust by 92

12 percent.  That's measured on the train.  It's

13 not measured track side.  So clearly airborne

14 dust is the issue here.  It's not an issue of

15 dust falling due to the track modulus and

16 slack action.

17             Finally, with regards to running

18 our trains faster downhill, it's a ridiculous

19 accusation.  We do not have an operating

20 practice of running trains faster downhill

21 than uphill.  At the end of the day our train

22 engineers are very well trained and we have
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1 very robust electronic oversight process of

2 train handling as well as speed compliance

3 that goes on 24 hours a day, 365 days a year. 

4 We utilize our version of a black box on every

5 locomotive to do that kind of monitoring.

6             MR. WEICHER:  A couple of basic

7 points.  We think the core principle here is

8 it's not all right for the coal to spill out

9 of the car.  The solution isn't to clean it

10 up.  

11             Mr. McBride's suggestion,

12 referring to the old cases on special

13 handling, it's not okay for nuclear materials

14 to leak.  It's not okay for chemicals to leak. 

15 It's not okay for coal to spill out.  We have

16 to do what we can within the realm of science

17 to advance this.  The surfactants are not an

18 unproven technology.  Things will get better. 

19 But the rules should not be delayed.  The

20 rules should go into effect.  We have been

21 working cooperatively with shippers.  We will

22 continue to do that.  Solutions need to be
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1 jointly found, but it is time to act, not to

2 defer the problem.  Not to defer it as some

3 sort of stall to put this off into the future.

4             We do have an obligation to move

5 forward from BNSF's standpoint and put into

6 effect a rule that keeps the coal in the car

7 that uses the best standards we have available

8 today, not to delay.  It's not okay to pick it

9 up.  It wouldn't be okay for BP to pick up

10 that oil faster.  It's not okay.  We now know

11 much more about ballast than we did 100 years

12 ago.  We know much more about coal dust.  You

13 heard DOT today say it has a pernicious

14 effect.  I don't think that should be in

15 serious dispute whatever the parties before

16 were willing to stipulate to, it got a little

17 confusing to me.  But we will stipulate that

18 coal ballast is a pernicious effect that

19 should not go there in the first place.

20             Therefore, we think it is time to

21 move forward to put this rule in and not delay

22 it further.  
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1             MR. SIPE:  I would like to address

2 an issue that several of the members here this

3 morning and this afternoon have expressed

4 interest in and that is what possibility is

5 there that we can reach a -- let's call it a

6 negotiated resolution of the issues presented

7 in this hearing.

8             The process that BNSF envisages,

9 and I believe from what I heard from Ms. Rinn

10 that UP envisages as well, is a process of

11 voluntary bilateral negotiations, discussions,

12 and arrangements between the railroads and

13 their individual customers as opposed to,

14 let's say, one big kumbaya under the auspices

15 of a mediator.  There are a couple of very

16 compelling practical reasons why it has to be

17 done that way.  First, we have a majority of

18 customers of both railroads are contract

19 customers.  The contracts, as you know, are

20 typically of multiple years and duration and

21 they expire at various times.  We have to deal

22 with contract customers on the coal dust as
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1 the contracts expire.  Because they're

2 contracts also, they're privately negotiated

3 between the railroad and the particular

4 customer.  So it's really got to be a sequence

5 of bilateral negotiations for that compelling

6 commercial reason.

7             Second, there's a compelling legal

8 reason why it has to be a sequence of

9 bilateral negotiations.  And that is BNSF and

10 UP are competitors on the joint line.  We

11 share the facility, but we compete vigorously

12 for a lot of the traffic which by the way is

13 one of the reasons Mr. McBride's gratuitous

14 characterization of the railroad as a

15 monopolist is hogwash.  We compete vigorously

16 for a lot of this traffic and we're not going

17 to get in a room together with UP and the coal

18 shippers and talk about a comprehensive

19 solution to coal dust that entails commercial

20 considerations.  You can't do it.

21 One could imagine, I suppose, a proceeding

22 that got prior to anti-trust risk clearance
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1 from this Agency and DOJ, but I don't see that

2 happening.  

3             From the beginning, BNSF has

4 envisaged a process in which we get to the

5 point of resolving this dispute, resolving the

6 coal dust issue, as soon as practicable, by

7 working with the individual shippers as the

8 opportunity arises.  The only way we're going

9 to be able to get the shippers to agree to do

10 something about the coal dust issue is if this

11 Board says we have the right to adopt rules

12 that prevent the shippers from dropping the

13 coal dust on the right of way.  

14             They have to believe we have the

15 right to do what we're trying to do or they're

16 not going to sit down and talk with us. 

17 They're going to play Rope-a-dope and if you

18 go back and look at their pleadings in this

19 hearing about 90 percent of what they've done

20 here is one version or another of Rope-a-dope. 

21 We don't want any more Rope-a-dope.  We want

22 to move forward.
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1             MR. WEICHER:  This whole argument

2 about cost shifting is what's really going on

3 here.  It's time to implement a rule.  We

4 respect the Board's jurisdiction on the

5 enforcement issues to come back if something

6 can be challenged there.  But the rule says

7 the coal should stay in the car like every

8 other commodity should go into effect.

9             CHAIRMAN ELLIOTT:  Thank you very

10 much, BNSF, and why don't we finish with

11 Arkansas Electric Cooperative.  

12             Mr. Von Salzen, you have ten

13 minutes on rebuttal.

14             MR. VON SALZEN:  Thank you.  I

15 will try during my ten minutes not to be any

16 more obnoxious than necessary, any more

17 insulting than necessary.  I will try not to

18 make any ridiculous arguments. 

19             I think approaching this issue

20 with that kind of over-heated rhetoric is

21 probably symptomatic of the problem that we're

22 facing here.  
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1             There's a huge record in this

2 case.  I've given you some highlights of it in

3 my 23 minutes of fame earlier this afternoon. 

4 What I've told you is about evidence.  It's

5 evidence in the record.  Much of it is based

6 on facts provided by BNSF, almost necessarily

7 because they're the ones who have control over

8 the facts about the joint line.  It's their

9 property that they operate.  So we've had to

10 get the facts, the data from them.  We've

11 analyzed it.  It is in the record.  It's very

12 well to say it's ridiculous to say that coal

13 dust falls out of trains because we're running

14 them downhill and causing slack action.  It

15 may be ridiculous, but it's a fact and the

16 evidence is in the record.  I think BNSF may

17 be hoping that the Board will not read the

18 record, but I have confidence, because I know

19 this Board, that you will do so.

20             It is not ridiculous.  It is true.

21             I also would like to take issue

22 and umbrage at the suggestion that the coal
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1 shipper community is so narrow minded, short

2 sighted, selfish and stupid, that the only way

3 that they can see reason is if you give BNSF

4 the power to force the shippers what BNSF

5 wants them to do.  

6             Mr. Sharp made very clear in his

7 remarks and I'll just second them, the coal

8 shipper community has invested hundreds of

9 millions of dollars to improve the efficiency

10 of coal rail transportation.  These are not

11 people who are sitting back on their hands

12 being negative.  We have legitimate

13 disagreements with BNSF's theory of how things

14 work and what to do about them.

15             Saying that the only way to make

16 us act reasonably is to give BNSF a club to

17 beat us over our heads, perhaps sounds good to

18 them.  It doesn't sound very reasonable to me.

19             Mr. Fox tells you that BNSF has

20 maintained to world-class standards and it's

21 insulting to suggest otherwise.  As a matter

22 of fact, what we've said throughout this case
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1 is that BNSF is maintaining their railroad

2 adequately.  I wouldn't say world-class

3 standards.  We've had some criticisms of some

4 of their aspects of maintenance over the last

5 five years, but they have been maintaining

6 their railroad and we think in a generally

7 satisfactory manner.  I hope that's not an

8 insult.

9             But bear in mind, this same

10 railroad tells you that they were well

11 maintaining their railroad all the way up

12 until May 2005.  That's in the record, too. 

13 In fact, this railroad tells you that given

14 what they knew, they did nothing wrong.  Two

15 coal trains derailed within a few minutes and

16 a few miles of each other and BNSF tells you

17 on the record, under oath, in this case they

18 did nothing wrong.

19             I think you have to look at the

20 evidence.  I think you have to look at the

21 facts in this case and not just listen to the

22 rhetoric including my rhetoric by the way. 
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1 I'm not asking you be swayed by my golden

2 tongue oratory.  But the facts are, the facts

3 are the shippers don't cause this problem. 

4 The railroad causes this problem.  I was

5 trying to avoid using the word "problem" as

6 Commissioner Nottingham noted.  I should

7 probably call it an issue.  But sure,  there

8 is a maintenance issue.  

9             There's a maintenance challenge

10 that has to be carried out when you have the

11 huge volume of traffic on this rail line. 

12 Coal dust is one of the contaminants.  It is,

13 according to the record, 29 percent by volume

14 of the contaminants in the ballast on the

15 joint line.  That's what we've been talking

16 about.  It's 29 percent.  That leaves, if my

17 math is right, 71 percent of the contaminants

18 in that ballast we're not even talking about

19 today.  And most of that coal dust does not

20 get on that ballast through being blown by the

21 winds off the tops of coal cars.  It gets in

22 there through the other mechanisms that we've
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1 talked about today and that are well

2 documented in the record.  Thank you.

3             CHAIRMAN ELLIOTT:  Thank  you, Mr.

4 Von Salzen.  

5             Do you have any questions?

6             VICE CHAIRMAN MULVEY:  Just a

7 couple of minor questions.  To the railroads,

8 Mr. McBride testified and he was seconded by

9 others, Mr. Loftus, about the FRA's study of

10 the 2005 accident.  And he said that the FRA

11 found that the accident was caused by

12 maintenance issues and others, but never

13 mentioned coal dust as being part of the

14 problem.

15             Do you want to comment on that? 

16 Is that your recollection of the FRA report as

17 well?

18             MR. FOX:  I'll answer your quick

19 question as well that you didn't ask and did

20 the NTSB investigate.

21             VICE CHAIRMAN MULVEY:  Yes, that

22 was the other part of my question.
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1             MR. FOX:  They did not do a formal

2 investigation.

3             VICE CHAIRMAN MULVEY:  They did

4 not.

5             MR. FOX:  The FRA, obviously, did

6 an investigation and at the end of the day I

7 do not recall if they concluded that coal dust

8 was a contributing factor.

9             VICE CHAIRMAN MULVEY:  Shippers

10 presented evidence in their filings that they

11 monitored some trains and that some trains

12 went by full of coal, coal trains, and there

13 was virtually no coal dust coming from them. 

14 And other trains went by and there was a lot

15 of recorded foulants.  And that the common

16 factor was a locomotive as opposed to the fact

17 that there were coal trains.

18             Do you want to address that

19 charge, that it's not necessarily the coal

20 dust, but it's actually perhaps emissions

21 coming from the locomotives.

22             MR. WEICHER:  Coal dust is clearly
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1 episodic.  I believe that is the term Mr. Sipe

2 used earlier this morning, but our tests

3 clearly differentiated and that's the

4 difference between the first and second

5 standard, the effects of coal dust and then

6 the effects of locomotives.  Frankly, the idea

7 that all of this is coming out of the

8 locomotives seems a little preposterous as

9 well.

10             MR. FOX:  There is a specific

11 diesel signal and the IDV.2 value ignores that

12 diesel signal for the locomotives at the front

13 of the train as well as the distributed power

14 at the rear of the train.  That is not

15 included in the IDV values.

16             VICE CHAIRMAN MULVEY:  Is it

17 possible that some of the coal dust that gets

18 in the ballast doesn't come from the top of

19 the train immediately on to the ballast, but

20 rather goes off the side and then subsequent

21 winds blow it back and the ballast? Therefore,

22 it simply begins trapping all of this coal
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1 dust and that it's part of a cycle when with

2 the raised ballasts especially in a relatively

3 flat area like Wyoming, Kansas, et cetera, you

4 wind up having the winds blow it into the

5 ballast and that's where it's being deposited

6 as opposed to directly off the top of trains?

7             MR. FOX:  It's definitely possible

8 that coal dust gets in that way as well as

9 from the top of the cars as well as from the

10 bottom dump.  We still believe that the

11 majority is coming off the top of the cars.

12             VICE CHAIRMAN MULVEY:  Would you

13 agree with that, Mr. Von Salzen, that in fact,

14 some of this coal dust could be in the

15 ballast, even though it's not coming off

16 directly and eventually gets blown back by the

17 winds and given that the railroad right of way

18 is the major mountain, if you like, going

19 across some of these very, very flat

20 territories it still gets in the ballast, but

21 maybe it's not directly from the top of the

22 train, but it gets blown back?
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1             MR. VON SALZEN:  I don't believe

2 there's any evidence in the record that would

3 support that speculation.  It's possible, and

4 anything is possible, but I don't believe

5 there's any evidence that that is indeed the

6 case. 

7             I guess I would be skeptical about

8 it, just because I think imagining just a

9 breeze blowing through the buffalo grass,

10 picking up dust and blowing it back towards

11 the track, I have a hard time imagining  you'd

12 get very much movement that way.  But it's

13 possible.

14             MR. SIPE:  Vice Chairman Mulvey, I

15 have a recollection, perhaps faulty, but if

16 you look at UP's opening evidence I think

17 there's testimony that speaks if not to that

18 very specific issue, at least to closely

19 related issues about how dust that is dropped

20 particularly on a multi-track segment of the

21 joint line works it way into ballast, not

22 necessarily directly.
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1             MR. WEICHER:  We, of course,

2 welcome deep review by the Board and staff

3 that we know will be taking place on the

4 record contrary to the assertion.

5             VICE CHAIRMAN MULVEY:  This again

6 is one of these matters of fact and matters of

7 scientific fact, of how things behave in the

8 environment.  And as I said, neither the Board

9 Members or most of our staff or most of the

10 people testifying here really possess that

11 kind of expertise.

12             I asked the question of the last

13 panel as to whether or not they thought that

14 their members or the groups would be

15 interested in co-sponsoring, co-paying for a

16 study, perhaps even overseen by the Board

17 which it did employ, however, people were

18 noted experts, but they were not in the pay of

19 either the shippers or the railroads to answer

20 some of these scientific questions.  I

21 recognize that these are contracts and you

22 have to eventually decide, but at least a lot



202-234-4433
Neal R. Gross & Co., Inc.

Page 297

1 of the scientific questions might be answered

2 in such a way that both parties could accept

3 well, this is in fact, what is happening.

4             For the railroads, would the

5 railroads be in favor or support such a

6 possibility?

7             MR. WEICHER:  We will work with

8 anyone, talk with anyone.  We have been doing

9 that.  We've been spending money on this for

10 the last three or four years.  We think we

11 have to move forward.  We believe we are

12 responsible to address this problem through

13 the promulgation and operating rule.  We do

14 not think that we should wait.  We do not,

15 however, expect to stop looking at the

16 scientific issues, expect to stop looking at

17 the best way to address it.  We do not want to

18 participate in something that tries to deny

19 the problem.  We want to look for solutions. 

20 We're doing that, we think, with our solutions

21 that are there today.  I think it's a question

22 of working with others on continuous
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1 improvement, not refusing to move forward.

2             VICE CHAIRMAN MULVEY:  Right, it's

3 not denying the problem.  It's trying to

4 define the problem, identify the problem and

5 then what will be the best possible solutions

6 that are both cost effective and

7 environmentally effective.  But I understand

8 that there are some concerns about mediation. 

9 But this would not be mediation.  This

10 approach would simply try to reach a

11 resolution, if you like, of the scientific

12 disputes which I think can be done with some

13 degree of objectivity.  Albeit, there might

14 still be some issues that will remain

15 unresolved for whatever reason.

16             MR. SIPE:  One potential benefit

17 of the safe harbor approach that was discussed

18 this morning is that we could begin solving

19 the problem right now under a safe harbor

20 approach and continue to work on the science

21 and get it better so down the road there was

22 a standard, a performance-based standard that
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1 everybody could be comfortable with.  But I

2 can't think of any reason why that would

3 preclude taking measures in the near term

4 under a safe harbor type approach.

5             VICE CHAIRMAN MULVEY:  A safe

6 harbor approach, under that approach, then the

7 shippers would not have to pay the tariff, if

8 in fact they agree to use surfactants, if they

9 agreed to profile the cars in such a way to

10 minimize, then that would be considered to be

11 acceptable and therefore they would not have

12 to pay the extra tariff?

13             MR. WEICHER:  We're not asking for

14 -- we don't want to collect money.  We're not

15 asking for a tariff.  We're asking for

16 implementation to begin on surfactant or

17 whatever method the shipper chooses, but the

18 safe harbor concept was if they want to and

19 people are doing this now, we need a rule to

20 make sure this momentum continues.

21             Remember, we're only talking about

22 frankly in terms of jurisdiction a fairly
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1 small segment of the shipper population that

2 the rule directly applies to, but that the

3 rule should be there and we are quite open to

4 the suggestion, you and the Chairman were

5 airing out earlier today that there could be

6 a safe harbor that if they are applying is

7 taking this step that we know addresses the

8 problem.  Whether it's the only way or the

9 perfect way, we are not precluding other ways

10 under the performance base.

11             We recognize that as a safe harbor

12 and science will continue to develop, and we

13 think that will get the process going of these

14 companies working together finding the most

15 cost effective efficient way to reduce the

16 dust.  We think reducing the dust is where

17 this has got to come from and the coal staying

18 in the cars.

19             VICE CHAIRMAN MULVEY:  One final

20 question to the group.  Is that the metrics-

21 based safe harbor or not a  metrics-based safe

22 harbor, that we are discussing?  It's
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1 basically they spray the surfactant and they

2 profile the cars as directed.  But if they do

3 that and you still get unacceptable readings,

4 then you simply raise the requirements and

5 require more surfactant be sprayed or require

6 that the cars be profiled even lower?

7             MR. WEICHER:  I don't think so and

8 this is a bit of an inchoate idea that sounds

9 like we're working it out, it's being

10 discussed today.  And we had thought about

11 this kind of thing in the original rule.  What

12 I think we envision or what we thought we

13 heard or what we are open to is we have

14 published a performance-based rule that says

15 meet this standard because we believe that

16 standard reduces 85 percent of the dust.  

17             We are open to amending that rule

18 and working with our shippers that there would

19 be a presumption if you applied the known

20 surfactants, you pick which one, these tests

21 are all around here, what would work that will

22 presumptively in our mind meet compliance with
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1 the performance-based standard, regardless of

2 what the readings say.  We do that for two or

3 three years and let's see if everything is

4 working together.

5             We know we must do something and

6 we know it's being used around the world and

7 in this country.  This is not an untried

8 thing.  Let's get going on it and we will be

9 willing to say that that is the safe harbor

10 that meets our performance-based standard.  I

11 think at least that's what we heard and what

12 we're open to.

13             VICE CHAIRMAN MULVEY:  Thank you

14 very much.

15             CHAIRMAN ELLIOTT:  Thank you, Vice

16 Chairman.

17             Commissioner?

18             COMMISSIONER NOTTINGHAM:  Thank

19 you, Mr. Chairman.

20             Mr. Fox, I heard you make the

21 point that with the right load profile, spills

22 can be prevented.  Is that a fair statement?
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1             MR. FOX:  Yes, sir.

2             COMMISSIONER NOTTINGHAM:  Have

3 there been any studies on that or any data and

4 under the general sort of heading of correct

5 or right load profile, what about the scenario

6 I've described today earlier about keeping the

7 profile below the rim of the rail car?

8             MR. FOX:  Over the last five years

9 we have modified the profile.  The initial

10 profile was what I'd call a peaked profile

11 with sharp edges and we've worked with NCTA

12 early on.  Four or five years ago, we created

13 what we describe as a bread loaf profile. 

14 We've lowered the angle of repose of the coal

15 on top of the car.  We got rid of the sharp

16 edges which reduces wind erosion and we spread

17 the load all the way from the front of the car

18 to the back of the car.  That is the standard

19 that's in place now in the joint line. 

20             All chutes in the joint line, all

21 loading chutes in the joint line now have been

22 modified to create a bread loaf profile.  We
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1 have not looked at what I would describe as

2 the bundt cake option where you would load

3 coal below the side sills of the car.

4             COMMISSIONER NOTTINGHAM:  Can I

5 ask why you wouldn't look at that?

6             MR. FOX:  Well, we haven't done

7 it.  We did have some concerns based on some

8 very preliminary discussions with our

9 consultant that the concern was an eddy

10 current could be created where the wind would

11 start an eddy current at the front of the car

12 and basically continue causing wind erosion

13 with that kind of loading profile.  That was

14 really preliminary discussions.

15             COMMISSIONER NOTTINGHAM:  Mr.

16 Weicher, would you be open to an alternative

17 safe harbor which would be either try the

18 surfactant or whatever turns out to be the

19 best practice?  You believe currently it's

20 surfactant and you've held open the

21 possibility in the future of a technology and

22 science we could see other solutions, how
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1 about an alternative safe harbor?  If you're

2 not comfortable, shipper, with the cost or the

3 science behind surfactant, just keep your load

4 profile below the rim of the rail car so we

5 have a greatly reduced potential for spillage?

6             MR. WEICHER:  We probably need to

7 distinguish -- I believe our testing has shown

8 that the profile in the profile improvements

9 may have reduced 10 to 15 percent of the dust

10 issue and subject to the type of technical

11 problems and physical problems Greg Fox has

12 related to.  It does not appear at all that

13 that can address the overall problem. 

14             Having said that, if a shipper or

15 a mine thinks a different technique can reduce

16 and meet the standard, we're quite open to

17 that.  On the contrary, the testing we've seen

18 and the several years of work on this would

19 not support a safe harbor based just on

20 profiling.  It can't do it.  Everything we've

21 seen and what we've been doing it's not

22 sufficient and that doesn't work, whereas now
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1 several years of testing shows no, surfactant

2 can do it.  It can make a dramatic reduction

3 and that's the technique being followed in

4 other parts of the world.

5             COMMISSIONER NOTTINGHAM:  So

6 you're saying that the railroad industry or

7 anyone else has thoroughly studied the

8 scenario of having a load limit or safe harbor

9 be below the height of the rail car?

10             MR. WEICHER:  I cannot address, as

11 a technical matter, whether that completely

12 exhausts it.  But of course that also, if we

13 talk about profound impacts on our customers

14 and the industry, now we're talking about more

15 equipment, more trains, how do we meet the

16 commitments we have and their desires to keep

17 those stockpiles full.  Now we start talking

18 about a dramatic difference in how much coal

19 is handled.

20             If that were in theory cost

21 effective and shippers wanted to go that way,

22 we're open to exploring that, but within the
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1 existing way the railroad and our customers

2 and these fleets and these hundreds of sets of

3 equipment are running, we don't think that's

4 a way that can address this, certainly not in

5 any foreseeable time.

6             COMMISSIONER NOTTINGHAM:  We've

7 heard the argument raised today that railroads

8 should not be allowed to unilaterally impose

9 a solution on the customers.  Can you think of

10 any examples in the past where after efforts

11 to dialogue and communicate the railroad

12 industry has had to impose a solution in the

13 area of car design over the objection of some

14 shippers?

15             MR. WEICHER:  Well, for better or

16 worse, the way our world works and I don't

17 mean I guess just the railroad work, the

18 railroad owner, the person offering the

19 service always ends up being the one hopefully

20 as in this case after consultation with their

21 customers, hopefully as not entirely in this

22 case after agreement with their customers has
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1 to set the terms of carriage.

2             We have massive, and some people

3 would say too massive, we've been trying to

4 get more of the plain speaking thing, but the

5 rule book on coal, the rule book on grain, the

6 rule book on commodities, as was mentioned

7 earlier a variety of AAR and industry rules

8 which generally apply.  But then every

9 railroad for every commodity, we've got

10 blocking and bracing rules for all kinds of

11 stuff.

12             COMMISSIONER NOTTINGHAM:  Is it

13 pretty common for some shippers to object to

14 those rules as they come along?

15             MR. WEICHER:  It does,

16 unfortunately, occur, perhaps more often than

17 we would like.

18             COMMISSIONER NOTTINGHAM:  Are you

19 -- is it your position that a railroad cannot

20 be required to transport leaking cars?

21             MR. WEICHER:  I think I would have

22 to say yes.
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1             COMMISSIONER NOTTINGHAM:  It can

2 choose to, right?

3             MR. WEICHER:  It can choose to.

4             COMMISSIONER NOTTINGHAM:  But it

5 can't be required?

6             MR. WEICHER:  It ultimately has

7 responsibility to define the terms under which

8 things were loaded and braced, and we do not

9 believe it can be required.  Leaking is a

10 loaded word, but yes, if something is really

11 leaking, we cannot -- in fact, I guess I would

12 turn it around in the proper situation,

13 chemicals are always easy, but a dangerous

14 load of rebars or something, we may have an

15 obligation not to transport.

16             COMMISSIONER NOTTINGHAM:  It seems

17 to me if there is routine spillage, release,

18 leakage, pick your favorite word, that

19 basically that's tantamount to routine

20 overloading.  And it seems to me a railroad

21 has, in my humble opinion, the right to say

22 we're not going to take cars that are
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1 routinely overloaded and therefore routinely

2 leak.  And you put that out for a reasonable

3 period of time and you give people the safe

4 harbor alternative course of action.

5             I'm just speaking as one Board

6 Member, but I think this Agency, I would

7 think, would be hard pressed to say that a

8 railroad is required to move leaking freight

9 cars.

10             MR. WEICHER:  Leaving aside a pure

11 safety issue which is the absolute on the

12 railroad, meeting both FRA and our own

13 requirements, I will use my analogy.  It's not

14 the same, but in the stages of things we have

15 all kinds of rules of how heavily cars can be

16 loaded, including coal.  We have corresponding

17 tariff items, which you do not have before you

18 now in this case, which says if something

19 violates, that it is overloaded what we do. 

20 In that case, depending on exactly what it is,

21 we say we will set it out and we will get a

22 dumpster and unload something.  And there are



202-234-4433
Neal R. Gross & Co., Inc.

Page 311

1 charges for that.  That's all set out, either

2 in a contract or in a tariff.

3             Were someone to be subject to that

4 and were that to occur, we recognize as the

5 common carrier shipper that's within your

6 jurisdiction.  And that is certainly, we

7 believe, within our ability as a railroad to

8 do that step.  That's not before the Board

9 here.  What is before the Board here is keep

10 the coal in the cars, reduce the dust.

11             COMMISSIONER NOTTINGHAM:  Do you

12 recognize that one may not be the intended

13 outgrowth of this controversy, but one

14 possible outgrowth is that coal cars are

15 required to move with less coal?  It's out

16 there in the range of possibilities, depending

17 how this controversy plays out?

18             MR. WEICHER:  It certainly is a

19 possibility, but we think it's pretty remote

20 particularly when for all the talk about cost,

21 when you look at the overall delivery cost of

22 coal, this is such a manageable, doable thing
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1 as the most cost effective way to reliably

2 move all this coal across the nation for all

3 this energy within the existing fleet. 

4 However, that's why we started with a

5 performance-based standard, not an activity-

6 based standard.  We're open to a safe harbor

7 for an activity of spraying, but between the

8 shippers and the mines, if there's a better

9 way to achieve the result of no dust, it's

10 more efficient, we're not precluding that.

11             COMMISSIONER NOTTINGHAM:  I guess

12 Mr. Sipe, you may be the best person to know,

13 do you find it -- it seems to me that you're

14 in the untenable legal situation of having --

15 of not having to, but being tempted to make

16 the following type of argument.  The better

17 you can argue about how hazardous, dangerous,

18 risky, negative, scary, throw in your --

19 risky, the movement of these heavily loaded,

20 I'll say, I won't editorialize and say

21 overloaded, but these heavily loaded cars of

22 coal that seem to routinely spill out coal
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1 that you have -- significant amount of coal,

2 the better you argue the risks and the hazards

3 and the negative externalities, the more

4 actually you're inviting third party

5 litigation by the organic farmers of the world

6 that your client so skillfully demonstrated to

7 us. 

8             I mean do you feel any tension

9 there or is that --

10             MR. SIPE:  I'm not sure I would

11 subscribe to the characterization untenable,

12 but you've seen the record and you know we

13 have not gone on and on about environmental

14 risks and concerns.  But everybody knows what

15 the reality is.  We live in a world where

16 there's a lot of tension.

17             MR. WEICHER:  And one could

18 suggest that this tension is another reason

19 why we as a responsible railroad need to put

20 into effect a rule to mitigate coal dust.

21             COMMISSIONER NOTTINGHAM:  That's

22 why I ask the question because we don't have
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1 a lot of third parties before us here.  Many

2 of us were, I think actually this may be a

3 situation where almost, most of the parties

4 that were testifying today, actually, and

5 including the Board were basically aligned on

6 the DM&E appeal and the battle.

7             We heard some legal arguments,

8 very serious legal arguments raised by serious

9 lawyers spending tens of hundreds of thousands

10 of dollars, if not millions, to recite a

11 litany of -- I'll just use the phrase again,

12 "negative externalities", but basically

13 horrible attributes of coal and coal-related

14 energy production.  We're all very -- this is

15 not just some kind of contrived concern.

16             Mr. Sipe, are you familiar with

17 court cases where parties have tried to raise

18 claims about various hazards and dangers of

19 coal and coal transportation?

20             MR. SIPE:  I am certainly

21 generally aware of what happened in DMNE.  I

22 know there's litigation currently in Alaska
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1 which I believe involves stockpiles in a court

2 in Alaska.  I think these issues are

3 potentially out there and you're probably

4 correct in inferring that we haven't gone out

5 of our way to stir people up.

6             COMMISSIONER NOTTINGHAM:  Right. 

7 And I think this Board -- the reason I go into

8 this is not to give you a hard time or to

9 conjure up alarming scenarios, but this Board

10 has a number of missions, I should say, some

11 of which include promoting competition,

12 working to review and approve, where

13 appropriate, construction and new build out

14 and new track.

15             So we have an interest, if there

16 is a commodity that is spilling out on

17 railroad right of way and basically inviting

18 third party opposition to projects that would

19 increase rail competition, it's more than an

20 academic concern to us.  

21             And so I guess I would say I wish

22 you luck in trying to take steps to stop
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1 commodities from leaking out of your cars.  I

2 think I understand why you're trying to do it. 

3 I may have some concerns with the methodology

4 you took or the tactics you took in this case,

5 I think you certainly, in my humble opinion,

6 you seem to have the right to try to control

7 spillage out of your rail cars.

8             MR. WEICHER:  If I could comment

9 briefly on that.  There's almost some role

10 reversals here.  We have people saying this is

11 too tight a rule to keep an emission down.  If

12 this were -- and there were some analogies

13 earlier in the day to Government-induced

14 rules, the usual question is you're not being

15 strict enough, whoever is trying to control

16 emission.  Here we have people saying, don't

17 worry about it.  Don't worry about it.  It's

18 blow off.  Let it happen.  That is not our

19 position.

20             It's time to do an incremental

21 approach to reduce this problem.

22             COMMISSIONER NOTTINGHAM:  I have
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1 no more questions at this time.

2             CHAIRMAN ELLIOTT:  Thank you,

3 Commissioner.  

4             I just had one line of questions

5 for BNSF.  I heard earlier in the testimony

6 with regard to customers under contract, is

7 there a significant percentage of the coal

8 traffic in the PRB that's on the joint line

9 that is under contract at this point in time?

10             MR. WEICHER:  Yes, Chairman.  I

11 will speak generally.

12             CHAIRMAN ELLIOTT:  I don't want to

13 go to confidential information, obviously.

14             MR. WEICHER:  I'm speaking only,

15 of course, for BNSF Railway.  Very roughly, I

16 would estimate in the range of 80 to 85

17 percent of the tonnage we move in the PRB

18 moves under contract, somewhere in the 15 to

19 20 percent moves under common carrier tariffs

20 directly subject to your jurisdiction

21 including the rate case stuff.

22             By the same token, I made an
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1 allusion earlier today and I think this is

2 important to understand who is subjected to

3 what and who is being -- will this rule go

4 into effect?  Our general estimates are that

5 by the end of 2011, something in the order of

6 65, 70 percent of our contract tonnage will

7 be, by however it works through tariff

8 contract, will be subject to such a rule as we

9 are proposing here for the common carrier

10 shippers and asking that be upheld.

11             CHAIRMAN ELLIOTT:  If I understand

12 what you're saying, at the present time you

13 have the 80 to 85 percent under contract and

14 they won't be subject to have the surfactants

15 on it at the present time?

16             MR. WEICHER:  Again, it's the rule

17 for a performance based, some of which are, of

18 course, choosing to go the surfactant route. 

19 Some are already there where the rule is in

20 effect and we're working on implementation,

21 but a large chunk of that contract base is not

22 yet, will be by the end of 2011.  As contracts
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1 roll over, as they are negotiated, older

2 contracts, before this problem arose, that to

3 speak generally, might have incorporated an

4 older version of rules, might not yet be

5 subject to the rule's application today, but

6 will be in due course.

7             CHAIRMAN ELLIOTT:  So

8 incrementally, have you been putting things

9 like this in contracts?

10             MR. WEICHER:  And without getting

11 into the specifics --

12             CHAIRMAN ELLIOTT:  Right.

13             MR. WEICHER:  Of course.  We are

14 working on implementing this through our

15 contracts as quickly as we can as things turn

16 over, as things come up.  This is a gradual,

17 somewhat lumpy process, but it is moving

18 along.

19             CHAIRMAN ELLIOTT:  And say that

20 tomorrow -- this is obviously very

21 hypothetical because we can't issue a decision

22 in one day -- but we say that it was
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1 reasonable, what percent of the traffic would

2 you say would be -- it be required at that

3 point to run based on the tariff or something

4 similar?

5             MR. WEICHER:  If you permit, as we

6 ask you to do, that this rule go into effect

7 on October 1 --

8             CHAIRMAN ELLIOTT:  Right.

9             MR. WEICHER:  At that time,

10 directly that 15 percent or so of tariff

11 traffic would become subject to it.  Again,

12 remembering that the rule is not saying you

13 must go spray.  It is not asking for instant

14 compliance.  It's asking to be working this

15 out.  

16             Of that contract base, you raise

17 some very interesting technical issues because

18 quite frankly it doesn't necessarily depend on

19 whether you uphold the rule or not.  It

20 depends on what's in the contract.  And what

21 the contract is incorporating, and what the

22 contract says about a rule, but we will be
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1 continuing to move towards broader and broader

2 encumbrance through a combination of that

3 tariff application, its incorporation in our

4 contracts.

5             I don't mean to over-complicate

6 it, but it's an iterative process.

7             CHAIRMAN ELLIOTT:  My only concern

8 there was similar to the concern I had earlier

9 when I was asking you about Union Pacific and

10 how they are going to go forward from here is

11 that there will be trains running around the

12 joint line and there will be coal flying off

13 and while this 15 percent will be subject to

14 the tariff and I guess coming to the

15 conclusion that it may not be effective and

16 that would be my only concern.

17             MR. WEICHER:  I will, of course,

18 not speak to UP's practices.  I don't know

19 what they are.  I heard Counsel LouAnne Rinn

20 speak to it earlier today.  Our relationship

21 with UP on this operating rule, and I'm

22 speaking of the pure operating rule we put up
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1 on the board comes about between us and UP

2 under the joint line agreement which contains

3 its own series of enforcement mechanism,

4 arbitration remedies.  It's an operating rule

5 as soon as practicable, recognizing the

6 realities of this rather convoluted or multi-

7 tiered situation which we respect because it

8 goes back to the ICC-approved joint line

9 operation of the two carriers with us as the

10 maintaining and operating rules issue carrier

11 issuing the rules under that agreement.  But

12 as to our customers, we tried to describe

13 generally this iterative process of bringing

14 these into broader and broader effect.

15             I have to say if the rule doesn't

16 go in on the common carrier, that will be a

17 step background, a detrimental step to the

18 gradual incorporation and working with our

19 customers because not only will it delay

20 things, but it will call into question whether

21 this can be seriously applied to the universe

22 of shippers.  
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1 It should eventually over time, be applicable

2 too.

3             CHAIRMAN ELLIOTT:  Thank you very

4 much, Mr. Weicher.  Thank you, counsel.  Thank

5 you everyone today for your patience.  It was

6 quite a lengthy hearing and a special thanks

7 to the officers that came here today.  Your

8 knowledge is invaluable.  We obviously take

9 this matter very seriously.  We can tell that

10 it's a very emotional issue and we'll take it

11 under advisement and the hearing is now

12 adjourned.  Thank you.

13             (Whereupon, at 3:32 p.m., the

14 hearing was concluded.)
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Samuel M. Sipe jr. 1330 Connecticut Avenue. NW 

202.429.6486 Washingwn. DC 20036-1795 

Tel 202.429.3000 

Fax 202.429.3902 
steptoe.com 

ssipe@steptoe.com 

November 17, 20 I 0 

VIA HAND DELIVERY 

Ms. Cynthia Brown 
Chief, SectIOn of Administration 
Office of Proceedings 
Surface Transportation Board 
395 E Street, SW 
Washington, DC 20423-000 I 

Re: 	 Petition ofArkansas Electric Cooperative Corporationfor a Declaratory Order, 
STB Finance Docket 35305 

Dear Ms. Brown: 

As requested by Board staff, enclosed are two hard copies of the PowerPoint slides that 
BNSF Railway Company presented during oral argument in the above-referenced case on July 
29,2010, and two copies of the videos clips that were shown in the PowerPoint presentation. 

Please address any questions concerning these materials to the undersigned. 

Sincerely, 

Sa,,·vyw~J(. }v~( (e&.) 
Samuel M. Sipe, Jr. 

Counsel for BNSF Railway Company 


cc: 	 Parties of Record (with enclosures) 
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• • 

1) 	 It is necessary to keep coal dust from blowing 
off of loaded trains in transit. 

2) 	 BNSF has the authority to issue reasonable 
operating rules that will curtail coal dust 
emissions. 

3) 	 The specific standards at issue here are 
reasonable. 
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Oct. 2004: 
Initial estimates 
of coal dust 
deposits 

Sept. 2005: 
NCT A participates 
in coal dust study , 

2007: 
STB 
establishes 
RETAC 

2004 2005 2006 2007 2008 2009 


May 2005: 2006: 2009: 
Back-to-back FERC BNSF issues 
derailments on reliability coal dust 
the Joint Line hearing standards 
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o Critical PI'lases of Fouling 


Partially toClean Heavily Fouled
Fully FOl.lled 
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Large volume of coal dust l11akes it impossible 
to deal vvith through maintenance 
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Shook. 
Hardy&


BacOllLLP.. . 
www.shb.com 

November 17,2010 	 Sang Min Lee 

1155 F Street, N. W., Suite 200 

Washington 

The Honorable Cynthia T. Brown D.C. 20004-1305 

202.783.8400 Chief; Section of Administration, Office of Proceedings 
202.639.5604 DOSurface Transportation Board 
202.783.4211 Fax 

395 E Street, N.W. slee@shb.com 
Washington, D.C. 20423 

Re: 	 STB Finance Docket No. 35305 
Arkansas Electric Cooperative Corporation - Petition for Declaratory Order 

Dear Ms. Brown: 

In response to the Surface Transportation Board's request, enclosed are two paper copies 
of the PowerPoint slides Union Pacific Railroad Company recalls using at the July 29, 
2010 hearing. Additionally, Union Pacific Railroad Company provided a CD containing 
its PowerPoint slideslhearing exhibits to the Board's staff before the hearing. If you have 
any questions, please feel free to contact me. 

I certify that I have served a copy of this letter on all parties of record by U.S. mail. 

Sincerely, 

~--z-----
Sang Min Lee 

Enclosures 

Geneva 

Houston 

Kansas Oily 

London 

Miami 

Orange County 

San Francisco 

Tampa 
Washington, D.C. 

4243822 vI 
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The Core of Union Pacific's Coal Network 
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2007 Trains per Day 
Shannon and Wilson Study Area 
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UPRR's SPRB Coal Route 
Capacity Improvements 

Comparison of 1995 to 2009 Trackage 

_____~, .r---
Legend: 

Capacity Infrastructure Improvements: 
1995 mainline trackage 
1995-2009 mainline improvements 

West 
Dennison 

North 

Record Reference: UP Rebuttal Duffy VS. at 3. 
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Coal Surface Compacted by a Frame

Mounted Rolle 
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Record Reference: UP Op. Muleski VS, at 8-9 & n.5 
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April 12, 2012 

 

 

 

Brig. Gen. John McMahon 

Commander and Division Engineer 

U.S. Army Corps of Engineers Northwestern Division 

P.O. Box 2870 

Portland, OR  97208-2870 

 

Col. John Eisenhauer 

Commander, Portland District 

U.S. Army Corps of Engineers 

P.O. Box 3755 

Seattle, WA  98124-3755 

 

Col. Bruce Estok 

Commanders, Seattle District 

U.S. Army Corps of Engineers 

P.O. Box 3755 

Seattle, WA  98124-3755 

 

Re: Request for Environmental Impact Statement on Cumulative Impacts of New 

Coal Terminals in Washington and Oregon 

 

Dear Brig. Gen. McMahon, Col. Eisenhauer, & Col. Estok: 

 

 I am writing on behalf of Climate Solutions, Sierra Club, Washington Environmental 

Council, Greenpeace, Columbia Riverkeeper, Coos Waterkeeper, Washington Conservation 

Voters, and RE Sources regarding several pending permit applications in Washington and 

Oregon for U.S. Army Corps approval to build new export terminals.  The primary commodity 

that will be moved through these terminals is coal mined on public and private lands in the 

interior West.  The members of the undersigned conservation, health, and climate advocacy 

organizations are deeply concerned about the impacts of these projects, individually and 

collectively, on communities throughout the region. 

 

 There are currently four coal-export terminal projects with permits pending before the 

Corps: the Gateway Pacific Terminals (―GPT‖) site at Cherry Point, Washington; the 

Millennium Bulk Logistics (―MBL‖) site in Longview, Washington; the Oregon Gateway 

Terminal at the Port of Coos Bay, Oregon; and the Coyote Island Terminal site at the Port of 
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Morrow, Oregon.  Additional permit applications are anticipated for a Kinder-Morgan project at 

the Port of St. Helens, Oregon and the RailAmerica proposal at the Port of Grays Harbor, 

Washington.  Given that all of these proposals have moved ahead rapidly in the space of less 

than 18 months, it is possible that additional proposals will be forthcoming.  Additionally, coal 

export terminals in Canada already receive coal shipped through the Pacific Northwest and are 

considering expansions of their own. 

 

 Collectively, the announced capacity of the planned U.S. projects is approximately 150 

million tons of coal per year.  Moreover, announced capacity may be lower than the ultimate 

planned capacity.  Such was the case with the MBL site in Longview, which withdrew its permit 

for a 5 million ton/year facility after documents revealed secret internal plans to construct a 

terminal that could handle up to 60 million tons/year. 

 

 The impacts of such a quantity of coal moving through the region’s rail system and 

public waterways is difficult to comprehend.  To place it in context, full-capacity operations at 

the existing proposals would mean approximately 60 coal trains—each about a mile and a half 

long—moving through many Pacific Northwest communities, every day year round. 

 

 We are deeply concerned that each of these projects will go through environmental 

review without an opportunity to consider the ―bigger picture‖ of what it means for the region if 

all the proposed terminals are built and operated.  For example, while the Corps and other 

agencies will be required to consider the impacts of rail traffic on human health, traffic, and other 

system users in the context of individual projects, we think there needs to be a more robust 

public conversation around the cumulative and collective impacts of all of these projects.  

Specifically, we believe that the cumulative impacts of the various coal terminals should be 

evaluated in a single comprehensive programmatic environmental impact statement (―PEIS‖) 

under the National Environmental Policy Act (―NEPA‖).  Such a process will allow explicit 

consideration of the collective impacts of multiple distinct decisions.  It will also streamline 

individual environmental review by allowing site-specific EISs to tier to the PEIS rather than 

conduct a cumulative impacts analysis anew for each project. 

 

 The U.S. Army Corps of Engineers appears to be the agency best positioned to lead this 

effort, with assistance from the Surface Transportation Board (―STB‖), Environmental Protection 

Agency (―EPA‖), Department of Interior (―DOI‖) and states of Oregon and Washington.  All of 

the pending proposals require approval from the Corps under the Rivers and Harbors Act 

(―RHA‖) and/or Clean Water Act (―CWA‖).  Such approval triggers close scrutiny by the Corps 

to ensure that water resources and commerce are not adversely impacted.  See 33 C.F.R. § 

320.1-.4 (general regulatory policies); id. § 230.1-.97 (guidelines for fill permits). 

 

 Corps guidelines require a ―public interest review‖ for any Corps permit, and permits 

cannot be granted if they are ―contrary to the public interest.‖  Standards for such review are 
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broad, balancing ―the benefits which reasonably may be expected to accrue from the proposal‖ 

with ―its reasonably foreseeable detriments.‖  33 C.F.R. § 320.4(a)(1).  The Corps is required to 

consider ―all factors which may be relevant to the proposal‖ as well as cumulative effects.  The 

list of relevant considerations includes not just environmental concerns but also economics, flood 

hazards, navigation, energy needs, safety, and ―in general, the needs and welfare of the people.‖  

Id.  Additional criteria spelled out in the Corps’ public interest regulation include: ―the relative 

extent of the public and private need‖ for the project; the practicability of alternatives that 

accomplish the objective of the project; and ―the extent and permanence of the beneficial and/or 

detrimental effects‖ of the project.  Id. § 320.4(a)(2).  The Corps is explicitly empowered to 

conduct an ―independent review of the need for the project from the perspective of the overall 

national interest.‖  33 C.F.R. § 320.4(q). 

 

 Ultimately, the Corps will have to make a substantive decision about whether the 

growing list of coal-export terminals meets these regulatory standards.  All parties—including 

both the terminal proponents as well as members of the public—should have a right to weigh in 

on this question.  However, the substantive decision cannot be made in an informational vacuum 

as to the combined effects of several independent projects that will have shared effects 

throughout the region.  Such an analysis is plainly authorized, and probably required, under 

NEPA.  40 C.F.R. § 1508.25 (―cumulative‖ and ―similar‖ actions should be discussed in a single 

EIS). 

 

 To clarify, we are not asking you to conduct a single EIS on all of the impacts of the 

pending coal-export terminals.  Each individual project has a range of unique local effects on the 

environment and local communities that should be evaluated in a project-specific EIS for each 

site.  Instead, in addition to project-specific EISs at each terminal site, we are asking you to 

conduct a PEIS on those environmental and economic effects of the various projects that are 

similar, connected or cumulative.  These shared impacts include rail traffic and emissions; 

ocean-going vessel traffic and emissions; increased mining; national coal supply and pricing; and 

air-borne mercury deposition in the Northwest and GHG emissions associated with increased 

combustion of coal.  The precise scope of the PEIS should be determined through the public 

scoping process outlined in NEPA.  No decisions on the permit applications should be made until 

the PEIS is completed. 

 

 Finally, we observe that a single EIS on the similar impacts of the various proposals will 

enable other agencies to conduct their regulatory and oversight responsibilities more effectively 

as well.  For example, EPA has a statutory duty to ―veto‖ Corps permits that present 

unacceptable environmental impacts.  33 U.S.C. § 1344(c).  Similarly, NOAA Fisheries and the 

U.S. Department of Fish and Wildlife must review permits to ensure that they do not contribute 

to the jeopardy of listed wildlife species.  16 U.S.C. § 1536(a)(2).  These decisions must also be 

made within the context of a better understanding of the cumulative impacts to the region from 

multiple new coal-export terminals. 





 

 

The Cumulative Impacts of Coal Export Terminals: FAQs on Programmatic Environmental Review  

 

The Pacific Northwest is at a crossroads.  Global coal companies are seeking permits to build at least seven coal export 

terminals in Washington and Oregon – currently four along the Columbia River, two on the Coast and one on the banks of 

Puget Sound.  If all of these terminals were built, more than 150 million tons of coal annually would travel through 

Washington, Oregon, Montana and Idaho. Some Northwest communities could see as many as 60 mile-and-a-half long 

coal trains rolling through town—every day.  Communities all along the rail corridor and at the terminal sites have serious 

concerns about the coal dust, diesel pollution, traffic congestion, safety, noise, and the disruption to daily commerce and 

quality of life that would follow from construction of these facilities. 

 

Right now, no one is asking the hard questions about whether these terminals are right for the Pacific Northwest and what 

it means for affected communities not only in Washington and Oregon but inland along rail-lines in Montana and Idaho.  

That’s why a growing coalition of citizens is calling on federal and state governments to conduct an environmental 

analysis of the cumulative or shared impacts of all the terminal sites before any permitting decisions are made.  Such a 

document, called a “programmatic environmental impact statement,” would provide an opportunity to analyze the “big 

picture” and give citizens throughout the region an opportunity to weigh in with decisionmakers.   

 

 
Roberts Bank (Westshore Terminal) Coal Export Terminal in Vancouver, Canada 

currently exports 21 million tons of coal annually. 

What is a “programmatic environmental impact statement”?  

 

A programmatic environmental impacts statement (“EIS”) is a document that considers at one time several related actions 

within a geographic area that have shared impacts.  NEPA regulations specifically direct agencies to consider in a single 

EIS independent actions that are “cumulative” (i.e., that when viewed together have “cumulatively significant impacts”) 

or “similar” (i.e., that when viewed with “other reasonably foreseeable or proposed agency actions have similarities that 

provide a basis for evaluating their environmental consequences together, such as common timing or geography”).  40 

C.F.R. §  1508.25.    

 

Programmatic EISs involving multiple independent proposals are always an option where they make sense, and can be 

required in some instances.  In a landmark case, the U.S. Supreme Court case observed that “when several proposals for 

coal-related actions that will have a cumulative or synergistic environmental impact upon a region are pending 

concurrently before an agency, their environmental consequences must be considered together.  Only through 

comprehensive consideration of pending proposals can the agency evaluate different courses of action.”   Kleppe v. Sierra 

Club, 427 U.S. 390, 410 (1976).   

 

 

 



Why should a programmatic EIS be performed for coal export terminals?  
 

Right now, the U.S. Army Corps of Engineer is 

processing permits for multiple coal export terminals 

in Washington and Oregon:  Cherry Point (48 million 

tons per year (“mty”)), Longview (44 mty), and Port 

of Morrow (9 mty).  The Corps is processing another 

permit application for a terminal at the Port of Coos 

Bay (reportedly 10 mty) that does not provide details 

on the Port’s plans to build a coal export terminal.  

There are other proposals that have been publicly 

discussed even though no formal permit applications 

have been filed with the Corps yet (for example, the 

Rail America proposal at Grays’ Harbor and the 

Kinder-Morgan project at Port of St. Helens).  Still 

others may be proposed in the near future.  

 

Each of these projects has serious environmental 

impacts at the terminal location and surrounding area 

due to air and water pollution, safety risks, and local 

traffic impacts.  However, the various projects also 

have a number of very serious collective impacts that affect the regional and even the global environment that are better 

considered in one programmatic EIS.  For example, operation of all of the pending or potential known proposals could 

mean around 150 million tons per year moving via rail—scores of mile-and-a-half-long trains every day —through 

Northwest communities.  The programmatic EIS could consider those shared impacts of all the terminal proposals, and 

separate terminal-specific EISs could be performed on the individual or unique impacts of the individual projects.  

 

What should a programmatic EIS include?  

 

A programmatic EIS should consider those environmental impacts of the various coal export terminal proposals that are 

cumulative or similar.  The precise contours of what should be included in the EIS should be determined through a full 

scoping process that includes multiple hearings around the region to allow the public to voice concerns common to all the 

projects.  40 C.F.R. §  1501.7.    Issues that could be considered for inclusion in a programmatic EIS include:  

 

 Traffic, pollution, safety, and congestion issues along the rail line between coal mines and the Pacific 

Northwest.  

 Increased mining in Wyoming and Montana, particularly on public lands, and its effect on domestic 

energy security and pricing.  

 Effect on global consumption of coal due to effect of export on market prices, and resulting increased 

greenhouse gas emissions.  

 Effect of significantly increased barge and cargo ship operations on the Columbia and in Puget Sound.  

 

Does Washington State have authority under SEPA to do a programmatic EIS?  

 

Yes.  Under SEPA, agencies have authority to perform an EIS on “nonproject” proposals.  WAC 197-11-442.   While 

nonproject proposals can include programs, policies and plans, WAC 197-11-774,  Ecology’s SEPA handbook confirms 

that a nonproject EIS can cover a “series of connected actions.”  SEPA Handbook at 65; 46 (noting that “nonproject” is 

the same as “programmatic”). Ecology has been involved in programmatic EISs in the past, for example for the Columbia 

River Water Management System.
1
  Also, Ecology has cooperated with federal agencies, including the Corps, on joint 

SEPA/NEPA programmatic EISs.
2
    

 

                                                 
1
 http://www.ecy.wa.gov/programs/wr/cwp/eis.html 

2
 http://www.ecy.wa.gov/programs/tcp/smu/muds/MPEISSummary.htm 



 
 

150 million tons of coal/year out of NW ports means some communities  

could see as many as 60 mile-and-a-half long coal trains passing through every day. 

What would a programmatic EIS mean for the terminal-specific EISs? 

 

Terminal-specific EISs could focus only on those aspects of each project that are unique to that project, and incorporate 

by reference the programmatic EIS for discussion of cumulative effects, as long as its adequate.  Both NEPA and SEPA 

provide for “tiering” from broad EISs to more site-specific EISs.  40 C.F.R. §  1502.20.  This means that the terminal-

specific EISs would not need to evaluate cumulative effects that are already analyzed in the programmatic EIS.  Both 

SEPA rules and the SEPA Handbook acknowledge that a programmatic EIS provides greater predictability, and greater 

efficiency, for project-specific review.  SEPA Handbook, at 65; WAC 197-11-060(5)(c)(i) (discussing phased review 

from programmatic to project-specific review).   

 

Are Programmatic EISs unusual or uncommon?  

 

No. Federal agencies have performed comprehensive programmatic EISs for a variety of different agency actions, 

programs, or plans, including:  

 Energy development actions on public lands, including wind, solar, geothermal and tar sands;
3
  

 Designation of energy corridors;
4
  

 Approval of mountaintop-removal mining permits;
5
 

 Development of high-speed rail corridors;
6
  

 Management actions to recover protected species;
7
  

 Regulation of genetically engineered crops;
8
 

 Military training and readiness activities;
9
  

 Law enforcement;
10

  

 

                                                 
3
 http://www.blm.gov/wo/st/en/prog/energy/geothermal/geothermal_nationwide/Documents/Final_PEIS.html; http://windeis.anl.gov/; 

http://solareis.anl.gov/; http://ostseis.anl.gov./index.cfm. 
4
 http://corridoreis.anl.gov/ 

5
 http://www.epa.gov/region03/mtntop/eis2005.htm 

6
 http://govpulse.us/entries/2004/05/20/04-11397/programmatic-environmental-impact-statement-high-speed-rail-corridor-las-vegas-

nv-to-anaheim-ca 
7
 http://www.nmfs.noaa.gov/pr/permits/eis/hawaiianmonkseal.htm; http://www.gpo.gov/fdsys/pkg/FR-2011-05-20/html/2011-

12511.htm. 
8
 http://www.aphis.usda.gov/publications/biotechnology/content/printable_version/fs_programmatic_eis.pdf 

9
 https://www.federalregister.gov/articles/2011/10/14/2011-26579/draft-programmatic-environmental-impact-statement-eis-for-

modernization-of-training-infrastructure 
10

 http://www.jtfn.northcom.mil/factsheets/peis_jun01.pdf 
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June 7, 2012 

 

 

 

Brig. Gen. John McMahon 

Commander and Division Engineer 

U.S. Army Corps of Engineers Northwestern Division 

P.O. Box 2870 

Portland, OR  97208-2870 

 

Col. John Eisenhauer 

Commander, Portland District 

U.S. Army Corps of Engineers 

P.O. Box 2946 

Portland, OR  97208-2946 

 

Col. Bruce Estok 

Commander, Seattle District 

U.S. Army Corps of Engineers 

P.O. Box 3755 

Seattle, WA  98124-3755 

 

Re: Second Request for Environmental Impact Statement on Cumulative 

Impacts of New Coal Terminals in Washington and Oregon 

 

Dear Brig. Gen. McMahon, Col. Eisenhauer, and Col. Estok: 

 

 I am writing on behalf of Climate Solutions, Sierra Club, Washington Environmental 

Council, Greenpeace, Columbia Riverkeeper, Coos Waterkeeper, Washington Conservation 

Voters, and RE Sources.  This is our second letter regarding the Army Corps of Engineers‘ 

environmental review of multiple coal export terminals in Washington and Oregon.  We have not 

received a response to our April 12, 2012, letter or a response to our several requests for a 

meeting with the Division or District.  We note that, since our last letter, many elected officials, 

agencies, and tribes have joined our request for a single comprehensive environmental review of 

the pending and reasonably foreseeable coal export terminals, including the Governor of Oregon 

and two sitting members of the U.S. House of Representatives. 

 

 We submit this additional letter to address concerns that have been raised about the many 

requests for comprehensive environmental review of the pending coal export terminals, and to 

renew our request to meet with regional Corps staff to discuss these issues further. 

 



 

 

Brig. Gen. John McMahon, Col. John Eisenhauer, and 

Col. Bruce Estok 

June 7, 2012 
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Claim: A programmatic EIS is not warranted because there is no Corps ―program‖ for 

development of coal export terminals. 

 

Facts: Wrong.  NEPA expressly contemplates preparation of an EIS for situations just 

like this one: where an agency is facing multiple independent permitting decisions that have 

overlapping, shared, or cumulative impacts.  See Native Ecosystems Council v. Dombeck, 304 

F.3d 886 (9th Cir. 2002) (―A single NEPA review document is required for distinct projects 

when … the projects are ‗connected,‘ ‗cumulative‘ or ‗similar‘ actions …‖); 40 C.F.R. § 1508.25 

(mandating single EIS for separate independent actions under some circumstances); 40 C.F.R. § 

1502.4(a), (c) (requiring a single EIS where proposals are ―related to each other closely‖).  

Federal guidance and courts sometimes refer to these reviews as ―programmatic,‖ while in other 

cases, they are called ―area-wide‖ or ―overview‖ EISs.  The label is not important—it is the 

content of such an assessment that matters.  CEQ guidance (in Q&A format) on this issue states 

plainly: 

Question:  When is an area-wide or overview EIS appropriate? 

Answer:  The preparation of an area-wide or overview EIS may be particularly 

useful when similar actions, viewed with other reasonably foreseeable or 

proposed agency actions, share common timing or geography.  For example, 

when a variety of energy projects may be located in a single watershed, or when a 

series of new energy technologies may be developed through federal funding, the 

overview or area-wide EIS would serve as a valuable and necessary analysis of 

the affected environment and the potential cumulative impacts of the reasonably 

foreseeable actions under that program or within that geographical area.
1
 

 

Courts have agreed that a single EIS is required for multiple discreet actions under some 

circumstances, for example, when the projects have common timing, geography, and/or impacts.  

See, e.g., Blue Mountains Biodiversity Project v. Blackwood, 161 F.3d 1208, 1215 (9th Cir. 

1998) (multiple timber sales must be evaluated in a single EIS where the sales were reasonably 

foreseeable, in a single general area, disclosed at the same time, and developed as part of a 

comprehensive strategy); Earth Island Institute v. U.S. Forest Service, 351 F.3d 1291 (9th Cir. 

2003) (confirming that ―similar actions‖—i.e., actions which have similarities, such as common 

timing or geography, that warrant comprehensive review—must be considered in a single EIS if 

it is the ―best way‖ to consider their impacts).  Such circumstances exist here. 

 

Claim: A comprehensive review of multiple coal export terminals would be 

―unprecedented.‖ 

 

                                                 
1
 http://ceq.hss.doe.gov/nepa/regs/40/20-29.HTM#24. 



 

 

Brig. Gen. John McMahon, Col. John Eisenhauer, and 

Col. Bruce Estok 

June 7, 2012 

Page 3 

 

 

Facts: Wrong.  There is ample precedent for such a review, including area-wide EIS 

processes that are underway right now.  For example, the Army Corps is currently reviewing 

four independent phosphate mining projects that have cumulative impacts within a 1.32 million 

acre area of Central Florida.
2
  As here, the Florida EIS will examine multiple independent 

projects from different proponents, but that share certain impacts on important resources.  

Similarly, the National Marine Fisheries Service is conducting a large-scale programmatic EIS 

on anticipated permitting activities for exploratory drilling in an area of over 200,000 square 

miles in the Beaufort and Chuckchi Seas.
3
 

 

 The letter from Region X EPA asking for comprehensive environmental review also has 

ample precedent.  In a 2010 letter to the Corps, Region IV of the EPA asked for an area-wide 

EIS for multiple phosphate mines in central Florida, observing the following: 

Addressing cumulative and secondary (indirect) effects in a piecemeal manner 

through the regulatory process (i.e. permit by permit) for impacts of this 

magnitude, cannot effectively or sufficiently address cumulative impacts to the 

Peace River Watershed as a whole.  An Area Wide EIS could adequately address 

these cumulative and secondary effects.
4
 

 

Claim: Because there will be a cumulative impacts analysis in each terminal‘s EIS, 

there is no need for programmatic review. 

 

Facts: Wrong.  It is certainly true that under NEPA, any project-specific EIS needs to 

consider cumulative effects, including impacts of other similar projects in the region.  However, 

that does not in any way excuse the agency from preparing a broadly scoped EIS where one is 

required under the regulations, or where the agency determines that this is the appropriate 

approach to evaluating the projects.  See, e.g., 40 CFR § 1508.25 (comprehensive single EIS of 

―similar‖ actions is required where it is ―the best way to assess adequately the combined 

impacts‖). 

 

 Moreover, there is a legitimate concern that the terminal-specific EISs might not provide 

for full participation by communities distant from the terminals themselves, even though they 

bear the brunt of the impacts.  For example, communities in Montana, Idaho, and eastern 

Washington could see dramatic increases in rail traffic—including coal dust, diesel particulate 

                                                 
2
 http://www.phosphateaeis.org/pdfs/draft_aeis/01d_Executive%20Summary_DRAFT_ 

AEIS_CFPD_May_2012.pdf. 

3
 http://www.nmfs.noaa.gov/pr/pdfs/permits/arctic_deis.pdf. 

4
 http://protectpeaceriver.org/resources/wp-content/uploads/2010/04/EPA-Recommendation-for-

Areawide-EIS.pdf. 
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matter pollution, vehicle traffic congestion, and economic impacts on local businesses and other 

rail system users—from the combined impacts of the multiple projects.  An EIS process for a 

single terminal in Bellingham or Longview, for example, is not well designed to inform those 

rail communities, engage their views, or address the impacts of concern.  Moreover, the Corps 

has not committed to an EIS for all terminal locations, such as Ambre‘s facility at the Port of 

Morrow.  A programmatic level EIS review of all of the terminals can be focused on assessing 

the impacts broadly, involving and informing the public that will be directly affected. 

 

Claim: A programmatic EIS will take too much time, and be too speculative. 

 

Facts: Wrong.  This claim highlights why coal terminal proponents are disingenuous 

when they claim that all of the impacts of concern will be considered as ―cumulative effects‖ in 

individual coal terminal EISs.  If the cumulative impacts information is necessary to an informed 

and lawful decision—which it is—the agencies must develop it whether it is part of a PEIS or 

individual EISs.  There is no reason why one would go faster than the other. 

 

 Nor are the questions to be asked speculative.  Six projects have an announced capacity 

of over 150 million tons of coal export through Oregon and Washington each year.  It is, in fact, 

relatively simple to calculate what that means for rail and vessel traffic, pollution, and lost 

commercial opportunities in the region.  For issues where there is a disagreement over the 

existing facts—for example, the impact on global coal consumption or the amount of coal dust 

lost from trains and terminals—the PEIS will provide the best opportunity to develop data that is 

crucial to an informed decision. 

 

 Simply put, this decision is too consequential to the region to be rushed.  Indeed, serious 

questions have been raised recently about whether the projects are even economically viable.  

For example, Ambre Energy (a proponent of both the Port of Morrow and the Longview 

projects) is ―at risk of financial collapse‖ and recently cancelled a long planned stock IPO.
5
  

Projections also show China‘s continued growth in coal use tapering off, and the government 

announcing plans to reduce coal consumption.
6
  There is no need to rush headlong into projects 

whose viability remains in doubt. 

                                                 
5
 http://www.theaustralian.com.au/business/mining-energy/miner-ambre-energy-in-financial-

trouble-as-queensland-rejects-its-coalmine-project/story-e6frg9e6-1226315904534; 

http://blogs.wsj.com/dealjournalaustralia/2012/05/25/ambre-energy-ipo-delayed-beyond-june-

possibly-longer. 

6
 http://cleantechnica.com/2012/03/08/china-to-simply-cap-coal-use-within-3-years/; 

http://www.reuters.com/article/2012/03/05/markets-stocks-smallmid-

idUSL2E8E5BCW20120305; http://www.bloomberg.com/news/2011-11-30/china-lifts-

electricity-prices-caps-coal-costs-amid-power-profit-squeeze.html. 
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Subject: Response to Letter Dated April 11, 2012 (49123 -RF) 

Date: June 29, 2012
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cc: John Thomas, Ambre Energy NA

Clark Moseley, Coyote Island Terminal, LLC

Steve Gagnon, U. S. Army Corps of Engineers
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R MEN a OF ST EuANIDS, 

The following information, prepared on behalf of Coyote Island Terminal, LLC ( Applicant), is

being submitted to the Oregon Department of State Lands ( DSL) for DSL Removal /Fill Permit Application
No. 49123 -RF, as requested in your letter dated April 11, 2012. The Environmental Review for the

Coyote Island Terminal Dock ( ER) at the Port of Morrow (and attendant Morrow Pacific Project [ MPP]), 

has been provided with this response. The ER was specifically requested in your letter and will provide
detailed responses to your questions. The following information addresses your six questions and
references the ER for additional detail. 

1. Fishing (Tribal and Public) in area of proposed dock: There may be several tribal fishing sites in the
area of the proposed dock. Please provide information regarding potential impacts in the

immediate area resulting from the construction, use and maintenance of the proposed dock. 

Impacts to fishing have been evaluated in terms of potential interference with fishing vessels and
fishermen as well as potential harm to fish species. 

The closest Columbia River Treaty Fishing Access site, Faler Road, is located approximately 2. 5 miles
downriver of the proposed barge loading dock. A public use access area is located approximately
2. 0 miles downstream. The proposed dock is located in an existing Port Industrial area and

surrounded on both sides by similar structures and activities. Impacts to fishing activities in the area
of the proposed dock are expected to be similar to those that already exist. Recreational and

commercial fishing near the port has not been well documented. 

Long -term impacts to fish populations are not anticipated. As outlined in the ER, the construction
impacts of the barge loading dock will be limited to the immediate construction area. Aquatic birds
and fish using the nearshore open -water habitat at the Port of Morrow may be affected by noise
and disturbance associated with construction activities and may be temporarily affected by
increases in turbidity and sediment from construction activities. Best Management Practices, 

La Grande, Oregon 97850 / 1901 N. Fir Street, P.O. Box 1107 / ( 541) 963 -8309, Fax (541) 963 -5456

Walla Walla, Washington 99362 / 214 E. Birch Street, P.O. Box 1687 / ( 509) 529 -9260, Fax (509) 529 -8102

Kennewick, Washington 99336 / 1030 North Center Parkway, Suite 118 1 ( 509) 586 -8441, Cell ( 509) 520 -2295
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outlined in Appendix H of the ER, will be used to minimize the potential effects from construction

activities. Installation of piles will not add sediment to the environment but may temporality disturb
existing sediment in the immediate vicinity of the pile. 

The installation of piles could enhance local habitat for some resident predator species, such as

native northern pikeminnow and the introduced smallmouth bass, to the detriment of prey species. 
However, the small amount of reservoir area occupied by the proposed structure compared to the
size of the John Day Reservoir, and other similar structures throughout the reservoir that create
similar microhabitats, would not result in a significant increase in predation or decline in fish counts. 

Appropriate mitigation measures ( in accordance with National Marine Fisheries Services

requirements) to limit temporary impacts to fish and water quality will be implemented during
construction, including bubble curtain installation and upland erosion control protection. 

A detailed discussion of the potential construction and operational impacts of the barge loading
dock, as well as the proposed mitigation measures, are outlined in Chapter 2. 0, Sections 3. 3 and

3. 11 of the ER, and the associated Biological Assessment (Appendix U of the ER). There are limited

impacts associated with the use and maintenance of the barge loading dock. 

2. Cultural Resources in the project area: There are significant known and potential cultural

resources in the area. A cultural survey including the underwater resources is needed so any
issues can be addressed. 

State Historic Preservation Office ( SHPO) records indicate that there is a previously recorded site in
the vicinity of the proposed barge loading dock. SHPO records are inconclusive as to the site' s

integrity and limits, but indicate that the site has been the target of looting and development. 

The Applicant has contracted with a Registered Professional Archaeologist and has committed

resources to perform an extensive upland and underwater cultural resources survey. The upland

archaeological study plan has been drafted and is being reviewed by U. S. Army Corps of Engineers
USACE), SHPO, and affected Tribes. The underwater archaeological study plan is being prepared

and will be submitted for review by the USACE, SHPO, and affected Tribes. 

The Applicant expects to complete the surveys and reports in September to October of 2012. Once

the reports are final, copies will be submitted to the DSL. 

A more detailed discussion of cultural resource concerns is provided in Section 3. 13 of the ER. 

3. Please clarify whether Removal or Fill might be needed at Port Westward; the application clearly
states none is needed, although the lease appears to allow it. It should be described in the

Removal -Fill application if any may be needed. 

Pacific Transloading, LLC, will operate a floating transloader at Port Westward and an existing dock
will be utilized. No in -water work or removal -fill will be required as part of Pacific Transloading' s
operations at Port Westward. 
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4. Please provide the BA and the ERD documents referenced in the application. 

A copy of the ER is attached, which contains the associated BA as Appendix U. 

5. Please provide further information /discussion regarding public need and economic cost to the
public if the project is not accomplished. This was brought up in comments received from both
opponents and proponents of the project. 

President Obama' s National Export Initiative ( Executive Order 13534 - National Export Initiative) 

highlights the need to increase exports and establishes a national initiative to promote exports and

related job growth. The Obama Administration has set a goal to double exports in the next 5 years. 

Construction of a new barge loading dock at the Port of Morrow along with the attendant MPP
supports this National Export Initiative while increasing local and domestic jobs. 

According to the International Energy Outlook 2011, published by the U. S. Energy Information
Administration, world market energy consumption is expected to increase by 53 percent from 2008
to 2035 ( U. S. EIA, 2011( b)). Despite the growth of renewable energy resources ( estimated to climb

to 14 percent by 2035), the use of coal globally is anticipated to increase significantly during this
time period to meet the world' s expanding energy needs. World coal consumption is projected to
increase from 139 quadrillion British thermal units ( BTU) in 2008 to 209 quadrillion BTU in 2035, at

an average annual rate of 1. 5 percent ( U. S. EIA, 2011( b)). 

The relatively inexpensive energy provided by coal and its abundant long -term domestic supplies, 
along with its lower market volatility, can provide more stable jobs and industry growth than
comparable energy sources, such as natural gas ( U. S. EIA, 2011( a)). 

The permittable action, construction of the barge loading dock, will occur in Morrow County. 
However, a portion of the attendant MPP ( transloading operations by Pacific Transloading) will
operate in Columbia County. Both communities are in need of long -term, family -wage job
opportunities and resources for public services such as schools. The graphic below details job

creation derived from an Economic Study completed by EcoNorthwest. 
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Skilled laborers operating the facility at the Pori of Morrow
and ILWU longshoremen at the Port of St. Helens

Workers transporting coal via rail and barge. Firms in other
industries will provide goods and services to the project

and to the transportation sector, creating additional jobs. 

With the increase in direct and indirect jobs, other sectors
will benefit. Workers will spend wages on food,; housing, ; 
health care and entertainment. The infusion of new wages
into the region will create induced jobs. 

1. A temporary increase of 621 jobs per year for two years. ' Includes Phase 1 operations jobs

2. A temporary increase of 429 jobs per year for two years. 

At the Port of Morrow and Port Westward, the MPP creates local, family - wage jobs in Oregon, 
supports mining and transportation - related jobs nationally, and provides low- sulfur coal to Asian

countries to meet expanding energy needs. 

In both Morrow and Columbia Counties, the Applicant has committed to making an annual voluntary
contribution to K - 12 schools of $ 0. 10 per ton. At full capacity ( 8. 0 million metric tons [ MMT] per
year), the Applicant would be contributing $ 800, 000 per year to each of the counties ( Morrow and
Columbia). 

Of the two No Action Alternatives considered by the Applicant, No Action Alternative A would utilize
an existing permitted bulk material barge loading dock located at the Port of Morrow ( further
details are provided in Chapters 1. 0 and 2. 0 of the ER). No Action Alternative A is similar to the

proposed action but would differ in socioeconomic and environmental justice impacts by lessening
the degree of economic prosperity borne on the region from the MPP due to the maximum
attainable annual processing capacity of 3. 5 MMT. Voluntary contributions from the Applicant to

the Morrow County school districts would potentially peak at approximately $ 350, 000 annually and
job creation would be cut in half. 

No Action Alternative B would lead to Oregon, specifically the Morrow and Columbia County areas, 
not receiving the potential employment benefits created by the proposed MPP. Additionally, the

tax benefits of the MPP would not be collected by the counties. The MPP presents an opportunity
for Morrow County to recover dollars that will be lost from the closing of the Portland General

Construction workers at the Dort of Morrow andIMDirect

Jobs Port of St. Helens.' 

Indirect

IM
Construction workers building the barges, tugs

Jobs and transloader. Firms in other industries will

provide goods and services to the construction
sector, creating additional jogs. 

Induced
UJobs

With the increase in direct and indirect jabs, other
sectors will benefit. Workers will spend wages on
food, housing, health care and entertainment. The
infusion of new wages into the region will create
inducedjobs. 

Skilled laborers operating the facility at the Pori of Morrow
and ILWU longshoremen at the Port of St. Helens

Workers transporting coal via rail and barge. Firms in other
industries will provide goods and services to the project

and to the transportation sector, creating additional jobs. 

With the increase in direct and indirect jobs, other sectors
will benefit. Workers will spend wages on food,; housing, ; 

health care and entertainment. The infusion of new wages
into the region will create induced jobs. 

1. A temporary increase of 621 jobs per year for two years. ' Includes Phase 1 operations jobs

2. A temporary increase of 429 jobs per year for two years. 

At the Port of Morrow and Port Westward, the MPP creates local, family - wage jobs in Oregon, 
supports mining and transportation - related jobs nationally, and provides low- sulfur coal to Asian

countries to meet expanding energy needs. 

In both Morrow and Columbia Counties, the Applicant has committed to making an annual voluntary
contribution to K - 12 schools of $ 0. 10 per ton. At full capacity ( 8. 0 million metric tons [ MMT] per

year), the Applicant would be contributing $ 800, 000 per year to each of the counties ( Morrow and
Columbia). 

Of the two No Action Alternatives considered by the Applicant, No Action Alternative A would utilize
an existing permitted bulk material barge loading dock located at the Port of Morrow ( further

details are provided in Chapters 1. 0 and 2. 0 of the ER). No Action Alternative A is similar to the

proposed action but would differ in socioeconomic and environmental justice impacts by lessening
the degree of economic prosperity borne on the region from the MPP due to the maximum

attainable annual processing capacity of 3. 5 MMT. Voluntary contributions from the Applicant to

the Morrow County school districts would potentially peak at approximately $ 350, 000 annually and
job creation would be cut in half. 

No Action Alternative B would lead to Oregon, specifically the Morrow and Columbia County areas, 
not receiving the potential employment benefits created by the proposed MPP. Additionally, the

tax benefits of the MPP would not be collected by the counties. The MPP presents an opportunity
for Morrow County to recover dollars that will be lost from the closing of the Portland General
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Electric facility as well as provides Columbia County an opportunity to boost their rather slow
recovery from the Great Recession. 
A detailed description of the project need and economic impacts are discussed in Chapter 1. 0 and

Section 3. 4, respectively. 

6. The criteria for reviewing the alternatives should include what is necessary to feasibly accomplish
the stated purpose; this includes criteria beyond the engineering criteria. Please provide a

broader alternatives analysis including alternative areas and methods of achieving the stated
purpose of exporting Powder River Basin coal to Asia. 

The Applicant evaluated a number of alternative methods and operating locations for providing low - 
sulfur coal to Asia. Alternatives were evaluated using criteria developed by the Applicant. 
Evaluation criteria were developed on the basis of environmental concerns associated with coal

transport along with social and economic implications of coal export facility development and
operations. The proposed alternative has been deemed the most appropriate based on the

following evaluation criteria: 

Minimize rail congestion, especially urban impacts, and through the Columbia River
Gorge National Scenic Area

Reduce fugitive coal dust and potential air quality impacts
Utilization of existing infrastructure where possible
Operational 2013 or first quarter 2014

Ability to expand operations to a maximum of 8. 0 MMT

Minimizing train traffic through urban areas mitigates unfavorable social impacts of rail and

roadway congestion. Reduction of coal exposure to the atmosphere while in transit alleviates air

quality and any potential coal dust impacts associated with coal transport. Utilization of existing
infrastructure reduces overall environmental impacts and landscape change due to development

and construction activities and helps achieve the operation timeline goals of the Applicant. Meeting
the purpose and need of the project objectives is a critical component in screening appropriate
alternatives. 

Further detail on alternatives analyzed and alternative criteria can be found in Chapters 1. 0 and 2. 0

of the ER. Potential impacts of implementing the two No Action Alternatives are addressed for each
resource concerns in Chapter 3. 0. 

Conclusion. The above information is provided as a direct response to the six questions outlined

in your April 11, 2012, letter. More detailed information can be found in the ER and appendices. Per

your discussion with John Thomas, the DSL will utilize the ER as a response to the comments received by
the DSL. If you feel this document does not suffice as a response to the comments, please let us know

as soon as possible. 

CK /jg
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January 2, 2013 

 

VIA ELECTRONIC AND CERTIFIED MAIL 

 
Charles Redon  
Resource Coordinator 
Oregon Department of State Lands 
775 Summer St. NE 
Salem, OR 97301-1279 
 

 Re: Public Comment on Removal-Fill Permit Application No.    
  APP0049123, Coyote Island Terminals, LLC Coal Export Terminal,   
  Columbia River, Morrow County 

To the Department of State Lands: 

 Thank you for the opportunity to provide additional comments on the proposed Ambre 
Energy, dba Coyote Island Terminals, LLC (hereafter “Ambre”) Removal-Fill Permit 
Application No. APP0049123 (hereafter “the permit”).  The following comments are submitted 
on behalf of Columbia Riverkeeper, Sierra Club, the Oregon Environmental Council, the Crag 
Law Center, the National Wildlife Federation, Climate Solutions, the Center for Biological 
Diversity, Greenpeace, Friends of the Columbia Gorge, Oregon Physicians for Social 
Responsibility, and the Washington Environmental Council (hereafter “the Coalition”).  Our 
non-profit organizations represent tens of thousands of members across Oregon and the Pacific 
Northwest who are dedicated to protecting public health, the environment, and the natural 
resources of our region for future generations.   

Ambre’s coal export proposal has drawn unprecedented attention and concern from state, 
federal and tribal agencies—not to mention over 20,000 public comments to the Department of 
State Lands (DSL).  For the reasons explained in prior comments, we urge DSL to allow the 
federal government to take the lead on reviewing the available information and assessing the 
validity and transparency of the analysis and conclusions provided by Ambre and its contractors.   
If DSL moves ahead of the federal environmental review process, we ask that DSL examine 
carefully Ambre’s proposed coal export terminal and deny the permit because the project does 
not meet state statutory and regulatory requirements.   
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In previous comments to DSL, we explained why Ambre’s Morrow Pacific Project and 
the industrial coal dock at the Port of Morrow pose wide-ranging threats to the Columbia River 
and river users.  Since the public comment period closed on October 31, 2012, evidence has only 
mounted to deny the Project, including: a shipping accident and coal spill at the largest existing 
coal export terminal on the West Coast, significant public turnout and concern expressed at 
recent hearings on the Morrow Pacific Project, and additional evidence of harm to Endangered 
Species Act (ESA)-listed salmonids.   

1. Massive Coal Spill at the West Coast’s Largest Coal Export Terminal 

On December 7th a catastrophic accident at Westshore Terminals, the largest coal export 
terminal in Canada, sent coal pouring into the Pacific Ocean.1  According to reports, a large bulk 
carrier docking at Westshore in Roberts Bank destroyed a coal conveyor system, spilling several 
tons of coal into the water.2  The accident left a long plume of coal pollution surrounding the 
coal terminal.  The Westshore coal spill highlights that coal spills are not theoretical; they 
happen, and the consequences can be devastating.  Earlier this year, a barge transporting coal on 
the Ohio River sank after hitting a bridge during high winds. 3   

 

An aerial photo of the sunken coal conveyor and coal plume following the Westshore Terminals coal spill 
on December 7, 2012. Photo courtesy of The Vancouver Sun. 

                                                           
1 Gordon Hamilton, Ship crashes into dock at Westshore Terminals, spilling coal into water, The Vancouver Sun 
(Dec. 9, 2012) (available at 
http://www.vancouversun.com/news/Ship+crashes+into+dock+Westshore+Terminals/7667184/story.html) Ex. 4. 
2 Camilla Mortensen, Coal Spill Trashes Ocean Waters, Eugene Weekly (Dec. 13, 2012) (available at 
http://www.eugeneweekly.com/article/coal-spill-trashes-ocean-waters) Ex. 5.   
3 Casey Conley, Runaway coal barge sinks after tow strikes Pittsburgh bridge in high wind, swift current, 
Professional Mariner (Apr. 24, 2012) (available at http://www.professionalmariner.com/May-2012/Runaway-coal-
barge-sinks-after-tow-strikes-Pittsburgh-bridge-in-high-wind-swift-current/) Ex. 6.  
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2. Hearings on the Morrow Pacific Project Draw Thousands 

In early December, the Oregon Department of Environmental Quality (DEQ) held public 
hearings in Boardman, Portland, and Clatskanie on the Morrow Pacific Project.  Collectively, the 
hearings drew over a thousand people, the vast majority of which testified in opposition to 
Ambre’s coal project because of its impacts to public health, the Columbia River, and other 
natural resources.4  Many commenters cited concerns about the Project’s impacts to fishing and 
recreation on the Columbia River.  

 

 
Hands raised at DEQ’s December 7, 2012 hearing on the Morrow Pacific Project responding to the 
question: “who opposes coal export?” 

3. Additional evidence of harm to ESA-listed Salmonids 

In addition to evidence already in the record, we are submitting supplemental 
documentation of the detrimental impacts of docks on aquatic ecosystems, including ESA-listed 
salmonids.  This evidence is briefly summarized below. 

 Minimizing Effects of Over-Water Docks on Federally Listed Fish Stocks in 
McNary Reservoir: A Literature Review for Criteria, prepared by the U.S. 
Geological Survey for the U.S. Army Corps of Engineers (2010) (Exhibit 1). 
Prepared in support of criteria for siting new docks in the McNary Pool of the 

                                                           
4 Scott Learn, Coal export meeting in Portland draws a crowd of about 800, Oregonian (Dec. 6, 2012) (available at 
http://www.oregonlive.com/environment/index.ssf/2012/12/coal_export_meeting_in_portlan.html) Ex. 7; Courtney 
Flatt, Columbia River coal plan gets first hearing in Boardman, Oregon Public Broadcasting (Dec.4, 2012) 
(available at http://earthfix.opb.org/energy/article/columbia-river-coal-plan-gets-first-hearing-in-boa/) Ex. 8; 
Marquise Allen, Clatskanie coal forum brings few answers, Longview Daily News (Dec. 5, 2012) (available at 
http://tdn.com/news/clatskanie-coal-forum-brings-few-answers/article_1f5a9b04-3f78-11e2-a2dd-
0019bb2963f4.html) Ex. 9.  
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Columbia River, this report recommends, among other things: (1) pilings shall not 
exceed 5 inches in diameter, (2) each over-water structure shall utilize no more than 6 
piles for the entire project, and (3) nothing shall be placed on the over-water structure 
that will reduce natural light penetration through the structure. This contrasts with the 
250 pilings, many over 16-inches in diameter, proposed by Ambre. 
 

 Overwater Structures and Non-structural Piling White Paper, prepared by Jones 
& Stokes Associates for the Washington Department of Fish and Wildlife (2006) 
(Exhibit 2).  This white paper summarizes scientific literature documenting the 
direct, indirect, and cumulative impacts of overwater structures, including industrial 
docks, to ESA-listed salmonids and other aquatic life. 

 
 Over-water Structures: Freshwater Issues, prepared by Herrera Environmental 

Consultants for the Washington Departments of Fish and Wildlife, Ecology, and 
Transportation (2001) (Exhibit 3).  This white paper provides a comprehensive 
overview of scientific literature, current through late-2000, describing the impact of 
pilings and docks on aquatic life, including increased predation, decreased habitat 
quality, and degraded water quality. 
 

 Environmental Review for Coyote Island Terminal at Port of Morrow, prepared by 
Randy Bailey (Exhibit 11).  We are also resubmitting Mr. Randy Bailey’s Report on 
the Environmental Review for the Coyote Island Terminal at Port Morrow (originally 
Exhibit 11).  The copy of the report attached to our October comments inadvertently 
omitted the cover letter and Mr. Bailey’s CV. 

 Given the record before DSL—including public comments, expert reports, and scientific 
literature demonstrating the harm of granting Ambre’s permit—we request that the agency use 
its authority to protect the Columbia River and the people who rely on the Columbia for 
subsistence fishing, drinking water, recreation, and commerce.  This includes requiring an 
aquatic land lease for Ambre’s Port Westward operations.  As Columbia Riverkeeper explained 
in correspondence to DSL, the Port Westward component of the Morrow Pacific Project requires 
an aquatic lands lease, and DSL must use its full authority to protect the Columbia from the 
serious threats posed by over-water coal operations.5 

  We appreciate DSL’s consideration of our input on the Morrow Pacific coal export 
project and look forward to learning of DSL’s decision on how to proceed. 

// 

// 

 
                                                           
5 A coal export terminal requires an aquatic land lease under OAR 141-082-0030(1) because it is a marine industrial 
use.  The existing lease between DSL and the Port of St. Helens for the dock at Port Westward is limited to a “Non-
Marine Use,” and does not allow coal barges and ships.  Furthermore, Ambre is not eligible for a wharf registration 
exception or transient use exception to DSL’s aquatic lands lease requirement based on the nature of Ambre’s coal 
export operations.  See Letter from Columbia Riverkeeper to DSL (Nov. 20, 2012) (Exhibit 10). 
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Sincerely, 

 

 
 
Brett VandenHeuvel 
Executive Director 
Columbia Riverkeeper 

 
 
Jana Gastellum 
Program Director, Climate Protection 
Oregon Environmental Council 

 
 
Beth Doglio 
Campaign Director 
Climate Solutions 
 

 
 
Jim Murphy 
Wetlands & Water Resources Counsel 
National Wildlife Federation 

 
Brian Pasko 
Chapter Director 
Oregon Chapter 
Sierra Club 

 
Michael Lang 
Conservation Director 
Friends of the Columbia Gorge 

 
 
Bethany Cotton 
Pacific Northwest Field Representative 
Greenpeace, US 

 
 
Kristen Boyles 
Staff Attorney 
Earthjustice 

 
Becky Kelley 
Deputy Director 
Washington Environmental Council 

 
Regna Merritt  
Oregon Physicians for Social Responsibility  

 
 
Sarah Uhlemann  
Senior Attorney 
Center for Biological Diversity 
 

 
Chris Winter 
Co-Executive Director 
Crag Law Center 

Enc. 
 
cc via U.S. Mail w/ exhibits: 
 

Col. Anthony C. Funkhouser 
Commander and Division Engineer 
U.S. Army Corps of Engineers Northwestern Division 
PO Box 2870 
Portland, OR 97208-2870 
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Col. John Eisenhauer 
Commander, Portland District 
U.S. Army Corps of Engineers 
PO Box 3755 
Seattle, WA 98124-3755 
 
Col. Bruce Estok 
Commander, Seattle District 
U.S. Army Corps of Engineers 
PO Box 3755 
Seattle, WA 98124-3755 
 
Mr. Steve Gagnon 
U.S. Army Corp of Engineers 
PO Box 2946 
Portland, OR 97208-2946 

 
 
cc via email w/o exhibits: 
 

Mary Gautreaux. Deputy State Director 
Senator Ron Wyden 
(mary_gautreaux@wyden.senate.gov)  
  
Jeremiah Baumann, Legislative Director 
Senator Jeff Merkley 
(jeremiah_baumann@merkley.senate.gov) 
 
Ian Lloyd 
Senator Jeff Merkley 
(Ian_Lloyd@merkley.senate.gov) 
 
Adrian Deveny 
Senator Jeff Merkley 
(Adrian_Deveny@merkley.senate.gov) 

 
Auke Mahar-Piersma, Chief of Staff 
Representative Peter DeFazio 
(piersma@mail.house.gov) 
 
Travis Joseph, Energy Lead Advisor 
Representative Peter DeFazio 
(Travis.Joseph@mail.house.gov) 
 
Ethan Pittleman, Energy Lead Advisor 
Representative Kurt Schrader 
(Ethan.Pittleman@mail.house.gov)  
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Janine Benner, Legislative Director 
Representative Earl Blumenauer 
(Janine.Benner@mail.house.gov)  

  
Tyler Frisbee 
Representative Earl Blumenauer 
(Tyler.Frisbee@mail.house.gov) 
 
Hillary Barbour 
Representative Earl Blumenauer 
(Hillary.Barbour@mail.house.gov) 

 
Rachael Bornstein, Chief of Staff 
Representative Suzanne Bonamici 
(Rachael.Bornstein@mail.house.gov)  
  
Brian McDonald, Chief of Staff 
Representative Greg Walden 
(Brian.McDonald@mail.house.gov)  
  
Darren Nichols, Executive Director 
Columbia River Gorge Commission 
(info@gorgecommission.org)  

 
Siri Nelson 
U.S. Army Corps of Engineers 
(siri.c.nelson@usace.army.mil) 
 
David Marten 
U.S. Army Corps of Engineers 
(david.j.martin@usace.army.mil) 

 
Kate Kelly 
U.S. Environmental Protection Agency 
(kelly.kate@epa.gov)  
 
Dan Guy 
National Marine Fisheries Service 
(dan.guy@noaa.gov ) 

 
Steve Landino 
National Marine Fisheries Service 
(steven.landino@noaa.gov) 
 
Ben Meyer 
National Marine Fisheries Service  
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(ben.meyer@noaa.gov) 
 
Richard Whitman 
Natural Resources Policy Director 
Governor’s Natural Resources Office 
(richard.m.whitman@state.or.us)  
  
Scott Nelson 
Jobs and Economy Policy Advisor 
Office of Governor John Kitzhaber 
(scott.nelson@state.or.us) 
 
Dick Pedersen, Director 
Oregon Department of Environmental Quality 
(pedersen.dick@deq.state.or.us)  
 
Nina DeConcini 
Northwest Region Administrator  
Oregon Department of Environmental Quality 
(deconcini.nina@deq.state.or.us) 
 
Roy Elicker, Director 
Oregon Department of Fish & Wildlife  
(roy.elicker@state.or.us)  
 
Bill Duke 
Oregon Department of Fish and Wildlife 
(william.B.Duke@state.or.us) 

 
Paul Lumley, Executive Director 
Columbia River Intertribal Fish Commission 
(lumb@critfc.org) 

 
Bob Repine, Director 
Oregon Department of Energy 
(repine@odoe.state.or.us)  

  
Peter Goldmark, Commissioner of Public Lands 
Washington Department of Natural Resources 
(cpl@dnr.wa.gov) 
 
Pamela Krueger 
Washington Department of Natural Resources 
(pamela.krueger@dnr.wa.gov) 
 
Kristin Swenddal 
Washington Department of Natural Resources 
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Washington Department of Ecology 
(tstu461@ecy.wa.gov)  
 
Sally Toteff 
Washington Department of Ecology 
(stot461@ecy.wa.gov) 
 
Tom Tebb  
Washington Department of Ecology 
(gteb461@ecy.wa.gov) 

 
 Keith Phillips, Executive Policy Advisor 
 Office of Governor Christine Gregoire 
 (Keith.Phillips@gov.wa.gov)  
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 Office of the Commissioner of Public Lands 
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  Executive Summary 

 

 
McNary Lock and Dam were completed in 1953, creating McNary Reservoir, or Lake 

Wallula. The shoreline of the reservoir is federally owned and as a result the U.S. Army Corps of 

Engineers (USACE) has certain land and fish habitat management responsibilities to balance 

with other multipurpose benefits.  The Endangered Species Act (ESA) listing of Columbia and 

Snake River salmon stocks has changed the management of salmon harvest, hydropower 

operations, hatchery practices, and habitat management in recent years. There are 12 salmon 

Oncorhynchus spp., steelhead Oncorhynchus  mykiss, and bull trout Salvelinus confluentus 

evolutionarily significant units (ESU‘s) that use this reach of the Columbia River at one or more 

stages in their life history. Of those 12, 8 are listed as threatened or endangered under the federal 

Endangered Species Act. The entire portion of the Columbia River in the Hanford Reach and 

McNary Reservoir is designated critical habitat for seven ESA-listed salmon species. 

 

The USACE is in the process of updating the 1983 McNary Lakeshore Management 

Plan.  The updated Shoreline Plan provides criteria for private use of the federal shoreline of 

McNary Reservoir, specifically the permitting of private docks, over-water structures, and 

modifications to shoreline vegetation by adjacent land owners.  The previous Shoreline Plan was 

written prior to the federal listing of salmon species. At the request of the USACE, the purpose 

of this report is to review information from the literature and determine the extent to which the 

criteria proposed by USACE for the docks and over-water structures are supported by the current 

body of scientific knowledge.  

 

A large body of scientific literature was reviewed, including two previous literature 

reviews conducted to better understand the impacts docks might have on salmonids (Carrasquero 

2001; Chapman 2007). Our review of the available literature has yielded the following 

conclusions (proposed criteria are in italics).  

 

 To prevent damage to shallow water habitat, piers and/or ramps shall extend at least 40 

feet perpendicular from the ordinary high water mark (OHWM).  

 

This proposed criterion serves to locate docks off the nearshore and in deeper water.  We 

have found that there is ample evidence that motor boat activity near shore has a negative 

impact on vegetative communities.  There is also ample evidence that placing the docks in 

deep water helps to avoid interactions between piscivorous predators and juvenile salmonids.  

 

 Piers and ramps shall be no more than 4 feet in width.  

 

 Grating shall cover the entire surface area (100%) of the pier and/or ramp.  The open 

area of grating shall be at least 50% as rated by the manufacturer.  

 

 Grating shall cover 100% of the surface area of the float(s).  The open area of the 

grating shall be no less than 50% as rated by the manufacturer.  
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 Nothing shall be placed on the over-water structure that will reduce natural light 

penetration through the structure.  

 

There is strong evidence that changes in the lighting regime can cause changes in fish 

behavior and predator-prey interactions.  We concluded that near docks or over-water 

structures, the most likely important piscivorous fish species are the introduced smallmouth 

bass Micropterus dolomieu and the native northern pikeminnow Ptychocheilus oregonensis.  

In general, the literature supports the conclusion that as lighting decreases, predation on 

juvenile salmonids by piscivorous fishes increases.  Minimizing the width of the dock and 

ramp, as well as allowing the maximum amount of light to pass through the dock, helps to 

reduce the changes in natural daytime lighting.  

 

 The bottom of the pier or bottom of the landward edge of the ramp shall be elevated at 

least 2 feet above the plane of OHWM. 

 

Elevating the landward edge of the ramp above the OHWM raises the ramp, allowing more 

light to penetrate the water beneath the ramp.  The benefits of maximizing light levels are 

outlined above.  We have found no additional biological science to support raising the ramp 

above OHWM. 

 

 Skirting shall not be placed on piers, ramps, or floats.  Protective bumper material will 

be allowed along the outside edge of the float as long as the material does not extend 

below the bottom edge of the float frame or impede light penetration.  

 

We found no mention of skirting in the literature except where other authors also reported 

finding no data linked to how skirting might impact predation on juvenile salmonids.  

Skirting does provide a visual barrier that may be used by predators to ambush prey.  

Additionally, skirting will likely reduce the amount of light under the dock.  Based on our 

review of predator-prey interactions and reduced light associated with over-water structures, 

we believe that the literature supports not permitting skirting. 

 

 Shoreline concrete anchors must be placed at least 10 feet landward from the OHWM 

and shall be sized no larger than 4 feet wide by 4 feet long, unless otherwise approved by 

NMFS, USACE, and WDFW.  

 

No biological science regarding the placement of anchors was found while conducting this 

review.  Minimizing the ―footprint‖ of the anchor would minimize impact to riparian 

vegetation.  The importance and function of riparian vegetation is well documented.  Because 

subyearling Chinook salmon in the nearshore areas of McNary Reservoir consume numerous 

terrestrial insects apparently associated with riparian vegetation and the surrounding 

landscape, minimizing the footprint of the anchors and maintaining riparian vegetation has 

merit. 

 

 Piling shall not exceed 5 inches in diameter.  

 Each over-water structure shall utilize no more than 6 piles total for the entire project. 
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There are many studies indicating that bass and other predators utilize in-water structure.  

Pilings also create low velocity areas which are preferred by predators.  Minimizing the 

numbers and size of pilings is supported by the scientific literature. 

 

 Floats shall not be located in shallow water habitat where they could ground or impede 

the passage or rearing of any life stage of salmonids.  Floats shall be in at least 10 feet of 

water at all reservoir pool levels including Minimum Operating Pool (MOP) (which is 

335 feet above sea level).  Depth is measured from the bottom of the landward-most edge 

of the float.  

 

Reviewing available literature provides many reasons why newly-constructed docks should 

be placed in relatively deep water.  Smallmouth bass will be attracted to structure.  Where 

bass and juvenile salmonids overlap in habitat, the bass will predate upon the juvenile 

salmon.  Juvenile salmonids use the littoral zone (shallow area along the shoreline where 

light reaches all the way to the bottom) for rearing (i.e., feeding, resting, refuge from 

predators).  By avoiding the locating of docks in the shallow littoral zone, the impact that 

docks or over-water structures have on juvenile salmonids can be minimized.  Additionally, 

constructing docks in deeper waters avoids damage to aquatic vegetation and the re-

suspension of sediments by boating activity.  Both of these deleterious effects may be caused 

by the operation of motorboats in shallow water near dock.  

 

 We reviewed peer reviewed scientific journal articles, technical reports, and other 

literature reviews regarding predator-prey interactions, habitat use by juvenile salmonids, and the 

potential impacts docks may have on ESA-listed juvenile salmonids.  We found no specific 

studies or articles that assigned discrete values for the proposed criteria.  We have, however, 

found that maximizing depth, minimizing structure (number and size of pilings), and maximizing 

light levels all contribute in a significant way to minimizing the impacts that docks and other 

over-water structures have on federally listed salmonids and other aquatic organisms.  

Furthermore, we found no studies specifically estimating a change in survival of juvenile 

salmonids associated with the cumulative effects of intensive development of over-water 

structure.
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Introduction 
The U.S. Army Corps of Engineers (USACE) is in the process of updating the 1983 

McNary Lakeshore Management Plan.  The updated Shoreline Plan provides criteria for private 

use of the federal shoreline of McNary Reservoir, specifically the permitting of private docks, 

over-water structures, and modifications to shoreline vegetation by adjacent land owners 

(Appendix A).  The previous Shoreline Plan was written prior to the federal listing of salmon 

species under the ESA, which provides certain protections.  In February 2008, the National 

Marine Fisheries Service (NMFS), Washington Department of Fish and Wildlife (WDFW), and 

USACE (Walla Walla District) released the objectives and proposed criteria for docks for public 

comment.  The period of public comment was extended from February 17, 2009 to July 15, 

2009.  The USACE has received considerable public comment on these criteria and wants to 

ensure that the criteria are appropriate.  The purpose of this report is to review information from 

the literature and determine the extent that the criteria proposed for the docks and over-water 

structures are supported by the current body of scientific literature.  

 

McNary Lock and Dam Project was completed in 1953 and created McNary Reservoir, or 

Lake Wallula which extends from the dam (RM 292) to the free-flowing Hanford Reach (RM 

353) of the Columbia River.  The multipurpose benefits of the project include navigation, flood 

control, irrigation, power, and recreation.  The reservoir shorelines provide recreational 

opportunities to visitors and residents of the Tri-Cities (Pasco, Kennewick, and Richland), 

Washington located upstream of the confluence of the Columbia and Snake rivers (Figure 1).  

The three municipalities have a combined population of about 235,000 people.  The Tri-Cities 

has over 10,000 registered boats with about a 10% per year growth in boat numbers in recent 

years (Port of Kennewick 2007).  The shoreline of the reservoir is federally owned, and as a 

result, the USACE has certain land and fish habitat management responsibilities to balance with 

multipurpose benefits.  The USACE has recognized that ―there are trade-offs which must be 

carefully weighed against each other as we all face new decisions about water use in our future‖ 

(Mighetto and Ebel 1994).  Upstream of McNary Reservoir is the regulated, but free-flowing 

Hanford Reach of the Columbia River.  On June 9, 2000, portions of the Hanford Site, including 

the Hanford Reach and associated islands, wildlife management areas to the north, White Bluffs, 

Hanford Dunes, Arid Lands Ecology Reserve, and the McGee Ranch/Riverlands area, were 

designated as the Hanford Reach National Monument (RM 347-385) to be administered by the 

Department of Interior.   

 

The ESA listing of Columbia and Snake River stocks of salmon changed the management 

of salmon harvest, hydropower operations, hatchery practices, and habitat management.  During 

the 1990s, 12 Columbia River Basin (above the Willamette River) salmon and steelhead 

populations were listed under the ESA (endangered or threatened).  Of those 12 Evolutionarily 

Significant Units (ESU), eight are likely to be found migrating through McNary Reservoir as 

juveniles or adults (Table 1).  The ESA includes a 4(d) section that requires NMFS and U.S. Fish 

and Wildlife Service (USFWS) to issue regulations to protect listed species by prohibiting 

―take‖.  Examples of the ―take‖ of a listed species would be the killing or harming of a listed 

species or destroying or destructively altering the habitat of the species.  These definitions led us 

to question the presence or absence of listed species and to more broad questions about the 

functioning of riverine and reservoir ecosystems to support restoration of listed salmonid species. 
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Figure 1.  Map of study area on the Columbia River, including McNary Dam, Hanford Reach, 

and Priest Rapids Dam.  McNary Reservoir extends from McNary Dam upstream to Richland, 

WA and the Hanford Reach extends from Richland, WA upstream to Priest Rapids Dam. 
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Table 1.  Salmonid populations in the Columbia (above the Willamette River), and Snake rivers 

and their federal protection status. 

 

 

Species Evolutionarily Significant Unit (ESU) Federal ESA status 
   

 

Chinook Snake River Fall Chinook
a,b

 Threatened 

 Snake River Spring/Summer Chinook
a,b

 Threatened 

 Upper Columbia River Spring Chinook
a,b

 Endangered 

 Upper Columbia River Summer/Fall Chinook
a
 Not Warranted 

 Mid-Columbia River Spring Chinook
a
 Not Warranted 

 Lower Columbia River Chinook Threatened 

  

Coho Lower Columbia River Coho Threatened 

 

Chum Columbia River Chum Threatened 

 

Sockeye Snake River Sockeye
a,b

 Endangered 

 Okanogan River Sockeye
a
 Not Warranted 

 Lake Wenatchee Socheye
a
 Not Warranted 

   

Steelhead Snake River Steelhead
a,b

  Threatened 

 Upper Columbia River Steelhead
a,b

 Threatened 

 Middle Columbia River Steelhead
a,b

 Threatened 

 Lower Columbia River Steelhead Threatened 

  

Bull Trout Columbia River Bull Trout
a
 Threatened 

 
a
Fish which use the Hanford Reach and McNary Reservoir as a migration and/or rearing corridor. 

b
Fish with designated critical habitat in the Hanford Reach and McNary Reservoir. 
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The reach of the Columbia River including the Hanford Reach and McNary Reservoir is 

designated critical habitat for seven ESA-listed salmon species (Table 1).  The ESA protects 

threatened and endangered species in several ways. Under Section 7, all federal agencies must 

ensure that any actions they authorize, fund, or carry out are not likely to jeopardize the 

continued existence of a listed species, or destroy or adversely modify its designated critical 

habitat.  These complementary requirements apply only to federal agency actions, and the latter 

only to habitat that has been designated.  Critical habitat is defined as: (1) specific areas within 

the geographical area occupied by the species at the time of listing, if they contain physical or 

biological features essential to conservation, and those features may require special management 

considerations or protection and (2) specific areas outside the geographical area occupied by the 

species if the agency determines that the area itself is essential for conservation.  A critical 

habitat designation does not set up a preserve or refuge, and applies only when federal funding, 

permits, or projects are involved.  Critical habitat requirements do not apply to citizens engaged 

in activities on private land that do not involve a federal agency.  

 

Although this review is in response to issues directly related to the ESA listing of 

salmonid species that use McNary Reservoir as rearing habitat or a migration corridor, the ESA 

is not the only federal responsibility.  Below are several federal regulations that may have 

jurisdiction for activities related to docks and over-water structures (Carrasquero 2001).  In 

addition to these regulations, state and local governments have jurisdictional responsibility and it 

is in their interest to restore listed species in order to avoid future costs and regulations. 

 

 Regulatory Framework Governing Over-water Structures: 

 

 National Environmental Policy Act (NEPA) 

Federal agencies making funding decisions or issuing permits for over-water structures are 

required to comply with the National Environmental Policy Act.  

 

 Clean Water Act Section 404 

Construction of over-water structures that would result in discharge or excavation of dredged or 

fill material requires a Clean Water Act section 404 permit.  

 

 Rivers and Harbors Act Section 10 

 Any work affecting navigable waters of the United States that extends to the ordinary high water 

mark in freshwater areas (including the construction of piers, docks, and floats) requires a section 

10 permit issued by USACE. 

 

 Endangered Species Act (ESA) 

The Endangered Species Act provides broad protection for fish, wildlife, and plant species that 

are listed as threatened or endangered.  The shoreline development activities that have federal 

nexus (i.e., federal funds or federal permits) are subject to review under the statute.  
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 Fish and Wildlife Coordination Act 

This act requires consultation with the USFWS and the fish and wildlife agencies of States where 

the "waters of any stream or other body of water are proposed or authorized, permitted or 

licensed to be impounded, diverted, or otherwise controlled or modified" by any agency under a 

Federal permit or license.  

 

 Magnuson-Stevens Fishery Act 

The Magnuson-Stevens Fishery Act provides a national program for the conservation and 

management of the fishery resources of the United States.  It provides broad powers to the 

National Marine Fisheries Service to rebuild overfished stocks, insure conservation, and to 

facilitate long-term protection of essential fish habitats. 
 

 Other State and Local Regulations 

 There are many other state and local regulations including the State Environmental Policy Act, 

Shoreline Management Act, Clean Water Act, National Pollutant Discharge Elimination System, 

Hydraulic Project Approval Code, Forest Practices Act, Aquatic Lands Act, Water Pollution 

Control Act, Aquatic Resource Mitigation Act, Salmon Recovery Act, Wetland Mitigation 

Banking, and various county and city shoreline management plans. 

 

We reviewed a wide variety of information to determine if the proposed dock criteria 

were supported by facts in the scientific literature.  We started with several recent reviews on the 

biological effects of docks and over-water structures.  We recognized that such reviews may or 

may not be biased, but they do represent the work of other authors that have evaluated the merit 

of relevant studies in the literature.  Subsequently, we examined the peer-reviewed articles 

published in scientific journals and gave those articles the greatest weight in this review.  

Concurrently, we identified many technical reports prepared by other scientists and professionals 

that present information we considered relevant.   

 

Criteria for the construction of over-water structures, such as private docks, have been 

developed by local, state, and federal agencies as guidance to parties within their jurisdiction 

proposing to construct over-water structures.  To add perspective and understand the reasoning 

leading to dock criteria, we briefly reviewed some criteria from other regions of the U.S. such as 

the Southeast and Midwest (NOAA 2003; USACE 2005).  To add a Northwest regional 

perspective, we reviewed dock criteria or reviews from the Puget Sound area and the Wells Dam 

Pool on the mid-Columbia River (Simenstad et al. 1999; Carrasquero 2001; Chapman 2007).  

We looked to entities having jurisdiction in the Columbia River Basin and reviewed proposed 

dock and over-water structure criteria of the Washington Department of Fish and Wildlife.   

 

We have organized the results of this review paper in two primary sections followed by a 

brief discussion.  The first section is the ―Background‖ and the second section is the ―Proposed 

Criteria and Findings‖.  During the review, it became evident that the risk of predation for 

juvenile salmonids may increase for juvenile salmonids near docks and over-water structures.  

Because no studies specifically evaluated docks and predation risk to juvenile salmon in McNary 

Reservoir, some readers may feel the available literature provides little information.  That is not 

the case.  Most scientists strive to demonstrate broadly applicable functional relations in biology 

and peer-reviewed journals prefer to publish papers that are broadly applicable.  Therefore, in 
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this review we start by presenting compelling findings about predators, predator-prey relations, 

light, and habitat from a wide range of locations and habitats.  However, in weighing the 

information during our review, we did not restrict our observations to predator-prey relations to 

large rivers, but selectively included lakes, streams, and marine environments.  In an attempt to 

be selective, we relied most heavily on descriptions of the distribution and biology of juvenile 

salmonids from McNary Reservoir and the nearby reaches of the Columbia and Snake rivers.  In 

the Proposed Criteria and Findings section, we present information from the literature most 

applicable to the proposed criteria along with our findings.  

 

 

Background 

 

 
Dock Criteria of Other Jurisdictions 

 

We conducted a literature search to survey dock criteria as required in other jurisdictions. 

We have examined city, county, state, and federal documents from several regions of the United 

States and Canada.  Many regulatory agencies have some criteria regarding the permitting of 

docks in their jurisdiction.  We did not find any dock criteria specifically addressing concerns 

posed by the Endangered Species Act.  However, most localities share some of the same 

concerns related to over-water structures such as:  

 

 Adverse impacts to biological communities that provide functions to fish and wildlife, 

such as seagrass and other aquatic vegetation (such as marshes and mangroves) - due to 

shading and dredge/fill activities.  

 Loss of endangered species  

 Adverse effects of docks on other wetland-dependent species - for instance, those that 

nest and breed in the uplands and in adjacent shellfish beds.  

 Degradation of water quality - turbidity from installation of related pilings and leaching 

of chromium, arsenic, and copper from such pilings.  

 Propeller dredging and other dredging of access channels sometimes associated with 

dock use 

 Loss of archaeological and historical resources 

  

Specifically, we have found that in North and South Carolina, Georgia, and Florida dock 

criteria regulate maximum length, width, minimum height above the water and total square 

footage.  Federal managers in these states cite a lack of conclusive research on cumulative 

impacts of docks, and finding and accessing the research that has been done as the main 

difficulty in managing the permitting of docks and piers (NOAA 2003). 

 

Wisconsin regulates residential docks on private lands, and has requirements regarding 

the construction, size, and placement of the dock.  Again there seem to be no ―listed salmonid 

specific‖ criteria.  Other states such as Oregon and Minnesota are in a transitional period.  They 

have recognized the need for reform and regulation of over-water structures but have not yet 

published specific criteria for the construction of residential docks. 
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Salmonids in the Nearshore 

 

Bull trout are listed as threatened under the ESA (Table 1) and have fluvial, adfluvial, 

and anadromous forms (Brenkman and Corbett 2005; USFWS 2008).  Bull trout show diverse 

life histories and most live in cold-water tributaries in the Columbia River Basin.  However, bull 

trout can also move from natal watersheds to other watersheds and marine waters (Brenkman and 

Corbett 2005).  McNary Reservoir may provide connectivity between populations of bull trout in 

watersheds such as the Walla Walla River and the Yakima River.  As habitat in the lower reaches 

of tributaries is restored, it is possible that the connectivity provided by reservoirs will become 

more evident.  Reservoir habitats are probably mainly used by adult bull trout for overwintering 

and migration.  Nelson and Nelle (2008) showed that some adult bull trout overwinter in 

reservoirs in the upper mid-Columbia River where several tributaries have bull trout populations.  

We did not find information indicating that juvenile or adult bull trout specifically used the 

littoral areas of the reservoir, and the current available information does not suggest that use of 

reservoir littoral habitats would be very high if populations are restored in tributaries. 

 

Adult fall Chinook salmon historically spawned from the main-stem Columbia River, 

near The Dalles, Oregon, upstream to the confluence of the Kootenai River in British Columbia 

(Fulton 1968; Dauble and Watson 1997).  Impoundment by hydroelectric dams has blocked 

access to more than 75% of their historic spawning habitat (Van Hyning 1969; Horner and 

Bjornn 1979; Dauble and Watson 1997).  Primary spawning areas for upriver fall Chinook 

salmon in the Columbia River are now restricted to the Hanford Reach, RM 341-397 (Dauble 

2000) and the tailraces of main-stem dams (e.g., McMichael et al. 2005).  Spawning surveys 

conducted on the Hanford Reach have shown that redds are concentrated upstream of RM 348 

(Groves 1999; Geist 2000; Dauble 2000).  These redds are produced by fall Chinook salmon and 

no steelhead redds were found during aerial surveys conducted by Mueller (1999).  As much as 

80% of spawning in the Columbia River probably occurs in water too deep to be observed by 

above-water surveys (Chapman 1986; Swan 1989; Groves 1999).  We concluded adult salmon 

and steelhead use of the nearshore area is probably minimal so we further restricted our review to 

the juvenile life stages of salmon. 

 

The life history patterns of Pacific salmonids are complex and are expressed by high 

diversity in the seaward migration timing and habitat use by juvenile salmonids.  However, even 

observations made in recent decades about migration patterns of juvenile salmonids may not 

capture the richness or plasticity of salmon life history patterns that were historically present in 

the Columbia River.  For example, a wide variation in life history patterns is evident from the 

observations of Rich (1922) in the lower Columbia River.  In the upper Columbia River, 

steelhead can migrate to the ocean at ages ranging from one to seven years (Peven et al.1994).  

Chinook salmon can be divided into ocean-type and stream-type, as well as spring, summer, and 

fall runs (Carl and Healey 1984).  Ocean-type salmon migrate to the ocean during their first year 

and stream-type salmon spend one or more years rearing in natal streams.  Upper Columbia 

River sockeye Oncorhynchus nerka migrate from Lake Okanagan and Lake Wenatchee at 

different sizes.  In general, juvenile salmon of different sizes often have different behavior, 

disposition to migrate, and distribution in reservoirs (Peven 1987). 
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 Millions of juvenile salmonids migrate through McNary Reservoir each year.  The 

Hanford reach alone produces 20-30 million subyearling fall Chinook salmon annually, 

(Washington Department of Fish and Wildlife, unpublished data) many of which rear in Lake 

Wallula.  These fall Chinook salmon are not ESA-listed (Table 1).  Wild and hatchery stocks of 

fall and spring Chinook salmon, sockeye salmon, coho salmon Oncorhynchus kisutch, and 

steelhead migrate through this reach each spring and summer.  Of these species, juvenile fall 

Chinook salmon are the most likely to inhabit the littoral zone (Dauble et al. 1989; Rondorf et al. 

1990).  However, other stocks are occasionally found near shore in smaller numbers (Mains and 

Smith 1956, Dauble et al. 1989).  Moreover, juvenile salmonids in the littoral zone commonly 

assumed to be fall Chinook salmon are probably intermixed with spring Chinook salmon stocks, 

which are listed as endangered. 

 

Subyearling Chinook salmon use shallow, nearshore areas from the time they emerge 

from the redd until the time they reach approximately 80 mm in length.  They rear in the littoral 

zone from approximately March through June (Chapman 2007).  As they grow, they increasingly 

use deeper water, though they continue to move into the shallows at night to rest on the bottom.  

Some subyearlings remain in the main-stem Columbia River to over winter and migrate 

downstream as yearlings.  These may be either ocean or stream type fish though this is the 

defining life history pattern for stream-type Chinook salmon.  As subyearlings become larger 

than 60-70 mm, their behavioral tendency to use offshore habitats reduces their susceptibility to 

predators in the littoral zone and, hence, their vulnerability around docks (Chapman 2007).  As 

the subyearlings begin to move downstream, they continue to use the littoral zone for feeding 

and resting. 

 

Mains and Smith (1956) conducted a two-year study on the Columbia and Snake rivers 

and found that juvenile Chinook salmon began migrating downstream in March and the 

migration was virtually over by the beginning of July.  Seaward migrating Chinook salmon 

passed Beyers Landing (RM 341) on the Columbia at the upper end of the McNary Reach during 

all hours of the day.  Peak movement occurred between 1800 hours and 0600 hours, but fish 

were caught throughout the day.  Nets deployed closest to shore (about 100 ft from shore) 

accounted for 68% of the total sample.  Approximately 76% of fish were age 0 that were 36-55 

mm in length.  The remaining 24% of fish were age 1+ that were 85-105 mm.  These 85-105 mm 

fish represent spring Chinook salmon, and the 36-55 mm fish represent fall Chinook salmon.  

Chinook salmon were present in considerable numbers over the entire width and depth of the 

river.  Subyearling fall Chinook salmon preferred the surface layers and water near the shoreline 

whereas spring Chinook salmon generally occupied deeper waters farther from shore. 

 

Dauble et al. (1990) conducted a similar study in 1989 during the spring out-migration.  

They found that 52% of subyearling fall Chinook salmon were caught within 100 ft of shore in 

water 5.9 m deep, or less.  In contrast, yearling spring Chinook salmon used deeper water with 

only 7% of fish being caught within 100 ft of shore in water 5.9 m deep, or less.  Sockeye 

salmon also used deeper water with 3% of fish being caught from waters less than 5.9 m deep.  

 

Although both of these studies demonstrate that spring Chinook and sockeye salmon 

mainly use deeper water during their downstream migration, they also show that some fish are 
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found in the littoral zone.  Additionally, the most abundant group in the littoral zone—

subyearling fall Chinook salmon—is likely composed of both fall and spring (ocean and stream) 

type Chinook salmon.  In most cases, these groups are visually indistinguishable.  Marshall et al. 

(2000) used allozyme allele frequency differences to identify subyearling Chinook salmon 

caught in beach seines along the lower Snake River.  They found that a large proportion of 

subyearlings were actually spring Chinook salmon.  In fact, in 1991, 50% of the subyearlings 

caught in beach seines were spring Chinook salmon.  In 1993, 62% of the subyearlings sampled 

along the lower Snake River were spring Chinook salmon.  In 1994 and 1995, spring Chinook 

salmon composed 14% and 5% of the total catch, respectively.  They concluded that although the 

timing and sample locations were selected to capture subyearling fall Chinook salmon, numerous 

subyearling spring Chinook salmon were also found in non-natal, main-stem areas.  In a 

subsequent study, Connor et al. (2001) concluded that subyearling spring Chinook salmon are 

capable of dispersing long distances from natal  stream habitats to main-stem riverine habitats.  

These subyearlings that rear along the shorelines of main-stem habitats are able to exploit the 

higher growth opportunity found there and reach smolt sizes as subyearlings.  Though these 

studies have not been repeated in the McNary Reservoir, it is reasonable to expect subyearling 

spring Chinook salmon to occasionally use nearshore, main-stem habitats just as fall 

subyearlings do.  As spring Chinook salmon populations are restored, we believe studies will 

show their life histories and habitat preferences are more diverse than many expect.  We 

conclude that although subyearling fall Chinook salmon are abundant and not listed, listed stocks 

of salmonids will use nearshore areas as well. 

 

Predators 

 

Predation by piscivorous fish and birds is the principal mechanism of mortality of 

juvenile salmonids migrating through Columbia River reservoirs (Chapman et al. 1994).  The 

most significant predators of salmonids in the Columbia River reservoirs are smallmouth bass, 

northern pikeminnow, walleye Sander vitreus, and channel catfish Ictalurus punctatus (Rieman 

et al. 1991; Vigg et al. 1991).  Smallmouth bass is a non-native predator that has flourished in 

reservoir habitats.  It was introduced to the West Coast in 1874 (CA) and the Yakima River in 

1925 (Boersma et al. 2006).  By the early 1940‘s, smallmouth bass were well established and 

plentiful in the Columbia River up to the Snake River (Lampman 1946).  Northern pikeminnow 

are native predators that consume large numbers of juvenile salmonids annually.  Both channel 

catfish and walleye are known to prey on juvenile salmonids, but to a less extent than 

smallmouth bass and northern pikeminnow. 

 

Much attention has been directed toward non-indigenous species in the past few years.  A 

recent count of non-native species that have successfully established populations in WA, OR and 

ID is over 900 (Sanderson et al. 2009).  The effects of non-native species invasions and habitat 

degradation are the two leading causes of decline of native species in North American 

freshwaters (Richter et al. 1997; Wilcove et al. 1998).  On the Columbia River, reservoirs created 

by hydroelectric dams have created prime habitat for non-native species to thrive and spread.  

For example, the population of American shad Alosa sapidissima has dramatically increased in 

recent years.  A peak of 5.3 million adults were counted at Bonneville Dam in 2004.  Juvenile 

American shad may reduce zooplankton biomass and act as a food source for predators.  

However, it is unclear how severely shad are affecting salmon populations (Petersen et al. 2003).  
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The littoral zone of the Columbia River is seeing a shift from native resident fish to non-native 

species (ISAB 2008).  Of concern is the proliferation of predators in these habitats. 

 

Avian predation constitutes a significant source of mortality to juvenile salmonids during 

out-migration.  Rates of predation on juvenile salmonids by piscivorous birds may range from 5-

15 million out migrating smolt each year (Collis and Roby 2008).  Over the past 40 years the 

populations of gulls Larus spp., terns Sterna spp., cormorants Phalacrocorax spp., and pelicans 

Pelecanus spp., in the Columbia Basin have increased, in some cases dramatically (Collis et. al 

2002).  Construction of docks and pilings can create habitat for perching birds such as 

cormorants.  This perching habitat may be limited by the use of pile caps and other avian 

exclusion devices.  Over-water structures and related construction activities that modify the 

shoreline configuration (e.g., increasing the shoreline slope and eliminating shallow-water 

habitat refugia) could potentially affect predation rates by piscivorous birds on salmonids.  This 

may occur, for example, if the shore-zone habitat and shallow habitat refugia are eliminated, 

forcing juvenile fish to venture into deeper waters where predator diving birds may have 

increased success.  This is of particular importance to juvenile Chinook salmon, which have the 

greatest affinity to shore-zone shallow-water habitats (Garland and Tiffan 1999; Rondorf et al. 

1990). 

 

Our review led us to consider the proposed criteria and how these changes will affect 

predator-prey interactions in the littoral area of McNary Reservoir.  Extensive literature research 

confirms that our knowledge on many of these topics is limited.  Empirical evidence is lacking 

and much of the scientific information is based on research of other species and other ecological 

systems (free-flowing rivers or lakes).  In the Northwest, studies have been conducted on 

predator use of over-water structures, but many of these were conducted in Lake Washington and 

Lake Sammamish (Stein 1970; Pflug 1981; Pflug and Pauley 1984; Kahler et al. 2000; Fresh et 

al. 2003).  Though numerous research studies have been conducted on predator-prey relations in 

Columbia River reservoirs, none of the studies has addressed the use of docks and piers.  Much 

of the literature on light and its relation to over-water structures and predator-prey interactions 

was derived from laboratory experiments. 

 

The salmonid prey most likely to be found near over-water structures in the littoral zone 

is the migrating ocean-type juvenile fall Chinook salmon.  Nearshore habitats in the main-stem 

Columbia River within the study area are critically important for subyearling fall Chinook 

salmon (Dauble et al. 1989; Rondorf et al. 1990).  Since salmonid fry and juveniles use the 

littoral zone as rearing habitat, they are most vulnerable to predators.  Most predation on juvenile 

Chinook salmon in the Columbia River occurs during the peak of their out-migration (Gray and 

Rondorf 1986; Vigg et al. 1991; Poe et al. 1991; Zimmerman 1999).  After subyearlings become 

larger than 60 to 70 mm, their behavior greatly reduces their vulnerability to predators in littoral 

zones and around docks (Chapman 2007).  Larger smolts (i.e., yearling Chinook salmon, 

steelhead, and sockeye) use deep, mid-channel areas in contrast to subyearling Chinook salmon, 

which use shallower shoreline areas (Dauble 2000).  

 

Over-water structures may increase predation of juvenile Chinook salmon in several 

ways.  First, piers and docks can provide cover and preferred habitat for ambush predators such 

as smallmouth bass.  Second, they create shaded areas that can increase a predator‘s capture 
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efficiency of prey.  Third, they interrupt migration routes and timing of migrating salmonids.  

The additional time spent navigating around these structures increase exposure to predators in 

these areas.  Finally, changes in substrate, aquatic vegetation, and ambient light caused by over-

water structures may indirectly increase predation through complex ecological pathways. 

 

Since the primary disruption of predator-prey interactions associated with over-water 

structures is probably greatest in the littoral zone, we will focus on predators that use nearshore 

habitat:  northern pikeminnow and smallmouth bass.  Both predators are generalist piscivores, 

practicing visual, ambush, and habituation foraging type hunting styles.  Northern pikeminnow 

feed primarily on juvenile salmonids (Petersen et al. 1993), are the primary predator of juvenile 

salmonids in Columbia River reservoirs (Poe et al 1988; Vigg et al. 1991; Zimmerman 1999), 

and have the greatest potential for predation of juvenile salmonids (Beamesderfer and Rieman 

1988).  Smallmouth bass are also a substantial predator of subyearling Chinook salmon because 

of the overlap in rearing habitat between the species (Curet 1993; Tabor et al. 1993; Garland and 

Tiffan 1999).   

 

Consumption 

 

Consumption rates of smallmouth bass and northern pikeminnow vary among species, 

habitat, and prey availability.  Tabor et al. (1993) found that subyearling Chinook salmon made 

up 59% of smallmouth bass diets and 28.8% of northern pikeminnow diets in a study conducted 

during May and June upstream of McNary Reservoir.  These authors showed smallmouth bass 

consumed 1.0–1.4 salmonids/day and northern pikeminnow consumed 0.3–0.6 salmonids/day 

Research conducted from 1983 to 1986 concluded that resident predator fishes consumed 

between 1.9 and 3.3 million juvenile salmon and steelhead annually in the John Day Reservoir 

alone.  Northern pikeminnow accounted for 78% of the losses, which equated to 1.5-2.6 million 

fish or 7.2% of the run of 19 million salmon migrants (Rieman et al. 1991).  Petersen et al. 

(1993) estimated that losses of juvenile salmonids to northern pikeminnow decreased to 1.4 

million per year (7% of run) if stratified by four or more reservoir areas rather than the two areas 

used by Rieman et al. (1991).  The findings of Beamesderfer (1996) mirrored both Rieman and 

Petersen‘s results closely: northern pikeminnow consumed an estimated 16 million migrants per 

year or about 8% of the population.  Zimmerman (1999) suggested that salmonids are only 

seasonally abundant in bass diets in the Columbia River and that other fish species, crayfish and 

invertebrates are the major source of food during the rest of the year.  There is evidence that 

consumption rates and energetic demands of northern pikeminnow and smallmouth bass increase 

between spring and summer as temperatures rise (Vigg et al. 1991; Petersen and Ward 1999).  

 

Non-native species consume significantly more juvenile salmonids as water temperatures 

rise (Vigg et al. 1991).  Consequently, predators that use shallower, warmer habitats near shore 

will consume more prey compared to those that select cooler temperature off shore.  

Centrarchids (e.g., sunfishes such as bass) have greater tolerance for higher expected average 

water temperatures than native salmonids and other resident species (ISAB 2008).  Climate 

change models predict an increase of 1°C or greater in the Columbia and Snake River reservoirs 

by 2040 (Hamlet and Lettenmaier 1999; Payne et al. 2004).  These increases in temperature will 

result in higher growth rates and consumption by predators.  Subyearling fall Chinook salmon 

will suffer the most from these changes due to late spring and summer migrations coinciding 
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with the hottest months of the year and highest consumption rate by predators (Poe et al. 1991; 

Vigg et al. 1991). 

 

Nearshore Habitat Use 

 

We focused our review on nearshore, littoral habitats because these are most important 

for rearing salmonid and are also important to predators.  Subyearling Chinook salmon rear 

along shallow main-stem shorelines for 2 to 4 months in the spring following emergence (Tiffan 

et al. 2006).  After this time, larger fish migrate downstream during late spring and through the 

summer.  As the salmon migrate downstream, they increase in size and move farther offshore.  In 

McNary Reservoir, subyearling Chinook salmon favored water less than 2 m deep in May and 

moved to deeper water as they approached 80 mm in June (Grey and Rondorf 1986).  In the 

Hanford Reach, juvenile Chinook salmon used nearshore depths of 0.75 m until about June 

(Vendetti et al. 1997) and preferred low lateral bed slope (<30%) with velocities less than 0.4 

m/s (Tiffan et al. 2002). 

 

These shallow shoreline habitats with low velocities and slopes offer juvenile salmon 

refugia from predatory fish that may be too large to enter very shallow water.  Several studies 

have shown lack of predation in the littoral zone making this a safe place for small fish to rear 

and feed.  Feeding rates by fish smaller than 100 mm was 10 times higher in shallow water (<10 

cm) than in the rest of the littoral zone (Collins et al.1995).  Brown (1998) observed no 

piscivores in ―littoral fringe‖ (within 2.5 m of shore) transects in Lake Joseph, Ontario.  These 

findings support the criteria for the minimum 10 feet depth of water and the placing of the dock 

40 feet from the OHWM.  Savino and Stein (1989) found that largemouth bass captured all prey 

fish that strayed from areas with aquatic vegetation into open water, demonstrating that refuge is 

critical for prey survival.  Bass preyed on grazing minnows from all but the shallow sections of 

pools in Oklahoma streams (Power et al. 1985).   

 

Although shallow waters provide warmer temperatures that enhance growth, seasonal 

warming in nearshore habitats of the Columbia River ultimately causes temperatures to become 

too warm for salmonids.  By mid to late summer, nearshore areas often become too warm for 

rearing subyearling Chinook salmon (Tiffan et al. 2006).  Curet (1993) observed fish moving 

into deeper, cooler waters when shoreline areas became too warm in the Lower Granite 

Reservoir.  During a study in the Columbia River, Key et al. (1994) found that optimal 

temperatures for sampling subyearling Chinook salmon were between 12-15.9°C and that catch 

decreased significantly when temperatures were any warmer.  Average temperatures in the 

Columbia River can reach 20–21.5°C in August and September, (Goniea 2006) whereas 

nearshore temperatures can be much higher.  By this time, most subyearling Chinook salmon 

have left nearshore areas and are actively migrating seaward.  

 

The littoral zone also contains the highest abundance of terrestrial insects, the preferred 

food for subyearling Chinook salmon in McNary Reservoir (Rondorf et al. 1990).  This close 

relation between the diet of subyearling Chinook salmon and riparian vegetation and possibly the 

upland landscape is important to recognize when considering criteria for shoreline use in urban 

areas.  The preferred diet of juvenile Chinook salmon in the Hanford Reach differs from that in 

McNary Reservoir.  Rondorf et al. (1990) found that caddisflies (64% by weight) were preferred 
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by fish in the Hanford Reach, whereas zooplankton and especially terrestrial insects, were 

abundant in diets of fish in McNary Reservoir.  These findings are consistent with those of 

Becker (1973) and Dauble (1980) who also observed caddisflies making up the majority of 

juvenile Chinook salmon diets in the Hanford Reach.  Wiggins (1977) also reported caddisflies 

making up 64% by weight of the diet of fish in riverine reaches, but less than 1% of the diet in 

reservoir reaches.  In a study of lower Columbia River reservoirs, Craddock (1976) showed that 

terrestrial insects were the major component in juvenile Chinook salmon stomachs in the spring 

and fall.  

 

Developed shorelines may limit available habitat for juvenile salmonids while providing 

habitat for predator species.  Numerous studies in the mainstem Columbia and Snake rivers 

report that subyearling Chinook salmon prefer sandy or small gravel/cobble substrate and avoid 

complex habitats such as bedrock cliffs and riprap (Bennet et al.1992; Curet 1993; Key et 

al.1996; Garland and Tiffan 1999).  In McNary Reservoir, substrate size was the most important 

factor in determining subyearling Chinook salmon presence in nearshore habitats (Garland et al. 

2002).  These authors found that dominant substrates larger than 256 mm (i.e., riprap) have the 

lowest probability of subyearling salmon presence.  Key et al. (1996) observed that predator 

species were often located in riprap areas in McNary Reservoir.  Riprap shoreline constitutes 

23% of the McNary Reservoir according to a study done by the USACE in 1976.   

 

In contrast to juvenile salmonids, smallmouth bass prefer hard substrates such as 

cobble/gravel and steep drop-offs lacking aquatic vegetation (Coble 1975; Pflug 1981; Pflug and 

Pauley 1984).  Ninety percent of the smallmouth bass sampled in a study of the upper McNary 

Reservoir were collected from low-velocity backwater areas along the shoreline (Tabor et al. 

1993).  When smallmouth bass are found over sandy substrates, they show an active hunting 

behavior and pelagic feeding (Danehy and Ringler 1991).  According to Dauble et al. (1989), 

wild fall Chinook salmon may be more vulnerable to predation by smallmouth bass because they 

are often smaller and more abundant in nearshore areas than hatchery-released fall Chinook 

salmon.  McNary Reservoir contains significant reaches of sand and gravel shoreline and bass 

have adapted to use this habitat in absence of more complex substrate.   

 

Northern pikeminnow in Columbia River reservoirs occupy free-flowing areas with low-

velocity (1-foot per second or less) microhabitats and back-eddies (Beamesderfer and Rieman 

1988; Petersen et al 1992).  Northern pikeminnow are the primary predator of juvenile salmonids 

in Columbia River reservoirs (Poe et al 1988; Vigg et al.; 1991; Zimmerman 1999).  The 

predation of northern pikeminnow upon salmonids is of such great concern that since 1990, there 

has been a federally administered angler reward program in the main-stem Columbia and Snake 

rivers.  From 1990 to 2008, over 3.3 million northern pikeminnow were removed by the sport 

reward program and it is estimated that predation on juvenile salmonids has been reduced by 

37% (pikeminnow.org 2009).  Pilings supporting over-water structures create backwater, low-

velocity habitat preferred by these predators, likely contributing to their overall biological 

success. 

 

Structure Use  
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Several studies suggest that bass populations benefit from use of docks and piers in lakes.  

Bass will use simple structures in the absence of more complex natural habitat.  However, it is 

unclear what feature (or combination of features) is actually attracting them to the structure.  

Smallmouth bass in flowing systems use the overhead cover and low-velocity refuge provided by 

physical structure (Probst et al. 1984; Rankin 1986; Todd and Rabeni 1989).  Hanes and Butler 

(1969) showed that structures providing shade were selected most frequently by yearling 

smallmouth bass.  In Lake Joseph, Ontario, densities of young-of-the year smallmouth bass were 

highest in areas with high concentrations of shorezone structures (Brown 1998).  In Spirit Lake, 

Iowa, smallmouth bass were the only juvenile species (of the 20 sampled) that were found in 

equal or greater abundance in developed sites than in undeveloped sites (Bryan and Scarnecchia 

1992).  During a SCUBA survey in Lake Washington, 72% of smallmouth bass were observed 

laying within 2 m of some sort of structure, and they preferred large docks with large numbers of 

pilings (Fresh et al. 2003).   

 

Bass often build nests near over-water structures, and the protection they afford may 

contribute to their reproductive success.  Male smallmouth bass in Lake Sammamish generally 

built nests within 7 to 20 m of shore, on gently sloping gravel/cobble substrates, devoid of 

vegetation at depths of 1 to 3 m, and near a structural element such as log, boulder, pile, or other 

artificial structure (Pflug and Pauley 1984; Kahler et al. 2000).  Smallmouth nests were also 

found close to sheltered habitat in Bull Shoals Reservoir (Vogele and Rainwater 1975).  Building 

nests adjacent to structures can provide visual isolation and reduce area that must be guarded by 

male parents.  It is likely that the construction of over-water structures near shore and in less than 

approximately 3 m of depth will increase the reproductive success of smallmouth bass. 

 

Perhaps another attraction of bass to over-water structures is due to the visual advantage 

gained for foraging.  Helfman (1979; 1981) found that the number of fish using shade-producing 

objects as cover on bright days was directly related to the dimensions of the structure.  

Largemouth bass preferred large to small study floats that shielded them from high light 

intensities suggesting that the created shade provided a visual advantage for predators to see 

approaching prey.  A shaded predator can see sunlit prey more than 2.5 times as far away 

compared to the distance a predator in bright light can see prey in a dark area (Helfman 1981).  

Therefore, prey fish may use the shade provided by small floating objects to avoid being detected 

by a predator approaching from the brightly lit surrounding area.  

 

We found no empirical evidence in the literature on how northern pikeminnows use over-

water structures.  Studies conducted on the lower Willamette River in Oregon did not find a 

relation between shoreline development (including piers) and northern pikeminnow predation on 

outmigrating Chinook salmon (Ward et al.1994; Friesen 2006).  However, it is noteworthy that 

these studies had small sample sizes and took place in areas with relatively low densities of 

predators.  In contrast, pile fields and pile dikes consistently produced high electrofishing catches 

of northern pikeminnow in the Columbia River downstream of Bonneville Dam (Conrad Frost, 

U.S. Geological Survey, personal communication).  It is reasonable to assume that where pilings 

provide sufficient refuge from surrounding velocity, northern pikeminnow will use them. 

 

Light 
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Light is important to a variety of biological functions of juvenile salmonids, particularly 

in shallow nearshore waters.  Light functions as a biomarker in such complex biological 

interactions as: foraging, schooling, predator avoidance, visual orientation, and migration 

(Simenstad et al. 1999).  As such, changes in ambient light conditions could alter the physiology 

and behavior of juvenile salmonids that may ultimately affect their survival. 

 
It is important to consider whether artificial illumination outside of the normal circadian 

cycle affects organisms.  Artificial lighting that is often present on over-water structures may 

disorient migrating juvenile salmonids, compromise their ability to avoid nocturnal predators, 

and affect the photosynthesis of aquatic vegetation.  Little is understood about how artificial 

lights affect these complex ecological systems.  Many laboratory experiments have been 

conducted in order to test the effects of artificial light on fish behavior.  However, it is not 

always possible to extrapolate behavioral responses from the laboratory to the field.  McDonald 

(1960) showed that downstream migration of sockeye and coho salmon fry was inhibited when 

artificial lights illuminated experimental stream channels; but when the lights were turned off, 

migration resumed as normal.   

 

Light also affects the efficiency of sight-feeding predators and the behavior and 

vulnerability of prey.  For example, there is a strong correlation between illumination and 

foraging efficiency in juvenile Chinook salmon.  Juvenile salmonids feed primarily on drifting 

invertebrates during sunrise and dusk, but do not feed during complete darkness (Brett and Groot 

1963; Fraser et al. 1997).  The presence of artificial light may facilitate juvenile fish feeding 

which in turn may increase their vulnerability to predation at night.  The dependence of 

invertebrate behavior on light is also well documented.  The diel vertical migrations of 

zooplankton and invertebrates such as Neomysis mercedis depend largely on light as a proximate 

cue (Forward and Hettler 1992; Haskell and Stanford 2006).  The presence of artificial light may 

alter zooplankton and invertebrate behavior making them more vulnerable to predation.  The role 

that artificial light plays in the feeding behavior of piscivorous predators may be more complex.   

 

Intuitively, one might think that additional light would be beneficial to visual ambush 

predators.  However, Petersen and Gadomski (1994) found that with increasing light intensity the 

predation rate between northern pikeminnow and juvenile Chinook salmon decreased.  This 

suggests that northern pikeminnow feed more actively under the low-light such as at dusk and 

dawn.  This relationship was also shown during studies between sculpin and sockeye fry (Tabor 

et al.1998).  This was probably due to an enhanced ability of the fry to detect and avoid sculpin, 

rather than a suppression of sculpin predatory behavior.  Sculpin are non-visual hunters; so in 

darkness they may use some other sensory mechanisms besides vision to detect prey.  We expect 

the amount of illumination provided around over-water structures at night to be relatively low, 

and may be more typical of dawn and dusk periods when predatory fishes actively feed. 

 

There is ample scientific literature to support the notion that migrating juvenile Chinook 

salmon become disoriented when confronted with shaded habitats.  Migrating juvenile salmon 

tend to avoid overhead cover and instead maneuver along the edges rather than penetrate them 

(Prinslow et al. 1980; Weitkamp 1982; Ratte and Salo 1985; Dames and Moore 1994; Taylor and 

Willey 1997; Pentec Environmental 1997).  This behavior has also been seen in other fish 

species that are reluctant to enter covered or darkened structures (Glass and Wardle 1995; 
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Welton et al. 2002).  It is unclear how this may affect energetic and predatory costs to the fish, 

but it is commonly assumed to be detrimental to survival (Simenstead et al. 1999).  Taylor and 

Willey (1997) observed schools of juvenile salmon splitting into groups and entering a state of 

confusion when confronted with overhead shading.  The reason for this behavior is also 

unknown, but it may be a predator avoidance mechanism (Scheuerell and Schindeler 2003).  

Kemp et al. (2005) found that when migrating subyearling Chinook salmon (average 95 mm) 

were faced with the choice of covered and uncovered channels at McNary Dam, 75% of the fish 

avoided the covered channels.  This behavior was size related with smaller fish being most likely 

to avoid traveling through shaded habitat.  

 

Visual Adaptations of Predators and Salmonids 

 

Due to the complex nature of light in water, fish have evolved well-developed and highly 

specialized eyes.  The Oncorhynchus spp. eye contains a large number of rods and cones, 

showing that it is adapted for vision in both bright and dim light (Brett and Ali 1958).  Rods and 

cones contained within the visual cell layer respond to changes in light by changing their 

position.  The visual cells of smolts are oriented such that they are responsive to ambient light, 

and not to a circadian clock (Simenstead et al. 1999). 

 

Variances in background illumination cause changes in sensitivity of rod and cone 

photoreceptors.  When light levels change abruptly, the eye has to adapt quickly in order to 

distinguish objects in the background (Dowling 1967; Riggs 1971).  Light adaptation can be 

explored by determining incremental thresholds:  as the background or adapting stimulus 

impinging on a receptor increases, so does the threshold level of stimulus to which the receptor 

can respond (Barlow 1972; Blackwell 1972; Dowling and Ripps 1972; Blaxter 1977; Northmore 

1977).  When the light intensity is above the thresholds levels, the cone cells contract to be near 

the source of light and the rods elongate away from the light.  In contrast, when the light 

intensity falls below threshold values, the cones expand away from the light and the rods contract 

towards it (Ali 1959).  The amount that a fish‘s eye must change from one state to another when 

encountering such a stimulus depends upon the intensity of the introduced light.  When the 

introduced light is bright, the eye will not respond to a dim light, which it may have detected 

under lower light conditions (Simenstad et al. 1999).  This makes it difficult for juvenile salmon 

to detect predators in the shaded region beyond the brightly lit area.   

  

Over-water structures can cause sharp differences in underwater light intensities, 

changing the natural lighting regime for both day and night.  It is important to understand the 

behavioral response of salmonids to these light variations.  Fish will respond differently 

depending upon the magnitude of light to which it was exposed before it encountered shade.  

When the light drops below the rod threshold, schools disband and feeding stops (Ali 1958).  

Differences in behavior are also species dependent.  Species that tend to school such as Chinook 

salmon, pink, and chum salmon typically react strongly to alarm (such as changes in light 

intensity).  Whereas coho, a non-schooling salmonid, exhibit a less startled behavior (Hoar 

1957).
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Proposed Criteria and Findings 

 
Proposed Criterion: 

To prevent damage to shallow water habitat, piers and/or ramps shall extend at least 40 feet 

perpendicular from the OHWM.   

 

 Establishes defacto no-wake zone 40 ft from the shoreline. 

 

 A no wake zone of 100 ft from the shoreline is an effective means to protect the littoral 

zone from erosion and other effects caused by motorized watercraft (Asplund 2000). 

 

 Aquatic plant community, diversity and biomass are negatively impacted by motor boat 

traffic (Zieman 1976; Murphy and Eaton, 1983; Vermaat and Bruyne 1993; Mumma 

1996; Asplund 1997). 

 

 There is no direct link in the literature to the 40 ft dimension.  There is substantial 

evidence that motor boat activity near the shore negatively affects erosion and aquatic 

vegetation and is therefore a reasonable criterion supported by the scientific literature. 

 

Proposed Criterion: 

Piers and ramps shall be no more than 4 feet in width.  

 

 The 4-ft width may minimize the effects of the decrease in light levels below the ramp, 

and still allow safe access to the dock. 

 

 There is much data regarding fish behavior in shadows and predation interactions under 

different lighting regimes.  In general, predation on juvenile salmonids decreases as light 

intensity increases (Petersen and Gadomski 1994; Tabor et al. 1998).  

 

 Structures providing darkness are most likely to be selected by smallmouth bass Haines 

and Butler (1969).  

 

 We found no scientific evidence that 4 ft was the optimum width of a ramp or pier, but 

there is much evidence that the lighting regime should remain as natural as possible. 

 

 

Proposed Criterion: 

 The bottom of the pier or bottom of the landward edge of the ramp shall be elevated at least 2 

feet above the plane of OHWM.  

 

 Minimizes the risk of losing the ramp to high flows. 
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 Allows light to penetrate the surface of the water.  The benefits of lighting are well 

documented both in terms of primary production and predator-prey interactions 

(Carrasquero 2001). 

 

 We did not find any additional scientific literature specifically addressing this criterion. 

 

Proposed Criterion: 

Grating shall cover the entire surface area (100%) of the pier and/or ramp.  The open area of 

grating shall be at least 50% as rated by the manufacturer.  

Grating shall cover 100% of the surface area of the float(s).  The open area of the grating shall 

be no less than 50% as rated by the manufacturer.  

Nothing shall be placed on the over-water structure that will reduce natural light penetration 

through the structure.  

 

 Allows light to pass through the ramp and float. 

 

 Juvenile salmon better avoid predators at higher levels of light which suggests that 

shaded areas around and under docks may reduce juvenile salmonids ability to avoid 

predation (Peterson and Gadomski 1994; Tabor 1998). 

 

 Migrating juvenile salmon avoid covered areas.  They tend to swim around docks, 

forcing them into deeper water where there is a greater chance of predation (Kemp 2005). 

 

 The cumulative effect of many individual docks limits primary production, reducing 

phytoplankton and insect populations (Jennings et al.1999; Simenstad et al. 1999; 

Carrasquero 2001). 

 

 We infer that changing the lighting regime will have an adverse effect on predation of 

juvenile salmonids.  Smallmouth bass, and to a lesser extent northern pikeminnow, are 

attracted to the cover that over-water structures provide.  If over-water structures are 

constructed in habitat used by juvenile salmonids for rearing or migrating, we expect 

there will be an increase in predation upon the juvenile salmonids 

 

Proposed Criterion: 

Skirting shall not be placed on piers, ramps, or floats.  Protective bumper material will be 

allowed along the outside edge of the float as long as the material does not extend below the 

bottom edge of the float frame or impede light penetration.  

 

 Lighting issues exacerbated by skirting are noted in the above section. 

 Skirting provides a visual barrier that may be used by smallmouth bass to ambush prey. 

 

 We found no literature specifically addressing the effects of skirting.  
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Proposed Criterion: 

Shoreline concrete anchors must be placed at least 10 feet landward from the OHWM and shall 

be sized no larger than 4 feet wide by 4 feet long, unless otherwise approved by NMFS, USACE, 

and WDFW.  

 

 The riparian zone holds significant value by providing habitat for aquatic insects, the diet 

choice of subyearling Chinook salmon in McNary Reservoir (Rondorf et al. 1990). 

 

 Minimal disturbance of riparian habitat should be weighed when deciding upon criteria 

for determining size and placement of concrete shoreline anchors in order to provide 

protection for terrestrial food sources. 

 

 We found no discussion in the literature of how shoreline anchors might affect the littoral 

zone or ESA-listed species.  

 

Proposed Criterion: 

Piling shall not exceed 5 inches in diameter.  Each over-water structure shall utilize no more 

than 6 piles total for the entire project. 

 

 Pilings placed in flowing water create low-velocity microhabitats that allow predators 

such as smallmouth bass and northern pikeminnow to conserve energy by holding in 

these areas and catching prey as it passes (Peterson et al. 1993).   

 

 Ward et al. (1994) found that offshore wharves supported by pilings did not affect 

juvenile salmon migration and predation.  However, these studies had small sample sizes 

and took place in low-velocity habitats that contained relatively low densities of 

predators. 

 

 Reducing the number of pilings reduces the potential for avian predation. 

 

 Noise generated by pile driving is well documented to have damaging effects to fish 

(Carrasquero 2007). 

 

 Limiting the size and number of piles as well as the seasonal timing of the pile driving is 

a justifiable criterion to reduce the effects of the piles on fish populations. 

 

Proposed Criterion: 

Floats shall not be located in shallow water habitat where they could ground or impede the 

passage or rearing of any life stage of salmonid.  Floats shall be in at least 10 feet of water at all 

reservoir pool levels including MOP (which is 335 feet above sea level).  Depth is measured 

from the bottom of the landward-most edge of the float.  
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 The reasons for locating docks in at least 10 ft of water are to reduce erosion of the 

bottom and shoreline, reduce the suspension of sediment in the water column, reduce 

damage to aquatic vegetation caused by propeller wash, and to minimize the effects to 

fish (Asplund 2000; Carrasquero 2001). 

 

 The primary goal of this criterion is to establish a 10-ft minimum depth at a given dock 

site for which MOP elevation may serve as a general reference.  Therefore, it is necessary 

to define MOP elevation at a given location.  The definition of MOP elevation at McNary 

Dam lacks clarity as a criterion.  MOP elevation is 335 ft at McNary Dam.  At the Blue 

Bridge (RM 330), MOP varies from 349 ft at 580 kcfs, to just under 340 ft at 47 kcfs. 

Flows at this site ranges from 150 to 300 kcfs during the spring and summer.  Therefore, 

pool elevations at the Blue Bridge coinciding with this time vary from 342 ft to 344 ft. 

The criterion should be defined at each river mile for a given flow, or other similar 

criterion to give the individual dock owner a clearer reference to measure the 10-ft depth. 

 

 Wave action caused by motorboats can cause erosion of the shoreline and bottom of both 

rivers and lakes (Asplund 2000).  The degree of erosion depends on substrate size and 

cohesiveness (Nanson 1994).  Wakes created by motorboats can cause sediments to 

resuspend in the water column, reducing water clarity that can potentially alter fish 

behavior and give rise to algal blooms.  This resuspension of sediment is well 

documented by the USACE (1994) Fox River Chain o‘ Lakes study in northeastern 

Illinois, and USACE work on the Mississippi (Johnson 1994).  Both of these studies, 

however, were conducted in bodies of water having very low (or no) velocity and fine silt 

substrates.  

 

 We reviewed information on substrate and shoreline materials of McNary Reservoir to 

determine the likelihood of shoreline sediments eroding from motorboat wakes and 

propeller washes.  McNary Reservoir shoreline is primarily composed of alluvium and 

eolian sands of fine, sandy, loam.  Where fine sediments are present, the maximum 

effects of erosion are observed in water shallower than 3 ft and no effects are observed in 

water deeper than 8 ft (USACE 1994).  A cursory examination of shoreline composition 

suggested that the shoreline of McNary Reservoir is susceptible to the erosive effects of 

motorboat traffic, therefore supporting the10-ft depth criterion. 

 

 There is a relatively low proportion of fine sediment in the main channel of the Columbia 

River.  Most of the substrate in the Tri-Cities area is composed of coarse sand and gravel.  

Sonar surveys conducted by the U.S. Department of Energy showed the amount of fine 

sediment decreased from 90% at McNary Dam to 51% travelling upstream to Port Kelly.  

Substrate at the Port of Kenniwick is composed of 4% gravel, 82% sand, 9% silt and 5% 

clay (Pinza et al. 1992).  At the Port of Burbank no samples were collected as the bottom 

was bedrock (USACE 1993).  Due to its high velocity and course substrate, we would not 

expect motorboat use to contribute to resuspension of sediment in the main channel of 

Lake Wallula. 
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 Plant growth may be inhibited where find sediments are present.  A large number of 

studies have demonstrated that aquatic plants grow better and have a greater biomass at 

sites having less boat traffic (Zieman 1976; Murphy and Eaton 1983; Vermaat and 

Bruyne 1993; Mumma 1996; Asplund 1997).  The detrimental effects of motorboats on 

aquatic plant communities can be minimized by placing docks in deeper water. 

 

 Eurasian watermilfoil Myriophyllum spicatum is an invasive aquatic plant that forms 

dense canopies that can shade out other vegetation.  Fragmentation caused by boat 

propellers is the primary cause of spreading milfoil from one waterbody to another 

(Washington Department of Ecology). 

 

 For all species of submerged aquatic vegetation, there is a direct correlation between 

water clarity and the depth at which the plants will grow (Chambers and Kalff 1985; 

Duarte 1991; Abal and Dennison 1996; Olesen 1996).  Kemp et al. (2004) found that the 

minimum percent light through water (PLW) required for submerged aquatic plants to 

survive is between 10-30%.  Levels of turbidity as low as 4 and 15 nephelometric 

turbidity units (NTUs) can interfere with the ability of aquatic vegetation to 

photosynthesize (Hunter and Wilhm 1984).  An increase in turbidity from 0 to 75 NTUs 

decreased primary production, species diversity, and biomass in a study conducted in the 

Northwest Territories (McCart et al. 1980).  Calculations from another study showed that 

a turbidity of only 5 NTUs decreased primary productivity by about 3-13% and an 

increase in turbidity of 25 NTUs decreased primary production of aquatic vegetation by 

13-50% in clear-water streams (Lloyd 1987).  The turbidity levels in McNary Reservoir 

in reference to boat use near the shoreline are unknown. 
 

 Turbidity can affect freshwater fish communities in both positive and negative ways 

(Judy et al. 1984).  Buck (1956) observed smaller growth rates, reduced reproduction 

rates, and smaller populations of fish in turbid ponds.  During a study conducted by 

Bisson and Bilby (1982), juvenile coho salmon avoided water with turbidities of 70 

NTUs and above where low light conditions prevented successful foraging.  In contrast, 

increased turbidity can reduce predations rate on juvenile salmon (Gregory and Levings 

1998) and improve the survival of migrating subyearling fall Chinook salmon (Smith et 

al. 2003).  Turbidity from motorboat operation will be minimized if docks are built in 

water that is 10 ft or deeper.  

 

 The 10-ft depth criterion is supported as a means to ensure that docks are not built where 

smallmouth bass and juvenile salmonid habitats overlap.  Construction of docks will 

attract smallmouth and pikeminnow because these fish prefer structure.  By constructing 

docks over deeper water, the interaction between predators and juvenile salmon can be 

reduced because juvenile salmon are rearing in shallow areas near shore. 
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Discussion 

  
The proposed criteria for residential docks and over-water structures specify discrete 

values such as 10-ft depth, 40 ft from OHWM, 4 ft wide, and 5-in diameters.  In general, we 

could not identify these discrete values in the available literature.  However, we found that 

maximizing depth, minimizing structure such as the number of pilings, and maximizing light 

levels all contribute to minimizing the negative effects that docks have on ESA-listed salmonids 

and other aquatic organisms.   

 

We found few studies that directly examine dock use by piscivorous fishes and what 

effect that has on juvenile salmonids.  We cite the large and relatively long-term studies on 

predation by smallmouth bass, northern pikeminnow, walleye, and channel catfish sponsored by 

the Bonneville Power Administration.  The results of those predation studies were sufficiently 

compelling to support the start of a bounty program for the northern pikeminnow.  The results of 

sampling in reservoir habitats from these studies are applicable to predator-prey relations in 

McNary Reservoir because most fish were sampled with electrofishing and beach seining along 

shores where both of those sampling gears are effective.   

 

An overlap in habitat use between juvenile salmon, smallmouth bass, and northern 

pikeminnow increases the potential for predation.  The current Biological Opinion for the 

Federal Columbia River Power System states that agencies will work together to develop 

strategies to reduce non-indigenous piscivorous predation (NOAA 2008).  By simply reducing 

the amount of shade, minimizing the number of in-water structures (pilings), and moving the 

docks into deeper water, we avoid this potential creation of overlapping habitat that may increase 

predation on listed and non-listed juvenile salmonids.  Specifically, placing docks in 10 ft of 

water, allowing light to pass through the dock, and minimizing the number and size of piles is 

reasonable and scientifically supported for waters containing federally listed fish species.  

 

As a result of this review, we have narrowed the complex life histories of eight ESA-

listed species of salmonids to a few that are most likely to occur in the nearshore areas of 

McNary Reservoir.  Numerous studies from the Snake River and Columbia River provided a 

strong collection of information to support our reasoning.  The juvenile salmon that will be 

affected in the nearshore area are the abundant subyearling fall Chinook salmon.  We were 

reluctant to dismiss the potential for deleterious effects on the subyearling fall Chinook salmon 

simply because they are abundant and not listed under the ESA.  The evidence supports the 

assumption that ESA-listed yearling and subyearling spring Chinook salmon currently occur in 

the nearshore areas or will use the nearshore areas as tributary populations are restored.  

  

The proposed criteria for docks address several issues not directly related to ESA-listed 

species, but rather to the nearshore ecosystem.  The criteria for structures attempt to minimize 

effects on lighting, the effects of motorboats on aquatic vegetation, shoreline erosion, and 

vegetation.  We recognize that the reservoir shorelines do not represent pristine riverine habitats 

to which the juvenile salmonids are well adapted.  However, these effects are recognized as 

widely deleterious to aquatic communities.  In general, modification of riparian areas and near-

shore littoral zone habitat (i.e., shoreline development) degrades freshwater aquatic communities.  
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Local habitat modifications (e.g., construction of individual residential docks) lead to changes in 

fish assemblages, particularly ―when many diverse incremental changes have accumulated 

within a basin over time‖ (Jennings et al. 1999).  Jennings et al. (1999) encourages shore zoning 

and permitting to consider the cumulative effects of small habitat modifications in addition to 

local effects of the structure. 

 

Historically, management decisions for the Columbia River corridor have been based 

primarily on species-centered and site-specific scientific research.  There are inherent challenges 

in managing and restoring a system fragmented by hydropower and other human perturbations.  

However, there has been a growing trend among prominent scientists, educators, and policy 

makers to view the river not as a sum of its parts, but as a whole interconnected system.  It is 

important to realize that human-caused activities occurring upstream affect environmental 

conditions further downstream.  This connectivity is a fundamental property of all ecosystems.  

Management actions that target the whole landscape or ecosystem are unlikely to be socially 

painless or inexpensive, nor are they likely to provide short-term reward.  However, this change 

of perspective is probably essential for the long-term survival of native species.  

 

In 1980, Vannote et al. (1980) first introduced the concept of ‗the river continuum‘.  This 

theory states that because a river changes constantly as it moves from the headwaters to the 

mouth, that it can only truly be understood as a continuum.  He saw a river as the equilibrium 

between physical characteristics such as width, depth, velocity, and temperature change and 

other biological factors.  These factors change constantly, in a predictable manner, as the water 

flows downstream.  More importantly, he recognized that those changes are interrelated.  

Gregory et al. (1991) subsequently described the dynamic relationship between rivers and 

streams and the surrounding terrestrial ecosystems that result in healthy riparian zones.  In 

McNary Reservoir, the remaining habitat reflects the fragmentation from the construction of 

dams and human disturbance (Jager et al. 2001; Quigley et al. 2001; Zabel and Williams 2002). 

 

  Due to the effects of hydroelectric dams on salmonid populations, much scientific 

research on the Columbia River over the past few decades has been conducted on salmonid 

passage and hatcheries.  Biological factors such as feeding, growth, and habitat have received 

little attention.  In a review of the Northwest Power Planning Council‘s Columbia River Basin 

Fish and Wildlife Program, Williams (2006) concluded that the current program was unlikely to 

recover declining salmon and steelhead stocks.  Adoption of a salmon life history ecosystem 

concept as a guiding foundation is needed to recover depressed stocks.  This ―Return to the 

River‖ work is a comprehensive scientific review of the programs intended to address the 

complex issues of habitat degradation, juvenile survival through the hydrosystem, the role of 

artificial production, and harvest reform.  It is a new conceptual foundation for managing salmon 

from an ecosystem standpoint in the 21
st
 century. 

 

 McNary Reservoir, located downstream of the Hanford Reach, includes the confluence of 

the Yakima, Walla Walla, and the Snake rivers.  The nearshore habitat offers limited habitat 

connectivity for the abundant fall Chinook salmon and to certain life stages of ESA-listed species 

of salmon.  At the same time, the Tri-Cities are typical of rapid urban growth in the interior West 

and a need for recreational opportunities on the water.  Our review emphasized the proposed 

criteria and most probable biological responses to those criteria.  However, in regards to ESA-
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listed salmonid species, it is the interaction of these complex ecological processes from the 

localized effects of a single dock to the cumulative effects of numerous docks over time that is 

probably more important. 
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Appendix A:  Proposed USACE criteria for Dock Design 

*Asterisks are placed by criteria for which we were asked to provide assessment.  

 

Lake Wallula/ McNary Pool residential over-water structure design criteria   
   

1. Objectives  

  

•      Over-water structure design, construction, and use shall minimize degradation of 

aquatic, nearshore, and shoreline habitats.   

 

•      Over-water structures shall not impede any juvenile or adult salmonid life stage 

including migration, rearing, and spawning.   

 

•      Over-water structures shall not enhance habitats used by potential salmonid 

predators (esp. fishes and birds).   

  

2. Over-water structure definitions and abbreviations   

  

• A residential over-water structure typically consists of a shoreline anchor, ramp, 

and float.  The structure may also include pile(s) and/or float anchor(s).   

 

• Functional grating is the area that is not covered or blocked by any objects such as 

framing wood, flotation tubs, etc.  The percent of functional grating is in relation 

to the surface area of the float.   

  

• USACE - United States Army Corps of Engineers, Walla Walla District   

  

• NMFS - National Marine Fisheries Service   

 

• WDFW - Washington State Department of Fish and Wildlife   

 

3. Piers and ramps   

  

• To prevent damage to shallow water habitat, piers and/or ramps shall extend at 

least 40 feet perpendicular from the ordinary high water mark (OHWM).
*
  

 

• Piers and ramps shall be no more than 4 feet in width.
*
   

 

• The bottom of the pier or bottom of the landward edge of the ramp shall be 

elevated at least 2 feet above the plane of OHWM.
*
  

 

• Grating shall cover the entire surface area (100%) of the pier and/or ramp.  The 

open area of grating shall be at least 50% as rated by the manufacturer.
*
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• Skirting shall not be placed on piers, ramps, or floats.  Protective bumper material 

will be allowed along the outside edge of the float as long as the material does not 

extend below the bottom edge of the float frame or impede light penetration.
*
   

 

• Shoreline concrete anchors must be placed at least 10 feet landward from the 

OHWM and shall be sized no larger than 4-feet wide by 4-feet long, unless 

otherwise approved by NMFS, USACE, and WDFW.
*
  

 

4. Preservatives   

  

• The dock shall be built with materials that do not leach preservatives or other 

materials.   

  

• No treated wood of any kind shall be used on any over-water structure (float, pier, 

or ramp).   

  

• No paint, stain or preservative shall be applied to the over-water structure.   

 

5. Preconstruction and construction activities   

  

• If native vegetation is moved, damaged or destroyed, it shall be replaced with a 

functional native species equivalent during site restoration.   

 

• Any large wood, native vegetation, topsoil, and/or native channel material 

displaced by construction shall be stockpiled for use during site restoration.   

 

• No existing habitat features (e.g., woody debris, substrate materials) shall be 

removed from the shore or aquatic environment.   

 

• Construction impacts shall be confined to the minimum area needed to complete 

the project.   

 

• The boundaries of clearing limits associated with site access and construction 

shall be flagged to prevent ground disturbance of riparian vegetation, wetlands, 

and other sensitive sites beyond the flagged boundary.  This action shall be 

completed before any significant alteration of the project area.   

 

• A supply of sediment control materials (e.g., silt fence, straw bales, coconut fiber 

COIR bales) shall be available onsite.  This action shall be completed before 

significant alteration of the project area.   

 

• All temporary erosion controls shall be in place and appropriately installed 

downslope of project activities within the riparian area until site restoration is 

complete.   
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6. General   

  

• No electricity shall be provided to or on the over-water structure.   

 

• No boat lifts or watercraft lifts (e.g., jet ski lifts) of any type will be placed on or 

in addition to the over-water structure.   

 

• Shoreline armoring (i.e., bulkheads, rip-rap, and retaining walls) shall not occur in 

association with installation of the over-water structure.   

 

• Construction of the over-water structure shall be completed during the in-water 

work window of December 1 to February 28.   

 

7. Piling and float anchors   

  

• Piling shall not exceed 5 inches in diameter.
* 

 

 

• Piling shall be spaced at least 18 feet apart on the same side of any component of 

the over-water structure.  The pier/ramp and float are separate components.   

 

• Each over-water structure shall utilize no more than 6 piles total for the entire 

project.
* 
  

 

• All pilings shall be fitted with devices to prevent perching by piscivorous (fish-

eating) birds.   

 

• Submerged float anchors will be constructed out of concrete and shall be 

horizontally compressed in form, by a factor of 5 or more, for a minimum profile 

above the stream bed (the horizontal length and width will be at least 5 times the 

vertical height).   

 

• No in-water fill material will be allowed, with the exception of pilings and float 

anchors (Note: uncured concrete or its by-products shall not be allowed).   

 

8. Floats   

  

• Float components shall not exceed the dimensions of 8 by 20 feet or an aggregate 

total of 160 square feet for all float components.   

 

• Float materials contacting the water shall be white in color.   

 

• Flotation materials shall be permanently encapsulated to prevent breakup into 

small pieces and dispersal in water, (e.g. rectangular float tubs).   

 

• Grating shall cover 100% of the surface area of the float(s).  The open area of the 

grating shall be no less than 50% as rated by the manufacturer.
*
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• Functional grating will cover no less than 50% of the float.
 *
   

 

• Floats shall not be located in shallow water habitat where they could ground or 

impede the passage or rearing of any life stage of salmonid.  Floats shall be in at 

least 10 feet of water at all reservoir pool levels including MOP (which is 335 feet 

above sea level). Depth is measured from the bottom of the landward-most edge 

of the float.
*
  

 

• Nothing shall be placed on the over-water structure that will reduce natural light 

penetration through the structure.   

 

• Floats shall be positioned at least 40 feet horizontally from the OHWM and no 

more than 100 feet from the OHWM as measured from the landward-most edge 

of the float.   

 

• Project construction shall cease under high flow conditions that could result in 

inundation of the project area except for efforts to avoid or minimize resource 

damage.   

 

 
 

 

  

 



 

 

OVERWATER STRUCTURES AND NON-STRUCTURAL PILING 
WHITE PAPER 

 

 

 

 

Prepared for 
Washington Department of Fish and Wildlife 

600 Capitol Way North 

Olympia, Washington  98501‐1091 

 

 

Prepared by 
Jones and Stokes Associates 

11820 Northup Way, Ste E300  

Bellevue, Washington  98005 

 

 

In association with 
Anchor Environmental, L.L.C. 

1423 Third Avenue, Suite 300 

Seattle, Washington  98101 

 

R2 Resource Consultants 

15250 NE 95th Street 

Redmond, Washington  98052 

 

 

December 2006 

Lauren
Typewritten Text
Exhibit 2



Table of Contents 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  i   December 2006 

EXECUTIVE SUMMARY.................................................................................................................... ES‐1 
Overview ........................................................................................................................................ ES‐1 
Species and Habitat Use ............................................................................................................... ES‐2 
Risk of Take and Potential Mitigation Measures ...................................................................... ES‐2 
Shading ........................................................................................................................................... ES‐3 
Littoral Vegetation......................................................................................................................... ES‐3 
Freshwater Aquatic Vegetation ................................................................................................... ES‐3 
Riparian and Shoreline Vegetation ............................................................................................. ES‐4 
Noise................................................................................................................................................ ES‐4 
Water Quality................................................................................................................................. ES‐5 
Channel Hydraulics ...................................................................................................................... ES‐5 
Littoral Drift ................................................................................................................................... ES‐6 
Substrate Modifications ................................................................................................................ ES‐6 
Channel Dewatering ..................................................................................................................... ES‐7 
Artificial Light................................................................................................................................ ES‐7 
Vessel Activities............................................................................................................................. ES‐7 

1  INTRODUCTION.............................................................................................................................1‐1 

2  OBJECTIVES......................................................................................................................................2‐1 

3  METHODOLOGY ............................................................................................................................3‐1 

4  ACTIVITY DESCRIPTION..............................................................................................................4‐1 

5  SPECIES AND HABITAT USE.......................................................................................................5‐1 

6  CONCEPTUAL FRAMEWORK FOR ASSESSING IMPACTS ..................................................6‐1 

7  DIRECT AND INDIRECT IMPACTS ............................................................................................7‐1 
7.1  Shading.....................................................................................................................................7‐1 
7.1.1  Fish Vision .........................................................................................................................7‐2 
7.1.2  Prey Abundance, Feeding, and Growth ........................................................................7‐4 
7.1.3  Migration and Distribution .............................................................................................7‐5 
7.1.4  Predation ............................................................................................................................7‐7 

7.2  Littoral Vegetation ................................................................................................................7‐10 
7.2.1  Ambient Light .................................................................................................................7‐12 
7.2.2  Direct Disturbance and Displacement .........................................................................7‐13 
7.2.3  Vessel Interactions ..........................................................................................................7‐14 

7.3  Freshwater Aquatic Vegetation...........................................................................................7‐14 
7.3.1  Ambient Light .................................................................................................................7‐16 
7.3.2  Direct Disturbance and Displacement .........................................................................7‐16 
7.3.3  Vessel Interactions ..........................................................................................................7‐16 
7.3.4  Introduction of Noxious Weeds....................................................................................7‐17 



Table of Contents 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  ii   December 2006 

7.4  Riparian and Shoreline Vegetation.....................................................................................7‐17 
7.4.1  Shading and Water Temperature Regime...................................................................7‐18 
7.4.2  Streambank/Shoreline Stability.....................................................................................7‐19 
7.4.3  Altered Allochthonous Input ........................................................................................7‐20 
7.4.4  Groundwater Influence..................................................................................................7‐21 
7.4.5  Habitat Conditions .........................................................................................................7‐22 

7.5  Noise .......................................................................................................................................7‐23 
7.5.1  Pile Driving......................................................................................................................7‐23 
7.5.2  Noise from Commercial and Recreational Boating Traffic .......................................7‐27 
7.5.3  Noise from Construction Vessels and Equipment .....................................................7‐27 

7.6  Water Quality ........................................................................................................................7‐28 
7.6.1  Suspended Solids ............................................................................................................7‐28 
7.6.2  Suspended Solids Impacts on Fish ...............................................................................7‐30 
7.6.3  Suspended Solids Impacts on Invertebrates ...............................................................7‐32 
7.6.4  Contaminated Sediment Impacts .................................................................................7‐33 
7.6.5  Dissolved Oxygen Impacts............................................................................................7‐33 
7.6.6  pH Impacts.......................................................................................................................7‐33 
7.6.7  Treated Wood‐Related Impacts ....................................................................................7‐34 
7.6.8  Stormwater and Nonpoint Source Water Quality Impacts.......................................7‐42 

7.7  Channel Hydraulics ..............................................................................................................7‐43 
7.7.1  Controlling Factors in Channels ...................................................................................7‐43 
7.7.2  Habitat Structure in Channels.......................................................................................7‐46 

7.8  Littoral Drift ...........................................................................................................................7‐49 
7.8.1  Wave Action ....................................................................................................................7‐50 
7.8.2  Littoral Currents..............................................................................................................7‐52 

7.9  Substrate Modifications........................................................................................................7‐53 
7.10  Channel Dewatering.............................................................................................................7‐54 
7.10.1  Fish Removal and Exclusion .........................................................................................7‐54 
7.10.2  Fish Entrainment.............................................................................................................7‐56 
7.10.3  Alteration of Flow...........................................................................................................7‐56 
7.10.4  Disturbance of the Streambed.......................................................................................7‐57 
7.10.5  Loss of Invertebrates ......................................................................................................7‐57 
7.10.6  Elevated Turbidity During Rewatering.......................................................................7‐59 

7.11  Artificial Light .......................................................................................................................7‐59 
7.12  Vessel Activities ....................................................................................................................7‐62 
7.12.1  Sediment Disturbance ....................................................................................................7‐62 
7.12.2  Eelgrass and Macroalgae Disturbance.........................................................................7‐63 
7.12.3  Freshwater Aquatic Vegetation Disturbance ..............................................................7‐64 
7.12.4  Noise .................................................................................................................................7‐64 
7.12.5  Artificial Light .................................................................................................................7‐65 

8  CUMULATIVE IMPACTS OF OVERWATER STRUCTURES AND NON‐STRUCTURAL 
PILING...............................................................................................................................................8‐1 



Table of Contents 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  iii   December 2006 

8.1  Shading.....................................................................................................................................8‐2 
8.2  Littoral Vegetation ..................................................................................................................8‐3 
8.3  Freshwater Aquatic Vegetation.............................................................................................8‐4 
8.4  Riparian and Shoreline Vegetation.......................................................................................8‐4 
8.5  Noise .........................................................................................................................................8‐5 
8.6  Water Quality ..........................................................................................................................8‐5 
8.7  Channel Hydraulics ................................................................................................................8‐6 
8.8  Littoral Drift .............................................................................................................................8‐6 
8.9  Substrate Modifications..........................................................................................................8‐6 
8.10  Channel Dewatering...............................................................................................................8‐7 
8.11  Artificial Light .........................................................................................................................8‐8 
8.12  Vessel Activities ......................................................................................................................8‐8 

9  POTENTIAL RISK OF TAKE..........................................................................................................9‐1 
9.1  Shading.....................................................................................................................................9‐4 
9.2  Eelgrass and Macroalgae........................................................................................................9‐5 
9.3  Freshwater Aquatic Vegetation.............................................................................................9‐6 
9.4  Riparian and Shoreline Vegetation.......................................................................................9‐7 
9.5  Noise .........................................................................................................................................9‐8 
9.6  Water Quality ..........................................................................................................................9‐8 
9.7  Channel Hydraulics ..............................................................................................................9‐10 
9.7.1  No Impact ........................................................................................................................9‐11 
9.7.2  Habitat Destruction ........................................................................................................9‐12 
9.7.3  Embedding.......................................................................................................................9‐12 
9.7.4  Scour .................................................................................................................................9‐14 
9.7.5  Deposition........................................................................................................................9‐15 

9.8  Littoral Drift ...........................................................................................................................9‐17 
9.9  Substrate Modifications........................................................................................................9‐19 
9.10  Channel Dewatering.............................................................................................................9‐19 
9.11  Artificial Light .......................................................................................................................9‐21 
9.12  Vessel Activities ....................................................................................................................9‐21 
9.13  Risk Evaluation......................................................................................................................9‐22 

10  DATA GAPS....................................................................................................................................10‐1 
10.1  Shading...................................................................................................................................10‐1 
10.2  Littoral Vegetation ................................................................................................................10‐2 
10.3  Freshwater Aquatic Vegetation...........................................................................................10‐2 
10.4  Riparian and Shoreline Vegetation.....................................................................................10‐3 
10.5  Noise .......................................................................................................................................10‐3 
10.6  Water Quality ........................................................................................................................10‐8 
10.7  Channel Hydraulics ..............................................................................................................10‐8 
10.8  Littoral Drift ...........................................................................................................................10‐9 
10.9  Substrate Modifications........................................................................................................10‐9 
10.10 Channel Dewatering...........................................................................................................10‐10 



Table of Contents 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  iv   December 2006 

10.11 Artificial Light .....................................................................................................................10‐10 
10.12 Vessel Activities ..................................................................................................................10‐10 

11  HABITAT PROTECTION, CONSERVATION, MITIGATION, AND MANAGEMENT 
STRATEGIES...................................................................................................................................11‐1 
11.1  Shading...................................................................................................................................11‐1 
11.2  Littoral Vegetation ................................................................................................................11‐4 
11.3  Freshwater Aquatic Vegetation...........................................................................................11‐5 
11.4  Riparian and Shoreline Vegetation.....................................................................................11‐6 
11.5  Noise .......................................................................................................................................11‐8 
11.6  Water Quality ........................................................................................................................11‐9 
11.7  Channel Hydraulics ............................................................................................................11‐12 
11.8  Littoral Drift .........................................................................................................................11‐13 
11.9  Substrate Modifications......................................................................................................11‐14 
11.10 Channel Dewatering...........................................................................................................11‐14 
11.11 Artificial Light .....................................................................................................................11‐15 
11.12 Vessel Activities ..................................................................................................................11‐16 

12  REFERENCES .................................................................................................................................12‐1 
 

 

 

List of Tables 
Table ES‐1 Potential Impacts of Changes in Channel Hydraulics on Potentially Covered 

Species ......................................................................................................................... ES‐6 
Table 1 Potentially Covered Fish and Wildlife Species.........................................................1‐2 
Table 2 Range of Potentially Covered Species Listed in Table 1..........................................5‐1 
Table 3 Habitat Requirements of Potentially Covered Species............................................5‐3 
Table 4 Principal Impact Pathways Evaluated.......................................................................6‐2 
Table 5 Hearing Categories for Potentially Covered Fish Species.....................................7‐25 
Table 6 Effects Thresholds for PAHs in Surface Water .......................................................7‐37 
Table 7 U.S. Water Quality Criteria for the Protection of Aquatic Life (“aquatic life 

criteria”) for Water Soluble Chemicals Used in Treating Wood..........................7‐40 
Table 8 Threshold Effects Concentrations (TECs) for Freshwater Sediment ...................7‐41 
Table 9 Probable Effects Concentrations (PECs) for Freshwater Sediment......................7‐42 
Table 10 Summary of Potential for Incidental Take of Potentially Covered Species..........9‐1 
Table 11 Potential Impacts of Changes in Channel Hydraulics on Potentially  

Covered Species ..........................................................................................................9‐11 
Table 12 Conclusions of the Risk Evaluation..........................................................................9‐23 
Table 13 Research Questions on the Impact of Pile Driving on Fishes ...............................10‐5 
 

 



Table of Contents 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  v   December 2006 

List of Figures 
Figure 1 Conceptual Framework for Assessment....................................................................6‐1 
Figure 2 Juvenile Salmon Behavior Patterns Related to Light Intensity...............................7‐3 
 

 

List of Appendices 
Appendix A  Standard HPA Provisions 
Appendix B  Maps: TRAs and WRIAs 
 
 



List of Abbreviations and Acronyms 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  vi   December 2006 

ACZA  ammoniacal copper zinc arsenate 

ALC  aquatic life criteria 

BLM  Biotic Ligand Model 

BMP  best management practice 

CCA  chromated copper arsenate 

CCC  criterion chronic concentration 

CMC  criterion maximum concentration 

Corps, the  U.S. Army Corps of Engineers 

DNA  deoxyribonucleic acid 

Ecology  Washington State Department of Ecology 

ESA  Endangered Species Act 

ESU  Evolutionarily Significant Unit 

HCP  Habitat Conservation Plan 

HPA   Hydraulic Project Approval 

ITP  Incidental Take Permit 

LWD  large woody debris 

MHHW  mean higher high water 

MLLW  mean lower low water 

NMFS  National Marine Fisheries Service 

NOAA  National Oceanic and Atmospheric Administration 

OHWL  ordinary high water line 

PAH  polycyclic aromatic hydrocarbon 

PAR  photosynthetically active radiation 

PEC  probable effects concentration 

RCW  Revised Code of Washington 

RMS  root mean square 

SEL  sound exposure level 

TEC  threshold effects concentration 

TRA  Tidal Reference Area 

TSS  total suspended solids 

USACE  U.S. Army Corps of Engineers 

USC  United States Code 

USEPA  U.S. Environmental Protection Agency 



List of Abbreviations and Acronyms 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  vii   December 2006 

USFWS  U.S. Fish and Wildlife Service 

WAC  Washington Administrative Code 

WDFW  Washington Department of Fish and Wildlife 

WDNR  Washington Department of Natural Resources 

WRIA  Water Resource Inventory Area 

WSDOT  Washington State Department of Transportation 

   

 



List of Units of Measure 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  viii   December 2006 

C  Celsius 

cfs  cubic feet per second 

cm  centimeter 

cm/sec  centimeters per second 

dB  decibels 

dBpeak  peak decibels during each pulse (either maximum or minimum) 

dBSEL  decibels sound exposure level 

dBRMS  decibels root mean square – square root of sound energy divided by impulse 

duration 

F  Fahrenheit 

JTU  Jackson turbidity unit 
m meter 
μg/cm2/mm micrograms per square centimeter per millimeter 

μg/L  micrograms per liter 
μM/m2/sec micro‐moles per square meter per second 

mg/kg  milligrams per kilogram 

mg/L  milligrams per liter 

mm  millimeter 

NTU  nephelometric turbidity unit 

ppb  parts per billion 

   

 

 

Note:  In general, English measurement units (e.g., feet, inches, miles) are used in this white 

paper; when the source material expresses a value in metric units, that measurement is also 

provided in parentheses.  However, measurements that by convention are typically made only 
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EXECUTIVE SUMMARY 
Overview 

In Washington State, activities that use, divert, obstruct, or change the natural bed or flow of 

state waters require a Hydraulic Project Approval (HPA) from the Washington Department 

of Fish and Wildlife (WDFW).  The purpose of the HPA program is to ensure that such 

activities do not damage public fish and shellfish resources and their habitats.  To ensure 

that activities conducted under an HPA comply with the Endangered Species Act (ESA),  

WDFW is preparing a programmatic, multispecies Habitat Conservation Plan (HCP) to 

obtain an Incidental Take Permit from the U.S. Fish and Wildlife Service (USFWS) and the 

National Oceanic and Atmospheric Administration (NOAA) Fisheries Service (known as 

NOAA Fisheries).  WDFW’s objective is to avoid, minimize, or compensate for the 

incidental take of species potentially covered under the HCP resulting from the 

implementation of permits issued under the HPA authority.  In this context, to “take” 

means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or to 

attempt to engage in any such conduct (16 U.S.C. 1532(19)). 

 

To evaluate the feasibility of and develop a scientific foundation for the HCP, the WDFW 

has commissioned a series of white papers that will review and summarize the best 

available science for up to 21 HPA activities that could be included in the HCP. 

 

This white paper addresses the availability of scientific information on two such HPA 

activities, overwater structures and the installation and removal of non‐structural piling.  

Overwater structures are defined by WDFW as “docks, piers, floats, ramps, wharfs, ferry 

terminals and other structures that are supported above or float on the water.  This includes 

all structural or supporting pilings.  This does not include structures associated with a 

Marina.”  Non‐structural piling is defined by the WDFW as “individual, non‐structural 

pilings, power poles, transmission lines, conduits, etc.  Pilings are driven into the stream, 

lake, and ocean bed.”   

 

The literature review conducted for this white paper identified 12 impact mechanisms 

associated with the construction and operation of overwater structures and non‐structural 

piling that could potentially affect aquatic species being considered for coverage under the 

HCP (“potentially covered species”).  These mechanisms describe activities and 
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modifications to habitat arising from activities that can be temporary or permanent in 

duration.  The impact mechanisms evaluated in this white paper are: 

• Shading 

• Littoral vegetation 

• Freshwater aquatic vegetation 

• Riparian and shoreline vegetation 

• Noise 

• Water quality 

• Channel hydraulics 

• Littoral drift 

• Substrate modifications 

• Channel dewatering 

• Artificial light 

• Vessel activities  

 

Following a brief description of overwater structures and non‐structural piling activities and 

potential impact mechanisms, the 52 aquatic species being considered for coverage under 

the HCP are described.  Based on this information, the risks of direct and indirect impacts to 

the potentially covered species or their habitats are discussed.  In addition, the potential for 

cumulative impacts is discussed, and the risk for incidental take of potentially covered 

species is qualitatively estimated.  The white paper then identifies data gaps (i.e., instances 

in which the data or literature are insufficient to allow conclusions on the risk of take).  The 

white paper concludes by providing habitat protection, conservation, mitigation, and 

management strategies consisting of actions that could be taken to avoid or minimize the 

impacts of overwater structures and non‐structural piling.  Key elements of the white paper 

are summarized below. 

 

Species and Habitat Use 

This white paper considers potential impacts on 52 potentially covered species and 

summarizes the geographic distribution and habitat requirements of those species.  That 

information is used to assess potential impacts on the potentially covered species. 

 

Risk of Take and Potential Mitigation Measures 

The risk of take and potential mitigation measures are summarized below for each of the 

impact mechanisms listed above.   
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Shading 

Shading has been identified as causing incidental take of juvenile salmon in both marine 

and freshwater environments.  However, almost nothing is known about the effects of 

shading on other potentially covered species. 

 

Various authors have suggested minimization measures to reduce shading impacts, such as: 

• Increasing the height of overwater structures to allow light transmission under the 

structures  

• Decreasing structure width to decrease the shade footprint  

• Aligning the structure in a north‐south orientation to allow the arc of the sun to cross 

perpendicular to the structure  

• Using the smallest number of pilings possible, allowing more light beneath the 

structure 

 

Littoral Vegetation 

Littoral vegetation includes eelgrass, macroalgae, and intertidal vascular plants. Generally, 

the federal agencies have treated loss or reduced density of eelgrass as equivalent to loss of 

essential habitat for listed species known to occur in the area; as such, it constitutes a take of 

listed species such as salmon and bull trout.  Thus, eelgrass loss is almost certain to result in 

incidental take of potentially covered species that use eelgrass, including anadromous 

salmonids, anadromous and marine forage fishes, and certain larval pelagic fishes.  

Mitigation of impacts to littoral vegetation is best achieved through avoidance. 

 

Freshwater Aquatic Vegetation 

Most impacts on aquatic vegetation are not directly addressed by current best management 

practices or minimization measures required under the HPA authority, so they represent 

impacts that have a high potential to occur in practice.  This oversight has likely occurred 

because salmonids do not show a very strong dependence on freshwater aquatic vegetation.  

However, some other potentially covered species, including freshwater molluscs and an 

array of fishes, have a strong association with freshwater aquatic vegetation and would be 

at relatively high risk of incidental take from projects that remove or reduce such vegetation 

within their habitat.  There are few recommendations for how to minimize impacts to 

aquatic vegetation, except via avoidance. 
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Riparian and Shoreline Vegetation 

In past biological opinions, the National Marine Fisheries Service (NMFS) has found that 

loss of riparian and shoreline vegetation amounts to incidental take of listed fish, even 

though the relationship between habitat conditions and the distribution and abundance of 

those individuals in the action area was imprecise.  Many other potentially covered species 

also have demonstrated dependence on riparian and shoreline vegetation and so would be 

at high risk of incidental take. 

 

The following measures could help avoid and minimize incidental take arising from impacts 

to riparian and shoreline vegetation: 

• Prepare revegetation plans for projects that temporarily disturb vegetation during 

construction. 

• Submit monitoring reports to WDFW as part of the revegetation plan and require 

remedial action if pre‐established goals are not met.  

• Save vegetation (specifically large trees and root wads) removed for the project for 

later use in restoration efforts. 

• To the extent practicable, do not permit removal or disturbance of riparian 

vegetation in areas with high erosion hazard (Knutson and Naef 1997). 

 

Noise 

Underwater noise produced in association with the construction of overwater structures 

includes noise generated from pile driving (when applicable) and by construction vessels 

and equipment.  It is well established that impact pile driving can result in incidental take to 

fish.  However, the sound sensitivity of individual species is not well known, so it is difficult 

to predict the likelihood of incidental take for species other than salmonids. 

 

Several noise reduction devices have been developed for pile driving, including air bubble 

curtains, fabric barriers, pile caps, cofferdams, and use of vibratory hammers.  The usual 

strategy for minimizing other types of underwater noise is to time activities to occur when 

sensitive life stages of potentially covered species are less likely to be present. 
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Water Quality 

Placing constructed features in aquatic settings may adversely impact water quality mainly 

by causing increases in suspended solids concentrations, reducing dissolved oxygen levels, 

changing pH, or releasing toxic substances from treated wood products.  Stormwater runoff 

from constructed surfaces also poses a threat to water quality from its associated nonpoint 

source pollutant load.  With respect to suspended solids, the take risk to potentially covered 

fish species increases in proportion to the magnitude and duration of the impact; 

vulnerability of the affected life‐history stage; inability of the fish to alter behavior to avoid 

the impact; physiological, developmental, and behavioral impairments suffered by the fish; 

and indirect mechanisms such as exposure to predation.  In contrast, incidental take risk 

associated with dissolved oxygen impacts is probably quite low and, because the potential 

impact of pH change from uncured concrete is avoided in standard HPA measures, the risk 

of incidental take from pH change is near zero.  Risk of incidental take of potentially 

covered species due to the use of treated wood is significant but highly variable and is 

related to factors that include proximity, dilution, and type of treatment.  Risk of incidental 

take due to release of stormwater treated in accordance with current Washington State 

Department of Ecology guidance is generally low, but this finding has reduced confidence 

because some data indicate high salmonid vulnerability to some stormwater constituents 

(such as dissolved copper), and stormwater effects on most potentially covered species have 

received little study. 

 

There are a number of avoidance and minimization measures that could help to address 

water quality issues.  Current practice effectively addresses most potential impacts, but 

suspended sediment impacts warrant more detailed advance studies to determine site‐

specific vulnerability to impacts, and there are a variety of measures that could further 

reduce impacts associated with use of treated wood. 

 

Channel Hydraulics 

Impacts to potentially covered species as a result of channel hydraulic changes are 

summarized in Table ES‐1. 

 



Executive Summary 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  ES‐6   December 2006 

Table ES-1  
Potential Impacts of Changes in Channel Hydraulics on Potentially Covered Species 

 
Impact Potentially Affected Species 

No impact identified Marine species or marine life stages of estuarine and 
anadromous species 

Habitat destruction due to siting of structure Species potentially occupying the affected stream 
Embedding due to reduced sediment transport 
capacity or indirectly as a result of bank erosion 

Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Scour due to locally increased transport capacity Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Deposition downstream of scour areas Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Loss of riparian vegetation due to bank erosion Species potentially occupying the affected stream   
 

Each of these changes (excepting “no impact”) can potentially result in incidental take of 

animals or an adverse impact on their habitat.  We found no studies specifically addressing 

the cumulative impacts of channel hydraulic changes on potentially covered species.  

Generally, the question of cumulative impacts emerges as a data gap.  The HPA program 

itself offers the best means of measuring these impacts, because WDFW has authority to 

require monitoring of the impacts of authorized projects. 

 

Littoral Drift 

Incidental take is most likely to result from changes in littoral drift via impacts on beach‐

spawning fishes and through eelgrass changes.  Some potentially covered species are beach 

spawners and these could suffer reduced reproductive success due to altered littoral drift.  

Other potentially covered species prey upon the beach spawners and could suffer reduced 

foraging success due to altered littoral drift.  Littoral drift could also change the distribution 

of eelgrass, with effects described under “Littoral Vegetation.” 

 

Impacts to littoral drift can be avoided or minimized by the following measures:   

• Design pile‐supported structures with open space between pilings.  

• Minimize the dimensions of floating structures placed perpendicular to shorelines. 

• Perform thorough hydraulic design to determine how a structure is likely to impact 

littoral drift. 

 

Substrate Modifications 

Piling associated with overwater structures, as well as non‐structural piling, in nearshore 

environments can alter adjacent substrates through shellfish deposition and changes to 



Executive Summary 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  ES‐7   December 2006 

substrate bathymetry.  Changes in substrate type can alter the flora and fauna.  Along with 

the minimization measures for eelgrass and macroalgae discussed above, use of fewer and 

more widely spaced pilings will help to reduce this risk.   

 

Channel Dewatering 

The primary risk of incidental take associated with channel dewatering results from the 

capture and handling of fish.  Past biological opinions have found that all such activity 

constitutes incidental take.  Potential additional causes of incidental take include impacts 

attributable to increases in turbidity and suspended solids.  These include indicators of 

major and minor physiological stress, habitat degradation, and impaired homing behavior.  

These effects are sublethal, but are still considered take under the ESA (NMFS 2006b).  Many 

measures can be employed to minimize or avoid incidental take during channel dewatering.  

 

Artificial Light 

Incidental take of listed fish species as a result of artificial light to build or operate 

overwater structures has not been quantified in past biological opinions and corresponding 

incidental take statements.  Although artificial light responses are unknown for most 

potentially covered species, there is a plausible risk that nighttime illumination of the water 

surface may contribute to incidental take.  However, such a risk is relatively easy to 

minimize by requiring structures to be lit so as to minimize direct illumination of the water 

surface. 

 

Vessel Activities 

Vessel activities associated with the installation and operation of in‐water and overwater 

structures may adversely impact potentially covered species.  Impact mechanisms include: 

• Physical disturbance of sediment, organisms, and submerged vegetation through 

grounding or water turbulence caused by propeller wash 

• Noise from vessel activity 

• Propeller‐wash entrained air bubbles that combine with turbidity increases from 

disturbed sediment, leading to a temporary reduction in the availability of light 

 

Incidental take may result from vessel activities via each of these mechanisms.  To minimize 

these impacts, it may be appropriate to require construction vessel operation plans for larger 
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projects, or projects located in particularly sensitive habitats to ensure that the potential for 

vessel and construction activity impacts to sensitive habitats and species is minimized. 
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1 INTRODUCTION 

In Washington State, activities that use, divert, obstruct, or change the natural bed1 or flow of 

state waters require a Hydraulic Project Approval (HPA) from the Washington Department of 

Fish and Wildlife (WDFW) (Revised Code of Washington [RCW] 77.55.011).  The purpose of the 

HPA program is to ensure that such activities are completed in a manner that prevents damage 

to public fish and shellfish resources and their habitats.  Because several fish and aquatic species 

in the state are listed as threatened or endangered under the federal Endangered Species Act 

(ESA), many of the activities requiring an HPA may also require approvals from the National 

Oceanic and Atmospheric Administration Fisheries Service (NOAA Fisheries) and the U.S. Fish 

and Wildlife Service (USFWS).  Such approvals can be in the form of an ESA Section 7 

Incidental Take Statement or an ESA Section 10 Incidental Take Permit (ITP).  As authorized in 

Section 10 of the ESA, ITPs may be issued for otherwise lawful activities that could result in the 

“take” of ESA‐listed species or their habitats.  In this context, to take means to “harass, harm, 

pursue, hunt, shoot, wound, kill, trap, capture, or collect or to attempt to engage in any such 

conduct” (16 United States Code [USC] §1532(19)). 

 

To ensure that the HPA program complies with the ESA and to facilitate ESA compliance for 

persons conducting work under an HPA, WDFW is preparing a programmatic, multispecies 

Habitat Conservation Plan (HCP) to obtain an ITP from the USFWS and NOAA Fisheries.  An 

HCP must provide an operating conservation plan for avoiding, minimizing, and mitigating, to 

the maximum extent practicable, the impacts of the permitted take on the potentially covered 

species2.  The federal agencies must also find in their biological opinion that any permitted 

incidental take will not jeopardize the continued existence of the species, i.e., the taking will not 

appreciably reduce the likelihood of survival and recovery of the species in the wild. 

 

To develop a scientific foundation for the HCP, WDFW has commissioned a series of white 

papers that will review and summarize the best available science for up to 21 HPA activities 

that could be included in the HCP.   

 
                                                      
1 Bed is defined as the land below the ordinary high water line of the state waters, but does not include irrigation 
ditches, canals, the outflow from stormwater runoff devices, or other artificial watercourses except where they exist 
in a natural watercourse that has been altered by humans. 
2 In this white paper, “potentially covered species” refers to fish and wildlife species that could be covered in the 
HCP; however, that determination would be made at the time the HCP is finalized between WDFW and the federal 
agencies. 
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Two of those activities, overwater structures and non‐structural piling, form the subject of this 

white paper.  Overwater structures are defined by WDFW3 as “docks, piers, floats, ramps, 

wharfs, ferry terminals and other structures that are supported above or float on the water.  

This includes all structural or supporting pilings.  This does not include structures associated 

with a Marina.”  Marinas will be the subject of a separate white paper.  Non‐structural pilings 

are defined by WDFW as “individual, non‐structural pilings, power poles, transmission lines, 

conduits, etc.  Pilings are driven into the stream, lake, and ocean bed.”  This white paper 

compiles and synthesizes existing scientific and commercial information, describes potential 

take mechanisms, and makes recommendations for measures to avoid or minimize the impacts 

on potentially covered species of constructing and operating overwater structures and non‐

structural piling.  Species being proposed for coverage under the HCP (the “potentially covered 

species”) are listed in Table 1. 

 
Table 1  

Potentially Covered Fish and Wildlife Species 
 

Common Name Scientific Name Status Habitat 
California floater (mussel)  Anodonta californiensis FSC/SC Freshwater 
Mountain sucker  Catostomus platyrhynchus SC Freshwater 
Margined sculpin  Cottus marginatus FSC/SS Freshwater 
Lake chub  Couesius plumbeus SC Freshwater 
Giant Columbia River limpet  Fisherola nuttalli SC Freshwater 
Great Columbia River spire snail  Fluminicola columbiana FSC/SC Freshwater 
Western ridged mussel Gonidea angulata (none) Freshwater 
Western brook lamprey  Lampetra richardsoni FSC Freshwater 
Olympic mudminnow  Novumbra hubbsi SS Freshwater 
Westslope cutthroat trout  Oncorhynchus clarki lewisi FSC Freshwater 
Redband trout Oncorhynchus mykiss FSC Freshwater 
Pygmy whitefish  Prosopium coulteri FSC/SS Freshwater 
Leopard dace  Rhinichthys falcatus SC Freshwater 
Umatilla dace  Rhinichthys umatilla SC Freshwater 
Coastal cutthroat trout Oncorhynchus clarki clarki FSC Freshwater &  Anadromous 
Bull trout Salvelinus confluentus FT/SC Freshwater & Anadromous 
Sockeye salmon  Oncorhynchus nerka FE/FT/SC Freshwater (kokanee) & Anadromous 
Pink salmon  Oncorhynchus gorbuscha SPHS Anadromous 
Chum salmon Oncorhynchus keta FT/SC Anadromous 
Coho salmon Oncorhynchus kisutch  FC/FSC Anadromous 
Steelhead  Oncorhynchus mykiss FE/FT/SC Anadromous 
Chinook salmon Oncorhynchus tschawytscha FE/FT/SC Anadromous 
Green sturgeon Acipenser medirostris  SPHS Anadromous 
White sturgeon  Acipenser transmontanus SPHS Anadromous 
River lamprey  Lampetra ayresi FSC/SC Anadromous 
Pacific lamprey  Lampetra tridentata FSC Anadromous 
Dolly Varden Salvelinus malma FP Anadromous 

                                                      
3 The definitions of overwater structures and non‐structural piling presented here were provided by WDFW in 
Appendix B of Exhibit B of the Request for Proposal for this project, RFP No. 06‐0005. 
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Common Name Scientific Name Status Habitat 
Longfin smelt  Spirinchus thaleichthys SPHS Anadromous 
Eulachon Thaleichthys pacificus  FC/SC Anadromous 
Olympia oyster  Ostrea lurida SC Estuarine 
Pacific sand lance  Ammodytes hexapterus SPHS Marine & Estuarine 
Pacific herring  Clupea harengus pallasi FC/SC Marine & Estuarine 
Surf smelt  Hypomesus pretiosus SPHS Marine & Estuarine 
Pacific hake  Merluccius productus FSC/SC Marine & Estuarine 
Lingcod  Ophiodon elongatus SPHS Marine & Estuarine 
Pacific cod  Gadus macrocephalus FSC/SC Marine (occ. Estuarine) 
Walleye pollock  Theragra chalcogramma FSC/SC Marine (occ. Estuarine) 
Newcomb’s littorine snail  Algamorda subrotundata FSC/SC Marine 
Northern abalone  Haliotis kamtschatkana FSC/SC Marine 
Brown rockfish Sebastes auriculatus SC Marine 
Copper rockfish Sebastes caurinus  FSC/SC Marine 
Greenstriped rockfish Sebastes elongates SC Marine 
Widow rockfish  Sebastes entomelas SC Marine 
Yellowtail rockfish  Sebastes flavidus SC Marine 
Quillback rockfish  Sebastes maliger FSC/SC Marine 
Black rockfish Sebastes melanops  SC Marine 
China rockfish Sebastes nebulosus SC Marine 
Tiger rockfish  Sebastes nigrocinctus SC Marine 
Bocaccio rockfish Sebastes paucispinis SC Marine 
Canary rockfish Sebastes pinniger SC Marine 
Redstripe rockfish  Sebastes proriger SC Marine 
Yelloweye rockfish  Sebastes ruberrimus SC Marine 

Notes: 
FE = Federal Endangered 
FP = Federal Proposed 
FT = Federal Threatened 
FC = Federal Candidate 
FSC = Federal Species of Concern 
SC = State Candidate 
SS = State Sensitive 
SPHS = State Priority Habitat Species 

Source:  The list of species being considered for coverage under the HCP was provided in “WDFW Hydraulic Project 
Approval HCP Exhibit B HPA Final Grant Proposal,” which was distributed with the Request for Proposal for this 
analysis. 
Note: Species listed by habitat type; within habitat type, species listed in alphabetical order by scientific name. 
 

This white paper focuses on overwater structures for which WDFW would benefit from 

securing programmatic coverage under the ESA; examples include docks, piers, ramps, and 

floats.   

 

The remainder of this white paper is organized as follows: 

• Objectives and methodology are detailed in Sections 2 and 3. 

• Permitted overwater structures and non‐structural piling activities are described in 

Section 4. 

• Habitats used by the potentially covered species are summarized in Section 5. 
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• The conceptual framework for assessing impacts is presented in Section 6. 

• The impact analysis appears in Section 7. 

• Cumulative impacts of overwater structures and non‐structural piling are discussed in 

Section 8. 

• The potential risk of take is summarized in Section 9. 

• An analysis of data gaps is presented in Section 10. 

• Strategies to offset impacts and management recommendations are provided in 

Section 11. 

• Section 12 lists publication details for the references cited in this white paper.  

 

 



Objectives 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  2‐1   December 2006 

2 OBJECTIVES 

The objectives of this white paper are: 

• To compile and synthesize the best available scientific information related to the 

potential human impacts on potentially covered species, their habitats, and associated 

ecological processes resulting from the construction and operation of overwater 

structures and non‐structural piling permitted under the HPA authority 

• To use this scientific information to estimate the circumstances, mechanisms, and risk of 

incidental take potentially or likely resulting from construction and operation of various 

types of overwater structures and non‐structural piling 

• To identify appropriate and practicable measures, including policy directives, 

conservation measures, and best management practices (BMPs), for avoiding, 

minimizing, or mitigating the risk of incidental take 
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3 METHODOLOGY 

We employed the following procedures in preparing this white paper: 

1. Existing WDFW rules and guidance were reviewed to identify current knowledge and 

practices relevant to the analysis of the impacts to potentially covered species associated 

with overwater structures and non‐structurual piling. 

2. A literature review was conducted to review the current state of knowledge regarding  

potential impacts associated with overwater structures and non‐structural piling on 

potentially covered species.  The compiled literature set included (a) relevant previous 

white papers prepared for WDFW; (b) copies of HPAs for overwater structures and non‐

structural piling, provided by WDFW; (c) documents secured as a result of keyword 

searches on the Internet and in other literature databases; and (d) a review of biological 

opinions prepared by NOAA Fisheries and USFWS, addressing various projects 

involving overwater structures and non‐structural piling in Washington, Oregon, Idaho, 

and California.  The principal keyword search strategy was to look for documents 

linking terms describing the species (i.e., common and scientific names of all potentially 

covered species) with terms describing overwater structures and non‐structural piling or 

mechanisms of impact associated with the construction and operation of such structures. 

3. The compiled documents were reviewed to determine which potential mechanisms of 

impact were addressed in each document; the majority considered impacts to salmonids 

or to physical habitat features.  Documents that evaluated impacts to potentially covered 

species and physical habitat features were identified and evaluated during the literature 

review.  The literature review results were entered into a matrix, which allowed easy 

identification of literature relevant to each impact mechanism.  Documents located 

during the literature review were in turn used in Internet searches (mostly conducted 

using the Google® search tool) to locate additional relevant literature addressing 

specific impact pathways. 

4. Impact mechanism analyses were prepared for each of the principal impact mechanisms 

and for both overwater structures and non‐structural piling.   

5. The text of the white paper was prepared and subjected to review by technical 

specialists with Anchor Environmental L.L.C., Jones & Stokes Associates, and R2 

Resource Consultants, as well as by WDFW personnel. 
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4 ACTIVITY DESCRIPTION 

RCW 77.55.011(7) defines a hydraulic project as “the construction or performance of work that 

will use, divert, obstruct, or change the natural flow or bed of any of the salt or freshwaters of 

the state.”  Overwater structures and non‐structural piling are addressed together in this white 

paper because of the overlap in potential impact mechanisms associated with the construction 

and presence of these structures.  Overwater structures are defined by WDFW4 as “docks, piers, 

floats, ramps, wharfs, ferry terminals, and other structures that are supported above or float on 

the water.  This includes all structural or supporting pilings for the overwater structure.  This 

does not include structures associated with a Marina, or Non‐Structural (Supporting) Pilings.”  

For the purposes of this analysis: 

• A pier is defined as an elevated and stationary walkway supported by piling that 

extends waterward of the shoreline. 

• A float and a dock are both defined as a walkway or other surface that floats on the 

water. 

• A ramp is defined as a walkway connecting a pier or other shoreward structure to a float 

and providing access between the two. 

• A wharf is defined as an elevated and stationary structure oriented parallel to the 

shoreline, such that ships can lie alongside to load and unload cargo and passengers. 

 

Non‐structural pilings are defined by WDFW as “individual, non‐structural pilings, power 

poles, transmission lines, conduits, etc.  Pilings are driven into the stream, lake, and ocean bed.”   

 

The complete legal description of these activities is contained in Washington Administrative 

Code (WAC) 220‐110, the Hydraulic Code Rules, and is particularly detailed in WAC 220‐110‐060, 

Construction of freshwater docks, piers, and floats and the driving or removal of piling, and WAC 220‐

110‐300, Saltwater piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated 

moorings.  Appendix A reproduces the full text of these WAC sections. 

 

For this white paper, overwater structures and non‐structural piling are defined as hydraulic 

projects that comply with all provisions specified in WAC 220‐110‐060 or WAC 220‐110‐300. The 

analysis presented in this white paper addresses the impacts of lawful activities, which are the 

                                                      
4 The definitions of overwater structures and non‐structural piling presented here were provided by WDFW in 
Appendix B of Exhibit B of the Request for Proposal for this project, RFP No. 06‐0005. 
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only activities that can be authorized under an ITP.  Accordingly, the impact analyses presented 

below were prepared with the assumption that all applicable provisions of WAC 220‐110, and 

any other applicable laws and regulations of the United States and the State of Washington, are 

observed in the construction and operation of overwater structures and non‐structural piling 

authorized by WDFW.   

 

Most overwater structures and non‐structural piling affect waters of the United States as well as 

waters of the State of Washington.  Thus, their construction also requires a permit from the U.S. 

Army Corps of Engineers (the Corps; USACE) authorizing the placement of fill in waters of the 

United States (known as a Section 404 permit) or the placement of structures in navigable 

waters (known as a Section 10 permit).  In many cases, the permit is some form of a Corps 

Nationwide Permit, meaning that standard conditions apply.  However, on September 26, 2006, 

the Corps proposed revision of the Nationwide Permit system; therefore, it is not practical for 

this analysis to make assumptions about future permit conditions that might be imposed by the 

Corps for projects authorized under the Nationwide Permit system.  Moreover, all projects 

authorized under Corps permits are subject to additional conditions, some of which may be 

derived pursuant to interagency consultation with the federal agencies as provided for under 

Section 7 of the ESA.  The analyses presented in this white paper do not reflect assumptions 

about what those conditions might be. 
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5 SPECIES AND HABITAT USE 

Table 2 identifies the approximate distribution of each of the 52 potentially covered species 

listed in Table 1 by noting its documented presence within Water Resource Inventory Areas 

(WRIAs) for freshwater and estuarine environments or Tidal Reference Areas (TRAs) for marine 

environments.  Figures in Appendix B show the locations of WRIAs and TRAs in Washington 

State.  The risk of incidental take is approximately zero for any species not present in the region 

where a given HPA is applicable.  Because the WRIAs and TRAs represent large areas, species 

habitat requirements are further identified in Table 3, which describes the critical life‐history 

stages of each species and the habitat dependency for each life‐history stage. 

 
Table 2  

Range of Potentially Covered Species Listed in Table 1 
 

Common Name Scientific Name 
Water Resource  
Inventory Area* 

Tidal Reference Area 
(see list below)* 

Green sturgeon Acipenser medirostris  25, 26, 27, 28 All 
White sturgeon  Acipenser transmontanus 3, 22, 24-37, 40-42, 44-61 

(Columbia and Snake 
rivers) 

All 

Newcomb's littorine snail  Algamorda subrotundata N/A 14, 15, 16, 17 
Pacific sand lance  Ammodytes hexapterus N/A All 

California floater (mussel)  Anodonta californiensis 30, 36, 37, 40, 42, 47-49, 
52-54, 58-61 

N/A 

Mountain sucker  Catostomus platyrhynchus 23, 26-33, 35-41, 44-46 
(Columbia, Snake, and 

Yakima rivers) 

N/A 

Pacific herring  Clupea harengus pallasi N/A 1, 2, 4, 5, 8, 9, 10, 11, 
12, 13, 16, 17 

Margined sculpin  Cottus marginatus 32, 35 N/A 
Lake chub  Couesius plumbeus 48, 61; other locations 

unknown 
N/A 

Giant Columbia River limpet  Fisherola nuttalli 35, 36, 40, 47-49, 54, 57; 
other locations unknown 

N/A 

Great Columbia River spire 
snail  

Fluminicola columbiana 35, 45, 48, 49; other 
locations unknown 

N/A 

Pacific cod  Gadus macrocephalus N/A All 
Western ridged mussel Gonidea angulata 1, 3-5, 7-11, 13, 21-42, 44-

55, 57-62 
N/A 

Northern abalone  Haliotis kamtschatkana N/A 10 
Surf smelt  Hypomesus pretiosus N/A All 

River lamprey  Lampetra ayresi 1, 3, 5, 7-16, 20-40 N/A 
Western brook lamprey  Lampetra richardsoni 1, 3, 5, 7-14, 16, 20-40 N/A 

Pacific lamprey  Lampetra tridentata 1, 3, 5, 7-42, 44-46, 58, 61 N/A 
Pacific hake  Merluccius productus N/A All 

Olympic mudminnow  Novumbra hubbsi 5, 7-14, 20-24, 26 N/A 
Coastal cutthroat trout Oncorhynchus clarki clarki 1-5, 7-30 All 

Westslope cutthroat trout  Oncorhynchus clarki lewisi 37-39, 44-55, 58-62 N/A 
Pink salmon  Oncorhynchus gorbuscha 1, 3-5, 7-13, 16-19, 21 1-13 

Chum salmon Oncorhynchus keta 1, 3-5, 7-29 All 
Coho salmon Oncorhynchus kisutch  1-42, 44-48, 50 All 
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Common Name Scientific Name 
Water Resource  
Inventory Area* 

Tidal Reference Area 
(see list below)* 

Redband trout Oncorhynchus mykiss 37-40, 45-49, 54-57 N/A 
Steelhead  Oncorhynchus mykiss 1, 3, 4, 5, 7, 8, 9, 10-12, 14, 

15, 17-41, 44-50 
All 

Sockeye salmon  Oncorhynchus nerka 1, 3-5, 7-12, 16, 19-22, 25-
33, 35-37, 40, 41, 44-50, 

Columbia River and Snake 
River 

5, 8, 14 

Chinook salmon Oncorhynchus 
tschawytscha 

1-41, 44-50 All 

Lingcod  Ophiodon elongatus N/A All 
Olympia oyster  Ostrea lurida N/A 1-14, 17 
Pygmy whitefish  Prosopium coulteri 7, 8, 19, 39, 47, 49, 53, 55, 

58, 59, 62 
N/A 

Leopard dace  Rhinicthys falcatus 21, 26-41, 44-50 N/A 
Umatilla dace  Rhinicthys umatilla 31, 36-41, 44-50, 59-61 N/A 

Bull trout Salvelinus confluentus 1-23, 26, 27, 29-41, 44-55, 
57-62 

All 

Dolly Varden Salvelinus malma 1, 3, 5, 7, 17-22, 24 6-10, 14-17 
Brown rockfish Sebastes auriculatus N/A All 
Copper rockfish Sebastes caurinus  N/A All 

Greenstriped rockfish Sebastes elongates N/A All 
Widow rockfish  Sebastes entomelas N/A All 

Yellowtail rockfish  Sebastes flavidus N/A All 
Quillback rockfish  Sebastes maliger N/A All 

Black rockfish Sebastes melanops  N/A All 
China rockfish Sebastes nebulosus N/A All 
Tiger rockfish  Sebastes nigrocinctus N/A All 

Bocaccio rockfish Sebastes paucispinis N/A All 
Canary rockfish Sebastes pinniger N/A All 

Redstripe rockfish  Sebastes proriger N/A All 
Yelloweye rockfish  Sebastes ruberrimus N/A All 

Longfin smelt  Spirinchus thaleichthys 1,2,3, 6-17, 22 and 24 1-9, 15-17 (mouths of 
rivers and streams; Lake 

Washington) 
Eulachon Thaleichthys pacificus  20-29 (mouths of major 

rivers) 
14-17 (tidal areas of 

rivers) 
Walleye pollock  Theragra chalcogramma N/A All 

 
Tidal Reference Areas:  

  TRA 1 – Shelton  TRA 2 – Olympia  TRA 3 – South Puget Sound  TRA 4 – Tacoma
  TRA 5 – Seattle  TRA 6 – Edmonds  TRA 7 ‐ Everett  TRA 8 – Yokeko Point
  TRA 9 – Blaine  TRA 10 – Port Townsend  TRA 11 – Union  TRA 12 – Seabeck.
  TRA 13 – Bangor  TRA 14 – Ocean Beaches  TRA 15 – Westport  TRA 16 – Aberdeen
  TRA 17 – Willapa Bay 
 
*Please refer to Appendix B for figures showing WRIA and TRA locations.  Estuarine and marine distributions are 
characterized by TRA rather than WRIA. 
Note:  Species listed in alphabetical order by scientific name. 
Note: The distribution of all fish species in this table is based on visual examination of range maps published by 
Wydoski and Whitney (2003) and comparison to published maps showing WRIA and TRA boundaries.  The 
distribution of all non‐fish (invertebrate) species is based on narrative descriptions presented by the Washington 
Department of Natural Resources (WDNR 2006b). 
N/A – Not applicable, because the species does not occur within a WRIA and/or a TRA. 
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Table 3  
Habitat Requirements of Potentially Covered Species 

 
Common 

Name 
Scientific 

Name Habitat and Life Requirements1 
Reproductive Timing2: Spawning, Egg 

Incubation, Emergence 
Green 

sturgeon 
Acipenser 
medirostris 

 

Habits and life history not well known; found in all marine waters in Washington and in 
estuaries; spend much of life in marine nearshore waters and estuaries, returning to rivers 
to spawn; spawn in deep pools, substrate preferences unclear but are likely large cobbles, 
although range from sand to bedrock; reside in lower reaches of fresh water for up to 3 
years; age at sexual maturity uncertain; feed on fishes and invertebrates (Wydoski and 
Whitney 2003; Nakamoto and Kisanuki 1995; Adams et al. 2002; Emmett et al. 1991) 

Spawning: Spring 
Incubation and Emergence: Large eggs sink 
to bottom, weak swimmers (Kynard et al. 
2005) 

White 
sturgeon 

 

Acipenser 
transmontanus 

Found in marine waters and major rivers in Washington; in marine settings, adults and 
subadults use estuarine and marine nearshore, including some movement into intertidal 
flats to feed at high tide; some landlocked populations behind dams; seasonally use main 
channels and sloughs; juveniles also occupy boulder and bedrock substrate; prefers swift 
(2.6 to 9.2 feet per second) and deep (13 to 66 feet) water on bedrock substrate for 
spawning; juveniles feed on mysid shrimp and amphipods; large fish feed on variety of 
crustaceans, annelid worms, molluscs, and fish (Parsley et al. 1993; Wydoski and Whitney 
2003; Emmett et al. 1991)  

Spawning: April to July 
Incubation: Approx. 7 days 
Emergence: Approx. 7 days 
  

Newcomb's 
littorine 
snail 

Algamorda 
subrotundata 

Found in Grays Harbor and Willapa Bay on Washington coast; current distribution 
uncertain; algae feeder occupying narrow band in Salicornia salt marshes above mean 
higher high water (MHHW); not a true marine gastropod (Larsen et al. 1995) 

Egg Laying: Unknown 

Pacific 
sand 
lance 

 

Ammodytes 
hexapterus 

Schooling plankton feeders; spawn on sand and gravel at tidal elevations of 4 to 5 feet 
(+1.5 meters [m]) MHHW; larvae and young rear in bays and nearshore; adults feed 
during the day and burrow into the sand at night (Garrison and Miller 1982, In: Nightingale 
and Simenstad 2001b; WDFW 1997b, In: NRC 2001). 

Spawning: November to February 
Incubation: On sand substrate 
Emergence: January to April 

California 
floater 

(mussel) 
 

Anodonta 
californiensis 

Freshwater filter feeder requiring clean, well-oxygenated water; declining through much of 
historical range; known to occur in Columbia and Okanogan rivers and several lakes; 
intolerant of habitats with shifting substrates, excessive water flow fluctuations, or seasonal 
hypoxia; fertilization takes place within the brood chambers of the female mussel; the 
fertilized eggs develop into a parasitic stage called glochidia; released glochidia attach to 
species-specific host fish; juvenile and adult mussels attach to gravel and rocks (Nedeau 
et al. 2005; Larsen et al. 1995; Box et al. 2003; Frest and Johannes 1995, In: WDNR 
2006b) 

Spawning: Spring 
Incubation: In brood pouch, duration 
unknown; glochidia attach to host fish during 
metamorphosis 

Mountain 
sucker 

 

Catostomus 
platyrhynchus 

Distribution restricted to Columbia River system; found in clear, cold mountain streams 
less than 40 feet wide and in some lakes; prefer deep pools in summer with moderate 
current; juveniles prefer slower side channels or weedy backwaters; food consists of algae 
and diatoms (Wydoski and Whitney 2003) 

Spawning: June and July 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Pacific 
herring 

 

Clupea 
harengus 

pallasi 

18 separate stocks in Puget Sound; utilize shallow subtidal habitats (between 0 and –10 
feet mean lower low water [MLLW]) for spawning and juvenile rearing; spawning has also 
occurred above MLLW; widely distributed throughout Puget Sound and coastal wetlands; 
feed on harpacticoid copepods; important forage fish (WDFW 1997a; Simenstad et al. 
1979, In: NRC 2001 and In: Nightingale and Simenstad 2001b). 

Spawning: Late January to early April, 
oviparous 
Egg Incubation: 10 to 14 days; eggs adhere 
to eelgrass, kelp, seaweed 
Emergence: Larvae are pelagic (i.e., free 
floating) 

Margined 
sculpin 

 

Cottus 
marginatus 

Endemic to southeastern Washington; habitat is in deeper pools and slow-moving glides in 
headwater tributaries with silt and small gravel substrate; spawn under rocks in pools; 
prefer cool water less than 68 degrees Fahrenheit (F) (20 degrees Celsius [C]); avoid high-
velocity areas; food is unknown (Wydoski and Whitney 2003; Mongillo and Hallock 1998) 

Spawning: May to June 
Incubation and Emergence: Unknown 

Lake 
chub 

 

Couesius 
plumbeus 

Bottom dwellers inhabiting a variety of habitats in lakes and streams; prefer small, slow 
streams; spawn on rocky and gravelly substrate in tributary streams to lakes; juveniles 
feed on zooplankton and phytoplankton; adults feed on insects (Wydoski and Whitney 
2003) 

Spawning: April to June, broadcast spawn 

Giant 
Columbia 

River 
limpet 

Fisherola 
nuttalli 

Also known as the shortface lanx; occupies fast-moving and well-oxygenated streams, 
specifically the Hanford Reach, Wenatchee and Methow rivers; found in shallow, rocky 
areas of cobble to boulder substrate; species feeds by grazing on algae and small 
crustaceans attached to rocks (Neitzel and Frest 1990, In: WDNR 2006b) 

Unknown 

Great 
Columbia 

River 
spire 
snail 

Fluminicola 
columbiana 

Also known as the Columbia pebblesnail and ashy pebblesnail; current range is restricted 
to rivers, streams, and creeks of the Columbia River basin; require clear, cold streams with 
highly oxygenated water; found in riffle pool on substrates ranging from sand to gravel or 
rock; graze on algae and small crustaceans (Neitzel and Frest 1990; Neitzel and Frest 
1989, In: WDNR 2006b) 

Unknown 

Pacific 
cod 

 

Gadus 
macrocephalus 

Adults and large juveniles found over clay, mud, and coarse gravel bottoms; juveniles use 
shallow vegetated habitats such as sand-eelgrass; opportunistic feeders on invertebrates 
(worms, crabs, shrimp) and fishes (sand lance, pollock, flatfishes); larval feeding unknown 
(Bargmann 1980; Hart 1973; Dunn and Matarese 1987; NMFS 1990; Garrison and Miller 
1982; Albers and Anderson 1985, In: NRC 2001 and In: Nightingale and Simenstad 
2001b)  

Spawning: Oviparous 
Incubation: Late fall to early spring, 1 to 4 
weeks 
Emergence: Larvae and juveniles are 
pelagic 

Western 
ridged mussel 

Gonidea 
angulata 

Specific information on this species is generally lacking; reside on substrates ranging from 
dense mud to coarse gravel in creeks, streams, and rivers; found in a variety of flow 
regimes; species may tolerate seasonal turbidity but is absent from areas with continuous 
turbidity (WDNR 2006b) 

Larvae generally attach to the gills of fish for 
1 to 6 weeks; post-larval mussels “hatch” 
from cysts as free living juveniles to settle 
and bury in the substrate 

Northern 
abalone 

 

Haliotis 
kamtschatkana 

Also known as pinto abalone; limited to the Strait of Juan de Fuca and the San Juan 
Islands; occupies bedrock and boulders from extreme low to 100 feet (30 m) below MLLW; 
usually associated with kelp beds (NMFS 2004; Gardner 1981; West 1997; In: WDNR 
2006b) 

Spawning: Broadcast spawners; release 
pelagic gametes that develop into free-
swimming larvae; mature larvae settle on 
crustose corralline algae 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Surf 
smelt 

 

Hypomesus 
pretiosus 

Schooling plankton-feeding forage fish, spawn at the highest tides at high slack tide on 
coarse sand and pea gravel; juveniles rear in nearshore areas and adults form school 
offshore; feed on planktonic organisms; important forage fish (WDFW 1997c; Penttila 
2000a, In: NRC 2001 and In: Nightingale and Simenstad 2001b) 

Spawning: Year round in north Puget 
Sound, fall and winter spawning in south 
Puget Sound, and summer spawning along 
the coast 
Incubation: 2 to 5 weeks 
Emergence: Varies with season; 27 to 56 
days in winter; 11 to 16 days in summer 

River 
lamprey 

 

Lampetra 
ayresi 

Detailed distribution records not available for Washington; occupy fine silt substrates in 
backwaters of cold-water streams; larvae (ammocoetes) are filter feeders in mud 
substrates of cold-water streams; juveniles believed to migrate to Pacific Ocean several 
years after hatching; adults spend May to September in ocean before migrating to fresh 
water; adults attach to and feed on fish (Wydoski and Whitney 2003) 

Spawning: April to July 
Incubation: April to July 
Emergence: 2 to 3 weeks after spawning 
  

Western 
brook 

lamprey 
 

Lampetra 
richardsoni 

Found in small coastal and Puget Sound rivers and lower Columbia and Yakima river 
basins; spend entire life in fresh water; adults found in cool water (52 to 64 degrees F; 11 
to 17.8 degrees C) on pebble/rocky substrate; ammocoetes inhabit silty stream bottoms in 
quiet backwaters; ammocoetes are filter feeders; mature adults do not feed (Wydoski and 
Whitney 2003) 

Spawning: April to July 
Incubation and Emergence: Adhesive eggs 
hatch in 10 days  

Pacific 
lamprey 

 

Lampetra 
tridentata 

Found in most large coastal and Puget Sound rivers and Columbia, Snake, and Yakima 
river basins; larvae (ammocoetes) are filter feeders in mud substrates of cold-water 
streams; juveniles migrate to Pacific Ocean 4 to 7 years after hatching; attach to fish in 
ocean for 20 to 40 months before returning to rivers to spawn (Wydoski and Whitney 
2003) 

Spawning: April to July 
Incubation: April to July 
Emergence: 2 to 3 weeks after spawning 

Pacific 
hake 

 

Merluccius 
productus 

The coastal stock of hake is migratory; Puget Sound stocks reside in estuaries and rarely 
migrate; schooling fish; larvae feed on calanid copepods; juveniles and small adults feed 
on euphausiids; adults eat amphipods, squid, herring, smelt (Bailey 1982; NMFS 1990; 
Quirollo 1992; McFarlane and Beamish 1986, In: NRC 2001) 

Spawning: May spawn more than once per 
season 
Incubation: January to April 
Emergence: Pelagic eggs and larvae  

Olympic 
mudminnow 

 

Novumbra 
hubbsi 

Occur in the southern and western lowlands of the Olympic Peninsula, the Chehalis River 
drainage, lower Deschutes River drainage, and south Puget Sound lowlands west of the 
Nisqually River and in King County; found in quiet water with mud substrate, preferring 
bogs and swamps with dense aquatic vegetation; feed on annelids, insects, and 
crustaceans (Harris 1974; Mongillo and Hallock 1999, In: WDNR 2006a; Wydoski and 
Whitney 2003) 

Spawning: Late November to December 
Early March to mid-June 
Incubation: 9 days 
Emergence: 7 days after hatching 

Coastal 
cutthroat 

trout 

Oncorhynchus 
clarki 
clarki 

NOAA Fisheries recognizes three Evolutionarily Significant Units (ESUs) in Washington: 
(1) Puget Sound; (2) Olympic Peninsula; (3) Southwestern Washington; coastal cutthroat 
trout exhibit resident (stays in streams), fluvial (migrates to rivers), adfluvial (migrates to 
lakes), and anadromous life-history forms; resident coastal cutthroat trout utilize small 
headwater streams for all of their life stages; coastal cutthroat trout are repeat spawners; 
typically rear in the natal streams for up to 2 years; juveniles feed primarily on aquatic 
invertebrates but are opportunistic feeders; utilize estuaries and nearshore habitat but has 
been caught offshore (Johnson et al. 1999; Pauley et al. 1988, In: WDNR 2006a) 

Spawning: Late December to February 
Incubation: 2 to 4 months 
Emergence: 4 months  
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Westslope 
cutthroat 

trout 
 

Oncorhynchus 
clarki 
lewisi 

Subspecies of cutthroat trout; three possible life forms: adfluvial, fluvial, or resident; all 
three life forms spawn in tributary streams in the spring when water temperature is about 
50 degrees F (10 degrees C); fry spend 1 to 4 years in their natal streams; cutthroat trout 
tend to thrive in streams with more pool habitat and cover; fry feed on zooplankton, 
fingerlings feed on aquatic insect larvae, and adults feed on terrestrial and aquatic insects 
(Liknes and Graham 1988; Shepard et al. 1984; Wydoski and Whitney 2003) 

Spawning: March to July 
Incubation: April to August 
Emergence: May to August 
  

Pink 
salmon 

 

Oncorhynchus 
gorbuscha 

Pink salmon is the most abundant species of salmon, with 13 stocks identified in 
Washington; pink salmon, the smallest of the Pacific salmon, mature and spawn on a 2-
year cycle; opportunistic feeder in marine habitat, foraging on a variety of forage fish, 
crustaceans, ichthyoplankton, and zooplankton; will spawn in rivers with substantial 
amounts of silt; migrate downstream almost immediately after emergence, moving quickly 
to marine nearshore habitats where they grow rapidly, feeding on small crustaceans, such 
as euphausiids, amphipods, and cladocerans (Hard et al. 1996; Heard 1991, In: WDNR 
2006a) 

Spawning: August to October 
Incubation: 3 to 5 months 
Emergence: 3 to 5 months 
  

Chum 
salmon 

Oncorhynchus 
keta 

NOAA Fisheries recognizes four ESUs in Washington: (1) Hood Canal summer run; (2) 
Columbia; (3) Puget Sound/Strait of Georgia; (4) Pacific Coast; little is known regarding 
their ocean distribution; maturing individuals that return to Washington streams have 
primarily been found in the Gulf of Alaska; usually found in the rivers and streams of the 
Washington coast, Hood Canal, Strait of Juan de Fuca, and Puget Sound; in the Columbia 
River basin, their range does not extend above the Dalles Dam; chum salmon rear in the 
ocean for the majority of their adult lives; at maturity, adults migrate homeward between 
May and June, entering coastal streams from June to November; chum fry feed on 
chironomid and mayfly larvae, as well as other aquatic insects; chum fry arrive in estuaries 
earlier than most salmon; juvenile chum reside in estuaries longer than most other 
anadromous species (Quinn 2005; Salo 1991; Healey 1982, In: Wydoski and Whitney 
2003 and WDNR 2006a) 

Spawning: October to December 
Incubation: 0.5 to 4.5 months 
Emergence: 6 months 
  

Coho 
salmon 

Oncorhynchus 
kisutch 

 

NOAA Fisheries recognizes three ESUs in Washington: (1) Lower Columbia River/SW 
Washington; (2) Puget Sound and Strait of Georgia; and (3) Olympic Peninsula; this 
species is found in a broader diversity of habitats than any of the other native anadromous 
salmonids; coho spend between 1 and 2 years in the ocean before returning to spawn; 
adult coho feed on invertebrates but become more piscivorous as they grow larger; 
spawning occurs in gravel free of heavy sedimentation; developing young remain in gravel 
for up to 3 months after hatching; coho fry feed primarily on aquatic insects and prefer 
pools and undercut banks with woody debris; coho rear in fresh water for 12 to 18 months 
before moving downstream to the ocean in the spring (Meehan 1991; Groot and Margolis 
1991, In: WDNR 2006a; Wydoski and Whitney 2003) 

Spawning: September to late January 
Incubation: 1.5 to 2 months 
Emergence: 2 to 3 weeks 
  

Redband 
trout 

Oncorhynchus 
mykiss 

gairdneri 

Redband trout is a subspecies of rainbow trout found east of  the Cascade Mountains; 
prefer cool water, less than 70 degrees F (21 degrees C), and occupy streams and lakes 
containing high amounts of dissolved oxygen; spawn in streams; food consists of Daphnia 
and chironomids as well as fish eggs, fish, and insect larvae and pupae (Busby et al. 1996; 
Wydoski and Whitney 2003).   

Spawning: March to April 
Incubation: 1 to 3 months 
Emergence: 3 months 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Steelhead 
 

Oncorhynchus 
mykiss 

NOAA Fisheries recognizes 15 ESUs of steelhead, seven of which occur in Washington; 
during their ocean phase of life, steelhead are generally found within 10 to 25 miles of the 
shore; steelhead remain in the marine environment 2 to 4 years; most steelhead spawn at 
least twice in their lifetimes; a summer spawning run enters fresh water in August and 
September, and a winter run occurs from December through February; escape cover, 
such as logs, undercut banks, and deep pools, is important for adult and young steelhead; 
after hatching and emergence, juveniles establish territories feeding on microscopic 
aquatic organisms and then larger organisms such as isopods, amphipods, and aquatic 
and terrestrial insects; steelhead rear in fresh water for up to 4 years before migrating to 
sea (McKinnell et al. 1997, In: WDNR 2006a; Wydoski and Whitney 2003) 

Spawning: March to April 
Incubation: 1 to 3 months 
Emergence: 3 months 
  

Sockeye 
salmon 

 

Oncorhynchus 
nerka 

WDFW recognizes nine sockeye salmon stocks in the state; of these, three are in Lake 
Washington and two in the Columbia River. Sockeye are found in the Snake and 
Okanogan, Lake Wenatchee, Lake Quinault, Lake Ozette, Baker River, Lake Pleasant, 
and Big Bear Creek drainages. Kokanee (landlocked sockeye) occur in many lakes, with 
the larger populations in Banks and Loon Lakes and Lake Whatcom and Lake 
Washington-Sammamish; spawn in shallow gravelly habitat in rivers and lakes and live in 
lakes 1 to 2 years before migrating to ocean; juveniles feed on zooplankton, adults feed on 
fishes, euphausiids, and copepods (Wydoski and Whitney 2003) 

Spawning: August to October 
Incubation: 3 to 5 months 
Emergence: 3 to 5 months 

Chinook 
salmon 

 

Oncorhynchus 
tschawytscha 

Chinook exhibit one of two life-history types, or races: the stream-type and the ocean-type; 
Stream-type Chinook tend to spend 1 (or less frequently 2) years in fresh water 
environments as juveniles prior to migrating to salt water as smolts; stream-type Chinook 
are much more dependent on freshwater stream ecosystems than ocean-type Chinook; 
spring Chinook are especially dependent on high water quality and good access to 
spawning areas; stream-type Chinook do not extensively rear in estuarine and marine 
nearshore environments, rather they head offshore and begin their seaward migrations;  
 
Ocean-type chinook enter saltwater at one of three phases: immediate fry migrants soon 
after yolk resorption, fry migrants after 60 to 150 day after emergence, and fingerling 
migrants which migrate in the late summer of fall of their first year; ocean-type Chinook are 
more dependent on estuarine habitats to complete their life history than any other species 
of salmon 
 
Chinook “runs” are designated on the basis of adult migration timing.  Early, spring-run 
chinook salmon tend to enter freshwater as immature fish, migrate far upriver, and finally 
spawn in the late summer and early autumn. Late, fall-run Chinook salmon enter 
freshwater at an advanced stage of maturity, move rapidly to their spawning areas on the 
mainstem or lower tributaries of the rivers, and spawn within a few days or weeks of 
freshwater entry 
 
Chinook generally feed on invertebrates, but become more piscivorous with age 
(Wydoski and Whitney 2003; Myers et al. 1998, In: WDNR 2006a; Healey 1991) 

Spring Chinook: 
Spawning: mid-July to mid-December 
Incubation:  6 to 8 months 
Emergence: 6 to 9 months  
 
Fall Chinook: 
Spawning: Late October to early December  
Incubation: 1 to 6 months 
Emergence: 6 months 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Lingcod 
 

Ophiodon 
elongatus 

Spawn in shallow water and intertidal zone; juveniles prefer sand habitats while adults 
prefer rocky substrates; larvae and juveniles found in upper 115 feet (35 m) of water; 
adults prefer slopes of submerged banks with macrophytes and channels with swift 
currents; larvae feed on copepods and amphipods; juveniles feed on small fishes, adults 
on demersal fishes and squid and octopi (Adams and Hardwick 1992; Giorgi 1981; NMFS 
1990; Emmett et al. 1991, In: NRC 2001) 

Spawning: January to late March 
Incubation and Emergence: February to 
June; egg masses adhere to rocks  
 

Olympia 
oyster 

 

Ostrea 
lurida 

Species found throughout the inland waters of Puget Sound, as well as in Willapa Bay and 
possibly Grays Harbor; also grown commercially in Puget Sound; occupy nearshore 
ecosystem on mixed substrates with solid attachment surfaces; found from 1 foot (0.3 m) 
above MLLW to 2 feet (0.6 m) below MLLW; intolerant of siltation; larvae settle onto hard 
substrate such as oyster shells, rocks (West 1997; Baker 1995; In: WDNR 2006b) 

Spawning: Spring to fall; reproduce when 
water temperatures are between 54 and 61 
degrees F (12.5 and 16 degrees C) 
Incubation and Emergence: After 8 to 12 
days, larvae develop into free-swimming 
larvae; larvae are free-swimming for 2 to 3 
weeks  

Pygmy 
whitefish 

 

Prosopium 
coulteri 

In Washington, pygmy whitefish occur at the extreme southern edge of their natural range; 
pygmy whitefish were once found in at least 15 Washington lakes but have a current 
distribution in nine; most often occur in deep, oligotrophic lakes with temperatures less 
than 50 degrees F (10 degrees C); use shallow water or tributary streams during the 
spawning season; feed on zooplankton, such as cladocerans, copepods, and midge 
larvae (Hallock and Mongillo 1998, In: WDNR 2006a; Wydoski and Whitney 2003) 

Spawning: July to November 
Incubation and Emergence: Unknown 

Leopard 
dace 

 

Rhinicthys 
falcatus 

Within Washington, leopard dace currently inhabit the lower, mid, and upper reaches of 
the Columbia, Snake, Yakima and Similikameen rivers; utilize habitat on or near the 
bottom of streams and small to mid-sized rivers with velocities less than 1.6 feet/sec (0.5 
m/second); prefers gravel and small cobble substrate covered by fine sediment with 
summer water temperatures ranging between 59 and 64 degrees F (15 and 18 degrees 
C); juveniles feed primarily on aquatic insects, adult leopard dace consume terrestrial 
insects; little is known about leopard dace spawning habitat or behavior (Wydoski and 
Whitney 2003) 

Spawning: May to July 
Incubation and Emergence: Unknown 

Umatilla 
dace 

 

Rhinicthys 
umatilla 

Umatilla dace are benthic fish found in relatively productive, low-elevation streams; inhabit 
streams with clean substrates of rock, boulders, and cobbles in reaches where water 
velocity is less than 1.5 feet/second; juveniles occupy streams with cobble and rubble 
substrates; adults occupy deeper water habitats; food habits are unknown (Wydoski and 
Whitney 2003) 

Little known of reproduction 
Spawning: Early to mid-July 
Incubation and Emergence: Unknown 

Bull 
trout 

Salvelinus 
confluentus 

Widely distributed in Washington; exhibits four life-history types – anadromous, adfluvial, 
fluvial, and resident; bull trout typically rear in their natal streams for 2 to 4 years, although 
resident fish may remain in these streams for their entire lives; multiple life-history forms 
occur together in the same water; young-of-the-year occupy side channels, with juveniles 
in pools, runs, and riffles; adults occupy deep pools; diet of juveniles includes larval and 
adult aquatic insects; subadults and adults feed on fish; bull trout in the nearshore 
ecosystem rely on estuarine wetlands and favor irregular shorelines with unconsolidated 
substrates (Wydoski and Whitney 2003; Goetz et al. 2004, In: WDNR 2006a) 

Spawning: Late August to late December 
Incubation and Emergence: 4 to 6 months 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Dolly Varden Salvelinus 
malma 

Species restricted to coastal areas and rivers that empty into them; species occurs 
sympatrically in streams in Olympic Peninsula; prefer pool areas and cool temperatures; 
spawn and rear in streams, may feed and winter in lakes; juveniles extensively use 
instream cover; ages 1 to 13 utilize beaches composed of sand and gravel; opportunistic 
feeders on aquatic insects, crustaceans, salmon eggs, fish (Leary and Allendorf 1997, In: 
Wydoski and Whitney 2003) 

Spawn mid-September to November; hatch 
129 days after fertilization 

Brown 
rockfish 

Sebastes 
auriculatus 

Utilize shallow-water bays with natural and artificial reefs and rock piles; estuaries are used 
as nurseries; can tolerate water temperatures to at least 71 degrees F (22 degrees C); eat 
small fishes, crabs, isopods (Stein and Hassler 1989; Eschmeyer et al. 1983; Love 1991, 
In: NRC 2001) 

Spawning: March to June 
Incubation: June 

Copper 
rockfish 

Sebastes 
caurinus 

 

Occur both inshore and on open coast; adults prefer rocky areas in shallower water than 
other rockfish species; juveniles use shallow and nearshore macrophytes and eelgrass 
habitat; feed on crustaceans, fish, and molluscs (Eschmeyer et al. 1983; Matthews 1990a; 
Haldorson and Richards 1986; Stein and Hassler 1989, In: NRC 2001) 

Spawning: March to May 
Incubation: April to June 
Emergence: Larvae are pelagic 

Greenstriped 
rockfish 

Sebastes 
elongates 

Adults found in benthic and mid-water columns; utilize a variety of bottom types; feed on 
euphausiids, small fishes, and squid (Eschmeyer et al. 1983; Love et al. 1990, In: NRC 
2001) 

Spawning: Viviparous; spawn two or more 
times per season 
Emergence: Late April to late June 

Widow 
rockfish 

 

Sebastes 
entomelas 

Adults found from 330- to 1,000-foot (100- to 300-m) depths near rocky banks, ridges, and 
seamounts; adults feed on pelagic crustaceans, Pacific hake, squids; juveniles feed on 
copepods, euphausiids (Eschmeyer et al. 1983; Laroche and Richardson 1981; NMFS 
1990; Reilly et al. 1992, In: NRC 2001) 

Spawning: Viviparous; October to December
Incubation: 14 days 
Emergence: March to May 

Yellowtail 
rockfish 

 

Sebastes 
flavidus 

Adults found from 165- to 1,000-foot (50- to 300-m) depths; adults semi-pelagic or pelagic 
over steep-sloping shores and rocky reefs; juveniles occur in nearshore area; opportunistic 
feeders on pelagic animals including hake, herring, smelt, squid, krill and euphausiids 
(Eschmeyer et al. 1983; Love 1991; O’Connell and Carlile 1993, In: NRC 2001) 

Spawning: Viviparous; October to December
Emergence: February to March 
Larvae and juveniles are pelagic 

Quillback 
rockfish 

 

Sebastes 
maliger 

Shallow-water benthic species in inlets near shallow rock piles and reefs; juveniles use 
eelgrass/sand and beds of kelp; feed on amphipods, crabs, copepods (Clemens and 
Wilby 1961; Hart 1973; Love 1991; Matthews 1990b; Hueckel and Slayton 1982; 
Rosenthal et al. 1988, In: NRC 2001) 

Spawning: Viviparous; April to July 
Emergence: May to July 

Black 
rockfish 

Sebastes 
melanops 

 

Low and high rock substrates in summer, deeper water in winter; kelp and eelgrass for 
juveniles; feed on nekton and zooplankton (Boehlert and Yoklavich 1983; Stein and 
Hassler 1989, In: NRC 2001) 

Spawning: February to April 
Emergence: Larvae and juveniles are 
pelagic 

China 
rockfish 

Sebastes 
nebulosus 

Occur inshore and on open coast in sheltered crevices; feed on crustacea (brittle stars and 
crabs), octopi, and fishes (Eschmeyer et al. 1983; Love 1991; Rosenthal et al. 1988, In: 
NRC 2001) 

Spawning: January to July 

Tiger 
rockfish 

 

Sebastes 
nigrocinctus 

Semi-demersal to demersal species occurring at depths ranging from shallows to 1,000 
feet (305 m); larvae and juveniles occur near surface and range of depth; adults use rocky 
reefs, canyons, and headlands; generalized feeders on shrimp, crabs, small fishes 
(Garrison and Miller 1982; Moulton 1977; Rosenthal et al. 1988, In: NRC 2001) 

Spawning: Ovoviviparous; peak May and 
June Emergence: Juveniles are pelagic 
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Common 
Name 

Scientific 
Name Habitat and Life Requirements1 

Reproductive Timing2: Spawning, Egg 
Incubation, Emergence 

Bocaccio 
rockfish 

Sebastes 
paucispinis 

Adults semi-demersal in shallow water over rocks with algae, eelgrass, and floating kelp; 
larvae feed on diatoms; juveniles feed on copepods and euphausiids (MBC Applied 
Environmental Sciences 1987; Garrison and Miller 1982; Hart 1973; Sumida and Moser 
1984 In: NRC 2001) 

Spawning: Ovoviviparous; year-round 
Incubation: 40 to 50 days 
Emergence: Released 7 days after hatching; 
larvae and juveniles are pelagic 

Canary 
rockfish 

Sebastes 
pinniger 

Adults use sharp dropoffs and pinnacles with hard bottoms; often associated with kelp 
beds (Sampson 1996); feed on krill and occasionally on fish (Boehlert 1980; Boehlert and 
Kappenman 1980; Hart 1973; Love 1991; Boehlert et al. 1989, In: NRC 2001)  

Spawning: Ovoviviparous; January to March
Emergence: Larvae and juveniles are 
pelagic 

Redstripe 
rockfish 

 

Sebastes 
proriger 

Adults found at depths between 330 and 1,000 feet (100 and 350 m) and young often 
found in estuaries in high- and low-relief rocky areas; juveniles feed on copepods and 
euphausiids; adults eat anchovies, herring, squid (Hart 1973; Kendall and Lenarz 1986; 
Garrison and Miller 1982; Starr et al. 1996, In: NRC 2001) 

Spawning: Ovoviviparous 
Emergence: July; larvae and juveniles are 
pelagic and semi-demersal 

Yelloweye 
rockfish 

 

Sebastes 
ruberrimus 

Adults found from 80- to 1,800-foot (25- to 550-m) depths near reefs and cobble bottom; 
juveniles prefer shallow, broken-bottom habitat; feed on other rockfish species, cods, sand 
lance, herring, shrimp, snails (Clemens and Wilby 1961; Eschmeyer et al. 1983; Hart 
1973; Rosenthal et al. 1988, In: NRC 2001) 

Spawning: Ovoviviparous  
Emergence: June 

Longfin 
smelt 

 

Spirinchus 
thaleichthys 

Marine species that spawns in streams not far from marine waters; juveniles utilize 
nearshore habitats of a variety of substrates; juveniles feed on small Neomysis; adults 
feed on copepods and euphausiids; most adults die after spawning (Wydoski and Whitney 
2003; Lee et al. 1980, In: Alaska Natural Heritage Program 2006) 

Spawning: October to December 
Incubation and Emergence: Hatch in 40 
days; larvae drift downstream to salt water 

Eulachon Thaleichthys 
pacificus 

 

Eulachon occur from northern California to southwestern Alaska; occur in offshore marine 
waters and spawn in tidal portions of rivers; spawn in variety of substrates but sand most 
common; juveniles rear in nearshore marine areas; plankton-feeders eating crustaceans 
such as copepods and euphausiids; larvae and post-larvae eat phytoplankton, copepods; 
important prey species for fishes, marine mammals, and birds (Langer et al. 1977; Howell 
et al. 2001; Lewis et al. 2002; WDFW and ODFW 2001, In: Willson et al. 2006) 

Spawning: During spring when water 
temperature is 40 to 50 degrees F (4 to 10 
degrees C); eggs stick to substrate 
Incubation: Temperature-dependent, range 
20 to 40 days 
Emergence: Larvae drift downstream to salt 
water 

Walleye 
pollock 

 

Theragra 
chalcogramma 

Widespread species in northern Pacific; larvae and small juveniles found at 200-foot (60-
m) depth; juveniles utilize nearshore habitats of a variety of substrates; juveniles feed on 
small crustaceans, adults feed on copepods, euphausiids, and young pollock; important 
prey species (Garrison and Miller 1982; Miller et al. 1976;  Bailey et al. 1999; Livingston 
1991, In: NRC 2001) 

Spawning: February to April 
Incubation: Eggs suspended at depths 
ranging from 330 to 1,320 feet (100 to 400 
m) 
Emergence: Pelagic larvae 

Note:  Species listed in alphabetical order by scientific name. 
Definitions:   demersal—living near, deposited on, or sinking to the bottom 

oviparous—producing eggs that develop and hatch outside the maternal body 
ovoviviparous—producing eggs that develop within the maternal body and hatch before or immediately after release 
piscivorous—fish‐eating 
viviparous—producing living young rather than eggs 

1Comments related to distribution pertain only to the Washington portion of species distribution. 
2Spawning is given as seasonal timing, when information is available.  Incubation is the time elapsed between spawning and hatching. Emergence is the time 
elapsed between hatching and when juveniles enter the water column; as noted above where relevant, some hatchlings enter the water column immediately. 
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6 CONCEPTUAL FRAMEWORK FOR ASSESSING IMPACTS 

Overwater structures and non‐structural piling can impact potentially covered species via a 

number of mechanisms affecting organisms, their habitats, or critical ecological functions.  Such 

impacts can affect organisms either directly, such as when an organism is injured by a piece of 

machinery, or indirectly by affecting any of the elements shown on Figure 1 (reprinted from 

Williams and Thom 2001). 

 

 
Figure 1  
Conceptual Framework for Assessment 
 

The conceptual framework begins with an impact, which in this case would consist of activities 

authorized under an HPA for an overwater structure or non‐structural piling.  That impact can 

in turn alter controlling factors (e.g., flow conditions or sediment sources), which are expressed 

in the environment via habitat structure (e.g., sediment composition or the structure of the 

vegetation community).  Habitat structure is linked to habitat processes (e.g., shading or pool 

formation), which underpin ecological functions (e.g., production of forage fish) that support 

the ecosystem.  Altering any of these elements can potentially result in an impact to one or more 

of the potentially covered species. 

 

The literature reviewed for this white paper primarily identifies certain critical controlling 

factors, habitat structural elements, and habitat processes that have high potential to be affected 

by human activities in general and by overwater structures or non‐structural piling in 

particular.  The impact analysis that follows in Section 7 is based on a review of specific impact 

pathways associated with the controlling factors, habitat structural elements, and habitat 

processes.  Table 4 lists and defines the impact pathways evaluated in this white paper and 

describes how human alteration of a pathway can affect potentially covered species.  Section 7 

discusses the direct and indirect impacts associated with each impact pathway. 
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Table 4  
Principal Impact Pathways Evaluated 

 
Pathway Description 
Shading All shading of waters, whether by natural or artificial means. 

Littoral vegetation Artificial changes in submerged or intertidal marine or estuarine vegetation. 
Freshwater aquatic vegetation Artificial changes in submerged freshwater vegetation. 

Riparian and shoreline vegetation Artificial changes in riparian or shoreline vegetation, including all functions 
performed by large woody debris in or near the channel. 

Noise Artificial noise from pile driving, motors, vessel operations, and other noise-
generating activities. 

Water quality Changes in water quality, primarily in turbidity but also in temperature, pH, 
dissolved oxygen content, and metallic or organic toxins. 

Channel hydraulics Changes in substrate composition or morphology that result when channel 
processes are altered by artificial means. 

Littoral drift Changes in substrate composition or morphology that result when littoral 
processes are altered by artificial means. 

Substrate modifications Changes in substrate composition (grain size) or restructuring by artificial means 
(e.g., excavation, fill). 

Channel dewatering Changes that result from altered flow, principally dewatering that occurs due to 
stream diversion during overwater structure construction. 

Artificial light Artificial light used during construction or operation of a structure. 
Vessel activities Changes resulting from the operation of vessels and other submerged 

equipment during construction or other vessel-related activities that occur during 
construction of the overwater structure or installation of non-structural piling. 
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7 DIRECT AND INDIRECT IMPACTS 

Potentially covered species are vulnerable to incidental take via certain impact pathways, as 

identified in Section 6.  These pathways correspond to controlling factors and habitat structure 

elements (Figure 1).  The following discussion describes each of these pathways and how each 

pathway is linked to essential life‐history traits or particular habitat requirements of potentially 

covered species.  The risk of causing incidental take is discussed in Section 9, and potential 

means of avoiding or minimizing take are discussed in Section 11. 

 

Note that there is an element of overlap among some impact pathways; for instance, vessel 

activities (Section 7.12) necessarily include some element of noise (Section 7.5) and artificial light 

(Section 7.11).  In the following impact analysis, such areas of overlap are identified by cross‐

references.   

 

7.1 Shading 

The information summarized in this section is largely taken from two extensive literature 

reviews prepared for WDFW that analyze the biological impacts of overwater structures: 

Marine Overwater Structures: Marine Issues (Nightingale and Simenstad 2001b) and Over‐

Water Structures: Freshwater Issues (Carrasquero 2001).  The white papers discuss relevant 

literature on the environmental effects, data gaps, and recommended impact reduction 

techniques applicable to overwater structures, non‐structural pilings, marinas, and other 

structures found in and around water bodies of the state.  More recent studies and reports 

published between 2000 and October 2006 were also reviewed to augment information on 

the impacts of shading. 

 

Populations and diversity of aquatic species in the Pacific Northwest can be severely limited 

in environments shaded by overwater structures when compared to adjacent unshaded, 

vegetated habitats (Orth and Moore 1983, Thayer et al. 1984, Fresh et al. 1995, Parametrix 

and Battelle 1996, Thom et al. 1996, Ludwig et al. 1997, Fresh et al. 2000, all in Nightingale 

and Simenstad 2001b; Thom et al. 1998).  Overwater structures can create sharp underwater 

light contrasts by casting shade in ambient daylight conditions, in turn limiting light 

availability for plant photosynthesis and growth.  Limiting photosynthesis indirectly 

impacts the food chain for fish and invertebrates.  Artificial structures affect distributions, 

behavior, growth, and survival of fish and invertebrates in the vicinity of the structure.  
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Because teleost (i.e., bony) fishes such as salmonids, rockfish, flatfish, cod, pollock, and 

other common fishes in Washington place strong reliance on vision and light for migration, 

foraging, and refuge, changes in the ambient light regime can make such fishes vulnerable 

to predation, starvation, or reduced fitness (Nightingale and Simenstad 2001b).   

 

The effects of reduced underwater vegetation on potentially covered species are addressed 

in Sections 7.2 and 7.3, which discuss littoral vegetation (e.g., eelgrass and macroalgae) and 

freshwater aquatic vegetation, respectively.  Therefore, the following discussion focuses on 

the direct impacts of shading on potentially covered species. 

 

7.1.1 Fish Vision 

In addition to affecting aquatic vegetation, shade can affect fish and invertebrates by 

disrupting normal migration patterns, reducing the ability to avoid predators, and 

reducing available refuge.  Teleost fishes, which include all potentially covered fish 

species except sturgeon and lamprey, depend on sight for feeding and schooling.  As 

juveniles, they utilize nearshore or shallow water habitats and share a sensitivity to 

ultraviolet wavelengths reflected in shallow‐water habitats (Tribble 2000, Britt 2001, both 

in Nightingale and Simenstad 2001b).  Figure 2 depicts light conditions related to 

juvenile salmon behavior such as schooling, predator avoidance, feeding, and migratory 

behavior.  
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Figure 2  
Juvenile Salmon Behavior Patterns Related to Light Intensity 
Source: Nightingale and Simenstad 2001b  
 

 

Tribble (2000, in Nightingale and Simenstad 2001b) found the swimming and feeding 

behavior of juvenile and larval sand lance (Ammodytes hexapterus) to be reduced with 

low light levels.  Similar to other juvenile fishes with cone‐based vision, the retinal cells 

of larval sand lance fall in the violet to green range, with limited visual acuity in low‐

light environments.  Their visual acuity increases with growth as their cone pigments 
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shift from violet to blue sensitivity.  Tribble (2000, in Nightingale and Simenstad 2001b) 

reports that sand lance visual development reflects the habitats they occupy at given 

total lengths.  Rods appear to develop when the fish reach approximately 1 inch (24 

millimeters [mm]), and full adult visual acuity develops at 1.4 inches (35 mm).  At 

approximately 2 inches (50 mm) in size, the fish will begin to move into deeper pelagic 

waters, where the light environment changes, and their light requirements for prey 

capture change in response to the light wavelengths characteristic of that habitat.  At this 

point they will largely depart from the range of water depths where they may be 

affected by overwater structures.  A similar change in visual sensitivity has been 

observed in yellow perch.  Brownan and Hawryshyn (1994, in Nightingale and 

Simenstad 2001b) report this loss of ultraviolet sensitivity to be size‐dependent rather 

than age‐dependent and to likely correlates with the time when fishes move from 

shallow to deeper water.  These results suggest that shading effects attributable to 

overwater structures predominantly affect smaller fish, and that “shading” as an impact 

includes the loss of both visual and ultraviolet wavelengths of light. 

 

7.1.2 Prey Abundance, Feeding, and Growth 

Juvenile and larval fish are primarily visual feeders, and starvation is the major cause of 

larval mortality in marine fish populations.  Early life‐history stage survival is linked to 

the ability to locate and capture prey and avoid predators (Britt 2001, in Nightingale and 

Simenstad 2001b). 

 

Capture success is often directly related to prey abundance in a given location, as well as 

to fish growth and fitness.  Kahler et al. (2000) states that shading from overwater 

structures may reduce the abundance of prey organisms available to juvenile salmonids 

and forage fish by reducing aquatic vegetation and phytoplankton abundance.  

Similarly, Haas et al. (2002) found that densities and assemblages of important 

epibenthic prey organisms were reduced under large overwater structures.  In New 

York Harbor, Able et al. (1998, in Nightingale and Simenstad 2001b) found juvenile fish 

abundance to be reduced under piers when compared to open‐water areas or areas 

having only piles.  This is likely due to limitations in both prey abundance and prey 

capture.  In another study, Duffy‐Anderson and Able (1999, in Nightingale and 

Simenstad 2001b) compared growth rates of caged juvenile fish under municipal piers to 
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those of fish caged at pier edges and to fish caged in open waters.  Those fishes caged 

under the piers showed periods of starvation, making these individuals more vulnerable 

to predation, physiological stress, and disease.  Along the pier edges, variability in 

growth rate was found to be high and likely light related.  The authors concluded that 

light availability is likely an important component of feeding success.  They also 

concluded that large piers do not appear to provide suitable habitat for some species of 

juvenile fishes and that increased sunlight enhances fish growth. 

 

For young outmigrant salmon such as juvenile chum, pink, and ocean‐type Chinook, 

prey availability is an important component to migration behavior. 

 

7.1.3 Migration and Distribution  

Investigations on shading impacts to fish migration and distribution have primarily 

focused on impacts to juvenile salmonids.  Shading has been shown to have different 

consequences for migration and distribution of some fish in freshwater environments; 

therefore, shading impacts of overwater structures in freshwater and marine 

environments are discussed separately. 

 

7.1.3.1 Marine Environment 
Changes in ambient underwater light environments can alter juvenile salmon 

migration and distribution and potentially increase mortality risks.  For example, 

studies have consistently documented a tendency for juvenile salmon to avoid 

passing beneath shaded habitats (Pentec 1997; Weitkamp 1982; and Heiser and Finn 

1970, all in Nightingale and Simenstad 2001b; Southard et al. 2006; Tabor et al. 2006).   

 

Studies in the Puget Sound region have found that under‐pier light limitations and 

shadowing often change behaviors of juvenile salmonids in ways that could delay 

migration, alter schooling refuge behavior, and change migratory routes to deeper 

waters (which may increase their risk of predation).  Juvenile salmonids 

encountering docks and piers have been observed variously to pass under the 

structure, pause and go around the structure, break up from schools, aggregate in 

the lighted portion of the water column, or pause and eventually go under the 

structure (Weitkamp 1982, Feist 1991, Pentec 1997, all in Nightingale and Simenstad 
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2001b; Feist et al. 1992; Toft et al. 2004; Southard et al. 2006; Tabor et al. 2006).  Taylor 

and Wiley (1997, in Nightingale and Simenstad 2001b) and Weitkamp (1981, in 

Nightingale and Simenstad 2001b) found juvenile salmon distributed along the outer 

bulkheaded perimeters of marinas but did not find a significant abundance under or 

around floating docks.  Southard et al. (2006) consistently found juvenile Chinook, 

chum, and coho salmon aggregating on the light side of the shadow line of ferry 

terminals during the day, and then sometimes passing under the terminals in the 

evening when the shadow was less distinct.  Southard et al. (2006) also determined 

that, during the day, juvenile salmon may move more readily under structures at 

low tide, when more ambient light penetrates underneath.  In an experimental 

release at the Port Townsend ferry terminal, Shreffler and Moursund (1999) found 

that released Chinook fry ceased their migration at the terminalʹs shadow line before 

consistently swimming from the shadow line to lighted areas, then darting back into 

the light‐dark transition zone.  As the sun dropped along the horizon and the 

shadow line moved in under the terminal dock, the Chinook school appeared to 

follow the shadow line, staying with the light‐dark transition area. In studies of 

juvenile salmonid behavior around the Port of Seattle’s Terminals 90 and 91, 

Weitkamp (1982, in Nightingale and Simenstad 2001b) observed that juvenile 

salmonids primarily congregated on the more sun‐exposed west side rather than on 

the darker east side of the terminals.  Salo et al. (1980, in Nightingale and Simenstad 

2001b) observed that chum salmon shifted from nearshore migration to an offshore 

route upon encountering a wharf in Hood Canal, and Pentec (1997, in Nightingale 

and Simenstad 2001b) found that when juvenile chum salmon encountered piers in 

Everett Harbor, they milled around with no net movement for periods ranging from 

30 minutes to 2 hours.  Fewer and smaller schools were observed at piers, while the 

greatest number of and the largest schools were observed along riprapped 

shorelines, with feeding occurring along these shorelines but not under piers.  

Although the study revealed that fish encountering piers split up and moved around 

the piers, the conclusion was that the net effect of juvenile salmon encountering 

overwater structures was impossible to assess given the available data.  Williams 

and Thom (2001), however, state that although individual shoreline structures may 

not impose significant impacts on salmon species, populations, or stocks, the 
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cumulative effect of dense, contiguous shoreline modifications has likely contributed 

to the decline of several Puget Sound salmon species.  

 

7.1.3.2 Freshwater Environment 
Juvenile salmonids behave similarly when approaching overwater structures in 

freshwater environments as they do in marine environments, according to recent 

studies (Tabor et al. 2006).  Tabor et al. (2006) found that when migrating Chinook 

smolts approached piers in Lake Washington, they appeared to move into deeper 

water and then either pass directly under the structure or swim around the pier. 

 

Research data on adult salmon, however, indicate that migrating adults hold at 

various locations within the Sammamish River, and most of the holding locations are 

underneath bridges, where it is shaded (King County 2000, in Carrasquero 2001). 

  

7.1.4 Predation 

In freshwater, ambush predators are often found distributed in natural or man‐made 

shaded and covered environments (Stein 1970, Helfman 1979, both in Carrasquero 2001). 

Helfman (1979), studying shade‐producing experimental floats in Cazenovia Lake, New 

York, found that several species of predator fishes are particularly attracted to the area 

under the floats.  Carrasquero’s (2001) review found that the attraction of fish to floating 

or overhanging objects is linked to the shade produced by the objects, and Kahler et al. 

(2000) suggests that piers, piles, boatlifts, and moored boats provide cover, shade, and 

focal points that benefit exotic predators of juvenile salmon, such as smallmouth and 

largemouth bass.  An alternative explanation of fish attraction to on‐water and 

overwater structures in fresh water was presented by Fresh (pers. comm., in 

Carrasquero 2001), who explains that both the structures and the shade they cast may 

provide fishes with physical reference points for orientation. 

 

In the marine nearshore, daytime light reduction caused by shading under overwater 

structures could cause migrating juveniles to move into deeper waters, increasing the 

risk of predation by larger predators that occupy pelagic waters (Heiser and Finn 1981, 

Pentec 1977, in Nightingale and Simenstad 2001b).  Predation mortality may increase 
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through altering predator detection and reducing refugia provided by the schooling 

behavior of juvenile salmonids (Pentec 1997, in Nightingale and Simenstad 2001b). 

 

Although it is believed that predation risks are elevated when fish move into deeper 

waters around piers, the actual potential for increased predation due to aggregating 

predators under structures in marine environments is uncertain (Weitkamp 1981; Taylor 

and Wiley 1997, in Nightingale and Simenstad 2001b).  Taylor and Wiley (1997) found 

no aggregation of avian predators and Weitkamp (1981) reported no aggregation of 

aquatic predators during the peak juvenile chum outmigration.  Consistent with these 

findings, Penttila and Aguero (1978, in Nightingale and Simenstad 2001b) found no 

empirical evidence of predation among the marina floats in Birch Bay, but instead found 

evidence of competition among  fish species for mutually preferred prey resources (i.e., 

the calanoid and harpacticoid copepods).  Fresh and Cardwell (1978, in Nightingale and 

Simenstad 2001b) list 17 potential predators of juvenile salmon in the southern Puget 

Sound region and find that only three (maturing Chinook, copper rockfish, and staghorn 

sculpins) prey extensively on nearshore fishes.  Their analysis of food habits found only 

staghorn sculpins with juvenile salmon in their stomachs, and there was no evidence 

that staghorn sculpins were in greater abundance under structures than elsewhere in the 

study area.  Additionally, Ratte (1985, in Nightingale and Simenstad 2001b) found sea 

perch and pile perch, which do not prey on salmonids, to be the most abundant fish 

species under docks.  Nightingale and Simenstad (2001b) and Southard et al. (2006) 

summarize these and additional studies that pertain to fish behavior, including 

migration, distribution, and predator/prey relationships potentially associated with 

overwater structures in marine areas of Puget Sound. 

 

In freshwater environments of Western Washington, largemouth bass and smallmouth 

bass are common predators of juvenile salmonids, and several authors have 

documented the use of overwater structures by bass in Western Washington waters.  

Stein (1970, in Carrasquero 2001) examined the types of cover used by largemouth bass 

in Lake Washington and found that they prefer areas of heavy log and brush cover over 

other habitat types (including docks).  However, largemouth bass are commonly found 

under docks in early spring and are thought to be present there until late summer (Stein 

1970, in Carrasquero 2001).  Carrasquero (2001) found studies that suggest the attraction 
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of predatory fish (including largemouth bass) to floating or overhanging objects is 

linked to the shade produced by the objects rather than to the tactile stimulus and that 

the larger the floating object, the greater the shaded area, and thus the greater the 

number of fish attracted to such objects.  This assumption suggests that shading from 

overwater structures alters fish distribution and aggregation in fresh water. 

 

Interactions between smallmouth bass and juvenile salmonids depend on factors such as 

the timing of salmonid outmigration, salmonid species, and residence time of juvenile 

salmonids in lentic (still‐water) or lotic (flowing) environments (Warner 1972; Gray et al. 

1984; Pflug and Pauley 1984; Gray and Rondorf 1986; Poe et al. 1991; Shively et al. 1991; 

Tabor et al. 1993; Fayram and Sibley 2000, in Carrasquero 2001; Tabor et al. 2000). 

 

Carrasquero (2001) presents the following observations and inferences of predator/prey 

aggregations in freshwater environments under and around structures: 

• Different fish species respond differently to the shade produced by overwater 

structures. 

• Smallmouth bass and largemouth bass have a strong affinity to structures, 

including piers, docks, and associated pilings.  

• Bass have been observed foraging and spawning in the vicinity of docks, piers, 

and pilings; where vegetation is lacking, largemouth bass seek other forms of 

structures, such as dock pilings. 

• Smallmouth bass are opportunistic predators that consume prey items as they 

are encountered and are major predators of juvenile salmonids. 

• Fish, particularly largemouth bass, seem to be attracted to the shade produced by 

floats, rather than their physical structure.  In contrast, smallmouth bass do not 

seem to be attracted to the shade produced by such structures. 

• In reservoir systems of Eastern Washington, juvenile salmonid predation is 

specific to the behavior and distribution of each salmonid species and its 

predator.  The behavior and distribution of predator and prey species reportedly 

depend on temperature, the degree of shore‐zone development, the slope and 

substrate of the shoreline, and the presence of man‐made in‐water structures. 
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Additional details on shading and predation in fresh water can be found in Carrasquero 

(2001). 

 

7.2 Littoral Vegetation 

Impacts to habitats and species may occur through the loss of littoral vegetation, which 

includes eelgrass, macroalgae, and intertidal vascular plants (e.g., salt marsh plants) 

resulting from construction of overwater structures in estuarine or marine settings.  Eelgrass 

and macroalgae are recognized as important habitat for a wide variety of organisms.  The 

Washington State hydraulic code rules (WAC 220‐110‐250) designate eelgrass, kelp, and 

intertidal vascular plants as saltwater habitats of special concern and require that hydraulic 

projects result in no net loss of these habitats.  Furthermore, the hydraulic code rules require 

that overwater structures be designed or located to avoid shading or other impacts that 

could result in the loss of eelgrass and kelp habitat (WAC 220‐110‐300(3) and (4)). 

 

Phillips (1984) and Wyllie‐Echeverria and Phillips (1994) describe eelgrass ecology in the 

Pacific Northwest.  Two species of eelgrass (Zostera spp.) grow in Washington State and are 

considered saltwater habitats of special concern (WAC 220‐110‐250): the native eelgrass, 

Zostera marina, and the smaller Asian species, Zostera japonica (Wyllie‐Echeverria and 

Phillips 1994).  Typically, Z. marina grows at lower elevations than Z. japonica and may 

either form extensive beds covering many acres or exist in smaller patches (Phillips 1984).  

Z. japonica is generally found at higher elevations than Z. marina and typically grows in 

patches or a narrow fringe (Phillips 1984).  Many species of macroalgae (e.g., brown algae) 

also grow in the marine waters of Washington, generally attached to rocky substrates and 

always within the nearshore photic zone (Kozloff 1983). 

 

Eelgrass typically grows in sand and mud substrates in sheltered or turbulent waters 

(Phillips 1984).  Native eelgrass distributions range from approximately +2 feet mean lower 

low water (MLLW) to ‐22 feet MLLW (PSAT 2001), although light penetration in many 

portions of Puget Sound typically limits the lower elevation to less than ‐12 feet MLLW.  

Macroalgae have a wider tidal elevation range, and species such as rockweed (Fucus 

gardneri) can grow as high as mean higher high water (MHHW).  At the other extreme, 

brown algae (kelp) may grow at elevations as low as ‐100 feet MLLW where the water is 

clear enough to allow light penetration and the substrate supports algal attachment (WDNR 
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2004).  However, in Puget Sound, the depth to which sufficient light penetrates to support 

plant growth (i.e., photic zone) is considered to be –33 feet (‐10 meters [m]) MLLW (PSNERP 

2003). 

 

Eelgrass and macroalgae provide vertical structure in nearshore marine habitats and 

facilitate several important ecological functions.  Eelgrass and macroalgae are very 

productive and support marine food webs through the plant biomass and detritus that they 

produce, as well as provide shelter and influence the physical and chemical properties of the 

nearshore environment (Nightingale and Simenstad 2001b).  Eelgrass provides substrate for 

colonies of epiphytic algae and many crustacean species that are prey items for juvenile 

salmon and other fish (Nightingale and Simenstad 2001b).  Studies of eelgrass communities 

in Padilla Bay show that a specific group of copepods (Harpacticus uniremis and other 

copepods of the genera Zaus and Tisbe) is unique to the eelgrass epiphyte assemblage and 

the principal prey of juvenile chum salmon, Pacific herring, Pacific sand lance, and surf 

smelt (Nightingale and Simenstad 2001b), with Harpacticus spp. less likely to be found in 

low‐light conditions and Tisbe spp. found in areas high in detritus, irrespective of light 

levels.  Juvenile Dungeness crab, an important salmonid prey species, show a preference for 

eelgrass compared to other benthic habitats; this is thought to be due in part to the 

abundance of food items in eelgrass habitat (Pauley et al. 1989).  The complex structure of 

eelgrass communities and their associated epifauna and epiflora are also thought to limit the 

success of predators that typically associate and feed in unvegetated communities (Heck 

and Orth 1980, in Nightingale and Simenstad 2001b; Heck and Thoman 1984).  Given the 

strong association of important fish prey resources with eelgrass, reductions in eelgrass 

extent or vigor may also reduce prey resources for fish. 

 

Eelgrass retards current velocity at the sediment‐water interface, allowing fine particulates 

to settle (Phillips 1984).  This action typically affects sediment dynamics and local sediment 

characteristics, favoring continued growth and survival of eelgrass (Phillips1984).  The 

vertical structure of kelp forests also affords dissipation of wave energy (Jackson 1984), 

which can offer shoreline protection for other sensitive shoreline habitats. 

 

Both eelgrass and macroalgae provide substrate for herring spawning (Bargmann 1998).  

Herring is a key species in the nutrient and energy dynamics of the Puget Sound 
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environment, providing an important link between zooplankton and larger predators, 

including Chinook salmon, bull trout, and other salmonid species (Bargmann 1998). 

 

Blackmon et al. (2006) provides a synopsis of research on the use of seagrass and kelp 

habitats by fish, including many of the marine potentially covered species.  Forage fish and 

juvenile Pacific salmon species preferentially use eelgrass over other habitats.  Juvenile 

salmon are found in kelp habitat as well.  Rockfish (Sebastes sp.) produce planktonic larvae 

that settle in eelgrass, shallow kelp beds, and floating kelp mats.  Juvenile rockfish occupy 

shallow vegetated habitats, especially areas with eelgrass and kelp, during the summer 

growing period (Byerly et al. [no date]; Murphy et al. 2000), likely due to the enhanced 

forage opportunities and refuge from predators that the vertical structure can provide.  

Likewise, juvenile Dungeness crab (a major prey species for some rearing salmonids) are 

more frequently found in eelgrass and Ulva beds than in other habitats, and eelgrass beds 

are considered valuable nursery habitat for Dungeness crab (Blackmon et al. 2006). 

 

HPA‐regulated activities in marine waters have the potential to affect littoral vegetation 

through the following impact mechanisms:  

• Ambient light 

• Direct disturbance and displacement 

• Vessel interactions 

Each of these impact mechanisms is discussed below. 

 

7.2.1 Ambient Light  

Light availability is a fundamental requirement for eelgrass and macroalgae growth. 

Thom et al. (1998) analyzed the photosynthetically active radiation (PAR) levels at seven 

Washington State ferry terminal sites and found no eelgrass where instantaneous mid‐

day PAR levels were less than about 100 micro‐moles of photons within the PAR range 

of wavelengths striking a square meter in one second (μM/m2/sec). They found low 

eelgrass shoot densities where instantaneous mid‐day PAR was less than 150 μM/m2/sec, 

while maximum shoot densities required instantaneous PAR of 325 μM/m2/sec. PAR 

intensities less than about 300 μM/m2/sec can be limiting to eelgrass, whereas intertidal 

macroalgae may be limited by PAR less than 400 to 600 μM/m2/sec (Thom and Shreffler 

1996, in Simenstad et al. 1999).  Subtidal macroalgae can survive lower light levels and 
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may be limited only by PAR less than 100 μM/m2/sec (Luning 1981, in Simenstad et al. 

1999). 
 

Overwater structures are generally expected to limit light penetration to the substrate 

and can shade the area underneath and adjacent to the structures.  The orientation of the 

structures and their density (solid or open), height above water, water depth, and tidal 

range all affect the extent and degree of shading (Nightingale and Simenstad 2001b).  

Where shading reduces PAR, eelgrass and macroalgae growth may be impaired or 

prevented (Nightingale and Simenstad 2001b; Penttila and Doty 1990).  Burdick and 

Short (1999) found that floating docks severely impact eelgrass.  Three of the four 

floating docks they studied had no rooted eelgrass under them.  Increased structure 

height above the bottom was identified as the most important pier characteristic 

correlating to eelgrass bed quality.  Burdick and Short (1999) also found light to be the 

most important variable affecting canopy structure (i.e., shoot density and height) and 

eelgrass bed quality.  A dock study in Montauk, New York (Ludwig et al. 1997) reported 

the exclusion of eelgrass near a floating pier due to insufficient light in the floatʹs impact 

zone.  Penttila and Doty (1990) found that piers and floating docks largely eliminate 

existing eelgrass and macroalgae, even when the structures are only partially shading.  

Such shading impacts to eelgrass can be seen to occur in as little as 18 days (Backman 

and Barilotti 1976, in Nightingale and Simenstad 2001b), although light reduction 

capacity varies depending on combinations of both dock and environmental factors.  For 

example, Penttila and Doty (1990) found no apparent eelgrass loss due to shading under 

a floating dock secured by anchors and chains.  In that case, it was thought that, given 

the winds and current of the site, the degree of movement allowed by the anchor‐chain 

system resulted in no area beneath the dock being continuously shaded, thereby 

reducing the stress of shade on the eelgrass bed. 

 

7.2.2 Direct Disturbance and Displacement  

Aquatic vegetation may be uprooted or displaced during in‐water construction of 

overwater structures and non‐structural pilings; in‐water ground disturbance has been 

used as a measure of habitat take in ESA biological opinions (NMFS 2006e).  Structures 

located on or within eelgrass beds displace eelgrass.  Pilings that support overwater 

structures may also reduce eelgrass recruitment and survival through biotic interactions 
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with the piling reef community (Nightingale and Simenstad 2001b).  Pilings in marine 

waters become encrusted with mussels and other sessile organisms.  Shell material from 

these organisms (“shellhash”) is then deposited around the pilings over time, altering 

the local substrate and its ability to support eelgrass growth (Nightingale and Simenstad 

2001b).  The shellhash surrounding pilings is prime settling habitat for juvenile 

Dungeness crab (Nightingale and Simenstad 2001b).  The burrowing activities of large 

numbers of crabs can also affect the establishment of eelgrass (Nightingale and 

Simenstad 2001b). 

 

7.2.3 Vessel Interactions 

Vessels used during construction of overwater structures may physically disturb 

submerged vegetation as a result of propeller wash (Lagler et al. 1950, in Carrasquero 

2001; Haas et al. 2002) or grounding (direct disturbance).  Propeller wash may also 

entrain air bubbles and cause sediment suspension (Haas et al 2002).  The potential 

adverse impacts of vessel activities on eelgrass and macroalgae are discussed in Section 

7.12. 

 

7.3 Freshwater Aquatic Vegetation 

Freshwater aquatic vegetation includes submerged and emergent plants rooted below the 

ordinary high water line (OHWL) of freshwater bodies (rivers, streams, lakes, ponds, and 

open‐water wetlands).  Freshwater aquatic vegetation provides fish and wildlife habitat and 

is important to the cycling of nutrients and materials in freshwater ecosystems (Petr 2000).  

Aquatic vegetation can modify its physicochemical environment by slowing water velocity, 

trapping sediment, and altering temperature and water quality (Chambers et al. 1999).  

 

Aquatic plants provide shelter habitat and clinging substrate for a variety of aquatic 

invertebrate species, including insects and zooplankton (Petr 2000).  Aquatic plants provide 

energy to aquatic ecosystems through photosynthesis and provide food for herbivores and 

detritivores (Petr 2000).  Fish use aquatic plants for cover, and terrestrial wildlife species (in 

addition to potentially covered species) use emergent aquatic plants for food and habitat 

(Petr 2000).  Emergent aquatic vegetation can reduce wave‐induced bank erosion (Coops et 

al. 1996).  A review of the interactions of fish and macrophytes worldwide reiterated a 

number of beneficial functions that macrophytes provide that have direct or indirect 
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benefits for fish (Petr 2000).  The benefits listed by Petr (Cowx and Welcomme 1988, in Petr 

2000) include:  

• Water purification, both direct (for example, by oxygenation and conversion of toxic 

ammonia to usable nitrates) and indirect (for example, by plants providing a huge 

surface area for microbes to do the same tasks) 

• Nutrient recycling, including nutrient removal during the growth season and return 

during senescence  

• Physical link between water and air for many invertebrates, e.g., larvae and nymphs 

of caddis flies, mayflies, and chironomids, which are food for fish and have aquatic 

larval stages and aerial adults  

• Refugia for zooplankton, which graze phytoplankton and keep water clear  

• Cover for a large variety of invertebrates, many of which are food for fish  

• Cover for fish, which varies as to value and type with the age and species of fish, as 

well as type of vegetation  

• Spawning areas and sites of oviposition for many fish species, including Olympic 

mudminnow, a potentially covered species  

• Food sources for herbivorous fish or indirect food sources from invertebrate prey 

living on vegetation surfaces  

• Effects on flow patterns, i.e., accretion of sediments and deflection of flow, thus 

providing quiescent waters and faster shallows  

• Creation of discrete habitat that is as functional as physical structure 

 

The distribution of aquatic vegetation is limited by the ecological conditions of the water 

body and the requirements of aquatic plant species (Chambers et al. 1999).  Aquatic 

vegetation can provide valuable cover habitat for a number of fish species, including some 

freshwater potentially covered species.  Olympic mudminnow lay eggs in aquatic 

vegetation and juveniles stay close to vegetation (Wydoski and Whitney 1979; Mongillo and 

Hallock 1999).  An indirect link between aquatic vegetation and the California floater exists, 

in that the larvae (glochidea) of the California floater in Curlew Lake depend primarily on 

the Tui chub (Gila bicolor) as a host (Pacific Biodiversity Institute 2006), and juvenile Tui 

chub typically stay close to vegetation until they are longer than 0.5 inch (Wydoski and 

Whitney 1979).  
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HPA‐regulated activities in fresh waters have the potential to affect freshwater aquatic 

vegetation through the following impact mechanisms: 

• Ambient light 

• Direct disturbance and displacement 

• Vessel interactions 

• Introduction of noxious weeds 

 

Each of these impact mechanisms is discussed below. 

 

7.3.1 Ambient Light 

Light availability is a fundamental requirement for plant growth.  The light 

requirements of different plant species vary, but reduced light in the littoral zone of 

freshwater environments can potentially limit the growth of aquatic vegetation 

(Chambers et al. 1999).  Light limitations can lead to local reductions in primary 

production and reductions in other functions of aquatic vegetation, including cover, 

substrate for invertebrate species, and food for herbivores (Hruby et al. 1999). 

 

7.3.2 Direct Disturbance and Displacement  

Human activity associated with the installation of overwater structures can reduce 

submerged and floating leaved vegetation.  This results in temporary and sometimes 

permanent loss of the affected vegetation, with associated loss of the ecological functions 

described above. 

  

7.3.3 Vessel Interactions 

The potential impacts of vessel activities on freshwater aquatic vegetation are discussed 

in Section 7.12.  Briefly, vessels used during installation of overwater structures may 

physically disturb submerged vegetation through increased velocity from propeller 

wash.  As discussed in Section 7.12, Lagler et al. (1950, in Carrasquero 2001) reported 

that outboard motor use has been shown to clear a swath when the propeller was used 

within 1 foot of aquatic vegetation.  In addition, propeller use may entrain air bubbles 

and cause sediment suspension that results in a temporary reduction in light 

availability.   
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7.3.4 Introduction of Noxious Weeds 

The introduction of noxious weeds can be a concern in aquatic environments (Chambers 

et al. 1999; WNWCB 2006).  These plants are opportunistic and under the right 

conditions can out‐compete native vegetation and reduce habitat quality for native fish 

species (Chambers et al. 1999).  For example, the Lake Washington shorelines have 

developed extensive beds of Eurasian milfoil since it was first observed in the lake in 

1974 (WNWCB 2005).  The impacts of invasive plants on potentially covered species are 

not clear and depend on a variety of highly variable factors.  However, Eurasian milfoil 

can cause several adverse habitat conditions, including reduced dissolved oxygen and 

reduced access to habitat (Chambers et al. 1999).  Interlake transfer from boats is thought 

to be the chief means by which Eurasian milfoil is spread (WNWCB 2005).  Thus, 

support vessels used during the construction of overwater structures could facilitate the 

introduction of invasive aquatic plants by transporting invasive plants from one water 

body to another.   

 

7.4 Riparian and Shoreline Vegetation 

Riparian zones form the transition zone between terrestrial and aquatic systems.  

Riparian/shoreline vegetation is an important component of freshwater, estuarine, and 

marine systems, providing shade, streambank and shoreline stability, and allochthonous 

inputs (material that is produced in one area and consumed in another), as well as 

influencing groundwater conveyance and storage and the condition and complexity of 

aquatic habitats (Knutson and Naef 1997; Murphy and Meehan 1991).  Removal or 

disturbance of riparian/shoreline vegetation during construction or maintenance of 

overwater structures can have several potential impacts to habitat and species in each of 

these systems, including: 

• Shading and water temperature regime 

• Streambank/shoreline stability 

• Altered allochthonous input 

• Groundwater influence 

• Habitat conditions 

 

Each of these impact mechanisms is discussed below. 
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7.4.1 Shading and Water Temperature Regime 

Riparian vegetation provides shade from solar radiation (Murphy and Meehan 1991).  In 

general, the smaller the stream, the more closely water temperature will tend to track air 

temperature; exposure to the sun’s energy (due to a lack of riparian vegetation) causes 

an increase in water temperature, while streams without an insulating canopy of 

riparian vegetation may also lose heat more rapidly when the air temperature is colder.  

Removal of trees can thus affect the water temperature in streams both by affecting local 

air temperatures and by increasing incident radiation5 and heat loss (Quinn 2005; Bolton 

and Shellberg 2001; Poole and Berman 2001; Knutson and Naef 1997; Murphy and 

Meehan 1991).  The influence of riparian vegetation on water temperature generally 

diminishes as the size of the stream increases, because of the proportionally reduced 

area in which riparian vegetation can insulate against solar radiation and trap air next to 

the water surface (Knutson and Naef 1997; Quinn 2005; Poole and Berman 2001; Murphy 

and Meehan 1991). 

 

Water temperatures significantly affect the distribution, health, and survival of fish, 

especially salmonids.  Because fish are ectothermic (cold‐blooded), their survival is 

dependent upon external water temperatures, and they will experience adverse health 

effects when exposed to temperatures outside their optimal range (USEPA 2003). 

 

In lentic (still‐water) systems, water temperatures generally change gradually with the 

seasons, show less change from night to day, and are often stratified vertically.  Water 

temperatures associated with lotic (flowing) systems often change on a diel cycle, and 

can affect water quality, specifically dissolved oxygen.  Salmon, trout and other cold 

water fish, and many aquatic invertebrates require cool and well‐oxygenated water, 

with a preferred temperature range of 40 to 58 degrees Fahrenheit (F) (5.5 to 14.4 degrees 

Celsius [C]), and dissolved oxygen levels of greater than 5 parts per million.  As stream 

temperatures rise, dissolved oxygen content decreases.  Temperature increases and 

consequent reductions in dissolved oxygen tend to have deleterious effects on fish and 

other aquatic organisms by (Knutson and Naef 1997): 

• Inhibiting growth and altering metabolism 

                                                      
5 Incident radiation is solar radiation (i.e., sunshine) that falls directly upon an object (from the sky), as distinguished 
from reflected or reradiated radiation. 
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• Amplifying effects of toxic substances 

• Increasing susceptibility to disease and pathogens 

• Increasing potential risk of eutrophication through increased growth of bacteria 

and algae 

 

In marine and estuarine waters, shoreline vegetation is not likely to have much influence 

on marine water temperatures (Lemieux et al. 2004).  However, solar radiation has long 

been recognized as one of the classic limiting factors for upper intertidal organisms and 

plays an important role in determining distribution, abundance and species 

composition.  Although the influence and importance of shade derived from shoreline 

vegetation in the Puget Sound nearshore ecosystem is not well understood, it is 

recognized as a limiting factor to be considered and has prompted investigations to 

determine direct linkages between riparian vegetation and marine organisms.  One such 

link is the relationship between shad and surf smelt.  On the basis of a comparison of 

adjacent shaded and unshaded spawning sites sampled in northern Puget Sound, 

Penttila (2001, in Brennan and Culverwell 2004 and Lemieux et al. 2004) found 

significantly higher egg mortality on the unshaded beaches.  Anthropogenic changes in 

shoreline microclimate will change the intertidal incubating environment, potentially 

altering developmental rates or increasing physiological stress in fish embryos (Rice 

2006).  Considering the influences of temperature, moisture, and exposure on the 

diversity, distribution, and abundance of organisms that use upper intertidal zones, 

additional benefits of natural shading likely will be discovered as further investigations 

continue (Brennan and Culverwell 2004). 

 

7.4.2 Streambank/Shoreline Stability 

The root structure of riparian/shoreline vegetation resists the shear stresses created by 

flowing water and thus retards bank cutting by streams, stabilizes streambanks and 

shorelines, maintains undercut banks along stream margins, and inhibits sediment from 

entering streams by dissipating the erosive energy of flood waters, wind, and rain 

(Knutson and Naef 1997).  Removal of riparian/shoreline vegetation exposes 

streambanks and shorelines to the erosive effects of wind, rain, and current and 

increases the input of fine sediments to the aquatic system (Waters 1995).  Much of the 

scientific literature discusses the potential impacts of increased sediment as it relates to 
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salmonids (Quinn 2005; Waters 1995; Furniss et al. 1991).  Refer to Section 7.7 for further 

information on the impacts to potentially covered species associated with sediment 

regime changes. 

 

For marine shorelines, and particularly those in areas with steep and eroding bluffs, 

native vegetation is usually the best tool for keeping the bluff intact and/or minimizing 

erosion (Brennan and Culverwell 2004).  Disturbing the face or toe of a bluff or bank 

may cause destabilization, slides and cave‐ins (Clark et al. 1980, in Brennan and 

Culverwell 2004).  Removal of the vegetation that helps to stabilize the face, or 

excavation along the face, increases the chance of slumping, which results in imperiled 

structures, lost land, a disruption to the ecological edge‐zone, and increased 

sedimentation to the aquatic environment (Brennan and Culverwell 2004).   

 

7.4.3 Altered Allochthonous Input 

Riparian/shoreline vegetation provides allochthonous input such as terrestrial 

macroinvertebrates, which supplement the diets of fishes, and detritus like leaves and 

branches, which provide food sources for benthic macroinvertebrates (Knutson and 

Naef 1997; Murphy and Meehan 1991).  Additionally, riparian/shoreline vegetation 

supplies large woody debris (LWD) to the aquatic environment, which in streams 

influences channel morphology/habitat complexity, retains organic matter, and provides 

essential cover for fish (Quinn 2005; Naiman et al. 2002; Knutson and Naef 1997; 

Murphy and Meehan 1991), as discussed below with regard to altered habitat conditions 

(Section 7.4.5). 

 

In lakes, estuaries, and marine environments, woody debris increases habitat 

complexity, affording cover for fish, protection from currents, and foraging 

opportunities (Quinn 2005). 

 

Removal of riparian vegetation diminishes allochthonous input into the aquatic 

environment, which can affect the prey base available to fish, the forage detritus 

available for benthic macroinvertebrates, future LWD recruitment, and aquatic habitat 

complexity, diminishing the quality and complexity of habitat and species diversity of 

fish and benthic macroinvertebrates (Murphy and Meehan 1991). 
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One of the characteristics that make marine nearshore areas so productive is that they 

act as sinks for nutrients derived from upland and marine sources.  The primary source 

of nutrients in the system is derived from primary producers (i.e. aquatic and terrestrial 

vegetation, phytoplankton), although terrestrial‐derived organic contributions have not 

been well studied.  Alterations of intertidal and subtidal areas by dredging, filling, 

diking, overwater structures, and shoreline armoring have dramatically affected marine 

wetland and other aquatic vegetation (i.e. eelgrass, algae) (Brennan and Culverwell 2004 

and Lemieux et al. 2004).  Similarly, upland development has greatly reduced the 

amount of vegetation and nutrients available to the marine system.  Such modifications 

have resulted in decreased abundance and taxa richness in both benthic and infaunal 

invertebrate and insect assemblages (Brennan and Culverwell 2004).   

 

7.4.4 Groundwater Influence 

Riparian/shoreline vegetation acts as a filter for groundwater, filtering out sediments 

and taking up nutrients (Knutson and Naef 1997).  Riparian vegetation, in conjunction 

with upland vegetation, also moderates stream flow by intercepting rainfall, 

contributing to water infiltration, and using water via evapotranspiration (Knutson and 

Naef 1997).  Plant roots increase soil porosity, and vegetation helps to trap water flowing 

on the surface, thereby aiding in infiltration (Knutson and Naef 1997).  Water stored in 

the soil is later released to streams through subsurface flows.  Through these processes, 

riparian and upland vegetation help to moderate storm‐related flows and reduce the 

magnitude of peak flows and the frequency of flooding (Knutson and Naef 1997).  

Riparian vegetation, the litter layer, and silty soils absorb and store water during wet 

periods and release it slowly over a period of months, maintaining stream flows during 

rainless periods (Knutson and Naef 1997). 

 

The interface between flow within the hyporheic zone6 and the stream channel is an 

important buffer for stream temperatures, so alteration of groundwater flow can affect 

stream temperature as well (Poole and Berman 2001).  The magnitude of the influence 

depends on many factors, such as stream channel pattern, structure of the alluvial 

aquifer, and variability in the stream hydrograph (Poole and Berman 2001). 

 

                                                      
6 The zone of hydrologic interchange between groundwater and surface water in stream channels. 
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7.4.5 Habitat Conditions 

Habitat conditions within freshwater, estuarine, and marine environments are 

influenced by riparian/shoreline vegetation.  Inputs of woody debris into these 

environments from riparian areas contribute significantly to habitat conditions within 

freshwater environments (Naiman et al. 2002).  Woody debris input in streams is 

important in controlling channel morphology, regulating the storage and transport of 

sediment and particulate organic matter, and creating and maintaining fish habitat 

(Murphy and Meehan 1991).  Within streams, approximately 70 percent of structural 

diversity is derived from root wads, trees, and limbs that fall into the stream as a result 

of bank undercutting, mass slope movement, normal tree mortality, or windthrow 

(Knutson and Naef 1997). 

 

In small streams, LWD is a major factor influencing pool formation in plane‐bed and 

step‐pool channels.  Bilby (1984, in Naiman et al. 2002) and Sedell et al. (1985, in Naiman 

et al. 2002) found that approximately 80 percent of the pools in several small streams in 

southwest Washington and Idaho are associated with wood.  Additionally, juvenile 

salmonid abundance in winter, particularly juvenile coho salmon, is positively 

correlated to abundance of LWD (Hicks et al. 1991).  In larger streams, the position of 

LWD strongly influences the size and location of pools (Naiman et al. 2002).  In larger 

streams, LWD is typically oriented downstream due to powerful streamflow, which 

favors formation of backwater pools along margins of the mainstem (Naiman et al. 

2002). 

 

In lakes, estuaries, and marine waters, large woody debris provides cover and foraging 

opportunities for fish (Quinn 2005).  Structurally, LWD provides foraging, refuge and 

spawning substrate for fishes; and foraging, refuge, spawning and attachment substrate 

for aquatic invertebrates and algae in the marine/estuarine environment (Brennan and 

Culverwell 2004).  The removal of riparian/shoreline vegetation limits the future input of 

woody debris to the aquatic environment and can limit habitat complexity, foraging 

opportunities, and predator avoidance (Quinn 2005). 
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7.5 Noise 

Underwater noise produced in association with the construction of overwater structures 

includes noise generated from pile driving (when applicable) and by construction vessels 

and equipment.  An increase in underwater noise may also be attributed to the operation of 

the structure if it involves increased boating traffic.  This section discusses potential impacts 

to fish and invertebrates from underwater noise produced by these activities. 

 

7.5.1 Pile Driving 

Pile driving within the water column is often necessary in the construction and 

retrofitting of overwater structures.  Placing piles in the benthic substrate affects both 

the substrate directly beneath the piles and the physical attributes of the water column 

in the vicinity of the activity (Nightingale and Simenstad 2001b).  One important 

physical attribute of the aquatic habitat affected by pile driving is sound pressure (noise) 

within the water column.  

 

Hastings and Popper (2005) recently performed a comprehensive literature review to 

evaluate the current best available science regarding noise thresholds at which fish 

would be injured by the percussive sound generated by pile driving.  Much of the 

information presented below has been extracted from that review.  

 

Fish are sometimes injured or killed by the impact of sounds generated by percussive 

pile driving (Yelverton et al. 1975; Hastings 1995, in Hastings and Popper 2005).  The 

specific effects of pile driving on fish depend on a wide range of factors, including the 

types of piles and hammer used, the fish species and life stages present, the 

environmental setting, and many other controlling factors (Hastings and Popper 2005; 

Popper et al. 2006; WSDOT 2006a).  Noise generated by pile driving can cause 

physiological and/or behavioral impacts depending on the size of the fish relative to the 

wavelength of sound, the mass and anatomical structure of the fish (Hastings and 

Popper 2005), the received sound, and the level and duration of noise produced (Popper 

et al. 2006; Scholik and Yan 2002).  Feist et al. (1992) found that pile driving impacted 

distributions and behaviors of juvenile pink and chum salmon relative to their location 

to the activity and to schooling behavior, although the consequences of these effects on 

the survivability or fitness of juvenile salmon are unknown. 
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Anatomical variations of the inner ear, swim bladder, esophagus, lateral line, and other 

structures determine how fish hear and feel sound pressure (Hastings and Popper 2005).  

All fish fall into two hearing categories: “hearing generalists” such as salmon and trout, 

and “hearing specialists” such as herring and eulachon (Hastings and Popper 2005).  

 

Hearing specialists have particular adaptations that enhance their hearing bandwidth 

and sensitivity (Hastings and Popper 2005).  Hearing specialists found on the Pacific 

coast include the sardine and related Clupeiforms such as herring, shad, menhaden, and 

anchovy (Hastings and Popper 2005).  

 

The majority of fish on the Pacific coast are hearing generalists and do not have 

specialized hearing capabilities apart from their swim bladder, inner ear, and lateral line 

(Hastings and Popper 2005).  Hearing generalists sense sound directly through the inner 

ear, and some use the inner ear coupled with the swim bladder to sense additional 

energy (Hastings and Popper 2005). 

 

In using the existing scientific literature to address potential effects of underwater noise 

on potentially covered species, it is not sufficient to simply extrapolate information by 

comparing species that are taxonomically related, because hearing categories do not 

usually follow fish taxonomic groupings.  Both hearing generalists and hearing 

specialists are found in many taxonomic groups (Hastings and Popper 2005).  Ideally, 

fish should be compared based on biomechanical properties of their swim bladder and 

any other internal gas‐filled chamber, hearing capabilities, and aspects of their behavior 

(Hastings and Popper 2005).  However, when such data are not available, it is probably 

more appropriate to extrapolate between species that have somewhat similar auditory 

structures or pressure‐detecting mechanisms (most notably the swim bladder) and 

species of similar size, mass, and anatomical variety (Hastings and Popper 2005).  This 

would enable at least a first‐order approximation of extrapolation to fishes such as 

salmonids and other teleost fishes that presumably do not have hearing specialization 

(e.g., rockfish).  The results are less easily extrapolated to teleosts without a swim 

bladder, such as sand lance and lingcod, and to fish with very different ear structures, 

such as lamprey and sturgeon (Hastings and Popper 2005).    
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Table 5 outlines the known and presumed hearing categories of potentially covered fish 

species.   
Table 5  

Hearing Categories for Potentially Covered Fish Species 
 

Common Name 
(Scientific Name) 

Hearing 
Category Notes and/or References 

Trout and salmon 
(Salvelinus, 

Onchorynchus spp.) 

Generalist Popper and Carlson 1998 

Sturgeon (Acipenser 
spp.) 

Undetermined Popper (2005) states that sturgeon can detect an extremely wide range of 
sounds, and several studies have found that some sturgeon produce sounds that 
may be used to facilitate breeding.  However, further studies are necessary to 
determine how sturgeon vocalize, what levels of sound are produced in the 
natural environment, and how their vocalizations are used in their behavior. 

Eulachon (Thaleichthys 
pacificus) 

Specialist Blaxter et al. 1981, in Scholik and Yan 2001a 

Rockfish (Sebastes 
spp.) 

Generalist Hastings and Popper 2005 

Lake chub (Couesius 
plumbeus) 

Specialist Hastings and Popper 2005; Popper et al. 2005 

Dace (Rhinicthys spp.) Unknown/ 
Presumed 
Generalist 

Not a member of a family or grouping identified as containing hearing specialists 
(Fay and Popper 1999) 

Lingcod (Ophiodon 
elongates) 

Generalist Does not have a swim bladder, which is generally an indication of poor hearing 
(Moyle and Cech 2004; Kapoor and Khanna 2004)  

Surf smelt (Hypomesus 
pretiosus) 

Generalist Included in the taxonomic order Salmoniformes – hearing generalists (Hastings 
and Popper 2005) 

Lamprey (Lampetra 
spp.) 

Generalist Popper 2005 

Margined sculpin 
(Cottus marginatus) 

Generalist Closely related to the bullhead (Cottus scorpius), which is identified as a 
generalist (Fay and Popper 1999); also not a member of a family or grouping 
identified as containing hearing specialists (Fay and Popper 1999) 

Mountain sucker 
(Catostomus 

platyrhynchus) 

Unknown/ 
Presumed 
Specialist 

Catostomus spp. are known to have weberian ossicles to assist with hearing 
(Krumholz 1943) 

Olympic mudminnow 
(Novumbra hubbsi) 

Unknown/ 
Presumed 
Specialist 

May have weberian ossicles to assist with hearing (Moyle and Cech 2004). Many 
closely related fish (minnows, pikeminnow cyprinids) are specialists (Scholik and 
Yan 2001b; Popper 2005). 

Pacific cod (Gadus 
macrocephalus) 

Generalist  Gadus sp. more sensitive than most generalists (Astrup and Mohl 1998, in 
Scholik and Yan 2002; Hastings and Popper 2005) 

Pacific hake 
(Merluccius productus) 

Unknown/ 
Presumed 
Generalist 

Not a member of a family or grouping identified as hearing specialists (Fay and 
Popper 1999) 

Pacific herring (Clupea 
harengus pallasi) 

Specialist Hastings and Popper 2005 

Pacific sand lance 
(Ammodytes 
hexapterus) 

Generalist Does not have a swim bladder, which is generally an indication of poor hearing 
(Moyle and Cech 2004; Kapoor and Khanna 2004) 

Pygmy whitefish 
(Prosopium coulteri) 

Generalist Of the order Salmoniformes – hearing generalists (Hastings and Popper 2005) 

Walleye pollock 
(Theragra 

chalcogramma) 

Unknown/ 
Presumed 
Generalist 

Not a member of a family or grouping identified as containing hearing specialists 
(Fay and Popper 1999) 
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Physical impacts to fish from intense noises may include temporary hearing loss 

(referred to as temporary threshold shift), permanent hearing loss (referred to as 

permanent threshold shift), damage or rupture to gas organs such as the swim bladder 

and the surrounding tissues, rupture of capillaries in the skin, neurotrauma, and eye 

hemorrhage (Hastings and Popper 2005).  The more serious of these impacts could cause 

instantaneous death or later death from injuries (e.g., breakdown of tissues in some 

organs) (NMFS 2003a).   

 

Behavioral and indirect effects may include movement of fish away from feeding 

grounds, reduced fitness to survive, increased vulnerability to predators, reduced 

success locating prey, effects on fish communications, effects on the fish’s sense of the 

physical environment, and many other possible scenarios (Hastings and Popper 2005).   

 

Not enough is known to provide discrete injury thresholds for different fish species, and 

even less is known regarding behavioral thresholds (Hastings and Popper 2005; Popper 

et al. 2006).  The National Marine Fisheries Service (NMFS) and the USFWS have 

adopted injury and disturbance thresholds for threatened and endangered salmonids at 

180 dBpeak (i.e., peak decibels during each pulse) for injury and 150 dBRMS (i.e., decibels 

root mean square, the square root of sound energy divided by impulse duration) for 

behavioral disturbance (WSDOT 2006a and numerous biological opinions). 

 

Recently, after extensive review of the existing literature (Hastings and Popper 2005), 

Popper et al. (2006) recommended using a combined, interim single‐strike criterion as a 

threshold for pile driving injury to salmonids: 187dBSEL and 208dBpeak, where SEL is the 

sound exposure level, which accounts for the accumulation of energy over a complete 

pile strike.  These thresholds are considered conservative by the authors, but current 

science limits the extrapolation of the single‐strike SEL to estimate the effects on fish due 

to accumulated energy from multiple pile strikes.  Discussions on the use of these 

proposed dual criteria are currently in progress. 

 

7.5.1.1 Impacts on Eggs and Larvae  
Although it is possible that some (but not all) fish species would swim away from a 

sound source, thereby decreasing exposure to sound, larvae and eggs are often at the 
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mercy of currents, move slowly, or are sedentary (Hastings and Popper 2005).  Data 

on the effects of sound on developing eggs and larvae are limited, although in a 

study by Banner and Hyatt (1973), increased mortality was found in eggs and 

embryos of sheepshead minnow (Cyprinodon variegates) exposed to broadband noise 

(100 to 1,000 hertz) that was about 15 dB above the ambient sound level.  Hatched fry 

of sheepshead minnow and fry of longnose killifish (Fundulus similes) were not 

affected in this study. 

 

7.5.1.2 Impacts on Invertebrates 
Although studies of noise impacts on invertebrates have consistently shown that 

very high sound pressure levels (in excess of 217 dB) can cause serious injury, the 

information is sparse, is poorly reported, and was obtained without due 

experimental rigor (Turnpenny et al. 1994).  The studies reported in Turnpenny et al. 

(1994) exposed mussels, periwinkles, amphipods, squid, scallops, and sea urchins to 

high airgun and slow‐rise‐time sounds at between 217 dB and 260 dB.  Mussels, 

periwinkles, and amphipods showed no detectable effect at 229 dB (Kosheleva 1992, 

in Turnpenny et al. 1994), although one Iceland scallop suffered a split shell after 

being exposed to 217 dB from a single airgun strike (Matishov 1992, in Turnpenny et 

al. 1994). 

 

7.5.2 Noise from Commercial and Recreational Boating Traffic  

Motors, sonars, and depth sounders used on commercial vessels and recreational boats 

can produce high levels of continuous underwater noise that can impact fish behavior 

(Blaxter et al. 1981, Boussard 1981, both in Scholik and Yan 2001a; Pearson et al. 1992; 

Scholik and Yan 2001a) and result in temporary hearing loss (Scholik and Yan 2001b). 

 

The potential impacts to fish from vessel noise are discussed in greater detail in Section 

7.12. 

 

7.5.3 Noise from Construction Vessels and Equipment  

Equipment and vessels necessary to dig trenches, place riprap, support equipment over 

water, and perform other activities associated with the construction of overwater 

structures also produce underwater noise.  Construction equipment tends to produce 
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the same type of slow‐rise‐time noise as do motor boats and ship engines.  Jones and 

Stokes (2006) estimated that noise produced by a rather large ocean‐cable‐installation 

vessel is about 154 dBRMS.  JASCO (2005) estimated that noise produced by a rock‐

dumping vessel is approximately 177 dB (neither peak nor RMS identified) at 3.28 feet (1 

m), and Richardson et al. (1995, in Jones and Stokes 2006) estimated that an equipment 

support vessel produces noise levels of 152 dBpeak at 3.28 feet (1 m).  Sounds of this 

amplitude may affect the behavior or physiology of fishes, depending on their hearing 

sensitivity and proximity to the sound. 

 

7.6 Water Quality 

Placing constructed features in aquatic settings may adversely impact water quality in 

several different ways, mainly by causing increases in suspended solids concentrations, 

reducing dissolved oxygen levels, changing pH, or releasing toxic substances from treated 

wood products.  Stormwater runoff from constructed surfaces also poses a threat to water 

quality from its often‐associated nonpoint source pollutant load.  These potential impact 

mechanisms may adversely impact potentially covered species. 

 

7.6.1 Suspended Solids 

Particulate matter suspended in the water column can have adverse impacts on aquatic 

life (Bash et al. 2001).  Disturbance of instream sediment during instream work, such as 

dock construction, or stormwater runoff from upland portions of construction sites may 

increase suspended sediment levels (E. Molash, pers. comm., in Bash et al. 2001).  

Sediment disturbance can be further increased by instream operation of equipment or 

storage of excavated material within the floodplain (Reid et al. 2004), although the latter 

activity is commonly prohibited under the HPA authority. 

 

Changes in stream profile and the presence of submersed structures often cause changes 

to hydraulic conditions that redistribute the energy of moving water, which may cause 

chronic increases in suspended sediment (NMFS 2005a).  The effects of hydraulic 

alteration are discussed in Section 7.7.  Similarly, vessel activities associated with 

construction or operation and maintenance of structures may also resuspend sediments 

and increase turbidity on a periodic to continuous basis, depending on nautical traffic 
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conditions (Simenstad et al. 1999).  The effects of vessel activities are detailed in Section 

7.12.   

 

7.6.1.1 Measuring Suspended Solids 
Suspended sediments are generally measured and reported in one of three ways: as 

turbidity, as total suspended solids (TSS), or as water clarity (Bash et al. 2001).  These 

three measurement methods are not always well correlated and may yield different 

results for any single sample (Duchrow and Everhart 1971). 

• Turbidity can be quantified by the degree to which light is scattered as it 

passes through water.  Turbidity is reported in nephelometric turbidity units 

(NTUs), measured using a nephelometer, or in Jackson turbidity units (JTUs), 

measured using an older tool called a Jackson candle turbidimeter.  NTUs 

and JTUs are roughly equivalent at higher values but measurement of JTUs 

below 25 relies on human judgment (USEPA 1999).  NTUs are now the 

preferred turbidity unit (USEPA 1999). 

• TSS concentration is measured by filtering the sample, weighing the dried, 

filtered residue, and reporting TSS as weight of dried residue per volume of 

water sample.  Older literature sometimes refers to TSS as suspended 

sediment concentration.  TSS and suspended sediment concentration are 

equivalent (Bash et al. 2001). 

• Water clarity is a measure of sight distance through water and is affected by 

both suspended and dissolved loads. 

 

7.6.1.2 Determining Background Suspended Solids Levels 
Determining background suspended solids levels is a difficult process confounded 

by the inconsistency in measurement methods and natural environmental variation 

in factors contributing to turbidity levels (Bash et al. 2001).  Turbidity often varies 

temporally with variations in precipitation, runoff, and discharge regimes as erosion 

and transport of suspended material varies.  Turbidity may also vary spatially 

between watersheds or within watersheds as geology and water velocity vary.  

Widespread, continuous sampling would be required to determine a reasonable 

estimate of natural background turbidity levels (Bash et al. 2001). 
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7.6.2 Suspended Solids Impacts on Fish 

Fine sediment has been recognized as detrimental to the reproductive success of 

salmonids since at least 1923 (Harrison 1923).  Bash et al. (2001) exhaustively reviews 40 

years of research on the physiological and behavioral effects of turbidity and suspended 

solids on salmonids, with findings as briefly summarized below: 

 

Physiological effects of suspended sediment on salmonids include gill trauma and 

altered osmoregulation7, blood chemistry, reproduction, and growth.  Most research has 

entailed laboratory studies.  Stress response is a result of the combination of duration, 

frequency, and magnitude of exposure and other environmental factors.  Stress 

responses vary between salmonid species and life stages.  Abrasive suspended 

sediments may irritate gills.  Several laboratory studies have shown gill trauma and 

increased coughing frequency with increased turbidity.  Other studies have shown 

impairment of osmoregulation during smolting in association with increases in 

suspended sediment (Bash et al. 2001). 

 

The behavioral effects of suspended sediments on salmonids are described by laboratory 

and field studies in the categories of avoidance and changes in territoriality, foraging, 

predation, homing, and migration.  Salmonids appear to avoid areas of increased 

turbidity in laboratory and field studies.  Laboratory studies have shown alterations in 

social interactions and territoriality in response to increases in turbidity.  It has been 

suggested that decreased territoriality and a breakdown in social structure can lead to 

secondary effects such as altered feeding and growth rates which may, in turn, lead to 

increased mortality.  Some laboratory studies have shown a negative impact of increased 

turbidity on foraging, possibly due to reduced visibility, while other studies have shown 

a positive effect of increased turbidity on foraging, possibly due to reduced risk of 

predation.  Laboratory and field studies have shown a link between increased turbidity 

and reduced primary production and prey availability.  Field studies have indicated that 

increased turbidity may delay migration (Bash et al. 2001). 

 

Additional studies have supported the assertion that water clarity affects fish behavior.  

Avoidance responses, changes in territorial behavior, feeding patterns and homing 

                                                      
7 The act of regulating osmotic pressure to maintain water and mineral salt content in body fluids. 
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ability have been observed in association with increased turbidity levels (Sigler 1988).  

Avoidance responses of rainbow trout and Atlantic herring to suspended sediment have 

been observed at concentrations of 10 milligrams per liter (mg/L) and 20 mg/L, 

respectively (Wildish and Power 1985).  Juvenile chum salmon, considered a species 

more tolerant of suspended sediment (Nightingale and Simenstad 2001a), have also 

exhibited avoidance behavior in response to elevated turbidity levels (Salo et al. 1979).  

However, turbidity plumes that do not extend from bank to bank are not expected to 

significantly impact the behavior of migrating fish, as they are able to avoid the areas of 

high turbidity (Nightingale and Simenstad 2001a). 

 

Water clarity is important to fish during the development of visual acuity (Nightingale 

and Simenstad 2001a).  Water clarity affects light transmission, which in turn is thought 

to play a role in the development of visual acuity in fish (Nightingale and Simenstad 

2001a).  Visual acuity adjustment in estuarine waters is part of the smolting process of 

salmonids (Beatty 1965; Folmar and Dickhoff 1981).  Similar visual development has 

been reported in juveniles of other species, such as sand lance, kelp greenling, and 

lingcod (Britt 2001; Tribble 2000). 

 

Recent literature maintains that water clarity is important to fish as visual feeders.  

Larval fish have little or no swimming capability, are visual feeders, and undergo high 

mortality rates due to starvation (Nightingale and Simenstad 2001a).  Increased turbidity 

and reduced water clarity could negatively impact the already limited prey‐catching 

ability of larval fish (Nightingale and Simenstad 2001a). 

 

Several NMFS biological opinions on overwater structures and piling projects have been 

reviewed for their conclusions on potential water quality impacts to listed fish species.  

In all cases, sediment‐ and turbidity‐related impacts comprised the overwhelming 

majority of discussion on water quality effects.  In most cases, the magnitude, frequency, 

and duration of sediment pulses are expected to be similar to naturally occurring 

conditions during natural fluctuations in flow conditions, and few salmonids are 

predicted to be present during in‐water work windows; therefore, NMFS concluded that 

potential increases in turbidity would have negligible impacts on salmonids and their 

habitats (NMFS 2006a; NMFS 2006f; NMFS 2006h; NMFS 2006i; NMFS 2006j; NMFS 
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2006k; NMFS 2006m; NMFS 2006n).  However, NMFS found that elevated turbidity can 

cause direct mortality (NMFS 2006g), while sublethal threats include harassment, as 

feeding patterns may be affected and fish are likely to avoid areas of increased turbidity 

(NMFS 2006d).   

 

7.6.3 Suspended Solids Impacts on Invertebrates 

The limited mobility of many invertebrates prevents them from escaping even 

temporary pulses of increased suspended sediment loads.  Suspended sediment levels of 

188 and 1,000 mg/L have been observed to hinder egg development of eastern oyster 

(Crassostrea virginica) (Cake 1983) and hard clam (Mercenaria mercenaria) (Mullholland 

1984).  Comparable impacts could be expected in other benthic bivalves such as the 

California floater, Western ridged mussel, and Olympia oyster, which are all potentially 

covered species.  There appears to be a break point at 750 mg/L between chronic and 

acute impacts of suspended sediment (Nightingale and Simenstad 2001a).  At levels 

below 750 mg/L, development continues for both clams and oysters, but at levels above 

750 mg/L that last for 10 to 12 days, effects become lethal (Nightingale and Simenstad 

2001a).  Evidence of physiological responses among shellfish to increased turbidity 

appears to be ambiguous; it has been hypothesized that at lower turbidity levels, 

resuspended chlorophyll may act as a food supplement enhancing growth, while at 

higher levels, planktonic food resources are diluted to the point of inhibiting growth 

(Nightingale and Simenstad 2001a).  Increased suspended sediment has also been 

associated with behavioral changes among shellfish.  Changes have been observed in 

siphons and mantles of soft‐shelled clams (Mya arenaria) at suspended sediment 

concentrations of 100 to 200 mg/L (Grant and Thorpe 1991).  Based on these studies, it 

appears likely that shellfish are generally less vulnerable to acute effects of suspended 

sediment than are fish, but have some risk from chronic exposure.  Thus, there is a risk 

that potentially covered shellfish species could experience some level of incidental take 

due to increased suspended sediments.  However, general minimization measures 

commonly required by HPAs will limit the dispersion of resuspended sediment and 

normally result in only temporary turbidity increases.    
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7.6.4 Contaminated Sediment Impacts 

Sediment can be contaminated with chemicals known to have potential to cause adverse 

impacts to potentially covered species if resuspended in the water column.  Sediment 

contamination and the potential for resuspension must be determined prior to 

construction on a site‐by‐site basis as part of a project‐specific assessment.  It is unlikely 

that a project with the potential to resuspend contaminated sediments would qualify 

under a programmatic evaluation of ESA‐related impacts, because the range of potential 

impacts is extremely wide and the state of the science is rapidly evolving.  There exist 

many scenarios under which the risk of incidental take is extremely high; site‐specific 

analyses and conservation measures may be required to effectively reduce that risk.  

Because the potential impacts of resuspended contaminated sediment are site‐specific, 

they are not further discussed in this paper. 

 

7.6.5 Dissolved Oxygen Impacts 

Juvenile salmon are highly sensitive to reductions in dissolved oxygen concentrations 

(USFWS 1986) and so are probably among the more vulnerable potentially covered 

species with regard to dissolved oxygen impairments.  It has been hypothesized that 

resuspension of large quantities of anoxic sediments, an effect more commonly 

associated with dredging activities than with the construction of overwater structures, 

may reduce dissolved oxygen levels in surrounding water as a result of oxidation 

reactions (Nightingale and Simenstad 2001a).  However, even with the potentially large 

amounts of resuspended, deep‐water, anoxic sediments associated with dredging, little 

evidence supports the notion that associated dissolved oxygen reduction in surrounding 

water poses a risk to fish moving through the area (Nightingale and Simenstad 2001a).  

Given the low levels of organic material commonly mobilized during the construction 

and operation of overwater structures, the risk of adverse impacts to covered species is 

quite low.   

 

7.6.6 pH Impacts 

Structures constructed in aquatic settings can adversely impact the pH of surrounding 

water via contact between water and uncured concrete (Ecology 1999).  Standard HPA 

provisions (Appendix A) prohibit fresh, uncured concrete from coming into contact with 

surrounding water or the bed of the water body.   
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7.6.7 Treated Wood-Related Impacts 

Some overwater structures are supported by wood piles.  Wood piles are also sometimes 

used to construct temporary trestles that support equipment during construction 

activities.  Wood piles that have been chemically treated to resist rot and are in contact 

with water have the potential to leach chemical contaminants into the surrounding 

water (Poston 2001).  In addition to this possible direct impact, indirect pathways of 

contamination also exist; for instance, stormwater runoff from surfaces elevated above 

the water body or splinters of treated material that are dislodged by activity above the 

water line and fall into the water body (Poston 2001).  For this reason, creosote‐ and 

pentachlorophenol‐treated wood products are not allowed in Washington lakes for 

applications that involve direct water contact (WACs 220‐110‐060(4), ‐170(6), ‐223(6), and 

–224(2)).  However, wood that has been treated with other chemicals and is used in 

direct water contact applications may also pose a threat to water quality through the 

potential to leach toxic chemicals into surrounding water (Poston 2001).  A common 

method for increasing the resistance of wood to rot is treatment with copper in the form 

of ammoniacal copper zinc arsenate (ACZA) or chromated copper arsenate (CCA Type 

C) (Poston 2001). 

 

7.6.7.1 Creosote-Treated Wood 
Poston (2001) reviews approximately 20 years of research on this topic with findings 

as summarized below: 

• Creosote‐treated wood poses a much greater risk to water quality from trace 

metals and polycyclic aromatic hydrocarbons (PAHs) in the immediate 

surrounding water over a relatively short period of time; toxic lighter‐weight 

PAHs escape the wood, volatilize, and degrade rapidly, while higher‐weight 

PAHs contribute to more chronic contamination as they incorporate into 

sediment.  The greatest risk from creosote‐treated wood in aquatic 

applications is to benthic organisms and organisms that directly colonize 

treated wood structures. 

• Temporal and spatial impacts of creosote‐treated wood on aquatic 

environments appear to be much greater than those of ACZA‐ or CCA‐

treated wood. 
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• The vast majority of research discussed in this review investigated the 

impacts of relatively small applications (<100 pilings) of treated wood.  More 

investigation is needed into the potential impacts of larger projects. 

• Impacts of treated wood projects alone may be difficult to assess in settings 

complicated by other ecological stressors. 

• PAHs may continue to diffuse from creosote‐treated wood for the life of the 

product, but diffusion from creosote‐treated wood products that have been 

treated to fix or remove excess preservative may not be as great as previous 

studies have indicated.  PAH releases from wood products may also reach 

equilibrium with PAH degradation in aerobic sediments over time; however, 

this may not be true for anaerobic sediments, where PAHs would likely 

persist for longer periods of time. 

• Removal of creosote‐treated wood structures may resuspend sediments 

contaminated with PAHs.  Although no data were located regarding this, 

field data indicate higher degrees of PAH contamination in sediments 

immediately adjacent to creosote‐treated structures. 

• PAH contamination from both immersed and above‐water structures appears 

to diminish with distance from the structure and, although PAHs are 

relatively mobile, PAH contamination of sediments is unpredictable in 

relation to water currents. 

• Areas with less water circulation and lower pH are at greater risk for 

contamination, because leaching is faster and dilution occurs more slowly. 

• Metals will not degrade but may mineralize or become physically or 

chemically sequestered as they are likely incorporated into sediment.  

However, long‐term accumulation of metals at the bases of pilings has not 

been reported.  The risk of sediment resuspension during the removal of 

pilings is not well understood at this time. 

• The sediment content of fines and organic carbon plays a key role in the fate 

of metals contaminants in the sediment.  The function of acid volatile sulfides 

in the bioavailability of metals contaminants is not understood at this time, 

but acid volatile sulfides likely also play a role in toxicity.  Metals 

contamination of sediments appears to be localized, while sediment 
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disturbance will likely transport and redistribute metals, possibly diluting 

the contamination. 

• The risk of potential impacts to salmonids from direct exposure to PAHs or 

metals leached from treated wood is low.  Riverine spawning substrates for 

salmonids do not typically facilitate the accumulation of PAHs or metals, and 

juvenile salmonids are not likely to encounter high concentrations of such 

contamination in larger waterways when they begin their open‐water, 

marine lifestage.  However, salmonids are potentially at some risk of 

exposure from consumption of contaminated prey. 

 

Some additional studies not described by Poston (2001) have been conducted to 

characterize PAH leaching rates associated with creosote‐treated wood in aquatic 

applications.  PAH leaching rates have been shown to increase with increased water 

circulation (Kang et al. 2003).  PAH leaching rates also seem to increase with 

temperature, although water circulation appears to have a much greater effect on 

leaching rates than does water temperature, with the greatest leaching rates 

occurring in warm, turbulent water (Xiao et al. 2002).  PAH leaching rates seem to 

vary with wood species (Cooper 1991; Rao and Kuppusamy 1992), decreasing as 

wood density increases as found in studies comparing loblolly pine and Douglas fir 

(Miller 1972, in Cooper 1991).  PAH leaching rates also increase as treated wood 

surface area to volume ratios increase (Colley and Burch 1961, Stasse and Rogers 

1965, Gjovik 1977, Miller 1977, all in Cooper 1991). 

 

Table 6 summarizes several studies on biological effects thresholds for PAHs in 

surface water (from Stratus 2005a). 
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Table 6  
Effects Thresholds for PAHs in Surface Water  

 

Organism Exposure Source Toxicity Endpoint 
Concentration 

in µg/L Citation 
Mysid, Mysidopsis 

bahia  
Elizabeth River, Virginia, 

sediment extracts  
24-hour LC50  180 Padma et 

al. 1999  

Amphipod, 
Rhepoxynius 

abronius  

Eagle Harbor, 
Washington, sediment 

extracts  

96-hour LC50  100 Swartz et 
al. 1989  

Pacific herring  PAHs leaching from  ~ 
40-year-old pilings  

LC50 for hatching success  50 Vines et al. 
2000  

Zooplankton  PAHs leaching from 
pilings placed in 

microcosms  

NOEC for communities  11.1 Sibley et al. 
2004  

Zooplankton  Commercial creosote 
added to microcosms  

NOEC for communities  3.7 Sibley et al. 
2001  

Pacific herring  PAHs leaching from 
~ 40-year-old pilings  

Significant reduction in hatching 
success and increased abnormalities 

in surviving larvae  

3 Vines et al. 
2000  

Zooplankton  Commercial creosote 
added to microcosms  

EC50 for abundance  2.9 Sibley et al. 
2001  

Trout  Commercial creosote 
added to microcosms  

LOEC for immune effects  0.6 Karrow et 
al. 1999  

EC50 = Exposure concentration of a material that has a defined effect on 50 percent of the test population. 
LC50 = Lethal concentration of a chemical within a medium that kills 50 percent of a sample population. 
LOEC = Lowest observable effects concentration 
NOEC = No observable effects concentration 
μg/L = micrograms per liter 
Source: Stratus 2005a 

 

Many studies have investigated thresholds for biological effects of PAH 

concentrations in sediment.  Several effects thresholds have been determined using 

NMFS’ many years of data on the effects of PAH‐contaminated sediments on benthic 

fish in Puget Sound (Stratus 2005a).  Thresholds for effect on English sole were 

determined at 230 parts per billion (ppb) for proliferated liver lesions; 630 ppb for 

spawning inhibition, infertile eggs, and abnormal larvae; and 288 ppb for DNA 

damage, measured as PAH‐DNA adducts (Johnson et al. 2002). 

 

Several models have been developed to estimate PAH leaching rates from creosote‐

treated wood (Brooks 1997; Poston et al. 1996; Xiao et al. 2002).  The models attempt 

to describe complex interactions and generally rely heavily on site‐specific data and 
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assumptions (Stratus 2005a).  Evaluations of the CREOSS model (Brooks 1997) and 

the box plume model (Poston et al. 1996) have shown that although they may not 

fully explain transient concentrations, such as those immediately following 

installation or severe disturbance such as abrasion, they are helpful in qualitatively 

describing the effect of many factors, such as salinity, temperature, wood density, 

water circulation, surface area to volume ratio, wood grain direction, time from 

treatment, and whether the wood was treated using BMPs to reduce leaching rate 

(Stratus 2005b). 

 

7.6.7.2 ACZA- and CCA Type C-Treated Wood 
Recent work on contaminant leaching from ACZA‐ and CCA Type C‐treated wood 

not described by Poston (2001) includes a 2004 study of arsenic, copper, and zinc 

concentrations in sediment, water, and shellfish near four ACZA‐treated wood 

structures on the Olympic Peninsula.  In this study, there were insignificant 

increases in arsenic, copper, and zinc in sediment and water at three out of four 

sampling sites and minimal uptake by shellfish (Brooks 2004).  Oysters growing on 

CCA‐treated wood piles have been observed to have higher metals concentrations in 

soft tissues and a greater incidence of histopathological lesions than oysters collected 

from nearby rocks (Weis et al. 1993, in Stratus 2005b).  Snails fed algae grown on 

CCA‐treated docks showed mortality (Weis and Weis 1996, in Stratus 2005b).  

Significantly lower biomass and diversity of sessile epifaunal communities have 

been observed on treated wood panels than on untreated wood panels, but the 

response appeared to dissipate over time to negligible levels after three months of 

exposure (Weis et al. 1992a; Weis and Weis 1994, in Stratus 2005b).    

 

Weis et al. (1998, in Stratus 2005b) measured metals concentrations in sediments and 

marine polychaete worms and diversity, abundance, and biomass in the benthic 

invertebrate community near five CCA‐treated wood bulkheads ranging from one to 

eight years in age.  It was found that concentrations of copper and arsenic in 

sediments were generally elevated within 3.3 feet (1 m) but diminished to 

background levels by 9.8 feet (3 m) from the bulkheads.  Polychaete worms collected 

within 3.3 feet (1 m) of a one‐year‐old treated wood structure contained elevated 

copper and arsenic concentrations, and benthic community effects on abundance 
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and diversity were noted at all treated wood sites, diminishing with distance from 

the bulkheads.  Effects were negligible at distances greater than 3.3 feet (1 m) from 

bulkheads (Weis et al. 1998, in Stratus 2005b).   

 

A study on the leaching rate of arsenic from CCA Type C‐treated lumber under 

simulated precipitation showed leaching rates of 0.0143, 0.0079, and 0.0062 

micrograms per square centimeter per millimeter (μg/cm2/mm) of simulated rainfall 

for the 0.1, 0.33 and 1.0 inch/hour (2.5, 8.0, and 25.4 mm/hour) rainfall rates, 

respectively (Lebow et al. 2004).  This same study also found little reduction in 

arsenic leaching rates with the application of a water repellent (Lebow et al. 2004).  

In some cases, leaching rates seemed to increase with water repellent application 

(Lebow et al. 2004).  Another study found that semi‐transparent water‐repellent 

stain, latex paint, or oil‐based paint greatly reduces leaching rates of arsenic, 

chromium, and copper (Lebow et al. 2004). 

 

The U.S. Environmental Protection Agency (USEPA) has established aquatic life 

criteria (ALC) (i.e., concentration criteria) for the constituent metals that may leach 

from ACZA‐ or CCA Type C‐treated wood (USEPA 2002, in Stratus 2005b).  The 

ALC have been established for criterion maximum concentrations (CMCs) for acute 

exposure and criterion chronic concentrations (CCCs) for chronic exposure for both 

salt water and fresh water (refer to Table 7).  In both fresh water and salt water, 

invertebrates are the species most sensitive to copper, chromium VI, zinc, and 

arsenic (Stratus 2005b).  These ALC appear to be appropriate for acute lethal impacts 

of copper and chromium VI (Stratus 2005b), but avoidance responses and olfactory 

neurotoxicity may occur in salmonids at sublethal copper concentrations, even with 

brief exposure (Hansen et al. 1999, Baldwin et al. 2003, Sandahl et al. 2004, all in 

Stratus 2005b), and there may be a risk of bioaccumulated toxicity in salmonid prey 

species at the chronic chromium VI criterion (Stratus 2005b).   
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Table 7  
U.S. Water Quality Criteria for the Protection of Aquatic Life (“aquatic life criteria”) for Water 

Soluble Chemicals Used in Treating Wood 
 

Chemical  
Freshwater CMC 

(µg/L)  
Freshwater CCC 

(µg/L)  
Saltwater CMC 

(µg/L)  
Saltwater CCC 

(µg/L)  
Arsenic  340  150  69  36  
Coppere  7.0a  5.0a  4.8  3.1  
Copper 
(2003) 

BLMb  BLMb  3.1  1.9  

Chromium III  323  42  None (850)c  None (88)d  
Chromium VI  16  11  1,100  50  

Zinc  65a  65a  90  81  
a.  Criteria are hardness‐dependent. Criteria values calculated using site‐specific hardness based on the equations 

presented in USEPA (2002). Hardness‐dependent criteria values are presented for a hardness of 50 mg/L (as 
CaCO3). 

b.  Criteria developed using site‐specific chemistry and the Biotic Ligand Model (BLM).  
c.  No saltwater CMC. As a proxy, we report the lowest reported LC50 from the USEPA database (Lussier et al. 

1985) divided by a factor of two. See text for additional details.  
d.  No saltwater CCC. As a proxy, we report the lowest reported chronic value from the USEPA database (Lussier et 

al. 1985) divided by a factor of two. See text for additional details.  
e.  From USEPA 2002. 
From draft ALC guidance on copper provided by USEPA in 2003 that relies on the BLM for calculating freshwater 
criteria based on site‐specific water chemistry. 
Notes: CMC = criterion maximum concentration  
CCC = criterion chronic concentration  
μg/L = micrograms per liter 
Source: USEPA 2002, except as noted, as taken from Stratus 2005b 

 

There does not appear to be a pattern of sensitivity among species with respect to 

chromium III, but the ALC, although established only for fresh water, appear to be 

protective of fish, particularly salmonids (Stratus 2005b).  If chromium III toxicity is 

related to salinity (similar to chromium VI and copper), the application of the 

freshwater criteria to salt water would include a margin of safety.  The ALC for zinc 

are water hardness‐dependent and do not appear to be protective of salmonids in 

fresh water of low hardness (30 mg/L) (Hansen et al. 2002, in Stratus 2005b); 

however, the zinc ALC for salt water are likely protective of salmonids (Stratus 

2005b).   

 

Avoidance behavior has also been observed among salmonids at zinc concentrations 

below or slightly above the ALC (Sprague 1964, Sprague 1968, Black and Birge 1980, 

all in Stratus 2005b).  The ALC for arsenic are likely to be protective of salmonids 

(Stratus 2005b).  Overall, the ALC are suitable for assessing the impacts of ACZA‐ 
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and CCA Type C‐treated wood on water quality and the potential risk to potentially 

covered species (Stratus 2005b). 

 

Metals from treated wood in aquatic settings may contaminate sediment and affect 

benthic communities, in turn limiting food availability for fish and exposing fish to 

metals contamination through the consumption of contaminated prey (Stratus 

2005b).  However, site‐specific sediment conditions such as particle size and organic 

content can dramatically influence metals toxicity, making sediment toxicity difficult 

to predict (Stratus 2005b).  Tables 8 and 9 present some of the threshold effects 

concentrations (TECs) and probable effects concentrations (PECs) for arsenic, 

chromium, copper, and zinc in sediment as reported in recent literature (Stratus 

2005b).  In general, concentrations below the TEC are not expected to cause impacts, 

while concentrations above the PEC are expected to cause frequent impacts. 

 
Table 8  

Threshold Effects Concentrations (TECs) for Freshwater Sediment 
Concentration (mg/kg dry wt) 

Name Definition Basis As Cr Cu Zn Reference 
Lowest effects 

level  
Level that can be 

tolerated by the majority 
of benthic organisms  

Field data on benthic 
communities 

6  26  16  120  Persaud et al. 
1991  

Biological 
threshold effects 

level  

Concentration that is 
rarely associated with 

adverse biological 
effects  

Compiled results of 
modeling, laboratory, 
and field studies on 

aquatic invertebrates 
and fish  

5.9  37.3 35.7  123  Smith et al. 
1996  

Minimal effects 
threshold  

Concentration at which 
minimal effects are 

observed on benthic 
organisms  

Field data on benthic 
communities 

7  55  28  150  Environment 
Canada 1992  

Effects range 
lowa  

Concentration below 
which adverse effects 

would rarely be 
observed  

Field data on benthic 
communities and spiked 

laboratory toxicity test 
data  

33 80 70 120 Long and 
Morgan 1991  

Survival and 
growth threshold 

effects level  

Concentration below 
which adverse effects on 

survival or growth are 
expected to occur only 

rarely  

Laboratory toxicity tests 
on the amphipod 

Hyalella azteca using 
field-collected sediment  

11 36 28 98 Ingersoll et al. 
1996; USEPA 

1996  

Consensus 
threshold effects 

concentration  

Concentration below 
which adverse effects 
are expected to occur 

only rarely 

Geometric mean of 
above published effect 

concentrations  

9.79 43.4 31.6 121 MacDonald et 
al. 2000a  

a.  Based on data from both freshwater and marine sites.  
Source: Taken from Stratus 2005b 
mg/kg = milligrams per kilogram 
As = arsenic; Cr = chromium; Cu = copper; Zn = zinc 
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Table 9  
Probable Effects Concentrations (PECs) for Freshwater Sediment 

 
Concentration  
(mg/kg dry wt)  

Name Definition Basis As Cr Cu Zn Reference 
Severe effects level  Level at which pronounced 

disturbance of the 
sediment-dwelling 
community can be 

expected  

Field data on benthic 
communities  

33  110  110 820  Persaud et al. 
1991  

Probable effects level  Concentration that is 
frequently associated with 

adverse effects  

Compiled results of 
modeling, laboratory, 
and field studies on 

aquatic invertebrates 
and fish  

17  90  197 315  Smith et al. 
1996 

Toxic effects threshold  Critical concentration above 
which major damage is 

done to benthic organisms  

Field data on benthic 
communities  

17  100  86  540  Environment 
Canada 1992  

Effects range mediana  Concentration above which 
effects were frequently or 

always observed or 
predicted among most 

species  

Field data on benthic 
communities and 
spiked laboratory 
toxicity test data  

85 145 390 270  Long and 
Morgan 1991  

Probable effects level  Concentration above which 
adverse effects on survival 
or growth are expected to 

occur frequently  

Laboratory toxicity 
tests on the 

amphipod Hyalella 
azteca using field-
collected sediment  

48 120 100 540 Ingersoll et 
al.1996; 

USEPA 1996  

Consensus probable 
effects concentration  

Concentration above which 
harmful effects on 
sediment-dwelling 

organisms are expected to 
occur frequently  

Geometric mean of 
above published 

effects concentrations 

33.0 111  149 459  MacDonald et 
al. 2000a  

a.  Based on data from both freshwater and marine sites  
Source: Taken from Stratus 2005b 
mg/kg = milligrams per kilogram 
As = arsenic; Cr = chromium; Cu = copper; Zn = zinc 

 

7.6.8 Stormwater and Nonpoint Source Water Quality Impacts 

Stormwater generated by above‐water portions of structures may adversely impact 

potentially covered species by introducing nonpoint source pollution to waterways.  

Overwater structures provide a surface on which pollutants can accumulate, and those 

pollutants can become mobile with stormwater runoff.  Overwater structures may also 

be associated with a variety of adjacent land uses, including roads and parking lots, and 

may act as conduits for stormwater delivery from those adjacent land uses to 

waterways.  These stormwater impacts are mitigated by regulations promulgated by the 

Washington State Department of Ecology (Ecology) under the federal Clean Water Act 
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(33 USC §§ 1251‐1387).  The Ecology regulations are subject to USEPA review and 

Section 7 requirements of the ESA (16 USC 1531‐1544). 

 

7.7 Channel Hydraulics 
7.7.1 Controlling Factors in Channels 

Streams are dynamic systems that adjust to tectonic, climatic, and environmental 

changes (Dollar 2000).  Environmental changes can be either human‐induced or natural. 

A stream system adjusts to maintain a steady state, or dynamic equilibrium, between the 

driving mechanisms of flow and sediment transport and the resisting forces of bed and 

bank stability and resistance to flow (Soar and Thorne 2001).  Alluvial channels (as 

opposed to channels incised into bedrock) have erodible bed and banks comprised of 

sediments.  An alluvial stream adjusts the dimensions of its channel to the wide range of 

flows that mobilize its boundary sediments.  For many rivers and streams, a single 

representative discharge may be used to determine a stable channel geometry.  This 

representative channel‐forming (dominant) discharge has been given several names by 

different researchers, including bankfull, specified recurrence interval, and effective 

discharge (Copeland et al. 2000). 

 

Miller et al. (2001), a WDFW white paper, provides an overview of the geomorphic basis 

for and the principles of channel design and is incorporated herein by reference.  Bolton 

and Shellberg (2001) also provides a literature review of geomorphic controls on streams 

and the ecological effects of stream channelization.  As a WDFW white paper, Bolton 

and Shellberg (2001) is incorporated herein by reference.  Additional useful sources of 

information on channel design include Watson et al. (1999), Papanicolaou and Maxwell 

(2000), Copeland et al. (2001), and Bates (2003). 

 

Placement of structures within or beneath the stream channel can have the following 

primary effects on the channel (Brookes 1988, in Bolton and Shellberg 2001): 

• Channel shortened by straightening 

• Channel cross‐sectional area reduced (by placing fill, pilings, and/or abutments 

in the channel) 

• Channel bed and/or banks replaced with non‐erodible artificial materials 

• Channel loses the ability to migrate over time 
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Each of these effects constitutes an “impact” (Figure 1), but collectively these impacts 

affect channels primarily by altering only one controlling factor: stream power, which is 

in turn determined by water surface slope, flow volume, and channel roughness (Dunne 

and Leopold 1978).  Structures placed in the channel have the potential to alter each of 

the factors identified in the above list. 

 

Because the surface of a stream is roughly parallel to its bed (Dunne and Leopold 1978), 

water surface slope is mainly altered by changes in channel gradient.  Overwater 

structures normally have little capacity to alter channel gradient. 

 

Channel roughness elements affect stream velocity by increasing boundary shear stress, 

thereby increasing resistance to flow (Leopold et al. 1964).  Structures can increase or 

decrease channel roughness in a variety of ways that alter habitat, such as changes in in‐

channel roughness elements, changes in channel perimeter roughness elements, or 

changes in the relationship between channel area and wetted perimeter.  All materials in 

contact with the wetted channel constitute roughness elements.  The principal in‐

channel roughness elements are artificial structures such as gratings or pilings, and 

natural structures such as large woody debris.  An example of roughness effects on 

channels was encountered at a highway bridge reconstruction investigated by Barks and 

Funkhouser (2002), using a two‐dimensional flow model to estimate conditions during 

the 100‐year flood.  Barks and Funkhouser (2002) found that relocating a bridge 

abutment from an area of dense vegetation to an agricultural area predicted a 67 percent 

decrease in channel roughness and a 29 percent increase in flow velocity, with 

associated high risk of scour and channel destabilization.  They used the same model to 

show that planting trees and placing riprap in the area would alleviate the predicted 

flow increase and move the area of maximum flow back into the stream’s thalweg (the 

line of steepest descent along the stream).  This study identified some of the principal 

channel border roughness elements, such as sediment, vegetation, and artificial elements 

like riprap and bridge abutments.  The fact that the investigated abutment supported a 

bridge is immaterial; the structure represented by the abutment could have supported 

any kind of overwater structure, such as a pier.  
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Because flow velocity is proportional to the product of roughness and wetted perimeter 

(Leopold et al. 1964), changes in the length of the wetted perimeter can also alter stream 

power.  Structures in the channel alter the wetted perimeter directly, such as when flow 

is confined by a pier, or indirectly, such as when erosion or deposition causes changes in 

channel geometry.  Structures such as docks and piers tend to confine the channel within 

artificial bounds and thus generally cause locally reduced channel roughness, 

potentially causing scour at the structure, with corresponding deposition downstream.  

Sturm (2004), modeling scour at bridge abutments in sandy sediments, found that scour 

could be significant enough to alter channel geometry, producing large excavations near 

bridge abutments and causing reduced water depths and sediment deposition 

immediately upstream.  Sturm (2004) also found that this effect could be exacerbated in 

higher flows. The fact that the investigated abutment supported a bridge is immaterial; 

the structure represented by the abutment could have supported any kind of overwater 

structure, such a as pier. This study underscores the importance of using hydraulic 

modeling to avoid locally significant changes in channel structure. 

 

Channels are dynamic landscape elements that integrate inputs from tributary channels 

and from valley and hillslope processes (Washington Forest Practices Board 1995).  

Thus, a structure placed in a channel is likely, over time, to experience the effects of 

altered stream power and an altered sediment transport regime caused by changes in 

the watershed upstream.  For example, in areas subject to progressive urbanization, 

gradual increases in catchment impervious surface cause predictable hydrologic changes 

characterized by increased variance in the hydrograph (Booth et al. 2002).  One 

consequence of this change is increased peak flows and correspondingly increased 

sediment transport capacity, which often cause streambank instability and channel 

downcutting (Dunne and Leopold 1978, pp. 693‐695).  The resulting increases in flow 

and sediment around and through in‐water structures can exceed the structures’ design 

capacity, leading to outcomes such as scour around abutments and pilings (discussed 

above). 

 

To summarize, the placement of artificial structures in channels can, through a variety of 

mechanisms, cause increased erosion at or upstream of the structure, increased 

deposition downstream, and increased sediment transport past the structure.  This 
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amounts to a change in channel structure and thus potentially affects habitat structural 

elements of the channel: channel type, substrate size distribution, channel cross section, 

channel migration, bed mobility, and bank structure.  These potential changes, and their 

significance to potentially covered species, are described below. 

 

7.7.2 Habitat Structure in Channels 

Channels are defined by the transport of water and sediment confined between 

identifiable banks (Dietrich and Dunne 1993).  Natural stream channels show great 

variety, reflecting differences in channel processes, disturbance regimes, structural 

controls, and geologic history (Washington Forest Practices Board 1995).  One of the 

channel classification schemes most widely employed in Washington distinguishes 

channels primarily according to their roughness characteristics and their sediment 

transport regime (Montgomery and Buffington 1993, 1997).  Some channel types 

addressed in this classification, i.e., bedrock and colluvial channels, are of little concern 

here because they seldom provide significant habitat for potentially covered species and 

because bedrock channels, in any event, are unlikely to experience appreciable process 

change due to placement of artificial structures.  Alluvial channels, however, are 

channels in which bed and banks are primarily comprised of alluvium (i.e., material 

previously transported by the stream), and thus alluvial channels represent a linked 

water‐sediment transport system in which a wide variety of channel types may develop.  

Montgomery and Buffington (1993) recognize six such channel types: cascade, step‐pool, 

plane bed, pool‐riffle, braided, and regime.  They propose that these types are controlled 

primarily by channel gradient and also by sediment supply (the amount of material 

available for transport) and transport capacity (determined by shear stress, which is 

similar to stream power).  The singular importance of LWD as a structural element is 

also recognized.  Changes in channel gradient, sediment supply, and stream power, 

which can be altered by placement of instream structures, therefore have the potential to 

directly alter habitat conditions for potentially covered species. 

 

The steepest channels described by Montgomery and Buffington (1993) are cascade 

channels.  Because of their high gradient (typically steeper than 8 percent), these 

channels usually have high roughness caused by boulder or bedrock bedforms.  They 

typically have high transport capacity, so little sediment is stored in the bed or banks.  
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The most common disturbance is debris flow.  Cascade channels are predominant in 

small mountain tributaries in Washington, where they are often seasonal, non‐fish‐

bearing streams.  Some cascade channels, however, occur lower in the stream system, 

commonly where a stream transits a layer of relatively erosion‐resistant rock; in such 

areas, they may link lower‐gradient reaches having greater habitat value. 

 

Step‐pool channels commonly have a lower gradient of about 3 to 8 percent 

(Montgomery and Buffington 1993; Papanicolaou and Maxwell 2000).  Many perennial, 

fish‐bearing streams in hilly and mountainous parts of Washington have a step‐pool 

morphology.  Step‐pool channels commonly provide the principal spawning habitat for 

resident salmonids, especially when lower‐gradient habitats downstream are utilized by 

anadromous salmonids (Montgomery and Buffington 1993).  Step‐pool channels are 

highly sensitive to the amount of LWD in a stream and to the stream’s sediment supply; 

if LWD is removed from a step‐pool channel, the channel’s sediment storage capacity is 

reduced, sediment is transported from the reach, and the channel commonly shifts to a 

plane bed or pool‐riffle morphology (Montgomery and Buffington 1993).  This is an 

adverse habitat change for organisms that require deep and persistent pools, for 

example as cover or habitat buffer during low‐flow periods.  Severe increases in 

sediment supply also tend to cause loss of pools, again by filling, but step‐pool channels 

tend to be robust against such a change, because filling pools reduces channel 

roughness, in turn increasing transport capacity and allowing scour to reestablish the 

pools (Montgomery and Buffington 1993).  However, the pool filling and subsequent 

scour associated with this equilibration process could be expected to have adverse 

impacts on stream organisms.  More moderate changes in sediment supply would also 

be expected to alter these channels, primarily by causing a general coarsening or fining 

of bed material.  Generally, step‐pool channels have a high enough gradient and 

transport capacity that it should be feasible to place additional roughness elements, such 

as artificial structures that occupy a fraction of the channel, without substantially 

altering channel hydraulics and sediment transport. 

 

At more moderate gradients (typically 1 to 3 percent), the principal channel types are 

pool‐riffle and plane‐bedded channels.  These channel types are highly vulnerable with 

regard to hydraulic or sediment source changes, because they represent channels that 
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have low to moderate transport capacity; thus, relatively small changes in channel 

morphology can cause changes in net sediment accumulation or export, with associated 

changes in grain size and bedform (Montgomery and Buffington 1993, pg. 50). 

 

Normally, plane‐bed channels have well‐defined bed and banks with a lack of bedforms.  

LWD plays a critical role in pool‐riffle and plane‐bed channels.   Adding LWD to a 

system will often cause a plane‐bed channel to become a pool‐riffle channel, while 

removing LWD will often cause the reverse transformation (Montgomery and 

Buffington 1993, pp. 41, 53).  This occurs because, since these channels lack the transport 

capacity to move boulders, LWD provides the principal sites for both scour (which 

forms pools) and sediment accumulation (which forms riffles).  Artificial instream 

structures such as abutments and pilings are often local sites for scour in these channels.  

In larger rivers with plane‐bed channels, significant scour can occur, particularly in 

response to channel structures such as LWD (Sedell et al. 1986; Collins et al. 2002).  This 

has been described, for instance, as the historical condition on the South Fork Nooksack 

River (Maudlin et al. 2002; Sedell and Luchessa 1982) and the Willamette River (Sedell 

and Froggatt 1984) and in the general case for larger western Washington rivers (Abbé 

and Montgomery 1996). 

 

Plane‐bed and pool‐riffle channels display a characteristic sensitivity to changes in 

sediment supply.  Increases in fine sediment supply commonly lead to embedding, a 

process whereby fine sediments are incorporated to the bed of the stream and remain 

there after they become armored by a relatively thin surficial layer of coarse sediment.  

Embedding gives the stream a relatively hard, impervious bed that provides a poor 

substrate for salmonid spawning, impairs hyporheic exchange, and provides poor 

habitat for benthic invertebrate infauna.  Typically, several years of peak flow events are 

required after the fine sediment inputs have ended for the bed to be sufficiently 

reworked that embedding abates. 

 

Inputs of coarse sediment initially have little effect on pool‐riffle channels, but as the 

inputs increase, the pools are filled, the channel aggrades, and the bedform changes 

from pool‐riffle to plane bed (Montgomery and Buffington 1993).  Continuing 

aggradation leads to channel widening and bar development (Montgomery and 
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Buffington 1993).  With sufficiently large increases in coarse sediment supply, the 

channel may develop a braided form (Montgomery and Buffington 1993). 

 

Plane‐bed and pool‐riffle channels are among the most important for salmonid 

spawning because they have a bed mobility and scour regime to which salmon are well 

adapted, providing spawning habitat for large numbers of fish (Montgomery et al. 1999).  

These channels are also a principal habitat for freshwater molluscs, such as the 

potentially covered mussels, limpets, and spire snails listed in Table 1.  

 

The lowest‐gradient channels, having gradients of less than 1 percent, are regime 

channels (Montgomery and Buffington 1993).  These channels are abundant on 

floodplains and in tidewater areas of Washington.  Regime channels are normally 

transport‐limited and commonly have sand or silt beds.  They are highly vulnerable to 

changes in sediment supply, alteration of bank vegetation, and artificial changes in 

gradient (Montgomery and Buffington 1993).  Coarse sediment tends to fill the channel 

because the stream lacks the transport capacity to move it through the system.  Finer 

sediment will be exported, but slowly; in the meantime, the channel tends to become 

wider and shallower (Montgomery and Buffington 1993).  Because the bed and banks 

are comprised of relatively fine sediment, the roots of vegetation are particularly 

important to maintaining bank integrity; the loss of vegetation can trigger bank erosion, 

causing sediment inputs and channel widening/shallowing (Montgomery and 

Buffington 1993, p 53).  Thus, preserving riparian vegetation is important when 

overwater structures are sited in regime channels. 

 

7.8 Littoral Drift 

Wave action striking shorelines at an angle causes littoral currents that move parallel to 

shore (Cox et al. 1994).  While littoral processes are most conspicuous in marine waters, they 

can occur along lake shores as well, where fetch and wind speed combine to produce waves 

and subsequent longshore currents strong enough to move shoreline sediments.  Shoreline 

features, including artificial structures, affect the velocity and direction of shoreline currents 

and sediment transport. 
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Washington State contains thousands of miles of shorelines, including about 2,000 miles in 

Puget Sound alone.  Much of this shoreline consists of poorly consolidated bluffs of glacial 

sediments faced with cobble beaches in the upper intertidal zone and sandy sediments in 

the lower intertidal and subtidal areas.  Erosion and occasional landslides on these bluffs 

provide a sediment source.  The sediment moves from location to location through littoral 

drift and ultimately is deposited in deep water, where it no longer contributes to littoral 

processes.  Local geomorphology, weather, fetch, and sediment sources determine the 

volume, timing, and direction of sediment transported past an individual beach.  Each 

discrete unit of shoreline with sediment sources and sinks is considered a littoral drift cell 

(Cox et al. 1994).  The direction of drift within a drift cell may reverse between winter and 

summer as prevailing wind and wave direction changes, causing sand to redistribute 

among beach areas (Cox et al. 1994).  Littoral drift is estimated to transport volumes of 1,000 

to 500,000 cubic feet (30 to 14,000 cubic meters) of sediment per year past Puget Sound 

beaches (Canning and Shipman 1994).  Beaches along the Pacific coast of Washington have 

much greater wave energy and can experience annual littoral drift rates of 3.5 million to 10 

million cubic feet (100,000 to 300,000 cubic meters) per year (MacDonald 1994). 

 

The construction of overwater structures or non‐structural piling may affect littoral drift 

when they alter wave action or littoral currents. 

 

7.8.1 Wave Action 

Overwater structures and piling can affect wave direction and intensity.  The effects of 

piers and pilings on wave action depend on spacing, orientation, and number of pilings, 

as well as depth and proximity to shore (Fresh 1998, in Nightingale and Simenstad 

2001b; Nightingale and Simenstad 2001b).  Widely spaced piles in deep water have 

relatively little effect, as waves refract around them (Nightingale and Simenstad 2001b). 

In contrast, a series of pilings can reflect waves, resulting in reduced littoral currents 

(Nightingale and Simenstad 2001b).  Floating structures can also attenuate waves and 

alter the intensity of wave action that cause and maintain littoral drift (Nightingale and 

Simenstad 2001b).  The effectiveness of a floating structure as a wave attenuator 

depends on the shape, dimensions, and orientation of the structure (Cox et al. 1994).  
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Wave energy and water transport alterations imposed by docks, ramps, abutments, 

pilings, and associated structures often alter the size, distribution, and abundance of 

substrate and detrital materials required to maintain the nearshore detrital‐based food 

web (Nightingale and Simenstad 2001b).  Alteration of sediment transport patterns can 

present potential barriers to the natural processes that build spits and beaches and 

provide substrates required for plant propagation, fish and shellfish settlement and 

rearing, and forage fish spawning (Parametrix and Battelle 1996, Penttila 2000b, Thom et 

al. 1994, 1997, all in Nightingale and Simenstad 2001b; Thom and Shreffler 1996).  For 

example, experimental investigations by Shteinman and Kamenir (1999, in Nightingale 

and Simenstad 2001b) demonstrate how the construction of jetties and other in‐water 

structures can partially or completely disrupt the longshore transport process.  In a 

natural hydraulic regime, size separation of sediments proceeds along the bottom slope 

with wave flow impact, and steep‐sloped bottoms move larger sediments toward the 

shore, accumulating a thin nearshore strip along the shoreline.  While smaller sediments 

were found to move toward deeper areas, where they accumulate or were further 

transported by currents, the opposite was found to occur on gentle bottom slopes, where 

smaller sediments accumulated near the shore and coarser sediments were moved 

toward the deeper areas (Shteinman and Kamenir 1999, in Nightingale and Simenstad 

2001b).  

 

Such changes in wave energy across substrates determine the size and distribution of 

sediments and associated detritus (Nightingale and Simenstad 2001b).  Throughout 

Puget Sound, Hood Canal, and Washington’s coastal estuaries, variations in the 

interface between bottom slopes, wave energy, and sediments build beaches, nearshore 

substrates, and habitats unique to the climate, currents, and conditions of specific sites 

(Nightingale and Simenstad 2001b).  Although specific characteristics of the factors at 

play vary with the geology of each region or subsystem, changing the type and 

distribution of sediment will generally alter key plant and animal assemblages 

(Nightingale and Simenstad 2001b).  

 

Wave and current interactions in shallow water (depths less than 3 feet) are particularly 

important to intertidal flora and fauna.  For example, along the shallow edge of the tidal 

water, high suspended sediment concentrations may flow over a mudflat.  This passage 
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across the intertidal area potentially deposits large quantities of sediment and nutrients 

on upper mudflat areas, particularly at slack water (Christie and Dyner 1998, in 

Nightingale and Simenstad 2001b).  These are part of the sedimentation and water 

transport processes that shape the geomorphology and consequently the plant and 

animal communities that rely on the shallow, soft sediment habitats of mud and 

sandflats (Nightingale and Simenstad 2001b).  

 

Depending on the geomorphology, current transport processes, and climatic conditions 

of a specific area, overwater structures have the potential to alter these important 

habitat‐building processes (Nightingale and Simenstad 2001b). 

 

7.8.2 Littoral Currents  

In‐water structures such as piers and pilings have the potential to block or divert littoral 

currents. Alteration of littoral currents can cause sediment deposition and reduce beach 

nourishment down‐current from the structure (Thom et al. 1994).  Changes in beach 

nourishment and sediment deposition can in turn alter benthic and epibenthic 

communities, as well as bank erosion rates (Thom et al. 1994).  The significance of these 

effects depends on the location and orientation of the structures (Thom et al. 1994).  

Closely spaced pilings can collect sediment along the up‐current side (Nightingale and 

Simenstad 2001b), but widely spaced pilings allow currents to flow freely and sediment 

transport is essentially unaffected (Nightingale and Simenstad 2001b).  WDFW noted 

that miles of historical habitat have been permanently lost due to the placement of 

structures and fill, with commensurate permanent loss of riparian vegetation and large 

organic debris, as well as extensive intertidal habitat degradation from increased wave 

and current turbulence waterward of such structures (Canning and Shipman 1994). 

 

Benthic habitat may be impacted by alterations in natural sediment movement.  For 

instance, a structure that interferes with littoral drift cells poses the risk of interference 

with the deposition of fine sediments to adjacent beaches that support beach spawning 

forage fish, such as surf smelt and sand lance (Nightingale and Simenstad 2001b).  

Limiting the fine sediments deposited to adjacent beaches also poses the risk of limiting 

the establishment of rooted vegetation, such as eelgrass, along submerged areas of 

adjacent shorelines and therefore the risk of reducing the available habitat for fish and 
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shellfish species that rely on such vegetated habitats for spawning and rearing 

(Nightingale and Simenstad 2001b).  The manner in which a structure is used by vessels 

will determine additional effects of wave energy from vessel traffic and other effects 

such as vessel pollutant distribution or impacts to other adjacent shoreline structures 

(Nightingale and Simenstad 2001b).  

 

Alterations to littoral drift can also affect the beach profile (Thom et al. 1994).  Changes 

in littoral drift that reduce sediment supply can make beach slopes steeper and increase 

erosional processes, especially in shorelines hardened by development resulting in a 

coarsening of the beach substrate, which can substantially interfere with the quality and 

quantity of intertidal forage fish spawning habitats (Thom et al. 1994). 

 

7.9 Substrate Modifications 

Modifications of substrate caused by channel hydraulic processes are discussed in Section 

7.7, and modifications caused by the analogous shoreline process, littoral drift, are discussed 

in Section 7.8.  These include most substrate modifications observed in association with 

construction and operation of overwater structures in stream channels and along shorelines.  

However, there are also substrate modifications that occur in conjunction with overwater 

structures (such as docks along many lakeshores or along rocky seacoasts) in waters where 

sediment transport is not a significant habitat‐forming process.  In such settings, the 

structure itself constitutes the substrate modification. 

 

In the nearshore environment, dock pilings have been found to alter adjacent substrates 

with increased shellhash deposition from piling communities and changes to substrate 

bathymetry (Penttila 1990, Shreffler and Moursund 1999, both in Nightingale and Simenstad 

2001b).  The change in substrate type can also alter the nature of the flora and fauna native 

to a given site, and native dominant communities typically associated with sand, gravel, 

mud, and seagrass substrates are replaced by those communities associated with shellhash 

substrates (Nightingale and Simenstad 2001b). 

 

WAC 220‐110‐300(1) does allow for the grounding of up to 20 percent of floats or rafts in 

marine waters that do not provide spawning for surf smelt, Pacific herring, Pacific sand 

lance or rock sole.  Grounding of these structures can affect substrates and the aquatic 
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organisms occupying the substrates found beneath these structures by directly resting and 

grinding upon (during tidal fluctuations and wave action) the substrate and the organisms 

that occupy the substrate.  Grounding of floats can also occur in freshwater systems that are 

managed, such as reservoirs, and have similar impacts, although the draw down of the 

water is not a natural occurrence and typically is of a longer duration (i.e. seasonal 

fluctuations). 

 

7.10 Channel Dewatering 

Channel dewatering occurs primarily in freshwater settings and is typically associated with 

the need to work “in the dry” during construction of overwater structures, such as when 

fabricating and pouring concrete supports.  Basic requirements for channel dewatering are 

provided in WAC 220‐110‐120.  Review of numerous biological opinions prepared by NMFS 

indicates that channel dewatering typically requires the installation of a cofferdam and a 

bypass system to divert flowing water around the construction site and allow work to occur 

in the dry. 

 

The impacts associated with channel dewatering include: 

• Fish removal and exclusion 

• Fish entrainment in dewatering pump 

• Alteration of flow 

• Disturbance of the streambed 

• Loss of invertebrates and undetected fish 

• Elevated turbidity when the construction area is rewatered 

 

Each of these impacts is discussed below. 

 

7.10.1 Fish Removal and Exclusion  

Fish removal and exclusion is performed using passive methods, such as the volitional 

movement of fish from the construction area during its slow dewatering, or through 

active methods, such as the use of hand nets, beach seining, or electrofishing equipment 

to capture and move fish from the construction area that will be dewatered (NMFS 

2003b).  Potentially covered invertebrate species are typically not removed, and 

potentially covered invertebrate species present within the area to be dewatered may be 
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subject to injury or mortality, depending on the duration of dewatering and the nature 

of the work that will be performed in the dewatered area.   

 

Passive capture of fish typically involves installing an upstream block net (when a 

flowing water is dewatered) and a cofferdam (in flowing or lentic waters) and slowly 

dewatering the construction area.  It has been suggested that reductions in streamflow of 

80 percent result in the greatest number of fish volitionally moving out of the dewatered 

construction area (NMFS 2006a).  This type of passive fish removal eliminates the need 

to capture and handle some fish. 

 

More active methods of fish removal include the use of a beach seine to “herd” fish 

beyond the construction area, where dewatering will not occur.  In streams, a block net 

is installed at the downstream‐most point to exclude fish from moving back upstream 

and entering the construction and dewatering areas.  Once the block nets are in place, 

several passes of the construction area may be made with the nets or beach seine to 

capture any fish that may remain within the construction area.  Once fish are no longer 

being captured with the beach seine, a portable electrofishing unit can be employed to 

ensure that as many fish as possible have been removed from the construction area 

being dewatered (NMFS 2003b). 

 

Captured fish are typically released downstream or outside of the construction area.  

Depending on the number of fish captured, the size of the stream, and whether flowing 

or lentic waters are dewatered, fish may be released at multiple sites to minimize 

overcrowding of available habitat (NMFS 2003b). 

 

Beach seining can affect fish in several ways, including stress, scale loss, physical 

damage, suffocation, and desiccation.  The amount of unintentional injury and mortality 

attributed to seining can vary widely depending on the seine used, the ambient 

conditions, and the expertise of the field crew (NMFS 2003b).  Professional experience 

has shown that beach seining in areas of dense aquatic vegetation can also result in 

significant mortality of seined fish that become trapped in a mass of vegetation.  

However, adverse effects are often less for seining compared to electrofishing, and first 
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using a seine to remove fish will minimize the adverse effects of electrofishing (NMFS 

2003b).   

 

Electrofishing can kill both juvenile and adult fish if improperly conducted.  Mortality 

can be immediate as a result of trauma or delayed as a result of disease or fungal attack.  

Researchers have also found that sublethal effects, such as spinal injury, occur (NMFS 

2003b; Snyder 2003).  Although fish may receive spinal injuries as a result of 

electrofishing, research indicates that few die of these injuries.  However, severely 

injured fish grow at slower rates and sometimes show no measurable growth (NMFS 

2006a). 

 

7.10.2 Fish Entrainment 

Dewatering a portion of a stream channel requires a flow bypass system and may rely 

on either gravity or a pump to convey the flow around the dewatered portion of the 

channel.  This type of activity has the potential to entrain fish within the bypass system. 

  

If pumps are used to bypass water around a work site, or to complete dewatering within 

a cofferdam, the hose or pipe pulling water from the channel is typically fitted with a 

mesh screen to prevent entrainment of aquatic life into the intake hose/pipe of the pump 

(WSDOT 2006b).  Such measures are required for all pumped diversions (WAC 220‐110‐

190).  Screens should be placed approximately 2 to 4 feet from the end of the intake hose 

to reduce velocity at the screen as a measure to ensure that fish are not impinged upon 

the screen (WSDOT 2006b).   

  

7.10.3 Alteration of Flow 

Dewatering can temporarily alter the flow regime in the affected stream.  Flow must be 

diverted around the construction area and discharged downstream.  Generally, 

cofferdams are installed upstream and downstream of the construction area to assist 

with dewatering.  This approach allows the work area to be completely dewatered so the 

work can be performed in the dry.  The alteration of flow associated with dewatering a 

work area depends on the size of the area dewatered, but generally is only temporary. 
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In general, flow alteration associated with channel dewatering is of relatively short 

duration and affects a relatively small area.  The hydraulic effects of overwater 

structures on stream channels are discussed in more detail in Section 7.7.   

 

7.10.4 Disturbance of the Streambed 

Disturbance of the streambed associated with channel dewatering can be extensive, 

depending on the purpose of the dewatering.  If an overwater structure is being installed 

where one did not previously exist, a permanent loss of streambed and associated 

habitat components (e.g., riparian habitat, floodplain, and substrate) occurs, such as 

when a new dock or pier is constructed.  The effects of such substrate disturbance are 

discussed in greater detail in Section 7.7. 

 

7.10.5 Loss of Invertebrates 

Channel dewatering may lead to loss of potentially covered invertebrate species within 

the portion of the channel being dewatered.  Although no studies were located that 

specifically examined the impacts of construction related dewatering, several studies 

have looked at the influence of dam operations on freshwater mussel habitats, which 

provide insight to the potential impacts from construction dewatering (summarized in 

Watters 1999).  Depending on the use of the dam, water levels may fluctuate at regular 

intervals (for hydroelectric purposes) or random intervals (for flood control).  In some 

areas, water levels may become shallow enough that thermal buffering is lost, allowing 

extreme temperatures to occur (Watters 1999).  Blinn et al. (1995, in Watters 1999) 

reported that substrate subjected to 2‐ to 12‐hour exposures to air required more than 

four months for mussels to regain a biomass similar to that in unexposed habitat.  

Federally endangered mussel species were reported by Neck and Howells (1994, in 

Watters 1999) as casualties of scheduled dewatering processes, and Riggs and Webb 

(1956) reported that several thousand mussels died in the tailwaters of Lake Texoma, an 

impoundment of the Red River formed by Denison Dam, when water levels dropped, in 

turn allowing water temperatures to become excessively warm (exceeding 79 degrees F 

[26 degrees C]).  This area was exposed for at least 20 days before being inundated 

again. 
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Exposure to cold air may be equally lethal (Watters 1999).  Nagel (1987, in Watters 1999) 

believed mussels were more sensitive to cold water during frosts than to warm water 

during temporary droughts.  Blinn et al. (1995) showed that a single overnight exposure 

to subzero temperatures resulted in at least a 90 percent loss of invertebrate biomass, 

and Valovirta (1990) reported that mussels were killed when water froze to the river 

bottom. 

 

Benthic  macroinvertebrates provide food for fish, and different species tend to be 

associated with different substrates.  Chironomids of various species do well in silts and 

sands, but the larger ephemeropterans, trichopterans, and plecopterans prefer a mixture 

of coarse sands and gravels (Meehan 1991).  The temporal and spatial impact of channel 

dewatering on macroinvertebrates depends on the amount of channel dewatered and 

the type of disturbance (temporary or permanent) to the channel. 

 

Disturbance of the streambed from activities that generally result from channel 

dewatering also equates to direct disturbance of benthic macroinvertebrates.  Loss of 

macroinvertebrates can result from excavation, installation of structures, and placement 

of fill material.  Channel dewatering typically results in a localized loss of benthic 

macroinvertebrate abundance due to channel modifications. 

 

Benthic macroinvertebrates are consumed by salmonids and other potentially covered 

species and may represent a substantial portion of their diet at various times of the year.  

The effect of macroinvertebrate loss on salmonids is generally temporary, unless 

construction has caused permanent loss of habitat (i.e., installation of a new structure).  

Once the dewatered area is rewatered, benthic macroinvertebrates from outside of the 

area affected by dewatering, and those which sought refuge in the hyporheic zone, will 

begin to recolonize the area.  When the disturbance is temporary, a rapid recolonization 

of the disturbed area is anticipated.  Reported rates of recolonization range from about 

one month to 45 days (NMFS 2003b), although some less motile species and species with 

long life cycles (e.g., freshwater mussels) would take longer to recolonize.  NMFS 

(2003b) did not indicate the duration or area of the dewatering that corresponds to the 

one‐month to 45‐day time frame for recolonization.   
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7.10.6 Elevated Turbidity During Rewatering 

To dewater a channel, a bypass system is needed to convey stream flow around the 

construction area.  A typical bypass system consists of a pipe of adequate size to convey 

flows or a temporary channel built adjacent and parallel to the existing channel.  The 

type of bypass system is determined by the size of the stream and other hydraulic or 

environmental factors.   

 

Increased turbidity can result from the installation, operation, or removal of a stream 

bypass system.  Installation of a stream bypass typically requires in‐water work, which 

can disturb substrates and bank material and cause an increase in turbidity levels.  

Operation of a stream bypass generally will not result in disturbance to the streambed or 

cause an elevation in turbidity levels, unless the discharge of the pipe results in scouring 

of substrate material or erosion of streambanks.  Removal of the stream bypass requires 

in‐water work and will result in some disturbance to the streambed and banks as the 

cofferdam is removed and flow is returned to the channel.  Generally, the downstream 

cofferdam is removed first to allow backwatering of a portion of the channel that was 

dewatered.  Then the upstream cofferdam is removed, and flow is slowly returned to the 

channel to minimize resuspension of fine sediments and increases in turbidity.   

 

7.11 Artificial Light 

Artificial lighting may be used during the construction of overwater structures, and some 

kinds of structures also require nighttime lighting for security or operations.  Nighttime 

artificial lighting has been shown to change fish species assemblages by: 

• Attracting fish to lighted areas (Prinslow et al. 1979, in Nightingale and Simenstad 

2001b; Simenstad et al. 1999; Nightingale and Simenstad 2001b) 

• Delaying salmonid migrations (McDonald 1960, in Tabor et al. 1998; Prinslow et al. 

1979, in Nightingale and Simenstad 2001b; Tabor et al. 1998) 

• Increasing the risk of predation (Tabor et al. 1998; Kahler et al. 2000) 

• Altering predator avoidance and detection (Tabor et al. 1998) 

• Increasing prey capture success for some species of fish (Prinslow et al. 1979, in 

Nightingale and Simenstad 2001b; Nightingale and Simenstad 2001b) 
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Impacts to fish from artificial lighting are often the result of changes in nighttime behaviors 

such as migration, activity, and location (Nightingale and Simenstad 2001b) and potentially 

in schooling behavior in juvenile salmonids (Ali 1959, 1962, in Simenstad et al. 1999).   

Therefore, behavioral differences between species at differing life stages, life histories, and 

behaviors specific to the local environment must be considered when evaluating potential 

impacts from artificial light.  For instance, different species of salmonids have different 

nighttime behaviors.  Species that occupy and defend stream territories, such as coho 

salmon and steelhead trout, tend to be quiescent at night (Simenstad et al. 1999), while 

species that disperse to lakes and estuaries as juveniles, such as sockeye, Chinook, pink, and 

chum salmon, typically school and show nocturnal activity (Godin 1982, Hoar 1951, both in 

Nightingale and Simenstad 2001b).  Behavioral differences in salmonid responses to 

artificial lighting have been observed by several authors.  Ocean‐type juvenile salmon, such 

as chum and summer and fall run Chinook, are attracted to lights at night (Simenstad et al. 

1999).  Pucket and Anderson (1988, in Simenstad et al. 1999) and Nemeth (1989, in 

Simenstad et al. 1999) found that different species of salmon react differently to strobe 

lights; Mork and Gulbrandsen (1994, in Simenstad et al. 1999) found differing activity levels 

in reaction to lights at surface and bottom depths in different species of salmon, trout, and 

char.  Fields (1966, in Simenstad et al. 1999) found that spring migrant juvenile salmon were 

more repulsed by bright lights than were later migrants.  Behavior patterns of different 

salmon species related to different light intensities and other details of artificial light 

impacts to juvenile salmonids are reviewed by Simenstad et al. (1999). 

 

Impacts to fish also depend on the fish’s ability to adapt to dark or lighted conditions and 

the intensity and type of light. Ali (1959, in Simenstad et al. 1999) found that the eyes of 

sockeye fry and smolts and coho smolts adapt to light more slowly than do the eyes of coho, 

Chinook, and pink fry.  Other studies by Ali (1959, 1962, in Simenstad et al. 1999) reveal the 

threshold light intensities for different behaviors of juvenile salmon.  For a description of 

fish vision, refer to the discussion of shading in Section 7.1.  For a detailed discussion of 

salmonid vision and light adaptation, see Simenstad et al. (1999). 

 

Impacts on predator‐prey relationships resulting from artificial lighting include increased 

risk of predation (Tabor et al. 1998; Tabor, pers. comm. and Warner, pers. comm., both in 

Kahler et al. 2000), increased predator avoidance and detection (Tabor et al. 1998), and 



Direct and Indirect Impacts 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  7‐61   December 2006 

increased prey capture success (Prinslow et al. 1979, in Nightingale and Simenstad 2001b; 

Nightingale and Simenstad 2001b). 

 

The few studies that have examined predation rates on juvenile salmonids under varying 

light intensities have generally shown that within the natural range of light intensities (e.g., 

overcast skies, moonless nights, clear nights, moonlit nights), predation increases with 

increasing light (Patten 1971, Ginetz and Larkin 1976, Mace 1983, all in Tabor et al. 1998); 

however, this occurrence cannot be extrapolated to determine impacts of artificial night 

lighting and for all species and life stages of fish.  Ali (1959, in Simenstad et al. 1999) found 

that the maximum prey capture success for coho fry and sockeye and coho smolts was at 

light intensities equivalent to levels found at dawn or dusk, whereas maximum prey 

capture success for sockeye and pink fry was found to be equivalent to a cloudy day.  Tabor 

et al. (1998) showed that under freshwater laboratory conditions, sculpin capture success of 

sockeye fry decreased with increased light.  The authors also found that sculpin can capture 

sockeye fry even in complete darkness.  Although sculpin success at capturing sockeye 

decreased with increasing light in a circular tank, the increased light slowed emigration of 

sockeye fry in a simulated stream, and predation increased under the lighted conditions due 

to the slower migration rate.  The light may have also caused the fry to migrate in areas of 

lower water velocity and closer to the bottom, leaving them more susceptible to predation 

by sculpin (Tabor et al. 1998). 

 

Predation rates may also increase due to predator congregations in lighted areas.  Prinslow 

et al. (1979, in Nightingale and Simenstad 2001b) observed chum congregating at night 

below security lights in Hood Canal and suggested that lighting may provide increased 

feeding opportunities for chum at night.  Prinslow et al. (1979, in Nightingale and 

Simenstad 2001b) also observed that dogfish (an important predator of herring and an 

occasional predator of juvenile and adult salmonids) were attracted to the security lights.  

Grebes, blue herons, and other birds have been observed feeding at night on the Cedar 

River delta in an area lit by Boeing Company facilities (Warner, pers. comm., in Kahler et al. 

2000), and Tabor (pers. comm., in Kahler et al. 2000) observed grebes foraging under lights 

at night on Lake Washington.  Finally, Kahler et al. (2000) suggests that lighting attached to 

piers in Lake Washington where bass congregate may benefit bass by extending the 

duration of predation because it allows the visual predators to forage at night. 
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7.12 Vessel Activities 

Vessel activities associated with the installation and operation of in‐water and overwater 

structures may adversely impact potentially covered species.  Projects involving the use of 

large vessels such as ferries, cargo ships, or cruise ships would likely present complex 

potential risks to potentially covered species and are more difficult to address under a 

programmatic analysis.  However, vessels used during construction and commercial and 

recreational boats have more predictable impacts.  Impact mechanisms include: 

• Physical disturbance of sediment, organisms (Haas et al. 2002), and submerged 

vegetation through grounding or water turbulence caused by propeller wash, 

potentially resuspending sediment, physically dislodging vegetation and organisms, 

or damaging vegetation  

• Noise from vessel activity 

• Propeller‐wash entrained air bubbles that combine with turbidity increases from 

disturbed sediment, leading to a temporary reduction in the availability of light 

 

Each of these impact mechanisms is discussed below. 

 

7.12.1 Sediment Disturbance 

Vessel traffic can disturb and suspend sediment in the water column as a result of water 

currents moving under and around the vessel, pressure fluctuations as the vessel 

displaces water during movement, propeller wash, and waves generated by the bow 

and stern of a vessel that wash up on the bank (McAnally et al. 2004).  Vessel traffic has 

been correlated with an increase in turbidity of up to 50 percent in shallow waters 

(average depth 10 feet [2.9 m]) (Anthony and Downing 2003).  Correlations of vessel 

traffic with turbidity patterns and sediment particle settling velocities suggest that vessel 

traffic may increase turbidity levels on a daily as well as seasonal temporal scale (Garrad 

and Hey 1988).  Recreational vessel traffic has been observed to induce levee erosion at 

rates of 0.0004 to 0.009 inch (0.01 to 0.22 mm) per boat pass (Bauer et al. 2002).  Water 

depth appears to have less influence on vessel‐induced turbidity than does vessel speed 

(Hill and Beachler 2002).  Field measurements have shown that at very low speeds and 

very high speeds, planing hull vessels have little effect on turbidity, even in shallow 

water, but at transitional speeds, significant sediment resuspension can occur, even in 

relatively deep water (Hill and Beachler 2002).   
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7.12.2 Eelgrass and Macroalgae Disturbance 

Simenstad et al. (1999) describes the potential effects of propeller wash on eelgrass. 

Flume studies have shown that current velocities of 20 to 31 inches per second (50 to 80 

centimeters per second [cm/sec]) may be sufficient to cause sediment disturbance 

around eelgrass and that velocities of 71 inches per second (180 cm/sec) can cause severe 

erosion of eelgrass patch edges.  However, eelgrass patches in Puget Sound thrive in 

currents of up to 79 inches per second (200 cm/sec) (Thom et al. 1996, in Nightingale and 

Simenstad 2001b).  The effect of vessels used during installation of overwater structures 

on eelgrass and macroalgae depends on local current and sediment conditions, as well 

as on maximum current velocity at the sediment surface.  In addition to the direct effects 

of propeller wash on submerged vegetation, propeller wash can entrain bubbles and 

suspend sediment, causing reduced light availability that can indirectly affect eelgrass 

and, to a lesser extent, macroalgae (Simenstad et al. 1999).   

 

Thom et al. (1996), in studying the impacts of passenger‐only ferries at the Vashon 

Island terminal, found that at 187 feet (57 meters) from the boat, it is likely that the 

propeller wash has little effect on existing eelgrass.  Thom et al. (1996) also concluded 

that currents with a velocity above 2.46 feet/second  (0.75 meters/second) damaged 

eelgrass by eroding away overlying sediment and that currents above 3.61 feet/second 

(1.1 meters/second) caused extensive damage to eelgrass rhizomes.  The vertical and 

horizontal distance at which current velocity may affect eelgrass depends on the size 

and shape of the propeller.  The U.S. Army Corps of Engineers’ Regional General Permit 

No. 6 prohibits the construction or installation of floats or float support pilings within a 

4‐foot depth elevation between the top of the float stopper and the elevation of the 

landward‐most edge of a macroalgae bed or eelgrass (USACE 2005).  This restriction 

applies to a zone 25 feet wide on both sides of the float projecting waterward 

horizontally from the float (USACE 2005).  

 

Studies in Florida related to the impacts of boating activity on seagrass indicate that the 

largest concentration of scarring occurs in waters less than 6.5 feet (2 meters) deep 

(Sargent et al. 1995, in Dawes et al. 2004).  In Florida, many shallow flats and mud banks 

are severely eroded due to constant scarring, ship groundings, chronic wave action from 

boats, and water‐current scouring (Kruer 1994, in Dawes et al. 2004).  Removal of 
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seagrass roots and rhizomes due to prop scarring also destabilizes sediments and 

resuspension occurs, thereby lowering water transparency and retarding seagrass 

regrowth into the scar (Durako et al. 1992, in Dawes et al. 2004).   

 

Studies in Florida have also found that fragmentation of seagrass beds caused by 

propeller scarring did not appear to have any consistent effects on some animal 

populations over a one‐year period, as long as the seagrass patch sizes were greater than 

3 square feet (1 square meter) (Bell et al. 2002, in Dawes et al. 2004).  The numbers of 

pinfish (L. rhomboides), pipefish (Syngnathus scovelli), and eight species of epibenthic 

shrimp were similar in moderately scarred (6 percent to 31 percent loss of the beds) and 

non‐scarred seagrass beds in Tampa Bay (Dawes et al. 2004). The results of these studies 

suggest that propeller scars that fragment seagrass beds may enhance certain faunal 

development caused by edge effects along the cuts, as long as they are not too severe 

(Dawes et al. 2004). Nevertheless, a recent study of scarring in a T. testudinum bed in 

Puerto Rico revealed a negative effect of scarring on crabs and molluscs up to 16 feet (5 

m) from the scar.  Also, shrimp species within the scar differed from those in the non‐

scarred seagrasses.  Fish populations did not show an effect from the scarring (Dawes et 

al. 2004). Further studies are clearly needed to define the effects of moderate scarring 

compared to those of severe scarring on seagrass productivity (Dawes et al. 2004).   

 

7.12.3 Freshwater Aquatic Vegetation Disturbance 

Lagler et al. (1950, in Carrasquero 2001) reported that studies of the effects of outboard 

motor use have shown that outboard motor propellers clear a swath through aquatic 

vegetation when within 1 foot (30 centimeters [cm]) of the vegetation.  When the 

installation, use, or maintenance of overwater structures will entail the use of outboard 

motors in shallow water, some loss of aquatic vegetation could occur. 

 

7.12.4 Noise  

The construction or expansion of docks, moorings, and piers can cause increased 

recreational and commercial boating traffic at the facility and in the general area.  

Motors, sonars, and depth sounders used on commercial vessels and recreational boats 

can produce high levels of continuous underwater noise (Scholik and Yan 2001a).  Large 

tankers and naval engines produce up to 198 dB, depth sounders can produce up to 180 
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dB (Heathershaw et al. 2001, in WSDOT 2006a), and commercial sonar operates in a 

range of 150 to 215 dB (neither peak nor RMS identified) (Stocker 2002, in WSDOT 

2006a). Even small boats with large outboard motors can produce sound pressure levels 

in excess of 175 dB (neither peak nor RMS identified) (Heathershaw et al. 2001, in 

WSDOT 2006a).  Therefore, fish may experience high levels of underwater sound when 

boats are present.  The impacts to fish from boat traffic noise depend on a variety of 

factors, including the level of sound generated, the fish species and life stage present, the 

sound received by fish, and the exposure time.  The literature regarding boat motor 

noise (discussed below) suggests that impacts are most likely to result in behavioral 

disturbance or sublethal injury. 

 

Scholik and Yan (2001b) exposed a hearing specialist (the fathead minnow) to 2 hours of 

boat engine noise at 142 dB, which resulted in temporary hearing loss to the fish.  

Schwarz and Greer (1984, in Scholik and Yan 2001a) examined the reactions of Pacific 

herring to boat noise and found that abrupt changes in the sound characteristics 

associated with changes in vessel speed elicited an alarm response.  An alarm response 

to boat noise has also been observed in herring and rockfish (Blaxter et al. 1981, in 

Scholik and Yan 2001a; Pearson et al. 1992), and Boussard (1981, in Scholik and Yan 

2001a) produced an alarm response in two cyprinid species (a roach, Rutilus rutilus, and 

a rudd, Scardinius erythrophthalmus) when he exposed them to noise from a 260‐

horsepower speedboat. 

 

7.12.5 Artificial Light 

Although it is reasonable to expect that the construction and operation of overwater 

structures have potential to add artificial light to the aquatic environment, no literature 

on the potential impacts of artificial light related to vessel activity was identified. 
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8 CUMULATIVE IMPACTS OF OVERWATER STRUCTURES AND NON-
STRUCTURAL PILING 

This section draws on available literature and the authors’ professional experience concerning 

the possible cumulative impacts of the construction and operation of overwater structures and 

non‐structural piling over time or at multiple sites in a limited area.  

 

Only one study (Nightingale and Simenstad 2001b) specifically discusses the cumulative 

impacts of overwater structure construction.  Because this study focused on overwater 

structures in Washington, its findings are particularly relevant.  The authors note that “The 

bathymetry of  Washingtonʹs inland waters, that of a fjord surrounded by a narrow strip of 

shallow vegetated habitat, magnifies the need to protect the integrity and continuity of this 

limited area of nearshore habitat because of the concentrated zone of potential impact” 

(Nightingale and Simenstad 2001b).  This finding is directly relevant to an ESA analysis, 

because it identifies the area where cumulative impacts will have a concentrated expression on 

a limited habitat.  The authors then discuss cumulative effects on “rural and natural” as 

opposed to “urban industrialized” shorelines.  For rural shorelines, the authors find that: 

The habitat value of an environment that directly supports the recruitment of 

fish and shellfish stocks is magnified by its overall importance in stock 

recruitment.  Its value is intrinsic to its location but its loss to stocks and the 

larger ecosystem reaches beyond its specific location.  In short, protection of 

habitats critical to important survival and recruitment needs of fish and 

shellfish magnify the importance of controlling any adverse effects to them.  

Economically, it is far less expensive and more productive to protect existing 

critically important habitat than to restore lost or degraded habitats.  The factors 

controlling habitat characteristics and the biologic assemblages that have 

evolved are endemic to the geologic and biologic history specific to a 

geographic location and region.  Perhaps more significantly, the linkages 

among these ecosystem components are not fully understood (Nightingale and 

Simenstad 2001b). 

 

This finding is relevant to an ESA analysis because it identifies how cumulative impacts 

potentially impair habitat essential to reproduction and thus directly affect a species’ capacity to 
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sustain and increase its numbers.  Such impacts, if sufficiently severe, may jeopardize a species’ 

continued existence. 

 

With regard to cumulative impacts along urban industrialized shorelines, Nightingale and 

Simenstad (2001b) identify three principal concerns: 

• Reduced access to prey resources, compelling juvenile salmon to outmigrate farther and 

faster than they otherwise would, reducing their metabolic energy resources and 

potentially exposing them to other risks, such as predation.  Although this finding is not 

directly transferable to other potentially covered species, it is plausible that they too 

would have to travel farther to access suitable habitat and would also suffer reduced 

metabolic energy resources and increased exposure to other stressors. 

• Reduced autochthonous productivity due to limited light availability, an impact that 

could be reduced by incorporating design features to reduce shading by overwater 

structures. 

• Landscape‐scale effects (such as fragmentation) that could be minimized by landscape‐

scale habitat treatments, enhancing habitat in refuge areas such as beaches. 

 

One cause of cumulative impacts that is generally not addressed in the literature but that 

applies to all overwater structures and non‐structural piling regardless of impact mechanism is 

accidents.  Accidental chemical spills, accidental concrete spills, accidental erosion of material 

stockpiles, and various other kinds of accidents that occur during use of structures constructed 

under the HPA authority all constitute impacts that likely would not have occurred but for the 

issuance of an HPA.  Such accidents can be predicted only in a statistical sense, and WDFW 

would likely not have legal liability for these accidents, but the impacts could still occur and 

therefore could affect populations of potentially covered species.  This impact would be 

considered by the federal agencies in their decision to issue an Incidental Take Permit. 

 

8.1 Shading 

The studies reviewed do not identify cumulative impacts of shading that differ from the 

direct and indirect impacts of single‐structure shading, i.e., decreased primary productivity, 

loss of eelgrass beds with impacts to the associated food chain processes, and changes in the 

migration patterns of salmonids.  There are data to suggest that the cumulative loss of 

habitat resulting from the shading of multiple structures can affect fish abundance and 
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species richness within a region (Carrasquero 2001; Kalher et al. 2000; Fayram 1996; 

Williams and Thom 2001). 

 

The cumulative impacts of even narrow residential piers can be detrimental in a freshwater 

environment (Carrasquero 2001).  It has been suggested that the cumulative impact of an 

increase in the number of docks around the Lake Washington shoreline, where 

approximately 4 percent of shallow‐water habitats are covered by overwater structures 

(Kalher et al. 2000), might have caused the observed decrease in freshwater survival of 

juvenile sockeye salmon over time (Fayram 1996).  Although individual shoreline structures 

may not impose significant impacts on salmon species, populations, or stocks, the 

cumulative impacts of dense, contiguous shoreline modifications are likely contributors to 

the present decline of several Puget Sound salmon species and may inhibit the success of 

recovery actions (Williams and Thom 2001).    

 

The shading of eelgrass beds that serve as important nursery habitat for many species can 

also greatly affect numbers of marine biota within a region, including salmonids, crab, 

herring, and important epibenthic crustaceans.  Given the strong association of important 

fish prey resources with eelgrass, the shading out of eelgrass by numerous overwater 

structures poses a potential risk of reduced prey resources for fish, affecting fish 

populations.  

 

8.2 Littoral Vegetation 

Installation of overwater structures in the nearshore has the potential to cause local losses of 

littoral vegetation.  It logically follows that the cumulative impact of structures that shade 

littoral vegetation or otherwise inhibit growth would be a reduction in littoral vegetation 

cover, as can be seen in the case of eelgrass at individual piers (Nightingale and Simenstad 

2001b).  Large‐scale eelgrass monitoring in the inland waters of Washington State (2001 

through 2005) indicates that an equal number of sites appear to have increasing or 

decreasing eelgrass coverage (Dowty et al. 2005).  However, because eelgrass coverage is 

affected by many variables in addition to the cumulative impacts of development, the 

results observed by Dowty et al. (2005) do not indicate a clear cause and effect of overwater 

structures or other development on overall patterns of eelgrass coverage.  The real 

implications of cumulative changes in eelgrass distribution and cover are unclear, because it 
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is not known how dependent many potentially covered species are on eelgrass.  For 

instance, herring spawn on eelgrass, but there are extensive areas of eelgrass where no 

herring spawn, so changes in eelgrass cover alone would be a poor predictor of future 

herring spawning success.  Similarly, young salmon forage extensively in eelgrass, but 

foraging habitat may not be a limiting factor for juvenile salmon in Puget Sound (Haas et al. 

2002).  Much human impact on eelgrass and macroalgae takes the form of habitat 

fragmentation, but although such fragmentation is in principle an adverse impact, it 

remains unclear just how that impact is delivered to affected species (Haas et al. 2002).  

Thus, our understanding of cumulative impacts on eelgrass and macroalgae is limited by 

major data gaps. 

 

8.3 Freshwater Aquatic Vegetation 

Individual overwater structures can reduce the overall coverage and density of freshwater 

aquatic plants in lakes and ponds with developed shorelines (Radomski and Goeman 2001).  

This could be significant to the ecological functions of aquatic systems where human 

development occurs.  For example, Radomski and Goeman (2001) found that because of 

reduced aquatic vegetation, the most highly developed lakes are lacking in physical habitat 

structure compared to less developed lakes, which was reflected in a correlation between 

the occurrence of floating leaved and emergent plants and (warm‐water) fish biomass. 

 

8.4 Riparian and Shoreline Vegetation 

Although there have been numerous evaluations on the effects of large‐scale removal of 

riparian habitat to aquatic habitats, few studies reviewed for this white paper specifically 

addressed cumulative impacts from the localized removal of riparian and shoreline 

vegetation (as could occur during installation of overwater structures).  It is expected that 

permitting multiple activities within a watershed can have cumulative impacts on 

riparian/shoreline vegetation, including increased likelihood that the impacts will be 

measurable and thus more likely to have an adverse impact on aquatic species and habitat.  

Additionally, cumulative impacts are likely to be more significant in smaller watersheds.  

The threshold at which a group of activities will have an adverse impact on aquatic species 

and habitat at the watershed scale cannot be quantified, because each watershed has unique 

characteristics, such as riparian/shoreline vegetation and the contribution such habitat 

makes to the quality of specific aquatic habitat. 
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8.5 Noise 

Cumulative noise impacts may result from the accumulation of exposure energy that fish 

receive from multiple pile drives (Popper et al. 2006), increased numbers of boats or boating 

use (Scholik and Yan 2001a), and increased use of construction equipment.  In speaking of 

cumulative noise impacts to marine mammals, Dr. Sylvia Earle, former chief scientist at 

NOAA, has stated that “each sound by itself is probably not a matter of much concern,” but 

taken together, “the high level of [ocean] noise is bound to have a hard, sweeping impact on 

life in the sea” (Holing 1994, in Radle 2005).  However, the cumulative impacts of noise on 

fish physiology and behavior are unknown at this time. 

 

8.6 Water Quality 

Although natural turbidity‐causing mechanisms may vary greatly in magnitude and 

duration, they are more likely to occur in an isolated fashion and affect different portions of 

the stream network at different times (Bash et al. 2001).  This variation allows fish to use 

refuge areas that might otherwise be impacted by these events (Bash et al. 2001).   

 

Professional experience has shown that anthropogenic sediment disturbance is often 

different; such events are more likely to occur simultaneously in many scattered areas or in 

overlapping time frames across a watershed, causing secondary impacts and lingering 

effects with greater potential to affect larger portions of a stream network at any given time.  

In addition, anthropogenic disturbances may more frequently result in temporary barriers 

to fish movement, which could reduce the existence of or limit accessibility to refugia (Bash 

et al. 2001). 

 

Turbidity impacts may not be the only source of stress to aquatic life in a system (Bash et al. 

2001).  The potential of an activity to increase turbidity should be evaluated in the context of 

other environmental conditions present in the system, such as velocity, water depth or 

water temperature (Bash et al. 2001).  It is also important to note that much of the research 

on turbidity impacts on salmonids has occurred in controlled laboratory settings and that 

extrapolation to complex natural systems may require consideration of other factors such as 

predator and prey abundances (Bash et al. 2001). 
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Much of the research has focused on smaller projects and little is known about the potential 

impacts of large projects (>100 pilings) involving the use of treated wood piles in aquatic 

settings (Poston 2001).  It is conceivable that many smaller projects using ACZA‐ and CCA 

Type C‐treated wood products, if close enough to one another both spatially (with respect to 

leachate dilution rates) and temporally (in terms of diminishing rates of leaching), could 

produce effects similar to those of larger projects (Poston 2001). 

 

It is well known that PAHs and metals are significant components of urban stormwater.  

The risks of PAH and metals contamination from treated wood products should be 

considered in the context of background PAH and metals concentrations in the surrounding 

water and sediments, as well as in the context of potential PAH loads from other point and 

nonpoint sources, such as industrial outfalls and stormwater runoff (Menzie et al. 2002).  

This may be a difficult undertaking, given that little data are available on the background 

PAH and metals concentrations in most water bodies and their sediments (Poston 2001). 

 

8.7 Channel Hydraulics 

We found no studies specifically addressing the cumulative impacts of channel hydraulic 

changes on potentially covered species.  Generally, the question of cumulative impacts 

emerges as a data gap.  The HPA program itself offers the best means of measuring these 

impacts, because WDFW has authority to require monitoring of the impacts of authorized 

projects. 

 

8.8 Littoral Drift 

Artificial structures that change longshore drift can alter organic and sediment deposition 

on beaches and therefore alter biotic assemblages (Thom et al. 1994).  However, the overall 

cumulative impacts of changes in littoral drift due to artificial structures on the system as a 

whole cannot be predicted at this time (Thom et al. 1994). 

 

8.9 Substrate Modifications 

No studies were found analyzing the cumulative impacts of substrate modifications in 

association with overwater structures or non‐structural piling.  However, certain changes 

can be anticipated.  As noted in Section 7.10, both permanent and temporary losses of 

benthic macroinvertebrates are likely to occur as a result of new construction of overwater 
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structures or expansion of existing structures; changes in the representative species 

assemblages as a result of associated changes in hydraulics and habitat conditions within 

affected reaches are also likely.  Benthic macroinvertebrates, by definition, inhabit the 

stream bottom; therefore, modification of the streambed will most likely have some effect on 

the benthic macroinvertebrate community (Waters 1995).  It is difficult to ascertain the 

cumulative impact of changes to benthic macroinvertebrate populations or species diversity 

and subsequent changes to fish populations or habitat occupancy that may result.  

Permanent loss of benthic macroinvertebrate numbers or a decrease in species diversity due 

to permanent loss of habitat will affect foraging opportunities for fish and could affect the 

population numbers within stream reaches; this may be measurable over time at the 

watershed scale depending on the size of the watershed and amount of habitat permanently 

lost. 

 

8.10 Channel Dewatering 

No studies examining the cumulative impacts of channel dewatering were found during the 

literature review.  The following discussion is therefore based on the authors’ professional 

experience.   

 

Cumulative impacts of channel dewatering will most likely be associated with fish 

removal/exclusion methods, disturbance of the bed, and modification of invertebrate habitat 

and consequent changes in species diversity.  Alteration of flow and increased turbidity are 

temporary and are therefore not likely to have cumulative impacts to aquatic species or 

habitat. 

 

Fish removal/exclusion will result in the capture and handling of fish, which can cause 

stress, harm, and mortality.  Cumulatively, the impacts to fish populations resulting from 

multiple permitted activities within a watershed that require fish removal/exclusion could 

be measurable at the population scale depending on several factors, including watershed 

and population size.  The threshold for watershed and population size and the number of 

activities that must occur within a particular watershed to have a measurable cumulative 

impact are not established in the literature, but it seems unlikely that HPA‐authorized 

activities would result in measurable cumulative effects except in the case of rare species 

where a single project might affect a large fraction of the watershed’s population.   
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Disturbance of the streambed associated with dewatering may result in temporary loss of 

habitat.  The significance of the loss depends on the size of the watershed, the amount of 

habitat cumulatively lost, and the significance of the habitat lost to the population (i.e., 

spawning, rearing, or migration habitat).  Again, it seems unlikely that HPA‐authorized 

activities would result in measurable cumulative effects except in the case of rare species 

where a single project might affect habitat critical to a large fraction of the watershed’s 

population. 

 

8.11 Artificial Light 

Although it has been shown that juvenile salmonid migrations can be delayed by artificial 

light in freshwater and marine environments (McDonald 1960, in Tabor et al. 1998; Prinslow 

et al. 1979, in Nightingale and Simenstad 2001b; Tabor et al. 1998), the implications of this 

delay are not known.  The cumulative impacts of increased artificial light in the aquatic 

environment have not been investigated.  It has been suggested (and, in the case of sockeye 

fry and sculpin, shown [Tabor et al. 1998]) that rates of predation on juvenile fish increase 

under artificial light because of changes in migration patterns, congregation of predators, or 

increased opportunity time for predation.  Artificial lighting is often required both for 

construction and operation of overwater structures, cumulatively adding to light sources 

over water.  However, it is unknown whether losses of threatened and endangered juvenile 

salmonids could occur due to regional‐scale cumulative lighting impacts. 

 

8.12 Vessel Activities 

Little is known about the cumulative impacts of construction, commercial, and recreational 

vessel activities associated with overwater structures, but cumulative impacts from vessel 

activities have been reported with respect to turbidity.  Vessel traffic may cause extended 

periods of elevated turbidity as boat traffic collectively churns the water, slowing the 

settling of suspended sediment (Garrad and Hey 1988).  In addition, successive passes by 

vessels may accelerate shoreline erosion; recreational vessel traffic has been observed to 

cause boat wake‐induced levee erosion at rates of 0.0004 to 0.009 inch (0.01 mm to 0.22 mm) 

per boat pass (Bauer et al. 2002). 

 

Commercial shipping in the Northern Hemisphere has been implicated in a 10‐fold to 100‐

fold increase in oceanic noise levels (Tyak 2000, in Scholik and Yan 2001a), and it has been 



Cumulative Impacts of Overwater Structures and Non‐structural Piling 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  8‐9   December 2006 

shown that fish exhibit behavioral and physical responses to vessel noise.  However, the 

cumulative impact of vessel noise on fish has not been specifically studied. 
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9 POTENTIAL RISK OF TAKE 

Table 10 summarizes the risk that potentially covered species may suffer incidental take 

resulting from the impact pathways discussed in Section 7; the potential that a species may 

experience incidental take is characterized in Table 10 as Y (yes; potential for take), N (no 

potential for take), or U (unknown potential for take).  The magnitude of the risk is highly 

dependent on how the impact is expressed, which in turn is highly dependent on the suite of 

conservation measures employed to minimize the risk of causing take.  For species for which 

there is no potential for take, no additional precautions would be required apart from 

compliance with existing regulations.  For species for which the potential for take is unknown, 

the data gap precludes reaching a conclusion.  The “unknown” category may be the most 

problematic from the standpoint of ESA compliance, because we lack information needed for 

the federal agencies to determine whether incidental take would be likely to jeopardize 

continued existence of affected populations. 

 
Table 10  

Summary of Potential for Incidental Take of Potentially Covered Species 
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Green 
sturgeon 

Acipenser 
medirostris U U Y Y U Y Y Y Y Y U U 

White 
sturgeon 

Acipenser 
transmontanus U U Y Y U Y Y Y Y Y U U 

Newcomb's 
littorine snail 

Algamorda 
subrotundata U Y N Y U Y N Y Y N U U 

Pacific sand 
lance 

Ammodytes 
hexapterus Y Y N Y U Y N Y Y N U U 

California 
floater mussel 

Anodonta 
californiensis U N Y Y U Y Y Y Y Y U U 

Mountain 
sucker 

Catostomus 
platyrhynchus U N U Y U Y Y N U Y U U 

Pacific herring 
Clupea 

harengus 
pallasi 

U Y N Y U Y N Y Y N U U 

Margined 
sculpin 

Cottus 
marginatus Y N Y Y U U Y N U Y U U 

Lake chub Couesius 
plumbeus U N Y U U U U N U U U U 
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Giant 
Columbia 

River limpet 

Fisherola 
nuttalli U N U U U Y Y N Y Y U U 

Great 
Columbia 
River spire 

snail 

Fluminicola 
columbiana U N U U U Y Y N Y Y U U 

Pacific cod Gadus 
macrocephalus N Y N N U Y N Y Y N U U 

Western 
ridged mussel 

Gonidea 
angulata U N Y Y U Y Y Y Y Y U U 

Northern 
abalone 

Haliotis 
kamtschatkana U Y N N U Y N Y Y N U U 

Surf smelt Hypomesus 
pretiosus U Y N Y U Y N Y Y N U U 

River lamprey Lampetra 
ayresi U N N Y U Y Y Y Y Y U U 

Western brook 
lamprey 

Lampetra 
richardsoni U N N Y U Y Y N Y Y U U 

Pacific 
lamprey 

Lampetra 
tridentata U N N Y U Y Y Y Y Y U U 

Pacific hake Merluccius 
productus U Y N N U Y N Y Y N U U 

Olympic 
mudminnow 

Novumbra 
hubbsi U N Y Y U Y Y N Y Y U U 

Coastal 
cutthroat trout 

Oncorhynchus 
clarki clarki Y Y Y Y Y Y Y Y Y Y U U 

Westslope 
cutthroat trout 

Oncorhynchus 
clarki lewisi Y N Y Y Y Y Y N Y Y U U 

Pink salmon Oncorhynchus 
gorbuscha Y Y Y Y Y Y Y Y Y Y Y U 

Chum salmon Oncorhynchus 
keta Y Y Y Y Y Y Y Y Y Y Y U 

Coho salmon Oncorhynchus 
kisutch Y Y Y Y Y Y Y Y Y Y Y U 

Redband trout Oncorhynchus 
mykiss Y N Y Y Y Y Y N Y Y U U 

Steelhead Oncorhynchus 
mykiss Y Y Y Y Y Y Y Y Y Y Y U 

Sockeye 
salmon 

Oncorhynchus 
nerka Y Y Y Y Y Y Y Y Y Y Y U 

Chinook 
salmon 

Oncorhynchus 
tschawytscha Y Y Y Y Y Y Y Y Y Y Y U 

Lingcod Ophiodon 
elongatus U Y N N U Y N Y Y N U U 

Olympia 
oyster Ostrea lurida Y Y N Y U Y N Y Y N U U 

Pygmy 
whitefish 

Prosopium 
coulteri U N U U Y U Y N U Y U U 
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Leopard dace Rhinichthys 
falcatus U N U U U U Y N U Y U U 

Umatilla dace Rhinichthys 
Umatilla U N U U U U Y N U Y U U 

Bull trout Salvelinus 
confluentus U Y Y Y Y Y Y Y Y Y Y U 

Dolly Varden Salvelinus 
malma U Y Y Y Y Y Y Y Y Y Y U 

Brown rockfish Sebastes 
auriculatus U Y N N U Y N Y Y N U U 

Copper 
rockfish 

Sebastes 
caurinus U Y N N U Y N Y Y N U U 

Greenstriped 
rockfish 

Sebastes 
elongates U Y N N U Y N Y Y N U U 

Widow 
rockfish 

Sebastes 
entomelas U Y N N U Y N Y Y N U U 

Yellowtail 
rockfish 

Sebastes 
flavidus U Y N N U Y N Y Y N U U 

Quillback 
rockfish 

Sebastes  
maliger U Y N N U Y N Y Y N U U 

Black rockfish Sebastes 
melanops U Y N N U Y N Y Y N U U 

China rockfish Sebastes 
nebulosus U Y N N U Y N Y Y N U U 

Tiger rockfish Sebastes 
nigrocinctus U Y N N U Y N Y Y N U U 

Bocaccio 
rockfish 

Sebastes 
paucispinis U Y N N U Y N Y Y N U U 

Canary 
rockfish 

Sebastes 
pinniger U Y N N U Y N Y Y N U U 

Redstripe 
rockfish 

Sebastes 
proriger U Y N N U Y N Y Y N U U 

Yelloweye 
rockfish 

Sebastes 
ruberrimus U Y N N U Y N Y Y N U U 

Longfin smelt Spirinchus 
thaleichthys U Y N Y Y Y Y Y U Y U U 

Eulachon Thaleichthys 
pacificus U Y N Y Y Y N Y Y N U U 

Walleye 
pollock 

Theragra 
chalcogramma U Y N N U Y N Y Y N U U 

Note:  Species listed in alphabetical order by scientific name. 

 

The following decision rules explain most of the content of Table 10: 

• Marine species are not at risk of take due to impacts to channel hydraulics, or freshwater 

aquatic vegetation. 
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• Species that spend all of their lives in freshwater are not at risk of take due to impacts to 

eelgrass and macroalgae. 

• For most species except salmonids, the effects of noise, artificial light, shading, and 

vessel activities are largely unknown. 

 

The risk of take of potentially covered species is discussed below by impact mechanism. 

 

9.1 Shading 

The evidence reviewed in Section 7.1 supports the following conclusions about impacts 

potentially amounting to incidental take of potentially covered species: 

• The principal impact of shading is reduction in cover and productivity of 

underwater vegetation.  These impacts are detailed in Sections 7.2 and 7.3. 

• Most studies of shading are focused on juvenile salmonids.  However, available data 

on light sensitivity suggest that those impacts may reasonably be extrapolated to 

other small fishes, particularly nearshore marine species.  For all other potentially 

covered species, almost nothing is known about sensitivity to shading. 

• In freshwater environments that support significant bass populations, bass are 

effective, high‐level predators that forage from under shade‐producing structures. 

• Migration of juvenile salmonids is sometimes impeded by shade‐producing 

structures.  

 

WAC 220‐110‐300(3) states that overwater structures and associated moorings “shall be 

designed and located to avoid shading of eelgrass (Zoestra spp.).”  WAC 220‐110‐300(5) 

states that mitigation measures for overwater structures and associated moorings “shall 

include, but not be limited to, restrictions on structure width and/or incorporation of 

materials that allow adequate light penetration (i.e. grating) for structures located landward 

of ‐10.0 feet MLLW.”  Additionally, WAC 220‐110‐300(6) states that overwater structures 

and associated moorings “shall be designed and located to avoid adverse impacts to Pacific 

herring spawning beds and rockfish and lingcod settlement and nursery areas,” and WAC 

220‐110‐300(7) states that overwater structures and associated moorings “shall be designed 

and located to avoid adverse impacts to juvenile salmonid migration routes and rearing 

habitats.”  The language in WAC 220‐110‐300 is vague in that the WAC does not provide 

any specific information regarding how to avoid shading of eelgrass, what adequate light 
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penetration is or how to achieve adequate light penetration, or how to avoid adverse 

impacts to Pacific herring spawning beds, rockfish and lingcod settlement and nursery areas 

or juvenile salmonid migration routes or rearing habitats.  Thus, it is difficult for an 

applicant for an HPA to design and locate a structure to avoid such impacts and, therefore, 

there is a moderate potential risk for take of the potentially covered species. 

 

NMFS (2005b) identified incidental take of juvenile Puget Sound Chinook resulting from 

shading by a wharf and moorage float in Swinomish Slough, which may impede longshore 

movement during certain times of the day, and from a reduction in primary productivity 

and consequent reduction in food resources.  Based on the shading footprint, the extent of 

take (identified as harm in this biological opinion) was determined to be any juvenile Puget 

Sound Chinook rearing and outmigrating within less than 1 acre around the structure. 

 

In a freshwater environment, NMFS (2006c) determined that the shading and structure 

resulting from the proposed expansion of a marina in the Columbia River will likely result 

in increased predation of listed juvenile salmon by a number of piscivorous fish species 

found in the area, although NMFS was unable to quantify the number of salmon expected to 

be killed. 

 

9.2 Eelgrass and Macroalgae 

Generally, the federal agencies have treated loss or reduced density of eelgrass as equivalent 

to loss of essential habitat for listed species known to occur in the area.  As such, it 

constitutes a take of listed species such as salmon and bull trout.  A similar perspective has 

been adopted by state jurisdictional agencies, including WDFW and the Washington 

Department of Natural Resources (WDNR).  Overwater structures and non‐structural piling 

can sometimes be sited to avoid eelgrass and macroalgae, but some structures must be sited 

within a narrowly defined area, and in some areas eelgrass and/or macroalgae are very 

common, thus some over water structures and/or non‐structural piling are likely to directly 

impact eelgrass and/or macroalgae. 

 

Accordingly, compensatory mitigation has been required, typically including consideration 

of temporal impacts related to the time between impact and full eelgrass recovery.  An 

example of such a requirement is WAC 220‐110‐100(7) and WAC 220‐110‐300(4), “Kelp. . . 
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and intertidal wetland vascular plants. . . shall be replaced using proven methodology.” 

Additionally, WAC 220‐110‐300(3) states that overwater structures and associated moorings 

“shall be designed and located to avoid shading of eelgrass (Zostera spp.),” but does not 

provide any guidance on design or locational parameters to accomplish this.  Based on the 

regulatory background, the federal agencies are almost certain to evaluate eelgrass loss as 

resulting in incidental take of potentially covered species that use eelgrass.  Those species 

include anadromous salmonids, anadromous and marine forage fishes, and certain larval 

pelagic fishes.   

 

Notwithstanding WAC 220‐110‐100(7) and WAC 220‐110‐300(4), the federal agencies have 

generally not regarded impacts to macroalgae as amounting to incidental take.  The 

macroalgae most critical to potentially covered species are kelps that chiefly occur in areas 

of rocky substrate, often in deep water, and will not often be permanently impacted by 

overwater structures and/or non‐structural piling. 

 

9.3 Freshwater Aquatic Vegetation 

Based on the discussion in Section 7.3, overwater structures can impair the growth of 

freshwater aquatic vegetation by a variety of mechanisms.  WAC 220‐110‐060(8) requires 

that “removal of aquatic vegetation shall be limited to that necessary to gain access to 

construct the project.” This requirement provides some assurance that impacts are 

minimized, but makes no provision for recovery or restoration of the impacted vegetation.  

Moreover, WAC 220‐110‐331 through 338 provide extensive regulation of aquatic plant 

removal measures but provide no consideration of the ecological role of the affected 

vegetation.  Since the specified measures do not exclusively apply to designated noxious 

aquatic weeds, it is entirely possible that they could be used to regulate activities impacting 

potentially covered species that are dependent on aquatic vegetation.  Certain potentially 

covered species, including freshwater molluscs and an array of fishes, have a strong 

association with freshwater aquatic vegetation and would be at relatively high risk of 

incidental take from projects that remove or reduce such vegetation within their habitat.  

Sessile organisms and larval fishes would also be at high risk of mortality caused by 

vegetation‐clearing operations. 
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The impacts of noxious aquatic weeds are indirect, deriving mainly from their accidental 

introduction during the construction and use of artificial structures.  Noxious weed 

introductions have a high probability of causing incidental take of ESA listed fish species, 

because noxious weeds can potentially out‐compete native vegetation and alter water 

quality and food web interactions (WNWCB 2006). 

 

9.4 Riparian and Shoreline Vegetation 

The hydraulic code includes provisions that minimize but do not avoid impacts to riparian 

and shoreline vegetation.  For instance, WAC 220‐110‐070(1)(c) provides that in bridge 

construction, “disturbance of bank or bank vegetation shall be limited to that necessary to 

construct the project” and that “the banks shall be revegetated within one year with native 

or other approved woody species”, except that “the requirement to plant woody vegetation 

may be waived.”  WAC 220‐110‐060(2) contains similar language for freshwater docks, 

piers, floats and the driving or removal of piling in freshwater environments.  However, the 

ambiguous language and the lack of binding provisions regarding replacement of ecological 

function render the WAC provisions inadequate in that they do not provide assurance that 

loss of riparian and shoreline vegetation is effectively minimized, let alone compensated.  

Thus, there is a moderate to high risk that take of fish could occur.  WAC 220‐110‐300 does 

not contain any language related to the disturbance of bank or bank vegetation.   

 

In its biological opinion for a bridge replacement on an Oregon river, NMFS (2006a) 

determined that the take caused by habitat‐related effects of a project could not be 

accurately quantified (i.e., as a number of fish) because the relationship between habitat 

conditions and the distribution and abundance of those individuals in the action area was 

imprecise, and nearshore areas damaged by construction would require years to recover 

characteristics favorable for rearing and migration.   

 

In such instances, NMFS uses the causal link established between the activity and the 

change in habitat conditions affecting the listed species to describe the extent of take as a 

numerical level of habitat disturbance, rather than stating an expected amount of take (50 

Code of Federal Regulations 402.14(i)).  NMFS (2006a) found that the best available 

indicators for the extent of take is the area of riparian habitat that will be permanently 

modified by the action, because it is directly proportional to long‐term harm attributable to 
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the project.  In another instance, NMFS (2006b) indicated that the risk of take associated 

with the removal or disturbance of riparian/shoreline vegetation should be described in 

terms of acres of riparian/shoreline or miles of stream affected. 

 

9.5 Noise 

It is well established that impact pile driving can result in incidental take of fish.  NMFS and 

USFWS biological opinions commonly identify such take and quantify it based on the area 

of habitat affected by sounds above the threshold levels cited in Section 7.5 and the duration 

of pile driving activities.  However, the sound sensitivity of individual species is not well 

known.  In addition, species that lack internal gas‐filled voids (such as swim bladders) 

appear to be less vulnerable to noise impacts than are fish that have gas‐filled voids, such as 

salmonids.  These include potentially covered invertebrate species and certain fishes 

identified in Table 5.  For such species, the risk of take is somewhat lower than it is for 

salmonids; however, species‐specific studies would be required to quantify the difference in 

risk.  Standard measures to minimize such take are discussed in Section 11.5.  The WACs do 

not provide any avoidance or minimization measures related to underwater noise.  WAC 

220‐110‐270(12) does state that “if a fish kill occurs or fish are observed in distress, the 

project activity shall immediately cease and the department granting the HPA shall be 

notified immediately.”  However, this does not provide any avoidance of underwater noise 

related impacts for the covered species, and thus there is a high risk of take associated with 

underwater noise generated by pile driving activities.   

 

Construction noise and activity associated with the La Conner Wharf and Float Project was 

thought to cause forage fish to temporarily leave the vicinity, which would temporarily 

reduce the prey base for Chinook and other fish species (NMFS 2005b); project effects on 

other predators, such as those eating young Chinook, were not addressed.  However in the 

consultations reviewed, NMFS has not assigned quantifiable incidental take associated with 

construction noise other than pile driving. 

 

9.6 Water Quality 

Many aspects of water quality can be impacted by overwater structures, with varying 

degrees of impact on potentially covered species.  With respect to suspended solids, the take 

risk to potentially covered fish species increases in proportion to the magnitude and 
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duration of the impact; vulnerability of the affected life‐history stage; inability of the fish to 

avoid the impact through avoidance behavior; physiological, developmental, and 

behavioral impairments suffered by the fish; and indirect mechanisms such as exposure to 

predation. Fine sediment deposition also poses an incidental take risk to invertebrates, as 

discussed in Section 7.7. 

 

Incidental take risk associated with dissolved oxygen impacts is probably quite low.  

Because the potential impact of pH change from uncured concrete is normally avoided via 

compliance with the hydraulic code (e.g., WAC 220‐110‐070(1)g and WAC 220‐110‐270(3)), 

the risk of incidental take from pH change is near zero.  

 

Risk of incidental take of potentially covered species due to the use of treated wood appears 

to be related to factors that include proximity, dilution by the water body, and type of 

treatment.  PAH releases from creosote pilings may pose a significant risk, given that many 

types of organisms have significant PAH sensitivities at low exposure levels (e.g., fishes 

studied by Incardona et al. 2004 and Incardona and Scholz 2006).  Potentially vulnerable 

species include molluscs and mussels that may be sessile on the treated wood or in adjacent 

sediments, or to juvenile fish that consume epibenthic prey inhabiting those sediments.  

ACZA‐treated wood appears to be somewhat less harmful, with most impacts expected 

during initial leaching (up to 10 days, per Poston 2001), although recent investigations 

(Baldwin et al. 2003; Linbo et al. 2006) indicate that juvenile salmonids may have 

substantially higher sensitivities to dissolved copper (the primary active ingredient of 

ACZA) than previously suspected.  That sensitivity includes an impaired sense of smell 

with potential sublethal effects including reduced foraging efficiency and reduced predator 

avoidance ability.  The hydraulic code provides for minimizing but not entirely avoiding 

this risk in salt water (WAC 220‐110‐060(4) and WAC 220‐110‐270(9)) by requiring that 

“materials treated with preservatives shall be sufficiently cured to minimize leaching into 

the water or bed” and by prohibiting creosote and pentachlorophenol‐treated wood use in 

lakes. 

 

There are few data on the stormwater vulnerability of potentially covered species other than 

salmonids.  WAC provisions (WAC 220‐110‐070(1)(f), (2)(f) and (3)(i) and WAC 220‐110‐

100(3)(b)) require avoidance of direct stormwater delivery to streams during construction, 
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but indirect effects arising during operation of bridges or commercial/industrial piers may 

still occur resulting in some potential risk for take.   

 

Based on the discussion above, it can be concluded that activities that allow significant 

increases in suspended sediment have a high risk of causing incidental take of potentially 

covered fish species exposed to this condition.  The risk of take increases in proportion to: 

• The magnitude and duration of the impact 

• The vulnerability of the affected life‐history stage 

• The inability of the organism to avoid the impact through avoidance behavior 

• The physiological, developmental, and behavioral impairments suffered by the fish 

• Indirect mechanisms such as exposure to predation  

 

9.7 Channel Hydraulics 

Impacts to potentially covered species may result when a vulnerable life‐history stage of a 

species is exposed to an impact directly or indirectly caused by an overwater structure.  In 

this context, a direct impact arises when an overwater structure alters the process of 

sediment transport, and an indirect impact arises when the change in sediment transport 

causes further habitat changes, such as bank erosion and loss of riparian vegetation.  In the 

following discussion, indirect impacts are mentioned only briefly; they are detailed 

elsewhere in Section 7 where channel dewatering, water quality,  and freshwater aquatic 

and riparian vegetation are evaluated. 

 

Potential impacts of changes in channel hydraulics on potentially covered species are 

summarized in Table 11 and further discussed below (excepting riparian vegetation, which 

is discussed in Sections 7.4 and 9.4).   

 

WAC 220‐110 places great emphasis on minimizing impacts attributable to channel 

hydraulic changes.  WAC 220‐110‐070 notes the benefits of avoiding impacts by placing 

bridges rather than culverts; WAC 220‐110‐070(1)(a) recommends placing bridge piers back 

of the OHWL; and WAC 220‐110‐070(1)(h) requires that bridge components have the least 

effect on channel hydraulics.  Such provisions discourage, but do not prohibit construction 

of bridges that could have significant impacts on channel hydraulics, including the impacts 

discussed below.  However, the use of qualifying language diminishes the effectiveness of 
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such provisions in avoiding incidental take.  Examples of such language include “shall be 

avoided, where practicable” (WAC 220‐110‐070 preamble); “disturbance ... shall be limited 

to that necessary” (WAC 220‐110‐070(2)(d) and (3)(d)); and “the requirement ... may be 

waived” (WAC 220‐110‐070(2)(h) and (3)(d)).  Some provisions, though, are not ambiguous 

and effectively avoid potential impacts; such provisions are noted below, where applicable.   

 
Table 11  

Potential Impacts of Changes in Channel Hydraulics on Potentially Covered Species 
 

Impact Potentially Affected Species 
No impact identified Marine species or marine life stages of estuarine and 

anadromous species 
Habitat destruction due to siting of structure Species potentially occupying the affected stream 
Embedding due to reduced sediment transport capacity 
or indirectly as a result of bank erosion 

Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Scour due to locally increased transport capacity Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Deposition downstream of scour areas Species potentially occupying the affected streambed: 
gravel spawners and benthos 

Loss of riparian vegetation due to bank erosion Species potentially occupying the affected stream.  This 
impact is detailed in Section 7.4. 

 

9.7.1 No Impact 

Localized scour or deposition could occur around anchors or pilings.  Such impacts 

would be minor, local, and not significantly different from similar impacts associated 

with natural structures on the seafloor, such as boulders or rock outcrops.  Thus, there is 

a low risk of incidental take due to channel hydraulic effects in a marine setting. 

 

There are also many sites in Washington where few, if any, of the potentially covered 

species are known to occur.  Most of the freshwater‐only species have very limited 

distributions (summarized in Table 2).  Outside of those distribution areas and upstream 

of anadromous passage barriers, the western brook lamprey and freshwater‐only 

varieties of the trout and char species are the principal species vulnerable to impact.  

These species, however, are vulnerable to almost all impacts detailed below.  Thus, there 

are few HPA‐jurisdictional waters in Washington where all potentially covered species 

can confidently be dismissed as absent. 
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9.7.2 Habitat Destruction 

For the purpose of this white paper, habitat destruction is defined as the replacement of 

habitat with an artificial structure.  Habitat destruction includes temporary and 

permanent elements.  Temporary habitat destruction occurs when an area of habitat is 

inaccessible during or for a time following construction but becomes accessible within a 

reasonable time after construction, typically by the time work on the site concludes.  

Permanent habitat destruction occurs when an area of habitat remains inaccessible for 

the service life of the structure or longer.  Permanent destruction of channel habitat 

occurs when fill is placed in the channel, usually to raise an area above the OHWL or to 

support an overwater structure (such as pilings or piers).  Temporary channel habitat 

destruction includes both of these mechanisms when they are not permanent, as well as 

channel dewatering (Section 7.10) resulting from the diversion of flow or flow exclusion 

via structures such as cofferdams.  Habitat destruction necessarily entails loss of habitat 

for any potentially covered species that utilize the affected habitat.  As such, habitat 

destruction presents a high potential risk of incidental take; the risks are related to use of 

the habitat by potentially covered species, the area affected, the time frame during which 

the area is affected, and how potentially covered species respond to the loss or 

degradation of habitat. 

 

Additionally, the process of placing fill may cause harm to individual animals.  

However, in‐water placement of fill generally requires isolating and dewatering the 

work site, the impacts of which are discussed in Sections 7.10 and 9.10. 

 

9.7.3 Embedding 

Embedding is an issue principally in moderate‐gradient channels that normally have a 

gravel or cobble bed, i.e., plane‐bed and pool‐riffle channels.  Steeper channels have 

sufficient stream power that the “fines” consist of coarse sand and gravel, which do not 

substantially impair habitat quality.  The less steep regime channels have fine‐grained 

bed materials (generally defined as particles smaller than 0.04 inch [1 mm] in diameter) 

that are vulnerable to deposition (discussed below) rather than embedding.  This 

circumstance is partly due to a research and management emphasis on gravel‐bedded 

streams, which provide optimum spawning habitat for salmonids (Montgomery et al. 

1999).  There are fewer data on spawning habitat for other potentially covered fish 
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species.  Salmonids chiefly spawn in beds with a substrate size between 0.8 and 4.7 

inches (2 and 12 cm) in diameter (Raleigh et al. 1986, in Bjornn and Reiser 1991), and 

artificial spawning channels have generally employed gravels 0.8 to 1.5 inches (2 to 3.8 

cm) in diameter (Bjornn and Reiser 1991). Lamprey, in contrast, spawn primarily in 

channels with fine gravel and sand substrates (Wydoski and Whitney 2003, pp. 33‐39), 

and Olympic mudminnow spawn in submerged vegetation and primarily occur in 

regime channels (Mongillo and Hallock 1999). 

 

Normally, spawning salmon winnow the fines from their redds, mobilizing fine 

sediment into the water column and in the process coarsening the bed in the immediate 

vicinity of the redd (Kondolf et al. 1993; Montgomery et al. 1999).  In streams that 

support substantial populations of spawners, this process can be as effective as annual 

floods at mobilizing bed sediment and scouring fines from the bed, and thus 

significantly enhances hyporheic upwelling and downwelling (Gottesfeld et al. 2004).  

Hyporheic flows create a hydraulic gradient across redds that conveys waters having 

relatively high dissolved oxygen concentrations through the redd (Geist 2000a, 2000b). 

However, fine sediments can be deposited again after redd construction, filling pore 

spaces between gravel particles in and over the redd with fine sediment.   

 

The probability of this phenomenon increases if the sediments are particularly fine, the 

sediment supply is large, and the streamflows are relatively low (Bjornn and Reiser 

1991).  The process may also be exacerbated by downwelling hyporheic flows, which 

often occur at salmonid spawning sites in Pacific Northwest rivers (Tonina and 

Buffington 2003, 2005).  Consequences of this embedding include reduced water flow 

around the eggs, reduced dissolved oxygen uptake by developing embryos, and 

reduced flushing of metabolic waste, which can result in reduced embryo survival 

(Bjornn and Reiser 1991).  Reduced survival occurs due to three mechanisms: reduced 

hydraulic conductivity through sediments, reduced intragravel oxygen concentrations 

due to the oxidation of organic particles in the gravel, and impaired oxygen exchange 

efficiency due to clay particles on the egg membrane (Greig et al. 2005).  Redds of large 

salmonids are usually buried beneath at least 6 inches (15 cm) of gravel (DeVries 1997) 

and are often more than 12 inches (30 cm) deep (Bjornn and Reiser 1991).  Fine sediment 

does not need to penetrate to that depth to impact eggs and alevins (fry that have not yet 
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emerged from the gravel); near‐surface deposits of fine sediment may be sufficient to 

reduce water flow through the redd, causing mortality due to reduced dissolved 

oxygen, and the embedded surface layer may prevent alevin emergence (Everest et al. 

1987; Bjornn and Reiser 1991).  In addition to effects on redds, eggs, and alevins, 

embedding also reduces prey for foraging juveniles by promoting a shift from 

epibenthic to benthic infaunal macroinvertebrates, which are not easily preyed upon by 

young salmonids (Bash et al. 2001, pg. 25; Suttle et al. 2004).  Thus, embedding has a 

high risk of causing incidental take if it affects sediments used for spawning. 

 

9.7.4 Scour 

Scour is potentially an issue in all channel types, although it is most often a concern in 

plane‐bed and pool‐riffle channels, which have a relatively mobile bed.  The term 

“scour” is usually used to refer to flow‐driven excavation of the streambed, but it can 

also occur along stream margins and result in bank erosion.  Overwater structures, such 

as bridges can cause scour when the structure has not received correct hydraulic design, 

but such errors are unlikely in view of requirements that bridges “be aligned to cause 

the least effect on the hydraulics of the watercourse” (WAC 220‐110‐070(1)(h)).  Thus, a 

bridge is only required to minimize such impacts.  Since there are no guarantees that a 

bridge design or the installation will completely avoid scour, such activities 

implemented according to the WACs will have some associated low to moderate risk of 

scour, which could impact suitable habitat for potentially covered species.  Non‐

structural piling and piling associated with other overwater structures (i.e., piers) could 

also potentially cause scour in marine or estuarine areas with strong tidal currents, or 

riverine environments with strong currents.   

 

Scour chiefly occurs in conjunction with high‐flow events that account for the largest 

fraction of annual sediment transport.  Such flows can mobilize all spawning‐sized 

substrates in step‐pool and cascade channels, with the result that salmonids in such 

channels preferentially spawn in microsites with low scour potential (Montgomery et al. 

1999).  Conversely, the depth of bed mobilization is somewhat less in pool‐riffle and 

plane‐bed channels.  In these sites, salmon normally excavate their redds deep enough 

to avoid scour during years with normal peak flows (Montgomery et al. 1999).  

However, scour that occurs in areas where it has previously been rare may result in the 
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loss of redds with eggs or of gravels containing fry or the benthic invertebrates that 

constitute part of the prey base for fish in the stream.  Such scour events are particularly 

likely around hard structures placed in the channel (e.g., pilings), because shear stresses, 

and therefore energy available to mobilize sediments, are exceptionally high near such 

structures (Yager et al. 2004).  The opposite effect is observed in the vicinity of aquatic 

vegetation (Bennett et al. 2002), raising the possibility that aquatic vegetation plantings 

may help to decrease scour around structures at some sites.  Freshwater mussels are 

particularly vulnerable to scour because they are long‐lived, sessile organisms.  Mussels 

are commonly found on relatively coarse (gravel to boulder) substrates in microsites that 

constitute flow refugia with low risk of scour (Cuffey 2002; Brim‐Box et al. 2004). 

 

Scour can potentially result in incidental take via several mechanisms.  Impacts to eggs 

and fry of potentially covered species (e.g. salmonids), or to sessile organisms such as 

mussels, constitute the potential for incidental take of animals.  Impacts to the prey base 

can be interpreted as incidental take if the food supply is a limiting factor on fish 

productivity.  The literature review did not specifically identify scour impacts on other 

potentially covered species, but such impacts are likely for sessile species and for species 

that spawn in benthic habitats. 

 

The WACs do not provide specific guidance or measures to avoid or minimize impacts 

from scour associated with overwater structures or non‐structural piling.  WAC 220‐110‐

070(1)(h) does require that bridges “be aligned to cause the least effect on the hydraulics 

of the watercourse” but does not necessarily require that bridges be designed 

appropriately or footings or other support structures be placed in such a way as to avoid 

or minimize impacts to hydraulic processes of a watercourse.  The generally vague 

language presented in the WACs will minimize the potential risk for take of potentially 

covered species, but will not eliminate it.    

 

9.7.5 Deposition 

Deposition may occur in slackwater areas created downstream of an artificial structure, 

or it may occur farther downstream when sediment mobilized by scour is redeposited.  

Deposition can have a variety of effects, depending on the amount of sediment and its 

particle size distribution.  Deposition of large quantities in a localized area results in the 
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creation of bedforms, discussed below.  Deposition of somewhat smaller quantities that 

do not significantly modify bedforms may still result in burial of redds and benthic 

organisms such as mussels.  Moderate deposition of a few centimeters of coarse‐grained 

material may not harm redds and may even help to protect them from scouring flows 

(Montgomery et al. 1999), but deposition of greater thicknesses may result in reduced 

dissolved oxygen levels in redds, causing mortality of eggs or alevins, as detailed above 

in the discussion of embedding.  As with scour, deposition impacts are most likely when 

an overwater structure and associated support structures and non‐structural piling are 

installed and have not received proper hydraulic design.  While significant amounts of 

deposition (i.e., amounts potentially causing measurable incidental take) are not likely to 

occur from the installation of an overwater structure or non‐structural piling, some 

localized deposition may occur as a result of changes in hydraulics in the immediate 

vicinity of the structure.  The same WAC provision cited above (WAC 220‐110‐070(1)(h)) 

as minimizing scour‐related impacts, will also serve to minimize  depositional impacts.  

Implementation of the WAC as written will likely minimize the risk of take but not 

eliminate it. 

 

The potential risk of take from deposition related to hydraulic changes resulting from an 

overwater structure and non‐structural piling is relatively minor.  However, fine 

sediment deposition can impair the growth and feeding efficiency of filter feeders (Bash 

et al. 2001).  For example, deposition of fine sediment can adversely impact freshwater 

mussels, but the mechanisms and quantities involved are not well understood, and 

different mussel species show varying responses to fine sediment inputs (Box and Mossa 

1999).  Deposition can affect mussels by burying them or altering their habitat.  Burial 

under fine sediment (silt) can suffocate animals (Tucker and Theiling 1998).  Ellis (1936, 

in Tucker and Theiling 1998) experimentally showed that as little as 0.25 inch (6.35 mm) 

of silt covering the substrate caused death in about 90 percent of the mussels examined.  

Siltation also is detrimental to young mussels and reduces their survival (Scruggs 1960, 

in Tucker and Theiling 1998).  Habitat alteration harms mussels by filling interstitial 

spaces in gravel and cobble bed channels inhabited by mussels.  Flow through the gravel 

is inhibited and algal and microbial communities change (Tucker and Theiling 1998).  

Juvenile survival (even of hardy species) may be reduced in silt‐impacted mussel beds, 

which can limit recruitment in the entire bed (Tucker and Theiling 1998).  Potential 
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impacts from deposition associated with installation of an overwater structure or non‐

structural piling would be localized and relatively minor with a low potential risk for 

take of the covered species.    

 

Both coarse and fine sediment deposition can present potential for incidental take by 

burying animals living in the bed, such as eggs and alevins in redds and invertebrate 

infauna, and/or impairing habitat by reducing access to necessary resources such as prey 

and well‐oxygenated water. 

 

9.8 Littoral Drift 

The littoral drift processes of wave action and littoral current affect benthic substrate and 

vegetation and therefore influence species assemblages (Thom et al. 1994).  Primary 

productivity, organic matter flow, nutrient dynamics, benthic biota, and the entire local food 

web may also respond to alterations in littoral drift (Thom et al. 1994).  The following 

discussion focuses on direct and indirect impacts to potentially covered finfish and shellfish 

species in response to these habitat alterations that may result from overwater structures 

and non‐structural piling. 

 

Pacific salmon, Pacific herring, surf smelt, sand lance, and a variety of other fish may be 

affected by habitat changes caused by structures that affect littoral drift (Thom et al. 1994).  

Suitable surf smelt spawning areas were adversely impacted by littoral drift alterations 

resulting from bulkheads along the Hood Canal (Penttila and Aguero 1978, in Nightingale 

and Simenstad 2001b). Typical spawning substrates consist of fine gravel and coarse sand, 

with broken shells intermixed in some cases (Thom et al. 1994).  Surf smelt make no attempt 

to bury their demersal, adhesive eggs, but rely on wave action to cover the eggs with a fine 

layer of substrate (Thom et al. 1994).  Therefore, altering substrate composition in surf smelt 

spawning areas can affect surf smelt spawning or reduce egg survival.   

 

Pacific sand lance spawn in the high intertidal zone on substrates varying from sand to 

sandy gravel.  Sand lance also rely on sandy substrates for burrowing at night.  Like surf 

smelt, sand lance are susceptible to deleterious effects of littoral alterations because they rely 

on a certain beach profile and specific substrate compositions. 
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Any species that depends on eelgrass, such as Pacific salmon or Pacific herring, is 

susceptible to changes in littoral drift.  Eelgrass typically grows in sand and mud substrates 

in sheltered or turbulent waters (Phillips 1984), and Pacific herring spawn on the blades of 

eelgrass and other macroalgae (WDNR 2006a). It is consistently documented that the 

vegetation assemblages associated with eelgrass support increased numbers of juvenile 

salmonid epibenthic prey species (Nightingale and Simenstad 2001b).  Studies of eelgrass 

communities in Padilla Bay show that a specific group of copepods (Harpacticus uniremis 

and other copepods of the genera Zaus and Tisbe) is unique to the eelgrass epiphyte 

assemblage and the principal prey of juvenile chum salmon, Pacific herring, Pacific sand 

lance, and surf smelt (Nightingale and Simenstad 2001b).  Pacific herring are also a direct 

food source of larger predators, including adult Chinook salmon, bull trout (Nightingale 

and Simenstad 2001b), Pacific hake (Bailey 1982; NMFS 1990; Quirollo 1992; McFarlane and 

Beamish 1986, in NRC 2001), Pacific lamprey, rockfish (WDNR 2006a), and many other 

species (WDNR 2006a). 

 

Benthic communities, including invertebrate populations, are impacted by sediment 

alterations (Nightingale and Simenstad 2001b). For instance, the Olympia oyster is an 

epibenthic filter feeder found throughout the inland waters of Puget Sound, as well as in 

Willapa Bay and possibly Grays Harbor (WDNR 2006b).  Olympia oysters occupy nearshore 

areas on mixed substrates with solid attachment surfaces and are found from approximately 

1 foot (0.3 m) above MLLW to approximately 2 feet (0.6 m) below MLLW; their larvae settle 

onto hard substrate such as oyster shells and rocks (West 1997, Baker 1995, both in WDNR 

2006b). Olympia oysters are adversely impacted by siltation and do best on firm substrates 

(WDNR 2006b).  Therefore, it follows that local impacts to littoral drift can alter preferred 

substrate or smother oysters beneath silt. 

 

The WACs do not address impacts to littoral drift from overwater structures or non‐

structural piling or provide any guidance or measures to avoid or minimize potential 

impacts associated with littoral drift.   

 

To conclude, impacts to littoral drift may change beach substrate characteristics and 

sediment deposition.  Changes to these processes can alter benthic and epibenthic 

communities, fish spawning and rearing habitat, and vegetation (Thom et al. 1994). 



Potential Risk of Take 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  9‐19   December 2006 

9.9 Substrate Modifications 

Based on the studies cited in Section 7.9, it appears that the primary direct impact of placing 

structures is to create hard substrates in settings where such substrates did not previously 

occur, increasing habitat diversity.  This change would likely benefit rockfish and any other 

potentially covered species that use hard or rocky substrates.  However, the indirect impact 

of increased shellhash deposition can harm productive natural habitat types, specifically 

eelgrass and macroalgae communities.  In that case, the risk of incidental take will be the 

risk of adversely impacting eelgrass and macroalgae, as discussed in Section 9.2. 

WAC 220‐110‐300(1) states that “floats and rafts shall not ground on surf smelt, Pacific 

herring, Pacific sand lance and rock sole spawning beds.  In all other areas, no more than 

twenty percent of the float or raft within the beach area shall ground at any time.  Those 

portions of the float or raft that will ground shall be constructed to align parallel to the shore 

and provide a minimum of eight inches clearance between the beach area and 

nongrounding portions of the float.”  WAC 220‐110‐300(2) states that “floats, rafts, and 

associated anchoring systems shall be designed and deployed so that the bed is not 

damaged.”  WAC 220‐110‐060(2) states that “excavation for and placement of the footings 

and foundation shall be landward of the ordinary high water line unless the construction 

site is separated from state waters by use of an approved dike, cofferdam, or similar 

structure.”  The language in the WACs will avoid impacts to forage fish and rock sole 

spawning beds, but does provide for direct impacts to other areas, where twenty percent of 

a float or raft may ground at any time or where excavation may occur landward of the 

ordinary high water line, which will impact habitat that may be considered designated 

critical habitat under the ESA, or could be designated in the future, providing for a 

moderate to high potential risk for take of the potentially covered species.  Additionally, 

installing a cofferdam or other similar structure may require fish handling in some 

situations, which has a high potential risk for take of the potentially covered species. 

 

9.10 Channel Dewatering 

The primary risks of incidental take associated with channel dewatering result from the 

capture and handling of fish, the loss of small fish (particularly salmonid fry) that seek 

refuge in the substrate of the dewatered bed, and the use of pumped bypass systems.  This 

conclusion is based on a review of several biological opinions, specifically the take 
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calculations and the incidental take statements presented in these documents, as cited 

below.   

 

The hydraulic code provides few assurances that incidental take will be minimized during 

dewatering activities.  For construction of overwater structures and driving and removal of 

piling in freshwater, WAC 220‐110‐060(1) states that “excavation for and placement of the 

footings and foundation shall be landward of the ordinary high water line unless the 

construction site is separated from state waters by use of an approved dike, cofferdam, or 

similar structure.”  WAC 220‐110‐120 provides the most restrictive code language, but it 

only applies to “game and food fish” (implicitly excluding many potentially covered 

species) and only states that they must be captured or moved – there is no discussion of 

ways to manage the dewatered work area so as to minimize the need to handle fish.  WAC 

220‐110‐060(1) does not indicate whether the isolated work area must be dewatered or fish 

removal is required.  Assuming the isolated work area must be dewatered and fish removal 

is required, there is no requirement that the operation be performed by trained personnel, 

nor that it comply with any recognized protocol.  There is a relatively high risk of take for 

dewatering activities in fish‐bearing waters because the WAC does not focus on “all fish,” 

methodologies for removal could result in stranding fish, and fish could be harmed through 

mishandling.  The efficiency of capturing fish is also strongly correlated to site conditions.  

Areas with large, complex substrate, deep pools, complex woody debris, overhanging and 

submerged vegetation and other features that provide hiding places and hinder visibility 

can decrease the efficiency of fish capture and removal efforts.    

 

Capture‐related take, such as injury or mortality from electrofishing, varies from 2 percent 

(no distinction between injury and mortality) (NMFS 2006a) to 30 percent (25 percent injury 

and 5 percent mortality) (NMFS 2006b) of fish captured using electrofishing equipment.  

Some biological opinions did not distinguish between methods of capture (e.g., volitional 

movement of fish from the project site during slow dewatering, capture by seining or dip‐

netting, capture by electrofishing).  One biological opinion estimated take due to stranding 

(i.e., fish not captured and removed and thus remaining in the work area to be dewatered) 

at 8 percent (NMFS 2006b).  All such injury and mortality represent incidental take directly 

attributable to a project. 
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NMFS biological opinions also routinely identify impacts attributable to increases in 

turbidity and suspended solids.  These include indicators of major and minor physiological 

stress, habitat degradation, and impaired homing behavior.  These effects are sublethal, but 

are still considered take under the ESA (NMFS 2006b).  The effects of increased suspended 

solids concentrations are discussed in Sections 7.6 and 9.6. 

 

9.11 Artificial Light 

Incidental take of listed fish species as a result of artificial light during construction or 

operation of overwater structures has not been quantified in past biological opinions and 

corresponding incidental take statements.  The studies cited above indicate that artificial 

light has mixed effects; many of these effects are detrimental, and all of them represent a 

change from natural patterns of behavior.  This suggests that, although artificial light 

responses are unknown for most potentially covered species, there is a significant risk that 

nighttime illumination of the water surface may contribute to incidental take.  However, 

such impacts can generally be minimized, as discussed in Section 11.11. 

 

The WACs do not provide any guidance or specific requirements to avoid or minimize 

impacts relating to artificial light.  

 

9.12 Vessel Activities 

Vessel activities may result in incidental take of potentially covered species via several 

mechanisms, including: 

• Physical disturbance of sediment, organisms (Haas et al. 2002), and submerged 

vegetation through grounding or water turbulence caused by propeller wash, 

potentially resuspending sediment, physically dislodging vegetation and organisms, 

or damaging vegetation  

• Noise from vessel activity, which would most likely harm organisms by causing 

them to move from the affected area, potentially impairing foraging or reproductive 

activities or exposing them to increased risk of predation 

• Propeller‐wash entrained air bubbles that combine with turbidity increases from 

disturbed sediment, with the potential consequences resulting from increased 

turbidity discussed in Section 9.6 and the consequences resulting from decreased 

light availability discussed in Section 9.1. 
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The WACs do not provide any guidance on vessel operation during construction of an 

overwater structure or installation of non‐structural piling.  There are no provisions for 

avoiding or minimizing potential impacts to the potentially covered species relating to the 

grounding of vessels, propeller‐wash, or noise associated with work vessels. 

 

9.13 Risk Evaluation 

Table 12 presents a brief summary of the incidental take risk analysis presented above.  

Given the uncertainties described above, this risk evaluation is at best a qualitative 

assessment and is based strongly on professional experience of the analysis team in the 

context of their work in ESA implementation.  The risk evaluation summarized in Table 12 

assumes that potentially covered species are present when the described impact occurs; 

thus, impacts may be avoided by performing the activities when or where covered species 

are absent. 
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Table 12  
Conclusions of the Risk Evaluation 

 
Activity Low Risk Moderate Risk High Risk 

Freshwater 
structures per 
WAC 220-
110-060 

• Structures located in areas 
lacking submerged aquatic 
vegetation; 

• Structures causing little 
increased shading, either 
due to size or incorporation 
of grating or other light 
penetrating features 

• Pile-driving activities with 
peak sound <150 dB; 

• Structures in areas with 
little sediment transport; 

• Structures not increasing 
the volume of untreated 
stormwater; 

• Placing small areas of 
non-conforming substrate; 

• Activities avoiding the 
impacts potentially causing 
“moderate” or “high” risk. 

• Structures removing riparian 
vegetation; 

• Structures that require 
removing LWD in lentic 
waters; 

• Pile-driving activities with 
peak sound  between 150 
and 180 dB; 

• Structures increasing the 
volume of untreated 
stormwater due to increased 
impervious surface; 

• Structures comprised of  
CCA- or ACZA-treated 
wood; 

• Structures that measurably 
alter channel hydraulics or 
littoral drift; 

• Structures causing nighttime 
illumination of the water 
surface. 

• Structures in areas of 
submerged aquatic vegetation 
that are used by dependent 
species (e.g., Olympic 
mudminnow); 

• Structures that require 
removing LWD in lotic waters; 

• Pile-driving activities requiring 
hammer pile driving with peak 
sound >180 dB; 

• Structures that substantially 
alter channel hydraulics; 

• Placing large areas of non-
conforming substrate; 

• Activities that require 
dewatering of the work area; 

• Activities requiring substantial 
in-water operation of 
mechanized equipment. 

• Structures in riverine 
environments that use 
creosote treated wood; 

Saltwater 
structures per 
WAC 220-
110-300 

• Structures located in areas 
lacking submerged aquatic 
vegetation; 

• Structures causing low 
shade; 

• Pile-driving activities with 
peak sound <150 dB; 

• Structures in areas with 
little sediment transport; 

• Placing small areas of 
non-conforming substrate; 

• Activities avoiding the 
impacts potentially causing 
“moderate” or “high” risk. 

• Structures removing riparian 
vegetation; 

• Pile-driving activities with 
peak sound  between 150 
and 180 dB; 

• Structures discharging 
stormwater; 

• Structures requiring CCA- or 
ACZA-treated wood; 

• Structures measurably 
altering littoral drift; 

• Structures causing nighttime 
illumination of the water 
surface. 

• Structures located in areas of 
eelgrass or macroalgae; 

• Structures shading large 
areas; 

• Structures requiring hammer 
pile driving with peak sound 
>180 dB; 

• Structures that require 
creosote-treated wood; 

• Placing large areas of non-
conforming substrate; 

• Activities that require 
dewatering of the work area; 

• Activities requiring substantial 
in-water operation of 
mechanized equipment. 

Non-structural 
or structural 
piling 

• Pile-driving activities with 
peak sound <150 dB;  

• Structures that avoid the 
impacts potentially causing 
“moderate” or “high” risk. 

• Pile-driving activities with 
peak sound  between 150 
and 180 dB 

• Structures requiring CCA- or 
ACZA-treated wood.  

• Piling located in areas of 
eelgrass or macroalgae; 

• Structures requiring hammer 
pile driving with peak sound 
>180 dB.  

• Structures requiring creosote-
treated wood. 
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10 DATA GAPS 

This section identifies information gaps in the available literature about the 12 impact pathways 

(presented in Section 7) associated with the construction and operation of overwater structures 

and non‐structural piling and describes the data needed to fill those gaps.   

 

10.1 Shading 

As stated in the WDFW white papers on overwater structures (Nightingale and Simenstad 

2001b; Carrasquero 2001), significant gaps and uncertainties remain in the extent of scientific 

knowledge about the impacts of overwater structures and shading on the aquatic 

environment and biota.  Some of these gaps are basic to understanding the ecology and life 

history of potentially impacted species, such as those defining the extent and ecological 

dependence of shoreline habitat use by certain biota.  Since the publication of the two 

WDFW white papers cited above, a few studies have been completed regarding shoreline 

habitat use of aquatic biota.  Toft et al. (2004) reported on fish distribution, abundance, and 

behavior in nearshore habitats along the marine shoreline of the City of Seattle, and Tabor et 

al. (2006) studied nearshore habitat use by juvenile Chinook salmon in the Lake Washington 

basin.  One data gap identified by Nightingale and Simenstad (2001b), which is to determine 

the conditions for and the significance of avoidance of shoreline structures by migrating 

juvenile salmon, has been studied in greater detail since the publication of the white papers.  

Southard et al. (2006) studied conditions for, and the significance of, avoidance of shoreline 

structures by migrating juvenile salmon in Impacts of Ferry Terminals on Juvenile Salmon 

Movement along Puget Sound Shorelines.  This study supported other findings that identified 

shading of overwater structures as the mechanism for salmonid avoidance (Weitkamp 1982, 

Pentec 1997, in Nightingale and Simenstad 2001b; Shreffler and Moursund 1999) and 

recommended ways to minimize impacts of ferry terminals on juvenile salmonids.  

Furthermore, Haas et al. (2002) suggest that additional research is necessary to determine 

the thresholds at which epibenthic biota become affected by the shading of vegetation. 

 

Additional data gaps include the effects of temporary shading associated with vessel 

operations during construction of overwater structures or installation of non‐structural 

piling.  However, in general vessels required for the construction of overwater structures 

and installation of non‐structural piling will operate during the approved in‐water work 

window, which will minimize potential impacts associated with shading.  Additional data 
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gaps relate to the operation of commercial and recreational vessels which may be moored at 

an overwater structure or non‐structural piling, and may occur at various times of year and 

therefore affect covered species.    

 

10.2 Littoral Vegetation 

Numerous significant data gaps preclude a clear understanding of how human activities 

cumulatively impact littoral vegetation.  Relatively little work has been done on macroalgae.  

For eelgrass, the following gaps are particularly significant: 

• Factors governing the extent of eelgrass coverage, including local and large‐scale 

changes in eelgrass coverage, are just beginning to be researched (Dowty et al. 2005). 

• How large‐scale changes in eelgrass cover resulting from overwater structures vary 

in conjunction with other large‐scale changes, such as climate variability, has not 

been determined. 

• More research is needed to determine the causes of local declines in eelgrass 

coverage observed in Washington State (Dowty et al. 2005). 

• It is not known how strongly many potentially covered species depend on eelgrass.  

For instance, young salmon forage extensively in eelgrass, but foraging habitat may 

not be a limiting factor for juvenile salmon in Puget Sound (Haas et al. 2002). 

• Much human impact on eelgrass and macroalgae takes the form of habitat 

fragmentation, but although such fragmentation is in principle an adverse impact, it 

remains unclear just how that impact is delivered to affected species (Haas et al. 

2002). 

 

10.3 Freshwater Aquatic Vegetation 

It is not known at what point the cumulative impact of overwater structures  on aquatic 

vegetation becomes significant to most potentially covered freshwater species.  Most of 

these species are thought to be affected by the loss of aquatic vegetation through indirect 

impact pathways that could vary from one location to another.  To assess the relative merits 

of aquatic plant conservation and mitigation measures, the importance of aquatic vegetation 

in different systems and for all of the potentially covered species needs to be better 

understood.  Of the potentially covered species, current data have shown a clear and 

consistent dependence on freshwater aquatic vegetation only for the Olympic mudminnow, 
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although it is expected that freshwater aquatic vegetation is important for other potentially 

covered species as well, which is why this is identified as an important information gap.   

 

10.4 Riparian and Shoreline Vegetation 

Most of our understanding of the role of riparian and streamside vegetation as a mediator of 

instream habitat condition has grown out of concern over its role in providing salmonid 

habitat.  Although the reviewed literature addresses many ecosystem functions affected by 

riparian vegetation, such as shading, LWD recruitment, and allochthonous nutrient inputs, 

there is little discussion of how these changes may affect species other than salmonids.  

Knutsen and Naef (1997) indicate that nutrient inputs from riparian vegetation are 

important for suckers, whitefish and minnows, which feed directly on such detritus.  

Riparian habitat is also important for terrestrial wildlife. 

    

10.5 Noise 

Data on the effects of exposure to sound from pile driving on specific fish or invertebrates 

are few, and although the few studies completed provide some information about exposures 

to pile‐driving sounds, there is little that can be definitively concluded (Hastings and 

Popper 2005).  Hastings and Popper (2005) stress that because monitoring data show that 

sound pressure levels do not necessarily decrease monotonically with increasing distance 

from the pile, it is important that received sound levels be measured in future experiments 

to develop exposure metrics that correlate with mortality and different types of damage 

observed in fish exposed to pile driving.  Hastings and Popper (2005) conclude that it is 

important to initiate experimental studies that start with basic questions about the effects on 

fishes from exposure to pile‐driving sounds.  Recommended studies from Hastings and 

Popper (2005) are presented in Table 13.  Two data gaps are particularly significant: the 

cumulative impact of sound to fish and the effects of noise on the behavior of fish and the 

consequent impact to species survival and recovery.   

 

In addition to data gaps on the hearing capabilities of fish and how fish are injured by pile‐

driving noise, uncertainties also exist on how fish react to other anthropogenic noises 

caused by vessels, construction, and other sources.  It is also important to develop 

information on ambient noise levels for particular areas, because ambient noise levels 
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influence the area of effect (attention to ambient), and fish reaction to sound likely varies 

depending on the “loudness” of ambient conditions.   
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Table 13  
Research Questions on the Impact of Pile Driving on Fishes 

 

Project Title Project Objectives Significance Relationship to Other Studies 
Relationship to Pile Driving 

Needs 
Characterize Pile Driving Sounds  
Define acoustic 
dose for exposure 
to pile driving 
sound  

Develop ways to express 
exposure to pile driving sounds 
in terms of total energy received 
and the degree of temporal 
variation in the waveform, and to 
define the acoustic particle 
velocity within the sound field  

This will provide a series of 
“standard” pile driving sounds in 
water and substrate for use as the 
stimuli with which to do studies on 
representative species  

This study is fundamental to 
investigations of effects on 
fishes because it provides 
laboratory signals that would 
be representative of the range 
of pile driving stimuli in 
different locations  

Without this standardization it 
will be impossible to 
generalize between studies 
done in different locales and 
with different piles  

Structural acoustic 
analysis of piles  

Develop structural acoustics 
models of piles to investigate 
how modifications to piles and 
hammering could alter the 
sounds and potentially incur less 
damage to animals  

This could result in potential 
modifications to the structure, 
hammer, and/or process that could 
reshape the temporal characteristics 
of the pile driving stimulus without 
changing structural integrity  

Would need to test modified 
sounds on animal models  

This analysis will help provide 
ways to mitigate some effects 
of pile driving on aquatic 
organisms  

Define 
characteristics of 
the underwater 
sound field  

Develop underwater sound 
propagation model and integrate 
with pile structural acoustics 
models to estimate received 
levels of sound pressure and 
particle velocity in the vicinity of 
pile driving operations and verify 
with field measurements of 
underwater sound pressure 
measurements  

This is the only way to define zones 
of impact on fishes because the 
sound energy received by a fish 
depends on not only the pile-driving 
source, but also the size, shape, and 
properties of the underwater 
environment.  

Would be able to map the 
impact of pile driving sounds 
on the underwater 
environment based on results 
of tests of pile driving sounds 
on animal models  

Received levels of sound 
pressure and acoustic 
particle velocity must be 
known underwater in the 
region surrounding the pile to 
calculate appropriate metrics 
related to observed effects 
and define the zone of impact 
 

Characterize injury of fish exposed to pile driving sounds 
Hearing 
capabilities of 
Pacific Coast 
fishes 

Determine hearing capabilities 
(using Auditory Brainstem 
Response [ABR]) of 
representative species. 
Determine in terms of both 
pressure and particle motion. 

Useful for prediction of detection 
range of pile driving sounds and 
potential effects on hearing 
capabilities 

Previous behavioral studies 
did not use any Pacific Coast 
fishes or elasmobranches 

Studies would be on species 
that are particularly germane 
to those affected by pile 
driving 
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Project Title Project Objectives Significance Relationship to Other Studies 
Relationship to Pile Driving 

Needs 
Mortality of fishes 
exposed to pile 
driving 

Determination of short and long 
term effects on mortality of 
representative species as a 
result of pile driving. Measure 
pathology (using necropsy 
studies) of the effects on fishes 
of received sounds 
representative of different 
distances from the source 

Provide baseline data on effects of 
pile driving and the effects of such 
signals of different levels and 
spectral components 

Studies of this type have, 
heretofore, not be done under 
controlled situations 

Provide mortality data as well 
as pathology as to the effects 
of pile driving and 
determination of the cause of 
immediate and long-term 
mortality 

Effects of pile 
driving on non-
auditory tissues 

Using the precise same 
paradigm as for effects on the 
ear, examine other tissues using 
standard fish necropsy 
techniques to asses gross, 
cellular, and molecular damage 
to fish. Furthermore, determine 
stress effects on fish using 
appropriate stress measures 
(e.g., hormone levels). Do for 
representative species. 

Provide insight into how the sounds 
affect fish, even when there is no 
immediate mortality 

The only comparable data are 
from blasts, which suggests 
significantly different effects 
depending on fish size and 
species. 

Direct measure of potential 
long-term damage to fishes. 

Effects of pile 
driving on hearing 
capabilities 

Determine temporary threshold 
shifts and permanent threshold 
shifts  on representative species. 

Provide insight into hearing loss and 
possible recovery as a result of 
different sound levels and sound 
types 

No studies of this type have 
been done using pile-driving 
sounds 

Data that will help 
understand the sound levels 
and other parameters that 
could result in the loss of the 
ability of different species 
types to detect sounds, and 
thus detect biologically critical 
signals 

Effects of pile 
driving on fish 
eggs and larvae 

Determine mortality, growth 
rates, and pathological changes 
in developing fishes of 
representative species with 
exposure at different times 
during the development cycle 

Since eggs and larvae do not move 
from the sites of spawning, 
determine if long-term pile driving 
could affect fish populations 

No studies done on any fish 
system are relevant to this 
investigation 

If fish spawn in the vicinity of 
pile driving sites, or cannot 
be kept from spawning 
during pile driving operations, 
effects on eggs and larvae 
could be considerable 
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Project Title Project Objectives Significance Relationship to Other Studies 
Relationship to Pile Driving 

Needs 
Behavioral 
responses of fish 
to pile driving 

Observe, in large-scale cages, 
the short-term behavioral 
responses of representative 
species to pile driving sounds. 
Do fish attempt to swim from the 
source? Do they react to the 
sounds? Do they “freeze” in 
place? 

In knowing behavioral responses, it 
may be possible to predict which 
species would remain in an area of 
pile driving vs. species that could be 
expected to leave the area after the 
initial pile driving activity. 

None have been done to 
date. 

This may help limit the 
number of species that would 
need to be “protected.” 

Long-term 
behavioral effects 
of pile driving on 
fish 

Attempt to do field studies that 
would provide insight into 
movement patterns of fishes and 
normal behaviors and how these 
might be affected, in the long-
term, by the presence of 
continuous pile driving. 

While there may be few or no 
apparent effects on immediate 
behavior (e.g., rapid swimming), 
physiology (e.g., hearing, effects on 
other organs), or mortality, there 
may be longer-term behavioral 
effects such as those from continual 
sounds from pile driving preventing 
fish from reaching breeding sites, 
finding food, hearing and finding 
mates, etc. This could result in long-
term effects on reproduction and 
population survival. 

None have been done to 
date. 

Pile driving may not have an 
immediate impact on fishes, 
but continual pile driving may 
have longer-term effects that 
could significantly alter fish 
populations in the areas in 
which pile driving takes 
place. 

Effects of pile 
driving on the ear 
and lateral line 

Determine morphological 
changes over time for 
representative species on 
sensory cells of the ear and 
lateral line, and whether such 
changes are reversible 

If there is loss of sensory cells there 
is a loss in hearing ability or the 
ability of the lateral line to be used in 
hydrodynamic reception. If there is 
recovery of these cells, fishes may 
be able to survive (assuming they 
did not die prior to recovery). 

A few studies suggest that 
exposure to high sound 
pressure levels will affect the 
sensory cells of the ear, but 
almost nothing is known 
about the lateral line. 
However, no studies were 
done with sounds comparable 
to those from pile driving 

Loss of hearing capabilities, 
even for a short period of 
time, could dramatically affect 
survival of fishes. 

Effects of multiple 
pile driving 
exposures on fish 

For the appropriate experiments 
cited above, determine effects of 
multiple exposures, over time, of 
pile driving 

Some fishes may stay in the pile 
driving area, or go between areas 
that have different time tables for pile 
driving. Thus, there may be multiple 
exposures over time 

No data in the literature. If fish remain in an area over 
time, there may be 
cumulative effects that need 
to be understood 

Source: Hastings and Popper 2005 
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10.6 Water Quality 

There is still much work to be done to understand the impacts of suspended sediment and 

turbidity on potentially covered species.  Most of the reviewed literature discussed impacts 

only with respect to salmonid species.  Many of the studies were conducted in the 

laboratory in the absence of complex interactions that occur in natural systems.  While the 

laboratory work is useful for describing interactions around which a study has been 

designed, additional field data would help to verify laboratory‐derived conclusions.  In 

addition, many data gaps identified by Bash et al. (2001) still appear to be gaps.  For 

instance, a lack of background water quality data for most waters in Washington, exposure 

thresholds for sublethal effects, the effects of short‐term sediment pulses, species responses 

to varying sediment particle sizes and shapes, the effect of fine sediment deposition on 

hyporheic mechanisms, and how these affect habitat quality and quantity.  This information 

would help in estimating the potential impacts of aquatic projects by providing a more 

comprehensive impact analysis in the context of existing conditions and species response 

thresholds to suspended sediment exposure. 

 

Similarly, many data gaps exist with respect to the potential for treated wood applied to 

aquatic settings to impact potentially covered species.  Little work has been done to evaluate 

the potential impacts of treated wood applications in large projects on water quality and 

sediment and dose responses of potentially covered species to PAH and metals 

concentrations in water and sediment (Poston 2001).  Poston (2001) reported a lack of 

knowledge on bioaccumulation and pathways of exposure of potentially covered species to 

PAHs and metals, as well as microbial and physical degradation processes of PAHs and 

metals.  These processes are still not well described in the literature.  Recent work has called 

into question the reduction in PAH leaching rates achieved by current BMPs for creosote 

treatment (Poston 2001).  This information would allow for better estimates of take. 

 

10.7 Channel Hydraulics 

Relatively few studies specifically address questions about the effects of overwater 

structures on potentially covered species other than salmonids.  Instead, this white paper 

relies on studies that address water crossing effects on habitat features, such as scour or 

sediment composition, and on studies that address the effects of changes in habitat features 

on potentially covered species.  We have high confidence that this approach suffices to 



Data Gaps 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  10‐9   December 2006 

identify potential impacts on potentially covered species, although there are few case 

studies demonstrating quantitative impacts on animals or their habitat.  The existing studies 

are often of limited use because they focus on “legacy” effects, i.e., impacts that occurred 

because of practices that are rarely, if ever, authorized under current regulations. 

 

Nearly all studies that specifically look at impacts to potentially covered species address 

only impacts on salmonids listed under the ESA (i.e., Pacific salmon and bull trout).  Some 

studies address effects on resident salmonids, sturgeon, lamprey, or mussels, but the 

literature is largely barren for all other potentially covered species.  For many potentially 

covered species, the literature does not provide sufficient information to estimate how a 

given alteration in physical habitat might affect the species, because their life histories and 

habitat requirements are imperfectly understood.  For such species, which include most 

potentially covered warm‐water fish and invertebrate species (except mussels), this lack of 

information makes it difficult to estimate take potential. 

 

10.8 Littoral Drift 

Littoral drift cells can change over time with natural and human‐caused alterations in 

shoreline configuration, sediment sources, and other variables.  Mapped shoreline sediment 

sources and the location and direction of littoral currents and drift cells should be updated 

periodically to help users avoid adversely affecting important aquatic habitat characteristics 

and the potentially covered species that depend on them.  

 

10.9 Substrate Modifications 

The literature on substrate modifications is limited.  Most studies of substrate changes have 

examined changes in a hydraulically active environment, which in this white paper is 

treated in Sections 7.7 and 7.8 on channel hydraulics and littoral drift.  Hydraulically passive 

environments are mainly deep marine and deep lake environments, where substrates are 

seldom altered except by point and linear structures such as pilings.  Relevant studies focus 

on the marine environment.  No data were identified as applicable to lake environments, 

where the potentially covered species include sturgeon and, to a lesser degree, suckers and 

mature salmonids.  Conducting interviews and reviewing agency documents might provide 

further detail on the impacts of structures in hydraulically passive environments, but seems 

impracticable in view of the small risk of incidental take associated with such structures. 
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10.10 Channel Dewatering 

No data that would allow quantification of the amount of habitat lost due to placement of 

footings located below the OHWL or MLLW associated with piers or ramps or temporarily 

disturbed each year as a result of the construction of overwater structures were identified.  

Such data would make it possible to improve estimates of take and cumulative impacts. 

 

Relatively few studies have directly compared the susceptibility of different species to 

electrofishing‐induced spinal injuries and muscular hemorrhages, especially within or 

among non‐salmonids, including potentially covered species.  However, injury frequencies 

reported for specific species are highly variable among and often within investigations and 

sometimes appear to be contradictory.  Differences in rates and degree of injury, especially 

between investigations, are often difficult to attribute to species, fish size, fish condition, 

environment (including water conductivity and temperature), field intensity, or other 

current or field characteristics.  Still, most existing data support Salmonidae as the fish taxon 

most susceptible to electrofishing injury (Snyder 2003). 

 

10.11 Artificial Light 

Extensive gaps exist in our understanding of how artificial light impacts aquatic organisms.  

As discussed in Section 7.11, impacts to fish resulting from artificial light are often related to 

changes in nighttime behaviors such as migration, activity, location (Nightingale and 

Simenstad 2001b), and potentially schooling behavior in juvenile salmonids (Ali 1959, 1962, 

in Simenstad et al. 1999).  Further studies on the qualitative effects of predator/prey 

relationships associated with artificial light, and investigations focused on the consequences 

of behavioral changes in aquatic organisms in a natural environment, are necessary to better 

understand the impacts associated with nighttime artificial light. 

 

10.12 Vessel Activities 

Relatively little is known about the potential impacts of vessel activities on potentially 

covered species.  Although some work has been done with respect to turbidity, much of the 

research to date has focused on freshwater environments.  More work is needed with 

respect to impacts of smaller vessels on turbidity in estuarine and marine environments.  

Much work is also needed to assess the noise impacts of small vessels operating at varying 

speeds, so that noise levels specific to conditions created by a particular project can be 
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estimated.  Similarly, potential impacts of small vessels on eelgrass and aquatic vegetation 

are not well known, and more work is needed to support impacts to these resources.  Haas 

et al. (2002) recommends determining thresholds of disturbance for epibenthic communities 

affected by varying degrees of vessel activity. No literature was identified describing the 

potential impacts of vessel activities with respect to artificial light.  
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11 HABITAT PROTECTION, CONSERVATION, MITIGATION, AND MANAGEMENT 
STRATEGIES 

If the impacts described in Section 7 occur within habitat used by a potentially covered species, 

the result may be incidental take of aquatic animals through either physical harm to the animals 

or reduced capacity of the habitat to serve essential life functions, such as reproduction, 

foraging, and migration.  The ESA requires that such impacts be avoided or, if unavoidable, 

minimized to the maximum extent practicable.  This analysis assumes that all overwater 

structures and non‐structural piling are conditioned under the HPA authority in accordance 

with the Hydraulic Code rules (WAC 220‐110) and other local, state, and federal regulations.  

Additional measures for further avoiding or minimizing the risk of incidental take are identified 

below.  These measures include one that was not specified in any of the documents reviewed 

for this white paper:  modifying in‐water work windows to be protective of spawning and 

incubation by any potentially covered species that could be present in the area affected by a 

proposed project. 

 

11.1 Shading 

Nightingale and Simenstad (2001b), Carrasquero (2001), and Thom et al. (1995, in Haas et al. 

2002) provide impact minimization measures for the design, construction, and revetment of 

a variety of overwater structures.  WDFW might want to consider following the guidance 

provided by these authors, such as: 

• Increasing the height of overwater structures to allow light transmission under the 

structures  

• Decreasing structure width to decrease the shade footprint  

• Aligning the structure in a north‐south orientation to allow the arc of the sun to cross 

perpendicular to the structure, which reduces the duration of light limitation each 

day 

• Using the smallest number of pilings possible, allowing more light beneath the 

structure   

• Using grated surfaces or including openings in the deck surface to pass light, as 

opposed to prisms.  Gayaldo and Nelson (2006) found that grating (with 37 to 58 

percent open space) transmits 10 times more light under piers than do acrylic 

prisms.  In addition, light that passes through open grating penetrates the water 

evenly under the pier, whereas light transmitted though prisms concentrates beams 
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of light that do not always reach the water surface.  The U.S. Army Corps of 

Engineers Regional General Permit for residential overwater structures in inland 

marine waters within Washington State (USACE 2005) requires ramps to be grated, 

and floats are required to have grating account for a minimum of 30 percent of the 

surface area; the grating must have 60 percent open area and be oriented to 

maximize light penetration (USACE 2005).  Additionally the Regional General 

Permit for residential overwater structures in inland marine waters prohibits pier 

widths greater than 6 feet, float widths greater than 8 feet and lengths greater than 

20 feet, and the construction of new or the modification of existing fingers, “ells,” 

and T structures onto floats (USACE 2005). 

 

Southard et al. (2006) provides additional recommendations on minimization measures 

specific to shading impacts on juvenile salmonids, and Kahler et al. (2000) provides 

recommendations for lakes, as outlined below:  

• To minimize the shade‐related impacts to migrating juvenile salmonids created by 

ferry terminals, overwater structures should be designed and constructed to allow 

incidental light to penetrate as far under as possible, while still providing the 

necessary capacity and safety considerations necessary to support their intended 

function. The physical design (e.g., dock height and width, dock orientation, 

construction design materials, piling type and number) will influence whether the 

shadow cast on the nearshore covers a sufficient area and level of darkness to 

constitute an impediment. Construction of closely spaced terminal structures should 

be avoided to minimize the potential cumulative impacts of multiple overwater 

structures on juvenile salmonid migration (Nightingale and Simenstad 2001b).  

• Experiment with technologies and designs that can soften the light‐dark edge to 

minimize potential temporary inhibition of movement.  

• The incorporation of light‐enhancing technologies in the design of overwater 

structures is likely to maintain light levels under overwater structures greater than 

what is required by juvenile salmonids for feeding and schooling (i.e., estimated at 

between 0.0001 and 1 foot‐candles, depending on age and species). To encourage 

daytime movement under terminals and other overwater structures, it would be 

beneficial to decrease the dark‐edge effect as much as possible. Providing even a 

small amount of light in a regular pattern under a dock may encourage fish to swim 
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underneath. Natural lighting for fish could also be enhanced if the underside of the 

dock were reflective.  

• Continued research is needed to improve our understanding of the relationship 

between overwater structures and the behavior of migrating juvenile salmonids. 

Acoustic tagging‐tracking technology should be further used to address the data 

gaps in our knowledge.  

• Fish feeding behavior during temporary delays of movement should be investigated. 

If prey resources and refuge habitat are adequate, fish may benefit from holding in 

an area adjacent to a terminal.  

 

Kahler et al. (2000) recommends the following measures to mitigate or avoid the undesirable 

impacts of overwater structures on salmonids in lakes: 

• No net increase in overwater coverage should occur in the Lake Washington system 

— permits for new construction should be contingent on permits for replacement 

structures.  Only replacement structures that demonstrate a reduction in overwater 

coverage should be permitted. The amount of overwater coverage eliminated from 

the replacement pier could be held in a “surface area mitigation bank,” which new 

piers would have to draw from. Gradually lower the total net coverage over local 

lakes. 

• All piers, both new and replacement structures, should be restricted to a 3.5‐foot‐

wide cantilever bridge that spans the nearshore area to a narrow moorage structure 

of the minimum size necessary to moor the applicant’s boat. 

• Cantilever bridge structures should be grated and as high off the water as 

practicable, and moorage structures should be no less than 24 inches above OHWL. 

Floating structures should have maximum light penetration and be removed 

annually after boating season. 

• Prisms and grating should be studied to determine their efficacy at providing 

sufficient ambient light for macrophyte production under piers. The best products 

should be utilized in all new or replacement overwater structures to minimize losses 

of primary productivity. 
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11.2 Littoral Vegetation  

Mitigation of impacts to littoral vegetation is best achieved through avoidance.  If overwater 

structures are designed and located so that they do not reduce available light below 

approximately 325 μM/m2/sec, then eelgrass impacts may be avoidable (Thom et al. 1996, in 

Simenstad et al. 1999).  Where projects result in a direct loss of eelgrass during in‐water 

construction, revegetation can be achieved through natural regrowth or transplanting 

(Thom et al. 2001); however, transplanting eelgrass is not always successful and the science 

is still developing.  For one project in the San Juan Islands, post‐disturbance monitoring of 

eelgrass beds indicates that where substrate, depth, light availability, and currents are 

suitable and adjacent eelgrass remains intact, natural revegetation can recolonize disturbed 

areas at a rate of greater than 1 foot per year (Jones and Stokes 2005). 

 

In Washington, transplanting has been used with some success to revegetate eelgrass beds, 

although a review of eelgrass restoration projects concluded that eelgrass restoration is 

“possible, with difficulty” (Thom et al. 2001).  New eelgrass beds can be established where 

conditions that prevent eelgrass from growing (e.g., shade, depth, substrate, or current 

velocity) are remedied (Thom et al. 2001). 

 

Where conditions are suitable for eelgrass growth, impacts of overwater structures should 

be avoided or minimized by use of the following measures: 

• Avoid impacts by locating structures away from eelgrass beds whenever possible. 

• Minimize the area of impact by using the best available installation methods. 

• Minimize shading by using the lowest possible number of pilings. 

• Space pilings to minimize shade to areas suitable for eelgrass.  

• Minimize dimensions of the structure to reduce shade. 

• Incorporate design elements such as grated decks or deck openings to reduce shade.  

• Whenever possible, orient structures to reduce the shade in habitat that is otherwise 

appropriate for eelgrass growth (e.g., structures oriented east‐west cast a shadow on 

a single area for a longer period of the day than do structures oriented north‐south).   

• Locate the structure as high above the water as practical to reduce shade. 

• Encourage shared‐use docks to minimize cumulative impacts. 

• Remove floats during off season and store at an upland location. 



Habitat Protection, Conservation, Mitigation, and Management Strategies 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  11‐5   December 2006 

• Avoid vessel impacts to eelgrass by maximizing the vertical and horizontal distance 

between vessel propellers and eelgrass to the extent practicable, maintaining a 

minimum clearance of 1 foot below the propeller.  

 

Adopting these measures would likely result in avoidance and minimization of eelgrass and 

macroalgae impacts to the greatest extent practicable.  However, it is likely that some 

projects would still require compensatory mitigation to completely offset temporal loss of 

eelgrass function and site‐specific and cumulative impacts on eelgrass. 

 

11.3 Freshwater Aquatic Vegetation 

Mitigation of impacts to aquatic vegetation should focus on ecosystem functions (Hruby et 

al. 1999).  Although all non‐noxious aquatic plants are considered beneficial, replacement of 

vegetation lost or disturbed during project installation may be less beneficial than other 

ecosystem renovation methods, depending on the plant coverage, density, species, and 

setting involved.  For example, guidance on assessing the functions and values of riverine 

flow through wetlands in Western Washington (Hruby et al. 1999) does not include aquatic 

vegetation as a variable in evaluating the functions and values to anadromous or resident 

fish.  Likewise, the matrices of ecosystem functions and pathways for making ESA 

determinations of effect at the watershed scale (NMFS 1996; USFWS 1998) do not include 

aquatic vegetation as an indicator of ecosystem function.  However, this is partly because 

both of these evaluation systems are largely designed to address salmonid habitat 

requirements; re‐evaluation is warranted for many potentially covered species having a 

stronger dependence on freshwater aquatic vegetation (e.g., Olympic mudminnow or 

California floater).  In many settings, aquatic vegetation can recolonize through natural 

seeding and vegetative growth if conditions are suitable.  Depth, substrate, shade, and 

competition among plant species are all factors that determine which species of plants 

colonize and survive (Chambers et al. 1999).  

 

Using the functional approach to assessing potential impacts to aquatic vegetation (Hruby et 

al. 1999), which is an important habitat component for many of the potentially covered 

species (e.g., Olympic mudminnow and California floater), and determining appropriate 

mitigation for the loss of freshwater aquatic vegetation are likely to result in minimal 

potential for incidental take related to aquatic vegetation loss.  
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11.4 Riparian and Shoreline Vegetation 

The following measures could help avoid and minimize incidental take arising from impacts 

to riparian and shoreline vegetation:  

• Prepare revegetation plans for projects that temporarily disturb vegetation during 

construction.  The revegetation plans should identify areas to be replanted with 

native riparian vegetation when construction is complete.  Replanted vegetation 

should be monitored for a three‐year period, and the project proponent should be 

required to ensure 100 percent survival of all plantings (considered viable and 

healthy) at the end of one year and 80 percent survival of all plantings (considered 

viable and healthy) by the end of the three‐year monitoring period.  These 

recommendations are based on provisions in WAC 220‐110 and on general 

conditions provided by the Corps, NMFS, and USFWS for Corps ESA Section 7 

programmatic consultations.   

• Submit monitoring reports to WDFW as part of the revegetation plan.  Similar to the 

requirement of the Corps for ESA Section 7 individual and programmatic 

consultations, two monitoring reports should be required, one to be submitted one 

year after project completion and the other to be submitted three or five years after 

project completion.  The monitoring reports must include information on the 

percentage of plants replaced, by species and achieve specific performance standards 

related to survival rates (i.e., 100 percent at the end of year one and 80 percent at the 

end of the monitoring period).  Monitoring reports should also state the cause of any 

plant failure, a provision generally required by the Corps, NMFS, and USFWS for 

Corps ESA Section 7 programmatic consultations.   

• Recommend that vegetation (specifically large trees and root wads) removed for the 

project be saved for later use in restoration efforts.  This condition has often been 

required in recent individual and programmatic Section 7 consultations.  Even if the 

material is not specifically useful for the permitted action, a WDFW area habitat 

biologist will generally know of ongoing or pending restoration projects in need of 

LWD and root wads. 

• To the extent practicable, do not permit removal or disturbance of riparian 

vegetation in areas with high erosion hazard (Knutson and Naef 1997).  If such 

removal or disturbance is permitted, require replanting with native riparian 

vegetation or other appropriate erosion control measures. 
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• Require performance bonds for projects disturbing large areas of riparian vegetation. 

• Projects that require extensive in‐water work, which may require extensive access 

and which have high‐quality riparian habitat, should have work performed entirely 

within the wetted channel to avoid impacts to riparian vegetation.  The short‐term 

impact to a stream channel may be of less consequence than the long‐term impact 

that may be incurred to riparian vegetation, due to the respective rate of recovery. 

 

Brennan and Culverwell (2004) recommend the following for consideration as part of any 

coastal management strategy and development of shoreline regulations associated with 

marine riparian habitat: 

• Use the precautionary principle: “Do No Further Harm” — Preventing additional 

losses is both critical and cost‐effective. Once riparian functions are lost, they are 

difficult and expensive to restore, if restoration is possible at all.  

• Fill data gaps — The lack of empirical data for Northwest coastal ecosystems and 

limited recognition of riparian functions have led to poor management practices and 

protection standards for coastal resources. Research and documentation are critical 

to establish a scientific foundation for creating adequate policies and practices for 

protection and restoration.  

• Establish appropriate buffers and setbacks — Buffers and setbacks are essential, 

functional, and cost‐effective tools for preserving important processes and functions, 

preventing environmental degradation, and protecting valuable coastal resources.  

• Maintain and/or restore riparian vegetation for human health and safety — 

Flooding, storm, and erosion hazards are common problems in coastal areas and 

become a greater threat when shoreline development does not consider the functions 

and values of maintaining riparian vegetation buffers. 

• Identify, evaluate, and incorporate multiple functions into a management strategy — 

Any management strategy should be based on maintaining all natural processes and 

functions, determined by an evaluation of the specific requirements for maintaining 

individual and collective functions over space and time (e.g., LWD recruitment; life 

history requirements of multiple species of fishes and wildlife).  

• Use a multidisciplinary approach in developing riparian management zones — 

Experts in a wide range of natural sciences should collaborate on an integrated and 

multidisciplinary assessment.  
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• Maintain and/or restore riparian vegetation for pollution abatement and soil stability 

— Vegetative buffers would likely be of benefit by reducing contaminants in runoff 

and reducing costly reactionary measures to clean up waterways.  

• Maintain and/or restore riparian vegetation for fish and wildlife — It is clear that as 

vegetation is eliminated, the food supply, and thus the carrying capacity of the 

coastal ecosystem, is reduced. 

• Protect marine riparian areas from loss and degradation — Riparian areas provide a 

wide range of functions that are beneficial to humans, fish, and wildlife. Every effort 

should be made to preserve remaining marine riparian areas from further 

degradation, fragmentation, and loss. 

• Increase public education and outreach — It is critical that decision makers and the 

general public be educated about the outcomes of their actions, especially those who 

have the greatest influence on outcomes (i.e., those who live, work, and play along 

our shorelines). 

• Develop and implement conservation programs — Use ecological principles to guide 

actions and incorporate multiple functions and processes in developing goals and 

objectives for conservation actions.  

• Develop incentives for conservation programs — Land acquisition, tax incentives, 

regulatory incentives, and other measures have been used and should be considered 

in the development of conservation programs. 

 

11.5 Noise 

Several noise reduction devices have been developed for pile driving, including air bubble 

curtains, fabric barriers, pile caps, and cofferdams.  Air bubble curtains infuse the area 

surrounding the pile with air bubbles, creating a bubble screen that reduces peak 

underwater sound pressure levels.  Results on the effectiveness of bubble curtains for 

reducing sound pressure waves vary and range from 0 dBRMS to 30 dB (neither peak nor 

RMS identified) (Reyff et al. 2003, Vagle 2003, both in WSDOT 2006a).  Proper design and 

implementation of a bubble curtain are key factors in the effectiveness of this strategy 

(WSDOT 2006a).  Based on the literature, NMFS and USFWS usually assume there will be a 

15 dBpeak and RMS reduction in sound levels when using a bubble curtain (WSDOT 2006a).  

For steel piling 14 inches or less in diameter, as well as concrete and wooden piling, such a 
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reduction would reduce noise levels to below injury thresholds established by NMFS and 

USFWS (as described in Section 7) at a distance of 33 feet (10 meters).   

 

Fabric barriers and cofferdams are also used to attenuate sound levels from pile driving by 

creating another interface through which sound travels.  The concept is similar to that 

behind the use of bubble curtains (WSDOT 2006a). 

 

Pile caps have also been shown to effectively reduce underwater sound levels.  Laughlin 

(2006) reduced sound levels by 27 dB with a wood pile cap when driving a 12‐inch‐diameter 

steel pile, which would reduce noise levels to below those established for injury (at 33 feet 

[10 meters]) by NMFS and USFWS.  Conbest, Micarta, and Nylon pile caps have also been 

shown to reduce sound levels (Laughlin 2006). 

 

Under certain conditions, a vibratory hammer can be used to reduce noise impacts.  

Vibratory hammers vibrate the pile into the sediment by oscillating the pile into the 

substrate.  The vibratory action of this hammer causes the sediment surrounding the pile to 

liquefy so that the pile can be driven (WSDOT 2006a).  Peak sound levels for vibratory 

hammers can exceed 180 dB; however, the sound from these hammers has a relatively slow 

rise, produces sound energy that is spread out over time, and is generally 10 to 20 dB lower 

than pile driving using an impact hammer (WSDOT 2006a).  However, it is frequently 

necessary to proof a piling driven with a vibratory hammer with an impact hammer to 

ensure the integrity of the piling. 

 

In addition to the prevention measures discussed above, construction activities should be 

timed to occur when sensitive life stages (e.g., spawning, incubation, emergence) of 

potentially covered species are less likely to be present (NMFS 2003a). 

 

11.6 Water Quality 

The following mitigation measures regarding suspended sediment are based on those 

proposed by Bash et al. (2001): 

• Prior to project construction, determine suspended sediment concentrations and 

collect information on particle size and shape as indicators of the nature of existing 

turbidity. 
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• When evaluating cumulative impacts from turbidity, consider information from 

existing assessments of watershed condition to account for point and nonpoint 

source pollution loads from watershed sources other than the project, as well as 

legacy impacts of the system.  

• Once existing turbidity and sources have been determined, WDFW may be able to 

establish allowable/acceptable increases to background turbidity associated with 

project‐related activities, similar to those established in the Implementing 

Agreement between the Washington State Department of Transportation (WSDOT) 

and Ecology (WSDOT and Ecology1998), which states that: 
All work in or near the water, and water discharged from the site shall 

meet the Stateʹs Water Quality Standards, WAC 173‐201A. A mixing 

zone for turbidity is authorized within WAC 173.201A‐030 during and 

immediately after necessary in‐water or shoreline construction 

activities that result in the disturbance of in‐place sediments.  Use of a 

turbidity mixing zone is intended for brief periods of time (such as a 

few hours or days) and is not an authorization to exceed the turbidity 

standard for the entire duration of the construction. Use of the mixing 

zone is subject to the constraints of WAC 173‐201A‐100(4) and (6), 

requiring an applicant have supporting information that indicates the 

use of the mixing zone shall not result in the loss of sensitive or 

important habitat, substantially interfere with the existing or 

characteristic uses of the water body, result in damage to the 

ecosystem, or adversely affect public health. The mixing zone is 

authorized only after the activity has received all other necessary local 

and state permits and approvals, and after the implementation of 

appropriate best management practices to avoid or minimize 

disturbance of in‐place sediments and exceedances of the turbidity 

criteria. Within the mixing zone, the turbidity standard is waived, and 

all other applicable water quality standards shall remain in effect. The 

mixing zone is defined as follows: 

1) For waters up to 10 cfs [cubic feet per second] flow at time of 

construction, the point of compliance shall be 100‐feet downstream of 

project activities. 
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2) For waters above 10 cfs up to 100 cfs flow at time of construction, the 

point of compliance shall be 200‐feet downstream of project activities. 

3) For waters above 100 cfs flow at the time of construction, the point 

of compliance shall be 300 feet downstream of project activities. 

4) For projects working within or along lakes, ponds, wetlands, 

estuaries, marine waters or other non‐flowing waters, the point of 

compliance shall be at a radius of 150‐feet from the activity causing the 

turbidity exceedance.  

• Set stockpile areas back from the bank and include erosion prevention BMPs, such as 

silt fencing and tarp covers. 

 

Many of the following mitigation measures regarding aquatic applications of treated wood 

are based on those suggested by Poston (2001). 

• Use alternative materials such as metal, concrete, or composites, or for temporary 

projects use untreated wood. 

• If possible, install immersed treated wood products when potentially covered 

species are not present near the site.  This measure is based on information on 

rapidly diminishing leaching rates reported by Poston (2001). 

• Pre‐soak treated wood in confined water to reduce impacts by capturing the initial 

surge of most concentrated leachate, particularly in the case of ACZA‐ and CCA 

Type C‐treated products, for which leaching rates appear to drop dramatically after 

a few days.   

• Phase and stagger the installation of ACZA‐ and CCA Type C‐treated structures by a 

few weeks or more, which may dramatically reduce the concentration of leached 

metals in surrounding water and the instantaneous extent of the area of impact.  This 

measure is based on information on rapidly diminishing leaching rates reported by 

Poston (2001). 

• Use semi‐transparent, water‐repellent stain, latex paint, or oil‐based paint on above‐

water portions of treated wood structures, which may reduce leaching of arsenic, 

chromium, and copper into stormwater generated by that portion of the structure 

(Lebow et al. 2004). 
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Adopting these measures would greatly reduce, and in some cases eliminate, the risk of 

incidental take due to water quality impairments. 

 

11.7 Channel Hydraulics 

It is difficult to programmatically quantify the risk of incidental take attributable to any 

structure that modifies a stream channel because of the great variety of site‐specific factors 

at work.  However, the review performed for this white paper indicates that habitat impacts 

are approximately defined by the area of habitat affected, the number of species affected, 

and the importance of the habitat to each species. 

 

The area of habitat affected is the area of habitat destruction, which can be determined from 

project plans, plus the area of habitat subject to embedding, scour, or deposition, which can 

be determined via hydraulic modeling of the structure using a common sediment transport 

model (appropriate models are described by Miller et al. 2001). 

 

The number of species affected can be determined at the site scale via surveys or from an 

inventory database, such as the Streamnet database, the Priority Habitats and Species 

database, the distribution maps developed for the WDNR Aquatic Lands HCP effort, or the 

Forest Practices HCP.  For certain species, these resources identify species use as well as 

presence, e.g., spawning, migration, or rearing habitat. 

 

The importance of a habitat can be estimated by the principle of limiting factors: The 

resource that is most limiting to a population’s growth will be the principal control on that 

population.  For example, if the fish in a given stream are most limited by insufficient 

spawning habitat, then a project that destroys spawning habitat will result in greater harm 

than one that destroys an equivalent area of foraging habitat.  Baseline data on limiting 

factors for some species are available from watershed councils and have been prepared for 

most WRIAs that contain habitat accessible to anadromous salmonids; a current inventory 

and summaries of limiting factors are available from the Washington State Conservation 

Commission website at http://salmon.scc.wa.gov.  However, these summaries are rarely 

informative enough to make a determination about which habitat elements are directly 

limiting for fish production.  For salmonids, quantitative analysis has estimated limiting 



Habitat Protection, Conservation, Mitigation, and Management Strategies 

Overwater Structures and Non‐Structural Piling    Washington Department of Fish and Wildlife  
White Paper  11‐13   December 2006 

factors for most streams in Washington using the Ecosystem Diagnosis and Treatment 

model; further information is available at http://www.mobrand.com/edt/. 

 

Additional measures that could minimize impacts from artificial structures include finding 

an alternative to building the structure; siting the structure as far as possible outside of the 

active channel; minimizing the structure’s footprint; and generally designing the structure 

to have the least possible effect on channel hydraulics (Bates 2003).   

 

WDFW could consider requiring that HPAs for any structure that will place fill within the 

OHWL include a hydraulic model of probable structure effects on sediment transport and 

channel hydraulics to ensure that impacts such as scour, deposition, and embedding due to 

fine sediment deposition are avoided or minimized to a quantitatively ascertainable degree.  

Such a requirement would ensure that effects of the structure on the channel, and by 

extension on potentially covered species, are as well understood as practicable.  The results 

of such studies can be summarized to provide an indicator of the quantitative impact of 

authorized projects on channel hydraulics.  Such results would be useful in estimating 

cumulative impacts of the HPA program, incidental take, and identifying appropriate 

compensatory mitigation measures. 

 

11.8 Littoral Drift 

Impacts to littoral drift can be avoided or minimized by avoiding or reducing those features 

that interfere with littoral transport processes (see Section 7.8) through the following 

measures:   

• Design pile‐supported structures with maximum open space between pilings to 

allow waves, currents, and sediment to pass beneath (MOEE 1995).  

• Minimize certain impacts from floating structures placed perpendicular to 

shorelines, which dampen wave action and prohibit natural shoreline erosional 

processes, by minimizing the dimensions of these types of structures. 

• Utilize floating breakwaters or ramps in place of breakwater walls to reduce effects 

on littoral drift (Nightingale and Simenstad 2001b). 

• Do not allow floats to ground at low tide. 
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The effects of these measures are site‐specific, and thorough study of the littoral drift cell 

and potential habitat affected should be conducted on projects that could affect the system’s 

littoral currents and wave action.  Avoiding or minimizing alterations in littoral processes 

would allow shoreline sediment conditions to change at the scales and rates that match 

those that potentially covered species have evolved to adapt to, minimizing the potential for 

incidental take through alterations in shoreline substrate distribution and consistency. 

 

11.9 Substrate Modifications 

In the nearshore environment, where overwater structures alter the benthic environment via 

shellhash deposition and establishment of invertebrate communities on pilings, use of fewer 

and more widely spaced pilings will help to reduce sea star and crab bioturbation of the 

benthos (Thom et al. 1995, in Haas et al. 2002). 

 

Prohibiting overwater structures from grounding out during low tide events will avoid 

potential impacts such as affecting aquatic organisms by directly crushing the organisms or 

changing the character of the substrate.  The U.S. Army Corps of Engineers prohibits the 

grounding of floats on tidal substrates at any time in their Regional General Permit No. 6 

(USACE 2005).   

 

11.10 Channel Dewatering 

The following actions could be taken to minimize the impacts of channel dewatering on 

potentially covered species: 

• Adopt guidance/protocols for fish removal and exclusion.  Specifically, this refers to 

guidance/protocols for fish capture (including seining and electrofishing), fish 

handling, and reporting on the number and types of fish captured, fish injured, 

injuries observed, and mortality. An example protocol is provided by WSDOT 

(WSDOT 2006b). 

• Develop guidelines for channel dewatering and stream bypasses.  Adopt a protocol 

for review/approval of proposed dewatering and stream bypass plans. 

• Define the qualifications of a “qualified fish biologist” or “qualified personnel” who 

can perform fish capture and handling activities or develop an appropriate training 

or qualification process for biologists.  In addition, maintain a list of qualified fish 

biologists who can perform fish removal and exclusion activities.   
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• Initiate volitional fish removal activities before isolating and dewatering the work 

area and have qualified fish biologists present to oversee the fish removal activities.  

 

In addition, Snyder (2003) recommends the following measures to minimize the harmful 

effects of electrofishing on fish: 

• Use the lowest power output that still provides for effective electrofishing 

(sufficiently large field for taxis and narcosis).   

• Use the least damaging current available (direct current; do not use alternating 

current).  However, the occurrence of brands (i.e., burn‐type marks caused by 

electrofishing) and extended tetany (tonic spasm of muscles) indicates harmful 

effects are still a problem, even when using currents designed to be less harmful. 

• Use spherical electrodes and vary the number and size of spheres according to water 

conductivity and desired size and intensity of the field.  Personal communications 

cited in Snyder (2003) suggest that while spherical electrodes are theoretically 

superior to cables, no significant difference in catch rate or the incidence of brands 

was observed between the two; that spherical anodes and cable cathodes appear to 

be the best combination; and that anodes should be kept high in the water to draw 

fish to the surface, where they can be easily netted. 

• Minimize exposure to the field and specimen handling by rapidly netting fish before 

they get too close to the anode and quickly, but gently, placing them in oxygenated 

holding water.   

• Change the holding water frequently to ensure adequate dissolved oxygen and to 

avoid excessive temperatures on hot days; process the fish frequently to reduce 

crowding. 

 

11.11 Artificial Light 

Kahler et al. (2000) recommends that to reduce impacts on salmonid predation, additional 

shoreline or pier lighting on lakes should not be permitted, and Tabor et al. (1998) suggests 

that reducing artificial light in the Cedar River would benefit emigrating sockeye salmon.  

Tabor et al. (1998) also observed that any reduction in artificial lighting must be balanced 

with safety and other public concerns. 
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11.12 Vessel Activities 

Issues related to vessel activities include vessel grounding in sensitive habitats (such as 

eelgrass), the effects of propeller wash, the risk of accidental spills of fuel or other 

contaminants, and the risk of introducing noxious weeds.  Vessel grounding impacts can be 

minimized by adopting WDFW’s HPA provisions that prohibit the grounding of vessels in 

areas of eelgrass, macroalgae, or forage fish spawning (e.g., “Eelgrass and kelp shall not be 

adversely impacted due to project activities [e.g., vessels shall not ground, anchors and 

spuds shall not be deployed, equipment shall not operate, and other project activities shall 

not occur in eelgrass and kelp”]).  It may also be appropriate to require construction vessel 

operation plans for larger projects or projects located in particularly sensitive habitat to 

ensure that the potential for vessel and construction activity impacts to sensitive habitats 

and species is minimized.  To reduce vessel impacts to the nearshore environment at the 

Clinton ferry terminal, Thom et al. (1995, in Haas et al. 2002) recommended constructing a 

longer deck that keeps vessels in deeper water.  HPA standard provisions should include 

provisions to clean propellers before putting boats into the water to reduce the spread of 

noxious weeds, file a spill prevention plan, and maintain the vessel on a routine basis as 

well as prior to its use on the construction site.  Residential/recreational floats should be 

sited in deeper water to reduce the potential impacts associated with propeller wash. 
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APPENDIX A 
 

STANDARD HPA PROVISIONS 



Chapter Listing  
 
 
WAC Sections 

  

220-110-060 
Construction of freshwater docks, piers, and floats and the driving or removal of piling. 

  All pier, dock, float, and piling construction projects shall incorporate mitigation measures as necessary to achieve no-net-loss of 
productive capacity of fish and shellfish habitat. The following technical provisions shall apply to freshwater dock, pier, and float 
construction projects and the driving or removal of piling: 
 
     (1) Excavation for and placement of the footings and foundation shall be landward of the ordinary high water line unless the construction 
site is separated from state waters by use of an approved dike, cofferdam, or similar structure. 
 
     (2) Alteration or disturbance of the bank and bank vegetation shall be limited to that necessary to construct the project. All disturbed 
areas shall be protected from erosion, within seven days of completion of the project, using vegetation or other means. The banks shall be 
revegetated within one year with native or other approved woody species. Vegetative cuttings shall be planted at a maximum interval of 
three feet (on center), and maintained as necessary for three years to ensure eighty percent survival. Where proposed, planting densities 
and maintenance requirements for rooted stock will be determined on a site-specific basis. The requirement to plant woody vegetation may 
be waived for areas where the potential for natural revegetation is adequate, or where other engineering or safety factors preclude them. 
 
     (3) Removal of existing or temporary structures shall be accomplished so that the structure and associated material does not reenter 
the watercourse. 
 
     (4) All piling, lumber, or other materials treated with preservatives shall be sufficiently cured to minimize leaching into the water or bed. 
The use of wood treated with creosote or pentachlorophenol is not allowed in lakes. 
 
     (5) Skirting or other structures shall not be constructed around piers, docks, or floats unless specifically approved in the HPA. 
 
     (6) Floatation for the structure shall be enclosed and contained, when necessary, to prevent the breakup or loss of the floatation 
material into the water. 
 
     (7) All work operations shall be conducted in such a manner that causes little or no siltation to adjacent areas. If at any time, fish are 
observed in distress, a fish kill occurs, or water quality problems develop as a result of a pier, dock, float, or piling project, construction 
operations shall cease and the permittee or authorized agent shall immediately contact the department. 
 
     (8) Removal of aquatic vegetation shall be limited to that necessary to gain access to construct the project. 
 
 
 
[Statutory Authority: RCW 75.08.080. 94-23-058 (Order 94-160), Â§ 220-110-060, filed 11/14/94, effective 12/15/94; 87-15-086 (Order 87-48), Â§ 220-110-060, filed 
7/20/87. Statutory Authority: RCW 75.20.100 and 75.08.080. 83-09-019 (Order 83-25), Â§ 220-110-060, filed 4/13/83.] 
 
 

220-110-300 
Saltwater piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings. 

  Piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated mooring projects shall incorporate mitigation measures 
as necessary to achieve no-net-loss of productive capacity of fish and shellfish habitat. The following technical provisions apply to piers, 
pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings in saltwater areas. In addition, these projects shall 
comply with technical provisions and timing restrictions in WAC 220-110-240 through 220-110-271. 
 
     (1) Floats and rafts shall not ground on surf smelt, Pacific herring, Pacific sand lance, and rock sole spawning beds. In all other areas, 
no more than twenty percent of the float or raft within the beach area shall ground at any time. Those portions of the float or raft that will 
ground shall be constructed to align parallel to the shore and provide a minimum of eight inches clearance between the beach area and 
nongrounding portions of the float. 
 
     (2) Floats, rafts, and associated anchoring systems shall be designed and deployed so that the bed is not damaged. 

 
Chapter 220-110 WAC 
Hydraulic code rules 

Last Update: 6/22/05

220-110-060 Construction of freshwater docks, piers, and floats and the driving or removal of piling. 

220-110-300 Saltwater piers, pilings, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings. 



 
     (3) Piers, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings shall be designed and located to avoid shading 
of eelgrass (Zostera spp). 
 
     (4) Kelp (Order laminariales) and intertidal wetland vascular plants (except noxious weeds) adversely impacted due to construction of 
piers, docks, floats, rafts, ramps, boathouses, and houseboats shall be replaced using proven methodology. 
 
     (5) Mitigation measures for piers, docks, floats, rafts, ramps, and associated moorings shall include, but are not limited to, restrictions 
on structure width and/or incorporation of materials that allow adequate light penetration (i.e., grating) for structures located landward of -
10.0 feet MLLW. 
 
     (6) Piers, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings shall be designed and located to avoid adverse 
impacts to Pacific herring spawning beds and rockfish and lingcod settlement and nursery areas. 
 
     (7) Piers, docks, floats, rafts, ramps, boathouses, houseboats, and associated moorings shall be designed and located to avoid adverse 
impacts to juvenile salmonid migration routes and rearing habitats. 
 
     (8) Floatation for the structure shall be fully enclosed and contained to prevent the breakup or loss of the floatation material into the 
water. 
 
     (9) Boathouses and houseboats and covered moorages shall not be located landward of -10.0 feet MLLW. 
 
 
 
[Statutory Authority: RCW 75.08.080. 94-23-058 (Order 94-160), Â§ 220-110-300, filed 11/14/94, effective 12/15/94. Statutory Authority: RCW 75.08.012, 75.08.080 
and 75.20.100. 84-04-047 (Order 84-04), Â§ 220-110-300, filed 1/30/84. Statutory Authority: RCW 75.20.100 and 75.08.080. 83-09-019 (Order 83-25), Â§ 220-110-
300, filed 4/13/83.] 
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Figure B-1
Water Resource Inventory Areas
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Figure B-2
Tidal Reference Areas0 7.5 15
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Executive Summary: Overwater Structures: 
Freshwater Issues 

Jose Carrasquero, Herrera Environmental Consultants 

As part of the process outlined in Washington's Statewide Strategy to Recover Salmon: 
Extinction is Not an Option the Washington Departments of Fish and Wildlife, Ecology, and 
Transportation were charged to develop Aquatic Habitat Guidelines employing an integrated 
approach to marine, freshwater, and riparian habitat protection and restoration. Guidelines will 
be issued, as funding allows, in a series of manuals addressing many aspects of aquatic and 
riparian habitat protection and restoration.  

This document is one of a series of white papers developed to provide a scientific and technical 
basis for developing Aquatic Habitat Guidelines. The white papers address the current 
understanding of impacts of development and land management activities on aquatic habitat, and 
potential mitigation for these impacts. 

The scope of work for each white paper requested a “comprehensive but not exhaustive” review 
of the peer-reviewed scientific literature, symposia literature, and technical (gray) literature, with 
an emphasis on the peer-reviewed literature. The reader of this report can therefore expect a 
broad review of the literature, which is current through late 2000. Several of the white papers 
also contain similar elements including the following sections: overview of the guidelines 
project, overview of the subject white paper, assessment of the state of knowledge, summary of 
existing guidance, recommendations for future guidance documents, glossary of technical terms, 
and bibliography. 

This white paper evaluates the state of knowledge of the effects of on-, in-, and over-water 
structures on the functioning of freshwater ecosystems and their relation to salmonids. Scientific 
and technical literature on the subject was compiled and examined, and input from experts on 
freshwater habitats and organism life histories was solicited and evaluated.  Effects on an array 
of organisms and communities were considered. 

In order to analyze and present the available data in a logical and easily referenced format, the 
information sources are divided into either direct or indirect mechanisms of impact, then 
categorized by the type of response observed. 

Three direct mechanisms of impact associated with over-water structures were identified: shore-
zone habitat structure changes, shading and ambient light changes, and disruption of water flow 
pattern and energy.  One indirect mechanism of impact associated with construction activities 
and ongoing operation of over-water structures was identified: physical/chemical environmental 
disruption (e.g., water quality degradation and noise).  Interrelated effects of over-water structure 
use and operation (i.e., boating activities) are also included under the discussion of this indirect 
mechanism of impact. 
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Over-water structures often induce simultaneous responses on predation, behavior, and habitat 
function, potentially confounding the assessment of any individual response.  However, such 
structures may induce a response in an organism without eliciting a response from its habitat and 
without promoting a response to its predator-prey system.  For this reason and in the interest of 
clarity, a simple three-part categorization is used here for the range of responses.  Under each of 
the direct mechanisms of impact, available research is grouped into the following categories of 
response: predation, behavior, and habitat function. 

A summary of findings of impacts resulting from changes induced by on-, in-, and over-water 
structures and associated construction and operation activities is presented under each 
mechanism of impacts and depicted in flow diagrams.  In addition, information gaps are 
identified and summarized. 

Habitat protection, restoration, and mitigation techniques pertaining to the over-water structures 
and associated activities are analyzed and presented.  Also, a summary of the regulatory 
framework governing over-water structures is included.  

Finally, this white paper presents recommendations intended for the development of future 
policy and guidance documents that address the environmental impacts of over-water structures 
and associated construction and operation activities.  
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Overview of Aquatic Habitat Guidelines Project  

As part of the process outlined in Washington's Statewide Strategy to Recover Salmon: 
Extinction is Not an Option the Washington Departments of Fish and Wildlife, Ecology, and 
Transportation were charged to develop Aquatic Habitat Guidelines employing an integrated 
approach to marine, freshwater, and riparian habitat protection and restoration. Guidelines will 
be issued, as funding allows, in a series of manuals addressing many aspects of aquatic and 
riparian habitat protection and restoration.  

This document is one of a series of white papers developed to provide a scientific and technical 
basis for developing Aquatic Habitat Guidelines. The white papers address the current 
understanding of impacts of development and land management activities on aquatic habitat, and 
potential mitigation for these impacts. The following topics are addressed in the white paper 
series: 

 Over-water structures - marine 
 Over-water structures - freshwater 
 Over-water structures - treated wood issues 
 Water crossings 
 Channel design  
 Marine and estuarine shoreline modification issues 
 Ecological issues in floodplain and riparian corridors 
 Dredging - marine 
 Dredging and gravel removal - freshwater 

Individual white papers will not necessarily result in a corresponding guidance document. 
Instead, guidance documents, addressing management and technical assistance, may incorporate 
information from one or more of the white papers.  Opportunities to participate in guidelines 
development through scoping, workshops, and reviewing draft guidance materials will be 
available to all interested parties. 

Principal investigators were selected for specific white paper topics based on their acknowledged 
expertise.  The scope of work for their projects requested a "comprehensive but not exhaustive" 
review of the peer-reviewed literature, symposia literature, and technical (gray) literature, with 
an emphasis on the peer-reviewed literature. Readers of this report can therefore expect a broad 
review of the literature, which is current through late 2000.  The coverage will vary among 
papers depending on research conducted on the subject and reported in the scientific and 
technical literature.  Analysis of project specific monitoring, mitigation studies, and similar 
efforts are beyond the scope of this program. 

Each white paper includes some or all of these elements: overview of the Aquatic Habitat 
Guidelines program, overview of the subject white paper, assessment of the state of the 
knowledge, summary of existing guidance, recommendations for future guidelines, glossary of 
technical terms, and bibliography. 
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The overarching goal of the Aquatic Habitat Guidelines program is to protect and promote fully 
functioning fish and wildlife habitat through comprehensive and effective management of 
activities affecting Washington's aquatic and riparian ecosystems. These aquatic and riparian 
habitats include, but are not limited to rearing, spawning, refuge, feeding, and migration habitat 
elements for fish and wildlife.  
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Assessment of the State of Knowledge 

This white paper evaluates the state of knowledge of the effects of over-water structures on the 
functioning of freshwater ecosystems and their relation to salmonids.  Scientific and technical 
literature on the subject was compiled and examined, and input from experts on freshwater 
habitats and organism life histories was solicited and evaluated.  Effects on an array of organisms 
and communities are considered. 

Although reference to a particular genus is made when appropriate within this paper, all seven 
native salmon and trout of the genus Oncorhynchus (i.e., chinook, coho, chum, sockeye, and 
pink salmon, and steelhead and cutthroat trout) that occur in Washington are collectively referred 
to as salmonids. 

Predators of salmonids consist primarily of the following species.  In lakes of western 
Washington (particularly Lake Washington and Lake Sammamish), largemouth (Micropterus 
salmoides) and smallmouth bass (Micropterus dolomieui) are the juvenile salmonid predators 
that use shore-zone structures more than other species.  In eastern Washington, existing 
hydrological characteristics of river reservoirs (particularly in the Columbia and Snake rivers) 
favor the northern pikeminnow (Ptychocheilus oregonensis; formerly the northern squawfish) as 
the major predator of juvenile salmonids (Petersen et al. 1993; Poe et al. 1991; Ward et al. 1995).  
However, smallmouth bass also have a high potential as juvenile salmonid predators in river and 
reservoir systems of eastern Washington, particularly in the spring when they inhabit rocky 
shoreline areas also inhabited by juvenile salmonids (Gray and Rondorf 1986).  In this discussion 
of effects of in-, on-, and over-water structures (hereafter, over-water structures) on predation, 
the emphasis is on predation of juvenile salmonids by these species. 

Methods 
Literature Sources 

An extensive search of available literature was conducted, including but not limited to the 
following: 

� University of Washington  electronic library and commercial databases: 
� University of Washington catalogs 
� Aquatic Sciences and Fisheries Abstracts (ASFA) 
� Water Resource Abstracts (WRA) 
� National Technical Information Service (NTIS) 
� BIOSIS previews. 

The University of Washington catalogs contain over 1.9 million titles held by more than 20 
branches of the University of Washington libraries.  The ASFA database covers all aspects of 
marine, brackish, and freshwater environments including biology, ecology; fisheries, 
aquaculture, oceanography, limnology, resources and commerce, pollution, biotechnology, 
marine technology, and engineering.  The WRA database contains abstracts of journal articles, 
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monographs, and reports covering the development, management, and research of water 
resources.  The NTIS Government Reports is an index produced by the U.S. Department of 
Commerce, which is a central source for public sale of U.S. government-sponsored research, 
development, and engineering reports.  The BIOSIS previews databases and supplies 
comprehensive coverage of international life science journals, including references found in 
biological abstracts. 

This review of literature on over-water structures incorporates analysis of existing data available 
on freshwater organism responses to over-water structures.  More specifically, it focuses on the 
review of studies that address direct and indirect effects of over-water structures and associated 
construction activities on juvenile salmonids and their habitats.  The literature sources include 
(but are not limited to) peer-reviewed journal articles, theses and dissertations, books, technical 
documents, previous over-water impact studies in the state of Washington, previous over-water 
structure impact literature searches, and regulatory documentation.  When available, internet web 
sites that contain information reviewed in this paper are provided.  In addition, personal 
communications with local scientists have been included where related research has yielded 
pertinent results. 

For the purpose of this white paper, sources referring to the ecological effects of over-water 
structures (i.e., direct sources) are distinguished from literature sources not referring directly to 
such effects (i.e., indirect sources).  Direct sources, then, comprise those references that directly 
address the mechanism of impacts of over-water structures, as well as those that directly address 
the response of an organism (particularly juvenile salmonids) to over-water structures 
(Appendix C).  Indirect sources comprise those that address organism predation, behavior, and 
habitat function without reference to the presence of over-water structures. 

During the development of this white paper, a literature review prepared for the City of Bellevue 
(i.e., Kahler et al. 2000) became available.  This literature review was prepared with the 
collaboration of researchers of the Washington Department of Fish and Wildlife.  Also during 
the development of this white paper, a conference was held to present current and ongoing 
research on chinook salmon in Lake Washington (i.e., King County 2000).  This conference, 
coordinated by King County, presented research by state and federal agencies.  There was some 
duplication among these three endeavors (i.e., the literature review by Kahler et al. 2000, the 
conference by King County 2000, and this white paper).  Due to time constraints and in the 
interest of avoiding further duplication, Kahler et al. (2000) and King County (2000) are not 
fully reviewed in this white paper. 

Categorizing Information 
In this white paper, unless otherwise stated, only research on over-water structures known to 
occur in freshwater environments is considered in the literature survey, and the analysis focuses 
on freshwater environment studies.  Appendix B provides a matrix of data availability.  A 
literature review and analysis of the effects of over-water structures in estuarine and marine 
environments is included elsewhere in the series of white papers and therefore is not discussed 
here. 
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Pertinent information on ecological effects of over-water structures (and associated structures 
and activities) in freshwater environments was found only for the following: 

� Docks, piers, boathouses, and floats 
� Marinas 
� Wharves and pilings 
� Log booms and log rafts 
� Riprap and retaining walls 
� Pile driving and removal 
� Construction and operational activities. 

This white paper assesses the ecological effects of over-water structures based on the current 
state of knowledge.  In order to analyze and present the available data in a logical and easily 
referenced format, the information sources are divided into either direct or indirect mechanisms 
of impact, then categorized by the type of response observed. 

For the purpose of this white paper, three direct mechanisms of impact associated with over-
water structures have been identified: shore-zone habitat structure changes, shading and ambient 
light changes, and disruption of water flow pattern and energy.  One indirect mechanism of 
impact associated with construction activities and ongoing operation of over-water structures has 
been identified: physical/chemical environmental disruption (e.g., water quality degradation and 
noise).  Interrelated effects of over-water structure use and operation (i.e., boating activities) are 
also included under the discussion of this indirect mechanism of impact. 

Over-water structures often induce simultaneous responses on predation, behavior, and habitat 
function, potentially confounding the assessment of any individual response.  However, such 
structures may induce a response in an organism without eliciting a response from its habitat and 
without promoting a response to its predator-prey system.  For this reason and in the interest of 
clarity, a simple three-part categorization is used here for the range of responses.  Under each of 
the direct mechanisms of impact, available research is grouped into the following categories of 
response: 

� Shore-zone habitat structure changes 
� Predation 
� Behavior 
� Habitat function 

� Shading and ambient light changes 
� Predation 
� Behavior 
� Habitat function 

� Disruption of water flow pattern and energy 
� Habitat function. 
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Objective 

The objective of this paper is to evaluate the state of knowledge of the effects of over-water 
structures on the functioning of freshwater ecosystems within the context of salmonid protection.  
For this purpose, the following fundamental question is the focus of the review:  What are the 
effects of over-water structures on the ecosystem, measured both by mechanism of impact and 
by type of response? 
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Overview of Ecological and Habitat Issues 

In general, modification of riparian areas and near-shore littoral zone habitat (i.e., shoreline 
development) degrades freshwater aquatic communities.  Local habitat modification (e.g., 
construction of individual residential docks) leads to changes in fish assemblages, particularly 
“when many diverse incremental changes have accumulated within a basin over time” (Jennings 
et al. 1999). 

Cumulative effects of incremental shoreline development on fish assemblages are typically not 
considered during the construction of a single over-water structure.  Years of shoreline 
development (i.e., construction of over-water structures and associated activities) along lakes, 
rivers, and reservoirs around the state are now showing the accumulated effects on habitat and 
fish species.  This passage of time has increased the awareness and conviction that cumulative 
effect analysis is essential to effectively manage the consequences of human activities on the 
environment (Council on Environmental Quality 1997).  However, only recently has the issue of 
cumulative effects of incremental shoreline habitat modification in freshwater environments been 
studied (Bryan and Scarnecchia 1992; Beauchamp et al. 1994; Ward et al. 1994; Christensen et 
al. 1996; Jennings et al. 1999; Lange 1999). 

More studies have been conducted on the effects of a range of human activities that alter 
structural elements of aquatic systems such as size and uniformity of substrate particles 
(Jennings et al. 1999), quantity and composition of shoreline habitat (Christensen et al. 1996), 
artificial habitat structures (Beauchamp et al. 1994; Ward et al. 1994), and composition and 
density of macrophytes (Bryan and Scarnecchia 1992).  Among these activities, a high level of 
concern exists with regard to over-water structures, associated in-water structures, and their 
related construction activities.  This is due to the great potential of these activities to affect, both 
directly and indirectly, ecological and habitat functions, and thereby individual species. 

Jennings et al. (1999) studied the cumulative effect of incremental shoreline habitat modification 
on fish assemblages in northern temperate lakes.  They found that “fish do not respond to 
shoreline structures: rather, fish respond to various habitat characteristics that are the result of the 
structures.”  In addition, fish respond to habitat changes resulting from alterations in the riparian 
zone (e.g., vegetation and woody structure removal) associated with the placement of the in-
water structure (Jennings et al. 1999).   

Direct Mechanisms of Impact 
Shore-Zone Habitat Structure Changes 
Docks, Piers, Boathouses, and Floats 

Docks, piers (and pier skirting), boathouses, and floats alter the shore-zone habitat structure, 
promoting changes in fauna and flora assemblages.  These over-water structures can thereby 
affect the biological community and the environment by altering predator–prey relationships, 
fish behavior, or habitat function. 
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Docks and piers are typically structures of open construction that extend into the water from 
shore (Mulvihill et al. 1980).  They come in various shapes, heights, and sizes.  They occur in 
lakes, rivers, and reservoirs throughout Washington and are used for recreational and commercial 
purposes.  They can be pile-supported or supported by a solid base. 

A boathouse typically is a building that houses and protects boats.  A houseboat is a watercraft 
with a broad beam, usually a shallow draft, and a large superstructure resembling a house.  
Houseboats can be either free-floating, anchored on moorages, or supported by pilings.  In this 
regard, one would expect houseboats supported by pilings to have the greatest potential for 
habitat disruption, because they not only shade the underwater environment but also permanently 
disrupt the bottom sediments and modify the habitat structure, potentially creating habitat for 
predatory fishes. 

Only two papers were found that address environmental effects of boathouses on aquatic animals 
and plants (i.e., Brown 1998 and Lange 1999).  No literature sources were found addressing the 
environmental effects of houseboats. 

Floats occur in a variety of sizes and shapes, including small moored floating objects (buoys), 
and larger floating flat objects, known as platforms.  Typically, buoys are used for a variety of 
purposes, for instance, as aid to navigation or for attachment of vessels or instrumentation 
(Mulvihill et al. 1980).  Floating platforms are used for recreational or commercial purposes. 

Predation 

Predator–prey relations in this section focus on the potential influence of docks, piers, and floats 
on predation of juvenile salmonids by bass, northern pikeminnow, and piscivorous birds, and by 
salmonids on their prey.  The effects of over-water structures on predator–prey interactions are 
widely recognized but have not been extensively examined.  The literature reviewed does not 
provide any quantitative or qualitative evidence that docks, piers, boathouses, or floats either 
increase or decrease predation on juvenile salmonids.  No literature source was found addressing 
pier skirting.  No studies have been found examining mortality due to predation specifically 
associated with over-water structures. 

The literature reviewed presents the following observations and inferences: 

� Smallmouth bass and largemouth bass have a strong affinity to structures, 
including piers, docks, and associated pilings. 

� Bass have been observed foraging and spawning in the vicinity of docks, 
piers, and pilings. 

� Smallmouth bass are opportunistic predators that consume prey items as 
they are encountered. 

� Smallmouth bass are major juvenile salmonid predators, likely due to the 
overlap in rearing habitat. 
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� In the Colombia and Snake river reservoirs, northern pikeminnow is an 
important predator of juvenile salmonids because of their in-shore 
preferences and preference for low-velocity microhabitats, which are 
created by in-water structures. 

In western Washington, largemouth bass and smallmouth bass are common predators of juvenile 
salmonids.  Several authors have documented the use of over-water structures by bass in western 
Washington waters.  Stein (1970), examining the types of largemouth bass cover in Lake 
Washington, found that they prefer areas of heavy log and brush cover over other habitat types 
(including docks).  However, largemouth bass are commonly found under docks in early spring 
and are thought to be present there until late summer (Stein 1970). 

White (1975) studied the influence of piers in Lake Washington and found that fish species 
(including largemouth bass) are not significantly more abundant (based on catch-per-unit-effort) 
beneath these over-water structures than at adjacent sites lacking artificial structures.  White’s 
(1975) findings led him to suggest that piers provide neither shelter nor habitat for predatory 
species that prey upon salmonids.  However, his sampling method had two major flaws.  First, he 
employed variable-mesh horizontal gill nets as sampling gear, which are more effective for 
sampling peamouth (Mylocheilus caurinus), northern squawfish, and yellow perch (Perca 
flavescens) than for sampling bass.  Second, the sampling gear was placed adjacent to the pier 
rather than beneath it, precluding the characterization of fish composition under the structure.  
Consequently, the data obtained by White (1975) do not provide information of predatory fish 
abundance under the piers.  In addition, the study sampling gear was ineffective in sampling 
some fish species, including bass, and therefore, the results do not accurately reflect use of over-
water structures by all fish species. 

Additional supporting evidence on bass utilization of docks and piers associated with over-water 
structures comes from unpublished data.  Biologists with the Washington Department of Fish 
and Wildlife found that in local lakes, bass preferentially utilize natural structures, but are also 
found associated with docks (Kahler et al. 2000).  Also, biologists with the Muckleshoot Indian 
Tribe found that in Lake Sammamish, smallmouth bass preferentially locate their nests near 
residential piers and associated in-water structures (Kahler et al. 2000).  These findings are 
consistent with the findings of Stein (1970), who observed a largemouth bass affinity for dock, 
piers, and associated pilings. 

Interactions of smallmouth bass and juvenile salmonids depends on factors such as timing of 
salmonid out-migration, salmonid species, and residence of the juvenile salmonids in lentic or 
lotic environments (Warner 1972; Pflug and Pauley 1984; Gray et al. 1984; Gray and Rondorf 
1986; Poe et al. 1991; Shively et al. 1991; Tabor et al. 1993 and 2000; Fayram and Sibley 2000). 

Although substrate type often determines the acceptability of an area for bass spawning, adjacent 
cover and structural complexity are also necessary for protection while the fish are concentrated 
in shallow water (Stein 1970; Cooper and Crowder 1979; Helfman 1981b; Pflug and Pauley 
1984).  Therefore, one would expect that an increase in numbers of docks, piers, boathouses, and 
floats could be beneficial to the bass population by increasing spawning habitat utilization.  
Increases in the concentration of bass in spawning sites, where there is an occurrence of juvenile 
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salmonids, may increase the predation on juvenile salmonids.  However, researchers have 
indicated that structural complexity can moderate predator–prey interactions by providing more 
refuges for prey species as well as reducing the foraging efficiency of the predator (Cooper and 
Crowder 1979).  This moderation may apply to naturally occurring structural habitat complexity, 
as well as habitat complexity due to the presence of docks, piers, boathouses, and associated 
pilings.  In such a case, fish may adapt to the use of artificial structures in lieu of natural habitats.  
Prey such as juvenile salmonids, in the absence of natural hiding cover, may use artificial 
structures as refuge.  However, snorkel observations conducted by Roger Tabor in Lake 
Washington indicate that although they may migrate along the shoreline, passing under docks, 
the juvenile chinook salmon prefer open areas rather than areas covered by docks (King County 
2000).  Moreover, although manmade structures can serve as refuge for prey, they may also 
provide refuge for predators (Cooper and Crowder 1979). 

It has been suggested that the increase in the number of docks around the shoreline of Lake 
Washington might have caused the observed decrease in freshwater survival of juvenile sockeye 
salmon (Fayram 1996).  Studying the spatial location and temporal duration of predation by bass 
on juvenile sockeye salmon, Fayram (1996) speculates that the increase in docks potentially 
provides increased locations for bass to ambush prey such as juvenile sockeye salmon while they 
are in the littoral zone.  Fayram (1996) also suggests that the cumulative effect of an increase in 
predation due to the increase in number of docks may have been great enough to cause the 
decline in sockeye salmon freshwater survival. 

One would expect that the temporal duration of sockeye salmon predation by bass depends on 
the extent of the overlap of these two species in littoral zones.  This overlap may be strongly 
affected by temperature because, in subyearling fall chinook, temperature appears to control the 
duration of shoreline residence in Lower Granite Reservoir (Curet 1993).  In Lake Washington, 
the overlap is typically restricted to late April and most of May because juvenile sockeye 
normally leave the system by the end of May.  It is possible that warming of the lake water over 
time has increased the period of habitat overlap between these two species (Fresh 2000 personal 
communication).  In addition, Vigg et al. (1991) suggests that among the factors influencing 
consumption rates of smallmouth bass, water temperature is the single most important factor. 

The presence of docks and piers may adversely affect existing macrophyte vegetation, 
potentially altering predator–prey interactions, particularly those in which largemouth bass plays 
a role.  In Lake Baldwin, Florida, largemouth bass showed a significant preference for piers only 
where aquatic vegetation was absent (Colle et al. 1989).  In Lake Sammamish, largemouth bass 
have been shown to prefer moderate to dense vegetation and silt and sand substrate (Pflug 1981).  
The preference of largemouth bass for aquatic vegetation habitat may increase their foraging 
success on passing schools of salmonids, compared with the lesser success of smallmouth bass 
that occupy habitat with little concealment (Pflug 1981; Helfman 1981b).   

Consistent with these findings, Fayram (1996) found that in Lake Washington, largemouth bass 
are more structurally oriented than smallmouth bass.  Floats have been reported to influence the 
distribution of fish (Crossman 1959; Helfman 1979).  Helfman (1979), studying shade-producing 
experimental floats in Cazenovia Lake, New York, found that several species of predator fishes 
are particularly attracted to the area under the floats.  The author suggests that the large 
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aggregation of prey fishes under floats may also attract predator species, although this is 
inconclusive in his study.  In this study, largemouth bass showed little response, positive or 
negative, to the presence of floats (Helfman 1979).  However, Helfman (1979) observed that 
largemouth bass occasionally hovered near and below the floats but usually moved away as the 
diver approached.  He speculates that this response to the diver might have biased the data 
collection process and hence the study results by reducing the numbers of largemouth bass 
observed at the floats.  He also attributes this response to a largemouth affinity for “more 
massive structure than was provided by the experimental floats.”  Helfman (1979) did not 
observe smallmouth bass beneath or near floats, although this species was common in the lake. 

The northern pikeminnow (formerly known as the northern squawfish), and to a lesser extent the 
smallmouth bass, are primary predators of juvenile salmonids in eastern Washington.  Existing 
hydrological characteristics of major river systems have favored the northern pikeminnow as a 
predator of juvenile salmonids.  These hydrological characteristics are the result of a substantial 
habitat modification, mostly due to the construction of dams.  The following quotation from 
Gray and Rondorf (1989) better illustrates this:  “Man has significantly altered the aquatic habitat 
and fish species complex in the Columbia River, and its alteration has created substantial 
changes in the dynamics of predator-juvenile salmonid relationships . . .” 

During this literature survey, numerous studies of the effects of dams on the ecology and biology 
of the Columbia basin reservoirs were found, in particular, studies of the effects of dams on 
salmonid predation.  Those studies are beyond the scope of this white paper and therefore are not 
discussed here.  In contrast, only a few studies of ecological effects of in-water and over-water 
structures in eastern Washington systems were found (Beamesderfer and Rieman 1988; Knutsen 
and Ward 1991; and Petersen et al. 1993).  Such studies show some inconsistencies in the 
evidence of predatory fish aggregation associated with such structures, and study results show no 
direct evidence of an increased predation rate on juvenile salmonids.  This inconsistency may be 
due to characteristics of each study site (e.g., fast, free-flowing areas or slow-flowing protected 
areas) and the species targeted (e.g., northern pikeminnow or smallmouth bass) in each particular 
study. 

Although only a few direct sources have been identified, the following characteristics are all 
reported to be related to fish predator behavior and distribution in the context of juvenile 
salmonid predation: 

� Degree of habitat overlap (i.e., potential for predator–prey interaction) 
� Location in relation to the river mile 
� Location in relation to the river stem 
� Location in relation to the river flow (i.e., free-flowing or backwater) 
� Degree of shore-zone development 
� Characteristics of the shoreline (i.e., slope and substrate type) 
� Presence of manmade in-water structures (i.e., flow obstructions) 
� Species of predatory fishes. 

Beamesderfer and Rieman (1988) studied juvenile salmonid predation by northern squawfish and 
smallmouth bass in a main stem Columbia River reservoir.  Beamesderfer and Rieman (19898 
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conclude that northern squawfish have the greatest potential for predation of juvenile salmonids 
because of their preference for in-shore low-velocity microhabitat.  Low-velocity microhabitat 
can be created by in-water structures such as jetty pilings (Petersen et al. 1993), but can also be 
created by dock and pier pilings located along the banks of narrow, fast-flowing sections of the 
Columbia River reservoirs (Carrasquero 2000  unpublished observation).  Therefore, one would 
expect that resulting low-velocity microhabitats could potentially increase juvenile salmonid 
predation by providing aggregating habitat for northern pikeminnow and perhaps juvenile 
salmonids as well. 

Additional evidence of predation by squawfish was found by Petersen et al. (1993), who, in a 
study of the systemwide significance of predation on juvenile salmonids in Columbia and Snake 
river reservoirs, found that northern squawfish feed primarily on juvenile salmonids.  The 
authors speculate that northern squawfish as well as juvenile salmonids might congregate near 
flow shears (i.e., back-eddies) created by in-water structures (i.e., jetty pilings), to avoid high-
velocity water (Petersen et al. 1993).  This preference of northern squawfish for back-eddies has 
been reported elsewhere (Faler et al. 1988).  Consequently, in the Columbia and Snake river 
reservoirs, in-river obstructions associated with over-water structures such as jetty pilings can 
make salmonids more vulnerable to predation. 

In contrast, Ward et al. (1994) found that developed sites (i.e., sites having floating platforms and 
pile-supported piers) do not increase predation by northern squawfish.  Studying the effect of 
harbor development on juvenile salmon predation by northern squawfish in the lower Willamette 
River, Ward et al. (1994) found more northern squawfish in areas without development (i.e., 
where floating platforms and pile-supported piers are not present). 

In terms of understanding the contrasting results, it is noteworthy that the hydrological 
conditions and shoreline configurations of the sites studied by Petersen et al. (1993) greatly 
differ from those of Ward et al. (1994).  The study sites of Petersen et al. (1993) include free-
flowing and high water velocity areas in eastern Washington, with the presence of in-water 
obstructions and gently sloping littoral terrain.  On the other hand, the western Oregon study area 
of Ward et al. (1994) includes protected harbor areas with low water velocity and steeply sloped 
bottoms caused by dredging.  This difference in study site conditions may help to explain the 
different results found. 

Smallmouth predation on subyearling fall chinook salmon may also be significant in eastern 
Washington.  For example, smallmouth bass accounted for 7 percent of the loss of late-migrating 
subyearling fall chinook salmon in Lower Granite Reservoir on the Snake River (Anglea 1997).  
Other research in the Columbia River basin also suggests that smallmouth bass may be a 
substantial predator of subyearling fall chinook salmon because both species rear in littoral 
habitat with low water velocities and therefore have a high potential for habitat overlap (Garland 
and Tiffan 1999; Curet 1993; Tabor et al. 1993). 

Shallow near-shore water with a low gradient is an important habitat element for subyearling fall 
chinook salmon rearing in free-flowing areas of the Snake River.  Bennett et al. (1992) reported 
that areas with low gradients were characteristic of juvenile chinook salmon rearing areas in 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 11 

Little Goose Reservoir.  Similarly, Dauble et al. (1989) found that shallow near-shore areas were 
preferred by subyearling fall chinook. 

Juvenile chinook salmon use of the littoral zone is not unique to eastern Washington systems.  In 
Lake Washington, chinook fry reportedly use shallow shoreline habitat characterized by a sandy 
bottom and no aquatic vegetation, with an absence of large woody debris (King County 2000).  

Tabor et al. (1993), studying smallmouth bass and squawfish predation in the Columbia River, 
found that juvenile salmonids are the dominant prey item of smallmouth bass, and that crayfish 
are the dominant prey of northern squawfish.  Tabor et al. (1993) also found a habitat overlap 
(i.e., a near-shore area where current velocities are reduced) between salmonids and smallmouth 
bass and suggested this as the factor that, when combined with the small size and high 
abundance of prey, may have contributed to the high salmonid predation rate observed.  
Smallmouth predation on juvenile salmonids due to habitat overlap has been reported previously 
(Poe et al. 1991). 

Interestingly, Tabor et al. (1993) speculates that “predation on juvenile salmonids may be quite 
different in free-flowing and adjacent areas from predation in main-stem reservoir areas.”  If 
experimentally verified, one may expect this speculation to be consistent with the findings of 
Petersen et al. (1993).  In fact, low incidence of predation on juvenile fall chinook salmon by 
smallmouth bass in all areas of the free-flowing Snake River already has been reported (Garland 
and Tiffan 1999). 

Also supporting the conclusion of Tabor et al. (1993), Beamesderfer and Rieman (1988) found 
smallmouth bass more abundant in embayments.  This is consistent with previous findings in the 
Columbia and Snake river reservoirs indicating that smallmouth bass are most abundant in 
protected embayments (Hjort et al. 1981; Palmer 1982, both as cited by Beamesderfer and 
Rieman 1988). 

Hence, in river reservoirs of eastern Washington, smallmouth bass and northern pikeminnow 
predatory systems may operate at two different spatial scales, determined by the relative position 
occupied in reservoirs.  These two spatial scales seem to consist of near-shore areas where 
current velocities are reduced, for smallmouth bass (Tabor et al. 1993), and free-flowing areas 
with low-velocity microhabitats produced by in-water-obstructions, for northern pikeminnow 
(Faler et al. 1988; Beamesderfer and Rieman 1988; and Petersen et al. 1993). 

As stated earlier, the degree of habitat overlap may affect the rate of predation of smallmouth 
bass on juvenile salmonids.  Studies of habitat use by subyearling fall chinook salmon conducted 
in reservoirs of the Snake River have shown a subyearling fall chinook salmon preference for 
littoral habitats.  These results have been consistent regardless of the gear type and sampling 
technique employed (i.e., beach seining [Bennett et al. 1992; Curet 1993] and electrofishing 
[Garland and Tiffan 1999]).  

In terms of avian predation on salmonids, no published data directly pertaining to the effect of 
over-water structures in freshwater environments were found.  (See Phinney [1999] for an 
overview of avian predation throughout the Yakima River basin and a reference list of Columbia 
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River studies of avian predation on salmonids.)  Nonetheless, a few indirect sources produced 
some related unpublished data. 

Although common in Lake Washington, double-crested cormorants (Phalacrocorax auritus) 
rarely use docks or bulkheads for perching.  On the other hand, gulls, also common in Lake 
Washington, perch on low decks (unpublished data cited by Kahler et al. 2000).  Both double-
crested cormorants and gulls are known predators of juvenile salmonids. 

Cederholm et al. (2000) report that in 1997, a colony of 14,000 Caspian terns (Sterna caspia) 
used Rice Island (a dredge material disposal island) in the lower Columbia River for nesting and 
roosting, constituting the largest known colony in North America.  Their data suggest that in 
1997, the terns appeared to be largely dependent on juvenile salmonids for their dietary 
sustenance (mostly hatchery-originated).   Cederholm et al. (2000) also found that although 
salmon is not their primary diet item, common murre (Uria aalge) would use salmon resources 
during food-stress conditions.  In this regard, piscivorous birds are believed to be opportunistic 
feeders that use the available prey in a system (Modde et al. 1996).  No information was found 
on the use of over-water structures by the Caspian tern or common murre. 

Habitat type and location used by fish may determine bird predation success and thereby fish 
survival.  Hence, fish that inhabit pelagic waters (e.g., rainbow trout) are more vulnerable to 
birds than substrate-oriented fish (e.g., brook trout; Matkowski 1989), because bird predation 
strategies may be limited by physical characteristics of the habitat such as amount of cover, 
depth, etc.  In this regard, Wood and Hand (1985) found that cover reduces success of capture by 
one species of bird, the merganser (Mergus merganser).  Therefore, over-water structures and 
related construction activities that modify the shoreline configuration (e.g., increasing the 
shoreline slope and eliminating shallow-water habitat refugia) could potentially affect predation 
rates on salmonids.  This may occur, for example, if the shore-zone habitat and shallow habitat 
refugia are eliminated, forcing juvenile fish to venture into deeper waters where predator diving 
birds may have increased success.  This hypothetical situation is of particular importance to 
juvenile chinook salmon, which have the greatest affinity to shore-zone shallow-water habitats 
(King County 2000; Garland and Tiffan 1999; Fresh 1999 personal communication; Curet 1993; 
Bennett et al. 1992; Healey 1991; Rondorf et al. 1990; Wydoski and Whitney 1979). 

The presence of over-water structures may also influence the distribution of prey items for 
juvenile salmonids.  In Lake Washington, benthic fish food organisms for salmonids, such as 
insect larvae, amphipods, and mollusks, have been suggested to prefer docks and piers in the 
absence of aquatic vegetation (White 1975).  The presence of benthic organisms, while providing 
an increased source of food for juvenile salmonids, may also expose the salmonids to increased 
predation through increased aggregation.  This is yet to be demonstrated. 

Behavior 

No evidence was found to indicate whether docks, piers, boathouses, or floats disrupt the 
migration of salmonids or cause a delay in migration in riverine systems or in lakes, and no 
literature sources were found addressing pier skirting.  Numerous studies present data suggesting 
that docks, piers, and floats attract fish, and that this is the main effect of these over-water 
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structures on fish behavior.  Anecdotal information from sport fishermen is consistent with these 
data.  Also, it consistently emerged that where vegetation is lacking within a system, largemouth 
bass populations seek other forms of structures such as dock pilings.  Alterations of predator–
prey interactions associated with fish behavior that has been modified by human activities are 
discussed above in the predation section. 

Knutsen and Ward (1991) studied waterway development factors (including floating platforms, 
piers, and associated pilings) and in-river activities (i.e., dredging and construction) with the 
potential to affect migration rate and distribution of juvenile salmonids migrating through the 
Portland harbor section of the Willamette River.  They found that subyearling chinook salmon 
occur closer to shore at developed sites than at undeveloped sites.  Although Knutsen and Ward 
(1991) found no evidence that waterway development directly attracts juvenile salmonids or 
slows migration, they argue that development that causes loss of preferred habitat may have 
subtle and indirect adverse effects.  However, even relatively subtle anthropogenic changes are 
of concern because of their implications for cumulative effects (see habitat function section 
below). 

Knutsen and Ward (1991) speculate that the amount of time that a particular race of juvenile 
salmonids spends migrating through Portland harbor might determine the effects of waterway 
development on their behavior.  As juvenile steelhead migrate faster than yearling chinook 
salmon through Portland harbor, they are exposed to waterway development or activities over 
shorter time periods (Knutsen and Ward 1991).  In addition, because subyearling chinook may be 
present in Portland harbor during most times of year, in-river activities have more potential to 
affect this portion of the salmon population (Knutsen and Ward 1991). 

Ward et al. (1994) also studied the effects of waterway development on juvenile migration in the 
lower Willamette River, finding that floating platforms (on a riprap and sand shoreline) and pile-
supported piers (on a clay shoreline) have no effect on juvenile salmonid migration.  Although 
Ward et al. (1994) conclude that waterway development presents few risks to migrating 
salmonids, they recommend that dredging and construction be avoided in the spring when fish 
are out-migrating, in order to avoid potential construction-related adverse effects. 

Several studies indicate that in both eastern and western Washington, juvenile chinook salmon 
prefer habitats that exhibit the following characteristics (Bennett et al. 1992; Curet 1993; Garland 
and Tiffan 1999; King County 2000):  

� Shallow near-shore habitats with sandy bottom and no aquatic vegetation 
� Near-shore shallow water with a low gradient in free-flowing areas 
� Littoral habitat with low water velocities. 

Hence, juvenile chinook salmon generally are adversely affected wherever these characteristics 
are modified by shoreline development. 

Data from studies conducted in other systems indicate that shoreline development induces 
behavioral responses in fish.  Beauchamp et al. (1994) studied the effect of shore-zone structures 
(i.e., piling-supported piers and rock-crib piers) on littoral fishes in Lake Tahoe.  The piling-
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supported piers consisted of 20- to 30-centimeter-diameter steel or wood, sunk into the substrate 
at approximately 5-meter intervals, with a solid deck on top.  Piers of this construction provide 
simple submerged structures lacking complexity.  The rock-crib piers consisted of a timber 
framework, filled with boulders and cobbles, providing habitat complexity in three dimensions 
(Beauchamp et al. 1994). 

Beauchamp et al. (1994) found that piling-supported piers have no significant effect on the 
densities of any littoral fishes, whereas rock-cribs piers enhance both the density and diversity of 
fishes in the immediate area.  However, this research was conducted at a time when the pier 
walkways were 2 to 3 meters above water surface and thus provided little or no shade 
(Beauchamp et al. 1994).  The lack of shaded area may have been responsible in part for the low 
density of fish found, as other authors have shown that fish (particularly prey fish) use shaded 
areas under docks (Helfman 1979, 1981a). 

With regard to fish attraction to shaded areas, Helfman (1979) studied fish attraction to shade-
producing experimental floats in Cazenovia Lake, New York.  These floats were placed in 3-
meter deep water, among dense macrophyte vegetation, although the vegetation was cleared 
from the area below the floats.  Helfman (1979) found that snorkeled-estimated fish densities 
were significantly higher under the floats than at the control and in adjacent areas, and the 
densities under floats were positively correlated with the float surface area.  In his study, adult 
golden shiner (Notemigonus crysoleucas) and black crappie (Promoxis nigromaculatus) were 
observed near the float, whereas bluegill (Lepomis macrochirus) and pumpkinseed L. gibbosus 
were found beneath the float.  Although fish were present under the floats during daytime and 
nighttime, their densities were lower at night and highest at midday, and little feeding activity 
was seen (Helfman 1979).  

In a related study also in Cazenovia Lake, Helfman (1981a) found that the number of fish 
aggregating beneath shade-producing objects is directly proportional to the size of the objects 
(i.e., larger floats attract more fishes as more shade is produced).  Helfman (1981a) speculates 
that “the amount (or depth) of shade produced was a determinant of the attraction phenomenon,” 
which in general may significantly influence the advantage to fish of hovering under such 
structures.  Helfman (1981a) deduces that tactile attraction to the physical structure of the floats 
is not involved, because fish were not attracted to control floats that consisted of wood frame 
only.  He further indicates that because large numbers of fish were commonly found under docks 
and under overhanging trees that were supported above the water (i.e., objects located at a fixed 
height that provide shade without the tactile stimulus), the observed behavior cannot be 
attributed to tactile attraction. 

Consistent with the hypothesis that fish are attracted to the shade produced by on- and over-
water structures are recent research data presented during a conference titled Selected Ongoing 
and Recent Research on Chinook Salmon in the Greater lake Washington Watershed, November 
8–9, 2000 (King County 2000).  The synopsis of findings included data on the factors 
influencing the decline in all life stages of chinook salmon.  These data indicate that migrating 
adult salmon hold at various locations within the Sammamish River, and that most of these 
locations are in the shaded area underneath bridges. 
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The findings discussed in the preceding two paragraphs suggest that the attraction of fish 
(including chinook salmon and largemouth bass) to floating or overhanging objects is linked to 
the shade produced by the object rather than to the tactile stimulus.  Also, these data suggest that 
the larger the floating object, the greater the shaded area, and thus the greater the number of fish 
attracted to such objects, potentially altering fish distribution and aggregation. 

An alternative explanation of fish attraction to on- and over-water structures is that both the 
structures and the shade they cast may provide fishes with physical reference points for 
orientation (Fresh 2000 personal communication).   

In terms of bass habitat preferences in relation to docks and piers, Bryan and Scarnecchia (1992) 
compared the abundance of juvenile fish assemblages between naturally vegetated sites and 
developed sites (i.e., with residential structures, boat docks, and manmade beaches) in Spirit 
Lake, Iowa.  Bryan and Scarnecchia (1992) found species richness and total fish abundance 
(including largemouth bass abundance) consistently greater in natural sites than in developed 
sites.  In contrast, smallmouth bass were consistently found in greater abundance in developed 
sites. 

Studies conducted in Lake Sammamish by Pflug and Pauley (1984) found that smallmouth bass 
nest sites (located in 1.5 to 2.5 meters of water) were typically situated next to benthic structures 
such as isolated boulders, logs or dock pilings.  Similar results were found by Helfman (1981b) 
in Cazenovia Lake and Skaneateles Lake, New York, and Mirror Lake, New Hampshire. 

Stein (1970) found that in Lake Washington, largemouth bass prefer areas of heavy log and 
brush cover to all other habitat types, including docks, but often occur under docks in early 
spring.  In Lake Sammamish, largemouth prefer moderate to dense vegetation and silt or sand 
substrate, and nests are constructed at depths from 0.6 to 1.5 meters, in vegetated areas with soft 
sediment or gravel substrate on moderate to steep slopes (Pflug 1981).  In Cazenovia Lake and 
Skaneateles Lake, New York, and Mirror Lake, New Hampshire, juvenile largemouth bass also 
use macrophytes (in depths less than 1 meter) for protection against predators (Helfman 1981b). 

The preceding discussion clearly indicates a largemouth bass affinity for aquatic macrophytes, 
thus posing a question of the implications of removing such vegetation for the construction of 
over-water structures.  The studies discussed below provide some insight into this question. 

Colle et al. (1989) studied the distribution of largemouth bass in Lake Balding, Florida after all 
submerged aquatic vegetation was eradicated by grass carp.  Movements of 16 largemouth bass 
were monitored using radio telemetry from April 11, 1986 to April 4, 1987.  A distinct depth 
segregation was evident for the radio-tagged largemouth bass, which were divided into three 
groups for purposes of analysis: in-shore (water depth 0–2.0 meters), mid-depth (0–3.5 meters), 
and offshore (more than 3.5 meters).  Colle et al. (1989) found that six largemouth bass had 
home ranges in the in-shore zone extending 15 to 70 meters from shore.  Five largemouth bass 
used both the in-shore region and the mid-depth region, coinciding with the maximum depth of 
the blue-green algae in the lake (Lyngbya sp).  Five largemouth bass used the offshore region.  
In-shore largemouth bass preferred habitat near a water tupelo (Nyssa aquatica) area and avoided 
bare sand areas.  In-shore fish had home ranges averaging 4.1 hectares, whereas offshore fish had 
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home ranges averaging 21 hectares.  Largemouth bass that used the entire area out to the 3.5-
meter contour preferred the 11 piers in the lake, especially the mid-depth group.  Largemouth 
bass associated with piers moved more than other fish and were associated with multiple piers.  
Adult largemouth bass using an in-shore fringe of water tupelo as an underwater structure were 
relatively sedentary (Colle et al. 1989).   

Based on these data, Colle et al. (1989) conclude that a component of the largemouth bass 
population preferred the artificial habitat provided by piers.  Colle et al. (1989) suggest that the 
fact that offshore largemouth bass had a greater home range (i.e., 21 hectares) than the in-shore 
largemouth bass may be explained by a difference in prey density and structure abundance.  That 
is, prey density was probably lower in the offshore region than in the in-shore region, thereby 
forcing largemouth bass to shift from ambush to active hunting, because of the absence of 
underwater structures offshore (Colle et al. 1989). 

Both largemouth and smallmouth bass are structurally oriented for both foraging and spawning 
(Colle et al. 1989; Helfman 1981b; Pflug 1981; Pflug and Pauley 1984; and Stein 1970).  They 
will use docks, piers, and associated pilings in the absence of natural structures.  It is not clear 
which elements of these structures attract them.  Additional evidence from published and 
unpublished data on the behavioral response of bass to docks, piers, and associated pilings can be 
found in Kahler et al. (2000). 

A possible attracting feature of docks, piers, and associated pilings is related to food-web 
interactions of prey fishes.  Chmura and Ross (1978) address the environmental impacts of 
several in-water and over-water structures, suggesting that as fouling communities grow on 
docks and piers, they add to the biological productivity of the area (also suggested by Mulvihill 
et al. 1980).  In various rivers and lakes of Washington, it is not uncommon to see fish (including 
juvenile salmonids) feeding upon periphyton, insects, and macroinvertebrates adhered to dock 
and pier pilings (Carrasquero 2000 unpublished observation).  Thus, associated in-water dock 
and pier structures that provide substrate for growth of fish food organisms can alter the behavior 
of both prey and predator species.  This is further discussed in the following sections. 

Habitat Function 

With regard to habitat function, one might argue that the impact of over-water structures is not 
attributed exclusively to the structure but rather to the resulting changes induced by the structure 
and associated activities.  Within this context it has been proposed that “fish do not respond to 
shoreline structures; rather, they respond to a suite of habitat characteristics that are the result of 
the structure, changes to the riparian zone associated with its placement (vegetation and woody 
structure removal), and often, intensive riparian zone management that occurs on developed 
properties” (Jennings et al. 1999). 

In this white paper, habitat function is defined as the attributes of the ecosystem that are created 
and maintained by biological, chemical, and physical processes through the interaction of the 
various ecosystem components (e.g., shore-zone, shoreline, and riparian).  Individual habitat 
modifications may lead to only small changes in local fish species richness, but the fish 
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assemblage structures respond to the incremental changes that accumulate over time within a 
given basin (Jennings et al. 1999). 

In this regard, shoreline development (e.g., construction of docks and piers) in Lake Washington 
has increasingly eliminated shallow-water habitat (Kahler et al. 2000), particularly affecting 
juvenile chinook salmon.  Once the shoreline is developed, docks and associated pilings may 
provide shallow-water cover for juvenile salmon, although they may also provide cover for 
predators (see Cooper and Crowder 1979).  Thus, this type of shoreline modification may affect 
not only the physical habitat but also the various elements of the biological community and the 
habitat function. 

Lange (1999) studied the effects of shoreline residential development on littoral fish abundance 
(i.e., fish catches) and species richness at different scales of observation (i.e., sampling site 
distances of 122, 244, and 488 meters) in Lake Simcoe, Ontario, Canada.  He found that fish 
aggregated near permanent rock-crib-supported docks and avoided shoreline areas with bank 
stabilization structures (i.e., retaining walls built above the ordinary high water line).  He also 
found that in shorelines where multiple features such as docks and break walls were present, fish 
abundance was positively correlated and species richness negatively correlated with these 
structures.  Features such as docks and break walls combined with boathouses were generally 
associated with a decrease in both abundance and richness of fish species (Lange 1999).  

In addition, Lange (1999) found that shoreline development was associated with sites having 
hard substrate (i.e., boulder, rubble, and gravel) and an absence of aquatic vegetation.  
Abundance and richness of fish had a significant positive correlation with both submerged 
vegetation and the presence of soft substrate types such sand, mud, and detritus, but were 
negatively correlated with hard substrate types.  

Interestingly, Lange (1999) also found reduced fish abundance and species richness with 
increased density and diversity of shoreline residential development.  He found that the specific 
development features associated with this pattern changed with the scale of observation, 
indicating that fish respond to both proximally and distantly located habitat alteration.   

These results suggest that the cumulative effects of shoreline development might influence fish 
abundance and species richness.  The results also suggest that shoreline alteration can affect fish 
abundance and species richness regardless of the relative distance of the development from the 
study site.  This clearly illustrates the importance of considering the cumulative effects of even 
small new residential over-water structures that may be proposed in systems where numerous 
over-water structures already exist.  

Some studies suggest that in the absence of certain predatory species such as bass, piers 
constructed in shore-zones may have a minimal influence on fish.  For example, Beauchamp et 
al. (1994) studied the effect of shore-zone structures on the density of littoral-zone fishes in Lake 
Tahoe, California/Nevada.  They found that piling-supported piers have no significant effect on 
the densities of any littoral fish, in contrast to rock-crib piers (i.e., timber framework filled with 
boulders and cobbles), which actually enhance both the density and diversity of fishes.  
Beauchamp et al. (1994) suggest that the difference in fish density associated with these two 
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types of piers might be attributed to the greater habitat complexity of rock-crib piers due to the 
interstitial spaces within the boulders.   

Similarly, Lange (1999), studying the effect of shoreline residential development on littoral 
fishes, found that fish abundance and species richness were higher in rock-crib-supported docks 
(i.e., permanent docks) than in docks supported by pillars (i.e., seasonal docks). 

One may argue that this response should be seen as an adverse effect, because it promotes 
anthropogenically induced fish aggregation.  It is not known whether artificial structures used for 
habitat restoration in streams actually contribute to the enhancement of the targeted fish species, 
or whether such structures merely provide a focal point for fish distribution (King County 2000; 
Beschta et al. 1994; Everest and Sedell 1984; Kauffman et al. 1993; Reeves and Roelofs 1982).  
A high incidence of failure of artificial habitat structures has been reported for streams of the 
Pacific Northwest (Fissell and Nawa 1992).  Artificial structures that alter fish distribution may 
increase salmonid predation rates by also aggregating predatory fish.  Indeed, to be effective, 
artificial habitat structures used in restoration projects must be designed with attention to the 
needs of resident and desired species and consideration of the prevailing physical factors in a 
particular river or stream (Howe 1997).  For example, recent snorkel observations at restoration 
sites in slow-flowing areas of the Sammamish River indicate that added large woody debris is 
providing habitat for predatory species rather than for salmon (King County 2000). 

Based on qualitative observations of piscivorous fishes in Lake Joseph, Ontario, Canada, Brown 
(1998) suggested that the presence of predators around crib structures is a response to the 
abundance of forage fishes.  She also studied the influences of shoreline residential development 
(i.e., docks and boathouses) and physical habitat on fish density in the Lake Joseph littoral fringe 
zone (i.e., 0–2.5 meters offshore with average depth of 0.53 meters).  She found that coarse 
woody debris (CWD) was the most important habitat variable predicting density of total forage 
fishes.  Sites with the higher number of shoreline structures had the lower densities of coarse 
woody debris.  She also found that crib structures increased densities of forage fishes (<100 
millimeters) in the littoral fringe on exposed shorelines or in areas where coarse woody debris 
had been removed.  

Brown (1998) also found that forage fish density in the fringe zone and around shoreline 
structures increased with the addition of shoreline structures.  She attributes this result to the 
added structural complexity that these structures provide, suggesting that this may increase 
protection from predators and from physical elements such as wave energy.  She speculates that 
interstitial spaces within crib structures provided refuge from waves and predation for small fish 
along exposed shorelines. 

As noted previously, shoreline development, with its suite of associated human activities and 
presence of artificial structures, degrades aquatic communities.  In the review of habitat function 
above, individual over-water structures and overall shoreline development are discussed.  Bryan 
and Scarnecchia (1992) studied species richness and juvenile fish abundance (young-of-the-year, 
YOY) in developed areas (i.e., with docks present) versus undeveloped areas (i.e., naturally 
vegetated), in Spirit Lake, Iowa.  Bryan and Scarnecchia (1992) consistently found greater 
species richness and total juvenile fish abundance in natural sites than in developed sites in both 
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near-shore and intermediate depth zones (0–1 meters and 1–2 meters, respectively).  However, 
they found little difference between natural and developed sites in the offshore depth zones (2–3 
meters).  Throughout this study, juvenile fishes were more abundant where macrophyte 
abundance was greater (i.e., where vegetation was not removed for development).  Smallmouth 
bass was the only species consistently found in equal or greater abundance in developed sites, 
which Bryan and Scarnecchia (1992) attribute to its lack of reliance on vegetative cover. 

Hence, one might expect that if shore-zone development (in particular, construction of docks and 
associated in-water structures) eliminates the macrophyte vegetation, it might adversely affect 
fish species assemblages and young-of-the-year survival, particularly of vegetation-dependent 
species.  In this regard, DiCostanzo (1957, as cited by Bryan and Scarnecchia 1992) speculate 
that insofar as juvenile fish use vegetation beds to avoid predation and to feed during their first 
summer of life, human activities that eliminate such habitat may reduce juvenile survival. 

Collins et al. (1995) compare fish use of fringe zones adjacent to lawns with their use of 
undeveloped shorelines in Lake Rosseau, Ontario.  They found that fish exhibit much less 
rearing and feeding activity in lawn-edge zones, where wave disturbance is greater, than in 
undeveloped habitats.  Based on their results, Collins et al. (1995) identify shallow water as 
critical for foraging, refuge, and migration of small fishes (i.e., less than 100 centimeters total 
length). 

Loss of riparian and wetland vegetation resulting from the construction of over-water structures 
and activities associated with shore-zone development has an adverse effect on water 
temperature.  An increase in water temperature can promote temperature barriers, thus limiting 
the range and survival of certain fish species (Donald and Alger 1993).  Indeed, results of field 
studies conducted in streams, rivers, and lakes suggest that the distribution and survival of 
certain species of trout, including bull trout (Salvelinus confluentus), are limited by water 
temperature (Fraley and Shepard 1989; Goetz 1989; Donald and Alger 1993; Rieman and 
McIntyre 1993; Ratliff et al. 1996; McPhail and Baxter 1996).  In general, bull trout are 
uncommon where water temperature exceeds 15oC for more than a few days per year.  In fact, a 
study of distribution of juvenile bull trout in the upper Cedar River and upper Yakima River 
drainages found that this species was absent in streams where summer water temperatures 
exceeded 14oC (Goetz 1997). 

Only one source was found addressing benthic communities in the context of the effects of over-
water structures.  White (1975) studied the influence of shoreline development on fish and 
benthic fish food organisms in Lake Washington.  He found that during the fall, population 
densities for insect larvae, mollusks, and amphipods were significantly higher outside the piers 
than under the piers.  Conversely, in spring, population densities for mollusks, amphipods, and 
insects other than Chironomidae larvae (and presumably other grazing insects) were all 
significantly higher under the piers. 

White (1975) suggests that the observed seasonal difference may be due to a combination of 
factors, including food availability, light, and life histories.  The organisms whose partial or 
complete life cycles are related to aquatic vegetation did not avoid docks during the fall, but 
rather, responded to the available vegetation outside the docks (White 1975).  He attributed the 
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spring preference (for protection, food, and shelter) of areas under docks and piers to the spring 
vegetation lacking the heavy growth observed during the fall.  Therefore, during the spring, the 
docks offered a viable alternative type of structure to that provided by the vegetation during the 
fall (White 1975). 

In White’s (1975) study, chironomids, an important food item for juvenile salmonids, showed no 
difference between population densities under and outside the piers.  White (1975) did not 
discuss the potential implication of his results on the survival of juvenile salmonids, particularly 
juvenile chinook salmon.  Interestingly, the samples he obtained from sites without docks 
("natural zones") indicated that chironomids were the most abundant organism at these sites.  
Clearly, his suggestion that docks offer an alternative type of structure to that provided by 
vegetation does not seem to apply for Chironomidae larvae. 

Chmura and Ross (1978) state that “piers, docks, and wharves can have detrimental effects on 
both salt and freshwater marshes by blocking light and water flow . . . especially if piers are 
supported by closed (solid) bases.”  The associated problem of use of treated wood is also 
mentioned by Chmura and Ross (1978). 

Marinas 

As defined by Mulvihill et al. (1980), “a harbor is a protected water area offering a place for 
safety to vessels.  Small craft harbors are protected areas whose depth and maneuvering area 
limit usage to small craft.  ‘Marina’ is used synonymously with small craft harbor, but generally 
refers to harbors for pleasure crafts.”  Although marinas might be seen as over-water structures 
typical of marine environments, in Washington there are marinas in freshwater environments as 
well. 

During the preparation of this white paper, Kahler et al. (2000) published A Summary of the 
Effects of Bulkheads, Piers, and Other Artificial Structures on ESA-Listed Salmonids in Lakes.  
This summary provides a comprehensive literature review of published and unpublished data 
primarily focused on Lake Washington and Lake Sammamish.  Although marinas are not 
explicitly addressed in this review, there is a discussion of the effects of piers, bulkheads, 
lighting, chemical contaminants, and recreational and construction activities on fish and their 
habitat, which relates to the potential environmental effect. 

Only two papers, both literature reviews, were found that directly address the environmental 
impact of marinas on freshwater environments (Chmura and Ross 1978; Mulvihill et al. 1980).  
The Chmura and Ross (1978) paper includes 66 literature citations and is organized by structure 
type, type of effect, and management considerations.  The Mulvihill et al. (1980) paper includes 
555 information sources, provides a summary of the literature, and is organized by coastal region 
case history studies.  This review includes environmental impacts and biological impacts, the 
latter divided by construction, chronic, and cumulative effects.  The Mulvihill et al. (1980) 
review is focused on the impact on the coastal environment and is somewhat outdated, 
particularly from an environmental viewpoint.  Both the Chmura and Ross (1978) and Mulvihill 
et al. (1980) reviews address issues related to marinas in freshwater, estuarine, and marine 
environments. 
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Chmura and Ross (1978) identify both adverse and beneficial impacts caused by marinas.  
Among the adverse effects, the primary impacts cited are habitat loss, pollution resulting from 
stormwater runoff, and aesthetic (visual) pollution.  Among beneficial impacts, the authors 
mention concentration of shoreline development (“as opposed to many scattered private docks”), 
and increased habitat diversity generated where substrate is provided for fouling organisms.  
Although habitat loss is seen as a primary adverse impact, the authors state that marinas also 
“provide an artificial habitat with its own unique environment,” and that associated in-water 
structures “can add to the biological productivity of the area and attract fish.”  While 
documentation for this statement is not provided, an examination of the Chmura and Ross (1978) 
reference list suggests that marine or estuarine studies may be the source of this information.  
Nonetheless, the fish attraction noted by Chmura and Ross (1978) is consistent with the 
supporting evidence found elsewhere for docks, piers, and floats (see discussion above).  
However, the Chmura and Ross (1978) review provides no discussion of the potential adverse 
effect of such fish attraction (i.e., an increase in predation rate). 

Dredging is addressed elsewhere in this series of white papers.  Therefore, although dredging 
issues are discussed by Chmura and Ross (1978), only the general adverse effects of dredging 
associated with over-water structures are listed here: 

� Promotion of water turbidity 
� Promotion of onsite and offsite pollution 
� Reduced oxygen content 
� Induced burial of organisms 
� Disruption and removal of bottom sediment, and alteration of benthic 

communities. 

The Mulvihill et al. (1980) review provides an examination of the biological and physical 
impacts of marina placement.  Harbors cause loss of benthic succession and impoverishment of 
substrate and water quality.  Furthermore, elimination of wetland areas as productive habitat may 
result from cumulative effects of harbors constructed in wetland areas (Mulvihill et al.1980). 

Wharves and Pilings 

Although usually associated with docks, piers, and marinas, wharves and pilings possess their 
own mechanism of impact on the shore-zone habitat function and structure.  Because their 
effects have been studied for the same categories of response as for docks and piers, some 
pertinent information discussed in the docks, piers, and floats section above is omitted here. 

Empirical indirect evidence indicates predatory fish attraction to pilings and wharves by the 
following two mechanisms: 

� Modification of the underwater habitat complexity, in which case 
predatory fish are attracted to the physical structure itself (i.e., pilings) 

� Physical disruption of the water flow (i.e., back-eddies, backwater, or 
shear flow), resulting from flow obstruction by such structures. 
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These two mechanisms seem to be controlled by the shoreline configuration and its degree of 
natural protection, and also by the hydrological characteristics of the system.  The empirical data 
also indicate a species-specific response of the involved predatory fish.  For example, northern 
pikeminnow is attracted to back-eddies, backwater, or shear flow created by piling structures in 
free-flowing areas; whereas smallmouth bass is attracted to the piling structure.  Some pertinent 
information in this regard is included above in the discussion of docks and piers and therefore is 
not discussed here. 

Predation 

Petersen et al. (1993) found that in the Colombia and Snake river reservoirs, northern squawfish 
feed primarily on juvenile salmonids and are associated with back-eddies created by jetty pilings.  
In this regard, Petersen et al. (1993) suggest that in the Columbia River, in-river obstructions 
below the Bonneville Dam (e.g., pilings) might make salmonids more vulnerable to predation 
because of the potential for aggregation in back-eddies they create.  It is unknown whether this 
aggregation affects the out-migration rate of juvenile salmonids.  Nevertheless, the implication of 
this behavioral response in terms of increased predation rates on juvenile salmonids may have 
even more profound consequences on their freshwater survival.  This is because juvenile 
salmonids whose migratory behavior is delayed by aggregating structures may experience 
increased exposure to predators. 

In contrast, Ward et al. (1994), studying the effect of harbor development on juvenile salmon 
migration and predation by northern squawfish in the lower Willamette River, found that 
offshore wharves supported by pilings do not have an effect on juvenile salmonid migration.  
The difference in location between the studies of Petersen et al. (1993) and Ward et al. (1994) 
may explain these contrasting results.  Petersen et al. (1993) focused their study in the Columbia 
River in an area of free-flowing water in which jetty pilings constitute flow obstructions and 
create back-eddies.  Conversely, the study sites of Ward et al. (1994) are located within a 
protected area of Portland Harbor in the Willamette River. 

As with docks, piers, floats, and marinas, no studies on the effect of pilings and wharves on 
avian predation were found.  Some unpublished data indicate that in Lake Washington, double-
crested cormorants perch on individual piles (Kahler et al. 2000). 

Habitat Function 

Knutsen and Ward (1991) studied the behavior of juvenile salmonids (chinook and steelhead) 
migrating through the Willamette River at developed sites (i.e., with presence of wharves, 
pilings, floating platforms, riprap, and vertical walls) and undeveloped sites (i.e., no structure 
present, and mostly clay, silt, or sand bottoms, steeply sloped from dredging).  They report that 
although there appears to be a species-specific difference between habitat occupied by migrating 
juveniles at undeveloped sites versus that at developed sites, variables that characterize such 
habitats seem to have a temporal variation. 

To explain, subyearling chinook salmon were found closer to the shore in developed sites than in 
undeveloped sites, particularly in one site containing a wharf supported by closely spaced pilings 
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(i.e., less than 10 feet apart; Knutsen and Ward 1991).  This site had a completely riprapped 
shoreline and a shallow backwater, with a soft bottom at the downstream end of the wharf.  The 
authors do not specify whether this backwater might have formed as a result of the existing in-
water obstructions.  However, the downstream location of the wharf and the bottom 
characteristics suggest that this backwater and associated deposition area (i.e., soft bottom) were 
at least partially related to the presence of the wharf.  Therefore, this, and the fact that at this site 
the shoreline was completely riprapped, preclude possible inference of the (sole) effect of the 
wharf. 

In general, Knutsen and Ward (1991) found that yearling chinook salmon were closer to the 
surface than were subyearling chinook salmon at developed sites.  Subyearling chinook salmon 
were found closer to the shore in developed sites than in undeveloped sites.  However, results 
from this study are inconclusive, because the authors are not able to infer whether the observed 
distribution is related to increased water depth at developed sites or to the presence of 
developments themselves (Knutsen and Ward 1991). 

Nonetheless, one may argue that for future construction, at least the potential physical effect 
(such as creation of backwater and associated deposition areas) should be considered when 
placing this type of in-water structure.  Increased fine sediments and detritus loading expected to 
occur in deposition areas such as this could adversely affect bottom-dwelling communities by 
embedding organisms and promoting anoxic microzones, making bottom habitats unsuitable for 
benthic organisms. 

Although effects of treated wood piling are not addressed within the scope of this white paper, a 
few of the sources reviewed address this issue as an associated problem of wharves and piling 
structures.  Within this context, two studies are of particular interest: Chmura and Ross (1978) 
and White (1975). 

In their literature review regarding effects of marinas, Chmura and Ross (1978) found that 
wharves have been reported to be potentially detrimental, through blockage of light and through 
adverse impacts on water quality (and thereby habitat conditions) due to the treated wood 
pilings.  Also, pilings have been reported to provide suitable substrate for periphyton and some 
macroalgae species growth (Chmura and Ross 1978; White 1975) and therefore have potential 
for habitat structure modification. 

White (1975) used five experimental pilings (one control, one treated with creosote, one with 
ammoniacal copper arsenate, and two with pentachlorophenol) to study periphyton attachment in 
Lake Washington.  After one month, diatoms occurred more frequently than other periphyton on 
all the pilings.  The alga, Cymbella sp, was the only algal species common to all pilings.  The 
creosote-treated piling had the greatest number of algal species growing on its surface.  After one 
year, all but the ammoniacal copper arsenate-treated piling had extensive algal encrustment, 
along with many amphipods, limpets, and watermites. 

This research suggests that periphyton, algae, and eventually macroinvertebrate species can 
colonize even treated pilings.  Juvenile salmonids as well as other fish species can feed upon 
these macroinvertebrates species.  Therefore, the presence of this source of food on piling 
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surfaces may be a contributing element of distribution of fish prey and thereby fish predators 
around piling structures. 

Log Booms and Log Rafts 

The number and body sizes of organisms using the area influenced by a floating object are 
directly related to the surface area of the object (Helfman 1979, 1981a).  Log booms and log rafts 
are capable of producing a shaded area beneath their surfaces with the consequent potential for 
altering ecosystem functions.  Therefore one would expect a relationship corresponding to that 
reported by Helfman (1979, 1981a) in relation to the dimensions of log booms and log rafts 
found in lakes and rivers of Washington.  If such a relationship exists, then it is plausible that 
fish predator–prey interactions similar to those suggested for docks and piers may also exist in 
response to log booms and log rafts.  Unfortunately, no published data were found directly 
addressing the effects of these two types of on-water structures on fish predation or behavior. 

Regarding avian predation, no empirical data were found indicating a relationship between log 
booms or rafts and predation on fish (nor were data found showing a relationship between these 
structures and modification of fish behavior [e.g., migration] in freshwater environments).  
However, log booms have been suggested as potentially linked to avian predation on salmonids 
by providing perch sites for predatory birds in Lake Washington and Lake Union.  In Lake 
Union, double-crested cormorants perch on the log booms rather than docks, bulkheads, or 
pilings along the lakeshore (Warner 2000 personal communication, as cited by Kahler et al. 
2000). 

Habitat Function 

Three reports were found addressing the effects of log booms or log rafts in freshwater.  
Schuytema and Shankland (1976) studied the effects of log handling and storage on water quality 
and on bottom-dwelling communities at five log-rafting areas.  The bottom-dwelling community 
included “animals” (i.e., insects, macroinvertebrates, and mollusks), “attached algae” (i.e., 
periphyton), and “slime growth” (i.e., bacteria of the genus Sphaerotilus).  The study area 
included Steamboat and Elochoman sloughs on the north side of the Columbia River, about 
4 miles downstream of Cathlamet, Washington; Coal Creek Slough on the northern edge of the 
Columbia River downstream of Longview, Washington; and the western edge of the Multnomah 
channel, which is part of the Willamette River near Scappose, Oregon. 

Schuytema and Shankland (1976) found loss of bark to be the most significant problem 
associated with log rafting, with effects dependent on the intensity of the activity and the 
flushing action of the holding water body (i.e., slough, lake, or river).  Sludgeworms, which are 
common inhabitants of areas subjected to organic enrichment or pollution, were consistently 
present in areas where a high volume of bark occurred (Schuytema and Shankland 1976).  In 
general, they found that the biologically degraded sites identified in the study had fewer kinds of 
organisms, higher population density, and more bark and detritus. 

Schuytema and Shankland (1976) speculate that rafting activities have an adverse effect upon 
bottom-dwelling organisms in some reaches where log rafts have been present.  The 
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decomposition of the log detrital material will “probably produce a habitat more conducive to the 
establishment of animal populations tolerant to organically enriched conditions” (Schuytema and 
Shankland 1976).  They also found that dissolved oxygen varies with the location depending on 
the amount of water flow and detritus, and speculate that in areas without adequate water flow 
(e.g., sloughs), log rafts could adversely affect the population of bottom-dwelling organisms 
(Schuytema and Shankland 1976). 

Schuytema and Shankland (1976) found that dredging to remove the bark was a regularly 
associated activity of the log rafting sites, and although not discussed in their report, it should be 
considered as an associated environmental problem of log rafting practices.  The implication of 
dredging in freshwater environments is discussed in a separate white paper within this series. 

Similar results have been reported for logs stored in water.  Schaumburg (1973) found loss of 
bark from water-stored logs to be the most significant problem, as benthic depositions exert 
oxygen demand and may influence the biology of the benthic zone.  He also found that leachates 
from logs held in water storage contained mostly organic substances, and that these substances 
exerted both chemical and biological oxygen demand.  In relatively stagnant areas, the leaching 
rate continually decreased due to the increased levels of dissolved organic substances, whereas in 
flowing water the leaching rate was nearly constant for at least 80 days  (Schaumburg 1973). 

In terms of toxicity, Schaumburg (1973), conducting laboratory toxicity tests, found that leachate 
from ponderosa pine, hemlock, and older Douglas fir produced no toxicity to chinook salmon or 
rainbow trout fry during 96-hour bioassay studies.  However, log sections without bark were 
found to be more toxic than comparable sections with bark intact.  The 96-hour toxicity test 
values ranged from 20 to 93 percent (volume/volume) for leachate from young Douglas fir logs.  
The author speculates that the slight toxicity for young Douglas fir logs may be due to a much 
greater release of soluble substances into the holding water (i.e., where the fish were held during 
the test).  No information was found addressing bioaccumulation of toxicants and their possible 
adverse impacts on salmonids. 

Based on his findings, Schaumburg (1973) concludes that leachates from logs held in water 
storage do not represent a significant water quality problem.  However he states that “the severity 
of pollution problems associated with the storage of logs depends upon the quantity of logs 
stored, the age, and the species of the log and flow rate of the holding water.”  Unfortunately, 
this author did not conduct toxicity tests in the field, thereby limiting the applicability of his 
results to laboratory settings.  For example, in storage sites, and under certain physical/chemical 
conditions of temperature, pH, and dissolved oxygen, log leachate in interaction with naturally 
occurring substances (e.g., sulfurous compounds) may have additive effects, resulting in a higher 
toxicity to fish. 

Pacific Northwest Pollution Control Council (1971) prepared a literature review of the physical 
influences of log rafts and their effects on water quality.  They found that bark originating from 
rafting and storage of logs (about 5 percent of each log’s bark layer) is a concern because of its 
potential to increase organic material in the water (see Pacific Northwest Pollution Control 
Council [1971] for the complete review of related literature and for proposed guidelines and 
recommendations).  A further concern is the long-lasting adverse effects of bark residue in lakes 
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due to the time it may take for its complete biodegradation.  For example, within a lake on the 
Oregon coast that was used for log handling in the early 1900s, the remaining bark residue made 
habitat unsuitable for several decades thereafter (Pacific Northwest Pollution Control Council 
1971). 

The primary problems cited by Pacific Northwest Pollution Control Council (1971) associated 
with bark debris in water are consistent with those cited in the two studies previously discussed.  
The identified problems related to the accumulation of bark on the bottom are 1) a consequent 
reduction in dissolved oxygen in the overlying water, and corresponding creation of an anaerobic 
layer near the bottom, resulting in the generation of toxic sulfide compounds; and 2) burial of 
benthic communities. 

The secondary problem cited by Pacific Northwest Pollution Control Council (1971) is 
associated with leachates (i.e., release of soluble organic compounds).  These leachates are 
reported to substantially decrease the dissolved oxygen. 

Riprap and Retaining Walls 

The effects of riprap and retaining walls (i.e., bulkheads) have been broadly studied in marine 
environments, particularly when used as the means to armor the shoreline for protection against 
wave-induced erosion (from ambient waves and boat wakes).  In contrast, very few sources were 
found directly addressing the environmental effect of these structures in freshwater 
environments. 

In general, bulkheads are constructed to hold fill and to protect the upland by taking the brunt of 
wave energy (Chmura and Ross 1978).  In doing so, bulkheads prevent natural seepage of 
groundwater into local waters and create reflection waves which disturb sediments, and 
encourage scouring at the base of the bulkheads (Chmura and Ross 1978). 

The construction of bulkheads promotes loss of terrestrial, shallow-water, and benthic habitat.  
Such construction involves the use of heavy equipment that causes physical disturbance, noise, 
and air pollution at the site. 

The physical disturbance and damage to fish and wildlife habitat caused by the construction of 
bulkheads depends upon 1) the type of habitat in the area before construction, 2) the shoreline 
location where the structure is placed, 3) the size of the structure, and 4) the construction 
methods.  In addition, the bulkhead and associated backfilling bury established terrestrial and 
shallow-water flora and fauna (Mulvihill et al. 1980). 

The construction of bulkheads and associated activities also cause local erosion, new sediment 
deposits in the vicinity of the structure, turbidity, and hence water quality degradation.  New 
sediment deposits are often silty and thus can destroy spawning areas, smother benthic 
organisms, and reduce bottom habitat diversity and food supply (Mulvihill et al. 1980). 
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Bulkheads also promote erosion of the foreshore because of an increase in wave energy due to 
waves reflecting off the face of the structure.  Bulkheads can also promote erosion of adjacent 
beaches and interfere with sand recruitment processes (Mulvihill et al. 1980). 

Bulkheads constructed in wetland areas can cause extensive damage to fishes and wildlife by the 
following mechanisms: 1) covering narrow fringe marshes, 2) covering the waterfront edge, and 
3) altering water circulation in larger shore-front marshes (Mulvihill et al. 1980). 

Riprap and retaining walls are typically associated elements of over-water structures that exert a 
direct mechanism of impact on marine environments.  These associated elements are commonly 
incorporated into dock and pier design as mitigation measures providing permanent erosion 
control of shoreline areas disturbed by the project construction.  However, the empirical data 
found in this literature review suggest that riprap and retaining walls may produce adverse 
responses in aquatic organisms. 

The following quotation from Jennings et al. (1999) best illustrates the ecological significance of 
the use of riprap and retaining walls in lakes: 

Although riprap may increase structure complexity at the scale of the individual 
site, when viewed at the scale of the whole lake, conversion of the entire shoreline 
to this one habitat type does not increase overall habitat diversity; rather, it 
causes a reduction.  Because of this reduction of habitat diversity, conversion of 
unaltered shoreline to riprap should not be viewed as enhancement.  However, 
when erosion control is necessary, riprap appears to provide beneficial fish 
habitat compared with retaining walls. 

Scientific information on juvenile salmonid ecology from ongoing research indicates that in both 
western and eastern Washington, shallow-water near-shore habitats are important sites for 
migration of juvenile salmonids, particularly chinook (King County 2000; Garland and Tiffan 
1999; Curet 1993; Fresh 1999 personal communication; Bennett et al. 1992; Healey 1991; 
Rondorf et al. 1990; Dauble et al. 1989; Wydoski and Whitney 1979).  These sites are important 
because of the abundance of prey resources and refuge from predators.  Consequently, loss of 
rearing and foraging habitat in the shore-zone lentic and lotic freshwater environments may 
increase juvenile salmonid exposure to potential predators, particularly in freshwater systems 
such as the reservoirs of the Columbia and Snake rivers, which are used by juvenile salmonids as 
migratory corridors. 

In the context of the effects of shoreline armoring, and comparing retaining wall versus riprap 
bulkheads, sites next to retaining walls tend to be deeper, primarily because the structures are 
usually placed below the ordinary high water mark and then backfilled.  This effectively pushes 
the shoreline out from its original location resulting in a corresponding increase in water depth of 
the littoral zone.  Given that, as discussed above, out-migrating juvenile salmonids (particularly 
chinook) use shallow-water habitats for rearing, foraging, and migration, one may argue that 
retaining walls may disrupt juvenile salmonid migration.  In turn, the cumulative impact of this 
migration disruption may be an overall reduction in survival rate, as forcing juveniles into deeper 
water potentially affects their survival by limiting prey resource availability, thereby decreasing 
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their growth rate, and also by increasing their exposure to predators, thereby increasing the 
predation rate. 

Although riprap bulkheads may cause less loss of shallow water habitats than retaining walls, 
because of the interstitial spaces of their more complex three-dimensional structures, they also 
may provide concealing habitat to salmonid predators, such as some species of sculpin (Kahler et 
al. 2000). 

Habitat Function 

Jennings et al. (1999), studying the relationship between habitat modification and fish 
assemblage, compared three types of sites in 17 Wisconsin lakes: shoreline modified by the 
addition of riprap; shoreline modified by the construction of a vertical retaining wall; and 
unarmored sites.  They found that sites with riprap contained more fish species than sites in 
which retaining walls were constructed and, than unarmored sites.  This is because riprap 
provides more habitat complexity (i.e., interstitial spaces for cover and food production) than 
retaining walls (Jennings et al. 1999).  However, the authors cautioned that their results may 
have been an artifact of confounding variables (scale of the investigation, heterogeneity of the 
unarmored sites, and the increased effort required to assess species richness at unarmored sites). 
Beauchamp et al. (1994) also observed fish preferences for complex habitats in the context of 
rock-crib piers. 

It should be emphasized that although shoreline armored with riprap may provide more habitat 
complexity than retaining walls, riprap and most manmade structures are not comparable 
substitutes for naturally occurring structures and aquatic vegetation.  The reason may be that 
from the habitat viewpoint, manmade structures only simulate physical attributes at best, but lack 
the chemical and biological attributes of, for example, natural wood.  Naturally occurring 
structures such as small and coarse woody debris, as well as aquatic vegetation, possess not only 
unique physical characteristics contributing to habitat complexity, but also chemical and 
biological characteristics necessary for healthy food web and predator–prey interactions (e.g., 
nutrients and substrate for microinvertebrates and food for prey species). 

With regard to salmonids, avoidance of armored shorelines rather than aggregation has been 
reported (Garland and Tiffan 1999).  Garland and Tiffan (1999), studying near-shore habitat use 
by subyearling fall chinook salmon in the Snake River, found that this species avoided bedrock 
cliffs and manmade boulder (riprap) areas, and was more abundant at sites where sand was the 
dominant substrate.  Key et al. (1996) reported little use of boulders and riprap in a study 
conducted in the Hanford reach of the Columbia River.  Bennett et al. (1992) found most 
subyearling chinook over sandy substrates in Little Goose Reservoir.  Also, Curet (1993) 
reported that subyearling chinook rearing in Lower Granite and Little Goose reservoirs exhibited 
a strong preference for sandy areas and showed a moderate avoidance of areas containing cobble.  
Curet (1993) did not report capture effort over different substrate types.  However, because 
Bennett et al. (1992) and Curet (1993) used beach seine as sampling gear, results from their 
studies are limited to the areas where beach seining techniques were effective. 
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As  the preceding discussion shows, fish response to riprap varies with the species and 
geographical area.  For example, fish assemblages like those studied by Jennings et al. (1999) in 
Wisconsin lakes respond to riprap and retaining walls in a different manner than subyearling 
chinook salmon respond to these structures in eastern Washington reservoirs. 

The effect of habitat modification on macroinvertebrate abundance resulting from the addition of 
riprap and retaining walls has also been studied (Schmude et al. 1998).  Using simulated riprap 
and retaining walls in three Wisconsin lakes, they found that simulated riprap supported greater 
macroinvertebrate abundance and species richness than did simulated retaining walls, regardless 
of the shoreline conditions where the simulated structures were placed (i.e., riprap, vertical 
retaining wall, or natural shoreline).  As in other studies discussed above, Schmude et al. (1998) 
attribute the greater abundance of organisms found in the simulated riprap to the greater habitat 
complexity that this type of structure provides.  They conclude that more complex, three-
dimensional artificial substrate associated with riprap, with its greater substrate heterogeneity, 
surface complexity, and interstitial space, supports a more diverse and abundant 
macroinvertebrate community in lakes than does the less complex, two-dimensional artificial 
substrate of the retaining wall.  They also speculate that the complexity of erosion control 
structures (i.e., bulkheads) affects the type and abundance of colonizing macroinvertebrates (i.e., 
riprap bulkheads support greater abundance). 

From the preceding discussion, it becomes apparent that replacement of natural shorelines with 
simple artificial structures such as retaining walls may reduce the quality of habitat and change 
the community structure, through the removal of wetland and riparian vegetation and the 
introduction of changes to physical attributes such as shoreline slope.  Removal of wetland and 
riparian vegetation eliminates fish and wildlife habitat, contributes to the impoverishment of 
water quality and quantity, and precludes future recruitment of woody debris.  In this regard, 
Ward et al. (1994) found that in the Willamette River, the habitat type used by salmonids at an 
undeveloped site was unavailable at developed sites, especially at a site where the shoreline had 
been armored with a vertical retaining wall.  They found differences in bottom slopes, water 
depths, and water current velocities when comparing developed and undeveloped sites. 

The simplification of the shoreline (i.e., removal of structure) during the construction of retaining 
walls further reduces salmonid habitat.  This thesis is supported by Christensen et al. (1996), who 
found that removal of coarse woody debris and shoreline vegetation as a result of bulkhead 
construction reduced refuge habitat.  Christensen et al. (1996), studying 16 lakes in Northern 
Wisconsin, found a strong negative correlation between riparian snag density and coarse woody 
debris density and the shoreline cabin density at the whole lake scale.  Their results demonstrate 
that there are substantial impacts of shoreline residential development on littoral riparian snag 
and coarse woody debris abundance, and that this impact is additive.  Christensen et al. (1996) 
speculate that humans reduce coarse woody debris in lakes, apparently through direct removal as 
well as by altering riparian vegetation. 

However, although most data found during this literature review seem to consistently show the 
adverse effects of bulkheads, not all of the research results are conclusive.  For example, Knutsen 
and Ward (1991) found that in the Willamette River, physical characteristics of the near-shore 
zone area did not vary greatly, except when altered by structures.  Shorelines associated with 
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structures had steeply placed riprap or vertical walls, and alteration of water depth was 
commonly associated with waterway developments.  The authors found evidence that suggested 
that water depth might influence the horizontal distribution of yearling chinook salmon and 
juvenile steelhead.  However, the results were inconclusive, and Knutsen and Ward (1991) were 
unable to find any significant pattern in such distribution for these fish species. 

Another inconclusive study is that conducted by White (1975) in Lake Washington.  He 
compared benthic macroinvertebrate abundance at various depths in front of different types of 
bulkheads, and found that reflected wave action associated with the bulkhead did not displace 
organisms.  However, clear trends of macroinvertebrate abundance were not found, as benthic 
populations at similar bulkheads often varied, thus precluding any conclusive evidence (White 
1975). 

Shore-Zone Habitat Structure Changes – Summary of Findings and Data Gaps 
Summary 

Figure 1 schematically depicts the relationships among impacts resulting from changes induced 
by on-, in-, and over-water structures and associated construction and operational activities.  As 
illustrated in this figure, on- and over-water structures alter the shore-zone habitat structure, 
resulting in changes to fauna and flora.  Changes in the habitat structure may result in salmonid 
behavior disruption, which may then affect predation rate.  Pile driving and removal and other 
construction and operational activities cause short- and long-term habitat impacts.  Short-term 
impacts are associated with noise disturbance and water quality impairment during construction.  
Long-term impacts associated with the presence and operation of the structure may include 
physical damage to aquatic organisms and a reduction in primary production.  Both the presence 
of structures and the impacts arising from the associated construction and operational activities 
can disrupt the food web and thereby affect the ecosystem. 

The following is a summary of findings of this review pertaining to shore-zone habitat structure 
changes, organized by the observed type of response. 

Predation 

� Bass are major juvenile salmonid predators, likely due to the overlap in 
rearing habitat. 

� In reservoir systems of eastern Washington, juvenile salmonid predation is 
specific to the behavior and distribution of each salmonid species and of 
its predator.  The behavior and distribution of predator and prey species 
reportedly depend on temperature, the degree of shore-zone development, 
slope and substrate of the shoreline, and the presence of manmade in-
water structures. 
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Figure 1. Impacts resulting from changes induced by on-, in-, and over-water structures and associated construction and operation activities. 
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� In the Colombia and Snake river reservoirs, northern pikeminnow is an 
important predator of juvenile salmonids because of their inshore 
preferences and preference for low velocity microhabitats, which are 
created by in-water structures. 

� Habitat used by fish may influence bird prey selection, and in general, 
cover reduces success of their capture by predatory birds. 

Behavior 

� Docks, piers, and floats reportedly attract fish, this being the main effect 
of these over-water structures on fish behavior. 

� Over-water structures may affect the survival of organisms (particularly 
juvenile salmonids) by providing a focal point for predatory fish 
aggregation, effectively altering predator-prey interactions. 

� Although it is not clear which features (e.g., shade, tactile stimuli) of over-
water structures attract bass, bass have been observed foraging and 
spawning in the vicinity of docks, piers, and pilings. 

� The shade produced by houseboats and floats versus the shade produced 
by fixed-height structures may induce different responses in fish. 

� Different fish species respond differently to the shade produced by over-
water structures. 

� Smallmouth bass and largemouth bass have a strong affinity to habitat 
structures including piers, docks, and associated pilings. 

� Fish, particularly largemouth bass, rather than being attracted to the 
physical structure of experimental floats, seem to be attracted to the shade 
they produce.  In contrast, smallmouth bass do not seem to be attracted to 
the shade produced by such structures. 

� In free-flowing systems, pilings can create back-eddy microhabitats due to 
the physical disruption of the water flow, thereby attracting northern 
pikeminnow and perhaps juvenile salmonids to such habitats. 

� Bulkheads adversely affect the migration and thereby the survival of 
juvenile salmonids by diverting them into deeper waters along armored 
shorelines. 

� In the Snake River, subyearling fall chinook salmon avoid bedrock cliffs 
and manmade boulder (riprap) areas. 
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� The fish response to riprap and retaining walls varies with the region and 
the species. 

Habitat Function 

� The cumulative effects of shoreline development that accompany the 
construction of over-water structures, may be the main determinant of 
adverse effects on fish assemblages at the basin level. 

� Over-water structures and associated construction and operation activities 
adversely affect juvenile salmonids by providing habitat for predators 
adjacent to natural refugia for migratory juvenile salmonids, such as 
coarse woody debris.  Construction and placement of the over-water 
structures also affect juvenile salmonids by reducing refugia such as 
coarse woody debris. 

� To be effective, artificial habitat structures used in restoration projects 
must be designed with attention to the needs of resident and desired 
species and consideration of the prevailing physical factors in a particular 
river or stream. 

� In streams, rivers, and lakes, survival and distribution of salmonids is 
limited at least partially by water temperature. 

� The number and body size of organisms using an area influenced by a 
floating object are directly related to the surface area of the object. 

� Bark originating from log booms and rafts is reportedly the most 
significant problem associated with log rafting.  This is because when bark 
accumulates on the bottom it may promote 1) a reduction in dissolved 
oxygen in the overlying water and a corresponding anaerobic layer near 
the bottom, resulting in the generation of toxic sulfide compounds; and 2) 
burial of benthic communities. 

� The construction of bulkheads causes loss of terrestrial, shallow water, and 
benthic habitat, and thereby, loss of organisms. 

� Bulkheads promote erosion of the foreshore and adjacent beaches, and 
interfere with sand recruitment processes. 

� Due to its greater complexity, riprap reportedly has a greater potential than 
do vertical walls for maintaining the density and diversity of fishes and 
macroinvertebrates.  However, armoring in general is detrimental to the 
environment and to organisms. 
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Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 1.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
of data availability in Appendix B shows where data exist for each of the categories of response 
studied in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response): 

Predation 

� What are the effects of in-, on-, and over-water structures on predator-prey 
interactions? 

� What are the predator-prey behavioral responses to each type of over-
water structure and to shore-zone development in general? 

� Do the over-water structures affect the predation rate on salmonids or 
other species?  Would changes in design eliminate or minimize the effect? 

� Does temperature affect the sockeye salmon and bass habitat overlap in 
Lake Washington?   

� In reservoirs of eastern Washington, does temperature control the duration 
of shoreline residence of subyearling fall chinook, thereby affecting their 
habitat overlap with bass? 

� What is the effect of over-water structures and shoreline development in 
general on avian predation? 

Behavior 

� Are bass attracted to the shade or to the physical structures (or both) of 
piers, dock, and floats? 

� Is the food-web interaction of prey fishes an attracting feature of docks, 
piers, and associated pilings? 

� In free-flowing areas of rivers and reservoirs of eastern Washington, do 
low-velocity microhabitats increase juvenile salmonid predation by 
providing aggregating habitat for northern pikeminnow and perhaps 
juvenile salmonids as well? 

� Do on-water structures (e.g., boathouses and log rafts) induce the same 
effect on the behavior of organisms as over-water structures? 
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� Why do subyearling fall chinook salmon avoid bedrock cliffs and 
manmade boulder (riprap) areas in the Snake River?  Does this avoidance 
expose them to increased predation? 

Habitat Function 

� Do fish respond to the actual shoreline structures, or to the habitat 
characteristics resulting from riparian zone alterations (e.g., vegetation and 
woody debris removal) associated with placement of the structures? 

� What is the relationship between the cumulative effects of increased 
number of docks in Lake Washington and the decline in sockeye salmon 
freshwater survival? 

� Can the effects of shoreline development be fully mitigated?  How? 

� Can habitat function in highly developed shore-zone areas be restored?  
How?  

� In lakes and slow-flowing rivers and reservoirs, does large woody debris 
enhance salmon habitat or provide habitat for salmon predators? 

Shading and Ambient Light Changes 

Light is very important in the life of organisms.  For juvenile salmonids, light is necessary for 
orientation, prey capture, schooling, predator avoidance, and migration navigation (Simenstad et 
al. 1999).  Docks, piers, pier skirting, floats, houseboats, boathouses, barges, marinas, pilings, 
wharves, log booms, and log rafts all shade aquatic habitat and limit ambient light, affecting 
macrophyte and phytoplankton primary production.  This shading could result in a decreased 
survival rate, or at least promote behavioral changes in various components of the biological 
community.  Lighting associated with these structures may possibly alter fish species behavior, 
posing increased risk of predation and causing disruption of fish migration patterns.  Empirical 
evidence exists (see discussion below) that indicates that changes in the underwater light 
environment may have an impact on juvenile salmonid physiology and behavior (Simenstad et 
al. 1999). 

Predation 

No data were found supporting a direct link between lighting and an increase in predation of 
fishes.  Research results found were inconsistent, however may provide insight into the effects of 
lighting associated with over-water structures with regard to increased predation. 

For example, under varying light intensities, within the natural range of light intensities 
occurring at night, it has been shown that predation rates on juvenile salmonids increase with 
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increasing light (Patten 1971; Ginetz and Larkin 1976; Mace 1983, as cited by Tabor et al. 
1998). 

In contrast, Tabor et al. (1998) in conducting freshwater laboratory experiments found decreased 
predation rates at higher light intensity.  These researchers speculated that rather than increased 
inhibition of sculpin predatory behavior, the light may have actually influenced salmon behavior, 
by enhancing the ability of the fry to detect and avoid sculpin, which resulted in reduced 
predation.  Tabor et al. (1998) proposed that differences in study components (such as salmonid 
species, environment) between their work and earlier studies of Patten (1971) and Mace (1983, 
as cited by Tabor et al. 1998) may explain the difference in the results they found. 

Tabor et al. (1998) in the analysis of their research results, speculated that the reason increased 
predation did not occur may have been a result of the predator being sculpin, a non-obligated 
visual fish. In the darkness, sculpin may use some other sensory mechanism besides vision (i.e., 
their lateral line) to detect prey and therefore, the increase in light intensity may not have 
enhanced its foraging ability.  However, these researches suggested that in the case of visual 
predatory fish such as cutthroat trout, rainbow trout, juvenile coho salmon, as well as some bird 
species, increased light intensity might result in an increased predation rate on juvenile 
salmonids.  Consequently, studies using any of these visual species might find an increased 
predation rate correlated with increased light intensity.  The speculation of Tabor et al. (1998) 
regarding their research results may not be accurate, as other research shows.  For example, 
Petersen and Gadomski (1994) found in laboratory experiments with increasing light intensity a 
decreasing predation rate between northern squawfish (a visual predator) and juvenile chinook 
salmon. 

In addition to differences in experimental condition, the reason for the lack of consistency in the 
aforementioned research results may be that simultaneous variables contribute to the effect of 
potential light-mediated predation rates on juvenile salmonids.  In the field, physical/chemical 
and biological variables may have confounding, interrelated, and simultaneous interactions on 
fish responses to artificial light associated with over-water structures.  To better interpret 
research results providing indirect evidence of the adverse effect of lighting on fish, such 
variables need to be studied and further understood.  Unfortunately, this is usually difficult, 
particularly when field experiments are performed. 

One example of a physical variable confounding the results of experiments on the effects of light 
on fish is a study conducted by Vogel and Beauchamp (1999) regarding the effects of light, prey 
size, and turbidity on reaction distance of lake trout (Salvelinus namaycush) and salmonids.  
They found that with increasing light, reaction distances increased rapidly (i.e., from less than 25 
centimeters at 0.17 lux to about 100 centimeters at a light threshold of 17.8 lux).  Above this 
threshold, increasing light contributed no further advantage for prey detection and therefore no 
further risk to prey.  Vogel and Beauchamp (1999) also found that the “reaction distance 
declined as a decaying power function of turbidity.” 

Artificial light associated with shoreline development can also have an effect on predation of 
juvenile salmonids through the alteration of their migratory behavior.  It has been proposed that 
in the Cedar River, increased artificial light intensity levels may delay fry emigration and cause 
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fry to move to areas of lower water velocity where most predation appears to occur (Tabor et al. 
1998).  Therefore, one might expect that a delay in emigration due to the increasing incidence of 
nighttime lighting associated with shoreline development or over-water structures could lead to 
increased predation on emigrating fry.  However, this has yet to be researched. 

Behavior 

Regarding fish attraction to shade and its potential effect on predation, Helfman (1979) found 
that in Cazenovia Lake, New York, experimental floats attracted prey fishes (small bluegill and 
adult golden shiner) and suggested that this aggregation may attract predatory fish species.  
However, this conjecture was inconclusive in this study.  Helfman (1979) speculates that 
largemouth or smallmouth bass would gain an element of surprise by hovering in shaded regions.  
Conversely, prey fish would have an advantage by being able to see approaching predators 
before the predator sees them. This is because floats are shade-producing objects, which reduce 
the conspicuousness of fish in shade while enhancing their ability to view predators approaching 
from sunlit surroundings. 

As juveniles, predator fish might also seek protection from their own predators by occupying 
shaded areas.  Helfman (1979) speculates that attraction of predatory fish to floats might be 
because of predator-protection-seeking behavior imprinted as juveniles.  Consistent with this, 
Haines and Butler (1969) show that structures that provide darkness are most often selected by 
yearling smallmouth bass. 

Shade from over-water structures may have effects other than those reported by Helfman (1979) 
that promote fish aggregation under shade-casting structures.  On a species-specific basis, those 
effects may vary with fish physiology.  For example, in their review, Simenstad et al. (1999) 
analyzed empirical data pertaining to the juvenile salmonid light perception in the context of 
behavior and physiology.  Their review indicates that 1) ambient and artificial light have been 
reported to induce behavioral responses consistently different between species and ontogenetic 
stage, and the responses vary with the dispersal patterns of the species; 2) upon a stimulus, the 
progression of changes the fish eye must undergo from one state to another is influenced by the 
intensity of the introduced light to which the fish has been exposed; and 3) there are threshold 
light intensities for different behaviors of juvenile salmonids. 

Thus, one may argue that the shade cast by over-water structures that occur over juvenile 
salmonid migratory corridors may disrupt their migration by creating visual barriers and 
promoting disorientation.  Over-water structures such as docks can create sharp underwater light 
contrasts by both casting shade and casting light (from lighting) under ambient daylight and 
nighttime conditions respectively (Simenstad et al. 1999).  In this regard, there is empirical 
evidence which indicates that changes in the underwater light environment will have an impact 
on juvenile salmonid physiology and behavior, and these changes may pose a risk of affecting 
fish migration behavior and increasing mortality risk.  (See Simenstad et al. 1999; a full review is 
beyond the scope of this white paper.) 

Similarly, it has been suggested that changes in light intensity may modify the behavior of 
sockeye salmon fry (Tabor et al. 1998).  Tabor et al. (1998), conducting simulated stream 
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experiments, found that increased light, especially that above natural levels, appears to slow or 
stop emigration of fry, which makes them more vulnerable to predation by sculpin.  Tabor et al. 
(1998) found that as light level increased, and in the absence of sculpin, fry emigrated 
downstream at a slower rate.  In the presence of sculpin, fewer fish emigrated but did so at a 
faster rate than in the absence of sculpin (Tabor et al.1998).  Similarly, McDonald (1960) found 
that the downstream migration of sockeye and coho salmon fry was closely related to light 
intensity.  He found the presence of artificial lights over experimental stream channels at night 
inhibited the downstream migration of sockeye and coho salmon fry in these channels until the 
lights were extinguished.  Consistent with this finding, Godin (1981), based on a literature 
review of diel timing of salmon fry migration, indicates that natural light intensity appears to be 
the major environmental factor controlling the daily onset and termination of the downstream 
and upstream migrations of salmonid fry.  His findings indicate the physiology of these 
organisms is involved in the process.  As changes in the underwater light environment will have 
an impact on juvenile salmonid physiology (Simenstad et al. 1999), it follows that both the 
artificial light associated with over-water structures and the shade that these structures produce 
have a potential for disrupting salmon fry migration and thereby increasing exposure to 
predators. 

In terms of fish attraction to lighting generally, the only data found during this literature review 
comes from an indirect source (Collis et al. 1995).  While conducting an unrelated study on 
northern squawfish predation on salmonids, Collis et al. (1995) observed that juvenile salmonids 
were attracted (i.e., surfaced) to work lights in a Columbia River reservoir.  However, such 
attraction may not hold in all systems and for all different ontogenetic stages (Simenstad et al. 
1999).  In many different second and third order creeks on the Olympic peninsula, night snorkel 
surveys of juvenile salmonids indicated no attraction to the light produced by flashlights when 
shined from under the water or from the surface (Carrasquero 1997 unpublished observations).  
Instead, fry and presmolt salmonids held position, at times even regardless of the proximity of 
the surveyor. 

Habitat Function 

In terms of the effects of on-and over-water structures on the light environment, another concern 
of shading and ambient light changes relates to the potential effects on habitat function.  This 
includes reduction of the ambient light beneath a structure due to light obstruction by an over-
water structure (shading), as well as changes of the ambient light (increase in intensity) due to 
lighting associated with the structure. 

As noted previously, shading can affect habitat function by creating visual barriers to migrating 
fish.  The physical design and elements of the over-water structure (i.e., deck height and width, 
piling numbers and type, pier skirting and batter boards, etc.) can influence whether the shadow 
cast on the near shore covers a sufficient area and has sufficient intensity to constitute an 
underwater visual barrier for fish (Simenstad et al. 1999).  Also, to the extent that phytoplankton 
and aquatic macrophytes require light during photosynthesis, over-water structures that reduce or 
modulate the amount of light will ultimately affect macrophytes beds and reduce phytoplankton 
primary production, with corresponding effects on habitat function, the food web, and 
consequently the ecosystem. 
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Because epibenthic communities depend on light (of certain intensity) to persist, artifacts that 
may diminish light intensity beneath a structure will affect such communities and their habitat.  
For example, shading from pile-supported structures may modify wetland habitat, and depending 
on the amount of shading, algae and aquatic vegetation that occur beneath the structure may be 
reduced or absent (Mulvihill et al. 1980).  However, piling and piers offer substrate for algae to 
grow in areas where bottom depth is below the photic zone or presents unstable sediment 
conditions (Mulvihill et al. 1980).  A loss of phytoplankton primary production due to shading 
may be compensated by the primary production of algae that grow on pilings, particularly in 
areas with bottom conditions as described above. 

In this regard, White (1975) studied the light intensity under and outside over-water structures to 
determine whether structures significantly reduced the amount of light available for primary 
production of phytoplankton.  Not surprisingly, he found that light intensity was higher outside 
over-water structures compared with intensities beneath the structures, as a result of shading 
from the structures.  However, surface phytoplankton production at the edge of a large over-
water apartment complex and under narrow residential piers, exceeded those measured outside 
over-water structures.  White (1975) explains these results as a natural inhibition of production 
that occurs at the surface of water due to light conditions, which are higher than those in which 
algae thrive.  He suggests that under narrow residential piers, at approximately one meter 
beneath the over-water apartment complex, light intensity may be reduced to “optimal,” resulting 
in higher primary production.  White (1975) did not study the abundance or distribution of 
macrophytes under or outside the docks and piers, nor did he investigate the loss of primary 
production due to the reduction of macrophyte vegetation.  Clearly, the loss of macrophyte 
vegetation due to the placement of over-water structures drastically affects primary production. 

In terms of the surface area covered by piers, although suggesting that narrow residential piers do 
not significantly reduce phytoplankton primary production, White (1975) concludes that there is 
an inversely proportional reduction in such production due to the reduction of light.  White’s 
(1975) findings that there were no significant reductions of phytoplankton primary production, 
do not take into consideration the cumulative effects of individual piers.  Analysis of alterations 
occurs primarily at the spatial scale of individual, recreational, and residential properties, the 
effects are incremental and cumulative in nature (Jennings et al. 1999). 

One may argue that a shaded underwater area beneath an over-water structure is essentially a 
new and different habitat from that which previously existed.  This shaded habitat possesses 
intrinsic physical characteristic that will promote changes in various interrelated parameters such 
as light intensity, temperature, primary production and consequently, dissolved oxygen 
(Simenstad et al. 1999).  It is expected that the design (i.e., dimensions, materials, and location in 
relation to the sun path) and flow conditions at the selected site will influence how much such 
parameters change, due to the shade cast by the over-water structures.  In turn, these changes 
may induce responses in the biological community with ecological consequences, which are still 
poorly known and much less well understood. 

Shade-producing structures can introduce changes to fish assemblages and distributions, which 
in turn may affect the local communities, and therefore the systems they inhabit.  Helfman (1979, 
1981a) studied fish attraction to shade producing objects and to experimental floats in Cazenovia 
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Lake, New York.  The experiments were conducted using underwater human observers and 
cameras.  He found the number of fish aggregating beneath shade-producing objects is directly 
proportional to the size of the objects.  Helfman (1981a) suggests that the amount (or depth) of 
shade produced is a determinant of the observed attraction phenomenon.  Helfman (1979, 1981a) 
concludes that shade, interacting with water clarity, sunlight, and vision, is an important factor in 
attracting temperate lake fishes to overhead structures.  In this regard, the major determinant of 
the apparent attraction of shade producing objects to fish is the relative visual advantage of a 
shade versus a sunlit observer (Helfman 1979, 1981a; Helfman et al. 1997).  For example, during 
the day, largemouth bass are typically found near cover, which shields them from high light 
intensities and may provide a concealed vantage point for the occasional ambush of prey 
(Helfman 1981a). 

The associated problems of shading are not exclusive to docks, piers, or associated piling 
structures.  Floats can also shade the underwater environment in a fashion directly proportional 
to the site and shape of the structure.  However, shaded areas caused by floats are usually small, 
and therefore a measurable effect is not expected (Mulvihill et al. 1980).  No published empirical 
evidence of the specific effect of floats on habitat function was found. 

Shading and Ambient Light Changes – Findings Summary and Data Gaps 
Summary 

Figure 2 schematically depicts the relationships among impacts resulting from changes induced 
by on-, in-, and over-water structures and associated construction and operational activities.  As 
illustrated in Figure 2, these structures shade the underwater environment and limit the daylight 
available for photosynthesis, thus restructuring communities.  Construction and operational 
activities associated with these structures impair water quality and promote algal blooms, thus 
reducing light penetration and disrupting salmonid behavior.  Ultimately, these impacts disrupt 
the food web and in turn the ecosystem. 

The following is a summary of findings of this literature review pertaining to shading and 
ambient light changes, organized by the observed type of response. 

Predation 

� In different species and under different environmental conditions, 
predation rates in juvenile salmonids have been shown to both increase 
and decrease with increasing light. 

� With increasing light, reaction distances increase rapidly but only within a 
threshold, above which increasing light contributes no further advantage 
for prey detection.  The reaction distance declines as a decaying power 
function of turbidity. 

� Large or smallmouth bass may gain an element of surprise by hovering in 
shaded regions. 
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Figure 2. Impacts resulting from changes induced by on-, in-, and over-water structures and associated construction activities. 
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Behavior 

� Ambient and artificial light have been reported to induce consistently 
different behavioral responses between species and ontogenetic stage, and 
the responses vary with the dispersal patterns of the species. 

� Upon a stimulus, the progression of changes the fish eye must undergo 
from one state to another is influenced by the intensity of the introduced 
light to which the fish has been exposed. 

� Changes in light in the underwater environment affect juvenile salmonid 
physiology and behavior.  This is because there are threshold light 
intensities at which different juvenile salmonid behaviors occur. 

Habitat Function 

� Shading affects habitat function by creating visual barriers to migrating 
fish. 

� Shading from pile-supported structures modifies the water temperature 
and wetland habitat, and depending on the amount of shading, algae and 
aquatic vegetation that occur beneath the structure are reduced or 
eliminated. 

� The shade produced by a piling-supported pier promotes a loss of 
phytoplankton primary production.  However, this may be compensated 
by the primary production of algae that grow on pilings, particularly in 
areas where the bottom depth is below the photic zone or presents unstable 
sediment conditions. 

� Narrow residential piers may not significantly reduce phytoplankton 
primary production, but there is an inversely proportional reduction in 
production due to the reduction of light. 

� The cumulative effects of even narrow residential piers are detrimental to 
the environment. 

� Shade interacting with water clarity, sunlight, and fish vision is reportedly 
an important factor in attracting temperate lake fishes to overhead 
structures. 

Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 2.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
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of data availability in Appendix B shows where data exist under each of the categories of 
response studied in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response). 

Predation 

� Is there a relationship between lighting and predation on juvenile 
salmonids? 

� Do large or smallmouth bass gain an element of surprise by hovering in 
shaded areas under over-water structures? 

� What is the relationship between reaction distance decline (due to 
turbidity) and fish predation rate? 

Behavior 

� Does lighting from shoreline development and associated over-water 
structures disrupt or delay juvenile salmonid migration?  Would this 
disruption have an effect on predation on juvenile salmonids? 

� What is the relationship between impacts on juvenile salmonid behavior 
resulting from light changes in the underwater environment and changes in 
predation rates? 

� Do changes in light intensity modify the behavior of sockeye salmon fry?  
Would this behavior modification make them more vulnerable to 
predation? 

� Do algal blooms originating from nutrient loading disrupt salmonid 
migration? 

Habitat Function 

� What are the cumulative impacts of over-water coverage on primary 
production in various lakes and reservoirs of eastern and western 
Washington? 

� How does the design of structures (i.e., dimensions, materials, and 
location in relation to the sun path) influence organism responses?  Do 
these responses vary among species or systems? 
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Water Flow Pattern and Energy Disruption 

Docks, piers, marinas, pilings, wharves, riprap, and retaining walls all have the potential to 
disrupt water flow patterns and energy. This disruption can lead to alteration of the distribution 
and abundance of sediment, vegetation, and detritus.  In turn, alteration of these elements can 
restructure important habitat features, thereby affecting the biological community. 

Docks, Piers, and Floats 
Habitat Function 

Lorang et al. (1993) studied the effects of lake level regulation and over-water structures on 
shoreline changes in Flathead Lake, Montana.  They characterize two types of systems: 1) 
reflective systems characterized by dynamic gravel beach faces and steep in-shore shelves 
armored by wave-washed cobble, and 2) dissipative systems characterized by sand-sized 
substratum, broad in-shore flat shelves, and the presence of multiple linear bars approximately 
350 meters offshore.  They also found that piers, which intercept gravel transport, accelerated 
beach (backshore) erosion on “the downdrift side, and heavy aggregation of migrating gravels 
occurred on the updrift side.”  Erosion on reflective beaches was induced by continuous wave 
action during the much longer full-pool period (due to lake level regulation), resulting in fore- 
and back-shore erosion and loss of riparian vegetation (Lorang et al. 1993). 

Kahler et al. (2000) speculate that in Lake Washington, which experiences a water level regime 
similar to that of Flathead Lake, similar processes may occur, with the corresponding effect on 
riparian and emergent vegetation.  They further speculate that gravel interception around shore-
zone structures could potentially increase the availability of suitable spawning habitat for 
smallmouth bass in Lake Washington (Kahler et al. 2000). 

Similar processes also occur in reservoir systems of eastern Washington (e.g., the Columbia and 
Snake river reservoirs; Independent Scientific Group 1996).  The fluctuating water levels in 
those regulated reservoirs prevent the establishment of riparian vegetation.  This zone in which 
riparian vegetation does not become established, called the “varial zone,” includes all the 
shallow, low-velocity habitats within the river channel of all regulated river segments in the 
Columbia basin (Independent Scientific Group 1996).  Because of such a pattern of water level 
regulation, one might expect the gravel accumulation process to occur around shore-zone 
structures, with the corresponding effect on smallmouth bass habitat. 

In areas with exposed banks, boat-induced waves moving along the exposed bank at the speed of 
the boat can erode the slopes, suspending sediments and removing aquatic plants and benthos 
(Warrington 1999a).  Although armoring of the shoreline may be seen as a potential solution, 
retaining walls, groins, or riprap are not acceptable solutions because these methods often 
destroy as much habitat as the problems they are designed to treat (Warrington 1999a). 

In general, loss of emergent vegetation can promote erosive cycles that preclude the recovery 
and reestablishment of such vegetation.  Erosion of shorelines that cause a decrease in emergent 
vegetation will also promote changes in sediment transport patterns.  This further increases 
emergent vegetation loss and, in turn, will promote more shoreline erosion (Rolletschek and 
Kuhl 1997). 
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Water Flow Pattern and Energy Disruption – Findings Summary and Data Gaps 
Summary 
Figure 3 schematically depicts the relationships among impacts resulting from changes induced 
by in- and over-water structures.  As illustrated in this figure, over-water structure impacts alter 
habitat function directly through the loss of riparian and emergent vegetation, and indirectly 
through shoreline erosion.  The loss of riparian and emergent vegetation results in further 
shoreline erosion, creating an erosive cycle that further increases vegetation loss, with a resultant 
adverse effect on nutrient cycles.  In-water structures alter the water flow pattern, create 
microhabitats, and disrupt fish behavior, which may affect predator–prey relationships.  Both in- 
and over-water structures can thereby disrupt the food web and thus adversely affect the 
ecosystem. 

The following is a summary of findings of this literature review pertaining to water flow pattern 
and energy disruption. 

� Piers, which intercept gravel transport, may accelerate beach erosion and 
promote heavy aggregation of migrating gravel.  This gravel aggregation, if 
around shore-zone structures, may increase the availability of suitable spawning 
habitat for smallmouth bass in such water bodies as Lake Washington. 

� In areas with exposed banks, boat waves can erode the slopes, suspend 
sediments and remove aquatic plants and benthos. 

� Loss of emergent vegetation promotes erosive cycles that preclude the 
recovery and reestablishment of such vegetation. 

� Retaining walls and riprap are not acceptable solutions to shoreline 
erosion, because these methods are often as damaging to habitat as the 
conditions they are designed to treat. 

Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 3.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
of data availability in Appendix B shows where data exist under each of the categories of 
response addressed in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response). 

Predation 

� Does disruption of flow pattern and energy have any influence on 
predator-prey interactions? 

� Do in-water structures that promote fish aggregation by creating slow-
flowing-water microhabitats have an effect on the food web? 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

 46 April 12, 2001 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Impacts resulting from changes induced by in- on-, and over-water structures. 
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Behavior 

� What effect does disruption of water flow pattern and energy have on 
behavior of various aquatic organisms, particularly salmonid fishes and 
their predators? 

� Do in-water structures that disrupt fish behavior affect predator-prey 
interactions? 

Habitat Function 

� Does gravel aggregation around shore-zone structures affect bass 
population density and distribution? 

� Are erosive cycles that preclude the recovery and reestablishment of 
emergent vegetation at work in eastern and western Washington systems?  
How could they be prevented?  

Indirect Mechanisms of Impact 
Physical/Chemical Environmental Disruption:  Construction and Operation Activities 

Although little studied in freshwater environments, the indirect effects of the physical/chemical 
processes associated with the construction and operation of over-water structures are widely 
recognized.  Chmura and Ross (1978), Mulvihill et al. (1980) and Kahler et al. (2000) all provide 
literature reviews of direct and indirect effects of over-water structures documented in studies of 
marine estuarine and freshwater environments.  A more comprehensive literature review of the 
impact of over-water structures on the physical environment can be found in the Over-Water 
Structures: Marine Issues white paper. 

Physical/chemical environmental disruption due to construction and operation activities of over-
water structures can have both temporary and permanent effects, and are related to noise 
disturbance and water quality degradation (Chmura and Ross 1978; Mulvihill et al. 1980; Kahler 
et al. 2000).  For example, building an over-water structure involves pulse phenomena during the 
period of construction (e.g., pile driving, movement of sediments, release of chemicals from 
building materials), but these stop as soon as, or shortly after, the construction is complete 
(Underwood 1991).  The over-water structure may, however, also cause long-term, possibly 
permanent adverse changes in such variables as water circulation (flow) and release of sewage or 
oil from boats.  Any of these may cause an adverse environmental response (Underwood 1991). 

Pile Driving and Removal 

A major cause of disruption during construction of over-water structures is related to pile driving 
and removal.  The effects of pile driving and removal on the habitat and its biological 
community typically result in localized sedimentation problems, disturbance of pollution-laden 
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sediments, and disruption of normal organism behavior, particularly that of fishes.  This can 
occur through two mechanisms.  First, shock waves generated by pile driving may disrupt 
spawning, rearing, and migratory fish behavior temporarily.  Second, pile removal may promote 
burial of bottom-dwelling organisms and affect water quality by reincorporating pollutants into 
the water column, making them more readily bioavailable.  The latter mechanism can have both 
temporary and permanent effects. 

In general, construction activities (such as pile driving) that disturb the bottom sediments also 
increase turbidity and can affect bottom-dwelling aquatic organisms, remove submerged aquatic 
vegetation, drive away fish and other mobile organisms, and alter existing habitat at the structure 
site (Mulvihill et al. 1980).  Turbidity can clog gills of fish and other organisms, and toxic 
material and silt suspended by construction activities can have a detrimental effect on the biota 
of the immediate area (Mulvihill et al. 1980).  Turbidity effects are most significant for juvenile 
stages and sessile organisms.  In addition, dislodging of organisms can cause spree (i.e., feeding 
frenzy behavior) by predators during construction periods (Mulvihill et al. 1980). 

No freshwater studies showing field data on the effects of pile driving on fishes were found.  One 
published marine study (in Puget Sound) on the effects of pile driving on salmonids was located.  
However, because underwater sound attenuation due to salinity (i.e., water density) is negligible 
over the distances of interest at the infrasound frequencies important for salmonid avoidance 
response, empirical species-specific data from studies conducted in marine and estuarine 
environments can be extrapolated to freshwater environments (Carlson 2000 personal 
communication).  However, direct extrapolation of data from one species of fish to another is not 
practicable, because there is a high level of inter-specific variation in hearing capabilities of 
fishes (Popper 1997).  Therefore, results obtained in marine environment studies should be 
applied to freshwater systems only on a species-specific basis.  

For a better understanding of the effects of pile driving on fishes, the paragraphs below 
summarize the basic principles of underwater acoustics and the structures and function of the fish 
ear and lateral line, as well as known fish responses to sound.  This brief presentation is followed 
by a review of the published literature on the effects of pile driving. 

Sound is defined as a density disturbance that propagates energy through a medium (Popper and 
Carlson 1998).  In water, the energy in a sound wave is contained in the oscillatory movement of 
water particles and in the pressure that a sound wave originates.  Diminution of sound, which 
results from a decrease in its amplitude due to geometric spreading and attenuation, is a function 
of distance.  Diminution of sound through attenuation is induced by mechanical and chemical 
factors (e.g., salinity); hence it is also a function of the oscillatory movement of water particles 
as well as water density (Popper and Carlson 1998). 

Fishes detect both the particle motion and pressure components of sound fields using two 
sensory systems, the ear and the lateral line.  Both sensory systems use similar mechanosensory 
hair cells as transducing structures for signal detection, and both sensory systems respond to 
similar types of signals (Popper and Carlson 1998).  The ear responds to position and 
acceleration of the body.  The lateral line responds to differences between motion of the body 
and motion of the surrounding water, including stimuli (ranging from less than 1 hertz to several 
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hundred hertz) produced by other swimming fish and other organisms (Popper and Carlson 
1998).  The ability of fishes to detect the pressure components of sound is species-specific. 

Because the body of a fish is about the same density as the surrounding water, density 
discontinuities are needed within the body for sound detection to occur.  These discontinuities 
consist of the otoliths (in the inner ear) and the swim bladder.  The otoliths are at least three 
times more dense than the rest of the body.  The swim bladder undergoes volume changes in a 
pressure field because it is filled with a compressible medium, thus acting as a secondary sound 
source in close proximity to hearing structures (Popper and Carlson 1998).  This volume change 
generates a secondary sound field that enables a fish to detect pressure signals with the ear, either 
through direct coupling with the inner ear or by generating water particle movement (Popper and 
Carlson 1998; Fay 1997; Sand 1997).  However, the efficacy of the swim bladder in exciting the 
fish ear depends upon the swim bladder’s proximity to the ear or direct mechanical connections 
by fluid-filled ducts, arrangements of bones, or other means.  For example, in hearing generalist 
species such as salmonids, the swim bladder is relatively far from the ear, and enhancement of 
hearing by the swim bladder appears to be insignificant (Fay 1997; Popper and Carlson 1998).  
Consequently, salmonids are poorly equipped to detect sound unless they are close to a source 
where most of the energy in the sound field is carried by pressure. 

Wild and hatchery fry and smolts of Pacific salmon and steelhead exhibit an innate avoidance 
response to infrasound within the frequency range of 8 to 30 hertz (Carlson 1996).  The level at 
which a fish can detect a sound depends upon the level of background noise.  The sound must be 
at least 10 decibels more intense than background noise to be detected; otherwise it is masked by 
the background noise (Popper and Carlson 1998).  Salmonids have a rather poor hearing 
capability; hence the background noise of the environment (and thereby the masking effect) is 
not as important in salmonids as in other fish species (Popper and Carlson 1998). 

Intense sound (180 to 200 decibels referenced to 1 µPa) can damage the mechanosensory hair 
cells of fishes.  The effect of intense sounds may be more injurious to fish species with highly 
sensitive hearing (i.e., hearing specialists) such as the northern pikeminnow, and less so to fishes 
with poor hearing capabilities (i.e., hearing generalists) such as salmonids. 

Short-term exposure (for a few minutes) to intense sound may not damage inner ear or lateral 
line sensory receptors.  Consequently, if fishes are able to leave the ensonified area (i.e., the area 
immediately adjacent to the sound source), their receptors may not be mechanically damaged.  
Conversely, if fishes remain in the area exposed to strong sounds for extended periods, their 
receptors may be damaged or some other component of the hearing system may be affected.  
Nonetheless, sound in general may result in other stress effects, such as decreased growth, 
increased susceptibility to disease, and impaired reproduction, even in hearing generalist fishes 
(Popper and Carlson 1998).  The effects of intense sound that do not result in easily observed 
changes in fish behavior or mechanical injury to fishes, such as shearing of hair cells, have not 
been studied to any extent. 

Given that fish eggs and embryos cannot leave the ensonified area, these developmental stages 
may be adversely affected by sound energy generated by pile driving activities; this has not been 
studied, however.  In this regard, the Washington Department of Fisheries, in a memorandum 
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dated January 13, 1981, recommends a minimum distance needed to protect the eggs of 
lakeshore spawning sockeye in Lake Washington (WDF 1981).  The recommendation consists of 
establishing a protection area of 300 feet around sockeye spawning sites.  This recommendation 
is based on the analysis of peak energy release and duration data for sound originating from the 
detonation of explosives during demolition activities.   

The energy release during pile driving and detonation of explosives has a short peak period of 
discharge at which maximum energy release occurs.  For pile driving, WDF (1981) estimates 
that this energy would be measurable within 100 feet of the source.  However, pile driving has a 
relatively longer peak period of discharge than detonation of explosives.  Therefore, because the 
distance at which the energy is felt increases in proportion to the length of the peak discharge, 
WDF (1981) suggests that the estimate of 100 feet be tripled, and that this new value (i.e., 300 
feet) be used to establish the protection area. 

It is worth noting that at present sockeye is not the only lakeshore spawner that occurs in Lake 
Washington.  In recent years, chinook salmon have been observed spawning in lakeshore areas 
of Mercer Island and Lake Union (Fisher 2000 personal communication; Quinn 1999 personal 
communication; Kinnison 1999 personal communication).  Therefore, in Lake Washington, the 
concern regarding potential pile driving impacts on fish eggs and embryos also applies to this 
species. 

Carlson (1997) characterizes the underwater sound generated by impact pile driving within the 
context of the response of salmonids to impulse sound, and concludes that the sound thus 
produced is unlikely to significantly affect the migratory behavior of salmonids.  These studies 
were conducted over a two-day period at a pile dike repair where 15 piles were replaced on the 
Washington shore of the Columbia River upstream of Altoona, Washington.  All underwater 
sound measurements were made within 30 feet of the piles being driven and at one of four depths 
(i.e., 5, 10, 15, or 20 feet).  Sound measurements were obtained near the surface, at mid-depth, 
and at the bottom. 

Based on his findings, Carlson (1996) concludes that impact pile driving does not produce 
adequate stimuli for sustained avoidance responses in salmonids.  The reason is that in 
salmonids, the effective stimulus for avoidance response is the local flow (i.e., particle 
displacement) component of infrasound in the range of 5 to 30 hertz where water particle 
acceleration is less than 0.01 ms–2 (meters per second per second).  At this sound level, water 
particle motion is found only in the near-field of volume displacement sources capable of 
generating an intense local flow field (Carlson 1996).  In short, salmonids would have to be very 
close to the noise source to be disturbed and express an avoidance response.  The threshold 
distance for an avoidance response by salmonids has been experimentally determined to be 
approximately 10 feet. 

In another study, Carlson (1996) characterizes the underwater sound generated by vibratory pile 
driving within the context of the characteristics of sound known to result in avoidance response 
by juvenile salmonids.  His experiments consisted of the comparison of data collected during 
vibratory pile driving operations against model data obtained from a volume–displacement–
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infrasound source.  The study was conducted during vibratory driving of six piles along the outer 
perimeter of a pier at the Hatfield Marine Science Center in Oregon. 

Carlson (1996) found that infrasound generated by vibratory pile driving is not continuous and 
has a short life span but is probably dependent upon various aspects of the pile driving activity.  
Such aspects include the design and mode of operation of the vibratory hammer, the 
characteristics of the piles being driven, and characteristics of the substrate into which the piles 
are driven.  For all of the piles observed, most of the energy in the sound field was located at 
frequencies below 50 hertz, with approximately half at infrasound frequencies.  Results showed 
that vibratory pile driving generates a sound field with considerable energy in the frequency 
range where salmonid avoidance has been observed (Carlson 1996). 

Carlson (1996) concludes that the vibratory pile is unlikely to cause an avoidance response by 
juvenile salmonids beyond the immediate vicinity of the pile driving activity.  In addition, this 
type of construction activity is, in general, unlikely to have a significant impact on migrating 
salmonid behavior, because “generation of water particle motion levels in excess of fish 
behavioral response thresholds appears unlikely at ranges over 20 to 30 feet from the pile being 
driven” (Carlson 1996). 

Regarding the published marine study on the effects of pile driving on salmonids, Feist et al. 
(1996) studied the effects of impact and vibratory pile driving on the behavior of juvenile chum 
and pink salmon in Puget Sound.  They determined that salmonids could detect the sound of 
impact pile driving within a radius of at least 600 meters, and that the sound was at least 20 
decibels above ambient levels at 593 meters.  The pile driving did not cause juvenile chum and 
pink salmon to change their distance from shore or to cease foraging activities.  However, Feist 
et al. (1996) found that the distribution and sizes of fish schools, and behavior within schools, on 
pile driving days significantly differed from that on non-pile-driving days. 

It should be noted that this study was based on visual measurements of distribution and behavior 
changes, mostly using human observations, and therefore has its limitations and biases.  
Moreover, it is based on a small sample size and highly variable data. 

Interrelated Effects of Construction and Operations – Boating 

The operation and use of over-water structures can also promote interrelated effects such as those 
originating from boating activities.  In this regard, Warrington (1999a,b) reports on the 
increasing use of freshwaters in British Columbia for recreational boating.  Warrington (1999a,b) 
divides the aquatic environment into bottom sediment, bulk water column, surface microlayer, 
and shoreline habitat compartments, within which the effects of recreational boating may occur.  
In each of these compartments, plant or animal tissue, non-living particulate matter, and water 
subcompartments may exist.  A number of different kinds of effects may also occur and can be 
categorized as either physical disturbances or behavioral effects, which also include reproductive 
failure (Warrington 1999a). 

With regard to physical disturbances, recreational boating can cause shoreline (i.e., bank) 
erosion, sediment resuspension, and destruction of shallow-water and marginal vegetation (see 
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Warrington 1999b for a discussion of chemical pollution associated with outboard motors).  In 
several river systems it has been observed that the physical effects of boating traffic are more 
pronounced in narrow, shallow river channels than in deeper channels (Warrington 1999a). 

In the Illinois River, the bed sediments (i.e., silts and clays) were easily resuspended.  Small 
pleasure craft produced waves of less than a foot and caused the least amount of shoreline wave 
wash.  Large pleasure craft produced short, steep waves of brief duration, causing bank erosion 
and turbidity increases.  Towboats raised the water level at first, then water was drawn down, 
exposing the bottom, followed by successive waves rushing back in, with the resulting 
turbulence causing high turbidity.  The turbidity trail extended several miles behind a towboat 
and took several hours to return to normal (Warrington 1999a). 

Turbidity increases can be attributed in part to algal growth, which may result from the increased 
availability of nutrients (particularly phosphorus) originating from disturbed bottom sediments 
(Warrington 1999a).  This condition occurs when propeller-induced mixing and resuspension of 
sediments makes phosphorus more bioavailable to phytoplankton, resulting in greater algal 
growth and thereby higher turbidities (Hilton and Phillips 1982; Yousef 1974 as cited by 
Warrington 1999a).  In addition, a significant quantitative relationship has been observed 
between plant community structure, submerged plant abundance, and recreational boat traffic.  In 
this regard, it is hypothesized that turbidity and its effect on light are the cause of a decreased 
abundance of submerged vegetation (Warrington 1999a).  In addition to increasing nutrient 
availability, resuspension of sediments also incorporates metals and other toxic materials that 
may have been precipitated and thus previously removed from biological activity (Warrington 
1999a). 

Aquatic plants have variable susceptibility to being uprooted or eroded from the banks or from 
shallow water by wave action, and this is a function of both their root structure and the type of 
sediments in which they normally grow (see Warrington [1999a] for a list of British Columbia 
freshwater submerged aquatic plants ranked in order of their relative resistance to wave action).  
Uprooting of submerged aquatic vegetation was observed in the pathways of outboard engines 
where the propellers came within 30 centimeters of the substrate (Lagler et al. 1950). 

Behavioral effects of boating operations are also a concern because amphibians, fishes, and other 
aquatic organisms can be affected.  For example, noise produced by motorboats disturbs fishes 
and wildlife (Warrington 1999a).  In this regard, it has been shown that boats traveling at slow 
speeds near sunfish nesting areas usually drive the males off the nest, thereby affecting their 
reproductive success (Mueller 1980; Lagler et al. 1950). 

In general, water turbidity can have several deleterious effects on fishes (Warrington 1999a).  
Turbidity can cause decreased growth due to a reduction in the primary production (Buck 1959), 
promote mortality through gill damage, disrupt feeding behavior and migration (Noggle 1978), 
and decrease egg and fry survival (Campbell 1954; McNeil and Ahnell 1964, both as cited by 
Warrington 1999a). 

A reduction in macroinvertebrate abundance due to boating operations has also been reported.  
Lagler et al. (1950) found that the invertebrate abundance in the path of an outboard motorboat 
operated over a prolonged period in shallow water was substantially reduced. 
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In the context of boating operations, interdependent effects of over-water structures can also be 
observed.  For example, human activities such as wading and swimming that involve the intense 
use of the shallow, vegetated areas of lakes and streams can disturb feeding and nesting 
waterfowl (Warrington 1999a). 

Construction activities have a concomitant and inevitable degree of water pollution.  Petroleum 
products in minor quantities may seep into the water from construction equipment, and the 
exhaust emissions add hydrocarbons to the air (Mulvihill et al. 1980).  In general, the resultant 
chemical processes potentially include water quality degradation due to 1) pollution originating 
from the structural material (i.e., treated wood); 2) temporary reduction of oxygen content 
associated with oxidation of resuspended organic matter during dredging operations; and 3) 
temporary changes in pH due to water contact with or leakage from concrete structures.  Chmura 
and Ross (1978), Mulvihill et al. (1980), and Kahler et al. (2000) address all but the pH issue. 

Physical/Chemical Environmental Disruption:  Construction and Operations – Findings 
Summary and Data Gaps 

Summary 

Figure 4 schematically depicts the relationships among impacts resulting from changes induced 
by construction and operation of over-water structures and by pile removal activities.  As 
illustrated in this figure, there may be temporary, permanent, and interrelated impacts.  
Temporary impacts are associated with noise disturbance and water turbidity, and consequently 
salmonid behavior disruption.  Permanent impacts are related to bottom sediment disturbance, 
burial of benthic communities, nutrient load changes, and resulting alterations of habitat 
function.  Interrelated effects such as those resulting from boating activity cause shoreline 
erosion and turbidity-induced light reduction, with the consequent elimination of aquatic 
vegetation.  All of these processes could disrupt the food web and thus affect the ecosystem. 

The following is a summary of findings of this literature review pertaining to disruptions induced 
by construction and operational activities. 

� Physical/chemical environmental disruption due to construction and 
operation of over-water structures has both temporary and permanent 
effects on aquatic organisms, related to noise disturbance and water 
quality degradation. 

� Physical processes include construction activities that disturb the bottom 
sediment, increase turbidity, adversely affect bottom-dwelling aquatic 
organisms, remove submerged aquatic vegetation, drive away fish and 
other mobile organisms, and alter existing habitat at the over-water 
structure site. 

� Chemical processes include water quality degradation due to pollution, 
and temporary reduction of oxygen concentrations associated with 
oxidation of resuspended organic matter. 

� Underwater impact-pile-driving noise is unlikely to significantly affect the 
migratory behavior of salmonids. 
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Figure 4. Impacts resulting from changes induced by pile driving and removal and other construction and operation activities. 
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� With regard to noise generated by pile driving, the threshold distance for 
an avoidance response has been experimentally determined to be 
approximately 10 feet. 

� Infrasound generated by vibratory pile driving is not continuous, it has a 
short life span, and it is unlikely to have a significant impact on migrating 
salmonid behavior. 

� Pile driving energy may affect salmonid eggs and embryos if they are 
located within 100 feet of the source. 

� Operation of over-water structures can also have interrelated effects such 
as those caused by boating activities.  These effects include physical 
disturbances and behavioral effects including reproductive failure. 

� The interrelated physical effects include shoreline erosion, sediment 
resuspension (and resultant turbidity), and destruction of marginal aquatic 
vegetation and associated macroinvertebrate communities. 

� Sediment resuspension creates turbidity that affects primary production, 
decreases bird fish-capture rate, damages fish gills,, decreases fish egg 
and fry survival, and can disrupt fish migration. 

� Operational activities such as boating can have interdependent effects 
from the potential intense use of shallow, vegetated areas of lakes and 
streams by humans. 

Data Gaps 

No empirical data were found to support several of the processes depicted in Figure 4.  Where 
empirical data are lacking, inferred and hypothetical associations have been drawn.  The matrix 
of data availability in Appendix B shows where data exist under each of the categories of 
response addressed in this white paper (i.e., predation, behavior, and habitat function). 

Through this literature review, the following information needs have been identified (organized 
by the observed type of response). 

Predation 

� Is there any relationship between physical/chemical environmental 
disruption and predator–prey interactions? 

Behavior 

� Would field studies corroborate or reject the experimentally determined 
threshold for fish response to impact pile driving (i.e., 10 feet)? 

� Does avoidance response in fishes vary with the time of year, the system 
affected, or the species of fish? 
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� What are the effects of vibratory and impact pile driving on early stages 
(i.e., eggs and embryos) of aquatic organisms, particularly salmon? 

� Does vibratory pile driving cause an avoidance response in juvenile 
salmonids at distances ranging beyond 20 to 30 feet from the pile driving 
activity?  What would be the effect of this response on salmonid 
migration? 

� What are the effects of boating on juvenile and adult salmonids?  Can the 
reported effects on warm-water species be extrapolated to salmonids? 

� Does turbidity disrupt migration of juvenile and adult salmonids? 

� What are the effects of human activities such as wading and swimming, 
which involve the intense use of the shallow, vegetated areas of lakes and 
streams on aquatic organisms? 

Habitat Function 

� Does the energy from pile driving activities adversely affect salmonid 
eggs and embryos? 

� Do 300 feet exclusion zones for pile driving activities provide adequate 
protection for eggs and embryos of salmonid species? 
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Habitat Protection, Restoration, and Mitigation 
Techniques 

State of Knowledge 

Shoreline development projects and interrelated activities can lead to habitat loss, which is one 
of the greatest threats to fisheries resources.  Thomas (1994) considers the major causes of 
extinction of freshwater fishes in North America to be the loss or alteration of habitat (50 
percent), the introduction of exotic species (37 percent), and over-exploitation of fisheries 
(8 percent).   

Habitat alteration may lead to loss of habitat function and thereby to habitat loss.  In recent years, 
several federal and state agencies, including U.S. Army Corps of Engineers, National Marine 
Fisheries Service, and Washington Department of Fish and Wildlife, have been implementing a 
policy of no-net-loss of certain critical habitats such as wetlands and eelgrass beds.  Similarly, 
these agencies are implementing policies intended to prevent the introduction or spread of exotic 
species and the over-exploitation of fishery resources. 

As outlined in Washington’s Statewide Strategy to Recover Salmon: Extinction Is Not an Option, 
development projects occurring in or around water can replace damaged or lost habitat through 
the use of adequate and properly monitored mitigation techniques.  Restoration of habitat in 
combination with strict controls to prevent exploitation of resources can contribute to the 
recovery of imperiled species.  Strict controls to eliminate or minimize the access of exotic 
species can effectively restrict the continued spread of such organisms. 

During the course of this review, literature was found addressing wetland protection, restoration, 
and mitigation, as well as stream bank protection and restoration.  No documents were found 
specifically addressing lake and reservoir protection, restoration, or mitigation within the context 
of shore-zone development and construction of over-water structures.  However, the information 
obtained regarding both wetlands and stream banks may be adapted for application to lakes and 
reservoirs, based on appropriate site-specific conditions and project-specific requirements. 

For mitigation and restoration projects, the selection of adequate measures depends on project 
goals, objectives, and performance standards.  There are clear criteria for mitigation projects: the 
habitat created and the functional value of the replacement habitat must be greater than values of 
the habitat replaced (Ecology 1998; Ecology et al. 1994).  In contrast, for restoration projects, 
one must first ask to which historical condition a particular habitat must be restored.  
Unfortunately, this question does not always have a clear scientific answer and requires historical 
data that may not be readily available.  Nonetheless, one can see that most of the general 
objectives of mitigation plans may apply to restoration projects. 

Some of the objectives used in selecting wetland mitigation measures include the following 
(Ecology 1998; Ecology et al. 1994): 
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� The mitigation should be located in the same watershed and as close as 
possible to the affected area, and should provide the best possible 
contribution of functional values to the particular watershed system. 

� Offsite mitigation efforts consolidated on one site are preferred to multiple 
offsite locations. 

� Mitigation should provide better functional value than that provided by the 
wetland being replaced. 

� Wetland mitigation in the form of wetland creation or enhancement must 
result in an overall net gain of wetland area over the wetland area being 
replaced. 

� Mitigation sites must be of appropriate size and hydrologic condition in 
order to satisfy local, state, and federal requirements for wetland 
replacement (e.g., the wetland area lost must be replaced with a greater 
area of wetland created, and the functional value of the replacement 
wetland must be greater than the value of wetland replaced. 

In addition, a monitoring plan should be implemented to evaluate the success of the created and 
enhanced wetland mitigation areas.  For this purpose, quantifiable criteria included in the 
performance standards should be used as the basis for monitoring the success of the mitigation 
sites. Adequate mitigation techniques and timely implementation of best management practices 
(BMPs) can help to avoid, minimize, or compensate for impacts of proposed over-water structure 
projects.  The basic goal of mitigation is to achieve no-net-loss of habitat functions by offsetting 
losses at the impact site (Washington 2000).  These mitigation techniques must provide habitat 
protection and stability while achieving a range of parallel objectives, including terrestrial and 
aquatic habitat enhancement, water quality improvement, and ecosystem diversification 
(Schollen 1995).   

Despite extensive expenditures under state and federal programs, there is little evidence in the 
literature to show that habitat restoration has actually improved the productive capacity of 
freshwater systems for salmonids.  A reason for this is perhaps the lack of a clear understanding 
of the specific biophysical conditions that exemplify quality habitat.  Although it is generally 
assumed that the use of BMPs has improved freshwater habitats (Independent Scientific Group 
1996), empirical demonstration of the influences and benefits of BMPs on habitat is limited.   

Therefore, designing to avoid environmental impacts should be a goal of all over-water structure 
projects.  The structures should incorporate design elements that provide for fish habitat while 
preventing damage to the environment.  However, when impacts cannot be avoided, mitigation 
techniques must be incorporated into the design and integrated into the operation of the structure.  
Thus, habitat restoration measures (either onsite or offsite, and either in-kind or out-of-kind) 
should be used to compensate for unavoidable habitat impacts.  The site selection criteria for 
restoration activities should emphasize habitat connectivity, species occurrence and use, and 
ecological significance of the selected site from a holistic perspective (i.e., the ecosystem). 
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A crucial element to obtain a continued success of habitat protection and mitigation techniques is 
the inclusion of biological/environmental monitoring and evaluation of such techniques in 
programs and plans (Independent Scientific Group 1996).  The importance of monitoring and 
evaluation is to ensure feedback to the state and federal agencies so that they can modify 
programs as needed to achieve their desired goals.  In fact, effective observation and monitoring 
of the performance of mitigation plans is key to their success (Schollen 1995).   

Monitoring data and general information from restoration sites can be used as the basis of 
watershed adaptative management plans, as well as to implement corrective actions in mitigated 
sites and to plan future restoration projects.  For example, in a state listing of restoration projects, 
USEPA (2000) provides monitoring information ("lessons learned") from river corridor and 
wetland restoration projects.  Among the elements contributing to the success of various projects, 
availability of monitoring information from other projects and follow-up to assure 
implementation and corrective actions when needed were among the most commonly cited 
attributes USEPA (2000). 

This section of the white paper focuses on findings from the literature reviewed.  Regulatory 
practices are described under the existing guidance summary section later in this paper.  A few 
published sources provide information on habitat protection and mitigation techniques in the 
context of the over-water structures addressed in this white paper.  Some of the information from 
early publications is outdated, and although it is discussed here, it should be used with caution.  
Mulvihill et al. (1980) provide regional considerations and information on function, site 
characteristics, environmental conditions, and placement constraints of over-water structures.  
Kahler et al. (2000) provide a series of conclusions and recommendations on effects of 
bulkheads, piers, and other artificial structures and shore-zone development on Endangered 
Species Act protected salmonids in lakes. 

An important habitat mitigation tool is the use of bioengineering techniques.  The draft 
Integrated Streambank Protection Guidelines (WDFW 2000) provides information on habitat 
impacts resulting from bank protection projects and describes several appropriate fish habitat 
mitigation measures, some involving bioengineering techniques.  The guidelines are intended for 
streams, although some of the concepts and design criteria have applicability in lacustrine 
environments.   

Similarly, Streambank Revegetation and Protection: A Guide for Alaska (ADFG 1996) provides 
information on bioengineering techniques developed to protect and restore stream banks.  This 
guide also has applicability in lacustrine environments.  In addition, Soil Bioengineering, an 
Alternative for Roadside Management—A Practical Guide (USDA-FS 2000) provides valuable 
techniques for stabilizing areas of soil instability, some of which are applicable to shorelines.  
However, soil bioengineering has unique requirements and therefore is not appropriate for all 
sites and situations (USDA-FS 2000). 
Preservation and protection of shorelines and stream banks can be attained through a variety of 
approaches (USEPA 1993).  However, based on the findings reviewed and presented in this 
white paper, preference should be given to nonstructural practices such as soil bioengineering, 
marsh creation, establishment and enforcement of no-wake zones, and establishment of setbacks. 
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Soil Bioengineering 

Soil bioengineering refers to the installation of living plant material as a main structural 
component in controlling problems of land instability where erosion and sedimentation are 
occurring (USDA-FS 2000; USDA-SCS 1992).  Native plants are used in order to ensure that the 
plant material will be well adapted to site conditions.  Although a few selected species can be 
installed for immediate soil protection, it is expected that the natural invasion of a diverse plant 
community will stabilize the site through development of vegetative cover and a reinforcing root 
matrix (USDA-SCS 1992).  Thus, adapted types of woody vegetation (i.e., shrubs and trees) are 
initially installed to offer immediate soil protection and reinforcement. 

Soil bioengineering methods include an array of applied technologies that are effective not only 
for prevention but also for mitigation.  These applied technologies combine mechanical, 
biological, and ecological principles to construct protective systems for the prevention of slope 
failure and erosion (USEPA 1993). 

Soil bioengineering systems normally use rooted plants or cut, unrooted plant parts in the form of 
branches.  As the systems establish themselves, resistance to sliding or shear displacement 
increases on shorelines, stream banks, and upland slopes.  Examples of specific soil 
bioengineering practices include the following (USDA-FS 2000; USDA-SCS 1992): 

� Native plant cutting and seed collection 
� Salvaging and transplanting native plants 
� Planting containerized and bare-root plants 
� Distributing seed, fertilizer, and certified noxious weed-free straw or hay 
� Live staking 
� Installing erosion control blankets 
� Installing live fascines 
� Brush-layering 
� Brush mattressing 
� Branch-packing 
� Live gully repair 
� Installing vegetated geotextile 
� Log terracing 
� Joint planting 
� Constructing live crib walls. 

Information provided by USDA-FS (2000) and USDA-SCS (1992) on each of these techniques 
includes a description of required plant material, mechanism of action, advantages and 
disadvantages, tools needed, procedure for implementation, and applicability of the technique, as 
well as schematic cross-sections showing important design elements.  While all of these 
techniques can be used for protection, restoration, and mitigation, they should be used on a 
project-specific and site-specific basis. 



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 61 

Marsh Creation 

Another important technique that can be used to address shoreline erosion problems involves 
marsh creation and restoration.  Plant marshes perform two functions in controlling shore 
erosion: dissipation of energy and stabilization of shoreline sediments.  Energy dissipation is 
achieved through the exposed stems of plants (e.g., emergent vegetation), which form flexible 
masses that dissipate energy.  Shoreline stability is achieved through dense stands of marsh 
vegetation, which create depositional areas that cause sediment accretion along the shoreline 
(USEPA 1993).  Although most marsh creation techniques have been described for coastal areas 
(Knutson 1987, 1988; Lewis 1982), they also have great potential for application in freshwater 
environments (i.e., lakes, reservoirs, and sloughs). 

Establishing and Enforcing No-Wake Zones 

No-wake zones are useful tools for the prevention of shoreline and stream bank erosion and 
should be given preference over posted speed limits in shallow waters.  The rationale is that, in 
theory, the boat speed that produces the maximum wake varies with the depth of the water 
(USEPA 1993).  In shallow water, motorboats traveling even within speed limits produce wakes 
whose heights are equal to or near the maximum size that can be produced by the boats (USEPA 
1993). 

Establishing Setbacks 

Another tool for the prevention of shoreline and stream bank erosion is the establishment of 
setbacks.  Although a setback most often restricts the siting and construction of new structures 
along the shoreline, it can include requirements for the relocation of existing structures within 
the designated setback.  In addition, setbacks can include restrictions on uses of waterfront and 
shore-zone areas that are not related to the construction of new structures (USEPA 1993).  
Finally, because setbacks effectively restrict the actual number of structures that can be placed 
on a given shoreline, they help to minimize the cumulative environmental effects of the 
structures.  

Docks, Piers, and Floats 

Because of increasing concern over the cumulative effect of over-water structures and, in 
response to the recent Endangered Species Act listing of several fish species, the Washington 
Department of Fish and Wildlife (WDFW) and the National Marine Fisheries Service (NMFS) 
are currently developing a series of documents establishing criteria for the construction of these 
structures.  These documents provide recommendations and potential mitigation measures for 
implementation across the state.  Many of these recommendations are not yet published and are 
available only through WDFW area habitat biologists and NMFS staff.  Although not all the 
recommendations are yet supported by published scientific research (i.e., empirical data), these 
recommendations are intended to lessen or mitigate potential cumulative effects, as well as to 
protect fishes.  Some of the documents containing criteria and mitigation measures currently 
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recommended by WDFW (undated[a,b,c,d]) and the NMFS (2000) for eastern Washington are 
presented below. 

� WDFW Salmonid Predation Reduction Measures and Dock Specifications 
for North Central Washington Water Inhabited by Federally Listed Fish 
Species (WDFW undated[a]).  This document includes some typical 
WDFW salmonid predation reduction requirements for dock-associated 
structures, specifically for piers, floats, ramps, piling, and anchors.  These 
requirement include regulation of the following elements: 1) pier size and 
shape; 2) ambient light grid requirements; 3) piling size, number, and 
surface characteristics; 4) minimum distance waterward of the ordinary 
high water mark; 5) characteristics of anchors when used in lieu of pilings. 

� Some Typical WDFW Salmonid Predation Reduction Measures and/or 
HPA Dock Requirements on North Central Washington Waters Inhabited 
by Listed Fish Species Protected Under the Federal Endangered Species 
Act. (WDFW undated[b]).  This document includes criteria addressing the 
structure dimensions, avoidance of both light penetration reduction and 
creation of shaded areas, avoidance of predatory fish habitat creation, 
damage avoidance of near-shore shallow water habitats, and minimization 
of pile usage.  The document includes the following eight criteria: 1) dock 
and float size and shape; 2) ambient light grid requirement; 3) minimum 
open water zone and distance from shoreline for floats; 4) ramp grating for 
light penetration and minimum ramp length; 5) dock and float anchoring; 
6) piling surface characteristics; 7) reflective surface finish on flotation 
devices; and 8) minimum vertical distance between the ramp and float and 
the stream or lake bed. 

� Recommendations for Siting Marinas and Other Overwater Structures in 
the Lower Columbia River (WDFW undated[c]).  This document is 
intended to provide recommendations and mitigation measures necessary 
to achieve no-net-loss of productive capacity of fish and shellfish habitat.  
The document includes three levels of mitigation: avoidance of impacts, 
minimization of impacts, and compensation for impacts.  Under avoidance 
of impacts, the following criteria are included: 1) dock and float size and 
shape; 2) minimum distance waterward of the ordinary high water mark; 
3) maximum number of piling landward of Columbia River datum; 4) 
float characteristics and location; 5) treated piling restriction; 6) over-
water structure siting in relation to water depth; 7) characteristics of 
breakwaters; and 8) preservation of a buffer along the shoreline.  Under 
minimization of impacts, the following criteria are included: 1) size, 
number, siting location, and ambient light grid requirement of over-water 
structures; 2) bioengineering approach to shoreline protection; 3) location 
for boat mooring; and 4) dredging requirements.  Under the compensation 
for impact section, the following criteria are included: 1) restoration of 
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filled, armored, or otherwise modified shorelines; and 2) restoration of 
salmonid habitat covered by over-water structures. 

� Conditions for Siting of Marinas and Boat Docks in Water Containing 
Anadromous Fish (WDFW undated[d]).  This document includes 
conditions and measures to minimize or avoid adverse effects of a 
proposed action on listed species and minimize or avoid adverse 
modification of critical habitat in freshwater.  The document is intended 
for eastern Washington and has an appendix that includes approved in-
water work windows for that region. 

With regard to the recommended use of bright white PVC and paint and reflective metals for the 
construction of docks and associated structures referred to in the second bullet point above, 
empirical data obtained from the literature survey for this paper show that prey and predator 
fishes are attracted to white-painted floats to the same degree that they are attracted to non-white 
or reflective materials (Helfman 1979).  Anecdotal evidence from sport fisherman and 
recreational scuba divers supports such empirical data.  Therefore, this recommendation bears 
further research. 

The NMFS is preparing an incidental take statement document, which contains “reasonable and 
prudent measures” necessary to minimize the take of Endangered Species Act listed and 
proposed species (NMFS 2000).  The document addresses the upper Columbia River steelhead 
and spring chinook populations.  The basis of this incidental take statement is that over-water 
structures provide an incremental enhancement to predator habitat that is directly related to the 
surface area of the over-water structure (NMFS 2000). 

Criteria and mitigation measures specific to the construction of over-water structures in western 
Washington are also being developed by the NMFS.  In addition, guidelines for the biological 
assessment of such structures have recently become available for use by project proponents.  The 
NMFS (2000) criteria outlined below were adapted from Guidance for ESA Section 7 
Consultation—Effect Determinations for New and Replacement Piers and Bulkheads in Lake 
Washington (NMFS 2000).   

The safest months for construction, considering all life stages of the chinook, are November and 
December.  In non-delta areas, August, September, and October should be construction windows 
with appropriate sedimentation controls.  Projects that may qualify as “not likely to adversely 
affect” are those that fall under the following criteria: 

� Replacement pier on existing footprint with materials that do not further 
degrade baseline conditions 

� Replacement pier area and number and diameter of pilings significantly 
reduced 

� New minimum-sized pier with narrow, elevated walkway and minimal 
number and diameter of pilings, providing for a shallow near-shore 
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migration and feeding zone, and including aquatic and riparian vegetation 
rehabilitation 

� Shoreline rehabilitation directed toward providing complex in-water 
habitat (e.g., emergent plants; some woody debris with branches) and 
riparian vegetation with mixture of native trees, shrubs, vegetation 
overhanging the water, and ground covers. 

Within the context of habitat protection and mitigation, both direct and indirect modifications of 
structural complexity of the aquatic environment have been used to protect and improve habitat.  
Direct or indirect manipulation of aquatic vegetation alters a wide variety of variables 
simultaneously (Cooper and Crowder 1979).  For example, manipulation of brush shelter, rock 
rubble, and other artificial stream and lake improvement technologies can directly alter substrate 
areas, light penetration, and prey refuges.  These same manipulations can also indirectly alter 
nutrient cycles, water chemistry, and food resources (Cooper and Crowder 1979). 

The effects of docks, piers, and wharves can be minimized if these structures are constructed 
high enough above marshes to allow light to reach the water surface (Chmura and Ross 1978).  
In this regard, light-penetrating elevated walkways can be used for preventing stream bank 
damage where access to a sensitive or critical area is required (ADFG 1996).  These structures 
prevent erosion and protect underlying vegetation, allowing vegetation recovery while providing 
access.  Floating docks can be connected to elevated walkways to provide boating access (ADFG 
1996).  In addition, it is recommended that docks and piers extend out far enough to reach depths 
in which dredging will not be required (Chmura and Ross 1978).  In a literature review of the 
effect of marinas, Chmura and Ross (1978) found that floating docks and pile-supported piers 
have the least effect on water circulation and therefore are preferred to solid structures.  It should 
be pointed out, however, that Chmura and Ross’ (1978) recommendation on floating docks does 
not take into consideration the shade avoidance criteria set forth by the revised WAC 220-110-
60, which requires maximum height to minimize shading of the area under the structure. 

Chmura and Ross (1978) also recommend avoiding painting underwater surfaces.  The basis for 
this recommendation is that over-water structures such as docks and piers “provide additional 
substrate for the growth of fouling communities.”  Painting of the wood surfaces discourages 
such growth.  Other researchers (Mulvihill et al. 1980) recommend that if structures are painted 
or otherwise covered, all coatings must be dry before placing floats in the water to avoid 
contamination. 

Marinas 

Mulvihill et al. (1980) provides a review of biological impacts of minor shoreline structures, but 
mostly in marine environments (see Mulvihill et al.1980 for study review and recommendations 
beyond the scope of this white paper).  Site selection and corresponding site-specific engineering 
design are the first steps in environmental impact avoidance.  For example, a site with maximum 
natural protection will minimize alterations and the concomitant adverse impacts of construction 
of marinas (Mulvihill et al. 1980). 
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In general, attention to selection of sites with the “maximum natural physical benefits” can help 
to avoid alterations and continual maintenance associated with dredging (Mulvihill et al. 1980).  
To minimize impacts, it is recommended that marinas be located “…at the end of, or between 
drift sectors, or on self-contained pocket beaches…” (Bauer 1973 as cited by Mulvihill et al. 
1980). 

Warrington (2000) provides comprehensive recommendations for best management practices 
(BMPs) to be employed during the construction and operation of marinas.  The recommended 
BMPs are grouped by activities, including choice of location; construction; management of 
liquid waste, fuel, and solvents; sewage disposal; boat cleaning; boat coating; generation and 
disposal of solid waste; and protection of upland areas.  However, these BMPs, which are 
proposed for construction activities in British Columbia, Canada, may not all apply in the state of 
Washington because of differences in laws and regulations, or they may not provide a sufficient 
level of environmental protection.   

Quoted below are selected recommendations proposed by Warrington (2000) that apply to 
marinas in freshwater environments.  These recommendations are in essence BMPs that should 
be incorporated as permit conditions for individual projects, in order to ensure that these BMPs 
are implemented (Fresh 2000 personal communication): 

Choice of Location 

� Avoiding construction of mooring basins in blind channels or sloughs 
where there is insufficient tidal current or natural flow to ensure adequate 
and regular flushing  

� Providing two entrances to provide for maximum flushing action  

� Orienting the basin entrance to provide for maximum tidal flushing and 
prevailing current water exchange  

� Orienting marina floats with currents or prevailing winds to prevent 
trapping surface debris and oily residue  

� Designing marinas to retain as much existing natural aquatic and 
marginal vegetation as possible  

Construction 

� Constructing dredged basins with more than one water depth; the depth 
must decrease with distance from the entrance; to avoid internal deeper 
pockets which act as un-flushed holding basins  

� Timing construction and dredging to periods when use of the site by fish is 
minimal  
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� Using floating or pile breakwaters rather than rubble mounds to minimize 
site impacts  

� Using bubble curtains or padding to disrupt the shock wave when blasting  

� Cutting boat or float plane ramps out of the upland rather than building 
them on intertidal foreshore  

� Constructing gradual slopes which can be stabilized by natural vegetation 
rather than rip rap or walls  

Liquid Waste, Fuel, and Solvent Management 

� Providing fueling equipment with automatic shut-off nozzles to reduce 
spillage during fueling operations  

� Providing impervious pavement, berms, curbs or other means of spill 
containment, spill control equipment and connection to spill collection 
sumps for fuel and storage tank areas  

� Avoiding the use of underground storage tanks which lead to very 
expensive clean up costs when they eventually corrode and leak and cause 
extensive ground and water pollution  

� Storing fuels and other highly inflammable fluids in a separate area to 
meet local fire department regulations  

� Providing fluid storage containers with level indicators to prevent 
overfilling and spillage  

� Keeping an accurate and up-to-date inventory of everything in storage for 
use by spill cleanup crews and fire fighters so that potentially hazardous 
combinations can be anticipated  

� Avoiding discharge of on-site oil/water separator waste water to sewers or 
to ground unless it is demonstrated to contain less than 15 mg/L of oil  

� Preventing discharge of any waste liquids down floor, sink or storm 
drains; signing all drains  

� Establishing site-specific spill contingency plans, including reporting, and 
training employees in use of the required equipment  
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Sewage Disposal 

� Providing fixed point pump-out facilities consisting of one or more 
centrally located sewage pump-out stations, generally situated at the end 
of a pier and often on a fueling pier for convenience; pumps or a vacuum 
system with flexible hose attachment draw wastewater from a docked 
plane’s or boat’s pump-out fitting and move it to an onshore holding tank, 
a pubic sewer system, a private treatment facility, or another approved 
disposal facility; for boats with small, removable toilets, a similarly 
connected dump station should be provided  

� Providing portable pump-out facilities which function the same as the 
fixed-point system with the advantage of mobility for servicing different 
docks; wastes are drawn from a docked boat’s pump-out fitting via 
vacuum or pump setup and hose attachment into a storage tank; the full 
tank is discharged into the marina’s disposal facilities; these are thought 
by many to be the most economical and logistically feasible means of 
ensuring proper disposal of boat sewage  

� Providing continuous wastewater collection at the slip where live-aboard 
vessels are situated, this would involve fixed force main piping, pumping, 
and sewage disposal means on the part of the marina; language should be 
included in slip leasing agreements mandating the use of pump-out 
facilities and specifying penalties for failure to comply  

� Discharging sanitary wastes, black water and grey-water, to the 
municipal sewer, having it trucked/shipped out or pumped to a septic 
system or shore  

Boat Cleaning 

� Removing boats from the water to perform cleaning where feasible  

� Cleaning boats in the water by hand  

� Using detergents and cleaning compounds that are phosphate-free and 
biodegradable  

� Avoiding use of detergents containing ammonia, sodium hypochlorite, 
chlorinated solvents, petroleum distillates, or lye  

� Collecting hull wash water and removing solids before discharge to 
sewers or ambient waters  

� Cleaning dock floors, lift platforms and yard surfaces before high 
pressure washing hulls  
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� Avoiding pressure washing on tidal grids, docks, planked and grated 
surfaces or other areas where the wash water can not be contained  

� Pumping collected wastewater which contains low concentrations of 
pollutants directly into the sanitary sewer  

� Treating small volumes of wastewater volume with high pollutant 
concentration directly by a mechanical filter system with the filtrate going 
to the sewer system and the sludge to an approved disposal facility  

� Monitoring the quality of the water discharged to sewers or ambient 
waters  

� Avoiding pressure washing on tidal grids or when beached unless there is 
a collection system and sump to collect all wash water; cleaning out the 
sump before tidal flooding; sump contents may be special waste   

� Covering or installing filters on floor drains to prevent entry of spent grit 
into sumps and sewers  

� Avoiding discharge of dry-dock flood water, cooling water, condenser 
water, boiler blow-down water and steam cleaning water to ambient 
waters if oil and grease exceeds 10 mg/L, turbidity exceeds 5 NTU over 
background or pH is outside the range 6.0 to 8.0  

Boat Coating (Painting and Anti-Fouling) 

� Avoiding spraying coatings while a vessel is on a tide grid or beached  

� Using soft anti-fouling paint where cleaning is infrequent and hard paint 
where cleaning is needed frequently  

� Applying anti-fouling coatings well away from sensitive fish habitat, 
shellfish beds, fish farms, shallow estuarine areas and surface storm 
drains  

� Using tarps while vessel is on a tide grid, beached or on planked or grated 
docks and removing the tarps before the grid floods, it rains or washing 
occurs  

� Using airless or high volume low pressure spray guns and monitoring 
wind drift  

� Using brushes or rollers when vessel is afloat except when tops are fully 
shrouded  



Over-Water Structures:  Freshwater Issues 

wp1   /00-01215-009 white paper overwater structures.doc 

April 12, 2001 69 

� Permitting use of tributyl tin paints only by licensed operators  

� Avoiding use of tributyl tin paints on non-aluminum hulls under 25 m long  

� Avoiding painting under high wind conditions when drift is evident  

Solid Waste Generation and Disposal 

� Ensuring that solid waste from boat operation and maintenance at 
marinas is properly disposed of or recycled regularly  

� Prohibiting in-the-water hull scraping or any process for removing paint 
from the boat hull that occurs underwater  

� Providing proper waste disposal facilities including recycling facilities 
where possible  

� Providing filters on all drains to keep debris from entering stormwater or 
sewers  

� Providing sufficient area above the high water line, for boat repair and 
maintenance; such work should not be allowed outside of designated 
areas  

Protection of Upland Areas 

� Providing a paved upland area for cleaning and painting  

� Providing proper waste disposal facilities including recycling facilities 
where possible  

� Collecting all surface runoff from paved upland areas in a storm water 
collection system  

� Passing all the collected storm water through a sediment and oil 
separation treatment prior to discharge  

� Collecting all paint and cleaning residues and storing in a covered 
container prior to off-site disposal  

� Collecting all oil and filters for recycling or off-site disposal  

� Using submerged outfalls which extend beyond tidal or seasonal low 
water levels  
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Riprap and Retaining Walls 

As with any structure, the design and material choice for the construction of bulkheads can be 
altered to minimize their impact.  Nonetheless, regardless of the design, these structures will 
modify the environment and thereby adversely affect aquatic organisms, in a cumulative fashion.   

The NMFS (2000) has recently released a document with guidelines for the determination of 
effect of piers and bulkheads that may be constructed or replaced in Lake Washington.  In the 
context of bulkheads, the NMFS has proposed as "not likely to adversely affect" those projects 
that fall under the following criteria: 

� Replacement bulkhead on existing footprint with materials that do not 
further degrade baseline conditions. 

� Replacement bulkhead footprint set back from the ordinary high water 
mark, with shoreline rehabilitation including overhanging vegetation. 

� Replacing bulkheads with bioengineered bank protection and significant 
shoreline vegetation rehabilitation including overhanging native plants. 

In general, when planning armoring structures (i.e., bulkheads), the total effect of the structure 
on the environment should be considered (Mulvihill et al. 1980).  In their review, Mulvihill et al. 
(1980) present biological considerations for the construction of bulkheads.  Although most of 
these considerations were obtained from studies conducted in marine and estuarine 
environments, the general principles of habitat conservation should apply to projects in the 
freshwater environment.  Some of the recommendations include using designs that minimize 
damage to fish and shellfish habitat, avoiding the disturbance of shoreline vegetation, enhancing 
existing vegetation to provide shoreline stabilization, setting bulkheads landward of the mean 
high waterline, and restricting amounts of suspended sediments during construction (Mulvihill et 
al. 1980). 

Bonham (1983) field-tested whether emergent vegetation could attenuate wave energy in large 
canals and rivers in Britain (see Bonham 1983 for details of the bioengineering design).  The 
emergent vegetation (four species tested) was capable of dissipating approximately two-thirds of 
boat wake energy and inhibiting wave break.  Based on his results, Bonham (1983) proposed the 
use of emergent vegetation for shoreline wave-energy attenuation and scour prevention. 

Once anthropogenic processes are initiated, and physical responses such as erosion-induced 
habitat alteration are observed, corrective measures may have profound repercussions on the 
ecosystem and therefore should be used with caution.  For example, Rolletschek and Kuhl (1997) 
investigated the impacts of reed-protecting structures on shorelines in the lower Havel River and 
Great Müggel Lake, Berlin.  The purpose was to address an existing cycle of reed destruction 
due to erosion.  Faggots and palisades successfully protected reeds by acting as wave breakers 
and reducing erosion in the reedy areas of the shoreline.  However, depending on the type of 
reed-protecting structure used (i.e., gester faggots, reisig faggots, or palisades), increased 
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sedimentation, increased nutrient concentration, and enrichment in fine sulfide-containing 
detritus occurred, with a corresponding decrease in water quality. 

Pile Driving and Removal 

No literature on mitigation techniques for pile driving and removal in freshwater was found.  
However, one recent study conducted in a marine environment addresses the use of bubble 
curtains to minimize the impact of noise produced during underwater construction (Würsig et al. 
2000). 

Würsig et al. (2000) conducted experiments near Hong Kong on the use of bubble curtains to 
minimize the impacts on Indo-Pacific hump-backed dolphins from noise produced during 
underwater construction.  Percussive pile-driving techniques were used from a barge, and a 
bubble curtain was used as a mitigation measure to protect wildlife, in particular the hump-
backed dolphins.  These researchers found that when barges were not in the sound-propagation 
path, the bubble curtain provided a reduction of 3 to 5 decibels in the overall broadband sound 
level.  Conversely, when the barge was in the sound propagation path measured by the receiver 
systems, bubble screening was much less effective.  This was probably due to the vibrations of 
the barge with every percussive blow, which transmitted the piling noise over the curtain.  
Bubble screening of entire sound-emitting structures could reduce sound even more. 

Some dolphins stayed in the vicinity during construction activities, but many appeared to 
temporarily abandon the construction area (possibly due to other factors).  However, dolphins 
were observed during construction or pile driving periods traveling at speeds over twice those 
observed during non-pile-driving periods.  It is not certain whether increased speeds were a 
result of increased stress related to construction (Würsig et al. 2000). 

Construction and Operational Activities 

With regard to construction-specific activities aimed at protection and mitigation during the 
construction of over-water structures, only a few published reports were located.  One of those 
reports is the literature review prepared by Mulvihill et al. (1980), which provides general 
construction recommendations.  Two of the relevant recommendations are presented below. 

� The placement of the structure relative to the sun, as well as the height and 
width of the deck of over-water structures, are important factors to 
consider.  The structure should be placed high enough above the water to 
prevent shading.  A narrow pier extending from north to south will not 
produce as much shade as a wide pier running from east to west (Mulvihill 
et al. 1980). 

� The size, number, and placement of pilings should be evaluated in relation 
to the various biological zones over which the pier will extend.  
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Warrington (1999a) compiled and reported data concerning best management practices for 
construction, specific to surface stabilization.  Quoted below are selected recommendations 
presented in the report that apply to activities associated with the construction of over-water 
structures.  As stated previously, these recommendations are in essence BMPs that should be 
incorporated as permit conditions for individual projects, in order to ensure that these BMPs are 
implemented (Fresh 2000 personal communication): 

Scheduling 
� Coordinating the timing of land disturbing activities and installation of 

erosion and sedimentation control measures to minimize water quality 
impacts  

� Scheduling (in-water) construction to avoid the period when either fall or 
spring spawning fish or their eggs and larvae are present  

� Designing and planning the development of roads, utilities, and building 
sites with as little excavation and disturbance as possible  

� Planning construction activities during the dry season to minimize erosion  

� Staging development so that parts are being re-vegetated and parts have 
not been stripped yet to minimize the proportion which is actively bared 
and easily eroded  

Surface Protection 
� Carrying out watering, mulching, sprigging, or applying geotextile 

materials to a construction area to prevent soil loss as dust  

� Mulching, a protective blanket of straw or other plant residue, gravel or 
synthetic material applied to the soil surface, to minimize raindrop impact 
energy and runoff, foster vegetative establishment, reduce evaporation, 
insulate the soil and suppress weed growth  

� Seeding (permanent) to establish a perennial vegetative cover to minimize 
runoff, erosion and sediment yield on disturbed areas; disturbed soils 
typically require amendment with lime, fertilizer and roughening; seeding 
should be done together with mulching; mixtures are typically most 
effective and species vary with preferences, site conditions, climate and 
season  

� Sodding to give permanent stabilization of exposed areas by laying a 
continuous cover of grass sod  

� Seeding (temporary), planting rapid-growing annual grasses, small grains 
or legumes, to provide initial, temporary stabilization for erosion control 
on disturbed soils that will not be brought to final grade for more than 
approximately one month; seeding is facilitated by fertilizing and surface 
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roughening; broadcast seeds must be covered by raking or chain 
dragging, while hydro-seed mixtures are spread in a mulch matrix  

� Treating disturbed soil with polyacrylamide (PAM) to increase infiltration 
and reduce suspension of soil particles  

� Top-soiling, preserving and subsequently re-using the upper, biologically 
active layer of soil, to enhance final site stabilization with vegetation  

Runoff Control 
� Grading surfaces to redirect sheet flow  

� Using diversion dikes or berms force sheet flow around a protected area  

� Covering temporary stockpiles and backfill materials to prevent erosion 
and sedimentation  

� Using silt fences to contain runoff from easily eroded slopes  

Sediment Traps 
� Constructing sediment traps, small, temporary ponding basins formed by 

an embankment or excavation to capture sediment from runoff; traps are 
most commonly used at the outlets of diversions, channels, slope drains or 
other runoff conveyances that discharge sediment-laden water; it is 
important to consider provisions to protect the embankment from failure 
from runoff events that exceed the design capacity; plan for non-erosive 
emergency bypass areas; make traps readily accessible for periodic 
maintenance; high length-to-width ratios minimize the potential for short-
circuiting; the pond outlet should be a stone section designed as the low 
point  

� Constructing sod drop inlet protection which consists of a permanent 
grass sod sediment filter area around a storm drain drop inlet for use 
once the contributing area soils are stabilized; this is well-suited for lawns 
adjacent to large buildings  

� Constructing vegetated filter strips (VFSs) as a low-gradient vegetated 
area that filters solids from overland sheet flow; they can be natural or 
planted, should have relatively flat slopes, and should be vegetated with 
dense-culmed, herbaceous, erosion-resistant plant species; the main 
factors influencing removal efficiency are the vegetation type and 
condition, soil infiltration rate and flow depth and travel time, which are 
affected by size of contributing area, and slope and length of strip; 
channelized flows decrease their effectiveness; they are often used as 
buffers bordering on construction areas; level spreaders are often used to 
distribute runoff evenly across the strip  
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The operation and use of over-water structures also cause interrelated effects associated with 
boating activities.  Warrington (1999a) compiled and reported data concerning the impact of 
recreational boating in freshwater environments (see also Warrington 1999b for water pollution 
associated with boating activities).  Quoted below are a summary of selected recommendations 
presented in the report: 

� To minimize bottom erosion, sediment suspension, vegetation loss and 
effects on wildlife, normal use of motorized boats should be restricted to 
water depths where the propeller or jet drive is at least 2 and preferably 3 
meters above the sediment or vegetation surface, except at carefully 
selected boat launch sites.  Also, in narrow channels (up to 3 boat lengths 
wide) boat speeds should be restricted to ‘no wake.’ 

� Heavy planting of floating and emergent native vegetation will help to 
protect the shoreline from wave-caused erosion. 

� A minimal number of specified access channels between shallow and 
deeper water should be marked and used exclusively. These should be as 
short and direct as possible and should have wake limits imposed. 

� Boats should not be permitted to operate in an area where they would be 
considered confined (boat cross-sectional area exceeds 5% of the cross-
sectional area of the waterway).  This is necessary to prevent bank 
erosion, sediment resuspension and destruction of marginal and shallow 
water vegetation. 

� To preserve viable waterfowl and fish populations, all boating, fishing and 
other human activities need to be excluded from breeding and 
overwintering habitats during the critical seasons. 

Habitat Protection, Restoration, and Mitigation Techniques— 
Data Gaps 

A number of data gaps were identified during the review of literature pertaining to habitat 
protection and mitigation techniques for the construction of over-water structures.  Further 
research to answer the following questions would serve to fill these data gaps. 

� Which mitigation techniques are most effective in minimizing the loss of 
habitat or ecological function? 

� Are the project goals, objectives, and performance standards used for 
wetland mitigation applicable to lakes and reservoirs? 

� For restoration projects, how should project goals, objectives, and 
performance standards define targeted ‘historical conditions’?) 
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� What is the best means of preventing erosive cycles that preclude the 
recovery and reestablishment of emergent vegetation? 

� Does the use of bright white PVC and paint or reflective metals for the 
construction of in-water structures tend to prevent or decrease predator 
fish use of the structures? 

� Which design features of docks and piers are most effective in preventing 
or minimizing the environmental effects of these structures?  Which 
features are most effective in minimizing their cumulative effects? 
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Summary of Existing Guidance 

Regulatory Framework Governing Over-Water Structures in 
Freshwater 

The regulatory framework governing construction and maintenance of over-water structures 
consists of federal, state, and local laws and administrative rules and guidelines.  Following is a 
description of each of the applicable laws, codes, regulations, and other documents that make up 
the current regulatory framework. 

Federal Laws and Regulations 
National Environmental Policy Act (NEPA)  (42 United States Code [USC] 4321 et seq.) 

Federal agencies making funding decisions or issuing permits for over-water structures are 
required to comply with the National Environmental Policy Act.  If the impacts of the over-water 
structure are determined to be environmentally significant, an environmental impact statement 
(EIS) is required.  If the NEPA lead agency determines that the over-water structure will not 
significantly impact the environment, that agency issues a finding of no significant impact 
(FONSI). 

Clean Water Act Section 404  (33 USC 1344 et seq.; USC 1251 et seq.) 

Construction of over-water structures that would result in discharge or excavation of dredged or 
fill material in United States waters, including wetlands, requires a Clean Water Act section 404 
permit issued by the U.S. Army Corps of Engineers and/or the U.S. Environmental Protection 
Agency.  The U.S. Fish and Wildlife Service, National Marine Fisheries Service, and 
Washington Department of Fish and Wildlife also play significant roles in the implementation of 
the section 404 permitting process (as authorized by the Fish and Wildlife Coordination Act). 

River and Harbors Act Section 10  (USC 403 et seq.) 

Any work affecting navigable waters of the United States that extends to the ordinary high water 
mark in freshwater areas (including the construction of piers, docks, and floats) requires a section 
10 permit issued by the U.S. Army Corps of Engineers.  Navigable waters as defined in the River 
and Harbors Act include all presently, historically, and reasonably potential navigable waters, 
and all waters subject to the ebb and flow of the tide, up to mean higher high water in tidal 
waters and up to ordinary high water in freshwater areas. 

Endangered Species Act  (16 USC 1531 et seq.) 

Because of the recent listing of several anadromous fish species for protection under the 
Endangered Species Act, and because many of the freshwaters of the state of Washington 
provide habitat for those protected species, construction of over-water structures and shoreline 
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development in general must comply with the requirements of the statute.  The Endangered 
Species Act provides broad protection for fish, wildlife, and plant species that are listed as 
threatened or endangered.  Provisions are made for listing species and designating critical habitat 
for listed species, as well as for recovery plans.  The statute outlines procedures for federal 
agencies to follow when taking actions that may jeopardize listed species, and contains 
exceptions and exemptions.  The shoreline development activities that have federal nexus (i.e., 
federal funds or federal permits) are subject to review under the statute.  Among these activities, 
construction, replacement, or repair of piers, docks, mooring buoys, boat canopies, boathouses, 
pilings, and bulkheads require a U.S. Army Corps of Engineers permit and thereby are subject to 
review under the Endangered Species Act. 

State Laws and Regulations 
State Environmental Policy Act (SEPA)  (Revised Code of Washington [RCW] 43.21C) 

An over-water project proposal that requires a state or local agency permit is first required to 
undergo a SEPA review.  In accordance with SEPA rules, one agency is identified as the lead 
agency for this review.  This agency may determine that a project proposal is categorically 
exempt, or is clearly in compliance with the provisions of SEPA, in which case the SEPA review 
process is satisfied.  If further clarification is needed, the lead agency can ask an applicant to fill 
out an environmental checklist, answering a standard series of questions to determine whether 
the project would have a significant adverse impact on the environment.  If it is determined not 
to pose this threat, then the proposal is granted a determination of nonsignificance (DNS) and is 
considered to be in compliance with SEPA.  If the proposed project is considered to pose 
significant adverse impacts to the environment, then an environmental impact statement (EIS) 
must be drafted, publicly reviewed, and finalized. 

Shoreline Management Act (SMA)  (RCW 90.58) 

Construction of any type (including over-water structures) in waters of the state or in the 
adjacent regulated shoreline area, if it is valued at $2,500 or more ($10,000 if the project is a 
pier), requires a shoreline management substantial development permit issued by the city or 
county and reviewed by the Washington Department of Ecology.  Shorelines in freshwater areas 
include all lake and reservoirs greater than 20 acres and their associated wetlands, and all streams 
and river segments with a mean annual flow greater than 20 cubic feet per second and their 
associated wetlands.  The shoreline designation extends horizontally 200 feet from the ordinary 
high water mark. 

Other activities in the water or shoreline area may require conditional use permits or variances 
also issued by the Department of Ecology.  All permit activities are subject to appeal by citizens, 
applicants, and government agencies.  Appeals are heard by the Shoreline Hearings Board. 

The Shoreline Management Act requires local governments to write shoreline master programs 
that regulate streams, lakes over 20 acres, and marine waterfronts.  There are 247 city and county 
master programs currently in effect that were written based on state guidelines.  These guidelines 
are being revised (WAC 173-16).  Cities and counties regulate projects in or adjacent to state 
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waters with their comprehensive plans, shoreline master programs, and other development 
regulations.  The local laws and regulations that affect development activities (more specifically 
on- and over-water structures) in waters of the state vary from one jurisdiction to another, but 
include critical area development regulations (adopted under the state Growth Management Act) 
and environmental designations under shoreline master programs (adopted under the state 
Shoreline Management Act). 

Clean Water Act Section 401  (33 USC 1251 et seq.)  
and Coastal Zone Management Act  (16 USC 601 et seq.) 

These federal laws are administered by the Washington Department of Ecology.  Application for 
a federal permit under section 404 of the Clean Water Act to discharge dredge or fill material 
into state waters or wetlands, or to excavate in water or wetlands, triggers review under these 
laws.  Section 401 certification and coastal zone consistency certification are issued by the 
Washington Department of Ecology. 

National Pollutant Discharge Elimination System (NPDES) 

The federal NPDES program is administered in Washington by the Department of Ecology.  If a 
project disturbs more than 5 acres at one time, an construction permit must be issued by the 
Department of Ecology to ensure that state and federal water pollution provisions are upheld. 

Hydraulic Project Approval Code  (RCW 75.20 and Washington Administrative Code [WAC] 
220-110) 

Construction or operation of an over-water structure that would use, divert, obstruct, or change 
the natural flow or bed of any freshwater or saltwater of the state requires a hydraulic project 
approval issued by the Washington Department of Fish and Wildlife. 

The Washington Administrative Code (WAC 220-110-060) regulates the construction of 
freshwater docks, piers, and floats and the driving and removal of pilings.  As a result of the 
recent listing of fish species under the federal Endangered Species Act, state regulations are 
currently being revised to include all in-, on-, and over-water structures, and to grant a greater 
level of protection to endangered species and the environment, based on the best scientific data 
available.  Similarly, WAC 220-110-224, which regulates freshwater boat hoists, ramps, and 
launches, is being revised to address the issue of cumulative effects of the siting of these 
structures, and to provide more specific regulatory language regarding the uses of these 
structures within the context of habitat and species protection. 

In addition, under the state hydraulic code, WAC 220-110-223 regulates the construction of 
bulkheads, and WAC 220-110-050 addresses bank protection. 

A memorandum of agreement between the Washington Department of Fish and Wildlife, the 
National Marine Fisheries Service, and the U.S. Fish and Wildlife Service was signed on April 4, 
2000 to develop an Endangered Species Act compliance agreement for hydraulic project 
approvals, which are issued by the Department of Fish and Wildlife under RCW 75.20.  This 
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memorandum of agreement provides language that addresses freshwater projects, including in-, 
on-, and over-water structures (section 5.C(3)(f)), oversight and monitoring (section 7), and 
adaptive management (section 10). 

Forest Practices Act  (RCW 76.09) 

Any timber harvest or roadwork in a riparian management zone or riparian area associated with 
construction of an over-water structure requires a forest practices permit issued by the 
Washington Department of Natural Resources.  This permit may require that forest landowners 
undertake corrective and remedial actions to reduce the impact of any forest practice that may be 
associated with a proposed project.  The goal is to afford protection to forest soils, fisheries, 
wildlife, water quantity and quality, air quality, recreation, and scenic beauty. 

Aquatic Lands Act  (RCW 79.90 ) 

Use of state-owned aquatic lands, including tidelands, shorelands, and beds of navigable waters, 
requires an aquatic use authorization (aquatic lease) issued by the Washington Department of 
Natural Resources. 

Water Pollution Control Act  (RCW 90.48) 

A temporary exceedance of state water quality standards established by WAC 173-201A for in-
water work (e.g., change in pH or turbidity) requires a Washington water quality standards 
modification issued by the Washington Department of Ecology. 

Aquatic Resource Mitigation Act  (RCW 90.74) 

This law establishes a state policy to authorize innovative mitigation measures, by requiring state 
regulatory agencies to consider mitigation proposals for infrastructure projects that are timed, 
designed, and located in a manner to provide equal or better biological functions and values 
compared to traditional onsite, in-kind mitigation proposals.  When making a regulatory 
decision, the agencies must consider whether the mitigation plan provides equal or better 
biological functions, compared to the existing conditions, for the target resources or species.  The 
factors that agencies must consider in making this decision are identified in the state hydraulic 
code, the state Water Pollution Act, and the Aquatic Resource Mitigation Act. 

Salmon Recovery Act  (RCW 75.46/ESHB 2496) 

In 1998 the Washington State Legislature passed the Salmon Recovery Act, in response to the 
state’s need for a coordinated approach to respond to the listing of salmon and steelhead runs as 
threatened or endangered under the federal Endangered Species Act. 

Wetland Mitigation Banking  (RCW 90.84) 

In 1998 the Washington State Legislature passed legislation establishing wetland mitigation 
banking as one element of compensatory mitigation.  The law directs consistency with federal 
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guidance on mitigation banking, and defines a wetland mitigation site as a site where wetlands 
are restored, created, or enhanced, or in exceptional circumstances preserved expressly for the 
purpose of providing compensatory mitigation in advance of authorized impacts on similar 
resources. 

Mitigation policy guidance (RCW 75.46) states that the guidance shall create procedures that 
provide for alternative mitigation measures that have a low risk to the environment, yet have a 
high net environmental, social, and economic benefit compared to status quo options. 

Local Laws and Regulations 

Counties and local jurisdictions in Washington regulate the construction of over-water structures 
through shoreline management codes, such as the King County Shoreline Management Code 
(http://www.metrokc.gov/mkcc/Code/) or the City of Bellevue Land Use Code 
(http://www.ci.bellevue.wa.us/cobasp/lucindex.asp).  These codes are drafted in the spirit of and 
enacted in conformance with the Washington Administrative Code. 

Available Guidance Materials for Construction and Operation of 
Over-Water Structures in Freshwater 

In response to the recent Endangered Species Act listing of species, the Washington Department 
of Fish and Wildlife (WDFW), the Washington Department of Ecology (Ecology), the 
Washington Department of Transportation (WSDOT), the National Marine Fisheries Service 
(NMFS), and the U.S. Fish and Wildlife Service (USFWS) have begun to update existing 
guidance and develop new guidance for activities with the potential to adversely affect the 
environment.  This guidance is intended to provide a holistic approach to aquatic resources, and 
is expected to have the flexibility needed to address watershed activities and salmon recovery 
efforts while operating within the existing regulatory framework. 

The following list of available guidance for construction and operation of over-water structures 
is not comprehensive.  Rather it is limited to the most recent guidelines or those currently under 
revision. 

� Guidance for Endangered Species Act Section 7 Consultation—Effect 
Determinations for New and Replacement Piers and Bulkheads in Lake 
Washington, July 24, 2000.  This document was prepared by the NMFS 
and provides background and guidance for effect determinations for new 
and replacement piers and bulkheads proposed for urbanized lakes, with 
emphasis on Lake Washington.  The effect determination guidance used in 
this document is addressed in two separate documents: A Guide to 
Biological Assessments, March 23, 1999, and The Habitat Approach, 
August 26, 1999 
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� Alternative Mitigation Policy Guidance, February 10, 2000.  This 
guidance was cooperatively developed by Ecology, WDFW, and WSDOT 
under the auspices of the Salmon Recovery Act (RCW 75.46), in order to 
improve the ecological benefits of compensatory mitigation for project 
impacts on wetlands, water quality, and fish and wildlife. 

� A Citizen’s Guide to the 4(d) Rule for Threatened Salmon and Steelhead 
on the West Coast, June 2000.  This guide introduces and explains the rule 
and provides a user-friendly description of why the rule is needed, what it 
contains, how it will affect citizens, and how to obtain more information: 
(http://www.nwr.noaa.gov/1salmon/salmesa/4ddocs/citguide.htm#Take%20Guid
ance). 

� Best Management Practices to Protect Water Quality from Non-Point 
Source Pollution, March, 2000.  This document was prepared by 
Warrington (2000).  It is an open-ended document produced as a web site 
so that it can be readily updated and expanded.  The document provides 
recommendations that have been compiled from readily available 
published documents and internet sites and from some gray literature that 
may not be as readily available.  Citations, references, and web links are 
provided.  The document is organized by sectors.  Under the service 
industries sector, guidelines for best management practices for the 
construction of wharves, docks, piers, and floats are provided 
(http://www.nalms.org/bclss/bmphome.html). 
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Recommendations for Guidance Document 

Shore-zone development in general modifies and degrades the environment, thereby adversely 
affecting wildlife and fish species.  The observed responses discussed in this paper (i.e., 
predation, behavior, and habitat structures) confirm this fact.  The resultant modification and 
degradation of the environment occur through the following mechanisms: shore-zone habitat 
structure changes, shading and ambient light changes, disruption of water flow pattern and 
energy, and physical-chemical environmental disruptions.  However, some site-specific and 
species-specific responses still require further research.  This research is needed to obtain 
information required to close existing data gaps, thereby gaining a better understanding of the 
mechanisms of disruption associated with all over-water structures.  The following 
recommendations are intended for the development of future policy and guidance documents that 
address the environmental impacts of over-water structures and associated construction and 
operation activities. 

General Policies 

� A greater statewide level of coordination among local jurisdictions, state 
agencies, and federal agencies is needed in the preparation of guidelines 
for the maintenance, construction, and operation of over-water structures. 

� Statewide guidelines are needed to protect ecosystem functions and direct 
habitat impact mitigation, resource management, and project planning.  
However, because of the hydrological characteristics of the systems and 
differences in fish habitat utilization, two separate sets of guidelines 
should be developed for eastern and western Washington. 

� All new rules, regulations, and guidelines for over-water structures should 
be supported with scientific data. 

� Future research should be focused on areas where gaps and ambiguities 
have been identified, and resources should be allocated for this purpose. 

� Existing shoreline conditions (e.g., riparian and shallow-water) should be 
documented by videotaping to facilitate detection of unpermitted 
development activities.  More intensive supervision and enforcement of 
shoreline use and inspection of proposed projects during construction 
should be implemented.  

� In highly developed systems, such as Lake Washington in western 
Washington and Lake Chelan in eastern Washington, no net increase in 
over-water coverage should be allowed.  In such systems, offsite 
mitigation alternatives (e.g., in areas with the lowest development density) 
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should be favored over onsite mitigation whenever the expected benefit is 
more cost-effective and yields greater ecological benefit. 

� Preference should be given to offsite mitigation efforts consolidated on 
one site versus multiple offsite locations. 

� All mitigation should provide better functional value than that provided by 
the habitat being replaced. 

� If new over-water structures are to be allowed, the mitigation measures 
required to compensate for the construction of such structures should 
include site- and project-specific research to verify “not likely to adversely 
affect” situations prior to project implementation. 

� For new and retrofitting projects, strict monitoring and evaluation 
programs should be required and included in the project plans.  Third-
party groups should conduct the monitoring and evaluation programs to 
preclude bias in the process. 

� During the evaluation of proposed projects, a policy allowing no new 
over-water structures should first be considered.  Because of their smaller 
surface area and correspondingly smaller shade effect, buoys should be 
selected rather than piers and docks for recreational mooring. 

� There should be a greater level of regulation for activities such as boating 
that have interrelated effects.  Funds from taxation imposed on such 
activities should be directed to shoreline restoration and enhancement 
programs. 

Shore-Zone Development 

� To provide maximum protection to juvenile chinook salmon in eastern and 
western Washington, further development in existing undeveloped shore-
zone areas should be restricted, particularly in those areas having the 
characteristics preferred by this species (i.e., low-gradient habitats with 
sandy bottom and no aquatic vegetation). 

� The goals and objectives of shore-zone restoration projects should include 
habitat characteristics, functionality, and values consistent with the 
preferred habitat for chinook salmon. 

� New research should be initiated to investigate the preferred habitat 
characteristics for other salmonid species and their prey. 
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� Minimum setbacks should be established to help prevent shoreline and 
stream bank erosion and to help minimize the cumulative effects of shore-
zone development.  These required setbacks could include requirements 
for the relocation of existing structures that may already exist within 
designated setbacks. 

� Additional research should be conducted to study the effectiveness of 
salmon habitat restoration projects in lakes and slow-flowing rivers and 
reservoirs. 

Structure Size 

� To minimize the cumulative effects of over-water structures, in particular 
the loss of habitat and the potential creation of refuge for predators, all 
structures should be as narrow as possible to achieve the project purpose.  
In addition, the multifamily use of individual docks should be encouraged, 
and only one dock per multi-lot development should be allowed. 

� The number and body size of organisms using an area influenced by a 
floating object are directly related to the surface area of the object.  
Therefore, if a new over-water structure is to be allowed, the minimum 
possible size should be used to minimize the attraction of salmonid 
predators such as bass.  

On-Water Structures 

� Guidelines specifically addressing the storage and operation of on-water 
structures (i.e., log booms and rafts, trash-booms and trash-racks, work 
barges, and houseboats) should be prepared.  Until structure-specific data 
become available, the responses observed from over-water structures 
should be extrapolated, particularly regarding changes in ambient light and 
in habitat function. 

Pilings 

� Smallmouth bass and largemouth bass have a strong affinity to pilings.  
Therefore, for all new projects, and for retrofitting projects when feasible 
from an engineering perspective, a downgrade in size and number of 
pilings should be required in order to minimize potential predation on 
juvenile salmonids. 
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� Pier and dock pilings, which intercept gravel transport, may accelerate 
beach erosion.  Therefore, the use of buoy and anchor systems should be 
preferred over pilings to  prevent beach erosion. 

� In order to minimize the potential for predation on juvenile salmonids in 
free-flowing areas of systems where northern pikeminnow occur, the 
placement of in-water structures that create back-eddies and low-velocity 
microhabitat should not be allowed. 

� Pile-driving activities should be regulated, not because of potential noise 
impact, which seems to be negligible for salmonids, but for the potential to 
disturb bottom sediments. 

� The 300-foot protection zone restricting pile-driving activities in the 
vicinity of known sockeye spawning areas also should be required for 
chinook salmon in known beach spawning areas of Lake Washington.   

Bulkheads and Riprap 

� New bulkheads should not be permitted under any circumstance; instead, 
bioengineering solutions should be required.   

� For retrofitting projects, bulkheads should be completely eliminated when 
possible or relocated shoreward of ordinary high water, and shorelines 
should be restored with emergent and riparian plant species. 

� Riprap should not be allowed as an erosion control measure.  Instead, site-
specific bioengineering techniques should be required when alteration of 
the natural shoreline conditions is unavoidable, or for retrofitting projects. 

Shoreline Vegetation 

� If the over-water structure is permitted, onsite, in-kind, offsite, or out-of-
kind mitigation (or any combination of these) should be required to 
achieve no-net-loss of habitat.  This mitigation should include the 
establishment of native vegetation on any disturbed and adjacent shoreline 
areas, to minimize the adverse effects associated with cumulative loss of 
shoreline vegetation. 

� A buffer should be preserved between new upland developments 
associated with over-water structures and the shoreline, to protect foraging 
and rearing habitat for fish and wildlife. 
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� Shoreline development associated with the construction of an over-water 
structure should not include the alteration of natural stable shorelines or 
the creation of manicured land that extends to the river or lake edge.  In 
already altered shoreline areas, bioengineering techniques should be used 
to protect altered shorelines. 

Ambient Light and Shading 

� Given that shading can affect habitat function by creating visual barriers to 
migrating fish, new and retrofitted over-water structures should be 
required to incorporate design elements to minimize the shaded area under 
the structure. 

� New dock design elements currently required in eastern Washington (e.g., 
ambient light grids, white PVC sleeves for pilings, bright reflective 
aluminum, and bright white materials for flotation) should be investigated 
to determine their efficacy in reducing salmonid predation and in allowing 
adequate light penetration for macrophyte production.  If found to be 
effective, these elements also should be required for projects in western 
Washington. 

� Accessory dock structures such as pier skirting and batter boards that 
increase shading impacts on aquatic vegetation should not be permitted in 
the design or construction of new docks. 

Water Quality 

� Because the reaction distance declines as a decaying power function of 
turbidity, maintenance of background turbidity levels should be required 
during construction, to avoid potential adverse effects on salmonid 
predation.  This can be achieved, for example, by the use of silt curtains or 
cofferdams. 

� Because leachate from treated wood is toxic to aquatic organisms, the use 
of treated wood should not be allowed in construction of over-water 
structures. 
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Ship crashes into dock at Westshore Terminals, 
spilling coal into water (with video) 
BY GORDON HAMILTON, TIFFANY CRAWFORD, VANCOUVER SUNDECEMBER 9, 2012 

 
A close-up view of a section of trestle that a large bulk carrier took out after crashing into a berth early Friday morning Dec. 
7, 2012 at Westshore Terminals in Delta's Roberts Bank. 
Photograph by: .., Global BC 

METRO VANCOUVER -- A large bulk carrier docking at Westshore Terminals in Roberts Bank 
destroyed a coal conveyor system early Friday morning, knocking out the largest of the port’s two 
berths and spilling an undetermined amount of coal into Georgia Strait.  

The mishap has put the berth out of service for an indefinite period of time, affected the port’s ability 
to export coal, disrupted customer deliveries and caused a yet-to-be-determined effect on the waters 
off the Fraser delta. 

The loss of the berth, which handles ships with a cargo capacity up to 260,000 tonnes, is a 
significant blow to Westshore, which is North America’s largest coal exporting port. Westshore has 
one remaining berth, which can handle ships with a capacity of 180,000 tonnes. 

The mishap happened at 1 a.m. when the bulk carrier Cape Apricot, with a capacity of 180,000 
tonnes, slammed into a trestle, the only link between the berth and the terminal, destroying more 
than 100 metres of it. The ship went right through the causeway, taking a road, the coal-carrying 
conveyor belt, and electric and water lines with it. 
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Click here for more photos 
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“We’ve got a ship there that’s stranded now. We can’t get to it,” said Westshore spokesman Ray 
Dykes.  

Dykes did not know how much coal was spilled but estimated that about one third of a railcar load 
went into the water. 

“Whatever was on the belt when the ship went right through the belt – and right through the 
causeway – that went into the water,” he said. 

Dykes added that residual coal has been removed from the damaged belt by a vacuum truck. It was 
too early for cost estimates, he said. 

Westshore has called in an independent environmental consultant to advise on possible remedial 
action for the coal spilled from the destroyed conveyor. 

Yoss Leclerc, Harbour Master for Port Metro Vancouver, said he was at the scene by 5 a.m. and 
determined there were no injuries. No oil was spilled. He said the cause of the mishap remains 
unknown but the Transportation Safety Board is investigating. The ship had a pilot on board. 

He said emergency and environmental agencies were contacted and that Port Metro Vancouver has 
already started a cleanup of the spilled coal. The Department of Fisheries and Oceans is the lead 
agency on the spill response. Calls to the Vancouver regional office were not returned Friday. 

The spill off the Fraser delta is being viewed by coal critics as strong ammunition in their fight 
against the growing volume of coal exports through Port Metro Vancouver. 

“This really is coal’s Enbridge moment. It shows the problems that can happen with these exports 
and the potential risks coal poses to the environment,” said activist Kevin Washbrook, of Voters 
Take Action on Climate Change. An aerial photo of the accident taken by radio station CKNW shows 
a plume of coal extending out from both ends of the broken trestle. 

“There is clearly a long plume of coal dust in the ocean and coal dust is harmful to marine life. It is 
harmful to salmon, it is harmful to shorebirds, it is harmful to the aquatic organisms that live on the 
mudflats,” Washbrook said. 



Washbrook said the accident reinforces environmentalist arguments that a proposed expansion of 
coal export capacity by Port Metro Vancouver needs a full public review. The port is considering 
applications by Fraser Surrey Docks and Neptune Terminals in North Vancouver to expand coal 
exports, but is not planning on holding a public review. 

Ken Hall, professor emeritus with the Institute for Resources, Environment and Sustainability at the 
University of B.C., said submerged coal dust could contaminate marine life and upset the balance of 
an aquaculture. 

“Very fine material, if it stays suspended especially, could impact filter feeders and small 
invertebrates. Things like oysters and clams – it could get into their system and it’s not soluble, so it 
would just stay in there clogging their insides,” he said. 

Hall said larger chunks of coal have the potential to smother benthic organisms – bottom-feeding fish 
and other marine plants and animals. 

“Material settles down and it could cover these organisms, like polychaetes – marine worms – very 
small clams and amphipods kind of like baby shrimp.” 

Hall also noted that geese, ducks and other birds could be indirectly affected by ingesting coal-
contaminated crustaceans and shoreline matter. He suggested follow-up studies to study the effects 
of the coal dump, but said the accident would not be nearly as detrimental as an oil or gas spill. 

Dykes said after the collision that there was an emergency shutdown of the conveyor belt. No 
damage was done to the berth itself, called Berth One, but it is without access and without power. A 
ship at the berth was in the early stages of loading. It will likely have to depart, Dykes said. 

Dykes said staff are assessing damage to the berth and would have a better idea by Monday when 
the berth will reopen. He added that there was little damage to the Cape Apricot. 

“There were only a few scrapes on the bow.” 

The berth will be out of commission for an undermined length of time. 

“You can’t span 400 feet of causeway in an afternoon,” Dykes said of the damage. 

He said customers have been contacting the company all day seeking answers to what the loss of 
the berth means to shipments. Westshore does not have the answers yet. 

“We were looking forward to having a capacity of 33 million tonnes,” he said. “We were hoping to 
have a record year. There is some serious thinking to that plan now.” 



The terminal is the main shipping point for metallurgical coal from Teck Resources mines in eastern 
British Columbia. It is also used by U.S. coal companies for shipping thermal coal from mines in U.S. 
Midwest. 

Dykes said Teck coal was being loaded at the time of the accident. 

Teck Resources said Friday that it would continue to use Westshore’s remaining berth, but will be 
shifting capacity to Neptune Terminals in North Vancouver to maintain export volumes. 

The company also said it will be exploring options for moving additional tonnage to Pacific Coast 
Terminals in Port Moody and Ridley Terminals in Prince Rupert while Berth One remains shut for an 
unknown amount of time.  

“Our preliminary assessment is that we will meet or exceed our sales guidance of 6.2 million tonnes 
for the fourth quarter and, as there is inventory space available at Westshore, we do not expect this 
incident to have a material impact on coal production for the fourth quarter,” Teck said in a 
statement. 

-with files from Christopher Reynolds 

ghamilton@vancouversun.com 

ticrawford@vancouversun.com 

Click here for more photos 
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A close-up view of a section of trestle that a large bulk carrier took out after crashing into a berth early Friday morning Dec. 
7, 2012 at Westshore Terminals in Delta's Roberts Bank. 
Photograph by: .., Global BC 

 



Coal Spill Trashes Ocean Waters
ARTICLE | DECEMBER 13, 2012 - 12:00AM | BY CAMILLA MORTENSEN

Worse than coal in your Christmas stocking is coal in your water. A recent accident at a coal terminal in Vancouver, B.C., calls 

attention to the impacts that coal exports have on oceans and waterways around the ports. A large bulk carrier of coal collided 

with one of the coal trestles at the Westshore Terminals port in Canada on Dec. 7, spilling several tons of coal into the ocean. This 

is in addition to a coal carrier that ran aground in November, and another that recently docked with a large crack in its hull. 

While Oregon’s controversial Coos Bay Bulk Terminal coal export proposal, a partnership between Metro Ports and the Japanese 

company Mitsui, hasn’t been making many headlines lately, it is still in play, and the Portland area just wrapped up a series of 

public meetings about several coal export terminals proposed in the northern half of the state. 

Bob Ferris of Cascadia Wildlands says studies around the Westshore Terminals port, even before the recent accident, show the 

impact of fugitive coal dust — dust that escapes during coal shipment — “and basically it’s created a set of dead zones around that 

coal port.”

“Coal has a lot of toxic properties,” Ferris says. “It has a lot of carbon and nitrogen, which will do things to the acidy of the water, 

and it has a lot of iron, which will take oxygen out of the water.”

Ferris says spilled coal and coal dust are not the only dangers to aquatic life; dredging in the estuaries to allow the massive ships 

in is also destructive. The ships themselves, he says, are generally old and registered in countries that don’t do a lot of safety 

inspections. “These bulk carriers are kind of the most dangerous ships on the sea, huge, underpowered, with small rudders and 

generally not well maintained.”

He says while in port, the bulk carriers run their engines and burn about four tons of diesel a day “just to keep the lights on,” 

sending diesel particulates into the water and into people’s lungs. While California has instituted a “cold ironing” requirement 

where ships stop running engines and plug into shore power to decrease pollution, Oregon and Washington, where the new coal 

export terminals are being proposed, have no such rules.

A Sierra Club study of Ambre Energy’s Morrow Pacific project says even with measures such as covered coal barges on the 

Columbia River instead of open rail cars, storage barns with air scrubbers and enclosed conveyor belts, that project would still 

violate federal air quality standards.

About the Author »

Camilla Mortensen
Associate Editor and Reporter

Camilla Mortensen is associate editor and reporter at Eugene Weekly . She is also a folklorist and a community 

college and university instructor. She has two horses, an assortment of dogs, and lives in a 1975 Airstream 

trailer. Sometimes all these details collide in unforeseen ways.

RELATED TERMS: News Briefs

Page 1 of 2Coal Spill Trashes Ocean Waters | eugeneweekly.com

1/2/2013http://www.eugeneweekly.com/article/coal-spill-trashes-ocean-waters

Lauren
Typewritten Text
Exhibit 5



0 comments

What's this?ALSO ON EUGENE WEEKLY

Forest Plans Made In Secret 

Sam — Please help Cristina Hubbard Forest Web of Cottage Grove 
and Jerry Rust stand up to the politicians …

Is the LTD Bus Watching Us? 

Socrates — You are correct that it is legal for these invasive 
actions to transpire, but that doesn't mean LTD'…

Girl Assaulted In Springfield Seeks Answers 

Keith Appleby — Thank you for writing about this. I find this story
incredibly troubling on two accounts: 1) The int…

Why Global Warming Mitigation Will Fail 

Anandi Sharan — A good summary of all that is wrong with the 
present ideologies and religions in the capitalist worl…

Leave a message...

Discussion Community #Share 

×

8 comments • 7 days ago 13 comments • 14 days ago

4 comments • 7 days ago 3 comments • 7 days ago

0★

Page 2 of 2Coal Spill Trashes Ocean Waters | eugeneweekly.com

1/2/2013http://www.eugeneweekly.com/article/coal-spill-trashes-ocean-waters



The gravel barge 221 is 
pinned underneath 
Pittsburgh's Smithfield 
Street Bridge and its rake is 
being pumped out, while a 
coal barge rests alongside. 
(Photo courtesy U.S. Coast 
Guard)

Send to printer Close window

Runaway coal barge sinks after tow 
strikes Pittsburgh bridge in high wind, 
swift current
C A S E Y  C O N L E Y

Two barges broke free from a towboat after hitting a bridge support column on the Monongahela River near downtown 
Pittsburgh.

The 4,300-hp towboat Marge McFarlin was westbound toward the Ohio River pushing 12 loaded coal barges when at 
least one barge struck the Liberty Highway Bridge at about 0100 on Jan. 19.

One of the runaway barges was damaged and eventually sank. The other 
struck a barge moored in a fleeting area, and both became pinned against a 
bridge downriver until salvage crews removed them. The 10 remaining barges 
were removed without incident.

A preliminary investigation by the U.S. Coast Guard suggests strong winds may 
have been a factor in the accident.

"The preliminary report was that he got caught by a gust of wind and his barges 
got pretty much pushed in the direction of the bridge," said Lt. j.g. Alyssa 
McDonald, the assistant response chief at Marine Safety Unit Pittsburgh.

McDonald cautioned that an investigation into the incident was ongoing. 
Nobody was injured and there was no environmental damage, the Coast Guard 
said.

Winds were estimated at about 14 mph from the southeast on the morning of 
the accident. At the nearest measuring site, the Monongahela was nearly 10 
feet higher than normal, McDonald said.

The 144-foot Marge McFarlin was operated by Ingram Barge Co., which is 
based in Nashville, Tenn. The company's internal investigation suggests high 
water may have contributed to the incident.

The vessel's pilot "misjudged the river's above-normal current and ran out of 
stern room, resulting in the starboard stern of the barge ING 5061 alliding with 
the left descending channel pier of the Liberty Avenue bridge,"  said Dan 
Mecklenborg, senior vice president and chief legal officer at Ingram Barge.

Page 1 of 2Professional Mariner | Runaway coal barge sinks after tow strikes Pittsburgh bridge in hig...
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Equipment from River Salvage pumps out 
voids from the sunken runaway barge ING 
5061. The accident began when the tow 
struck a bridge column upriver. (Photo 
courtesy U.S. Coast Guard)

Mecklenborg declined to comment on whether disciplinary 
action was taken against the pilot, who he said has more than 
15 years experience operating towboats on inland rivers.

After the initial accident, the 195-foot barge ING 5061 drifted 
about a half-mile downriver and sank near the Fort Pitt Bridge. 
The other breakaway barge, the 195-foot OR 4875, hit the 
195-foot gravel barge 221 that was moored in a nearby 
fleeting area, and both came to rest about one-third mile 
downriver against the Smithfield Street Bridge.

Two highway bridges and a bridge that carries Pittsburgh's 
light rail were closed for several hours Jan. 19 while crews 
from the Pennsylvania Department of Transportation (DOT) 
and the port authority inspected them. PennDOT's press 
officer, Jim Struzzi, said none of the state's bridges were 
damaged in the incident.

Ingram Barge hired River Salvage from Pittsburgh to perform 
the salvage, which began within eight hours of the incident. According to Mecklenborg, salvage crews first secured any 
barges that were in danger of sinking. This included the two pinned barges, which were pumped out while crews 
removed them from the bridge supports. Then, a floating crane was brought in to start removing coal from the sunken 
barge.

"On the following day, remaining product was removed from the sunken barge, and an A-frame crane was rigged to the 
bow end of the wreck and it was partially raised. On the second day following the incident, the A-frame crane was moved 
to the opposite end of the barge (and) the hull was fully raised, pumped out, secured and removed from the incident 
site,"  he said.

The two pinned barges were refloated and removed Jan. 19. The sunken barge was raised by Jan. 21.

The Port of Pittsburgh set up a safety zone along a two-tenths mile section of the Ohio River shortly after the accident. 
The full width of the Monongahela River from mile marker 0 to mile marker 1.2 was temporarily closed to traffic other 
than salvage crews. All told, 10 vessels requested passage through the safety zone, and all were accommodated, the 
Coast Guard said. The river reopened Jan. 21.

Ingram Barge said there were "financial damages involving Ingram's equipment, third party equipment and cargo,"  but 
declined to elaborate.

"Ingram has satisfied all of these items,"  Mecklenborg said.
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Coal export meeting in Portland draws a crowd of about 800

By Scott Learn, The Oregonian 
on December 06, 2012 at 7:02 PM, updated December 06, 2012 at 11:18 PM

Print

Brought to you by 
A crowd of about 800 people filled a 

Department of Environmental Quality

meeting tonight on Ambre Energy's 

proposal to export coal through Oregon to 

Asia. 

Coal-export foes, including many bused in 

from Salem and Hood River, appeared to 

outnumber supporters at the meeting, 

DEQ's last before considering whether to 

issue draft permits by the end of February. 

Many wore red t-shirts emblazoned with 

the Sierra Club campaign's slogan, 

"Beyond Coal Exports." 

Supporters of the proposal, among them

workers who sat in rows toward the back 

of the room and wore Ambre's Morrow Pacific hats, include coal companies, terminal developers and labor 

groups.

DEQ officials said it was likely the largest meeting the agency has ever hosted. 

DEQ is handling four requested permits for Ambre's Morrow Pacific project, which aims to export up to 8.8 

million tons a year of Montana or Wyoming coal. 

The project includes a terminal at Port of Morrow in Boardman to receive the coal by train. Columbia River 

barges would then take it to a Port of St. Helens dock near Clatskanie for loading on ocean-going ships. The 

coal would remain in enclosed conveyers, barns and barges after arrival in Boardman. 

Coal from Wyoming's Powder River Basin would be trained to 
Boardman, then put into covered barges for transport up the Columbia 
River for eventual transfer to Asia-bound ships.

Scott Learn, The Oregonain

Page 1 of 3
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But opponents see the relatively fast-track project as a foothold for coal 

exporters, who are pursuing four other terminals in Oregon and 

Washington. Ambre is also pursuing a train-fed terminal in Longview, 

Wash.

 Among other objections, opponents argue the project would increase

pollution, dramatically increase barge traffic on the Columbia, impinge on

tribal fishing grounds and encourage Asian countries to build more coal-

fired power plants. 

"California would not sit idly by," Don Steinke of Vancouver, Wash., told 

DEQ officials. "I urge you to find a way to delay these exports and seek 

authority to stop them."

Supporters say Asia is going to get the coal from somewhere, and tout the potential for higher taxes in rural

counties, construction jobs and permanent jobs at the terminals. 

The two ports would get 25 to 30 permanent jobs each at full build-out, Ambre says. Local taxes would total 

$4.1 million a year in Morrow and Columbia counties.

Construction would cost $242 million, much of it for wages, Ambre says, and two Portland manufacturers, 

Gunderson Marine and Vigor Industrial, would build the covered barges. 

Jeff Powell, a Gunderson superintendent, said the barge work would employ 350 workers for up to two 

years. The barges will be well-built and provide the safest way to ship coal through the Columbia River

Gorge, he said.

"The coal's going to get to China anyway," Powell said. "Why should we miss out?"

Mark Fisher, a DEQ project manager, responded to many questions by noting that DEQ has statutory limits 

on how much it can review when evaluating the permits. 

Among the out-of-bounds topics: mercury drifting into Oregon on trade winds from Asian coal burning, 

emissions from coal trains and the broad health impacts of exporting coal.

The U.S. Army Corps of Engineers is also considering issuing permits for the Morrow Pacific project. The 

federal government has authority to do a more comprehensive review that includes all the export projects 

together, but hasn't chosen to at this point.

If Ambre meets the regulatory requirements for the DEQ permits, it will get them, Fisher said. If the federal 

government subsequently rejects the project, the state permits would be nullified.

Coal clash
» Read a series on the coal export

proposals

» Interactive map: Proposed 

Northwest export terminals
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-- Scott Learn; Twitter: @slearn1

Sponsored Links
Related Stories

Planned Oregon coal export terminal would exceed pollution standards, Sierra 
Club charges

Ambre Energy removes one obstacle to exporting coal through the Northwest

© OregonLive.com. All rights reserved.
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Columbia River Coal Plan Gets First Hearing 
In Boardman
Dec. 4, 2012 | Northwest Public Radio

BOARDMAN, Ore. – A series of 
public meetings about a 
proposed coal export terminal 
kicked off Tuesday night in this 
Eastern Oregon town that hugs 
the Columbia River

Oregon’s Department of Environmental Quality hosted the meeting to take 
comments and answer questions about permits required for the proposed 
Morrow Pacific Project. It would transport coal by train to the eastern 
Oregon port city. Then coal would then be barged down the Columbia 
River and eventually shipped to Asia.

Around 200 people came with questions for department officials. How 
would the department handle a barge fire? Had it ever received complaints 
of coal dust?

Boardman resident Donald 
Gratin supports the terminal. 
He said Eastern Oregon needs 
jobs and tht he doesn’t believe 
environmental concerns are 
accurate.

“We hear all this about what’s going to happen to Hood 
River and The Dalles. We’re talking covered barges. It’s 
not gonna happen,” Gratin told the crowd.

Supporters waved their hands in the air when they liked 
someone’s statement. Environmental advocates voiced 
concerns about coal dust and climate change, at one 
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point pulling out a bucket of coal dust to underscore that 
point.

Many people opposed to the Morrow Pacific Project 
asked questions related to a regional environmental 
impact statement (EIS). A regional EIS would look at the 
cumulative effects of exporting coal from all five 
proposed terminals in the northwest. The Army Corps of 
Engineers will decide whether to require a regional EIS. 
Oregon’s Department of Environmental Quality only has 
authority to regulate what happens on site at the 
Boardman and St. Helens ports, officials said.

That frustrated some in the crowd, including Hood River 
resident Gwen Thomas.

“Repeatedly tonight we’ve heard about the narrow scope 
of what you have authority over,” Thomas said. “I’ve just 
been sitting here thinking about the dangers of just 
taking that into consideration.” 

The Department of Environmental Quality will hold two 
more meetings this week: One Wednesday in Clatskanie 
and one Thursday in Portland.

The Oregon Department of State Lands, another state 
agency involved with permits required for the project to move forward recently added a third 
comment period, which began Monday. The Department of State Lands set April first as its new 
deadline for deciding whether to issue permits the company needs to build the terminal.

The Morrow Pacific export proposal is one of five separate initiatives to establish shipping terminals 
in the Northwest so coal from Montana and Wyoming can be delivered across the Pacific Ocean to 
markets in Asia.

One of those proposals is in the midst of public hearings. The project would transport coal by train 
through Spokane, down to the Columbia River, and then head north through Western Washington 
to unload its cargo at a terminal north of Bellingham. The next hearings for that project are Dec. 12 
in Vancouver, Wash., and Dec. 13 in Seattle.

Cassandra Profita | Dec. 24, 7:42 a.m.

Share your experiences as part of EarthFix's 
Public Insight Network. 
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community about coal trains or new export 
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Related Links:

Columbia River NW coal Morrow Pacific Project coal export terminal

Print
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100 mi

(Hover over markers to hear reports on coal in communities of the Northwest. Then click “website” 
for more EarthFix coverage. Click here for larger map view. Note: Train routes are 
approximations. They illustrate potential corridors based on existing lines and publicly available 
information.)

■ EarthFix Topic: Coal In The Northwest
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2 comments

Leave a message...

Discussion Community #Share 

• Reply •

Awful idea? Those countries will burn coal regardless of where they get it from. And 
right now, they are burning some of the dirtiest coal known to mankind. The coal we will sell 
them will be cleaner and will cause less pollution. These hippies need to get a grip and 
realize their plan to get rid of all coal and somehow still be able to generate enough cheap 
affordable energy through their crappy windmills that rarely produce any energy, let alone 
even turn, has caused far more negative environmental impact than coal would ever cause.

I live in Eastern OR and can tell you the windmills are atrocious and have completely 
destroyed the landscape of the entire state of OR. Coal never did that, regardless of this 
make believe "haze" the hippies think the coal fire plant has caused in Western OR(over 
3mil people live west of the Cascades and somehow auto pollution causes no haze. lol). 

Fact is, this country and state needs jobs more than ever and the hippy liberals have no 
answer for that other than handing out more welfare checks. Ambre Energy will provide very 
well paying jobs, give money back to our schools and have a much more positive impact on 
the state than anyone from the Sierra Club could ever claim.

Furthermore, unless you live in this county, you need to keep out of our decision making. I 
don't go to your town and tell you have to live and where you should work. So, stay the hell 
out of ours.

Richard • a month ago 

• Reply •

Ack! How did this awful idea get off the ground?!? Oh yeah ... profit margins ...
Leuth Novotny • a month ago 
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Clatskanie coal forum brings few answers
DECEMBER 05, 2012 11:40 PM • BY MARQISE ALLEN / THE DAILY NEWS

In a bit of irony, a question-and-answer session in Clatskanie by the Oregon Department 
of Environmental Quality on Wednesday night offered few answers for residents seeking 
specifics about how the DEQ would monitor a coal terminal proposed for nearby Port 
Westward.

The DEQ was short on answers for Columbia County residents because officials still 
aren’t certain whether they’ll require Ambre Energy to apply for environmental permits at 
the Port Westward terminal. Instead, the meeting focused on a rail terminal also planned 
by the Australian company at Boardman — the stop 218 miles upriver of Port Westward 
— where the agency already is reviewing the plans.

“We’re still looking at the information associated with the (Port Westward) project,” said 
Mark Fisher, senior air quality permit writer for the DEQ.

Some residents expressed dismay at the lack of information for Clatskanie.

“Most of the people here are concerned about the whole project,” said Leslie Fuller, a 
Columbia City resident and a member of Clean Columbia County. “Are you going to have 
a meeting about Clatskanie in Boardman? … Our concern is by the time you let part of 
the project get started, we’ll lose control of what we can do.”

DEQ officials fielded two hours of questions at Clatskanie Middle High School, ranging 
from monitoring of the Boardman terminal’s emissions to what would happen if one of the 
barges caught fire or sank in the Columbia River en route to Port Westward. Columbia 
County residents and members of environmental organizations were among about 70 in 
attendance. Environmental groups gathered outside the school before the meeting to 
protest the projects.

Several local officials also attended the meeting. Rainier City Councilwoman-elect Judith 
Taylor said she doesn’t care for coal but admitted the area could benefit from the jobs 
and taxes.

“If it doesn’t go to Port Westward, it’ll go somewhere else,” she said. “So we might as 
well reap the benefits.”

The meeting was the second of three scheduled question-and-answer sessions hosted 
by the DEQ about Ambre Energy’s project. Coal would travel from Wyoming’s Powder 
River Basin to the Port of Morrow (at Boardman), then be unloaded into enclosed 
buildings and transferred onto enclosed barges for hauling to Port Westward. A “trans-
loading” system that uses a giant auger and enclosed conveyors would transfer coal from 
barges to Asia-bound boats. No coal would be stockpiled at Port Westward.
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The DEQ will decide whether permits will be required for the Columbia County portion of 
the project in the coming months after further reviewing Ambre’s plans for the site. 
Marcia Danab, public affairs specialist with DEQ, said it would take as long as six months 
for the agency to issue draft permits, which then would be subject to a public hearing 
process.
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