Center for Biological Diversity

Please accept the attached comments filed on behalf of the Center for Biological Diversity. The
Center's comments will be provided through three submissions to relay all relevant attachments.
This is submission 3 of 3.



CENTER for BIOLOGICAL DIVERSITY

Submitted Via State Public Comment Portal
May 7, 2024

Casey Sixkiller

Regional Administrator

Environmental Protection Agency, Region 10
1200 6th Avenue

Seattle, WA 98101

Marla Koberstein
Department of Ecology
Water Quality Program
P.O. Box 47696
Olympia, WA 98504

Re: Comments on Washington’s Proposed Updates to Aquatic Life Toxics
Criteria, WAC 173-201A-240 (CR-102)

Dear Ms. Koberstein and Regional Administrator Sixkiller,

Please accepted the following public comments submitted on behalf of the Center for Biological
Diversity (Center) and its 1.7 million members and supporters to the Washington Department of
Ecology’s (Ecology) proposal to revise Washington’s aquatic life toxics criteria, WAC 173-
201A-240.

The Center is concerned that the proposed criteria provide insufficient protections for federally
listed endangered and threatened species and, in consideration of prior national, Oregon, and
Idaho Section 7 consultation findings, likely violates the Endangered Species Act’s prohibition
on the take of listed species. The Center, therefore, urges Ecology to revisit its proposed criteria
for the benefit of endangered and threatened species and revise downward those criteria to levels
that meet the obligations of the Clean Water Act to support the most sensitive aquatic life uses?
and the Endangered Species Act’s requirement that “endangered species [] be afforded the
highest of priorities.” Tennessee Valley Authority v. Hill, 437 U.S. 153, 174 (1978).

I The Methodologies Used by Ecology and EPA for Deriving Water Quality Criteria
Are Legally Deficient and Under-Protective of Endangered Species and Critical
Habitats

The presence of toxic pollutants in waterways has a significant impact on aquatic and aquatic-
dependent species’ survival. According to the National Marine Fisheries Service (NMFS),
“degraded water quality has been one of the contributing factors for the decline of almost all of

1 See 40 C.F.R. § 131.11(a) (criteria must support the most sensitive use).
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the anadromous fish species NMFS has listed since the mid-1980s.”? Cyanide, cadmium, and
mercury are three toxic pollutants that present significant threats to endangered and threatened
aquatic species and their critical habitats.?

Over the last two decades, a series of lawsuits and consultations regarding EPA’s national criteria
and its approval of state standards and criteria for various pollutants—including cyanide,
cadmium, and mercury—have raised profound concerns regarding the overall approaches that
EPA utilizes in reviewing and approving water quality criteria; these cases also raise concerns
about the inadequate and antiquated methodologies EPA used to establish national water quality
criteria. See, e.g., Center for Biological Diversity v. EPA, Case No. 22-138, 2023 U.S. Dist.
LEXIS 145674 (D. Ariz. Aug. 18, 2023) (finding that EPA acted unlawfully when it failed to
engage in Endangered Species Act Section 7 consultation prior to issuing nationwide water
quality criteria for cadmium and vacating EPA’s 2016 chronic freshwater cadmium criterion);
Northwest Environmental Advocates v. National Marine Fisheries Service et al., Case No. 10-
907-BR (2010) (dealing with the Oregon’s Endangered Species Act consultation history and
failures); Northwest Environmental Advocates v. The National Marine Fisheries Service et al.,
Case No. 13-00263-DCN (2013) (dealing with the Idaho’s Endangered Species Act consultation
history and failures).

The Center hereby attaches and incorporates into these comments past biological opinions and
draft biological opinions and request they be made part of the record for this rulemaking as well
as incorporated into EPA’s review of Ecology’s ultimate submission. The biological opinions
describe severe methodological flaws and inadequate approaches that have inevitably yielded
legally insufficient and under protective criteria. Each document included provides information
that can guide Ecology’s development of its criteria. More recent science, however, suggests the
need for even more protective standards to fully comply with the Endangered Species Act.

Even further, because Washington is downstream of a number of states with known aquatic toxic
pollution issues, including Idaho, Oregon, and even small portions of Wyoming and Montana,
some of its waters are already receiving significant pollutants from upstream states, which raises
concerns about cumulative impacts, and suggests even more stringent criteria are required to
address pollution in a legally sufficient manner.* While in theory, Clean Water Act section 303(d)

2 NATIONAL MARINE FISHERIES SERVICE, DRAFT ENDANGERED SPECIES ACT SECTION 7 CONSULTATION
BIOLOGICAL OPINION & CONFERENCE OPINION ON THE U.S. ENVIRONMENTAL PROTECTION AGENCY’S
APPROVAL OF STATE OR TRIBAL, OR FEDERAL NUMERIC WATER QUALITY STANDARDS FOR CYANIDE
BASED ON EPA’S RECOMMENDED 304(A) AQUATIC LIFE CRITERIA, 270 (2010) [hereinafter NMFS
National Cyanide Draft BiOp].

3 While these comments focus on the cyanide, cadmium, and mercury pollution and Washington’s
associated criteria, several additional pollutants are of concern to the Center. We request that Washington
finalize toxics criteria across the board that are adequately protective of endangered and threatened
species and their critical habitats.

4 See EPA, Downstream Protection Guidance, Goal: Illustrate Considerations and Procedures Associated
with Incorporating Downstream Protection into Development of Numeric Criteria, at 7 (2014) (describing
that to develop downstream protections, the state should “establish numeric criteria in the receiving
waterbody and build upstream”), see also 40 C.F.R. § 131.10(b) (a state “shall ensure that its water
quality standards provide for the attainment and maintenance of water quality standards of downstream
waters”).



total maximum daily loads (TMDLs) are the mechanism to address total pollutant loading,
Washington’s TMDL program is largely moribund, it issues very few TMDLs for toxic
pollutants, and its TMDLs do not take into consideration the cumulative effects of multiple toxic
pollutants. For these reasons, Washington’s water quality criteria for toxic pollutants must
address the need to provide full protection of these downstream waters.

While the Center is generally supportive of Ecology’s proposal to establish more stringent
criteria, the proposed criteria still raise concerns regarding their effects on Washington’s
threatened and endangered species, including salmonids, southern resident orcas, and
amphibians. Illustratively, for example, Washington’s proposed chronic cyanide criteria is
significantly higher than the level recommended in Fish and Wildlife Service’s (FWS) biological
opinion on EPA’s national 304(a) cyanide criteria for bull trout. The proposal also does not
appear to account for or address amphibian sensitivity to these toxics—another issue identified in
FWS’s biological opinion on EPA’s national 304(a) criteria for cyanide.

IL. Washington’s Proposed Cyanide Water Quality Criteria are Not Adequately
Protective of Listed Species or Critical Habitats

Cyanide, Proposed Proposed ESA Consultation History, if

Freshwater Acute (pg/L) Chronic (ug/L) | Applicable

Idaho 22 5.2 Both received a jeopardy
determination®

EPA 22 5.2 Both received a draft jeopardy
determination®

FWS Draft 13.77 0.68 Recommended level for bull trout’

BiOp

NMEFS Draft | None Provided | None Provided

BiOp

WA Ecology 12 2.7 Yet to be fulfilled.

a. Salmonids

Past consultations by FWS and NMFS on toxics criteria nationally and standards in several
Pacific Northwest states indicate that the presence of cyanide threatens a number of federally
listed salmonids species found in Washington, including bull trout, Chinook salmon, chum
salmon, coho salmon, sockeye salmon, and steelhead.?

SNATIONAL MARINE FISHERIES SERVICE, ENDANGERED SPECIES ACT SECTION 7(A)(2) BIOLOGICAL
OPINION AND MAGNUSON-STEVENS FISHERY CONSERVATION AND MANAGEMENT ACT ESSENTIAL FISH
HABITAT (EFH) CONSULTATION, 299 (2014) [hereinafter NMFS Idaho Toxics BiOp].

®FISH AND WILDLIFE SERVICE, DRAFT BIOLOGICAL OPINION ON EPA’S PROPOSED PROGRAM OF
CONTINUING APPROVAL OR PROMULGATION OF NEW CYANIDE CRITERIA IN STATE AND TRIBAL WATER
QUALITY STANDARDS, 298 (2010) [hereinafter FWS National Cyanide Draft BiOp].

"1d. at 304.

8 NMFS National Cyanide Draft BiOp at 270.



On the basis of these past actions, the bull trout appears to be the most sensitive of Washington’s
federally endangered and threatened species that is threatened by presence of cyanide. As
detailed in the above chart, Ecology’s proposed criteria for cyanide are higher than levels
established through past biological opinions as necessary to adequately protect bull trout as
required by the Endangered Species Act.’

Cyanide has been shown to cause reduced growth rates, reproductive performance, and survival
in bull trout.!® High chronic levels of cyanide can reduce the number of eggs spawned by
females, reduce the number of eggs that hatch, and drastically reduce the survivorship of young
fish. In the biological opinion for EPA’s national 304(a) cyanide criteria, FWS found that
exposure to bull trout at the chronic criterion proposed by EPA would likely “substantially
reduce their reproduction” and that exposure at the proposed acute criterion would likely cause
“substantial reductions in survival.”!! Based on this “magnitude of adverse effects,” FWS found
that the species was likely to be extirpated from the waters where they are exposed to cyanide
toxicity at either criterion amount and suggested a chronic freshwater criterion of 0.68 pg/L—
significantly lower than the chronic freshwater criterion of 2.7ug/L for cyanide the Ecology
proposes here.

Washington should, therefore, revisit its proposed criteria and revise downward to a proposed
chronic freshwater criterion for cyanide of no more than 0.68 ug/L, more so if updated science
shows that a more stringent standard is necessary to protect bull trout and other salmonid
populations; the Center does not take immediate issue with Washington’s proposed acute
freshwater criteria but request that it be revised as necessary subject to the outcome of further
Washington-specific Endangered Species Act consultation activities.

b. Oregon Spotted Frog

In its 2010 consultation with EPA regarding national 304(a) water quality criteria for cyanide,
FWS noted a lack of data for effects of cyanide on amphibian species but concluded that because
amphibians are among the most sensitive species for a significant number of the pollutants
examined, it is likely that amphibian species are highly sensitive to cyanide.'? There, FWS used
data for relative sensitivity of amphibians to rainbow trout, since rainbow trout is a species often
used for criteria development.'® Based on this analysis, FWS concluded that amphibian species
are estimated to be as or more sensitive to cyanide than rainbow trout and thus likely to be
adversely affected by exposure to cyanide at EPA’s suggested chronic criterion of 5.2pg/L.

Since that consultation was completed, the Oregon spotted frog was listed as a threatened species
in 2014 and has two critically imperiled populations in Washington.'* The Oregon spotted frog is
considered “the most aquatic native frog species in the Pacific Northwest (PNW).”*® In making

® FWS National Cyanide Draft BiOp at 304.
10 FWS National Cyanide Draft BiOp at 221.
U

12 1d. at 250.

B1d.

1479 Fed. Reg. 51,658 (Aug, 29, 2014).

15 1d. at 51,661.



its listing determination, the FWS determined that toxic chemicals pose a hazard to the Oregon
spotted frog.'® Yet, Ecology does not even appear to have included the Oregon spotted frog on its
list of relevant Endangered Species Act listed species.!’” Cyanide criteria must therefore be
adjusted accordingly following Endangered Species Act consultation.

c. Orcas

Southern Resident Orcas could also be indirectly affected by Ecology’s proposed cyanide criteria
due to the possible reduction in salmonid populations.'® Salmon, particularly Chinook salmon,
are a key food source for the southern resident orcas and if proposed criteria harm salmonids, it
is likely that the orcas will suffer as well. In NMFS consultation for EPA’s national 304(a)
cyanide criteria, the agency found that EPA’s criteria would “reduce freshwater production of all
listed salmon species, as well as non-listed salmon species where cyanide concentrations are
allowed to reach EPA’s recommended aquatic life criteria concentrations.”*°

III.  Washington’s Cadmium Water Quality Criteria are Not Adequately Protective of
Listed Species and Critical Habitats

Cadmium is one of the most toxic metals to fish and can have various effects on aquatic
organisms, including spinal deformities, inhibited respiration, immobility, and population
alterations.? It can also cause neurotoxic effects in fish, manifesting as altered behavior, reduced
growth, reproductive failure, and death.?! Salmonids are particularly sensitive to cadmium
pollution.?? The principal acute effect of cadmium is gill toxicity, which causes an inability to
breathe in aquatic organisms. Cadmium toxicity increases with water temperature.?

a. Freshwater Cadmium

Cadmium, Proposed | Proposed | ESA Consultation History, if Applicable
Freshwater | Acute Chronic
(ng/L) (ng/L)
Oregon 2.0 0.25 Acute standard received jeopardy determination.?*
Both standards likely to adversely affect listed
species.

18 Id. at 51,689-90.

17 See Washington Dep’t. of Ecology, Proposed Updates to Aquatic Life Toxics Criteria, WAC 173-201A-
240 Technical Support Document, 31-32 (2024) [hereinafter Ecology Technical Support Doc].

8 NMFS National Cyanide Draft BiOp at 271.

1 1d. at 256.

20 NATIONAL MARINE FISHERIES SERVICE, JEOPARDY AND DESTRUCTION OR ADVERSE MODIFICATION OF
CRITICAL HABITAT ENDANGERED SPECIES ACT BIOLOGICAL OPINION FOR ENVIRONMENTAL PROTECTION
AGENCY’S PROPOSED APPROVAL OF CERTAIN OREGON ADMINISTRATIVE RULES RELATED TO REVISED
WATER QUALITY CRITERIA FOR TOXIC POLLUTANTS, 270 (2012) [hereinafter NMFS OR Toxics BiOp].

2 Id. at 271.

2 Id. at 270.

BId at271.

2 Id. at 547



Idaho 1.3 0.6 NMEFS independent analysis: standards not likely to
adversely affect ESA listed Chinook salmon, sockeye
salmon, or steelhead in the state, but noted that
determination was location specific®

EPA 2016 1.8 [0.72] No consultation.?® Chronic criterion vacated to 2001
value; acute criterion levels remain in place but have
been remanded back to EPA by court order?’

EPA 2001 [2.0] 0.25 No consultation.

WA Ecology | 1.3 0.41 Yet to be fulfilled.

For cadmium, Ecology proposes a freshwater acute criterion of 1.3pug/L and a chronic freshwater
criterion of 0.41 ug/L. Since EPA’s nationwide 304(a) freshwater cadmium criterion was vacated
by court order, the maximum concentration reverted back to the 2001 criterion of 0.25 pg/L; at a
minimum, Washington must do the same.

However, based on the outcome of Endangered Species Act consultation, these criteria must be
set at a level that is protective of federally listed species in Washington. Comparatively, the FWS
biological opinion for Oregon toxics stated that “chronic exposure to cadmium at the proposed
chronic level [of 0.25pug/L] is considered to have adverse effects to all bull trout potentially
exposed by reducing their fitness through a reduction in growth.”?® The NMFS biological
opinion for Oregon similarly found that “listed species exposed to waters equal to the acute or
chronic [cadmium] criteria concentrations will suffer acute and chronic toxic effects.”?®

a. Saltwater Cadmium

Cadmium, Proposed | Proposed | ESA Consultation History, if Applicable
Saltwater Acute Chronic
(ng/L) (ng/L)
Oregon 40 8.8 Listed species will suffer acute or chronic toxic
effects including mortality (moderate intensity) and
sublethal effects (moderate intensity)*

EPA 2016% 33 7.9
WA Ecology |33 7.9 Yet to be fulfilled.
2024

2 National Marine Fisheries Service, Comments on Environmental Protection Agency’s Draft Aquatic
Life Ambient Water Quality Criteria for Cadmium, 2 (Jan. 26, 2016).

26 Center for Biological Diversity, EPA Approves Dangerous Water Quality Standards for Cadmium (April
1, 2016), https://www.biologicaldiversity.org/news/press_releases/2016/cadmium-04-01-2016.html.

21 Ctr. For Biological Diversity v. United States Env 't Prot. Admin, No. CV-22-00138-TUC-JCH, 2023
U.S. Dist. LEXIS 145674, at *44 (D. Ariz. Aug. 18, 2023).

2 NMFS Oregon Toxics BiOp at 193.

2 Id. at 270.

% Id. at 367.

3IENVIRONMENTAL PROTECTION AGENCY, AQUATIC LIFE AMBIENT WATER QUALITY CRITERIA
CADMIUM — 2016, XV (2016).



https://www.biologicaldiversity.org/news/press_releases/2016/cadmium-04-01-2016.html

Ecology’s proposed change to saltwater cadmium criteria is also likely to put threatened and
endangered species at risk. Ecology proposes to set saltwater cadmium criteria at EPA’s 304(a)
chronic criterion of 33pug/L and acute criterion of 7.9ug/L. During the peer review of EPA’s
304(a) criteria, it was pointed out that the development of these criteria was based on insufficient
toxicity data for effects on anadromous salmon and that “only one study evaluated Cd toxicity in
coho salmon smolts in saltwater conditions, and this was at nearly full seawater strength.”®? This
was a concern because anadromous salmonids encounter cadmium at lower salinities. It is
important to better understand the impact of varying levels of salinity on cadmium toxicity of
anadromous fish species and incorporate those findings into Washington’s criteria.

The same peer review also noted that sea level rise associated with climate change is likely to
cause saltwater intrusion into salmonid spawning habitat making it particularly important to
understand how salinity affects cadmium toxicity.®® Comparatively, in NMFS’s biological
opinion for Oregon’s cadmium criteria, the agency pointed out various issues with EPA’s criteria
derivation methods, including for saltwater cadmium.®* Therefore, relying on the EPA’s 304(a)
will not necessarily result in adequate protection for threatened and endangered species and their
critical habitats in Washington waters.

IV.  Washington’s Existing Mercury Water Quality Criteria are Not Adequately
Protective of Listed Species or Critical Habitats and Must be Updated

Washington should learn from Idaho’s mistakes and move forward with updating its water
quality criteria for mercury.®® In Idaho, which Ecology cites as a reason for not proceeding with
amended mercury criteria at this time, EPA recently issued a proposed rule providing for both
tissue and water column criteria for mercury.® The proposed chronic total mercury criteria are
0.225 pg/kg wet weight for muscle fish tissue, 0.162 ng/kg wet weight for whole body fish
tissue, and 0.0021 pg/L for water column values.®” In so doing, EPA asserted that these results
were consistent with reasonable and prudent alternatives in the Services’ biological opinions, and
explained that it is important to include both a tissue and water column value in mercury and
methylmercury criteria.®

In contrast, Washington is not only proposing to neglect updating its mercury criteria through
this rulemaking but, in doing so, it is continuing to rely on an outdated freshwater chronic
criterion which measures the proposed water column value at 0.012 pg/L. That is insufficient.
First, “[b]ecause tissue measurements provide a more direct measure of toxicity for
bioaccumulative pollutants such as mercury, . . . it appropriate to establish tissue criteria for these
pollutants. However, criteria expressed as organism tissue concentrations can prove challenging

32 ENVIRONMENTAL PROTECTION AGENCY, EPA RESPONSE TO EXTERNAL PEER REVIEW COMMENTS ON
THE DRAFT AQUATIC LIFE AMBIENT WATER QUALITY CRITERIA FOR CADMIUM, 39 (2015).

B1d.

% NMFS OR Toxics BiOp at 366-367.

% See, e.g., Northwest Environmental Advocates et al. v. United States Environmental Protection Agency,
Case No. 13-00263-DCN (Memorandum Decision and Order, ECF No. 103, July 19, 2021).

% See EPA, Mercury Criterion to Protect Aquatic Life in Idaho, 89 Fed. Reg. 24,758 (April 9, 2024).

37 1d. at 24,774.

% Id. at 24,762, 24,768.



to implement in CWA programs such as NPDES permitting and Total Maximum Daily Loads
(TMDLs) because these programs typically demonstrate that water quality standards are met by
using a water column concentration to calculate a load-based effluent limit or daily load,
respectively.”®® Both are needed.

Second, per Idaho’s earlier FWS biological opinion, which Ecology quotes in its TSD at 82,
“[blased on the above information, implementation of the proposed chronic criterion for mercury
is likely to adversely affect growth, reproduction, and behavior in the bull trout throughout its
distribution in Idaho.” Idaho’s proposed freshwater chronic criterion was 0.012 ug/L or the same
as Washington’s current criterion. This means that Washingtons mercury criteria are, a minimum,
likely not to be sufficiently protective of bull trout.

V. EPA Methodologies for Derivation of Water Quality Criteria Do Not Prevent
Adverse Effects to Listed Species and Critical Habitats

To the extent that Ecology based its proposed criteria on EPA’s methodology, its analysis will
suffer from the same issues as EPA’s methodology—issues that are detailed in the NMFS
biological opinions for EPA’s national 304(a) cyanide criteria and Oregon’s toxics criteria. The
Center appreciates Ecology’s attempts to account for some shortcomings in EPA’s methodology
by utilizing alternative derivation methods for some toxics and by using the 1% percentile of the
genus toxicity data distribution rather than the 5" percentile. However, considering the extensive
flaws underlying the toxicity data developed by EPA, using the 1* percentile of that data is not
sufficient to protect endangered and threatened species.

For the freshwater acute cadmium criterion, for example, Ecology appears to be using the same
derivation methods as EPA’s recommendation;* for its chronic cadmium criterion, it used an
EPA dataset and the 1° percentile of the toxicity distribution.** Although using the 1°' percentile
is more protective of species than the 5, it is possible that issues in the underlying data still
would not allow for a sufficiently protective calculation. Additionally, as discussed above, the
proposed chronic cadmium criterion is in excess of the EPA criteria of 0.25ug/L, which is the
current nationwide criteria following vacatur of EPA’s 2016 criteria.

For cyanide, Ecology used new science in developing its proposed acute criterion, and an “acute
to chronic” (ACR) ratio to develop its proposed chronic criterion because it lacked the toxicity
data needed to calculate a chronic criterion using other methods.*? The ACR is the ratio of the
mean LCso (concentration causing 50% lethality following acute exposure) for the species to the
concentration following chronic exposure that causes a level of adverse effect that is the
threshold of unacceptability.*® Since the ACR was calculated by EPA and is based on underlying
values that could suffer from the flaws in EPA’s methodology highlighted by NMFS in its
national 304(a) cyanide and Oregon toxics biological opinions, it is possible that the values
proposed by Ecology reflect some of those issues as well.

3 Id. at 24,762.

% Ecology Technical Support Doc. at 60.

1 1d. at 62.

1d. at 127-128.

43 NMFS National Cyanide Draft BiOp at 245.



Importantly, EPA’s methodology for calculating toxicity values at which adverse effects occur
does not adequately account for compounding stressors such as temperature, dissolved oxygen,
and others on the responses of aquatic life to toxics.* In its biological opinion for Idaho’s toxics
standards, FWS recommended that any new standards be calculated “using a
temperature/toxicity correlation” to account for the inverse relationship between cyanide
toxicity and temperature.*® Dissolved oxygen is also important to account for because in
environments with less than optimal dissolved oxygen, fish compensate by increasing gill
movement and ventilation volume to maintain adequate oxygen volumes. Since cyanide is a
powerful asphyxiant, additional cyanide in waters with low dissolved oxygen further stresses fish
and reduces the lethal concentration at which survival is expected.*’ In the NMFS biological
opinion for the national 304(a) cyanide criteria, the agency pointed out that EPA’s attempts to
“avoid confounding factors” in their analysis that prevents them from replicating realistic
conditions in the wild.*®

It is not clear whether or to what extent Ecology accounted for the increased toxicity of cyanide
at low temperatures. This is an important consideration, particularly for salmonids that spawn in
cold waters and could face serious consequences from increased toxicity of cyanide at these low
temperatures. It is also unclear whether the proposed criteria accounted for the impact of low
dissolved oxygen or concurrent exposures with other contaminants and stressors.

VI. Conclusion

Cyanide, cadmium, and mercury pollution threatens Washington’s many endangered and
threatened aquatic species. The Center urges Ecology to propose criteria that are sufficiently
protective of Washington’s federally protected endangered and threatened species, including by
taking into consideration toxic pollution from upstream states and accounting for EPA’s
methodological limitations.

Please contact Hannah Connor at hconnor@biologicaldiversity.org with any questions.

Sincerely,

Hannah Connor

Environmental Health Deputy Director
Center for Biological Diversity
hconnor@biologicaldiversity.org

Trisha Sharma

“ Id. at 266.

%5 FISH AND WILDLIFE SERVICE, BIOLOGICAL OPINION FOR THE WATER QUALITY STANDARDS FOR
NUMERIC WATER QUALITY CRITERIA FOR TOXIC POLLUTANTS (2015) at 277 [hereinafter FWS Idaho
Toxics BiOp].

6 Id. at 143.

*" NMFS National Cyanide Draft BiOp at 221.

8 Id. at 266.
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Legal Fellow
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CC:

Kate Norman

Assistant Regional Director, Ecological Services
911 NE 11th Avenue

Portland, OR 97232

kate norman@fws.gov

Kim Kratz

Assistant Regional Administrator
West Coast Regional Office

1201 NE Lloyd Blvd

Portland, OR 97232
kim.kratz(@noaa.gov
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Section 7(a)(2) of the Endangered Species Act of 1973, as amended (ESA; 16 U.S.C. 1539(a)(2))
requires each federal agency to insure that any action they authorize, fund, or carry out is not
likely to jeopardize the continued existence of any endangered or threatened species or result in
the destruction or adverse modification of critical habitat of such species. When a federal
agency’s action “may affect” a protected species, that agency is required to consult formally with
the National Marine Fisheries Service (NMFS) or the U.S. Fish and Wildlife Service (FWS;
together, the Services), depending upon the endangered species, threatened species, or designated
critical habitat that may be affected by the action (50 CFR 402.14(a)). Federal agencies are
exempt from this general requirement if they have concluded that an action “may affect, but is
not likely to adversely affect” endangered species, threatened species, or designated critical
habitat and NMFS or the FWS concur with that conclusion (50 CFR 402.14(b)).

The U.S. Environmental Protection Agency (EPA) initiated formal consultation with NMFS and
the FWS on their recommended 304(a) criteria and the approval of state and tribal water quality
standards, or federal water quality standards promulgated by EPA that are identical to or more
stringent than the section 304(a) aquatic life criteria published pursuant to the Clean Water Act
(CWA,; 33 U.S.C. 1251 et seq.), for the protection of aquatic life from harmful effects of cyanide
(CN). This document represents NMFS’ biological and conference opinion (Opinion) on EPA’s
approval of numeric standards for cyanide in fresh and salt waters of the U.S and its effects on
threatened and endangered species, their designated critical habitat, and species proposed for
listing as threatened or endangered, and critical habitat proposed for designation. This
consultation does not address the effects of specific modifications of these criteria that are
undertaken by states and tribes or the permits issued by particular states or tribes. This Opinion
contains a detailed explanation of the particular circumstances warranting subsequent
consultation (tiered consultations) with NMFS’ Regional Offices in the section titled Application

1



[

PO OO ~NO UL WN

o

=
N

13
14
15
16
17

18
19
20

21
22
23
24

25
26
27
28

29
30
31
32

33

34
35

36

of this Consultation to Other EPA Actions.

This Opinion is based on our review of the EPA’s Biological Evaluation of Aquatic Life
Criteria- Cyanide, status reviews, listing documents, and recovery plans for the threatened and
endangered species under NMFS’ jurisdiction, reports on the status and trends of water quality in
the United States that have been prepared by the U.S. Geological Survey, EPA, and others, past
and current research and population dynamics modeling efforts, and published and unpublished
scientific information on the biology and ecology of threatened and endangered sea turtles,
marine mammals, salmon, sturgeon, sawfish, abalone, and seagrasses in the action area, and
other sources of information which are discussed in greater detail in the Approach to the
Assessment section of this Opinion.. This Opinion has been prepared in accordance with section
7 of the ESA and associated implementing regulations.

Consultation History

On January 18, 2001, the Services and EPA signed a Final Memorandum of Agreement (MOA)
on the enhanced coordination under the ESA and the CWA. The final MOA published in the
Federal Register on February 22, 2001 (66 FR 36) and described, among other things, a plan for
assisting EPA in meeting it’s section 7 responsibilities on two CWA programs: water quality
standards and the National Pollutant Discharge Elimination System (NPDES) permits program.

In January 2004, the Services and EPA decided to proceed with a data call for the first batch of
pollutants that would be reviewed in consultation, while continuing to work on the Draft
Methodology for Conducting Biological Evaluations of Aquatic Life Criteria--Methods Manual.

On May 14, 2004, the Services and EPA issued data calls to the regional staff and science center
staff requesting information and data on cyanide, ammonia, chromium Il and chromium V1. The
data call requested regions and science centers send relevant studies to Headquarters by June 30,
2004,

On November 12, 2004, EPA provided the Services a revised Draft Methodology for Conducting
Biological Evaluations of Aquatic Life Criteria--Methods Manual (dated October 29, 2004, on
the document). This version represented a methodology developed collaboratively, and which
had been peer reviewed by subject experts outside of the Federal government.

In December 2004, NMFS and EPA exchanged comments on recommended revisions to the
November draft methodology. EPA also informed the Services that they had received a draft BE
for cyanide from their contractor and were reviewing the document to ensure the contractor had
followed the BE methodology accurately.

On January 24, 2005, EPA emailed NMFS a partial draft of their CN BE.

On May 3, 2005, the Services jointly provided comments to EPA on their January 19, 2005, draft
biological evaluation for cyanide criteria.

On January 26, 2006, EPA provided NMFS with a draft CN BE and requested a review of the
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BE’s “completeness” in fulfilling the information requirements for section 7 consultation. On
April 21, 2006, NMFS provided comments to EPA on the “completeness” of the draft BE.

In a June 29, 2006, letter, EPA requested NMFS’ concurrence with their determination that
proposed approval of cyanide criteria was not likely to adversely affect all listed species and
critical habitat under NMFS’ jurisdiction.

On November 11, 2006, the FWS sent NMFS a copy of EPA’s revised Draft Framework for
Conducting Biological Evaluations of Aquatic Life Criteria: Methods Manual, which EPA
revised and submitted to FWS in July 31, 2006 and which EPA used to support their effects
determinations.

On November 15, 2006, NMFS sent EPA a letter with a detailed explanation as to why NMFS
could not concur with EPA’s determinations that the recommended water quality standards for
cyanide “may affect, but are not likely to adversely affect” threatened and endangered species and
designated critical habitat.

On March 23, 2007, EPA requested formal consultation supported by their March 23, 2007,
Biological Evaluation of Aquatic Life Criteria—Cyanide, which concluded their action was “not
likely to jeopardize the continued existence of any federally listed species or result in the
destruction or adverse modification of designated critical habitat [sic].”

On June 21, 2007, NMFS sent a letter to EPA acknowledging the initiation of formal
consultation. NMFS’ letter acknowledged that the scope and complexity of the national
consultation on the aquatic life criteria for cyanide may require more time than usual to complete
the biological opinion.

On May 5-9, 2008, the Services met with EPA to conduct a “Kaizen” “lean event.” The purpose
of the meetings was to analyze the cyanide consultation process from the development of a
biological assessment through the anticipated completion of formal consultation in an effort to
find efficiencies in the process. The Services and EPA also discussed coordination and
communication with respect to the national consultation on cyanide and local consultation on
EPA promulgation of Oregon water quality standards.

On June 12, 2008, the Services and EPA met to follow up on the Kaizen lean event. Subsequent
follow up meetings were cancelled until the Services completed draft biological opinions.
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BIOLOGICAL & CONFERENCE OPINION

Description of the Proposed Action

The action considered in this Opinion, and beginning a series of national water quality
consultations with EPA, is EPA’s continuing approval of state or tribal water quality standards,
or federal water quality standards promulgated by EPA, that are identical to or more stringent
than EPA’s recommended 304(a) aquatic life criteria for cyanide. These water quality standards
define water column concentrations of cyanide that should protect against adverse ecological
effects to aquatic life in fresh and salt water. The 304(a) aquatic life criteria recommendations,
which are the foundation for many approved 303(c) standards, are designed to protect aquatic
organisms from unacceptable toxicity during acute (short) and chronic (long) exposures in the
water column. The intent is to define a level in the waterbody of a pollutant that will be fully
protective of the designated use and which a regulatory authority may use in adopting regulatory
water quality standards and thereby control, reduce, or eliminate discharges of that pollutant (BE
page 11).

Section 304(a)(1) of the CWA directs EPA to publish criteria for water quality accurately
reflecting the latest scientific knowledge on a number of factors including “... the kind and
extent of all identifiable effects on health and welfare including, but not limited to, plankton,
fish, shellfish, wildlife, plant life, shorelines, beaches, esthetics, and recreation which may be
expected from the presence of pollutants in any body of water, including ground water; on the
concentration and dispersal of pollutants, or their byproducts, through biological, physical and
chemical processes; and on the effects of pollutants on biological community diversity,
productivity, and stability including information on the factors affecting rates of eutrophication
and rates of organic and inorganic sedimentation for varying types of receiving waters.” The
water quality standards program is authorized under section 303(c) of the CWA (33 U.S.C.
1313(c)) and directs states to adopt numeric criteria for specific toxic pollutants that appear on a
priority pollutant list* and for which EPA published 304(a) criteria recommendations. States can,
pursuant to section 303(c) of the CWA, adopt water quality standards that differ from EPA’s
304(a) criteria values whenever adequately justified, but states and tribes generally choose to
adopt EPA’s 304(a) criteria verbatim. Once adopted into state water quality standards, criteria
form the legal basis for implementing the CWA programs to control pollution and achieve the
goals and requirements of the CWA.

The purpose of these national consultations is to assess the effect of the EPA’s 304(a) criteria
recommendation and the subsequent approval of state and tribal water quality standards, or
federal water quality standards promulgated by EPA that are identical to or more stringent than
the section 304(a) aquatic life criteria on threatened and endangered species and their designated
critical habitat (together, listed resources), and species and critical habitat that are proposed for

! Section 307(a) of the CWA, which defines priority pollutants as compounds and families that are among the most persistent, prevalent and toxic
chemicals.
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listing or designation (together, proposed resources). In particular, this Opinion analyzes whether
EPA’s approval of state standards that rely on the national criteria for cyanide are not likely to
jeopardize the continued existence of threatened and endangered species (including species
proposed for listing as threatened or endangered), or result in the destruction or adverse
modification of designated critical habitat (see the BE, page 1).

In 1985 EPA published two values for cyanide pollution in each fresh and salt “waters of the
United States,” the criterion maximum concentration (CMC) and the criterion continuous
concentration (CCC). EPA’s ambient water quality criteria for cyanide are expressed as free
cyanide (Table 1). The CMC represents EPA’s estimate of the highest concentration of cyanide
in fresh or salt water to which an aquatic community’s brief exposure (acute limit) would not
result in an unacceptable effect. The CMC is derived from a set of LC50 values for a variety of
aquatic species. The LC50 value is the lethal concentration of a chemical that causes 50%
mortality, immobilization, or loss of equilibrium in the test organism in 48 to 96-hour laboratory
tests. The CMC is then set to one-half of the fifth percentile of the genus mean acute value
(GMAV) for the various species tested to provide a level of protection that is better than 50%
mortality. EPA recommends that the one-hour average exposure concentrations should not
exceed the CMC more than once every three years on the average, making such exceedances a
relatively rare event (EPA 1991).

Table 1. Cyanide 304(a) Aquatic Life Criteria (in pg/L of free cyanide [EPA 1985])

Medium Criterion Maximum Concentration Criterion Continuous Concentration
Fresh water 22.36 5.221
Saltwater 1.015 1.015

The CCC represents EPA’s estimate of the highest concentration of cyanide in either fresh or salt
water, to which an aquatic community’s prolonged exposure (chronic limit) would not result in
an unacceptable effect. The CCC is derived from a set of chronic values, which are the
geometric mean of the highest no observed effect concentrations (NOECs) and lowest observed
effect concentrations (LOECS) for survival, growth, or reproduction in tests that range from
seven days to several months. EPA sets the CCC to the estimated fifth percentile of the chronic
values either by direct calculation or by using the acute-to-chronic ratios (ACRs). For the CCC,
EPA recommends that the four-day average exposure concentrations should not exceed the CCC
more frequently than once every three years on average (EPA 1991).

Approach to the Assessment

Section 7(a)(2) of the ESA of 1973, as amended (16 U.S.C. 1536(a)(2)), requires federal
agencies, in consultation with and with the assistance of the Services, to ensure that any action
they authorize, fund, or carry out is not likely to jeopardize the continued existence of
endangered species or threatened species or result in the destruction or adverse modification of
designated critical habitat. WWhen NMFS consults with federal agencies to help them comply
with this requirement, we first assess the direct and indirect effects of the proposed federal action
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to determine whether the proposal is likely to (a) appreciably increase a species’ extinction
probability (or reduce their probability of being conserved or recovered) or (b) appreciably
reduce the conservation value of critical habitat that has been designated for one or more of those
species. If we conclude that one of these outcomes is likely, we work with the federal agency,
applicant, or both, to develop alternatives that avoid this likelihood.

NMFS approaches its section 7 analyses through a series of steps. The first step identifies those
aspects of proposed actions that are likely to have individual, interactive, or cumulative direct
and indirect effects on the environment (the potential stressors of an action). As part of this step,
we identify the spatial extent of these stressors, including changes in their spatial extent over
time. The spatial extent of these stressors represents the Action Area for consultation.

To begin the second step of our analyses, we determine whether endangered species, threatened
species or designated critical habitat are likely to occur in the same space and the same time as
the potential stressors. These species then become the focus of our Exposure Analysis. As our
point of reference for evaluating the risk posed by their exposure, we rely on our understanding
of the condition of the species and the conservation value of critical habitat, and any biological
and ecological information on the species and their critical habitat that is relevant to our effects
analysis (this information is represented in the Status of the Species and Critical Habitat). In the
status of the species section of our Opinion, we review the species’ legal status, trends, and the
threats that led to this status as well as those that may be impeding the species’ chances of
recovery. Our assessment is also informed by the effects of past and ongoing human and natural
factors leading to the current status of the species, its habitat, and ecosystem. This information is
presented in the Environmental Baseline. By regulation, the environmental baseline for an action
includes the past and present impacts of all federal, state, or private actions and other human
activities in an action area, and the anticipated impacts of all proposed federal projects in the
action area that have already undergone formal or early section 7 consultation, and the impact of
state or private actions that are contemporaneous with the consultation in process. The
environmental baseline is designed to assess the condition of the habitat and the species within
the action area.

Often, NMFS will combine the status of the species and the environmental baseline where the
status encompasses the entire range of a species. In this Opinion, we address the two separately,
focusing the environmental baseline on the current condition of the nation’s fresh water and
marine aquatic habitats. In some cases we address watersheds that may not contain listed species
under NMFS’ jurisdiction because the watershed influences coastal conditions where listed
marine and anadromous species occur. Our summary of the environmental baseline
complements the information provided in the status of the species section of this Opinion, and
provides information on the past and present ecological conditions of the action area that is
necessary to further understand the species’ current risk of extinction.

Our effects analyses, summarized in the Effects of the Action section of this Opinion, identify the
nature of the listed species and critical habitat co-occurrence with the effects of the action over
space and time (their exposure). Our exposure analyses identify the physical or biological
features of critical habitat that would be exposed to the action, including any listed primary
constituent elements that require special management consideration or protection such as sites for



O OWoO~NO O WN P

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43

breeding and rearing, food, water, space for growth and normal behavior, and cover and shelter;
and we identify the number, age or life stage, and gender of the individuals that are likely to be
exposed to an action’s effects and the populations or subpopulations those individuals represent.
Once we identify the individuals and populations, or constituent laments that are likely to be
exposed to an action’s effects and the nature of that exposure, we examine the scientific and
commercial data available to determine whether and how those listed species and their critical
habitat (collectively termed listed resources) are likely to respond given their exposure (these
represent our response analyses). The final steps of our analyses—establishing the risks those
responses pose to listed resources—are different for listed species and designated critical habitat
(these represent our risk analyses).

Our jeopardy determinations must be based on an action’s effects on the continued existence of
threatened or endangered species as those “species” have been listed, which can include the
biological species, subspecies, or distinct population segments of vertebrate species. Because the
continued existence of listed species depends on the fate of the populations that comprise them,
the viability (probability of extinction or probability of persistence) of listed species depends on
the viability of the populations that comprise them. Similarly, the continued existence of
populations are determined by the fate of the individuals that comprise them; populations grow
or decline as the individuals that comprise the population live, die, grow, mature, migrate, and
reproduce (or fail to do so). Our risk analyses reflect the relationships between the listed species
and the populations that comprise them, and the individuals that comprise those populations.
Our risk analyses begin by identifying the probable risks actions pose to listed individuals that
are likely to be exposed to an action’s effects. Our analyses then integrate those individuals’
risks to identify consequences to the populations they represent and next we determine the
consequences of population-level effects on the species as listed.

We measure risks to listed individuals using the individual’s “fitness,” which are changes in an
individual’s growth, survival, annual reproductive success, or lifetime reproductive success. In
particular, we examine the scientific and commercial data available to determine if an
individual’s probable responses to an action’s effect on the environment (which we identify
during our response analyses) are likely to have consequences for the individual’s fitness. When
individual listed plants or animals are expected to experience reductions in fitness, we would
expect those reductions to also reduce the abundance, reproduction rates, or growth rates (or
increase variance in one or more of these rates) of the populations those individuals represent
(see Stearns 1992). A reduction in one or more of these variables (or one of the variables we
derive from them) is a necessary condition for reductions in a population’s viability, which itself
IS a necessary condition for reductions in a species’ viability. On the other hand, when listed
plants or animals exposed to an action’s effects are not expected to experience reductions in
fitness, we would not expect the action to have adverse consequences on the viability of the
populations those individuals represent or the species those populations comprise (for example,
see Anderson 2000, Mills and Beatty 1979, Stearns 1992). If we conclude that listed plants or
animals are not likely to experience reductions in their fitness we would conclude our
assessment.

If, however, we conclude that listed plants or animals are likely to experience reductions in their
fitness, our assessment examines if those reductions are likely to be sufficient to reduce the
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viability of the populations those individuals represent (measured using changes in the
population’s abundance, reproduction, spatial structure and connectivity, growth rates, genetic
health, or variance in these measures to make inferences about the population’s extinction risks).
In this step of our analyses, we use the population’s base condition (established in the
Environmental Baseline and Status of Listed Resources sections of this Opinion) as our point of
reference.

Our assessment framework assumes—an assumption that is supported by published evidence—
that the health and fitness of individual plants or animals will integrate the effects of the physical,
chemical, and biological phenomena they are exposed to during their lifetimes and at specific
developmental stages of their lives. That is, our assessment framework assumes that the total
effects of exposing an animal to a suite of stressors, for example, coho salmon to a combination
of toxic chemicals and an altered hydrograph from various flow controls will appear as a
reduction in the fitness (reductions in annual or lifetime reproductive success) of individual coho
salmon thus exposed. If exposing endangered or threatened marine and anadromous animals to
chemical pollutants interacts with their exposure to other anthropogenic stressors, such as
construction noise or disturbance or other toxic chemicals, and produces consequences that
would not occur without that interaction, the consequence would appear as a reduction in
performance of the individual animals.

Thus our assessment of the impact of the proposed action begins by considering the impact of the
environmental baseline on the fitness of the individuals in the action area. As part of this
assessment, we must consider how listed individuals are likely to respond to any interactions and
synergisms between the proposed action and its stressors, pre-existing stressors and experience
(represented by the Status of the Species and Environmental Baseline, as well as those stressors
that are reasonably certain to occur in the action area for the future life of the action (represented
by Cumulative Effects). If we conclude that listed individuals are likely to experience reductions
in their annual or lifetime reproductive success, we then ask if those reductions are likely to be
sufficient to reduce the viability of the populations those individuals represent (measured using
changes in the population’s abundance, reproduction, spatial structure and connectivity, genetic
health, growth rates, or variance in these measures to make inferences about the population’s
probability of becoming extinct). Finally, if we conclude that the viability of one or more
populations of a listed species is likely to be reduced, we determine whether that reduction is
likely to be sufficient to reduce the viability of the species those populations comprise (here, a
species’ “viability” is its probability of becoming extinct or of being “recovered” to the point at
which the protections of the ESA are no longer necessary or warranted). In this step of our
analyses, we use the species’ status as our point of reference.

For designated critical habitat, our destruction or adverse modification determinations must be
based on an action’s effects on the conservation value of habitat that has been designated as
critical.? If an area encompassed in a critical habitat designation is likely to be exposed to the
direct or indirect consequences of the proposed action on the natural environment, we ask if

2 Several courts have ruled the definition of destruction or adverse modification that appears in the section 7 regulations at 50 CFR 402.02 as
invalid. Consequently, we do not rely on that definition for the determinations we make in this Opinion. Instead, we use the conservation value of
critical habitat for our determinations which focuses on the designated area’s ability to contribute to the conservation of the species for which the
area was designated.
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constituent elements included in the designation (if there are any) or physical, chemical, or biotic
phenomena that give the designated area value for the conservation of the species, are likely to
respond to that exposure. If those constituent elements (or phenomena) are likely to respond, we
ask if those responses are likely to be sufficient to reduce the quantity, quality, or availability of
those constituent elements or physical, chemical, or biotic phenomena. If the conservation value
is reduced, we then ask if those reductions are likely to be sufficient to reduce the conservation
value of the entire critical habitat designation.

National Programmatic Consultations

Our national programmatic consultations typically analyze the general environmental
consequences of a broad scope of actions or policy alternatives under consideration by a federal
agency. In these types of consultations we focus on the general patterns associated with an
agency’s decision to authorize a particular national or programmatic action. Subsequent
consultations that “tier” off of these national consultations, when warranted, would analyze the
project and site specific effects typical of most consultations. Any subsequent section 7
consultations conducted by NMFS personnel would be designed to determine whether and to
what degree the specific action under review fits within the general pattern identified in the
national consultations, and would determine whether the specific action, is or is not likely to
jeopardize the continued existence of endangered and threatened species or result in the
destruction or adverse modification of designated critical habitat.

Thus, our national programmatic consultations focus on the evidence available to determine
whether and to what degree the agency’s action is likely to prevent exposure, or mitigate the
responses or risks any responses would pose to listed species or their designated critical habitat.
An agency can generally satisfy this requirement when the action contains features that: (1)
prevent listed resources from being exposed to subsequent actions or their direct or indirect
effects; (2) mitigate how listed resources respond to that exposure, when listed resources are
exposed to the actions and their effect; or (3) mitigate the risks any responses pose to listed
individuals, populations, species, or designated critical habitat when listed resources are likely to
be exposed and respond to that exposure.

In examining an agency’s program, we would examine the general activities the agency would
authorize, fund or carry out. The steps of the national-level assessment remain much the same as
described for our site-specific consultation, as outlined earlier in this section. National broad
scale assessments and programmatic assessments, however, are necessarily focused on whether
and to what degree a federal action can ensure that actions taken under the program are not likely
to individually or cumulatively, jeopardize the continued existence of endangered or threatened
species and are not likely to result in the destruction or adverse modification of designated
critical habitat. Our description of the probable responses of the listed resources to the national
action and the risks the national action poses to those listed resources is at the core of our
evaluation, and is informed by the general patterns we observed through prior experience with an
agency’s actions or classes of activities.

The conceptual model NMFS uses for national consultations focuses on four main elements of
action agency’s national action: (1) the decision-making process an action agency uses to
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authorize, fund, or carry out national actions; (2) the national action, and any subsequent actions
or activities the agency would authorize, fund or carry out in accordance with the national action;
(3) the intended and unintended consequences that are likely to result from authorized activities;
and (4) the mechanisms that improve the agency’s action(s) over time. We begin our national
consultations by recognizing that an agency’s program normally represents the agency’s decision
to authorize fund, or carry out a suite or class of activities (or recommend actions) that may (or
may not) require specific actions undergo subsequent review and decision-making.

An agency’s decision-making process will normally identify certain standards that an action must
satisfy before an agency would authorize, fund or carry them out. Generally, decision-making
involves hard or formal procedures (such as agency regulatory procedures and public noticing
requirements), soft or flexible information standards (e.g., agency “guidelines”, and the best
professional judgments personnel make when considering conflicting information and making
recommendation in the face of uncertainty). These procedures outline how the agency would
decide whether or not to authorize, fund or carry out specific actions. Typically an agency’s
decision making process is shaped to respond to:

e the statutory and regulatory standards an action must satisfy before the agency would
authorize, fund, or carry them out;

e any data and other information the agency must gather and evaluate to satisfy their
statutory and regulatory requirements, as well as requirements of the Administrative
Procedure Act, Information Quality and related administrative statutes, like the
Paperwork Reduction Act, Regulatory Flexibility Act, and so on.

e the agency’s obligation to review and analyze the relevant information within the
context of applicable standards to ensure that specific actions satisfy all applicable
statutory and regulatory requirements;

o the results of the agency’s efforts to monitor specific actions the agency has
authorized, funded or carried out, and the consequences of those decisions;

¢ and any feedback mechanism an agency has created to ensure that a program satisfies
its statutory mandates, regulatory requirements, and applicable goals, and minimizes
unintended consequences from the agency action.

If an agency proposes to satisfy its section 7(a)(2) obligations using a decision-making process
that insures that listed resources are not exposed to specific actions without undergoing a tiered
section 7 consultation on a specific action, we examine the evidence available to determine
whether and to what degree the agency’s decision-making process is likely to produce that
outcome. If the agency’s decision-making process is designed to mitigate the consequences of
exposing listed resources to specific actions, we examine the evidence available to determine
whether and to what degree the agency’s decision-making process produces that outcome. When
we consult on a pre-existing program, the program’s general pattern of performance over its
history becomes our primary evidence.

After we examine an agency’s decision-making process, we then examine the classes of actions
the program would authorize, fund, or carry out. This step of our assessment is designed to
determine whether and to what degree listed resources are likely to be exposed to different
classes of activities that would be authorized, funded, or carried out under a program. During
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this step of our assessment, we consider the geographic distribution, timing, and constraints of
the different classes of activities that would be authorized, funded, or carried out by a program
(the geographic distribution of the activities’ effects defines the action area of programmatic
consultations). These analyses represent the “exposure analyses” of our programmatic
consultations in which we try to identify the populations or subpopulations, ages (or life stages),
and gender of the individuals that are likely to be exposed to an action’s effects.

Then we use the best scientific and commercial data available to identify the classes of intended
and unintended consequences that are likely to result from the different classes of activities.
These analyses identify the probable direct and indirect consequences of exposing listed
resources to those classes of activities for listed individuals, populations, and species, and
designated critical habitat; these analyses represent the “response analyses” and “risk analyses”
of our programmatic consultations. Our “response analyses” review the scientific and
commercial data available to determine whether, how, and to what degree listed resources are
likely to respond given their exposure to the intended and unintended consequences of classes of
activities. Our “risk analyses” begin by identifying the probable consequences of those responses
for the “performance” of listed individuals, and then they identify the consequences of changes in
individual performance on the viability of the populations those individual represent. Our “risk
analyses” conclude by determining the consequences of changing the viability of the populations,
and the species those populations comprise. As stated earlier, our assessment is based on the
general patterns that we observe through our prior experiences with a program or class of
activities.

Evidence Available for the Consultation

To conduct our analyses, we considered lines of evidence available through published and
unpublished sources that represent evidence of adverse consequence or the absence of such
consequences. In particular, we considered information contained in EPA’s Biological
Evaluation for Cyanide, and published information used in deriving the 304(a) aquatic life
criteria for cyanide. We supplemented this information by conducting electronic searches of
literature published in English or with English abstracts using research platforms in the Online
Computer Library Center’s (OCLC) First Search, CSA Illumina, Toxline, Science Direct, Water
Resources Abstracts, Oceanic Abstracts, BioOne Abstracts and Indexes, Conference Papers
Index, Lexis-Nexis, Google Scholar, and ISI Web of Science. These platforms allowed us to cross
search multiple databases for journals, open access resources, books, proceedings, web sites,
doctoral dissertations and master’s theses for literature on the biological, ecological, and medical
sciences. Particular databases we searched for this consultation included Basic Biosis,
Dissertations, ArticleFirst, Proceedings, Aquatic Sciences and Fisheries Abstracts and ECO
databases, which index the major journals dealing with ecological risk, biology and ecology of
particular species, and the toxicology of cyanide in freshwater, estuarine, and marine ecosystems
(e.g., journals such as Environmental Toxicology and Chemistry, Human and Ecological Risk
Assessment, Journal of Mammalogy, Canadian Journal of Zoology, Transactions of the
American Fisheries Society, Conservation Biology, and others).

For our literature searches, we used paired combinations of the keywords cyanide, salmon,
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marine mammals, sea turtles, sturgeon, coral, sawfish, seagrass, and many others to search these
electronic databases. Electronic searches have important limitations, however. First, often they
only contain articles from a limited time span (e.g., First Search only provides access to master’s
theses and doctoral dissertations completed since 1980 and Aquatic Sciences and Fisheries
Abstracts only provide access to articles published since 1964). Second, electronic databases
commonly do not include articles published in small or obscure journals or magazines. Third
electronic databases do not include unpublished reports from government agencies, consulting
firms, and non-governmental organizations. To overcome these limitations, we supplemented
our electronic searches by searching the literature cited sections and bibliographies of references
we retrieved to identify additional papers that had not been captured in our electronic searches.
We acquired references that, based on a reading of their titles and abstracts, appeared to comply
with our keywords. If a references’ title did not allow us to eliminate it as irrelevant to this
inquiry, we acquired the reference.

Additionally, we separately searched the websites of the U.S. Geological Survey, EPA, states,
U.S. Department of Health and Human Services, and the International Union for the
Conservation of Nature (IUCN) for documents and data that identified potential effects of
cyanide on marine, estuarine, and freshwater ecosystems and the individuals that inhabit these
ecosystems. We conducted searches of EPA’s Toxics Release Inventory (TRI) and Storage and
Retrieval (STORET) databases for water quality data to identify areas where discharges are
monitored for cyanide, and to characterize the general patterns of known occurrence and reported
values over time and space.

From these documents we extracted the following: when the information for the study or report
was collected, the study design, which species the study gathered information on, the sample
size, the form of cyanide associated with the study, whether the study was conducted in a
controlled laboratory environment or in situ (in the field or natural environment), whether other
stressors were associated with study, study objectives, and study results. There is some concern
that the exposure concentration and response observed in some studies on cyanide may not be
accurate or reliable given differences between the analytical methods used, and forms of cyanide
studied. Therefore, we followed a similar classification scheme as developed by Gensemer et al.
(2007) to make comparisons among the type of cyanide exposure measurements performed in the
studies. We classified studies according to whether they measured: (1) free cyanide using a
reliable test method (e.g., ASTM 4282-95); (2) measured free cyanide but the test method
accuracy is unknown; (3) measured weak acid dissociable cyanide; (4) measured total cyanide,
and provided an estimate of free cyanide; (5) measured total cyanide, but did not estimate free
cyanide; (6) did not provide an analytical verification of the cyanide concentration. Within each
class of studies, we ranked each of the studies based on the quality of their study design, sample
sizes, level of scrutiny before and during publication, and study results. We ranked carefully
designed experiments (for example, experiments that control potentially confounding variables)
higher than experiments that were not designed to control potentially confounding variables. We
ranked carefully designed experiments higher than computer simulations, and we ranked studies
on the response of listed species higher than studies on other, non-listed species. We also ranked
studies that produced large sample sizes with small variances higher than studies with small
sample sizes or large variances. Articles that did not rely on evidence produced by controlled
experiment, uncontrolled field experiments, opportunistic observations of animal behavior or

12



[

computer simulation received the lowest rating, but we considered the arguments and
conclusions within these articles within our analyses.

Application of this Approach in this Consultation

The EPA proposes to continue approving state and tribal water quality standards for cyanide,
which are based on their recommended 304(a) aquatic life criteria that were developed and
published in the 1980s under the authority of the CWA. Section 304(a) of the CWA, the goals
and purposes of the CWA, the implementing regulations for water quality standards (40 CFR
130-131), and the Guidelines for Deriving Numerical National Water Quality Criteria for the
Protection of Aquatic Organisms and Their Uses (later referred to as “the Guidelines”; Stephan
et al. 1985) form the foundation, or the standards that the cyanide criteria were designed to meet.
This Opinion represents NMFS’ evaluation of whether EPA’s approval of state or tribal water
quality standards, or federal water quality standards promulgated by EPA, that are identical to or
more stringent than the section 304(a) aquatic life criteria for cyanide satisfies EPA’s obligations
pursuant to section 7(a)(2) of the ESA of 1973, as amended.

NMFS’ evaluation proceeds by asking if the approval of cyanide consistent with (or more
stringent than) the 304(a) aquatic life criteria for cyanide proposed by EPA is likely to prevent
the exposure of endangered species, threatened species, and designated critical habitat from
aqueous cyanide concentrations that are toxic, given the approach it uses to approve water quality
standards? If listed resources are not likely to be exposed to the direct and indirect effects of
cyanide from activities the water quality standards would authorize, both individually and
cumulatively, given the approach EPA uses to approve a water quality standards, we would
conclude that EPA’s proposal to continue recommending the 304(a) aquatic life criteria for
cyanide is not likely to jeopardize the continued existence of endangered species, threatened
species, or result in the destruction or adverse modification of designated critical habitat under
NMFES’ jurisdiction. If, however, listed resource are likely to be exposed to the direct and
indirect effects of cyanide from activities the water quality standards would authorize, both
individually and cumulatively, we would ask whether and to what degree listed species are likely
to respond to their exposure, given the approach EPA uses to approve a water quality standards.
As part of this analysis, we would examine whether and to what degree EPA has identified
chemical, physical and biological scenarios that influence cyanide toxicity and presence in the
environment inhabited by listed species and their critical habitat, the nature of any in situ effects,
and the consequences of those effects for listed resources under NMFS’ jurisdiction, to determine
if EPA can insure that the approval of state and tribal water quality standards that they are
proposing is not likely to jeopardize the continued existence of endangered species or threatened
species, or result in the destruction or adverse modification of critical habitat that has been
designated for these species.

Understanding the Water Quality Program

EPA has asked that the Services consult on their approval of water quality standards where states
and tribes adopt the standards that are consistent with or more stringent than the nationally
recommended 304(a) aquatic life criteria. Since our analysis must consider the direct and
indirect effects of the action together with the direct and indirect effects of any interdependent
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and interrelated actions?, a critical first step to any consultation is determining whether and to
what extent there are actions interrelated and interdependent with the action under consultation.

While EPA’s BE does not examine interrelated and interdependent actions, it did provide us
partial insight into the issue of what EPA considers interrelated and interdependent actions,
inasmuch as EPA highlighted the general protective measures that states may adopt as part of
their water quality programs as further evidence that listed resources would rarely, if ever, be
exposed to cyanide at the recommended criteria values. Since the action as EPA has described it
in its BE and subsequent documents, is the approval of water quality standards that states and
tribes implement as enforceable standards for cyanide then it follows that the direct and indirect
effects of any actions that are interrelated or interdependent with that approval must be
considered in this consultation.

We developed a simple conceptual model to illustrate our understanding of the overall water
quality program, and to assist us in determining whether there are actions that are interrelated or
interdependent to the EPA’s recommended 304(a) aquatic life criteria and subsequent approval
of cyanide standards when states and tribes adopt the recommended numeric values. In part, we
were interested in exploring the relationships among program components and EPA’s decision to
approve a particular standard and, specifically, whether the protective measures described in the
BE and imposed by states and tribes should be considered in this consultation as interrelated and
interdendent with the action to approve.

Our model depicts the relationship between EPA’s 304(a) aquatic life criteria and other
components of EPA’s water quality-based approach to pollution control (Figure 1). Figure 1 also
illustrates those relationships between “any action authorized, funded or carried out by” EPA
under the composite program and section 7(a)(2) of the ESA. The model is based on the
discussion of the water quality-based approach to pollution control, and the interrelated parts of
executing the CWA as it was described by EPA in the Water Quality Standards Handbook (EPA
1994), information on the program characteristics that were provided by EPA in the cyanide BE,
and is also based on our prior experiences with state water quality standards and NPDES permits
issued by states and EPA. Our model, as with any descriptive model, represents a simplified map
of the characteristics of the larger water-quality based pollution control program.

The goals and policies of the CWA establish the foundation for EPA’s pollution control program.
Pollution control begins, in part, with the identification of a target or priority pollutant and
EPA’s decision to “develop and publish” ... (and from time to time thereafter revise) 304(a)
criteria for water quality for that particular pollutant. EPA derives 304(a) aquatic life criteria
through an established decision-making process outlined by the Guidelines (Stephan et al. 1985),
which we depict at the top of Figure 1. Upon deriving a numeric value for a pollutant, EPA
recommends (publishes) the numeric value for adoption and implementation. Publication
typically involves a draft stage and a final stage in between which EPA solicits public comments.

The national aquatic life criteria provide the foundation for a wide variety of programs aimed at

3 Interdependent actions are those actions that have no independent utility apart from the action under consideration. Interrelated actions are those
actions that are part of a larger action and depend upon the larger action for their justification (50 CFR 402.02).
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addressing pollution control under the CWA. EPA’s 304(a) aquatic life criteria serve as
guidelines or recommendations to states and tribes for defining water column concentrations of
cyanide that EPA expects would protect against adverse ecological effects to aquatic life in fresh
and salt water. The 304(a) aquatic life criteria recommendations are calculated to protect aquatic
organisms from unacceptable toxicity during acute (short) and chronic (long) exposures in the
water column. The intent is to define a level in the waterbody of a pollutant that will be fully
protective of the designated uses of a water body and that a state or tribe may use in adopting its
regulatory water quality standards and achieve the goals of their waterbodies (BE page 11, 40
CFR 131.2). States and tribes may use the 304(a) aquatic life criteria as a basis for developing
enforceable water quality standards. The CWA requires all states to adopt water quality
standards to restore and maintain the physical, chemical, and biological integrity of the Nation’s
waters. The CWA allows that states with an approved water quality program may adopt the
304(a) criteria as an enforceable standard (in combination with other relevant program elements),
or they may modify the recommended criteria to reflect site-specific conditions, or create unique
water quality standards (40 CFR 131.11(b)).
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16  The focus of our national consultation with EPA, are those instances where a state or tribe

17  *adopts” a water quality standard that is consistent with the recommended aquatic life criteria. In
18  Figure 1, the consultation on this national approval is depicted by the yellow box, “National

19  Section 7 Consultation”.
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21 Figure 1. EPA’s 304(a) aquatic life criteria and its relationship to the water quality-based pollution control
22  program and section 7.
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An approved standard, however, is more than just a numeric value for pollutants. Rather “a
water quality standard defines the water quality goals of a water body, or portion thereof, by
designating the use or uses to be made of the water and by setting the criteria necessary to protect
the uses. States adopt water quality standards to protect public health or welfare, enhance the
quality of water and serve the purposes of the Clean Water Act..... Such standards serve the dual
purposes of establishing the water quality goals for a specific water body and serve as the
regulatory basis for the establishment of water-quality based treatment controls and strategies.....
(40 CFR 131.2).” A state’s water quality program contains eight general parts with specific
regulatory requirements and guidance. We included the eight general parts of a state’s water
quality program on the right side of Figure 1. The eight parts are described by EPA (1994) as
follows:

Establish protection levels. EPA’s approach to pollution control begins with the identification of
problem water bodies, and the water quality standards establish the assessment goals, and the
water body uses intended for protection. Standards are not simply a numeric pollutant threshold
level, but standards consist of three main elements (1) designated beneficial uses of a waterbody
or segment of a waterbody (e.g., protection of aquatic life, recreation), (2) water quality criteria
necessary to protect the use or uses of that particular waterbody (expressed in either numeric or
narrative form*), and (3) an antidegradation policy. Additionally, states, at their discretion, may
adopt general policies in their standards affecting the application and implementation of
standards (e.g., mixing zone policies, variance policies, critical flow policies for permit based-
limits).

Water quality assessments. Once water quality standards are adopted, states conduct water
quality monitoring to identify those waters that are “water quality limited” or not meeting
standards. Monitoring is important to evaluating whether designated uses are attained,
determining whether Total Maximum Daily Limits (TMDL) are needed, and assessing
compliance with permits and so on. Under section 305(b) of the CWA states are required to
prepare a water quality inventory every two years to document the status of assessed water
bodies. At this point the state may make a determination that the water body is not impaired but
that the condition is due to natural conditions.

Establish priority waterbodies. When waters are identified that don’t meet standards or are
water quality limited, a state is expected to prioritize (rank) waterbodies for TMDL development.

Evaluate water quality standards for target waters. At this point in the water quality
management process, States have targeted priority water quality-limited water bodies. EPA
recommends that States re-evaluate the appropriateness of the water quality standards for the
targeted waters if: 1) States have not conducted in-depth analyses of appropriate uses and criteria;
2) changes in the uses of the water body may require changes in the standard; 3) more recent
water quality monitoring show the standard is being met; and, 4) site-specific criteria may be
appropriate because of specific local environmental conditions or the presence of species more or
less sensitive than those included in the national criteria data set.

4 States must adopt numeric standards for toxic pollutants listed pursuant to section 307(a)(1) of the CWA and for which criteria have
been published under 304(a).
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1. Define and allocate control responsibilities. For water quality limited waters, States
must establish a total maximum daily load (TMDL) that quantifies pollutant sources,
and a margin of safety, and allocates allowable loads to the contributing point and
non-point source discharges so that the water quality standards are attained. EPA
recommends States develop TMDLs on a watershed basis.

2. Establish source controls. Source loads of pollutants are controlled through the
TMDL, waste load allocations (WLA), best management practices (BMPs), and
through the technology-based and water quality-based controls implemented through
the NPDES permitting process. Although, many states and territories have authority
to implement at least a portion of the NPDES program in their jurisdiction, EPA
retains full or partial authority in many states and territories. In the case of nonpoint
sources, both State and local laws may authorize the implementation of nonpoint
source controls, such as best management practices (BMPs) or other management
measures.

Monitor and enforce compliance. Monitoring is critical to the water quality-based decision
making, and includes assessing compliance with TMDLs, permits, as well as in water loading
(necessary to also capture nonpoint source pollution loads) and attainment of water quality goals.
Point source dischargers are required to provide reports on compliance with NPDES permit
limits. A monitoring requirement can be put into the permit as a special condition as long as the
information is collected for the purposes of writing a permit limit. Effective monitoring
programs are also required for evaluating nonpoint source control measures and EPA provides
guidance in implementing and evaluating nonpoint source control measures. EPA and States are
authorized to bring civil or criminal action against facilities that violate their NPDES permits.
State nonpoint source programs are enforced under State law and to the extent provided by State
law.

Measure progress. Arguably, one of the most important elements of the overall program are the
efforts by the states (and EPA) to assess the effectiveness of the controls and standards, to
determining water quality standards need to be revised, or more stringent controls are necessary
(e.g., through permits or WLA and TMDLSs). This is particularly important in determining
whether a water body on the 303(d) list of impaired waters achieves water quality standards and
can be removed from the state’s 303(d) list, or to determine if WLA must be modified. This
element is depicted as a feedback arrow between the general program elements and the
foundation of state programs, the numeric standards and the policies that govern the program
execution.

The left side of Figure 1 depicts those aspects of the water quality-based approach to pollution
control that are approved and carried out directly by EPA. Criteria developed, published and
approved by EPA are the foundation for many actions administered by EPA, including the
promulgation of national water quality standards, and the issuance of NPDES permits.

Figure 1 also illustrates a general need by EPA to consult on actions that EPA “approves, funds,
and carries out” under the program, which includes nationally approved criteria, as well as the
approval of new state standards and the triennial review of those standards, and EPA’s issuance
of NPDES permits. The scope and details of such consultations depend upon EPA’s
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discretionary control or authority to insure that its decisions on these actions comply with the
CWA, its implementing regulations and policies. The yellow boxes in Figure 1 generally depict
those areas where EPA would consult with the Services on their actions.

The consultation boxes in Figure 1 are linked to the national consultation to illustrate that NMFS
will use the evidence obtained in regional and site-specific consultations to determine whether a
particular consultation produced the expected results or produced results that were not consistent
with the assumptions and conditions of the national consultation. That is, this first national
consultation establishes a feedback framework to assist NMFS in assessing (a) the reliability,
validity, or relevance of any evidence it relied upon in its national consultation; (b) whether the
national consultation produced the anticipated results or produced results that were not consistent
with subsequent consultations, (c) assessing the current status of any reasonable and prudent
alternatives, reasonable and prudent measures, terms and conditions, and reporting requirements
that EPA must comply with under the national consultation; and (e) the current and projected
trends of listed resources, and the altered environmental baseline. The arrows in connecting
these consultations in Figure 1 are broken because this is a newly developed feedback framework
and has not previously been implemented by NMFS in its water quality consultations with EPA.

Interrelated and Interdependent Actions

The effects of EPA’s 304(a) criteria recommendation must be understood in the larger context of
the CWA. This larger context is framed by Congress’ stated objective, goals, and policies of the
CWA, and the programs and activities authorized by the CWA and implemented by EPA, and
states and tribes to achieve these objectives, goals and policies. It is the CWA requirement that
all states adopt water quality standards to restore and maintain the physical, chemical, and
biological integrity of the Nation’s waters that places the standards at the core of the overall
strategy for water-quality based pollution control. As described previously, standards serve as
the regulatory basis for the water quality-based approach to pollution control and are used to
identify water quality problems caused by various land uses, such as improperly treated
wastewater discharges, runoff or discharges from active or abandoned mining sites, sediment,
and so on.

As a practical matter most states and tribes adopt EPA’s recommended 304(a) criteria for most
pollutants as part of their water quality standards even though they can develop unique criteria
for their waters (EPA 1999). According to a review of state water quality criteria for cyanide, we
found that more than 80% of the states and territories adopted EPA’s acute and chronic
freshwater criteria for cyanide or criteria that were more stringent® (Appendix A). Eleven states
(Arizona, Arkansas, California, lowa, Louisiana, Nebraska, Ohio, Oklahoma, Texas,
Washington, and Wisconsin) adopted higher values in their standards, some significantly so.
Some of these states adopted different values for cold waters versus warm waters (e.g., Arizona)
or specified particular areas subject to these different values (e.g., Washington, California).
States that set significantly higher standards than EPA’s nationally recommended 304(a) criteria
included lowa, Louisiana, Ohio and Texas. No states set lower salt water values than EPA

5 we interpreted “more stringent” to be a lower value that would lead to less cyanide in the water. Most states and territories that had set lower
standards for cyanide were only a few tenths to hundredths lower than the value recommended by EPA.
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recommended, but a few established higher values. California established levels as high as 10.0
ng/L CN for the saltwater instantaneous maximum and Texas set their chronic and acute
saltwater criteria at 5.6 pg/L CN. Local exemptions in some state waters are much higher than
these broader state limits. For instance, Illinois allows for 100 pg/L for acute exposure and
1,000,000 pg/L in some waterways in Cook County (home to Chicago). Although several states
adopted new standards that differ from EPA’s recommended values, the fact that most states
follow EPA recommendations for cyanide verbatim illustrates the influence that EPA’s guidance
has on state standards. We suspect that EPA’s action to develop and publish (recommend)
304(a) aquatic life criteria likely is sufficient to dissuade many states from investing the
resources to develop unique water quality standards, particularly in times of economic hardship
and reduced state budgets.

That the CWA creates an independent statutory requirement that states adopt enforceable water
quality standards is sufficient reasoning to support the argument that state standards have
“independent utility” and would not generally be considered interdependent with EPA’s 304(a)
criteria. However, since the vast majority of states adopt the 304(a) criteria as developed and
published by EPA, and EPA has requested that this consultation, programmatically, address their
need to consult on their approval of the water quality standards that are consistent with, or more
stringent than the 304(a) recommended criteria the argument of independent utility is moot. That
is, it is EPA’s expectation that this national consultation address their general action to approve
any state or tribal water quality standards for cyanide that are consistent with, or more stringent
than the numeric value they recommend, and by doing so EPA hopes to eliminate subsequent
regional consultations on water quality standards. .

As we described earlier, the level of protection afforded to a water body under the CWA is
defined by the sum of the designated uses, criteria, antidegradation policy®, and general policies.
While all are required in a state submission, the designated uses and criteria are particularly
inseparable components of a water quality standard as evidenced by EPA’s language on
approving a submission. That is, to approve a proposed water quality standard EPA must find
that a state has adopted uses that are consistent with the requirements of the CWA and that
adopted criteria protect those designated uses. EPA cannot approve a numeric value for a
particular pollutant, like cyanide, if that numeric value does not support the uses the state has
designated for a particular water body. The designated uses are integral to the approval and have
no independent utility apart from the approval of a water quality standard, but are one of the most
important parts of a water quality standard. More so, a water quality standard, by definition, is
not complete without a finding that a particular criterion meets the designated uses. Therefore,
designated uses are also interrelated with a particular criterion value because they are integral
parts of the standard (part of the larger action), and depend upon the larger action for their
justification.

®Ina January 27, 2005, memorandum to it Regional Offices, EPA concluded that ESA section 7 consultation does not apply to EPA’s approvals of
state antidegradation policies because EPA’s approval action does not meet the “Applicability” standard defined in the regulations implementing
section 7 of the ESA (EPA 2005; 50 CFR 402.03). Section 402.03 of the consultation regulations (50 CFR part 402) states that section 7 and the
requirements of 50 CFR part 402 apply to all actions in which there is discretionary Federal involvement or control. EPA concluded that they are
compelled to approve State antidegradation policies if State submissions meet all applicable requirements of the Water Quality Standards
Regulation (40 CFR part 131) and lack discretion to implement measures that would benefit listed species. As a result, EPA determined that
consultation is not warranted on antidegradation policies because the Agency does not possess the regulatory authority to require more than the
minimum required elements of the regulations.
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When we embarked on this evaluation, however, we noted we were particularly interested in
determining whether the protective measures described in the BE and imposed by states and
tribes should be considered in this evaluation. EPA stated that states and tribes may, in addition
to adopting numeric criteria, adopt: narrative criteria, biological criteria, or site-specific criteria
for cyanide. EPA also noted that during implementation of their water quality standards, several
other assumptions are made when allocating pollutants, for permitting purposes, among point
source discharges to protection of species. As part of the TMDL and NPDES permit
development, according to EPA most states and tribes use the following protective assumptions
in the development of their TMDLs and water quality based effluent limitations: (1) assume that
all dischargers are discharging the contaminant at the maximum permitted levels, (2) provide for
an unallocated “margin of safety” when developing TMDLs, (3) assume the maximum permitted
discharge volume, (4) assume the maximum concentration of loading of pollutants, (5) assume
no environmental degradation of pollutants, (6) assume all discharged pollutants remain
biologically available, (7) assume receiving stream flows are very low, (8) assume that acute
toxicity limits apply at the “end of the pipe”, (9) assume that only a portion of the design flow is
available for mixing for controls on chronic toxicity, (10) assume that aquatic species live
continuously at the “edge of the mixing zone”, (11) assume no internal dilution of process
wastewater, (12) assume conservative values for upstream concentrations of pollutants, (13)
permit conditions should not be relaxed in subsequent permit reissuance (antibacksliding), (14)
antidegradation requirements protect existing uses, (15) assume low threshold for “reasonable
potential” if few data are available. While we cannot disagree that these components of a state’s
water quality program warrant further examination, and may even qualify as interrelated and
interdependent actions that demonstrate the success (or failures) of various specific programs and
the success of the overall water quality program, the BE provided no evidence of the general
patterns of the implementation of these measures, nor an evaluation of the success or failures of
these protective mechanisms across the national landscape. We further acknowledge that each
TMDL, WLA, and NPDES could in fact be considered actions interdependent to EPA’s approval
of a state’s water quality standards because the standards and goals for a water body “serve as the
regulatory basis for the establishment of water-quality based treatment controls and strategies (40
CFR 131.2).”

Perhaps the most compelling reason that the above mentioned actions and other general program
operations have independent utility, however, is the fact Congress intentionally divided many of
these state and tribal actions into different sections of the CWA. In fact much of the statute
directs the actions of state and tribes, not EPA’s, supporting state autonomy for the protection of
their waters. That the sections were designed to work together to achieve the goals set forth by
Congress should not be a surprise, and in of itself should not be reason to consider all programs
that rely on the water quality standards as interrelated or interdependent to the approval of water
quality standards. Thus we default to the statutory construct, and the distinctive sections of the
Act that instruct states and tribes on the execution and operation of their overall water quality
program, as providing the strongest argument for independent utility.

Moveover, we note that the inclusion into this consultation of the myriad of such actions as
dictated by the different programs that rely on water quality standards would easily make this
national consultation untenable in short order. Thus, unless we can establish evidence of the
general pattern in which the protective measures EPA noted in their BE are implemented across
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states and tribes (information which was not contained within the BE) then these assertions
served little relevance to our analysis on the national scale. We further submit that individual
NPDES permits, TMDLs, WLA, and other management aspects of a state’s water quality
program, while emanating from EPA’s approved water quality standards, merit evaluation in
subsequent consultations, where appropriate. Where EPA does not retain discretion, and such
actions may affect listed resources, then states and tribes ought to seek a permit from the Services
pursuant to section 10(a)(1)(b) of the ESA. We therefore propose that while each of the actions
that are part of the overall approach to protecting aquatic life in waters of the United States are
targeted to assessing compliance with standards and instituting change to achieve compliance
through modification to allowable discharges or to the standards themselves, they have
independent and significant roles in achieving the goals of the CWA. Consequently, they merit
separate reviews as appropriate under the ESA. Such separate reviews can be linked through our
conceptual model feedback links (see Figure 1), to assist NMFS and EPA in conducting holistic
review of the effectiveness of the programs for protecting listed resources.

What we cannot separate on the basis of independent utility, however, as they are intimately a
part of the action as EPA has proposed it, are the elements of a state or tribal water standard that
must be included in each submittal to EPA for review and in order for EPA to approve said
standard (see EPA 1994). As established in the foregoing discussion, these include: designated
uses, criteria, antidegradation policy, and general policies. Hence, we address these other
components as they are an essential part of any standard EPA approves, as interrelated and
interdependent actions to EPA’s approval of a numeric pollutant value in a state or tribal
standard. These interrelated and interdependent actions are discussed in the Effects of the Action
section of this Opinion.

Water Quality Standards

Water quality standards, as mentioned previously, are the mechanism by which protection levels
for a water body are established. The water quality standards establish the assessment goals (e.g.,
numeric or narrative criteria), and the water body uses intended for protection. Whenever a state
revises or adopts a new water quality standard such revised or new standard must be submitted to
EPA for review. The water quality standard must include designated uses consistent with the
provisions of section 101(a)(20 and 303(c)(2) of the CWA, the methods used and analyses
conducted to support water quality standards revisions, water quality criteria sufficient to protect
the designated uses, an antidegradation policy, certification that the water quality standards were
duly adopted pursuant to state law, and general information that will aid the EPA in determining
the adequacy of the scientific basis of the standards (40 CFR 131.6).

According to the CWA, the standards shall protect the public health or welfare, enhance the
quality of water and serve the purposes of the Act, and shall be established taking into
consideration their use and value for public water supplies, propagation of fish and wildlife,
recreational purposes, and agricultural, industrial, and other purposes, and also taking into
consideration their use and value for navigation. The phrase to “serve the purposes of the Act”
as defined in 303(c) of the CWA, means that the water quality standards should meet the
objectives of the Act “to restore and maintain the chemical, physical, and biological integrity of
the Nation’s waters.” In order to achieve this objective Congress declared that---
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(1) Itisthe national goal that the discharge of pollutants into the navigable waters be
eliminated by 1985;

(2) Itisthe national goal that where ever attainable, an interim goal of water quality
which provides for the protection and propagation of fish, shellfish, and wildlife
and provides for recreation in and on the water be achieved by July 1, 1983;

(3) Itisthe national policy that the discharge of toxic pollutants in toxics amounts be
prohibited....”

These three goals, which are commonly referred to as the “zero discharge” goal, “the
fishable/swimmable” goal, and the “no toxics in toxic amounts” goal, are accompanied in the
statute by a number of subsidiary goals and policies (Adler et al. 1993). Water quality standards
for aquatic life are primarily designed to meet the fishable/swimmable goal of the CWA.

Water quality standards (in particular, the numeric criteria coupled with a water body’s
designated uses) are the core mechanism for meeting the goal of the CWA, and “getting water
quality standards right starts with getting designated uses right (EPA 2008a).” When a state
submits a water quality standard, EPA must review and approve (or disapprove) a standard based
upon whether a state has: (a) adopted uses that are consistent with the requirements of the CWA,
(b) adopted criteria that protect the designated uses, (c) followed legal procedures for adopting
standards, (d) whether the submission meets the regulatory requirements (40 CFR 131.5). In
specifying appropriate water uses, each state must take into consideration the protection and
propagation of fish, shellfish and wildlife, and recreation in and on the water (the
“fishable/swimmable” goal among other things; 40 CFR 131.10(a)), whether or not a use is
currently being attained.

Designated Uses

Designated uses are statements of management objectives and expectations for water bodies
under state or tribal jurisdiction. As defined in 40 CFR 131.3, designated uses are specified in
the water quality standards for each water body or water body segment regardless of whether or
not they are being attained. Designated uses include, but are not limited to: water supply
(domestic, industrial and agricultural); stock watering; fish and shellfish uses (salmonid
migration, rearing, spawning, and harvesting; other fish migration, rearing, spawning, and
harvesting); wildlife habitat; ceremonial and religious water use; recreation (primary contact
recreation; sport fishing; boating and aesthetic enjoyment); and commerce and navigation.

The water quality standards regulation requires that states and tribes specify which water uses are
to be achieved and protected. These uses are determined by considering the value and suitability
of water bodies based on their physical, chemical, and biological characteristics as well as their
geographical settings, aesthetic qualities and economic attributes. Each water body does not
necessarily require a unique set of uses. Rather, water bodies sharing characteristics necessary to
support a use can be grouped together. If water quality standards specify designated uses of a
lower standard than those that are actually being attained, the State or Tribe is required to revise
its standards to reflect these uses.
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Antidegradation

Antidegradation implementation procedures identify the steps and questions that must be
addressed when proposed activities may affect water quality. The water quality standards
regulation requires that states and tribes establish a three-tiered antidegradation program. The
specific steps to be followed depend upon which tier or tiers apply. These tiers are listed below:

e Tier 1: These requirements are applicable to all surface waters. They protect existing uses
and water quality conditions necessary to support such uses. These uses can be established if
they can be demonstrated to have actually occurred since November 28, 1975, or if water
quality can be demonstrated to be suitable for such uses. If an existing use is established, it
must be protected even if it is not listed in the water quality standards as a designated use.

e Tier 2: These requirements maintain and protect "high quality” water bodies where existing
conditions are better than those necessary to support CWA § 101(a)(2) "fishable/swimmable™
uses. Although the water quality in these water bodies can be lowered, states and tribes must
identify procedures that must be followed and questions that must be answered before a
reduction in water quality can be allowed. The water quality of these water bodies cannot be
lowered to a level that would interfere with existing or designated uses.

e Tier 3: These requirements maintain and protect water quality in outstanding national
resource waters (ONRWS) and generally include the highest quality waters of the United
States. ONRW classification also offers special protection for waters of exceptional
ecological significance. Except for certain temporary changes, water quality cannot be
lowered in these waters. states and tribes decide which water bodies qualify as ONRWs.

In a January 27, 2005, memorandum to it Regional Offices, EPA concluded that ESA section 7
consultation does not apply to EPA’s approvals of state antidegradation policies because EPA’s
approval action does not meet the “Applicability” standard defined in the regulations
implementing section 7 of the ESA (EPA 2005; 50 CFR 402.03). Section 402.03 of the
consultation regulations (50 CFR Part 402) states that section 7 and the requirements of 50 CFR
part 402 apply to all actions in which there is discretionary Federal involvement or control.

EPA concluded that they are compelled to approve State antidegradation policies if State
submissions meet all applicable requirements of the Water Quality Standards Regulation (40
CFR part 131) and lack discretion to implement measures that would benefit listed species. As a
result, EPA determined that consultation is not warranted on antidegradation policies because the
Agency does not possess the regulatory authority to require more than the minimum required
elements of the regulations. For these reasons, antidegradation will not be a part of this
consultation.

General Policies

States and tribes may adopt general policies and provisions regarding the implementation of
water quality standards. These policies and provisions are subject to EPA review and approval.
General policies must relate to designated use criteria or antidegradation. These policies and
provisions include:
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1. Mixing Zones: A mixing zone is a defined area surrounding or downstream from a point
source discharge where the effluent is diluted by the receiving water and criteria
otherwise applicable to the water body may be exceeded. At their discretion, states and
tribes may allow mixing zones for point source discharges. Mixing zone procedures
describe the methodology for determining the location, size, shape, and quality of mixing
Zones.

2. Variances: Variances temporarily relax a water quality standard. They are subject to
public review every three years and may be extended. A variance may specify interim
water quality criteria applicable for the duration of the variance. States or tribes may
wish to include a variance as part of a water quality standard as an alternative to removing
a designated use. Variances are intended to help assure that further progress toward
improving water quality is achieved.

3. Low Flows: State and tribal water quality standards may identify policies and procedures
to determine critical low flow conditions. For example, such procedures are applied when
calculating discharge requirements to be included in National Pollutant Discharge
Elimination System (NPDES) permits.

Evaluating Exposure at the National Level

The next step in our analysis involved evaluating the contaminant, cyanide (the stressor), in the
environment in which the listed resources occur. Although we searched, we simply could not
find sufficient data to conduct a quantitative assessment of the likelihood of exposure, or the
likelihood of exposure at a particular numeric value. Therefore, our analysis focuses largely on
the consequences of an exposure at criterion value. However, to examine a species’ (and their
critical habitat’s) risk of exposure, we searched for evidence that would help us describe the (1)
the transport, fate, and persistence of cyanide in the environment, (2) the distribution of uses and
occurrences of cyanide across the U.S., and (3) temporal and spatial changes, where we could
find evidence of these changes, across the U.S.

We began by constructing a simple conceptual model for evaluating the effects of contaminants
on listed species and critical habitat. This model depicts the release of a contaminant into the
environment, its transport through the environment and its contact with the listed species (Figure
2). The fate of pollutant, and whether it reaches habitats containing listed species, depends upon
a wide number of variables including chemical form and structure, volume dispersed and the
manner in which it is dispersed, distance of travel, and processes of sorption, degradation, and
dilution, to name a few.

In describing the basic properties of cyanide, we also looked at chemical, biological and physical
attributes in the environment that might act as “filters” or “magnifiers” that influence the
relationship between cyanide and the induction of effects on listed species. For instance, Cloern
(2001) used tidal energy to illustrate the importance of filters in eliciting certain responses within
an ecosystem—tidal energy influences turbulent kinetic energy and mixing in shallow waters,
and ultimately the expression of eutrophication. Differences in tidal amplitude are one
mechanism by which different estuaries will respond dissimilarly to equally high loads of
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nutrients, and in turn the filters acting within different ecosystems would dictate potentially very
different pollutant concentrations to which listed species would be exposed.

Some of the particular features of an ecosystem or site that can act as filters, influencing the
nature, magnitude, and spatial and temporal distribution of pollutants to which listed species may
be exposed include: water hardness, pH, precipitation, wind, light, bathymetry, stratigraphy,
topography, trace gas absorption, mineral weathering, elemental storage ability, soil chemical
processes, microbial transformation, and so on. For site-specific assessments, as much as
possible, the site’s features should be described and used to evaluate associations between the
listed species and their critical habitat, and the particular pollutant under evaluation. At the
national scale, however, we look for evidence of the types of filters that generally would be
expected to interact with cyanide along its general transport pathway, and that would influence its
availability, toxicity and severity.

Our simple transport model, illustrated in Figure 2, serves as a map for our analysis. That is, it
illustrates the main pathways— the physical course cyanide generally takes from the source to
the receptor organism or communities of interest (Suter et al. 2002). For section 7 evaluations of
pollutants, the receptor organism is the listed species or designated critical habitat. An exposure
pathway is complete when the chemical(s) under evaluation reach the receptor organism. A
pathway is incomplete when the stressor does not reach the organism under evaluation. Simply,
in the latter case when the pathway is incomplete, the chemical does not co-occur with the listed
species or its designated critical habitat.

Our conceptual transport model emphasizes the exposure route through surface waters because
the primary route of exposure to chemical contaminants for most of NOAA'’s trust resources will
often be through water-borne exposures. As with any conceptual model, this visual depiction of
exposure pathways is a simplified representation of what can be expected in the natural
environment. For instance, not only would some species be exposed to surface water
contaminants, animals that live portions of their life cycle out of water like many marine
mammals (aquatic-dependent species) may be exposed to contaminants on land. Even wholly
aquatic species, like salmon may be exposed to contaminants in terrestrial vegetation—through
leaf litter and insects (allochthonous stream input)—and contaminated soils that enter the aquatic
environment.
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Figure 2. Simple transport model depicting pollutant pathways to aquatic habitats and aquatic species.

We would consider an exposure pathway complete when the chemical under evaluation would

generally be expected to reach the listed species and incomplete when the stressor does not reach

the listed species. Often the more difficult aspect of a section 7 evaluation is identifying the
indirect pathways by which a listed species or their critical habitat is affected by a chemical
stressor, which requires an examination of relationship of the listed species to the communities
which it is a part, and the environment in which it resides, depends upon, and is adapted. To
capture indirect exposure pathways we look at the relationship of the listed species to the
community and environment in which it lives. This means, that not only do we look for effects
of cyanide directly acting on the listed species, we examine the effect that cyanide has on the
biological community and environment in which the listed species lives (Figure 3). We do this
to determine if cyanide would induce community and environmental changes that would likely
affect the listed species, such as changes in prey availability or health.

Individual
Organism

Chemical
Stressor

Environment P Community

— \——

Population

Figure 3. A chemical stressor and its potential relationships with organisms in the wild

of
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Our challenge in this step is to identify: what populations, life history forms or stages are
exposed to the proposed action; the number of individuals that are exposed; the pathways of their
exposure; the timing and duration of their exposure; the frequency and magnitude of the
concentrations of the exposure; and how exposure might vary depending upon the characteristic
of the environment and individual behavior. Typically, in this step of our analysis we would
identify how many individuals are likely to be exposed, which populations the individuals
represent, where and when the exposure would occur, how long the exposure would occur, the
frequency of the exposure, and any other particular details that help characterize the exposure.
To do this we require knowledge of a species’ population structure and distribution, migratory
behaviors, life history strategy, and abundance.

All of the species under NMFS’ jurisdiction are “aquatic” or “aquatic-dependent”, meaning that
at least one or more life stages are aquatic and could potentially be exposed to aqueous
pollutants. Therefore, since EPA has asked that this consultation cover their national approval of
standards that are consistent with their recommended aquatic life criteria, we began our
assessment with the basic assumption that all of the listed species and critical habitat under
NMFES’ jurisdiction, as well as any species proposed for listing and critical habitat proposed for
listing, would potentially be exposed to cyanide at the recommended criteria values at some time
during their life cycle. NMFS assumes the recommended criteria value is an appropriate starting
assumption for exposure in particular because the recommended value is assumed to represent a
“safe dose” of cyanide.

Using this assumption, we asked whether and to what degree would animals that are exposed at
the recommended level be protected if exposed at that value (this is part of our response
analysis). Next, we asked whether and to what degree the proposed action and any interrelated
and interdependent actions would mitigate, minimize or avoid allowing cyanide discharges to
reach (or exceed) the recommended criteria. Because this examination is done at the national
level, we looked for general patterns of cyanide where that information was available to us. We
used such information as general patterns of the distribution of uses, manufacturing, and
incidental occurrences of cyanide in the environment, and we looked for temporal and spatial
changes in these uses to characterize the past 20 years of cyanide in the environment, and as a
basis for predicting the future of cyanide in the environment across our action area. Our
evaluation is explained in detail in our effects analysis.

Action Area

EPA has defined the action area for the cyanide consultation, and for the 304(a) aquatic life
criteria consultations in general as all “waters of the United States” including “territorial seas”
(see the BE, pages 8 and 9, and the Methods Manual page 6). The CWA (33 USC 1362) defines
territorial seas as “the belt of the seas measured from the line of ordinary low water along that
portion of the coast which is in direct contact with the open sea and the line marking the seaward
limit of inland waters, and extending seaward a distance of three miles.” This action area
includes such waters within and surrounding Indian Country, the 50 States, and all United States
territories. The terms “waters of the United States” is defined under 40 CFR Section 122.2 and
reiterated in EPA’s cyanide BE.
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As early as 1789, the United States territorial sea was established at three nautical miles. On 27
December 1988, however, President Regan issued a proclamation that extended the United States
territorial sea to 12 nautical miles from the baselines of the United States. Although, nothing in
the proclamation extended or otherwise altered existing federal or State law subsequent to the
1988 proclamation, several federal laws adopted the terms of the Proclamation to define the
United States territorial sea for purposes of that particular statute (e.g., the Nonindigenous
Aquatic Nuisance Prevention and Control Act of 1990, the Antiterrorism and Effective Death
Penalty Act of 1996). However, others, including the Federal Water Pollution Control Act (aka.
the CWA) continue to use the three mile limit in its definition of the United States territorial sea.

The action area for the purposes of consultation, however, is not limited to the area of an
agency’s jurisdiction. Rather, in consultation the action area is defined as all areas to be affected
directly or indirectly by the federal action and not merely the immediate area involved in the
action (50 CFR 402.02). Many federal actions that NMFS consults on occur in the United States
territorial sea, the contiguous zone, exclusive economic zone, and on the high seas. The issue of
jurisdiction is relegated to the point in the Opinion at which NMFS prescribes management
actions (Reasonable and Prudent Alternatives and Reasonable and Prudent Measures) for the
purpose of exempting the taking of threatened and endangered species from the prohibitions of
section 4(d) and 9 of the ESA. (See the section of this Opinion titled Reasonable and Prudent
Alternatives). Consequently, the action area for EPA’s 304(a) aquatic life criteria consultations
includes the minimal area, as defined by the freshwater, estuarine and ocean water bodies of the
United States and its territories (delineated by the CWA) and any areas the particular pollutant
under consultation (in this case cyanide) is transported beyond these limits by such biotic and
abiotic factors as river runoff, tidal energy, topography, stratigraphy, biota
[trapping/assimilation), that may influence chemical transport processes beyond original areas of
dispersion. We expect, based on the chemical processes (sources, transport, and fate) of cyanide,
which are described later in this Opinion, that most of the action area for this consultation on
cyanide is contained by the jurisdictional waters as outlined by the CWA. However, in certain
localities we expect that conveyance systems may extend to the outer edge of this action area, or
that the discharge plume may extend beyond three nautical miles. Unfortunately, we cannot
identify the specific areas or conveyance systems where this may occur, and thus recognize that
our action area is generally delineated according to three nautical miles extending from the
United States coastline.

Since NMFS has jurisdiction over marine and anadromous threatened and endangered species,
and their critical habitat, this Opinion addresses the potential effects of EPA’s aquatic life criteria
in a portion of the action area defined for 304(a) aquatic life criteria. Specifically, this Opinion
focuses on the direct and indirect effects of the recommended criteria along the coastal regions of
the United States and its territories, where listed resources under NMFS’ jurisdiction occur. As
such, although interior fresh waters (e.g., landlocked lakes and ponds of the midwest United
States) constitute a portion of the action area for this consultation, listed resources under NMFS’
jurisdiction do not occur in these areas and these portions of the action area are not considered
further in this Opinion.
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Status of the Species and Critical Habitat

In this section of this Opinion we describe the threatened and endangered species and their

designated critical habitat that occur in the action area and may be exposed to EPA’s approved
aquatic life criteria for cyanide. All listed species within NMFS’ jurisdiction are “aquatic” or

*aquatic dependent” and may occur within portions of the action area for the recommended

aquatic life criteria. NMFS has determined that the following species and critical habitat may

occur within the action area for EPA’s 304(a) aquatic life criteria for cyanide (Table 2).

Table 2. Species Listed as Threatened and Endangered and Proposed for listing, and their designated Critical
Habitat (denoted by asterisk) in the Action Area. Double asterisks denote Proposed Critical Habitat.

Common Name (Distinct Population Segment or

Evolutionarily Significant Unit) Scientific Name Status
Cetaceans
Beluga whale** (Cook Inlet) Delphinapterus leucas Endangered
Blue whale Balaenoptera musculus Endangered
Bowhead whale Balaena mysticetus Endangered
Fin whale Balaenoptera physalus Endangered
Humpback whale Megaptera novaeangliae Endangered
Killer Whale (Southern Resident*) Orcinus orca Endangered
North Atlantic right whale* Eubalaena glacialis Endangered
North Pacific right whale* Eubalaena japonica Endangered
Sei whale Balaenoptera borealis Endangered
Sperm whale Physeter macrocephalus Endangered
Pinnipeds
Hawaiian monk seal* Monachus schauinslandi Endangered
Steller sea lion (Eastern®) Eumetopias jubatus Threatened
Steller sea lion (Western*) Endangered
Marine Turtles
Green sea turtle (Florida & Mexico’s Pacific coast colonies)*  Chelonia mydas Endangered
Green sea turtle (All other areas)* Threatened
Hawksbill sea turtle* Eretmochelys imbricate Endangered
Kemp’s ridley sea turtle Lepidochelys kempii Endangered
Leatherback sea turtle* (also **) Dermochelys coriacea Endangered
Loggerhead sea turtle Caretta caretta Threatened
Olive ndIgy sea turtle (Mexico’s Pacific coast breeding Lepidochelys olivacea Endangered
colonies)
Olive ridley sea turtle (All other areas) Threatened
Anadromous Fish
Atlantic salmon* Salmo salar Endangered
Chinook salmon (California coastal*) Oncorhynchus tschawytscha ~ Threatened
Chinook salmon (Central Valley spring-run*) Threatened
Chinook salmon (Lower Columbia River*) Threatened
Chinook salmon (Upper Columbia River spring-run*) Endangered
Chinook salmon (Puget Sound*) Threatened
Chinook salmon (Sacramento River winter-run*) Endangered
Chinook salmon (Snake River fall-run*) Threatened
Chinook salmon (Snake River spring/summer-run*) Threatened
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Chinook salmon (Upper Willamette River*) Threatened
Chum salmon (Columbia River*) Oncorhynchus keta Threatened
Chum salmon (Hood Canal summer-run*) Threatened
Coho salmon (Central California coast*) Oncorhynchus kisutch Endangered
Coho salmon (Lower Columbia River) Threatened
Coho salmon (Southern Oregon & Northern California coast*) Threatened
Coho salmon (Oregon coast*) Threatened
Green sturgeon (Southern*®) Acipenser medirostris Threatened
Gulf sturgeon* Acipenser oxyrinchus desotoi  Threatened
Shortnose sturgeon Acipenser brevirostrum Endangered
Smalltooth sawfish* Pristis pectinata Endangered
Sockeye salmon (Ozette Lake*) Oncorhynchus nerka Threatened
Sockeye salmon (Snake River*) Endangered
Steelhead (Central California coast*) Oncorhynchus mykiss Threatened
Steelhead (California Central Valley*) Threatened
Steelhead (Lower Columbia River*) Threatened
Steelhead (Middle Columbia River*) Threatened
Steelhead (Northern California*) Threatened
Steelhead (Puget Sound) Threatened
Steelhead (Snake River*) Threatened
Steelhead (South-Central California Coast*) Threatened
Steelhead (Southern California*) Endangered
Steelhead (Upper Columbia River*) Threatened
Steelhead (Upper Willamette River*) Threatened
Marine Invertebrates
Black abalone Haliotis cracherodii Endangered
Elkhorn coral* Acropora palmata Threatened
Staghorn coral* Acropora cervicornis Threatened
White abalone Haliotis sorenseni Endangered
Marine Plants
Johnson’s seagrass* Halophilia johnsonii Threatened

Proposed for Listing

Bocaccio

Canary rockfish
Pacific eulachon/smelt
Spotted seal
Yelloweye rockfish

Sebastes paucispinis
Sebastes pinniger
Thaleichthys Pacificus
Phoca largha
Sebastes ruberrimus

Proposed Endangered
Proposed Threatened
Proposed Threatened
Proposed Threatened
Proposed Threatened

The species’ narratives that follow focus on attributes of a species’ life history and distribution
that influence the manner and likelihood that a particular species may be exposed to the proposed
action, as well as the species potential response and risk when exposure occurs. Consequent
narratives summarize a larger body of information on worldwide distribution, as well as localized
movements within fresh water, estuarine, intertidal, and ocean waters, population structure,
feeding, diving, and social behaviors. We also provide a brief summary of the species status and
trends as a point of reference for our jeopardy determinations, which we make later in this
Opinion. That is, we rely on a species’ status and trend to determine whether or not an action’s
direct or indirect effects are likely to increase the species’ probability of becoming extinct.
Similarly, each species narrative is followed by a description of its critical habitat with particular
emphasis on any essential features of the habitat that may be exposed to the proposed action and
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may warrant special attention. Because this is a national consultation that does not consider site-
specific data, we only summarize information on the geographic distribution of the species, their
ecological relationship with waters of the United States, their status, and the principal threats to
their survival and recovery.

Species Not Considered Further in This Opinion

Species and Critical Habitat under Joint Jurisdiction

The Services share joint jurisdiction for the management of sea turtles, gulf sturgeon, Atlantic
salmon. For sea turtles, NMFS is responsible for their in-water conservation while FWS is

responsible for their conservation on land. This Opinion discusses the effects of the proposed
action on listed marine sea turtles and their designated critical habitat in the following section.

The Services have divided the consultation responsibilities for Atlantic salmon according to
whether the federal action occurs in fresh water or estuarine or marine waters (74 FR 29344).
When a federal action traverses marine and fresh waters, then the Services decide which agency
will assume the lead role for consultation. For the purposes of this consultation, the FWS’
Opinion addresses the effects of the action on Atlantic salmon pursuant to section 7. However,
because Atlantic salmon are one of the few species for which direct exposure data are available
on the effects of cyanide, this Opinion contains numerous references to this data and its utility in
evaluating the effects of cyanide on other species. The full evaluation as to how the federal
action affects Atlantic salmon, and whether the action is likely to jeopardize the continued
existence of Atlantic salmon is addressed in the FWS’ Biological Opinion on cyanide. Similarly,
NMFS and FWS share jurisdiction over Gulf sturgeon and generally divide consultations
according to whether the federal activity occurs within marine or fresh water. The critical habitat
listing for gulf sturgeon clarifies, however, that the FWS will consult with EPA on water quality
issues (68 FR 13370). Therefore, the FWS’ Biological Opinion on cyanide addresses whether
the federal action is likely to jeopardize the continued existence of gulf sturgeon, and the
likelihood that the designated critical habitat would be destroyed or adversely modified.

Species and Critical Habitat Not Likely to be Adversely Affected by the Proposed Action

Based upon our analysis, we established that we can concur with EPA’s effect determination that
a number species are not likely to be adversely affected when exposed to cyanide at criterion
values. Specifically, we would not expect the following threatened or endangered species to
respond physically, physiologically, or behaviorally to cyanide at the CMC or the CCC: Blue
whale, bowhead whale, fin whale, humpback whale, North Atlantic right whale, North Pacific
right whale, sei whale, sperm whale, Hawaiian monk seal, Western Steller sea lion, Eastern
Steller sea lion, green sea turtle, hawksbill sea turtle, Kemp’s ridley sea turtle, leatherback sea
turtle, olive ridley sea turtle, smalltooth sawfish, elkhorn coral, staghorn coral, white abalone,
black abalone, and Johnson’s seagrass. Similarly, we expect the designated critical habitat for
the following species is not likely to be adversely affected by cyanide at the CMC or the CCC:
North Pacific right whale, Hawaiian monk seal, Western Steller sea lion, Eastern Steller sea lion,
green sea turtle, hawksbill sea turtle, leatherback sea turtle, smalltooth sawfish, elkhorn coral,
staghorn coral, and Johnson’s seagrass. Based upon our analysis, the following proposed
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species’ are not likely to be adversely affected when exposed to cyanide at the salt water CMC or
the CCC: bocaccio, canary rockfish, spotted seal and yelloweye rockfish. The effects of the
proposed action on the Pacific eulachon have not been evaluated.

Listed cetaceans, pinnipeds, sea turtles, marine invertebrates and plants, and marine fishes are
distributed in coastal areas that may be exposed to aquatic cyanide. Certain species, like the blue
whale and sei whale, are likely to have limited exposure to cyanide sources as their migratory
patterns are circumglobal with definite seasonal movements to offshore areas outside the likely
extent of cyanide discharges. Nonetheless, we could not conclude that exposures would not
occasionally occur, and thus evaluated the potential responses of these species when exposed to
cyanide levels equivalent to the salt water CCC and CMC.

Unfortunately, data to evaluate the potential responses of listed marine species or for suitable
surrogate species when exposed to cyanide at the recommended aquatic life values is severely
lacking. It is for these reasons that Gensemer et al. (2007) declined to evaluate the protectiveness
of the saltwater cyanide criteria for marine threatened and endangered species. Pursuant to
Section 7 of the ESA, however, we are not proffered the opportunity to withhold judgment. To
evaluate the effects of cyanide, particularly on marine species, the lack of data is disconcerting
and warrants studies to evaluate response thresholds for more marine species.

In the interim, until further investigations that establish threshold responses are available, current
information suggests that the effects of cyanide at the salt water CMC and CCC values of 1.015
g CN/L on listed marine species and their designated critical habitat, and proposed marine
species are extremely unlikely to occur and thus discountable. Our conclusion is based on
available data on the responses of marine species relative to the saltwater aquatic life criteria
thresholds. The recommended saltwater CMC and CCC are set at very low levels, 1.015 ug
CN/L. The CMC value for cyanide was driven by data on the eastern rock crab, Cancer
irroratus. The species mean acute value for eastern rock crab is 4.893 pg CN/L making the crab
six times more sensitive than the next most sensitive marine species, the calanoid copepod,
Acartia tonsa (EPA 1985). Data were available on the chronic effects of cyanide to only two
marine species when EPA established the recommended aquatic life criteria, the mysid,
Mysidopsis bahia, and the sheepshead minnow, Cyprinodon variegatus. Recognizing that these
species are relatively resistant to cyanide, EPA set the CCC equal to the CMC because doing so
was probably more indicative of the chronic sensitivity of the rock crab than obtained using
chronic response data from other species and using other derivation methods (ACR). We found
no data to suggest that listed marine species would respond to cyanide exposures at or below
1.015 pg CN/L.

Marine Mammals & Turtles

According to the Methods Manual, marine mammals and sea turtles are part of a broad category
of “aquatic-dependent” species that whose respiratory oxygen is gained from surface air, not
from oxygen dissolved in the water column (like “aquatic species”). For these species, the

7 Proposed species were listed after the completion of EPA’s BE. Little data exists to discern adverse effects at levels below the saltwater CCC or
CMC. Unlike the other proposed species, the Pacific Eulachon has a freshwater and saltwater life stage. Salt water exposure to cyanide at the CCC
and CMC is not likely to result in adverse effects; however, Pacific eulachon still to be evaluated consistent with the approach used to evaluate the
effects of the action on other freshwater fishes.
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analysis would focus primarily on dietary exposure because this route is generally considered the
important route of exposure. The Methods Manual expressly discounts dermal or other routes of
exposure as areas that are “not explicitly sought in the literature search” when EPA develops the
biological evaluations for pollutants but notes that in the event information is uncovered during a
literature search that would suggest otherwise, it would be considered in EPA’s effects analysis.
Otherwise, the assessment of toxicity on aquatic-dependent listed species, which accounts for all
listed marine mammals, sea turtles, and pinnipeds, is based on the estimated dietary effects
concentration (dietary EC). The dietary effect would be evaluated by producing estimates of
bioconcentration factors (BCFs) and bioaccumulation factors (BAFs). However, there is no
published evidence to suggest that cyanide bioaccumulates in fresh- or saltwater aquatic animals.
As such exposure to cyanide via the dietary or sediment pathways may not be particularly
important.

High doses of cyanide that are ingested can be rapidly lethal (doses exceeding the saltwater
CCC), and low doses of cyanide are rapidly metabolized and excreted. Eisler (1991) suggested
that repeated sublethal dietary doses may be tolerated by many species for extended periods. The
acute oral toxicity of cyanide was calculated on a small set of surrogate species and based on the
wet weight of the oral dose. Species used for this analysis ranged from a variety of birds to small
and large mammals such as rats, and cows. The minimum acute dietary LDs, for birds is 1.4
mg/kg body mass and for mammals is 2.2 mg/kg body mass. Based on these values, marine
mammals, sea turtles, and pinnipeds would have to consume cyanide well in excess of the
saltwater CMC to experience a lethal response. The saltwater CMC is also likely set below any
potential chronic dietary threshold for marine mammals and turtles.

EPA also evaluated toxicity values for a wide range of food items, grouping them into common
categories (e.g., insects, invertebrates, fish, etc). Calculated response values were above the
CMC and the CCC for both saltwater and freshwater environments. Although the central
tendency of the response value was used for the assessment, and not the 5 percentile
conservative estimate as was used for listed species, we expect this approach provides a
reasonable estimate of adverse effects to prey species particularly given that most of NMFS’
species are generalist feeders and a minor reduction in a particular food item should generally
result in discountable and insignificant effects to listed species. For instance, the fin whale is a
baleen whale and eats krill, a tiny crustacean. As mentioned previously, the species most
sensitive to cyanide is the eastern rock crab. The threshold values from the eastern rock crab
were used to determine the effect that cyanide may have on krill. Similarly, the loggerhead sea
turtle feeds on mollusks, sponges and crabs. The food item analysis conducted by EPA for this
species, was driven by the EC for mollusks (4.7) but should have been reviewed against the
invertebrate EC (2.2), because it eats invertebrates and mollusks the dietary analysis should have
been reviewed against the lowest EC possible. Nonetheless, the outcome remains the same in
this instance—that is, marine food items should not be adversely affected by cyanide at the
saltwater criteria.

Based on the best scientific and commercial data available, as discussed previously, we do not
expect that the proposed action would adversely affect the quantity, quality or availability any of
the constituent elements of critical habitat, or the physical, chemical, or biotic phenomena that
give the designated area value for the conservation of the species when no constituent elements
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were identified in the designation. Although through the proposed action, we would expect
critical habitat for North Pacific right whale, Hawaiian monk seal, Western Steller sea lion,
Eastern Steller sea lion, green sea turtle, hawksbill sea turtle, the leatherback sea turtle, and
proposed critical habitat for the leatherback sea turtle would be exposed to cyanide, the
concentration of cyanide would be sufficiently low that we expect the effects would be
discountable. As reviewed in the above summary, there is little evidence to discern the effects of
cyanide at levels as low as recommended by EPA in the saltwater aquatic life criteria. That said,
the data that is available suggests that 1.015 pg CN/L is not likely to adversely alter water quality
that supports growth and development, feeding and food resources, reproduction, areas for
nesting and reproduction, or other physical, chemical or biological attributes of critical habitat for
these species.

Marine Invertebrates and Plants

No dose-response data is available to derive a lethal threshold for Acropora species. Much of the
data on corals is largely from studies that have examined the effects of the very destructive
practice of cyanide fishing, which tends to employ cyanide concentrations well in excess of the
saltwater criteria. At high doses, cyanide Kills coral, causes loss of zooxanthellae, impaired
photosynthesis, disruption of protein synthesis and altered rates of mitosis (Jones and Steven
1997; Jones and Hoegh-Guldberg 1999; Cato and Brown 2003; Cervino 2003). A few studies
have been conducted on the short-term exposure of coral species to sublethal concentrations, but
the concentrations have been well above the saltwater criteria. According to Dzombak et al.
(2006) some studies have observed no response of coral to cyanide exposures at concentrations
as low as 26 ug CN/L. More research is needed to discern the response threshold for listed
species. However, given the limited data available at this time, it appears that exposure to
cyanide at the low concentrations recommended by the aquatic life criteria that that any effects
would likely be discountable and insignificant.

We also have very little data to suggest what the threshold response concentrations would be for
marine plants. Evidence suggests that some plants are capable of transforming cyanide through
enzymatic activity and can avoid cyanide intoxication by directly degrading the cyanogenic
compounds or assimilating them into their metabolism. The effectiveness of this response would
depend upon the plant, the balance of activity and the exposure concentration. EPA’s best
estimate of response thresholds is based on the freshwater blue-green algae, Microcystis
aeruginos, and the marine red algae. The latter has a NOEC of 11 ug CN/L, well above the
saltwater CMC or CCC. Using red algae as a surrogate to predict the response of Johnson’s sea
grass, we expect the effects of cyanide at the aquatic life criteria would be discountable and
insignificant.

There were too few data available to generate a species sensitivity distribution for white or black
abalone through the class level. We found only one study on the effect of cyanide on an abalone
species, the Haliotis varia, the varied ear shell or variable abalone. Given that the varied ear
shell abalone is within the same genus, the reported LCs, of 1012 pug CN/L is the best estimate of
a lethal response for both black abalone and white abalone. Lasut (1999) studied the effects of
cyanide and salinity on the mortality of abalone and found that mortality increased within
decreased salinity. Abalone subjected to lethal concentrations of potassium cyanide and sodium
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cyanide experienced a 19% increase risk of mortality when exposed to 25%. salinity over that
observed in 34%o salinities. Even so, the response occurs well above the saltwater CMC.
Therefore, we would not expect the species would be adversely affected when exposed to
cyanide at the CMC saltwater value of 1.015 pug CN/L.

Based on the best scientific and commercial data available, as discussed previously, we do not
expect that the proposed action would adversely affect the quantity, quality or availability any of
the constituent elements of critical habitat, or the physical, chemical, or biotic phenomena that
give the designated area value for the conservation of the species when no constituent elements
were identified in the designation. Although through the proposed action, we would expect
critical habitat for elkhorn coral, staghorn coral, and Johnson’s seagrass would be exposed to
cyanide, the concentration of cyanide would be sufficiently low that we expect the effects would
be discountable. As reviewed in the above summary, there is little evidence to discern the effects
of cyanide at levels as low as recommended by EPA in the saltwater aquatic life criteria. That
said, the data that is available suggests that 1.015 ug CN/L is not likely to adversely alter water
quality that supports growth and development, feeding and food resources, reproduction, areas
for nesting and reproduction, or other physical, chemical or biological attributes of critical habitat
for these species.

Marine Fishes

Too few data exist to generate a species sensitivity distribution estimate for this smalltooth
sawfish, or the recently proposed rockfish species, bocaccio, yelloweye, and canary rockfish,
through the class level. In comparison of the mean LC50 and NOEC values for the most closely
related marine fishes range from 59.3 to 372 and 5.608 to 35.18 pg CN/L, respectively. Data on
most acutely sensitive marine fish, the Atlantic silverside, results in acute and chronic ECas of
26.12 and 5.608 ug CN/L, in the range of the most acutely sensitive freshwater fish species.
Since insufficient data are available to model species sensitivity distributions for marine species,
we relied on the calculated ECas of the most sensitive marine fish for which data was available in
making our effects determination. Although not included in EPA’s biological evaluation, the
three proposed rockfish would be evaluated using the same ECa values, as not enough data exists
to employ other evaluation methods. As such, data on the Atlantic silverside suggests that the
saltwater cyanide criteria would likely result in discountable and insignificant effects on
bocaccio, yelloweye, and canary rockfish, and smalltooth sawfish.

Based on the best scientific and commercial data available, as discussed previously, we do not
expect that the proposed action would adversely affect the quantity, quality or availability any of
the essential features of critical habitat. Although through the proposed action, we would expect
critical habitat for smalltooth sawfish would be exposed to cyanide, the concentration of cyanide
would be sufficiently low that we expect the effects would be discountable. As reviewed in the
above summary, there is little evidence to discern the effects of cyanide at levels as low as
recommended by EPA in the saltwater aquatic life criteria. That said, the data that is available
suggests that 1.015 ug CN/L is not likely to adversely alter water quality that supports growth
and development, feeding and food resources, reproduction, areas for nesting and reproduction,
or other physical, chemical or biological attributes of critical habitat for these species.
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Species and Critical Habitat Likely to be Adversely Affected by the Proposed Action
Anadromous Fishes

Chinook Salmon

Description of the Species

Chinook salmon are the largest of the Pacific salmon and historically ranged from the Ventura
River in California to Point Hope, Alaska in North America, and in northeastern Asia from
Hokkaido, Japan to the Anadyr River in Russia (Healey 1991). In this section, we discuss the
distribution, status, and critical habitats of the nine species® of endangered and threatened
Chinook salmon separately, and summarize their common dependence on waters of the United
States. However, because Chinook salmon in the wild are virtually indistinguishable between
listed species, and are the same biological species we begin this section describing those
characteristics common across ESUs (the listed species).

Of the Pacific salmon species considered herein, Chinook salmon exhibit arguably one of the
most diverse and complex life history strategies with multiple races within which there is
substantial variation. One form, the “stream-type”, resides in freshwater for a year or more
following emergence and the “ocean-type” migrates to the ocean within their first year. The
ocean-type typifies populations north of 56°N (Healy 1991). Within each race, there is often
variation in age at seaward migration, age of maturity, timing of spawning migrations, male
precocity, and female fecundity.

The general Chinook salmon life cycle spans fresh and marine waters, with one reproductive
event per adult (that is, Chinook salmon are semelparous and die after spawning). Spawning
migrations generally occur in the spring and fall, although the precise timing of spawning
migrations and spawning varies across populations and can vary within populations.
Temperature and stream flow can significantly influence the timing of upstream migrations and
spawning, and the selection of spawning habitat (Geist et al. 2009; Hatten and Tiffan 2009).
However, a general latitudinal cline is apparent across the species’ range with spawning typically
occurring earlier in the spring/summer at northern latitudes and later in southern latitudes (Healy
1991).

On the spawning grounds, mate competition is intense with males competing to fertilize eggs and
females competing for optimal nest site selection. Once fertilization occurs, female Chinook
salmon bury the eggs in nests —termed “redds”- and they guard the nests until their death, which
generally occurs a couple days later to a couple weeks after spawning. A female generally
deposits eggs in more than one depression within a redd, excavating stream rock as she moves
upstream, increasing the size of her redd until all eggs are deposited.

Size and age at maturity is partially under genetic control, but can be influenced by environment

8 We use the word “species” as it has been defined in section 3 of the ESA, which include “species, subspecies, and any distinct population segment
of any species of vertebrate fish or wildlife which interbreeds when mature (16 U.S.C 1533).” Pacific salmon that have been listed as endangered or
threatened were listed as “evolutionarily significant units (ESU)” which NMFS uses to identify distinct population segments (DPS) of Pacific
salmon. Any ESU or DPS is a “species” for the purposes of the ESA.
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and migration behavior (Roni and Quinn 1995). Generally, ocean-type salmon are at sea longer
than their stream-type counterparts and tend to be larger in size at spawning. Body size can be
important in determining reproductive success in terms of nest selection and mating competition
(Foote 1990). Chinook salmon age at maturity ranges from 1 to 7 years with most returning to
spawn between 3 and 4 years of age.

The time necessary for egg incubation until emergence of alevins in fresh water varies among
basins and among years within a basin, and is closely correlated to water temperatures such that
low temperatures can prolong incubation. Incubation generally takes a couple of months or
more. Alevin (also called “yolk-sac” fry) remain buried until their yolk-sac is absorbed, at which
time they become free swimming fry. Egg to fry survival can also vary widely across basins,
years, and habitat conditions within a basin. In general, the survival of eggs and alevin, and the
fitness of emerging fry are affected by sediment loading, intergravel water flow and dissolved
oxygen levels, gravel composition, spawn timing, floods, redd and spawner density, and water
temperatures.

Once emerged, fry behavior varies among populations and among individuals within races.

Some juvenile Chinook salmon rear in fresh water for a few weeks to a few years, others move
immediately downstream coastal waters where they rear in estuaries for a few weeks to months,
while others migrate directly to ocean waters. Stream-type Chinook salmon do not migrate to sea
until the spring following emergence, and ocean-type Chinook salmon migrate to the ocean
within their first year. Generally, most fry move at night probably to reduce detection by
predators, although some fish will move downstream during daylight. Not all movement is
volitional as stream flows often displace fry to downstream areas after emergence. Density-
dependent factors such as space, prey, or stream flows may influence the outmigration behavior
of individual juvenile Chinook salmon.

While in fresh water, juvenile Chinook salmon are often found in the lower reaches of a river
near its estuary, where they inhabit river margins in areas of shallow water, near woody debris, or
other areas of low water velocity. As juveniles grow in size, they tend to move away from the
shoreline to deeper waters where the velocity is higher (Healey 1991). Generally, Chinook
salmon outmigrants (termed smolts) are about 2 to 5 inches long when they enter saline (often
brackish) waters. The process of smoltification is a physiologically demanding process that
enables salmon to adapt to sea water and maintain the appropriate osmotic pressure necessary to
maintain body fluid concentration and composition, and homeostasis as the fish enters waters of
increased salinity. The transformation from the fresh water fry/parr juvenile stage to smolt
involves multiple physiological changes including an increase in: body silvering, hypoosmotic
regulatory capability, salinity tolerance and preference, growth rate, oxygen consumption,
ammonia production, endocrine activity (e.g., activation of thyroid, interregnal and pituitary
growth hormone cells), and gill Na*, K*-ATPase activity. At the same time, the ratio of weight
standardized to length (condition factor) declines and total body lipid content declines
(Wedemeyer et al. 1980). Several factors can affect smoltification process, not only at the
interface between fresh water and salt water, but higher in the watershed as the process of
transformation begins long before fish enter salt waters including: exposure to chemicals such as
heavy metals, and elevated water temperatures (Wedemeyer et al. 1980).
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Life at sea varies according to population, race, and age-class. Chinook salmon tend to remain at
sea between 1 and 6 years, with most fish returning to fresh water after 2 to 4 years at sea.
Fishery catches indicate that ocean- and stream-type fish exhibit divergent migratory pathways
while in the ocean (Healey 1983, 1991). Ocean-type Chinook salmon tend to be found along the
coastline, whereas stream-type Chinook salmon are found in the open ocean far from the coast
(Healey 1983, 1991).

Chinook salmon feed on a variety of prey organisms depending upon life stage. Adult oceanic
Chinook salmon eat small fish, amphipods, and crab megalops (Healey 1991). Fish, in particular
herring, make up the largest portion of an adult Chinook salmon’s diet. In estuaries, Chinook
salmon smolts tend to feed on chironomid larvae and pupae, Daphnia, Eogammarus, Corphium
and Neomysis, as well as juvenile herring, sticklebacks and other small fish. In fresh water,
Chinook salmon juveniles feed on adult and larval insects including terrestrial and aquatic insects
such as dipterans, beetles, stoneflies, chironomids, and plecopterans (Healey 1991).

Threats

Natural Threats. Chinook salmon are exposed to high rates of natural predation during

freshwater rearing and migration stages, as well as during ocean migration. In general, Chinook
salmon are prey for pelagic fishes, birds, and marine mammals, including harbor seals, sea lions,
and killer whales. There have been recent concerns that the increasing size of tern, seal, and sea
lion populations in the Pacific Northwest may have reduced the survival of some salmon species.

Anthropogenic Threats. Salmon survive only in aquatic ecosystems and, therefore, depend on
the quantity and quality of those ecosystems. Chinook salmon have declined under the combined
effects of fishery over-harvest; competition from fish raised in hatcheries and native and non-
native exotic species; dams that block their migrations and alter river hydrology; gravel mining
that impedes their migration and alters the dynamics (hydrogeomorphology) of the rivers and
streams that support juveniles; water diversions that deplete water levels in rivers and streams;
destruction or degradation of riparian habitat that increase water temperatures in rivers and
streams sufficient to reduce the survival of juvenile Chinook salmon; and land use practices
(logging, agriculture, urbanization) that destroy wetland and riparian ecosystems while
introducing sediment, nutrients, biocides, metals, and other pollutants into surface and ground
water and degrade water quality in the freshwater, estuarine, and coastal ecosystems throughout
the Pacific Northwest (Buhle et al. 2009).

Salmon along the west coast of the United States share many of the same threats. Therefore,
anthropogenic threats for all species and populations are summarized here. Population declines
have resulted from several human-mediated causes, but the greatest negative influence has likely
been the establishment of waterway obstructions such as dams, power plants, and sluiceways for
hydropower, agriculture, flood control, and water storage. These structures have blocked salmon
migration to spawning habitat or resulted in direct mortality and have eliminated entire salmon
runs as a result. While some of these barriers remain, others have been reengineered, renovated,
or removed to allow for surviving runs to access former habitat, but success has been limited.
These types of barriers alter the natural hydrograph of basins, both upstream and downstream of
the structure, and significantly reduce the availability and quality of spawning and rearing habitat
(Hatten and Tiffan 2009). Many streams and rivers, particularly in urban or suburban areas,
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suffer from streamside development, which contributes sediment, chemical pollutants from
pesticide applications and automobile or industrial activities, altered stream flows, loss of
streamside vegetation and allochthonous materials to name a few. These factors can directly
cause mortality, reduce reproductive success, or affect the health and fitness of all salmon life
stages.

Artificial propagation of hatchery fish has had profound consequences on the viability of some
natural salmon populations, but there are potential benefits to the artificial production of salmon
as well. Adverse effects of artificial propagation include: a decline in the natural population
from the taking of wild broodstock for artificial propagation, the genetic erosion of populations
(introgression, hybridization), an increased incidence of disease in the wild and increased rates of
competition with and predation on naturally spawned salmon populations. Potential benefits to
artificial propagation include the bolstering of the numbers of naturally spawning fish in the
short-term, the conservation of genetic resources, and guarding against the catastrophic loss of
naturally spawned populations at critically low abundance levels.

Fishing for salmon has also negatively impacted salmon populations. Fishing reduces the
number of individuals within a population and can lead to uneven exploitation of certain
populations and size classes (Reinsenbichler 1997; Mundy 1997). Targeted fishing of larger
individuals results in excluding the most fecund individuals from spawning (Reinsenbichler
1997). Genetic changes that promote smaller body sizes have occurred in heavily exploited
populations in response to size-selective harvest pressures (Reinsenbichler 1997; Mundy 1997;
Swain et al. 2007). Fishing pressure can reduce age at maturity in fished populations as the
fished populations compensate for the reductions in the numbers of spawning adults
(Reinsenbichler 1997).

Pacific salmon species are exposed to a number of contaminants throughout their range and life
history cycle. Exposure to pollution is also of significant concern for all life stages, but is likely
particularly significant for freshwater life stages. Organic pollutants, particularly PCBs, DDT
and its congeners, pesticides, and endocrine disruptors are of particular concern. These
chemicals can inhibit smell, disrupt reproductive behavior and physiology, impair immune
function, and lead to mortality through impairment of water balance when traveling between
fresh and salt water systems (Varanasi et al. 1993). Diffuse and extensive population centers
contribute increase contaminant volumes and variety from such sources as wastewater treatment
plants and sprawling development. Urban runoff from impervious surfaces and roadways often
contains oil, copper, pesticides, PAHs, and other chemical pollutants and flow into surface
waters. Point and nonpoint pollution sources entering rivers and their tributaries affect water
quality in available spawning and rearing habitat for salmon. Juvenile salmonids that inhabit
urban watersheds often carry high contaminant burdens, which is partly attributable to the
biological transfer of contaminants through the food web (Brown et al. 1985; Stein et al. 1992;
Varanasi et al. 1993).

Climate change poses significant hazards to the survival and recovery of salmonids along the
west coast. Paleoecological data (which exclude anthropogenic influences) suggest regional and
global climate factors on decadal, centennial, and millennial time scales are tied to abundance
patterns of Pacific salmonids (Finney et al. 2009). Increases in global temperatures are likely to
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have profound effects on salmonids directly and indirectly through altered hydrological regimes.
Increases in instream temperatures may decrease habitat available for refugia, increase species
interactions and competition, accelerate incubation timing and premature emergence, increase
susceptibility to parasites and disease, reduce fry survival, delay migration and spawning, and
accelerate loss of energy reserves. Using emission scenarios from the Intergovernmental Panel
on Climate Change (IPCC), O’Neal (2002) estimates that direct thermal changes in freshwater
temperatures could cause the loss of between 4-20% of existing salmon and trout habitat by the
year 2030, 7-34% by 2060, and 14-42% by 2090, depending on the trout or salmon species, IPCC
emission scenario considered, and the model used. Projected salmon habitat loss would be most
severe in Oregon and Idaho, at losses of 40% or greater of 2007 habitat estimates. While the
predicted losses are substantial, the estimates may underestimate the overall effect global climate
change will have on salmon and trout abundance since these models do not consider the related
effects from changes in seasonal hydrological patterns and water volumes that result from altered
weather patterns and precipitation (O’Neal 2002).

Changes in hydrological regimes are closely linked to salmon abundance (Hicks et al. 1991;
Clark et al. 2001). From studies that have examined the effects of timber harvest and other
changes in land use patterns, we know that changes in hydrology (i.e., increased peak flows,
decreased low flows, altered timing discharge events, and rapid fluctuations in flows) can
profoundly affect salmon abundance and the amount and availability of quality habitat.
Hydrology is strongly correlated to in-redd and young of the year survival, can lead to the
displacement of young fish, alter immigration and emigration timing, alter the volume of
available habitat by affecting channel structure (e.g., pool to riffle ratios, debris loading, substrate
composition, erosion and sediment loading) and the relative abundance of salmon and trout
species within a watershed, as well as the relative abundance of age-classes (see Hicks et al.
1991; Gregory and Bisson 1997). Such ecosystem changes are also likely to alter
macroinvertebrate communities and habitats, affecting important forage for salmon and trout
(McCarthy et al. 2009; Williams et al. 2009).

Upstream changes in riverine habitat can affect downstream estuarine ecosystems through
alterations in sediment delivery (timing and volume), and changes in freshwater volumes and
timing can influence the volume of the spring/summer salt-wedge (O’Neal 2002). In turn,
changes in the trophic dynamics of the estuary may occur. At the same time, physical changes in
the ocean associated with warming include increases in temperature, increased water column
stratification, and changes in the intensity and timing of coastal upwelling. These changes will
alter primary and secondary productivity, the structure of marine communities, and, in turn, the
growth, productivity, survival, and migrations of salmonids. Changing ocean temperatures may
alter salmon behavior, distribution, and migrations, increasing the distance from home streams to
ocean feeding areas. Energetic demands increase at warmer temperatures, requiring increased
feeding to maintain growth. This could lead to intensified competition for food and reduction in
growth rates, further exacerbating the prey/predator relationship. Increasing concentrations of
carbon dioxide in the oceans lowers pH, which reduces the availability of carbonate for shell-
forming marine animals. Pteropods are expected to be negatively affected, and they can
comprise more than 40% of some salmon diets. If salmon migrate farther to the north and/or
food is less available, longer times may be required to reach maturity, delaying return of adult
migrations into coastal water and rivers.
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California Coastal Chinook Salmon

Distribution and Description of the Listed Species

The California Coastal Chinook salmon ESU includes all naturally spawned populations of
Chinook salmon from rivers and streams south of the Klamath River to the Russian River,
California. Seven artificial propagation programs are part of this ESU: The Humboldt Fish
Action Council (Freshwater Creek), Yager Creek, Redwood Creek, Hollow Tree, Van Arsdale
Fish Station, Mattole Salmon Group, and Mad River Hatchery fall-run Chinook hatchery
programs. These artificially propagated populations are no more divergent relative to the local
natural populations than would be expected between closely related populations within this ESU.

California Coastal Chinook salmon are a fall-run, ocean-type fish. A spring-run (river-type)
component existed historically, but is now considered extinct (Bjorkstedt et al. 2005). Table 3
identifies populations within the California Coastal Chinook salmon ESU, their abundances, and
the relative contribution of artificially propagated fish to the population.

Table 3. California coastal Chinook populations and selected measures of population viability

_ Historical Mean Number Percent ;
Population Abundance® of Spawners Hatchery Long-term Trend
(Range)” Contribution®
Freshwater Creek 22 (13-22) 30-70 0.137 (-0.405,
0.678)
Eel River 17,000-55,000 ~30
Mainstem Eel River 13,000
-0.096 (-0.157, -
Sprowl! Creek 43 (43-497) 0.034)
. -0.199 (-0.351, -
Tomki Creek 61 (13-2233) 0.046)
Van Duzen River 2,500
Middle Fork Eel River 13,000
South Fork Eel River 27,000
North Fork Eel River
Upper Eel River
Redwood Creek 1,000-5,000
Mad River 1,000-5,000
0.0102 (-0.106,
Canyon Creek 73 (19-103) 0.127)
Bear River 100
Mattole River 1,000-5,000 ~17
Russian River 50-500 ~0
Humbolt Bay tributaries 40
Tenmile to Gualala 0
Small Humboldt County rivers 1,500 0
Rivers north of Mattole River 600 0
Noyo River 50 0

®Historical abundance estimates based on professional opinion and evaluation of habitat conditions (reported in Good et al. 2005).

b5-year (1997-2001) geometric mean number of counts of adults (quasi-systematic surveys of spawners — Canyon, Tomki, and Sprowl creeks;
returning spawners at Freshwater Creek weir).

“Hatchery production in this ESU is at low levels, aimed at supplementing depressed runs. Operational procedures and low production suggest that
the ESU may not be at substantial risk of degraded genetic integrity (Good et al. 2005).
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dLong-term trends were calculated using the entire available data set (see Good et al. 2005). The 90% confidence intervals are noted in parentheses.

Status and Trends

NMFS listed California Coastal Chinook salmon as threatened on September 16, 1999 (64 FR
50393), and they retained their threatened status on June 28, 2005 (70 FR 37160). California
Coastal Chinook salmon were listed due to the combined effect of dams that prevent them from
reaching spawning habitat, logging, agricultural activities, urbanization, and water withdrawals in
the river drainages that support them. Historical estimates of escapement, based on professional
opinion and evaluation of habitat conditions, suggest abundance was roughly 73,000 in the early
1960s with the majority of fish spawning in the Eel River (CDFG 1965 in Good et al. 2005).

The species exists as small populations with highly variable cohort sizes. The Russian River
probably contains some natural production, but the origin of those fish is not clear because of a
number of introductions of hatchery fish over the last century. The Eel River contains a
substantial fraction of the remaining Chinook salmon spawning habitat for this species. Since its
original listing and status review, little new data are available or suitable for analyzing trends or
estimating changes in this population’s growth rate (Good et al. 2005).

Long-term trends in Freshwater Creek are positive, and in Canyon Creek, although only slightly
different than zero, the trend is positive (Table 3). Long-term trends in Sprowl and Tomki creeks
(tributaries of the Eel River), however, are negative. Good et al. (2005) caution making
inferences on the basin-wide status of these populations as they may be weak because the data
likely include unquantified variability due to flow-related changes in spawners’ use of mainstem
and tributary habitats. Unfortunately, none of the available data is suitable for analyzing the
long-term trends of the ESU or estimating the population growth rate.

Critical Habitat

NMFS designated critical habitat for California Coastal Chinook salmon on September 2, 2005
(70 FR 52488). Specific geographic areas designated include the following CALWATER
hydrological units: Redwood Creek, Trinidad, Mad River, Eureka Plain, Eel River, Cape
Mendocino, Mendocino Coast, and the Russian River. These areas are important for the species’
overall conservation by protecting quality growth, reproduction, and feeding. The critical habitat
designation for this ESU identifies primary constituent elements that include sites necessary to
support one or more Chinook salmon life stages. Specific sites include freshwater spawning
sites, freshwater rearing sites, freshwater migration corridors, nearshore marine habitat and
estuarine areas. The physical or biological features that characterize these sites include water
quality and quantity, natural cover, forage, adequate passage conditions, and floodplain
connectivity. The critical habitat designation (70 FR 52488) contains additional details on the
sub-areas that are included as part of this designation, and the areas that were excluded from
designation.

In total, California Coastal Chinook salmon occupy 45 watersheds (freshwater and estuarine).
The total area of habitat designated as critical includes about 1,500 miles of stream habitat and
about 25 square miles of estuarine habitat, mostly within Humboldt Bay. This designation
includes the stream channels within the designated stream reaches, and includes a lateral extent
as defined by the ordinary high water line. In areas where the ordinary high-water line is not
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defined the lateral extent is defined as the bankfull elevation. In estuarine areas the lateral extent
is defined by the extreme high water because extreme high tide areas encompass those areas
typically inundated by water and regularly occupied by juvenile salmon during the spring and
summer, when they are migrating in the nearshore zone and relying on cover and refuge qualities
provided by these habitats, and while they are foraging. Of the 45 watershed reviewed in NMFS'
assessment of critical habitat for California Coastal Chinook salmon, eight watersheds received a
low rating of conservation value, 10 received a medium rating, and 27 received a high rating of
conservation value for the species.

Critical habitat in this ESU consists of limited quantity and quality summer and winter rearing
habitat, as well as marginal spawning habitat. Compared to historical conditions, there are fewer
pools, limited cover, and reduced habitat complexity. The limited instream cover that does exist
is provided mainly by large cobble and overhanging vegetation. Instream large woody debris,
needed for foraging sites, cover, and velocity refuges is especially lacking in most of the streams
throughout the basin. NMFS has determined that these degraded habitat conditions are, in part,
the result of many human-induced factors affecting critical habitat including dam construction,
agricultural and mining activities, urbanization, stream channelization, water diversion, and
logging, among others.

Central Valley Spring-Run Chinook Salmon

Distribution and Description of the Listed Species

The Central Valley spring-run Chinook salmon ESU includes all naturally spawned populations
of spring-run Chinook salmon in the Sacramento River and its tributaries in California. This
ESU includes one artificial propagation program, the Feather River Hatchery spring-run Chinook
salmon program. This artificially propagated population is no more divergent relative to the
local natural populations than would be expected between closely related populations within this
ESU.

Central Valley spring-run Chinook salmon ESU includes Chinook salmon entering the
Sacramento River from March to July and spawning from late August through early October,
with a peak in September. Spring-run fish in the Sacramento River exhibit an ocean-type life
history, emigrating as fry, sub-yearlings, and yearlings. Central Valley spring-run Chinook
salmon require cool freshwater while they mature over the summer.

Status and Trends

NMFS originally listed Central Valley spring-run Chinook salmon as threatened on September
16, 1999 (64 FR 50393), a classification this species retained on June 28, 2005 (70 FR 37160).
This species was listed because dams isolate them from most of their historic spawning habitat
and the habitat remaining to them is degraded. Historically, spring-run Chinook salmon were
predominant throughout the Central Valley occupying the upper and middle reaches (1,000 to
6,000 feet) of the San Joaquin, American, Yuba, Feather, Sacramento, McCloud and Pit Rivers,
with smaller populations in most tributaries with sufficient habitat for over-summering adults
(Stone 1874; Rutter 1904; Clark 1929).

43



RPOOO~NOOIRW

ol
()

NINNMNNDNDNNDNNRPEPRPRPERPREREREE
OO, WNPFPOOOONO Ol W

27
28
29
30
31
32
33
34
35
36

37
38
39
40
41

Table 4. Central Valley spring-run Chinook salmon populations and selected measures of population
viability

Historical Mean Number of Percent Mean Annual
Population a b Hatchery Population Growth
Abundance Spawners (Range) Contribution® Rate (1)
Butte Creek spring-run 4,513 (67-4,513) 1.30 (1.09-1.60)
Deer Creek spring-run 1,076 (243-1,076) 1.17 (1.04-1.35)
Mill Creek spring-run 491 (203-491) 1.19 (1.00-1.47)

®Historical abundance for the total ESU, based on gillnet fishery catches, is estimated at about 700,000 (Fisher 1994). Individual river estimates of
historical abundance not provided.

PRecent geometric mean number of spawners as reported by Good et al. 2005. Note the current geometric mean for Butte, Deer and Mill creeks are
also the maximum means.

“Between 1967 and 1999 the Feather River Hatchery released between less than 1 million to as much as 5.5 million spring-run Chinook salmon in
any given year. Returns ranged from less than 1,000 spawners to about 7,000 in the late 1980s (see Good et al. 2005). No other hatchery data
reported.

“The A calculation, provided by Good et al. 2005, is an estimate of the population growth rate. The 90% confidence intervals are noted in
parentheses.

The Central Valley drainage as a whole is estimated to have supported spring-run Chinook
salmon runs as large as 700,000 fish between the late 1880s and the 1940s (Fisher 1994),
although these estimates may reflect an already declining population, in part from the
commercial gillnet fishery that occurred in this ESU (Good et al. 2005). Before construction of
Friant Dam, nearly 50,000 adults were counted in the San Joaquin River alone (Fry 1961).
Following the completion of Friant Dam, the native population from the San Joaquin River and
its tributaries (i.e., the Stanislaus and Mokelumne Rivers) was extirpated. Spring-run Chinook
salmon no longer exist in the American River due to the operation of Folsom Dam. Naturally
spawning populations of Central Valley spring-run Chinook salmon currently are restricted to
accessible reaches of the upper Sacramento River, Antelope Creek, Battle Creek, Beegum Creek,
Big Chico Creek, Butte Creek, Clear Creek, Deer Creek, Feather River, Mill Creek, and Yuba
River (CDFG 1998). Since 1969, the Central Valley spring-run Chinook salmon ESU (excluding
Feather River fish) has displayed broad fluctuations in abundance ranging from 25,890 in 1982 to
1,403 in 1993 (CDFG unpublished data in Good et al. 2005).

The average abundance for the ESU was 12,499 for the period of 1969 to 1979, 12,981 for the
period of 1980 to 1990, and 6,542 for the period of 1991 to 2001. In 2003 and 2004, total run
size for the ESU was 8,775 and 9,872 adults respectively, well above the 1991 to 2001 average.
Evaluating the ESU as a whole, however, masks significant changes that are occurring among
populations that comprise the ESU (metapopulation). For example, the mainstem Sacramento
River population has undergone a significant decline while the abundance of many tributary
populations increased. Average abundance of Sacramento River mainstem spring-run Chinook
salmon recently declined from a high of 12,107 for the period 1980 to 1990, to a low of 609 for
the period 1991 to 2001, while the average abundance of Sacramento River tributary populations
increased from a low of 1,227 to a high of 5,925 over the same periods.

Abundance time series data for Mill, Deer, Butte, and Big Chico creeks spring-run Chinook
salmon confirm that population increases seen in the 1990s have continued through 2001 (Good
et al. 2005). Habitat improvements, including the removal of several small dams and increases in
summer flows in the watersheds, reduced ocean fisheries, and a favorable terrestrial and marine
climate, have likely contributed to this. All three spring-run Chinook salmon populations in the
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Central Valley have long-and short-term positive population growth. Although the populations
are small, Central Valley spring-run Chinook salmon have some of the highest population growth
rates in the Central Valley.

Critical Habitat

NMFS designated critical habitat for Central Valley spring-run Chinook salmon on September 2,
2005 (70 FR 52488). Specific geographic areas designated include the following CALWATER
hydrological units: Tehama, Whitmore, Redding, Eastern Tehama, Sacramento Delta, Valley-
Putah-Cache, Marysville, Yuba, Valley-American, Colusa Basin, Butte Creek, and Shasta Bally
hydrological units. These areas are important for the species’ overall conservation by protecting
quality growth, reproduction, and feeding. The critical habitat designation for this ESU identifies
primary constituent elements that include sites necessary to support one or more Chinook salmon
life stages. Specific sites include freshwater spawning sites, freshwater rearing sites, freshwater
migration corridors, nearshore marine habitat and estuarine areas. The physical or biological
features that characterize these sites include water quality and quantity, natural cover, forage,
adequate passage conditions, and floodplain connectivity. The critical habitat designation (70 FR
52488) contains additional details on the sub-areas that are included as part of this designation,
and the areas that were excluded from designation.

In total, Central Valley spring-run Chinook salmon occupy 37 watersheds (freshwater and
estuarine). The total area of habitat designated as critical includes about 1,100 miles of stream
habitat and about 250 square miles of estuarine habitat in the San Francisco-San Pablo-Suisun
Bay complex. This designation includes the stream channels within the designated stream
reaches, and includes a lateral extent as defined by the ordinary high water line. In areas where
the ordinary high-water line is not defined the lateral extent is defined as the bankfull elevation.
In estuarine areas the lateral extent is defined by the extreme high water because extreme high
tide areas encompass those areas typically inundated by water and regularly occupied by juvenile
salmon during the spring and summer, when they are migrating in the nearshore zone and relying
on cover and refuge qualities provided by these habitats, and while they are foraging. Of the 37
watersheds reviewed in NMFS' assessment of critical habitat for Central Valley spring-run
Chinook salmon, seven watersheds received a low rating of conservation value, three received a
medium rating, and 27 received a high rating of conservation value for the species.

Factors contributing to the downward trends in this ESU include: reduced access to
spawning/rearing habitat behind impassable dams, climatic variation, water management
activities, hybridization with fall-run Chinook salmon, predation, and harvest (CDFG 1998).
Several actions have been taken to improve and increase the primary constituent elements of
critical habitat for spring-run Chinook salmon, including improved management of Central
Valley water (e.g., through use of CALFED Environmental Water Account and Central Valley
Project Improvement Act (b)(2) water accounts), implementing new and improved screen and
ladder designs at major water diversions along the mainstem Sacramento River and tributaries,
removal of several small dams on important spring-run Chinook salmon spawning streams, and
changes in ocean and inland fishing regulations to minimize harvest. Although protective
measures and critical habitat restoration likely have contributed to recent increases in spring-run
Chinook salmon abundance, the ESU is still below levels observed from the 1960s through 1990.
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Threats from hatchery production (i.e., competition for food between naturally spawned and
hatchery fish, and run hybridization and homogenization), climatic variation, reduced stream
flow, high water temperatures, predation, and large scale water diversions persist.

Lower Columbia River Chinook Salmon

Distribution and Description of the Listed Species

The Lower Columbia River Chinook salmon ESU includes all naturally spawned populations of
Chinook salmon from the Columbia River and its tributaries from its mouth at the Pacific Ocean
upstream to a transitional point between Washington and Oregon, east of the Hood River and the
White Salmon River, and includes the Willamette River to Willamette Falls, Oregon, exclusive
of spring-run Chinook salmon in the Clackamas River. Seventeen artificial propagation
programs are part of this ESU: The Sea Resources Tule, Big Creek Tule, Astoria High School
(STEP) Tule, Warrenton High School (STEP) Tule, Elochoman River Tule, Cowlitz Tule, North
Fork Toutle Tule, Kalama Tule, Washougal River Tule, Spring Creek National Fish Hatchery
Tule, Cowlitz spring (Upper Cowlitz River and Cispus River), Friends of the Cowlitz spring,
Kalama River spring, Lewis River spring, Fish First spring, and the Sandy River Hatchery
Chinook salmon programs. These artificially propagated populations are no more divergent
relative to the local natural populations than would be expected between closely related
populations within this ESU.

Lower Columbia River Chinook salmon have three life history types, including early fall runs
(tules), late fall runs (brights), and spring-runs. Spring and fall runs have been designated as part
of a Lower Columbia River Chinook salmon ESU. The Cowlitz, Kalama, Lewis, White Salmon,
and Klickitat Rivers are the major river systems on the Washington side, and the lower
Willamette and Sandy Rivers are foremost on the Oregon side. The eastern boundary for this
species occurs at Celilo Falls, which corresponds to the edge of the drier Columbia Basin
Ecosystem and historically may have been a barrier to salmon migration at certain times of the
year. The predominant life history type for this species is the fall-run. Fall Chinook salmon
typically enter the Columbia River in August through October to spawn in the mainstem of the
large rivers (Kostow 1995). Spring Chinook salmon enter freshwater in March through June to
spawn in upstream tributaries and generally emigrate from fresh water as yearlings.

Status and Trends

NMFS originally listed Lower Columbia River Chinook salmon as threatened on March 24, 1999
(64 FR 14308); NMFS reaffirmed the threatened status of Lower Columbia River Chinook
salmon on June 28, 2005 (70 FR 37160). Historical records of Chinook salmon abundance are
sparse, but cannery records suggest a peak run of 4.6 million fish (43 million pounds) in 1883
(Lichatowich 1999). Although fall-run Chinook salmon are still present throughout much of
their historical range, they are still subject to large-scale hatchery production, relatively high
harvest, and extensive habitat degradation. The Lewis River late-fall-run Chinook salmon
population is the healthiest and has a reasonable probability of being self-sustaining.
Abundances largely declined during 1998 to 2000 and trend indicators for most populations are
negative, especially if hatchery fish are assumed to have a reproductive success equivalent to that
of natural-origin fish (see Table 5).
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Most populations for which data are available have a long-term declining population trend (Table
5). Currently, the spatial extent of populations in the Coastal and Cascade fall runs are similar to
their respective historical conditions. New data include spawner abundance estimates through
2001, new estimates of the fraction of hatchery spawners, and harvest estimates. In addition,
estimates of historical abundance have been provided by the Washington Department of Fish and
Wildlife. The Willamette/Lower Columbia River Technical Review Team estimated that 8 to 10
historic populations have been extirpated, most of them spring-run populations. Near loss of that
important life history type remains an important concern. Although some natural production
currently occurs in 20 or so populations, only one exceeds 1,000 spawners. Almost all spring-run
Chinook salmon are at very high risk of extinction. High hatchery production continues to pose
genetic and ecological risks to natural populations and to mask their performance for Coastal,
Cascade, and Gorge fall run populations. Most Lower Columbia River Chinook salmon
populations have not seen increases in recent years as pronounced as those that have occurred in
many other geographic areas.

Table 5. Lower Columbia River Chinook salmon life histories, populations and selected measures of
population viability

Long-term
Life . Historical Mean Number Percent Me?dian
- Population a of Spawners Hatchery
History Abundance b A Growth Rate
(range) Contribution )’
Fall run Youngs Bay
Grays River 2,477 99 38 0.944, 0.844
Big Creek
Elochoman River 676 68 1.037, 0.800
Clatskanie River® 50 (34-74) 0.99
Mill, Abernathy, and 734 47 0.981, 0.829
Germany Creeks
Scappoose Creek
Coweeman River 4,971 274 0 1.092, 1.091
Lower Cowlitz River 53,956 1,562 62 0.998, 0.682
Upper Cowlitz River 5,682
Toutle River 25,.392
Kalama River 22,455 2,931 67 0.973,0.818
Salmon Creek and Lewis 47,591" 256 0 0.984, 0.979
River
Clackamas River 40
Washougal River 7,518 3,254 58 1.025, 0.815
Sandy River 183
Columbia Gorge-lower
tributaries
Columbia Gorge-upper 2,363 136 (Wind River 13 (Wind River 0.959, 0.955
tributaries only) only
Hood River 18
Big White Salmon River 334 21 0.963, 0.945
Late fall  Sandy River® 3085 (2337- 3 0.997
(bright) 4074)
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North Fork Lewis River 7,841 13 0.968, 0.948
Spring Upper Cowlitz River

run
Cispus River 1,787
Tilton River
Toutle River 2,901
Kalama River 4,178 98
Lewis River 347
Sandy River® 297 (202-438) 0.961
Big White Salmon River
Hood River 51

®Historical abundance for various rivers was calculated using the Ecosystem and Diagnosis Treatment (EDT) model, which attempts to predict
population performance based on reach-specific habitat attributes. Estimates are provided as a means of comparing the historical abundance of
populations relative to current abundance. See Good et al. (2005) for a discussion about the uncertainty associated with these estimates.

PRecent geometric mean number of spawners as reported in Good et al. 2005

°Recent average hatchery-origin spawners (%) as reported by Good et al. 2005. Natural-origin spawners are those that had parents that spawned in
the wild, as opposed to hatchery-origin fish, whose parents were spawned in a hatchery.

“The long-term median growth rate (1) is an estimate of the natural growth rate after accounting for hatchery-origin spawners. The two values are
estimates under two hypotheses about the reproductive success of hatchery origin spawners. Hatchery fish are assumed to have zero reproductive
success in the first estimate. In the second estimate hatchery fish are assumed to have the same relative reproductive success as natural-origin fish.
Growth rates were not calculated for all populations, as adequate data were not available (see Good et al. 2005 for 95% confidence intervals on
growth estimates).

“Values for these populations are reported in McElhany et al. 2007, and represent estimates based on the total available data series, which varies by
population.

*Combined estimate of Lewis River fall run (East Fork only) and Lewis River brights (Good et al. 2005)

Critical Habitat

NMFS designated critical habitat for Lower Columbia River Chinook salmon on September 2,
2005 (70 FR 52630). Designated critical habitat includes all Columbia River estuarine areas and
river reaches proceeding upstream to the confluence with the Hood Rivers as well as specific
stream reaches in a number of tributary subbasins. These areas are important for the species’
overall conservation by protecting quality growth, reproduction, and feeding. The critical habitat
designation for this ESU identifies primary constituent elements that include sites necessary to
support one or more Chinook salmon life stages. Specific sites include freshwater spawning
sites, freshwater rearing sites, freshwater migration corridors, nearshore marine habitat and
estuarine areas. The physical or biological features that characterize these sites include water
quality and quantity, natural cover, forage, adequate passage conditions, and floodplain
connectivity. Of 52 subbasins reviewed in NMFS' assessment of critical habitat for the Lower
Columbia River Chinook salmon ESU, 13 subbasins were rated as having a medium
conservation value, four were rated as low, and the remaining subbasins (35), were rated as
having a high conservation value to Lower Columbia River Chinook salmon. Factors
contributing to the downward trends in this ESU are hydromorphological changes resulting from
hydropower development, loss of tidal marsh and swamp habitat, and degraded freshwater and
marine habitat from industrial harbor and port development, and urban development. Limiting
factors identified for this species include reduced access to spawning/rearing habitat in
tributaries, hatchery impacts, loss of habitat diversity and channel stability in tributaries,
excessive fine sediment in spawning gravels, elevated water temperature in tributaries, and
harvest impacts.
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Upper Columbia River Spring-run Chinook Salmon

Distribution and Description of the Listed Species

The Upper Columbia River spring-run Chinook salmon ESU includes all naturally spawned
populations of Chinook salmon in all river reaches accessible to Chinook salmon in Columbia
River tributaries upstream of Rock Island Dam and downstream of Chief Joseph Dam in
Washington, excluding the Okanogan River. Six artificial propagation programs are part of this
ESU: the Twisp River, Chewuch River, Methow Composite, Winthrop National Fish Hatchery,
Chiwawa River, and White River spring-run Chinook salmon hatchery programs. These
artificially propagated populations are no more divergent relative to the local natural populations
than would be expected between closely related populations within this ESU. Spring-run
Chinook salmon currently spawn in only three river basins above Rock Island Dam: the
Wenatchee, Entiat, and Methow Rivers. Table 6 identifies the Upper Columbia River Chinook
salmon ESU populations, their abundances, and estimates of the proportion of hatchery fish that
contribute to the run size.

Upper Columbia River spring-run Chinook salmon begin returning to the Columbia in early
spring and enter upper Columbia tributaries from April through July, with a peak in mid-May.
After migration, Upper Columbia River spring-run Chinook salmon hold in freshwater tributaries
until spawning in late summer, peaking in mid- to late August. Juvenile spring-run Chinook
salmon remain in fresh water for a full year before emigrating to salt water in the spring of their
second year.

Table 6. Upper Columbia River Chinook salmon populations and selected measures of population viability

Population Mean Number of Spawners Percent_Hat_chery Current Shor_t—term
(Range)? Contribution® trend (Previous)°
Methow River 680 (79-9,904) 59 +2.0 (-15.3)
Methow mainstem 161 redds (17-2,864) 59 +6.5
Twisp River 58 redds (10-369) 54 -9.8 (-27.4)
Chewuch River 58 redds (6-1,105) 41 -2.9 (-28.1)
Lost/Early Winter creeks 12 (3-164) 54 -14.1 (-23.2%
Entiat River 111 (53-444) 42 -1.2 (-19.4)
Wenatchee River 470 (119-4,446) 42 -1.5(-37.4)
Chiwawa River 109 redds (34-1,046) 47 -0.7 (-29.3)
Nason Creek 54 redds (8-374) 39 -1.5 (-26.0)
Upper Wenatchee River 8 redds (0-215) 66 -8.9
White River 9 redds (1-104) 8 -6.6 (-35.9)
Little Wenatchee River 11 redds (3-74) 21 -25.8 (-25.8)

*5-year geometric mean number of spawners unless otherwise noted; Includes hatchery fish. Range denoted in parentheses. Means calculated from
years 1997 to 2001, except Lost/Early Winter creeks did not include 1998 as no data was available. Data reported in Good et al. 2005.

®Percent hatchery-origin from 1987-1996, and reported in Good et al. 2005.

“Current trend — percent/year — from years 1997 to 2001. Previous trend, noted in parentheses, from 1987-1996. From Good et al. 2005.

dLost River data only.

Status and Trends

NMEFS listed Upper Columbia River spring-run Chinook salmon as endangered on March 24,
1999 (64 FR 14308), and reaffirmed their status as endangered on June 28, 2005 (70 FR 37160),
because they had been reduced to small populations in three watersheds. Based on redd count
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data series, spawning escapements for the Wenatchee, Entiat, and Methow rivers have declined
an average of 5.6%, 4.8%, and 6.3% per year, respectively, since 1958. In the most recent 5-year
geometric mean (1997 to 2001), spawning escapement for naturally produced fish was 273 for
the Wenatchee population, 65 for the Entiat population, and 282 for the Methow population, only
8% to 15% of the minimum abundance thresholds, although escapement increased substantially
in 2000 and 2001 in all three river systems. Based on 1980-2004 returns, the average annual
growth rate for this ESU is estimated as 0.93 (meaning the population is not replacing itself;
Fisher and Hinrichsen 2006). Assuming that population growth rates were to continue at 1980 to
2004 levels, Upper Columbia River spring-run Chinook salmon populations are projected to have
very high probabilities of decline within 50 years. Population viability analyses for this species
(using the Dennis Model) suggest that these Chinook salmon face a significant risk of extinction:
a 75 to 100% probability of extinction within 100 years (given return rates for 1980 to present).

Hatchery influence and genetic diversity are significant issues for the continued survival of
Upper Columbia River Chinook salmon. This is a result of reduced genetic diversity from
homogenization of populations that occurred under the Grand Coulee Fish Maintenance Project
from 1939 to 1943. Stray hatchery fish and a high proportion of hatchery fish during spawning
have contributed to the high genetic diversity risk.

Critical Habitat

NMFS designated critical habitat for Upper Columbia River spring-run Chinook salmon on
September 2, 2005 (70 FR 52630). The designation includes all Columbia River estuaries and
river reaches upstream to Chief Joseph Dam and several tributary subbasins. This designation
includes the stream channels within the designated stream reaches, and includes a lateral extent
as defined by the ordinary high water line. In areas where the ordinary high-water line is not
defined the lateral extent is defined as the bankfull elevation. These areas are important for the
species’ overall conservation by protecting quality growth, reproduction, and feeding. The
critical habitat designation for this ESU identifies primary constituent elements that include sites
necessary to support one or more Chinook salmon life stages. Specific sites include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine habitat,
and estuarine areas. The physical or biological features that characterize these sites include water
quality and quantity, natural cover, forage, adequate passage conditions, and floodplain
connectivity. The Upper Columbia River spring-run Chinook salmon ESU has 31 watersheds
within its range. Five watersheds received a medium rating and 26 received a high rating of
conservation value to the ESU. The Columbia River rearing/migration corridor downstream of
the spawning range was rated as a high conservation value. Factors contributing to the
downward trends in this ESU include mainstem Columbia River hydropower system mortality,
tributary riparian degradation and loss of in-river wood, altered tributary floodplain and channel
morphology, reduced tributary stream flow and impaired passage, and harvest impacts.

Puget Sound Chinook Salmon

Distribution and Description of the Listed Species

The Puget Sound Chinook salmon ESU includes all naturally spawned populations of Chinook
salmon from rivers and streams flowing into Puget Sound including the Straits of Juan De Fuca
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from the Elwha River, eastward, including rivers and streams flowing into Hood Canal, South

Sound, North Sound and the Strait of Georgia in Washington. Twenty-six artificial propagation

programs are part of the ESU: the Kendal Creek Hatchery, Marblemount Hatchery (fall, spring
yearlings, spring sub-yearlings, and summer run), Harvey Creek Hatchery, Whitehorse Springs
Pond, Wallace River Hatchery (yearlings and sub-yearlings), Tulalip Bay, Issaquah Hatchery,
Soos Creek Hatchery, Icy Creek Hatchery, Keta Creek Hatchery, White River Hatchery, White
Acclimation Pond, Hupp Springs hatchery, VVoights Creek Hatchery, Diru Creek, Clear Creek,

Kalama Creek, George Adams Hatchery, Rick’s Pond Hatchery, Hamma Hamma Hatchery,
Dungeness/Hurd Creek Hatchery, and Elwha Channel Hatchery Chinook salmon hatchery

programs. These artificially propagated populations are no more divergent relative to the local

natural populations than would be expected between closely related populations within this ESU.

The Puget Sound ESU is comprised of 31 historical populations, of which 22 or more are

believed to be extant and nine are considered extinct. Table 7 identifies the current populations

within the Puget Sound Chinook salmon ESU for which there are data, and their recent
abundance and long-term trends.

Chinook salmon in this area generally have an “ocean-type” life history. Puget Sound
populations include both early-returning and late-returning Chinook salmon spawners described
by Healey (1991). However, within these generalized behavioral forms, significant variation
occurs in residence time in fresh water and estuarine environments. For example, Hayman et al.

(1996) described three juvenile Chinook salmon life histories with varying residency times in the

Skagit River system in northern Puget Sound. Chinook salmon utilize nearshore Puget Sound

habitats year-round, although they can be far from their natal river systems (Brennan et al. 2004).

Table 7. Puget Sound Chinook salmon populations and selected measures of population viability

Historical

Mean Number of

Percent Hatchery

Population a Spawners Contribution A (+/- SE)°
P Abundance (NatLE)raI-origin)b (Range)® ( :

Nooksack-North Fork 26,000 1,538 (125) 91 (88-95) 0.75 (0.07)
Nooksack-South Fork 13,000 338 (197) 40 (24-55) 0.94 (0.05)
Lower Skagit 22,000 2,527 (2,519) 0.2 (0-0.7) 1.05 (0.09)
Upper Skagit 35,000 9,489 (9,281) 2 (2-3) 1.05 (0.06)
Upper Cascade 1,700 274 (274) 0.3 1.06 (0.05)
Lower Sauk 7,800 601 (601) 0 1.01 (0.12)
Upper Sauk 4,200 324 (324) 0 0.96 (0.06)
Suiattle 830 365 (365) 0 0.99 (0.06)
Stillaguamish-North Fork 24,000 1,154 (671) 40 (13-52) 0.92 (0.04)
Stillaguamish-South Fork 20,000 270 0.99 (0.02)*
Skykomish 51,000 4,262 (2,392) 40 (11-66) 0.87 (0.03)
Snoqualmie 33,000 2,067(1,700) 16 (5-72) 1.00 (0.04)
North Lake Washington 331 1.07 (0.07)*
Cedar 327 0.99 (0.07)*
Green 8,884 (1,099) 83 (35-100) 0.67 (0.06)*
White 844 1.16 (0.06)*
Puyallup 33,000 1,653 0.95 (0.06)*
Nisqually 18,000 1,195 1.04 (0.07)*
Skokomish 1,392 1.04 (0.04)*
Dosewallips 4,700 48 1.17 (0.10)*
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Duckabush 43

Hamma Hamma 196
Mid Hood Canal 311
Dungeness 8,100 222 1.09 (0.11)*
Elwha 688 0.95 (0.11)*

*Estimated total historical abundance for this ESU was about 700,000 fish, but is not meant to reflect a summation of individual river historic
estimates. Individual river estimates of historical abundance are based on an EDT analysis as reported in Good et al. 2005.

b5-year geometric mean number of spawners (hatchery plus natural) for years 1998-2002. Geometric mean of natural origin spawners noted in
parentheses. From Good et al. 2005.

“Percent hatchery-origin from 1997-2001. Estimates are from the TRT database and reported in Good et al. 2005.

dShort-term median population growth rate estimates assume that the reproductive success of naturally spawning hatchery fish is equivalent to that
of natural origin fish. Except estimates noted * where an estimate of the fraction of hatchery fish is not available then A represents hatchery fish +
natural-origin spawners. Data years used for calculation 1990-2002 (Good et al. 2005).

Status and Trends

NMEFS listed Puget Sound Chinook salmon as threatened in 1999 (64 FR 14308); that status was
reaffirmed on June 28, 2005 (70 FR 37160). This ESU has lost 15 spawning aggregations (nine
from the early-run type) that were either independent historical populations or major components
of the remaining 22 existing independent historical populations identified (Good et al. 2005).
The disproportionate loss of early-run life history diversity represents a significant loss of the
evolutionary legacy of the historical ESU.

Data reported by Good et al. (2005) indicate that long term trends in abundance for this ESU are
split with about half of the populations declining, and the other half increasing. In contrast, the
short-term trend for four populations is declining. The overall long-term trend in abundance
indicates that, on average, populations are just replacing themselves. Estimates of the short-term
median population growth rate (1) (data years 1990-2002) indicate an even split between
populations that are growing and those that are declining, although estimates would be lower for
several populations if the fraction of naturally spawning hatchery fish were available for all
populations within the ESU. For available data, when A is calculated assuming that hatchery fish
have the equivalent success of natural spawners then the largest estimated decline occurs in the
Green River. Populations with the largest positive short and long-term trends include the White
River and the North Fork Nooksack River (Good et al. 2005). Lambda for the Skagit River,
which produces the most Chinook salmon in this ESU, has increased slightly. Overall, the recent
analysis by Good et al. (2005) illustrated that there has not be much change in this ESU since
NMFES’ first status review (Busby et al. 1996). Individual populations have improved, while
others have declined. However, the lack of information on the fraction of naturally spawning,
hatchery-origin fish for 10 of the 22 populations within this ESU limits our understanding of the
trends in naturally spawning fish for a large portion of the ESU.

The estimated total run size of Chinook salmon in Puget Sound in the early 1990s was 240,000
fish, representing a loss of nearly 450,000 fish from historic numbers. During a recent 5-year
period, the geometric mean of natural spawners in populations of Puget Sound Chinook salmon
ranged from 222 to just over 9,489 fish. Most populations had natural spawners numbering in
the hundreds (median recent natural escapement is 766), and of the six populations with greater
than 1,000 natural spawners, only two have a low fraction of hatchery fish. The populations with
the greatest estimated component of hatchery fish tend to be in mid- to southern Puget Sound,
Hood Canal, and the Strait of Juan de Fuca regions. Estimates of the historical equilibrium
abundance, based on pre-European settlement habitat conditions, range from 1,700 to 51,000
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potential Puget Sound Chinook salmon spawners per population. The historical estimates of
spawner capacity are several orders of magnitude higher than spawner abundances currently
observed throughout the ESU (Good et al. 2005).

Critical Habitat

NMFS designated critical habitat for Puget Sound Chinook salmon on September 2, 2005 (70 FR
52630). The specific geographic area includes portions of the Nooksack River, Skagit River,
Sauk River, Stillaguamish River, Skykomish River, Snoqualmie River, Lake Washington, Green
River, Puyallup River, White River, Nisqually River, Hamma Hamma River and other Hood
Canal watersheds, the Dungeness/Elwha Watersheds, and nearshore marine areas of the Strait of
Georgia, Puget Sound, Hood Canal and the Strait of Juan de Fuca. This designation includes the
stream channels within the designated stream reaches, and includes a lateral extent as defined by
the ordinary high water line. In areas where the ordinary high water line is not defined the lateral
extent is defined as the bankfull elevation.

The designation for this ESU includes sites necessary to support one or more Chinook salmon
life stages. These areas are important for the species’ overall conservation by protecting quality
growth, reproduction, and feeding. Specific primary constituent elements include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine habitat,
and estuarine areas. The physical or biological features that characterize these sites include water
quality and quantity, natural cover, forage, adequate passage conditions, and floodplain
connectivity. Of 49 subbasins (5th field Hydrological Units) reviewed in NMFS' assessment of
critical habitat for the Puget Sound ESUs, nine subbasins were rated as having a medium
conservation value, 12 were rated as low, and the remaining subbasins (40), where the bulk of
Federal lands occur for this ESU, were rated as having a high conservation value to Puget Sound
Chinook salmon. Factors contributing to the downward trends in this ESU are
hydromorphological changes (such as diking, revetments, loss of secondary channels in
floodplains, widespread blockages of streams, and changes in peak flows), degraded freshwater
and marine habitat affected by agricultural activities and urbanization, and upper river tributaries
widely affected by poor forest practices. Changes in habitat quantity, availability, diversity, flow,
temperature, sediment load, and channel stability are common limiting factors in areas of critical
habitat.

Sacramento River Winter-Run Chinook Salmon

Distribution and Description of the Listed Species

The Sacramento River winter-run Chinook salmon ESU includes all naturally spawned
populations of winter-run Chinook salmon in the Sacramento River and its tributaries in
California. Two artificial propagation programs are included in this ESU: winter-run Chinook
salmon from the Livingston Stone National Fish Hatchery, and winter-run Chinook salmon in a
captive broodstock program maintained at the Livingston Stone National Fish Hatchery and the
University of California Bodega Marine Laboratory. These artificially propagated populations
are no more divergent relative to the local natural populations than would be expected between
closely related populations within this ESU.
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This ESU consists of a single spawning population that enters the Sacramento River and its
tributaries in California from November to June and spawns from late April to mid-August, with
a peak from May to June (Table 8). Sacramento River winter-run Chinook salmon historically
occupied cold, headwater streams, such as the upper reaches of the Little Sacramento, McCloud,
and lower Pit Rivers. Young winter-run Chinook salmon venture to sea in November and
December, after only four to seven months in fresh water (Groot et al. 1991).

Table 8. Sacramento River winter-run Chinook salmon abundance and selected measures of population
viability

Percent

Pooulation Historical Mean number of Hatcher Population
P Abundance® Spawners (Range)® Contributiyon growth rate ())°
Sacramento River winter-run 200,000 2,191 (364-65,683) <10 0.97 (0.87, 1.09)

®Historical abundance for the total ESU based on commercial fishery landings in the 1870s (Fisher 1994). Individual river estimates of historical
abundance not provided.

PRecent geometric mean number of spawners from Good et al. 2005.

‘Lambda value reported by Good et al. 2005. The 90% confidence intervals are noted in parentheses.

Status and Trends

NMFS listed Sacramento River winter-run Chinook salmon as endangered on January 4, 1994
(59 FR 440), and reaffirmed their status as endangered on June 28, 2005 (70 FR 37160), because
dams restrict access to a small fraction of their historic spawning habitat and the habitat
remaining to them is degraded. Sacramento River winter-run Chinook salmon consist of a single
self-sustaining population which is entirely dependent upon the provision of suitably cool water
from Shasta Reservoir during periods of spawning, incubation and rearing.

Construction of Shasta Dams in the 1940s eliminated access to historic spawning habitat for
winter-run Chinook salmon in the basin. Winter-run Chinook salmon were not expected to
survive this habitat alteration (Moffett 1949). However, cold water releases from Shasta Dam
have created conditions suitable for winter Chinook salmon for roughly 60 miles downstream
from the dam. As a result the ESU has been reduced to a single spawning population confined to
the mainstem Sacramento River below Keswick Dam, although some adult winter-run Chinook
salmon were recently observed in Battle Creek, a tributary to the upper Sacramento River.

Quantitative estimates of run-size are not available for the period before 1996, the completion of
Red Bluff Diversion Dam. However, winter-runs may have been as large as 200,000 fish based
upon commercial fishery records from the 1870s (Fisher 1994). The California Department of
Fish and Game estimated spawning escapement of Sacramento River winter-run Chinook salmon
at 61,300 (60,000 in the mainstem, 1,000 in Battle Creek, and 300 in Mill Creek) in the early
1960s. During the first 3 years of operation of the county facility at the Red Bluff Diversion
Dam (1967 to 1969), the spawning run of winter-run Chinook salmon averaged 86,500 fish.
From 1967 through the mid-1990s, the population declined at an average rate of 18% per year, or
roughly 50% per generation. The population reached critically low levels during the drought of
1987 to 1992; the 3-year average run size for the period of 1989 to 1991 was 388 fish. Based on
the Red Bluff Diversion Dam counts, the population has been growing rapidly since the 1990s.
Mean run size from 1995-2000 has been 2,191, but have ranged from 364 to 65,683 (Good et al.
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2005). Most recent estimates indicate that the short term trend is 0.26, while the population
growth rate is still less than 1 (Table 8). The draft recovery goal for the ESU is an average of
10,000 female spawners per year and a population growth rate >1.0, calculated over 13 years of
data (Good et al. 2005).

Critical Habitat

NMFS designated critical habitat for Sacramento River winter-run Chinook salmon on June 16,
1993 (58 FR 33212). The following areas consisting of the water, waterway bottom, and
adjacent riparian zones: the Sacramento River from Keswick Dam, Shasta County (river mile
302) to Chipps Island (river mile 0) at the westward margin of the Sacramento-San Joaquin
Delta, and other specified estuarine waters. These areas are important for the species’ overall
conservation by protecting quality growth, reproduction, and feeding. Factors contributing to the
downward trends in this ESU include reduced access to spawning/rearing habitat, possible loss of
genetic integrity through population bottlenecks, inadequately screened diversions, predation at
artificial structures and by nonnative species, pollution from Iron Mountain Mine and other
sources, adverse flow conditions, high summer water temperatures, unsustainable harvest rates,
passage problems at various structures, and vulnerability to drought (Good et al. 2005).

Snake River Fall-Run Chinook Salmon

Distribution and Description of the Listed Species

The Snake River fall-run Chinook salmon ESU includes all naturally spawned populations of
fall-run Chinook salmon in the mainstem Snake River below Hells Canyon Dam, and in the
Tucannon River, Grande Ronde River, Imnaha River, Salmon River, and Clearwater River
subbasins. Four artificial propagation programs are part of this ESU: The Lyons Ferry Hatchery,
Fall Chinook salmon Acclimation Ponds Program, Nez Perce Tribal Hatchery, and Oxbow
Hatchery fall-run hatchery programs. These artificially propagated populations are no more
divergent relative to the local natural populations than would be expected between closely related
populations within this ESU.

Historically, the primary fall-run Chinook salmon spawning areas occurred on the upper
mainstem Snake River (Connor et al. 2005). A series of Snake River dams blocked access to the
upper reaches, which significantly reduced spawning and rearing habitat. Consequently, salmon
now reside in waters that are generally cooler than pre-dam habitats. Currently, natural spawning
occurs at the upper end of Lower Granite Reservoir to Hells Canyon Dam, the lower reaches of
the Imnaha, Grande Ronde, Clearwater, and Tucannon rivers, and small mainstem sections in the
tailraces of the lower Snake River hydroelectric dams.

Adult Snake River fall-run Chinook salmon enter the Columbia River in July and August, and
spawning occurs from October through November. Juveniles emerge from the gravels in March
and April of the following year, moving downstream from natal spawning and early rearing areas
from June through early fall. Prior to dam construction, fall Chinook salmon were primarily
ocean-type (migrated downstream and reared in the mainstem Snake River during their first
year). However, today both an ocean-type and reservoir-type occur (Connor et al. 2005). The
reservoir-type juveniles overwinter in pools created by dams before migrating to sea; this
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response is likely due to early development in cooler temperatures which prevents rapid growth.
Phenotypic characteristics have shifted in apparent response to environmental changes from
hydroelectric dams (Connor et al. 2005). Migration downstream appears to be influenced by
flow velocity within both river and reservoir systems (Tiffan et al. 2009).

Status and Trends

NMFS originally listed Snake River fall-run Chinook salmon as endangered in 1992 (57 FR
14653) but reclassified their status as threatened on June 28, 2005 (70 FR 37160). Estimated
annual returns for the period 1938 to 1949 was 72,000 fish, and by the 1950s, numbers had
declined to an annual average of 29,000 fish (Bjornn and Horner 1980). Numbers of Snake
River fall-run Chinook salmon continued to decline during the 1960s and 1970s as
approximately 80% of their historic habitat was eliminated or severely degraded by the
construction of the Hells Canyon complex (1958 to 1967) and the lower Snake River dams (1961
to 1975). Counts of natural-origin adult Snake River fall-run Chinook salmon at Lower Granite
Dam were 1,000 fish in 1975, and ranged from 78 to 905 fish (with an average of 489 fish) over
the ensuing 25-year period (Good et al. 2005). Numbers of natural-origin Snake River fall-run
Chinook salmon have increased over the last few years, with estimates at Lower Granite Dam of
2,652 fish in 2001, 2,095 fish in 2002, and 3,895 fish in 2003.

Snake River fall-run Chinook salmon have exhibited an upward trend in returns over Lower
Granite Dam since the mid 1990s. Returns classified as natural-origin spawners exceeded 2,600
fish in 2001, compared to a 1997 to 2001 geometric mean natural-origin count of 871 (35% of
the proposed delisting abundance criteria of 2,500 natural spawners averaged over 8 years). Both
the long- and short-term trends in natural returns are positive. Harvest impacts on Snake River
fall Chinook salmon declined after listing and have remained relatively constant in recent years.
Mainstem conditions for subyearling Chinook migrants from the Snake River have generally
improved since the early 1990s. The hatchery component, derived from outside the basin, has
decreased as a percentage of the run at Lower Granite Dam from the 1998/99 status reviews (5-
year average of 26.2%) to 2001 (8%). This reflects an increase in the Lyons Ferry component,
systematic removal of marked hatchery fish at the Lower Granite trap, and modifications to the
Umatilla supplementation program to increase homing of fall Chinook salmon release groups.
Hatcheries stocking fish to the Snake River fall run produce genetic affects in the population due
to three major components: natural-origin fish (which may be progeny of hatchery fish), returns
of Snake River fish from the Lyons Ferry Hatchery program, and strays from hatchery programs
outside the Snake River.

Critical Habitat

NMFS designated critical habitat for Snake River fall-run Chinook salmon on December 28,
1993 (58 FR 68543). This critical habitat encompasses the waters, waterway bottoms, and
adjacent riparian zones of specified lakes and river reaches in the Columbia River that are or
were accessible to listed Snake River salmon (except reaches above impassable natural falls, and
Dworshak and Hells Canyon Dams). These areas are important for the species’ overall
conservation by protecting quality growth, reproduction, and feeding. Adjacent riparian zones
are defined as those areas within a horizontal distance of 300 feet from the normal line of high
water of a stream channel or from the shoreline of a standing body of water. Designated critical
habitat includes the Columbia River from a straight line connecting the west end of the Clatsop
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jetty (Oregon side) and the west end of the Peacock jetty (Washington side) and including all
river reaches from the estuary upstream to the confluence of the Snake River, and all Snake River
reaches upstream to Hells Canyon Dam. Critical habitat also includes several river reaches
presently or historically accessible to Snake River fall-run Chinook salmon. Limiting factors
identified for Snake River fall-run Chinook salmon include: mainstem lower Snake and
Columbia hydrosystem mortality, degraded water quality, reduced spawning and rearing habitat
due to mainstem lower Snake River hydropower system, harvest impacts, impaired stream flows,
barriers to fish passage in tributaries, excessive sediment, and altered floodplain and channel
morphology (NMFS 2005a).

Snake River Spring/Summer-Run Chinook Salmon

Distribution and Description of the Listed Species

The Snake River spring/summer-run Chinook salmon ESU includes all naturally spawned
populations of spring/summer-run Chinook salmon in the mainstem Snake River and the
Tucannon River, Grande Ronde River, Imnaha River, and Salmon River subbasins. Fifteen
artificial propagation programs are part of the ESU: The Tucannon River conventional Hatchery,
Tucannon River Captive Broodstock Program, Lostine River, Catherine Creek, Lookingglass
Hatchery Reintroduction Program (Catherine Creek), Upper Grande Ronde, Imnaha River, Big
Sheep Creek, McCall Hatchery, Johnson Creek Artificial Propagation Enhancement, Lembhi
River Captive Rearing Experiment, Pahsimeroi Hatchery, East Fork Captive Rearing
Experiment, West Fork Yankee Fork Captive Rearing Experiment, and the Sawtooth Hatchery
spring/summer-run Chinook salmon hatchery programs. These artificially propagated
populations are no more divergent relative to the local natural populations than would be
expected between closely related populations within this ESU. The Interior Columbia Basin
Technical Recovery Team has identified 32 populations in five major population groups (Upper
Salmon River, South Fork Salmon River, Middle Fork Salmon River, Grande Ronde/Imnaha,
Lower Snake Mainstem Tributaries) for this species. Historic populations above Hells Canyon
Dam are considered extinct (ICBTRT 2003). Table 9 identifies extant populations within the
Snake River spring/summer Chinook salmon ESU, their abundances, and the relative
contribution of hatchery fish.

Snake River spring/summer-run Chinook salmon have a stream-type life history. Spawning
occurs in late summer and early fall and eggs incubate over the following winter and hatch in late
winter and early spring of the following year. Juveniles mature in the river for one year before
migrating to the ocean in the spring of their second year. Larger outmigrants have a higher
survival rate during outmigration (Zabel and Williams 2002; Zabel and Achord 2004).
Depending on tributary and the specific habitat conditions, juveniles may migrate widely from
natal reaches into alternative summer-rearing or overwintering areas. Spawners return to spawn
primarily as 4- and 5-year-olds after 2 to 3 years in the ocean. A small fraction return as 3-year-
old “jacks” (although sexually mature upon return, these fish are smaller in body and 1-2 years
younger than most males on the spawning ground).
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Table 9. Snake River spring/summer Chinook salmon populations and selected measures of population

viability

Current Populations

Mean Number of

Spawners (Range)®

Percent Hatchery
Contribution®

Short-term Trend
(Previous)®

Tucannon River

Wenaha River

Wallowa River

Lostine River

Minam River

Catherine Creek

Upper Grande Ronde River
South Fork Salmon River
Secesh River

Johnson Creek

Big Creek spring run

Big Creek summer run
Loon Creek

Marsh Creek

Bear Valley/Elk Creek
North Fork Salmon River
Lemhi River

Pahsimeroi River

East Fork Salmon spring run
East Fork Salmon summer run
Yankee Fork spring run
Yankee Fork summer run
Valley Creek spring run
Valley Creek summer run
Upper Salmon spring run
Upper Salmon summer run
Alturas Lake Creek
Imnaha River

Big Sheep Creek

Lick Creek

303 (128-1,012)
225 (67-586)
0.57 redds (0-29)
34 redds (9-131)
180 (96-573)

50 (13-262)

46 (3-336)

496 redds (277-679)
144 redds (38-444)
131 redds (49-444)
53 (21-296)

5 redds (2-58)

27 redds (6-255)
53 (0-164)

266 (72-712)
5.6 redds (2-19)
72 redds (35-216)
161 (72-1,097)
0.27 rpm (0.2-1.41)
1.22 rpm 0.35-5.32)
0 rpm
2.9 redds (1-18)
7.4 redds (2-28)
2.14 rpm(0.71-9.29)
69 redds (25-357)
0.24 rpm (0.07-0.58)
2.7 redds (0-18)
564 redds (194-3,041)
0.25 redds (0-1)
1.4 redds (0-29)

76
64
5
5
5
56
58
9
4

62
97
59

-4.1(-11.0)
-9.4 (-23.6)
115
127
3.3 (-14.5)
-25.1 (-22.5)
-9.4
1.1 (-13.6)
9.8
-15
5.4 (-34.2)
1.7 (-27.9)
122
-4.0
6.2

12.8 (-27.4)
128
5.7

0.9 (-32.9)
-6.3
4.1

14.9 (-25.9)

5.8 (-29.3
5.3
-3.3
10.2

12.8(-24.1)
08
11.7

2All data reported in Good et al. 2005. Except where noted values represent the recent geometric mean number of spawners. RPM =redds per mile.

b°Reported in Good et al. 2005.

°For details on data series used in calculating the population’s short term trend see Good et al. 2005.

Status and Trends

NMFS originally listed Snake River spring/summer-run Chinook salmon as threatened on April
22,1992 (57 FR 14653), and reaffirmed their status as threatened on June 28, 2005 (70 FR
37160). Although direct estimates of historical annual Snake River spring/summer Chinook
salmon returns are not available, returns may have declined by as much as 97% between the late
1800s and 2000. According to Matthews and Waples (1991), total annual Snake River
spring/summer Chinook salmon production may have exceeded 1.5 million adult fish in the late
1800s. Total (natural plus hatchery origin) returns fell to roughly 100,000 spawners by the late
1960s and were below 10,000 by 1980 (Fulton 1968). Between 1981 and 2000, total returns
fluctuated between extremes of 1,800 and 44,000 fish. The 2001 and 2002 total returns increased
to over 185,000 and 97,184 adults, respectively. The 1997 to 2001 geometric mean total return
for the summer run component at Lower Granite Dam was slightly more than 6,000 fish,
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compared to the geometric mean of 3,076 fish for the years 1987 to 1996. The 2002 to 2006
geometric mean of the combined Chinook salmon runs at Lower Granite Dam was over 18,000
fish. However, it is important to note that over 80% of the 2001 return and over 60% of the 2002
return originated in hatcheries (Good et al. 2005). Good et al. (2005) reported that risks to
individual populations within the ESU may be greater than the extinction risk for the entire ESU
due to low levels of annual abundance and the extensive production areas within the Snake River
basin. Although the average abundance in the most recent decade is more abundant than the
previous decade, there is no obvious long-term trend.

Critical Habitat

NMFS designated critical habitat for Snake River spring/summer-run Chinook salmon on
October 25, 1999 (64 FR 57399). This critical habitat encompasses the waters, waterway
bottoms, and adjacent riparian zones of specified lakes and river reaches in the Columbia River
that are or were accessible to listed Snake River salmon (except reaches above impassable
natural falls, and Dworshak and Hells Canyon Dams). Adjacent riparian zones are defined as
those areas within a horizontal distance of 300 feet from the normal line of high water of a
stream channel or from the shoreline of a standing body of water. Designated critical habitat
includes the Columbia River from a straight line connecting the west end of the Clatsop jetty
(Oregon side) and the west end of the Peacock jetty (Washington side) and including all river
reaches from the estuary upstream to the confluence of the Snake River, and all Snake River
reaches upstream to Hells Canyon Dam; the Palouse River from its confluence with the Snake
River upstream to Palouse Falls, the Clearwater River from its confluence with the Snake River
upstream to its confluence with Lolo Creek; the North Fork Clearwater River from its confluence
with the Clearwater river upstream to Dworshak Dam. Critical habitat also includes several river
reaches presently or historically accessible to Snake River spring/summer Chinook salmon.
These areas are important for the species’ overall conservation by protecting quality growth,
reproduction, and feeding. Limiting factors identified for this species include hydrosystem
mortality, reduced stream flow, altered channel morphology and floodplain, excessive fine
sediment, and degraded water quality (NMFS 2006c).

Upper Willamette River Chinook Salmon

Distribution and Description of the Listed Species

The Upper Willamette River Chinook salmon ESU includes all naturally spawned populations of
spring-run Chinook salmon in the Clackamas River and in the Willamette River, and its
tributaries, above Willamette Falls, Oregon. Seven artificial propagation programs are part of the
ESU: The McKenzie River Hatchery, Marion Forks/North Fork Santiam River, South Santiam
Hatchery in the South Fork Santiam River, South Santiam Hatchery in the Calapooia River,
South Santiam Hatchery in the Mollala River, Willamette Hatchery, and Clackamas hatchery
spring-run Chinook salmon hatchery programs. These artificially propagated populations are no
more divergent relative to the local natural populations than would be expected between closely
related populations within this ESU.

Upper Willamette River Chinook salmon occupy the Willamette River and its tributaries. All
spring-run Chinook salmon in the ESU, except those entering the Clackamas River, must pass
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Willamette Falls. In the past, this ESU included sizable numbers of spawning salmon in the
Santiam River, the middle fork of the Willamette River, and the McKenzie River, as well as
smaller numbers in the Molalla River, Calapooia River, and Albiqua Creek. Historically, access
above Willamette Falls was restricted to the spring when flows were high. In autumn, low flows
prevented fish from ascending past the falls. The Upper Willamette spring-run Chinook salmon
are one of the most genetically distinct Chinook salmon groups in the Columbia River Basin.
Upper Willamette River Chinook salmon enter the Columbia River and estuary earlier than other
spring Chinook salmon ESUs (Meyers et al. 1998). Fall-run Chinook salmon spawn in the
Upper Willamette but are not considered part of the ESU because they are not native.

Status and Trends

NMFS originally listed Upper Willamette River Chinook salmon as threatened on March 24,
1999 (64 FR 14308), and reaffirmed their status as threatened on June 28, 2005 (70 FR 37160).
The total abundance of adult spring-run Chinook salmon (hatchery-origin plus natural-origin
fish) passing Willamette Falls has remained relatively steady over the past 50 years (ranging from
approximately 20,000 to 70,000 fish), but it is an order of magnitude below the peak abundance
levels observed in the 1920s (approximately 300,000 adults). Until recent years, interpretation of
abundance levels has been confounded by a high but uncertain fraction of hatchery-produced
fish. Although the number of adult spring-run Chinook salmon crossing Willamette Falls is in
the same range (about 20,000 to 70,000 adults) it has been for the last 50 years, a large fraction of
these are hatchery produced. Estimates of the percentage of hatchery fish range according to
tributary, several of which exceed 70 percent (Good et al. 2005). The Calapooia River is
estimated to contain 100 percent hatchery fish. Insufficient information on hatchery production
in the past prevents a meaningful analysis of the population trend; therefore no formal trend
analysis is available.

Most natural spring Chinook salmon populations of the Upper Willamette River are likely
extirpated or nearly so, with only one remaining naturally reproducing population identified in
this ESU: the spring Chinook salmon in the McKenzie River. Unfortunately, recently short-term
declines in abundance suggest that this population may not be self-sustaining (Myers et al. 1998;
Good et al. 2005). Abundance in this population has been relatively low (low thousands) with a
substantial number of these fish being of hatchery origin. The population increased substantially
from 2000 to 2003, probably due to increased survival in the ocean. Future survival rates in the
ocean are unpredictable, and the likelihood of long-term sustainability for this population has not
been determined. Of concern is that a majority of the spawning habitat and approximately 30 to
40% of total historical habitat are no longer accessible because of dams (Good et al. 2005).
Individuals from the ESU migrate far north and are caught incidentally in ocean fisheries,
particularly off southeast Alaska and northern Canada, and in the mainstem Columbia and
Willamette rivers during spring.

Critical Habitat

NMFS designated critical habitat for Upper Willamette River Chinook salmon on September 2,
2005 (70 FR 52630). Critical habitat for upper Willamette River Chinook salmon includes
defined areas within subbasins of the middle fork Willamette River, upper Willamette River,
McKenzie River, Santiam River, Crabtree Creek, Molalla River, and Clackamas River. This
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designation includes the stream channels within the designated stream reaches, and includes a
lateral extent as defined by the ordinary high water line. In areas where the ordinary high-water
line is not defined the lateral extent is defined as the bankfull elevation. The critical habitat
designation for this ESU identifies primary constituent elements that include sites necessary to
support one or more Chinook salmon life stages. Specific sites include freshwater spawning and
rearing sites, freshwater migration corridors. The physical or biological features that characterize
these sites include water quality and quantity, natural cover, forage, adequate passage conditions,
and floodplain connectivity. Of 65 subbasins reviewed in NMFS’ assessment of critical habitat
for the Upper Willamette River Chinook salmon ESU, 19 subbasins were rated as having a
medium conservation value, 19 were rated as low, and the 27 remaining subbasins were rated as
having a high conservation value to Upper Willamette River Chinook salmon. Federal lands
were generally rated as having high conservation value to the species’ spawning and rearing.
Factors contributing to the downward trends in this ESU include reduced access to
spawning/rearing habitat in tributaries, hatchery impacts, altered water quality and temperature in
tributaries, altered stream flow in tributaries, and lost or degraded floodplain connectivity and
lowland stream habitat.

Chum Salmon

Description of the Species

Chum salmon are more widely distributed than other salmon, and may have at one time made up
nearly 50% of the Pacific salmon biomass in the Pacific Ocean (Salo 1991). Historically, chum
salmon were distributed throughout the coastal regions of western Canada and the United States,
as far south as Monterey Bay, California, to the Arctic coast and east to the Mackenzie River, in
the Beaufort Sea. They also ranged in Asia from Korea to the Arctic coast of the Soviet Union
and west to the Lena River. Presently, major spawning populations on the west coast of the
United States are found only as far south as Tillamook Bay on the northern Oregon coast. In this
section of our Opinion, we discuss the distribution, status, and critical habitats of the two listed
species of threatened chum salmon separately; however, because chum salmon in the wild are
virtually indistinguishable between listed ESUs, and are the same biological species sharing the
same generalized life history, we begin this section describing those characteristics common
across ESUs.

Chum salmon exhibit obligatory anadromy (there are no recorded landlocked or naturalized
freshwater populations), and like Chinook salmon, chum salmon are semelparous so they die
after one spawning event. Their general life cycle spans fresh and marine waters, although chum
salmon are more marine oriented than the other Pacific salmon, in that they spend very little time
rearing in fresh water. Chum salmon spend 2 to 5 years in feeding areas in the northeast Pacific
Ocean, which is a greater proportion of their life history than other Pacific salmonids. Chum
salmon distribute throughout the North Pacific Ocean and Bering Sea, although North American
chum salmon (as opposed to chum salmon originating in Asia), rarely occur west of 175° E
longitude. North American chum salmon migrate north along the coast in a narrow coastal band
that broadens in southeastern Alaska, although some data suggest that Puget Sound chum,
including Hood Canal summer run chum, may not make extended migrations into northern
British Columbian and Alaskan waters, but instead may travel directly offshore into the north
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Pacific Ocean.

Spawning migrations generally occur in the summer and fall; the precise spawn timing and
migration varies across populations. Stream flows and water temperatures can influence stream
entry. Sexual differences in the timing of returns to spawning grounds are apparent with males
generally arriving early and females later in the run. Once on the spawning grounds mate
competition is intense with males competing to fertilize eggs and females competing for optimal
nest site selection. Size and age at maturity is partially under genetic control, but can be
influenced by environment and migration behavior. Generally, spawning runs consist of fish
between 2 and 5 years of age, and like Chinook salmon, chum females will build large redds that
consist of four or five egg pockets laid in succession. Chum salmon fecundity is highly variable,
and is correlated with body size and region (latitudinal trends are evident with northern
population having lower absolute and relative fecundities; Salo 1991).

The time necessary for egg incubation until emergence of alevins in fresh water varies among
basins and among years within a basin, and is closely correlated to water temperatures such that
low temperatures prolong incubation. Egg and alevin survival, and the fitness of emerging fry
are affected by sediment loading, intergravel water flow and dissolved oxygen levels, gravel
composition, spawning time and density, and water temperatures. Once they emerge from their
gravel nests, chum salmon fry outmigrate to seawater almost immediately (Salo 1991). This
ocean-type migratory behavior contrasts with the stream-type behavior of other species in the
genus Oncorhynchus (e.g., coastal cutthroat trout, steelhead, coho salmon, and most types of
Chinook and sockeye salmon, exception pink salmon), which usually migrate to sea at a larger
size, after months or years of freshwater rearing. Because of their small size chum salmon will
form loosely aggregated schools, presumably to reduce predation by swamping predators (Miller
and Brannon 1982; Pitcher 1986).

Generally, chum fry emigrate to estuaries between March through May where they forage on
epibenthic and neritic food resources. The timing of juvenile entry into sea water is commonly
correlated with nearshore warming and associated plankton blooms (Groot et al. 1991). As food
resources decline and the fish grow, they move further out to forage on pelagic and nektonic
organisms (Simenstad and Salo 1982; Salo 1991). Migratory studies indicate that chum salmon
in their first year of life will typically maintain a coastal migratory pattern although the pattern is
variable as they mature at sea. At sea chum salmon feed on pteropods, euphausiids, amphipods,
fish and squid larvae (Salo 1991).

Threats

Natural Threats. Chum salmon are exposed to high rates of natural predation each stage of their
life stage, and in particular during migration. Mortality at emergence or prior to emergence is
significant because eggs develop in the interstitial spaces in the stream gravel, and storm surges
that redeposit gravels and wash out eggs or introduce silt to the interstitial spaces can reduce egg
survival. Other factors that reduce egg survival and larvae development include low dissolved
oxygen, poor percolation, and extreme cold or warm temperatures.

Anthropogenic Threats. Chum salmon, like the other listed salmon, have declined under the
combined effects of overharvests in fisheries; competition from fish raised in hatcheries and
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native and non-native exotic species; dams that block their migrations and alter river hydrology;
gravel mining that impedes their migration and alters the dynamics (hydrogeomorphology) of the
rivers and streams that support juveniles; water diversions that deplete water levels in rivers and
streams; destruction or degradation of riparian habitat that increase water temperatures in rivers
and streams sufficient to reduce the survival of juvenile chum salmon; and land use practices
(logging, agriculture, urbanization) that destroy wetland and riparian ecosystems while
introducing sediment, nutrients, biocides, metals, and other pollutants into surface and ground
water and degrade water quality in the fresh water, estuarine, and coastal ecosystems throughout
the Pacific Northwest. These threats for are summarized in detail under Chinook salmon.

Columbia River Chum Salmon

Distribution and Description of the Listed Species

The Columbia River chum ESU includes all naturally spawned populations of chum salmon in
the Columbia River and its tributaries in Washington and Oregon. Three artificial propagation
programs are part of the ESU: The Chinook River (Sea Resources Hatchery), Grays River, and
Washougal River/Duncan Creek chum hatchery programs. These artificially propagated
populations are no more divergent relative to the local natural populations than would be
expected between closely related populations within this ESU.

Most of the chum within this ESU return to northern tributaries of the Columbia River (in
Washington State), primarily the Grays River, in areas immediately below Bonneville Dam, and
in smaller numbers under the 1-205 bridge near Vancouver. Chum populations that formerly
occupied tributaries on the south bank of the Columbia (in Oregon) are considered extirpated or
nearly so. Observers have documented spawning over multiple years in the mainstem Columbia
River, near McCord Creek and Multnomah Falls in Oregon, although the number of spawners in
these areas are generally quite low (McElhany et al. 2007).

Chum salmon return to the Columbia River in late fall (mid-October to December).

Table 10. Columbia River chum salmon populations and selected measures of population viability

Current Populations Historical Recent Spawner Short-Term Median
Abundance® Abundance Growth Rate (A)°
Youngs Bay
Gray’s River 7,511 331/704° 1.043 (0.957-1.137)
Big Creek
Elochoman River
Clatskanie River
Mill, Abernathy, and Germany Creeks
Scappoose Creek
Cowlitz River 141,582
Kalama River 9,953
Lewis River 89,671
Salmon Creek
Clackamus River
Sandy River
Washougal River 15,140
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Lower gorge tributaries >3,141 425° 0.984 (0.883-1.096)
Upper gorge tributaries >8,912

*Estimated total historical abundance for this ESU was about 283,421 fish, but is not meant to reflect a summation of individual river historic
estimates. Individual river estimates of historical abundance are based on an EDT analysis using equilibrium abundance under historical conditions.
All data are reported in Good et al. 2005.

Two different time series estimate are available but based on overlapping years. The first estimate is based on 1996-2000 data, while the second is
based on 1996-2000 data.

“The X calculation is an estimate of what the natural growth rate would have been after accounting for hatchery-origin spawners. Two different
estimates are available for the Grays River population; the Rawlings estimate (depicted in the table above) is believed to be more accurate. Other
estimates, long- and short-term trends, suggest the population is declining (see Good et al. 2005).

Status and Trends

NMFS listed Columbia River chum salmon as threatened on March 25, 1999, and reaffirmed
their threatened status on June 28, 2005 (71 FR 37160). Chum salmon in the Columbia River
once numbered in the hundreds of thousands of adults and were reported in almost every river in
the Lower Columbia River basin, but by the 1950s most runs disappeared (Rich 1942; Marr
1943; Fulton 1970). The total number of chum salmon returning to the Columbia River in the
last 50 years has averaged a few thousand per year, with returns limited to a very restricted
portion of the historical range. Significant spawning occurs in only two of the 16 historical
populations, meaning that 88% of the historical populations are extirpated, or nearly so. The two
remaining populations are the Grays River and the lower Columbia Gorge tributaries (Good et al.
2005). Both long- and short-term trends for Grays River abundance are negative, but the current
trend in abundance for the lower Columbia Gorge tributaries is slightly positive. Chum salmon
appear to be extirpated from the Oregon portion of this ESU. In 2000, ODFW conducted surveys
to determine the abundance and distribution of chum salmon in the Columbia River, and out of
30 sites surveyed, only one chum salmon was observed.

Few Columbia River chum salmon have been observed in tributaries between The Dalles and
Bonneville dams. Surveys of the White Salmon River in 2002 found one male and one female
carcass, with no evidence of spawning (Ehlke and Keller 2003). Chum salmon were not
observed in any upper Columbia Gorge tributaries during the 2003 and 2004 spawning ground
surveys. Finally, most Columbia River chum populations have been functionally extirpated or
are presently at very low abundance levels.

Historically, the Columbia River chum salmon supported a large commercial fishery in the first
half of this century which landed more than 500,000 fish per year as recently as 1942.
Commercial catches declined beginning in the mid-1950s, and in later years rarely exceeded
2,000 per year. During the 1980s and 1990s, the combined abundance of natural spawners for
the lower Columbia Gorge, Washougal, and Grays River populations was below 4,000 adults. In
2002, however, the abundance of natural spawners exhibited a substantial increase at several
locations (estimate of natural spawners is approximately 20,000 adults). The cause of this
dramatic increase in abundance is unknown. However, long- and short-term productivity trends
for populations are at or below replacement. The loss of off-channel habitat and the extirpation
of approximately 17 historical populations increase this species’ vulnerability to environmental
variability and catastrophic events. Overall, the populations that remain have low abundance,
limited distribution, and poor connectivity (Good et al. 2005).
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Critical Habitat

NMFS designated critical habitat for Columbia River chum salmon on September 2, 2005 (70 FR
52630). The designated includes defined areas in the following subbasins: Middle
Columbia/Hood, Lower Columbia/Sandy, Lewis, Lower Columbia/Clatskanie, Lower Cowlitz,
Lower Columbia subbasin and river corridor. This designation includes the stream channels
within the designated stream reaches, and includes a lateral extent as defined by the ordinary high
water line. In areas where the ordinary high-water line is not defined the lateral extent is defined
as the bankfull elevation.

The critical habitat designation for this ESU identifies primary constituent elements that include
sites necessary to support one or more chum salmon life stages. These areas are important for the
species’ overall conservation by protecting quality growth, reproduction, and feeding and are
rated as having high conservation value to the species. Columbia River chum salmon have
primary constituent elements of freshwater spawning, freshwater rearing, freshwater migration,
estuarine areas free of obstruction, nearshore marine areas free of obstructions, and offshore
marine areas with good water quality. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, adequate passage conditions, and
floodplain connectivity. Of 21 subbasins reviewed in NMFS' assessment of critical habitat for
the Columbia River chum salmon ESU, three subbasins were rated as having a medium
conservation value, no subbasins were rated as low, and the majority of subbasins (18), were
rated as having a high conservation value to Columbia River chum salmon. The major factors
limiting recovery for Columbia River chum salmon are altered channel form and stability in
tributaries, excessive sediment in tributary spawning gravels, altered stream flow in tributaries
and the mainstem Columbia River, loss of some tributary habitat types, and harassment of
spawners in the tributaries and mainstem.

Hood Canal Summer-Run Chum Salmon

Distribution and Description of the Listed Species

The Hood Canal summer-run chum salmon ESU includes all naturally spawned populations of
summer-run chum salmon in Hood Canal and its tributaries as well as populations in Olympic
Peninsula rivers between Hood Canal and Dungeness Bay, Washington (64 FR 14508) from mid-
September to mid-October (WDF (Washington Department of Fisheries) 1993), but may enter
natal rivers in late August. Eight artificial propagation programs are considered to be part of the
ESU: the Quilcene National Fish Hatchery, Hamma Hamma Fish Hatchery, Lilliwaup Creek Fish
Hatchery, Union River/Tahuya, Big Beef Creek Fish Hatchery, Salmon Creek Fish Hatchery,
Chimacum Creek Fish Hatchery, and the Jimmycomelately Creek Fish Hatchery summer-run
chum hatchery programs. NMFS determined that these artificially propagated populations are no
more divergent relative to the local natural population(s) than what would be expected between
closely related natural populations within the species. Table 11 identifies populations within the
Hood Canal summer-run chum salmon ESU, their abundances, and hatchery input.

On average Hood Canal chum salmon reside in estuaries for 23 days; daily tidal migrations have
not been observed, but prey availability does influence movement patterns (Bax 1983). Upon
leaving their natal estuaries summer-run chum salmon generally migrate through Hood Canal and
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Status and Trends

NMFS listed Hood Canal summer-run chum salmon as threatened on March 25, 1999 (64 FR
14508), and reaffirmed as threatened on June 28, 2005 (70 FR 37160). Historically, Hood Canal
summer-run chum salmon comprised an estimated 16 populations. Only eight extant populations
remain within this ESU (Good et al. 2005). Most of the extirpated populations historically
occurred on the eastern side of Hood Canal, which is cause for concern over the current spatial
structure of this ESU. The widespread loss of estuary and lower floodplain habitat is a
continuing threat to ESU spatial structure and connectivity.

Although many population remain adult returns for some populations showed modest
improvements in 2000, with upward trends continuing in 2001 and 2002. The recent 5-year
mean abundance is variable among populations in the species, ranging from one fish to nearly
4,500 fish in the Big/Little Quilcene rivers. Hood Canal summer-run chum are the focus of an
extensive rebuilding program developed and implemented since 1992 by the state and tribal
comanagers. Two populations (the combined Quilcene and Union River populations) are above
the conservation thresholds established by the rebuilding plan. However, most populations
remain depressed. Estimates of the fraction of naturally spawning hatchery fish exceed 60% for
some populations, indicating that reintroduction programs are supplementing the numbers of
total fish spawning naturally in streams. Long-term trends in productivity are above replacement
for only the Quilcene and Union River populations. Buoyed by recent increases, seven
populations are exhibiting short-term productivity trends above replacement.

Table 11. Hood Canal summer-run chum populations and selected measures of population viability

1999-2002 Mean Percent Hatchery

Populations® Escapement (range) Contributions A (+/- SE)
P g (1995-2001)

Jimmycomelately Creek 10 (1-192) 0.85 (0.16)
Salmon/Snow creeks 1,521 (463-5,921) 0-69 1.23 (0.10)
Big/Little Quilcene rivers 4,512 (3,065-6,067) 5-51 1.39(0.22)

Lilliwaup Creek 13 (1-775) 1.19 (0.44)
Hamma Hamma River 558 (173-2,260) 1.3(0.19)

Duckabush River 382 (92-942) 1.1 (0.17)

Dosewallips River 919 (351-1,627) 1.17 (0.24)
Union River 1.15 (0.10))
Chimacum Creek* 198 (0-903)° 100

Big Beef Creek* 17 (0-826)° 100

Dewatto Creek* 9 (2-32)"

®All data is reported in Good et al. 2005. * Denotes extinct populations that have recently had some natural recolonization or have been seeded with
hatchery fish.

Of the eight programs releasing summer-run chum salmon that are considered to be part of the
Hood Canal summer chum ESU, six of the programs are supplementation programs implemented
to preserve and increase the abundance of native populations in their natal watersheds. NMFS’
assessment of the effects of artificial propagation on ESU extinction risk concluded that these
hatchery programs collectively do not substantially reduce the extinction risk of the ESU. The
hatchery programs are reducing risks to ESU abundance by increasing total ESU abundance as
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well as the number of naturally spawning summer-run chum salmon.

Critical Habitat

NMFS designated critical habitat for Hood Canal summer-run chum salmon on September 2,
2005 (70 FR 52630). The specific geographic area includes the Skokomish River, Hood Canal
subbasin, which includes the Hamma Hamma and Dosewallips rivers and others, the Puget
Sound subbasin, Dungeness/Elwha subbasin, and nearshore marine areas of Hood Canal and the
Strait of Juan de Fuca from the line of extreme high tide to a depth of 30 meters. This includes a
narrow nearshore zone from the extreme high-tide to mean lower low tide within several Navy
security/restricted zones. This also includes about 8 miles of habitat that was unoccupied at the
time of the designation Finch, Anderson and Chimacum creeks (69 FR 74572; 70 FR 52630), but
has recently been re-seeded. Chimacum Creek, however, has been naturally recolonized since at
least 2007 (T. Johnson, pers. comm., Jan. 2010). The designation for Hood Canal summer-run
chum, like others made at this time, includes the stream channels within the designated stream
reaches, and includes a lateral extent as defined by the ordinary high water line. In areas where
the ordinary high-water line is not defined the lateral extent is defined as the bankfull elevation.

The specific primary constituent elements identified for Hood Canal summer-run chum salmon
are areas for spawning, freshwater rearing and migration, estuarine areas free of obstruction,
nearshore marine areas free of obstructions, and offshore marine areas with good water quality.
The physical or biological features that characterize these sites include water quality and
quantity, natural cover, forage, adequate passage conditions, and floodplain connectivity. Of 17
subbasins reviewed in NMFS' assessment of critical habitat for the Hood Canal chum salmon
ESU, 14 subbasins were rated as having a high conservation value, while only three were rated as
having a medium value to conservation. These areas are important for the species’ overall
conservation by protecting quality growth, reproduction, and feeding. Limiting factors identified
for this species include degraded floodplain and mainstem river channel structure, degraded
estuarine conditions and loss of estuarine habitat, riparian area degradation and loss of in-river
wood in mainstem, excessive sediment in spawning gravels, and reduced stream flow in
migration areas.

Coho Salmon

Description of the Species

Coho salmon occur naturally in most major river basins around the North Pacific Ocean from
central California to northern Japan (Laufle et al. 1986). The typical life history of coho salmon
is similar to most of the other large bodied Pacific salmonids, in as much as adult fish spawn in
the fall and winter, young emerge in the spring, rear in fresh water and saltwater and return to
spawn as adults. Sympatric in many river basins with Chinook, chum, sockeye, and pink salmon,
partitioning occurs through the species use of different areas of a river for reproduction and
rearing, and the length of time they spend in these ecosystems. For instance, Chinook salmon
spawn in fast flowing mainstem riverine reaches with large substrate; sockeye salmon spawn in
rivers and lakes, and chum salmon spawn in mid- to lower reaches of rivers and have been
observed spawning in areas of tidal influence. Coho salmon characteristically spawn in
tributaries and slow-flowing shallow creeks in tributaries with gradients of three percent or less,
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which may be fed by cool groundwater sources, and are often widely dispersed within watershed.
Adult coho salmon may remain in fresh water three or more months before spawning, with early
migrants often moving farther upstream than later migrants (Sandercock 1991).

Most coho salmon enter rivers between September and February, but entry is influenced by
discharge and other factors. In many river systems, coho salmon and other Pacific salmon are
unable to enter the rivers until sufficiently strong flows open passages and provide sufficient
depth. First fall freshets combined with high tides triggers the upstream migration of coho
salmon in many basins. Until then, if river flows are low or warm summer temperatures persist,
fish may congregate in pools near the mouth of the river or natal stream until conditions change.
Typically coho salmon spawn from November to January, although there are many exceptions
throughout their range. Spawning duration usually spans about three months in most basins, with
individual fish actively spawning for several days to weeks. Spawning occurs in a few third-
order streams, but most spawning activity occurs in fourth- and fifth-order streams. As with
other Pacific salmon, coho salmon fecundity varies with the size of the fish and latitudinally with
coho salmon in northern climes generally exhibiting higher rates of fecundity (Sandercock 1991).
Most coho salmon mature and spawn at age 3, although there are exceptions; in many basins in
the northern portion of the species’ range coho salmon spawn at age 2.

Rates of incubation are largely temperature dependent: colder water temperatures will slow the
rate of development. Generally, in optimal temperatures eggs incubate for about 35 to 50 days,
and fry start emerging from the gravel two to three weeks after hatching. Incubation and
emergence success are also influenced by dissolved oxygen levels, sediment loading, and
scouring high flows. Following emergence, fry aggregate and move to shallow areas near the
stream banks. Most coho salmon rear in fresh water for about 15 to 18 months. As fry grow, they
disperse upstream and downstream to establish and defend territories. Juvenile rearing usually
occurs in tributaries with gradients of three percent or less, although they may move to streams
with gradients of four to five percent. Juvenile coho salmon are often found in small streams less
than five feet wide, and may migrate considerable distances to rear in lakes and off-channel
ponds. During the summer, fry prefer pools featuring adequate cover such as large woody debris,
undercut banks, and overhanging vegetation. Overwintering tends to occur in larger pools,
backwater areas and off stream channels and ponds (e.g., wall-based channels that are
groundwater fed).

At not quite 2 years of age, coho salmon will migrate downstream where they, like other
anadromous fish, undergo the physiological transition to salt water. The outmigration of coho
smolts begins as early as February and may continue through the summer and fall, with peak
outmigration often between March and June, although this varies among basins and
environmental conditions (Sandercock 1991). Once in the ocean, coho salmon generally migrate
north along the coast in a narrow coastal band that broadens in southeastern Alaska. During this
migration, juvenile coho salmon tend to occur in both coastal and offshore waters. During spring
and summer, coho salmon will forage in waters between 46° N, the Gulf of Alaska, and along
Alaska’s Aleutian Islands.

Coho salmon, like many other salmon, are opportunistic feeders. While at sea, coho salmon tend
to eat fish including herring, sand lance, sticklebacks, sardines, shrimp and surf smelt. While in
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estuaries and in fresh water coho salmon are significant predators of Chinook, pink, and chum
salmon, as well as aquatic and terrestrial insects. Smaller fish, such as fry, eat chironomids,
plecoptera, and other larval insects, and typically use visual cues to find their prey.

Threats

Natural Threats. Coho salmon, like other salmon, are exposed to high rates of natural predation
at each life stage. Most mortality, however, occurs in the freshwater life stages. Winter
mortality may be significant for coho salmon because they overwinter in fresh water, where they
can be swept downstream from freshets or eaten by raccoon, cutthroat trout, or other small
animals. Once coho reach the ocean, survival is high (Sandercock 1991).

Anthropogenic Threats. Coho salmon have declined under the combined effects of overharvests
in fisheries; competition from fish raised in hatcheries and native and non-native exotic species;
dams that block their migrations and alter river hydrology; gravel mining that impedes their
migration and alters the dynamics (hydrogeomorphology) of the rivers and streams that support
juveniles; water diversions that deplete water levels in rivers and streams; destruction or
degradation of riparian habitat that increase water temperatures in rivers and streams sufficient to
reduce the survival of juvenile coho salmon; and land use practices (logging, agriculture,
urbanization) that destroy wetland and riparian ecosystems while introducing sediment, nutrients,
biocides, metals, and other pollutants into surface and ground water and degrade water quality in
the fresh water, estuarine, and coastal ecosystems throughout the species’ range. These threats
for are summarized in detail under Chinook salmon.

Central California Coast Coho Salmon

Distribution and Description of the Listed Species

The Central California Coast coho salmon ESU extends from Punta Gorda in northern California
south to and including the San Lorenzo River in central California (Weitkamp et al. 1995). The
ESU includes all naturally spawned populations of coho salmon from Punta Gorda in northern
California south to and including the San Lorenzo River in central California, as well as
populations in tributaries to San Francisco Bay, excluding the Sacramento-San Joaquin River
system. Four artificial propagation programs are part of the Central California Coast coho
salmon ESU: the Don Clausen Fish Hatchery Captive Broodstock Program, Scott Creek/King
Fisher Flats Conservation Program, Scott Creek Captive Broodstock Program, and the Noyo
River Fish Station egg-take Program coho hatchery programs. These artificially propagated
populations are no more divergent relative to the local natural populations than would be
expected between closely related populations within this ESU.

Coho salmon in this ESU enter rivers to spawn very late (peaking in January), with little time
spent in fresh water between river entry and spawning. This compressed adult freshwater
residency appears to coincide with the single, brief peak of river flow characteristic of this
region.

Status and Trends

NMFS originally listed the central California coast coho salmon ESU as threatened on October
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31, 1996 (61 FR 56138) and later reclassified their status to endangered June 28, 2005 (70 FR
37160). Information on the abundance and productivity trends for the naturally spawning
component of the central California coast cono ESU is extremely limited. There are no long-
term time series of spawner abundance for individual river systems. Historical estimated
escapement for this ESU is 56,100 for 1963, and more recent estimates suggest the ESU dropped
to about one-fourth that size by the late 1980s and early 1990s (Good et al. 2005).

Where data are available, analyses of juvenile coho presence-absence information, juvenile
density surveys, and irregular adult counts for the South Fork Noyo River indicate low
abundance and long-term downward trends for the naturally spawning populations throughout
the ESU. Improved ocean conditions coupled with favorable stream flows and harvest
restrictions have contributed to increased returns in 2001 in streams in the northern portion of the
ESU, as indicated by an increase in the observed presence of fish in historically occupied
streams. Data are particularly lacking for many river basins in the southern two-thirds of the
ESU where naturally spawning populations are considered to be at the greatest risk. The
extirpation or near extirpation of natural coho salmon populations in several major river basins,
and across most of the southern historical range of the ESU, represents a significant risk to ESU
spatial structure and diversity (Good et al. 2005).

Artificial propagation of coho salmon within the Central California Coast ESU has declined
since the ESU was listed in 1996 though it continues at the Noyo River and Scott Creek facilities,
and two captive broodstock populations have recently been established. Genetic diversity risk
associated with out-of-basin transfers appears to be minimal, but diversity risk from
domestication selection and low effective population sizes in the remaining hatchery programs
remains a concern. An out-of-ESU artificial propagation program for coho was operated at the
Don Clausen hatchery on the Russian River through the mid 1990s, but was terminated in 1996.
Termination of this program was considered by the biological review team as a positive
development for naturally produced coho in this ESU.

For the naturally spawning component of the ESU, the biological review team found very high
risk of extinction for the abundance, productivity, and spatial structure of the Viable Salmon
Population (VSP) parameters and comparatively moderate risk with respect to the diversity VSP
parameter. The lack of direct estimates of the performance of the naturally spawned populations
in this ESU, and the associated uncertainty this generates, was of specific concern to the
biological review team. Informed by the VSP risk assessment and the associated uncertainty, the
strong majority opinion of the biological review team was that the naturally spawned component
of the Central California Coast cono ESU was “in danger of extinction.” The minority opinion
was that this ESU is “likely to become endangered within the foreseeable future.” (70 FR 37160)
Accordingly, NMFS upgraded the status of central California coast coho ESU to endangered on
June 28, 2005 (70 FR 37160).

Central California Coast coho salmon populations continue to be depressed relative to historical
numbers. Strong indications show that breeding groups have been lost from a significant
percentage of historical stream range. A number of coho populations in the southern portion of
the range appear to be either extinct or nearly so, including those in Gualala, Garcia, and Russian
rivers, as well as smaller coastal streams in and south of San Francisco Bay (Good et al. 2005).
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Critical Habitat

NMFS designated critical habitat for central California coast coho salmon on May 5, 1999 (64
FR 24049). The designation encompasses accessible reaches of all rivers (including estuarine
areas and riverine reaches) between Punta Gorda and the San Lorenzo River (inclusive) in
California, including two streams entering San Francisco Bay: Arroyo Corte Madera Del Presidio
and Corte Madera Creek. This critical habitat designation includes all waterways, substrate, and
adjacent riparian zones of estuarine and riverine reaches (including off-channel habitats) below
longstanding naturally impassable barriers (i.e. natural waterfalls in existence for at least several
hundred years). These areas are important for the species’ overall conservation by protecting
growth, reproduction, and feeding.

Lower Columbia River Coho Salmon

Distribution and Description of the Listed Species

The lower Columbia River coho salmon ESU includes all naturally spawned populations of coho
salmon in the Columbia River and its tributaries in Washington and Oregon, from the mouth of
the Columbia up to and including the Big White Salmon and Hood Rivers, and includes the
Willamette River to Willamette Falls, Oregon, Twenty-five artificial propagation programs are
part of this ESU: Grays River, Sea Resources Hatchery, Peterson Coho Project, Big Creek
Hatchery, Astoria High School (STEP) Coho Program, Warrenton High School (STEP) Coho
Program, Elochoman Type-S Coho Program, Elochoman Type-N Coho Program, Cathlamet
High School FFA Type-N Coho Program, Cowlitz Type-N Coho Program in the Upper and
Lower Cowlitz Rivers, Cowlitz Game and Anglers Coho Program, Friends of the Cowlitz Coho
Program, North Fork Toutle River Hatchery, Kalama River Type-N Coho Program, Kalama
River Type-S Coho Program, Lewis River Type-N Coho Program, Lewis River Type-S Coho
Program, Fish First Wild Coho Program, Fish First Type-N Coho Program, Syverson Project
Type-N Coho Program, Washougal River Type-N Coho Program, Eagle Creek NFH, Sandy
Hatchery, and the Bonneville/Cascade/ Oxbow complex coho hatchery programs.

Two distinct runs distinguished by the timing of adult returns to fresh water (early returners and
later returners) occur within the ESU. Early returning adults generally migrate south of the
Columbia River once they reach the ocean, returning to fresh water in mid-August and to
spawning tributaries in early September. Peak spawning of early returning adults occurs from
mid-October to early November. Late returning adult coho salmon exhibit a northern oceanic
distribution, return to the Columbia River from late September through December, and enter
tributaries from October through January. Most late return adults spawn between November
through January, although some spawn in February and as late as March (LCFRB 2004). Almost
all Lower Columbia River ESU coho salmon females and most males spawn at 3 years of age.

Status and Trends

NMFS listed Lower Columbia River coho salmon as endangered on June 28, 2005 (70 FR
37160). The vast majority (over 90%) of the historic population in the Lower Columbia River
coho salmon ESU appear to be either extirpated or nearly so. Recent counts of natural-origin
spawners and the recent fraction of hatchery-origin spawners are noted in Table 12 , where
available.
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Only two populations of coho salmon within this ESU produce a sizeable number of naturally
spawned fish, the upper Sandy River population above Marmot Dam and the Clackamas River
population above the North Fork Dam. Most of the other populations are believed to have very
little, if any, natural production. The long-term and short-term trends for Marmot Dam counts
are both negative. The long-term median growth rate is slightly positive for both the Sandy and
Clackamas rivers, but the confidence intervals for each are very wide indicating there is a large
amount of uncertainty. Both populations within the Sandy and Clackamas rivers have suffered
from recruitment failure a number of times over the past 15 years, despite the reductions in
harvest.

Table 12. Lower Columbia River coho salmon populations and selected measures of population viability

Geometric

2002 Spawner Mean Percent Long-term

a Hatchery Median Growth
Count éggg%%gg% Contributions® Rate (1)°

River

Youngs Bay and Big Creek 4,473 91
Grays River

Elochoman River

Clatskanie River 229 60
Mill, Germany, and Abernathy

creeks

Scappoose Rivers 458 0
Cispus River

Tilton River

Upper Cowlitz River

Lower Cowlitz River

North Fork Toutle River

South Fork Toutle River

Coweeman River

Kalama River

North Fork Lewis River

East Fork Lewis River

Upper Clackamas River 1,001 2,122 12

Lower Clackamas River 2,402 78
Salmon Creek

Upper Sandy River 310 643 0

Lower Sandy River 271 97
Washougal River

Columbia River Gorge — lower
tributaries

White Salmon

Columbia River Gorge — upper
tributaries

Hood River

1.009 (0.898-
1.177)

1.012 (0.874-
1.172)

1,317 >65

2All data are reported in Good et al. 2005. Spawner data from 2002 only.
PGeometric mean number of coho salmon above the dams. * is a combined totoal for the upper and lower Clackamas River. Reported in Good et al.
2005

“Hatchery production likely dominates yearly returns for the ESU as a whole.

%The A calculated estimates the natural growth rate after accounting for hatchery-origin spawners. The estimate provided above assumes that
hatchery-origin spawners make no reproductive contribution. The A for the Clackamas River is calculated with data spanning 1973-2002, and for
the Sandy River covers 1977-2002. The Clackamas River value includes both early-run and late-run coho salmon.
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The most serious threat facing this ESU is the scarcity of naturally-produced spawners, with
attendant risks associated with small populations, loss of diversity, and fragmentation and
isolation of the remaining naturally-produced fish. Spatial structure has been substantially
reduced by the loss of access to upper basins from tributary hydro development (i.e., Condit Dam
on the Big White Salmon River and Powerdale Dam on the Hood River). The diversity of
populations in all three areas has been eroded by large hatchery influences and periodically, low
effective population sizes.

Critical Habitat
NMFS has not designated critical habitat for Lower Columbia River coho salmon.

Southern Oregon/Northern California Coast Coho Salmon

Distribution and Description of the Listed Species

Southern Oregon/Northern California coast coho salmon consists of all naturally spawning
populations of coho salmon that reside below long-term, naturally impassible barriers in streams
between Punta Gorda, California and Cape Blanco, Oregon, as well as three artificial propagation
programs: the Cole Rivers Hatchery, Trinity River Hatchery, and Iron Gate Hatchery coho
hatchery programs. The three major river systems supporting Southern Oregon — Northern
Coastal California coast coho are the Rogue, Klamath (including the Trinity), and Eel rivers.

Southern Oregon and Northern California coast coho immigrate to natal rivers in September or
October. River entry is much later south of the Klamath River Basin, occurring in November and
December, as well as in basins south of the Klamath River to the Mattole River, California.

River entry occurs from mid-December to mid-February in rivers farther south. Because
individuals enter rivers late, they spend much less time in the river. Coho salmon adults spawn
at age 3, spending just over 1 year in fresh water and a year and a half in the ocean.

Status and Trends

Southern Oregon/Northern California coast coho salmon were listed as threatened on May 7,
1997 (62 FR 24588); they retained that classification when their status was reviewed on June 28,
2005 (70 FR 37160). Southern Oregon/Northern California Coast coho salmon extend from
Cape Blanco in southern Oregon to Punta Gorda in northern California (Weitkamp et al. 1995).
The status of coho salmon coast-wide, including the Southern Oregon/Northern California Coast
coho salmon ESU, was formally assessed in 1995 (Weitkamp et al. 1995). Two subsequent
status review updates have been published by NMFS, one addressing all West Coast coho salmon
ESUs and a second specifically addressing the Oregon Coast Southern Oregon/Northern
California Coast coho salmon ESUs (NMFS 1996, 1997). In the 1997 status update, estimates of
natural population abundance were based on very limited information. New data on
presence/absence in northern California streams that historically supported coho salmon were
even more disturbing than earlier results, indicating that a smaller percentage of streams
contained coho salmon compared to the percentage presence in an earlier study. However, it was
unclear whether these new data represented actual trends in local extinctions or were biased by
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sampling effort.

Data on population abundance and trends are limited for the California portion of this ESU. No
regular estimates of natural spawner escapement are available. Historical point estimates of coho
salmon abundance for the early 1960s and mid-1980s suggest that statewide coho spawning
escapement in the 1940s ranged between 200,000 and 500,000 fish. Numbers declined to about
100,000 fish by the mid-1960s with about 43% originating from this ESU. Brown et al. (1994)
estimated that the California portion of this ESU was represented by about 7,000 wild and
naturalized coho salmon (Good et al. 2005). In the Klamath River, the estimated escapement has
dropped from approximately 15,400 in the mid-1960s to about 3,000 in the mid 1980s, and more
recently to about 2,000 (Good et al. 2005). The second largest producing river in this ESU, the
Eel River, dropped from 14,000, to 4,000 to about 2,000 during the same period. Historical
estimates are considered “best guesses” made using a combination of limited catch statistics,
hatchery records, and the personal observations of biologists and managers.

Most recently, Williams et al. (2006) described the structure of historic populations of Southern
Oregon/Northern California Coast coho salmon. They described three categories of populations:
functionally independent populations, potentially independent populations and dependent
populations. Functionally independent populations are populations capable of existing in
isolation with a minimal risk of extinction. Potentially independent populations are similar but
rely on some interchange with adjacent populations to maintain a low probability of extinction.
Dependent populations have a high risk of extinction in isolation over a 100-year timeframe and
rely on exchange of individuals from adjacent populations to maintain themselves.

Critical Habitat

NMFS designated critical habitat for Southern Oregon/Northern California Coast coho salmon
on May 5, 1999 (64 FR 24049). Critical habitat for this species encompasses all accessible river
reaches between Cape Blanco, Oregon, and Punta Gorda, California. Critical habitat consists of
the water, substrate, and river reaches (including off-channel habitats) in specified areas.
Accessible reaches are those within the historical range of the ESU that can still be occupied by
any life stage of coho salmon. Of 155 historical streams for which data are available, 63% likely
still support coho salmon. These river habitats are important for a variety of reasons, such as
supporting the feeding and growth of juveniles and serving as spawning habitat for adults.
Limiting factors identified for this species include: loss of channel complexity, connectivity and
sinuosity, loss of floodplain and estuarine habitats, loss of riparian habitats and large in-river
wood, reduced stream flow, poor water quality, temperature and excessive sedimentation, and
unscreened diversions and fish passage structures.

Oregon Coast Coho Salmon

Distribution and Description of the Listed Species

The Oregon Coast coho salmon ESU includes all naturally spawned populations of coho salmon
in Oregon coastal streams south of the Columbia River and north of Cape Blanco (63 FR 42587,
August 1998). One hatchery population, the Cow Creek hatchery coho salmon, is considered
part of the ESU. Table 13 identifies populations within the Oregon Coast coho salmon ESU,
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their abundances, and hatchery input.

Table 13. Oregon Coast coho populations and selected measures of population viability

Basin®

Mean Spawner

13-Year Spawner

Percent Hatchery

Abundance® Trend (SE)© Contribution®

Necanicum 1,889 1.169 (0.860) 2.9-6.4
Nehalem 18,741 1.206 (0.889) 0.5-26.0
Tillamook Bay 3,949 1.191 (1.084) 0-5.6

Nestucca 3,846 1.230 (1.015) 0-10.4
Siletz 2,295 1.070 (0.760) 1.8-100
Yaquima 3,665 1.204 (1.205) 0-375
Alsea 3,621 1.042 (0.960) 0-87.5
Siuslaw 16,213 1.120 (1.037) 0.3-11.1
Umpqua 24,351 1.182 (0.662) 2183
Coos 20,136 1.088 (1.066) 0-1.9

Coquille 8,847 1.070 (0.649) 0-6.0

®Population structure is unclear. The above data reflects the assumption that spawners from major river basins are largely isolated, and each basin
comprises a population. All data are reported in Good et al. 2005.

PRecent 3-year geometric mean of natural-origin spawners.

°Data years 1990-2002.

Data represents the range of percent hatchery contributions from 1998 through 2002 (from Jacobs et al. 2002, 2001, and 2002 as cited in Good et
al. 2005).

Status and Trends

The Oregon coast coho salmon ESU was listed as a threatened species under the ESA on
February 11, 2008 (73 FR 7816), the conclusion to a 13-year history of court cases. The most
recent NMFS status review for the Oregon Coast coho ESU was conducted by the biological
review team in 2003, which assessed data through 2002. The abundance and productivity of
Oregon Coast coho since the previous status review represented some of the best and worst years
on record (NMFS 1997a). Yearly adult returns for the Oregon Coast coho ESU were over
160,000 natural spawners in 2001 and over 260,000 in 2002, far exceeding the abundance
observed for the past several decades. These increases in spawner abundance in 2000 to 2002
followed three consecutive brood years (the 1994 to 1996 brood years returning in 1997 to 1999,
respectively) exhibiting recruitment failure (recruitment failure is when a given year class of
natural spawners fails to replace itself when its offspring return to the spawning grounds 3 years
later). These 3 years of recruitment failure were the only such instances observed thus far in the
entire 55-year abundance time series for Oregon Coast coho salmon (although comprehensive
population-level survey data have only been available since 1980). The 2000 to 2002 increases
in natural spawner abundance occurred in many populations in the northern portion of the ESU,
which were the most depressed at the time of the last review (NMFS 1997a). Although
encouraged by the increase in spawner abundance in 2000 to 2002, the biological review team
noted that the long-term trends in ESU productivity were still negative due to the low abundances
observed during the 1990s.

Since the biological review team convened, the total abundance of natural spawners in the
Oregon Coast coho ESU has declined each year (i.e., 2003 to 2006). The abundance of total
natural spawners in 2006 (111,025 spawners) was approximately 43 % of the recent peak
abundance in 2002 (255,372 spawners). In 2003, ESU-level productivity (evaluated in terms of
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the number of spawning recruits resulting from spawners 3 years earlier) was above replacement,
and in 2004, productivity was approximately at replacement level. However, productivity was
below replacement in 2005 and 2006, and dropped to the lowest level since 1991 in 2006 (73 FR
7816).

Preliminary spawner survey data for 2007 (the average peak number of spawners per mile
observed during random coho spawning surveys in 41 streams) suggest that the 2007 to 2008
return of Oregon Coast coho is either (1) much reduced from abundance levels in 2006, or (2)
exhibiting delayed run timing from previous years. As of December 13, 2007, the average peak
number of spawners per mile was below 2006 levels in 38 of 41 surveyed streams (ODFW 2007
in 73 FR 7816). It is possible that the timing of peak spawner abundance is delayed relative to
previous years, and that increased spawner abundance in late December and January 2008 will
compensate for the low levels observed thus far.

The recent 5-year geometric mean abundance (2002 to 2006) of approximately 152,960 total
natural spawners remains well above that of a decade ago (approximately 52,845 from 1992 to
1996). However, the decline in productivity from 2003 to 2006, despite generally favorable
marine survival conditions and low harvest rates, is of concern (73 FR 7816).

Critical Habitat

NMFS designated critical habitat for Oregon Coast coho on February 11, 2008 (73 FR 7816).
The designation includes 72 of 80 watersheds occupied by Oregon Coast coho salmon, and totals
about 6,600 stream miles including all or portions of the Nehalem, Nestucca/Trask, Yaguina,
Alsea, Umpqua and Coquille basins. These areas are essential for feeding, migration, spawning,
and rearing. The specific primary constituent elements include: spawning sites with water and
substrate quantity to support spawning, incubation, and larval development; freshwater rearing
sites with water quantity and floodplain connectivity to form and maintain physical habitat
conditions and support juvenile growth, foraging, behavioral development (e.g., predator
avoidance, competition), and mobility; freshwater migratory corridors free of obstruction with
adequate water quantity and quality conditions; and estuarine, nearshore and offshore areas free
of obstruction with adequate water quantity, quality and salinity conditions that support
physiological transitions between fresh- and saltwater, predator avoidance, foraging and other life
history behaviors.
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Sturgeon

Description of the Genus

Sturgeon (Acipenseridae) are one of the oldest Osteichthyes (bony fish) in existence, and are
native to rivers and coastal areas of North America. The two listed sturgeon, discussed below,
are part of the genus Acipenser, and share some common characteristics. Sturgeon, in general,
have a characteristic external morphology distinguished by the inferior mouth typical of bottom-
feeders. Most species are anadromous, although a few species are entirely fresh water and many
species can survive if they become land-locked. Both listed species (discussed below) are
anadromous and tend to remain in coastal waters. As an anadromous fish, sturgeon spawn in
fresh water and feed and rear in marine or estuarine waters. Sturgeon are also iteroparous
spawners and tend to be very long-lived.

Threats

Natural Threats. Freshwater predation of eggs and larvae from birds and larger fish, and marine
predation of adult and subadult fish by sharks, pinnipeds and other large body predators.

Anthropogenic Threats. In general sturgeon have declined from the combined effects from the
construction of dam and water diversion projects, dredging and blasting, water pollution, and
fisheries. As a result of their longevity, slow rate of growth and delayed maturation, and bottom-
feeding habits, in general sturgeon have a life history that makes them susceptible to over-harvest
and exposure to (and the accumulation of) contaminants. Many sturgeon also do not spawn on
an annual basis, but may spawn every other year or even more infrequently. Thus even small
increases in mortality can affect population productivity (Heppell 2007). The body form and
feeding habits of sturgeon may expose them to a different suite of contaminants or contaminant
properties than pelagic fish due to their affinity with bottom sediments. Exposure pathways
would include a dissolved or water borne exposure, but for sediment-associated contaminants the
sediment exposure pathway may be more significant. Benthic dwelling fish may be exposed
through the direct contact with sediment, exposed to the boundary layer over the sediment, and
commonly have a higher rate of incidental ingestion and exposure through direct consumption of
sediments.

Southern Green Sturgeon

Distribution and Description of the Listed Species

Green sturgeon occur along the west coast of North America from Mexico to the Bering Sea
(Adams et al. 2002; Moyle 2002; Colway and Stevenson 2007). Distinguished primarily
according genetic differences and spawning locations, NMFS recognizes two distinct population
segments (DPS) of green sturgeon: a northern DPS whose populations are relatively healthy, and
a Southern DPS that has undergone significant decline (Adams et al. 2007). NMFS listed the
Southern DPS of green sturgeon as threatened in 2006 (71 FR 17757).

Green sturgeon are considered one of the most marine-oriented sturgeon species, spending much

of their lives in coastal marine waters, estuaries and bays. Early life stages rear in fresh water,
and adults return to fresh water when they are 15 years old or older to spawn. Across the
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species’ range only three rivers contain documented spawning and only one of the rivers is part
of the southern green sturgeon DPS, the Sacramento River (Moyle et al. 1992; CDFG 2002).
Outside of natal rivers, the distribution of southern green sturgeon and northern green sturgeon
overlap. Both northern DPS and southern DPS green sturgeon occupy coastal estuaries and
coastal marine waters from southern California to Alaska, including Humbolt Bay, the lower
Columbia River estuary, Willapa Bay, Grays Harbor and southeast Alaska. In general, green
sturgeon are more common north of Point Conception, California.

Green sturgeon are spring spawners and initiate spawning migrations as early as March, spawn
late spring to early summer, hold in deep pools and return to salt water in the fall early, often
with the first increases in fall flows. There may a be a latitudinal cline in the timing of upstream
spawning migrations, as fish in the Klamath River have been observed initiating migrations
between April and June, Rogue River fish between May and July, whereas Heubein et al. (2009)
observed Sacramento River fish making their upstream migrations between March and April.
Spawning generally occurs in deep pools of large rivers or off-channel coves (Moyle et al. 1992,
1995; Erickson and Webb 2007; Erickson et al. 2001; Heublein et al. 2009; Rien et al. 2001).
Fish then tend to aggregate in deep pools, where they will over-summer before outmigrating in
the fall, although some fish have been observed outmigrating relatively soon after presumed
spawning events (Heubein et al. 2009). In the Sacramento River adult green sturgeon spawn in
late spring and early summer above Hamilton City, above Red Bluff Diversion Dam, and
possibly as far upstream as Keswick Dam (CDFG 2002; Heubein et al. 2009). It appears that
specific habitat for spawning includes large cobblestones (where eggs can settle between),
although spawning is known to occur over clean sand or bedrock.

Green sturgeon are a long-lived fish, and likely live for 60 to 70 years (Moyle 2002). Age at first
maturation for green sturgeon is at least 15 years old, after which adults likely return every 2 to 5
years to spawn (Adams et al. 2002; Moyle 2002; Van Eenennaam et al. 2006). Most male
spawners are young (17 to 18 years) while females on the spawning grounds are often older (27
to 28 years). Females produce roughly 60,000 to 140,000 eggs per spawning event (Scott and
Crossman 1973; Moyle et al. 1992). Temperature may trigger spawning behavior, with ranges of
48° to 62° F being influential (Moyle et al. 1995). Water temperature is also critical for egg
survival with temperatures above 68° F being fatal to developing embryos (Cech et al. 2000).

Green sturgeon spend their first 1 to 4 years in their natal streams and rivers (Nakamoto et al.
1995; Beamsesderfer and Webb 2002), although they are believed to be physiologically adapted
to sea water survival at 6 months of age (Allen and Cech 2007; Allen et al. 2009a, b). Larvae are
active at night, a behavior that likely reduces predation and avoids being moved downstream
more than necessary (Cech et al. 2000). Green sturgeon larvae grow very rapidly, reaching about
300 mm by age one (Deng 2000). Temperature is strongly correlated with growth rates, with
optimal growth rates occurring at about 59° F (Cech et al 2000). While in fresh water, juveniles
feed on a variety of fishes and invertebrates (Moyle et al. 1992). One juvenile from the
Sacramento-San Joaquin estuary was found to have preyed most commonly upon opisthobranch
mollusks (Philline sp.), with bay shrimp (Crangon sp.) and overbite clams (Potamocorbula
amurensis) as secondary prey. Other juveniles in the Sacramento River delta feed on opossum
shrimp (Neomysis mercedis) and Corophium amphipods (Radtke 1966).
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Upon outmigration from fresh water, subadult green sturgeon disperse widely along through
continental shelf waters of the west coast within the 110 meter contour (Moyle et al. 1992;
NMFES 2005b; Erikson and Hightower 2007). Biologists have recaptured fish tagged in the
Sacramento River, in coastal and estuarine waters to the north. It appears that green sturgeon
generally distribute north of the river mouth from whence they emerge as juveniles during fall
and move into bays and estuaries during summer and fall (Israel et al. 2009; Moser and Lindley
2007). The limited feeding data available for subadult and adult green sturgeon show that they
consume benthic invertebrates including shrimp, clams, chironomids, copepods, mollusks,
amphipods, and small fish (Houston 1988; Moyle et al. 1992; Wilson and McKinley 2004;
Dumbauld et al. 2008). Starting as larvae, sturgeon use electroreception to identify prey.
Olfaction and taste may also be important to foraging, while vision is thought play a minor role
in prey capture (Miller 2004).

Status and Trends

NMFS listed the southern population of the North American green sturgeon as threatened on
April 7, 2006 (71 FR 17757). Trend data for green sturgeon is severely limited. Available
information comes from two predominant sources, fisheries and tagging. Only three data sets
were considered useful for the population time series analyses by NMFS’ biological review team:
the Klamath Yurok Tribal fishery catch, a San Pablo sport fishery tag returns, and Columbia
River commercial landings (NMFS 2005b). Using San Pablo sport fishery tag recovery data, the
California Department of Fish and Game produced a population time series estimate for the
southern DPS. San Pablo data suggest that green sturgeon abundance may be increasing, but the
data showed no significant trend. The data set is not particularly convincing, however, as it
suffers from inconsistent effort and since it is unclear whether summer concentrations of green
sturgeon provide a strong indicator of population performance (NMFS 2005b). Although there is
not sufficient information available to estimate the current population size of southern green
sturgeon, catch of juveniles during state and federal salvage operations in the Sacramento delta
are low in comparison to catch levels before the mid-1980s.

Threats

Natural Threats. Green sturgeon eggs and larvae are likely preyed upon by a variety of larger
fish and animals, while sub-adult and adult sturgeon may occasionally be preyed upon by shark
sea lions, or other large body predators. Physical barriers, changes in water flow and
temperatures may also affect fresh water survival.

Anthropogenic Threats. The principle threat to southern green sturgeon comes from a drastic
reduction in available spawning area from impassible barriers (e.g., Oroville, Shasta and
Keswick dams). Other threatens include potentially lethal temperature limits, harvest,
entrainment by water projects and toxins and invasive species (Adams et al. 2007; Erickson and
Webb 2007; Lackey 2009). Since this DPS is composed of a single spawning population within
the Sacramento River, stochastic variation in environmental conditions and significant
fluctuations in demographic rates increases the risk of extinction for this DPS.

Climate change has the potential to affect sturgeon in similar, if not more significant ways it
affects salmonids. Elevated air temperatures could lead to precipitation falling as rain instead of
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snow. Additionally, snow would likely melt sooner and more rapidly, potentially leading to
greater flooding during melting and lower water levels at other times, as well as warmer river
temperatures. Although sturgeon can spawn over varied benthic habitat, they prefer localized
depressions in riverbeds (Erickson et al. 2001; Moyle et al. 1992; Moyle et al. 1995; Rien et al.
2001). Increased extremes in river flow (i.e., periods of flooding and low flow) can alternatively
disrupt and fill in spawning habitat that sturgeon rely upon (ISAB 2007). If water flow is low
during migration events, it is likely that new obstacles can impede or block sturgeon movement.
As with other anadromous fishes, sturgeon are uniquely evolved to the environments that they
live in. Because of this specificity, broad scale changes in environment can be difficult to adapt
to, including changes in water temperature (Cech et al. 2000). Sturgeon are also sensitive to
elevated water temperatures. Temperature triggers spawning behavior. Warmer water
temperatures can initial spawning earlier in a season for salmon and the same can be true for
sturgeon (ISAB 2007). If river and lake temperatures become anomalously warm, juvenile
sturgeon may experience elevated mortality due to lack of cooler water refuges in freshwater
habitats. Apart from direct changes to sturgeon survival, altered water temperatures may disrupt
habitat, including the availability of prey (ISAB 2007). Warmer temperatures may also have the
effect of increasing water use in agriculture, both for existing fields and the establishment of new
ones in once unprofitable areas (ISAB 2007). This means that streams, rivers, and lakes will
experience additional withdrawal of water for irrigation and increasing contaminant loads from
returning effluent. Overall, it is likely that global warming will increase pressures on sturgeon
survival and recovery.

Studies from other sturgeon species indicate that sturgeon readily bioaccumulate contaminants.
White sturgeon from the Kootenai River have been found to contain aluminum, arsenic,
cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, selenium, zinc,
DDE, DDT, PCBs, and other organochlorines (Kruse and Scarnecchia 2001). Mercury has also
been identified from white sturgeon of the lower Columbia River (Webb et al. 2006). Numerous
organochlorines, including DDT, DDD, DDE, chlordane, and dieldrin have also been identified
in these fish (Foster et al. 2001). Observed concentrations are likely sufficient to influence
reproductive physiology.

Critical Habitat

On October 9, 2009, NMFS designated critical habitat for southern green sturgeon (74 FR
52300). The geographical area identified as critical habitat is based upon the overlapping
distribution of the southern and northern DPS, and encompasses all areas where the presence of
southern green sturgeon have been confirmed or where their presence is likely. Therefore the
geographical area defined as critical habitat is the entire range of the biological species, green
sturgeon, from the Bering Sea, AK, to Ensenada, Mexico. Specific fresh water areas include the
Sacramento River, Feather River, Yuba River, and the Sacramento-San Joaquin Delta. Specific
coastal bays and estuaries include estuaries from Elkhorn Slough, California, to Puget Sound,
Washington. Coastal marine areas include waters along the entire biological species’ range
within a depth of 60 fathoms. The principle biological or physical constituent elements essential
for the conservation of southern green sturgeon in fresh water include: food resources; substrate
of sufficient type and size to support viable egg and larval development; water flow, water
quality such that the chemical characteristics support normal behavior, growth and viability;
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migratory corridors; water depth; and sediment quality. Primary constituent elements of
estuarine habitat include food resources, water flow, water quality, migratory corridors, water
depth, and sediment quality. The specific primary constituent elements of marine habitat include
food resources, water quality, and migratory corridors.

Critical habitat of the Southern DPS of green sturgeon is threatened by several anthropogenic
factors. Four dams and several other structures currently are impassible for green sturgeon to
pass on the Sacramento, Feather, and San Joaquin rivers, preventing movement into spawning
habitat. Threats to these riverine habitats also include increasing temperature, insufficient flow
that may impair recruitment, the introduction of striped bass that may eat young sturgeon and
compete for prey, and the presence of heavy metals and contaminants in the river.

Shortnose Sturgeon

Distribution and Description of the Listed Species

Shortnose sturgeon occur along the Atlantic Coast of North America, from the St. John River in
Canada, south to the St. John’s River in Florida. NMFS’ recovery plan (1998a) recognized 19
wild populations based on their strong fidelity to their natal streams, and several captive
populations (from a Savannah River broodstock) that are maintained for educational and research
purposes (NMFS 1998a; Table 14).

Shortnose sturgeon are generally anadromous (they migrate between sea and fresh water for
reproductive purposes) or amphidromous (some fish migrate between fresh and salt water for
reasons other than spawning, such as feeding), but such migratory behavior may not be
obligatory for the species as they can also maintain land-locked (freshwater resident) populations.
In general, shortnose sturgeon are benthic fish that occupy the deep channel sections of large
rivers or estuarine waters of their natal rivers, and will migrate considerable distances. Dadswell
(1979 in Dadswell et al. 1984) observed shortnose sturgeon traveling up 160 km between tagging
and recapture in the St. John estuary, and it is not uncommon for adults to migrate 200 km or
more to reach spawning areas (Kynard 1997).

The general migratory strategy of shortnose sturgeon is similar to many fresh water and
diadromous fishes, which probably optimizes feeding opportunities, minimizes losses due to
unfavorable conditions (winter refuge migrations), and optimizes spawning success (Northcote
1978; Harden-Jones 1968 in Dadswell 1984). Water temperatures, flow regimes, and barriers
influence their movement patterns (Kynard 1997; Kynard et al. 2000). Adult shortnose sturgeon
will migrate upstream to spawning areas in the spring or in the fall. Fish that migrate upstream in
the fall generally overwinter in areas just downstream of spawning sites, while others including
non-spawners will overwinter in estuarine waters. After spawning in the spring, spent
(post-spawned) adults tend to migrate rapidly downstream to feeding areas in the estuary or to
tidally influence fresh water (see Dadswell et al. 1984 for a review).

Young-of-the year shortnose sturgeon move downstream after hatching, remaining in fresh water
for about 1 year (Kynard 1997). Initially, young shortnose sturgeon will reside short distances
from spawning areas, and as they grow will tend to move further downstream (Dadswell et al.
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1984). By age 3 or older juvenile sturgeon will spend a large portion of their year at the salt- and
fresh water interface of coastal rivers (NMFS 1998a).

Habitat use in fresh water during summer and winter months overlaps between adult and age-1
shortnose sturgeon (O’Herron et al. 1993; Rogers and Weber 1995 in Moser et al. 2000; Kynard
et al. 2000). Kynard et al. (2000) found that both age classes preferred deep-water curves with
sand and cobble to higher velocity runs, particularly during winter months, and shifted to channel
habitat as water temperatures rose in summer months. Many fish also exhibited diel movement
patterns between deeper waters during the day and shallower waters at night (Kynard et al. 2000).
During the summer, at the southern end of their range, shortnose sturgeon congregate in cool,
deep, areas of rivers where adult and juvenile sturgeon can take refuge from high temperatures
(Flournoy et al. 1992, Rogers and Weber 1995, and Weber 1996 cited in Moser et al. 2000). In
the Connecticut River and the Merrimack, Kynard et al. (2000) found shortnose generally used
water about 3 meters deep, ranging from less than a meter to about 15 meters deep.

Sturgeon are iteroparous, and based on limited data it appears that females sturgeon spawn every
three to five years while males spawn every other year, although some may spawn in consecutive
years (Dovel et al. 1992; Collins and Smith 1993; Kieffer and Kynard 1993; NMFS 1998a).
Spawning typically occurs during the spring, between mid-March and late May. Spawning areas
are often located just below the fall line at the farthest accessible upstream reach of the river
(NMFS 1998a). The onset of spawning may be cued to decreasing river discharge following the
peak spring freshet, when water temperatures range from 8 to 12 °C and bottom water velocities
range between 25-130 cm/s, although photoperiod appears to control spawning readiness
(Dadswell et al. 1984; NMFS 1998a; Kynard et al., in draft).

Length at maturity is about 45-55 cm fork length for shortnose sturgeon and age at first spawning
appears to vary along a latitudinal cline. According to spawning checks, it appears that male
shortnose sturgeon in southern rivers will first spawn between ages 2 and 5, while fish as far
north as the St. Johns River, Canada first spawn at about 10 to 11 years of age (Dadswell et al.
1984; NMFS 1998a). Age at first spawning for female shortnose sturgeon varies from about age
6 to 18 years, like males, varying on a latitudinal cline (Dadswell et al. 1984; NMFS 1998a). In
general, fish in the northern portion of the species’ range live longer than individuals in the
southern portion of the species’ range (Gilbert 1989). The maximum age reported for a
shortnose sturgeon in the St. John River in New Brunswick is 67 years (for a female), 40 years
for the Kennebec River, 37 years for the Hudson River, 34 years in the Connecticut River, 20
years in the Pee Dee River, and 10 years in the Altamaha River (Gilbert 1989 using data
presented in Dadswell et al. 1984). Male shortnose sturgeon appear to have shorter life spans
than females (Gilbert 1989).

Like all sturgeon, shortnose have ventrally located, sucker-like mouths, structured for feeding on
benthos. Foraging generally occurs in areas with abundant macrophytes, where juvenile and
adult shortnose sturgeon feed on amphipods, polychaetes, and gasteropods (Dadswell et al. 1984;
Moser and Ross 1995; NMFS 1998a). Starting as larvae sturgeon use electroreception to identify
prey. Olfaction and taste are also likely important to foraging, while vision is thought to play a
minor role (Miller 2004). As adults, a significant portion of a shortnose sturgeon’s diet may
consist of freshwater mollusks (Dadswell et al. 1984). Based on observations by Kynard et al.
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1  (2000), shortnose sturgeon will consume the entire mollusk, excreting the shell after ingestion.

2  Table 14. Shortnose sturgeon populations and their estimated abundances

. . \a Data Abundance Population
Population (Location) Series Estimate (C.1.)° Segment Reference
Saint John River (Canada) 1973-1977 18,000 (+/-30%) Adults Dadswell 1979
Kennebecasis RIVEr  1998-2005 2,068 (801-11,277) COSEWIC 2005
(Canada)
Kennebecasis River 2005 4,836 (+1-69) Liet a'ﬁgﬁgl’ NMFS
Penobscot River (ME) 2006-2007 1,049 (673-6,939) UME 2008
2008 1739 (846-3653) Summer P. Dionne, pers. comm..
667 (451-1013) Fall P. Dionne, pers. comm..
Kennebec River (ME) 1977-1981 7,222 (5,046-10,765) Adult Squiers et al. 1982
2003 9,488 (6,942-13,358) Adults Squiers 2003
. . Kynard & Kieffer, unpubl.;
Merrimack River (MA) 1987-1991 32 (20-79) Adults NMFS unpubl.
Connecticut River (MA, CT)  1989-2002 1,042-1,580°¢ Adults Savoy 2004
gﬁfgﬂ Connecticut 1976-1977 516 (317-898) Total  Taubert 1980; NMFS 1998a
1977-1978 370 (235-623) Total Taubert 1980; NMFS 1998a
1976-1978 714 (280-2,856) Total Taubert 1980; NMFS 1998a
1976-1978 297 (267-618) Total Taubert 1980; NMFS 1998a
Adults Kynard & Kieffer, unpubl.;
1994 328 (188-1,264) NMFS unpubl.
) i Spawning Kynard & Kieffer, unpubl.;
1994-2001 143 (14-360) Adults NMFS unpubl.
Lower Connecticut Savoy and Shake 1992;
River® 1988-1993 895 (799-1,018) Adult NMES 19984
Hudson River (NY) 1980 30,311 Total Dovel 1979; NMFS 1998a
61,057 (52,898- .
1994-1997 72,191) Total Bain et al. 2007
Delaware River (NJ, DE, PA)  1981-1984 12’7(52 %(;’)288' Partial Hastings et al. 1987
14,080 (10,079- . .
1981-1984 20,378) Partial Hastings et al. 1987
12,047 (10,757- Brundage and O'Herron
1999-2003 13,589) 2003
Chesapeake Bay (MD, VA)
Cape Fear River (NC)
Winyah Bay (NC, SC)
Santee River (SC)
Cooper River (SC) 1996-1998 300 Adults Cooke et al. 2004
ACE Basin (SC)
. B Post, SCDNR 2003;
Savannah River (SC, GA) 1,000 - 3,000 Adults NMFS unpubl.
Ogeechee River (GA) 1993 266 (236 — 300) Weber 1996, 1998
Rogers and Weber 1994,
1993 361 (326 — 400) Total NMES 19984
10992004 147 (104-249) Fleming ehﬁguzbc:os; NMFS
Altamaha River (GA) 1988 2,862 (1,069 - 4,226) Total NMFS 1998a
1990 798 (645 - 1,045) Total NMFS 1998a




1993 468 (316 — 903) Total NMFS 1998a
6,320 (4,387-9,249) Total DeVries 2006
Satilla River (GA)
Saint Mary's River (FL)
Saint Johns River (FL) FFWCC 2007c
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*The original 19 populations identified by NMFS in the 1998 recovery plan are left aligned in this column. Estimates for a tributary or river
segment are indented.

PPopulation estimates are established using different techniques and should be viewed with caution. In some cases, sampling biases may have
violated the assumptions of the procedures used or resulted in inadequate representation of a population segment. Some estimates (e.qg., those
without confidence intervals or are depicted by ranges only) are the “best professional judgment” of researchers based on their sampling effort and
success.

‘Range represents total population estimates using four different techniques. All techniques suggest the population increased during the sampling
period (see Savoy 2004 for more details).

dAbove Holyoke Dam.

*Below Holyoke Dam.

Status and Trends

Shortnose sturgeon were listed as endangered on March 11, 1967, under the Endangered Species
Preservation Act (32 FR 4001) and remained on the endangered species list with enactment of
the ESA of 1973, as amended. Although the original listing notice did not cite reasons for listing
the species, a 1973 Resource Publication issued by the U.S. Department of Interior (USDOI),
stated that shortnose sturgeon were “in peril ... gone in most of the rivers of its former range
[but] probably not as yet extinct™ (USDOI 1973). Pollution and overfishing, including bycatch in
the shad fishery, were listed as principal reasons for the species' decline. Shortnose sturgeon are
listed as an endangered species throughout all of its range

Northern shortnose sturgeon population abundances are generally larger than southern
populations (Kynard 1997). Updated population estimates also suggest that three of the largest
populations (Kennebec, Hudson, and Delaware River) may be increasing or stable, although data
is limited. The New York (Hudson River) shortnose sturgeon population is the largest extant
population of this species and based on available data exhibits appears to have increased (NMFS
1998a; Bain et al. 2000). The most recent population estimate indicates this population consists
of about 61,000-shortnose sturgeon (95% confidence interval [CI] was between 52,898 and
72,191 fish [Bain et al. 2000]). A comparison of the Bain estimate to the 1979/1980 population
estimate of spawning adults by Dovel et al. (1992; about 13,000 fish) led Bain et al. (2000) to
conclude that the population had made a dramatic increase (about 400 % increase) between 1979
and 1997. While still evidence of an increasing population, a comparison of total population
estimates (30,000:60,000) would suggest the population has only doubled in size during the study
years. Similarly, the Kennebec River population appears to be increasing. Early estimates
suggest that the Kennebec River contained an estimated 7,200 adult shortnose sturgeon in 1977-
81 (Squiers et al. 1982), while the most recent estimate for this population is about 9,500 fish
(Squiers 2003), suggesting the population has increased by about 30 % in about a twenty year
period.

Data from the Delaware River, suggests that the population may be stable. Brundage and
O’Herron (2003) estimate that the current population for the Delaware River is 12,047 adult fish
(1999-2003; 95% CI: 10,757-13,589), which is similar to the 1981/84 estimate by Hastings et al.
(1987) of 12,796 fish (95% CI: 10,288-16367). The recent capture of several fish that were
tagged as adults by Hastings et al. (1987) suggests that older fish may comprise a substantial
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portion of the Delaware River population. Based on studies from other sturgeon species we
know of no evidence of senescence in sturgeon, and we would expect that these fish are
reproductively active (Paramian et al. 2005). Despite their longevity, the viability of sturgeon
populations is sensitive to variability in juvenile recruitment and survival (Anders et al. 2002;
Gross et al. 2002; Secor et al. 2002). Although interannual variation in juvenile recruitment
would be expected as a result of stochastic factors that influence spawning and egg/larval
survival, if the mean population size does not change over the long-term it then it would appear
there is sufficient juvenile survival to provide at least periodic recruitment into the adult age
classes. Data on juvenile recruitment or age-1+ survival would, however, establish whether this
population is at a stable equilibrium.

South of Chesapeake Bay, populations are relatively small compared to their northern
counterparts. The largest of the southern populations of shortnose sturgeon is the Altamaha
River population. Population estimates have been calculated several times for sturgeon in the
Altamaha since 1993, and s. Total population estimates shown pretty sizeable interannual
variation is occurring; estimates have ranged from as low as 468 fish in 1993 to over 6,300 fish
in 2006 (NMFS 1998a; DeVries 2006). The Ogeechee River is the next most studied river south
of Chesapeake Bay, and abundance estimates indicate that the shortnose sturgeon population in
this river is considerably smaller than that in the Altamaha River. The highest point estimate in
1993 using a modified Schnabel technique resulted in a total population estimate of 361
shortnose sturgeon (95% CI: 326-400). In contrast the most recent survey resulted in an estimate
of 147 shortnose sturgeon (95% CI: 104-249), suggesting that the population may be declining.

Annual variation in population estimates in many basins is due to changes in yearly capture rates,
which are strongly correlated with weather conditions (river flow and water temperatures). In
“dry years” fish move into deep holes upriver of the saltwater/freshwater interface, which can
make them more susceptible to gillnet sampling. Consequently, rivers with limited data sets
among years and limited sampling periods within a year may not offer a realistic representation
of the size or trend of the shortnose sturgeon population in the basin. As a whole, the data on
shortnose sturgeon populations is rather limited and some of the differences observed between
years may be an artifact of the models and assumptions used by the various studies. Long-term
data sets and an open population model would likely provide for more accurate population
estimates across the species’ range, and could provide the opportunity to more closely link
strong-year classes to habitat conditions.

Throughout the species’ range there are other extant populations, or at least evidence that several
other basins are used periodically. That is, shortnose sturgeon have been documented in the St.
John’s River (FL), the St. Mary’s River, Chesapeake Bay, Potomac River, Piscataqua River, the
Housatonic River, and others. Some basins probably previously contained shortnose
populations, but recent sampling has been largely unsuccessful. Despite the occasional
observations of shortnose sturgeon, populations may be extinct in several basins (e.g., St. John’s
(FL), St. Mary’s, Potomac, Housatonic, and Neuse rivers). Those few fish that have been
observed in these basins are generally presumed to be immigrants from neighboring basins. In
some cases, (e.g. Chesapeake Bay) migratory information collected from tagged fish and genetic
evidence confirms that fish captured in Chesapeake Bay were part of the Delaware River
population (Grunwald et al. 2002; Wirgin et al. 2005; and T. King, in progress)..
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Threats

Natural Threats. Yellow perch, sharks, and seals are predators of shortnose sturgeon juveniles
(NMFS 1998a). The effects of disease and parasites are generally unknown.

Anthropogenic Threats. Shortnose sturgeon have declined from the combined effects from the
construction of hydropower and water diversion projects, dredging and blasting, water pollution,
fisheries, and hatcheries. The construction of dams has resulted in substantial loss of shortnose
sturgeon habitat along the Atlantic seaboard. In many cases dams divide shortnose sturgeon
spawning habitat (e.g., Connecticut River, Penobscot River) and impede passage or block it
completely. Where it has occurred, remediation measures, such as obstruction removal or
modification to allow for fish passage have improved shortnose sturgeon habitat and likely
improved productivity and more such modifications are planned in certain basins. For instance,
with the breaching of the Bangor Dam in the Penobscot River in 1977 five river kilometers were
opened to sturgeon and other anadromous fishes. With the recent signing of the Penobscot River
Restoration Trust, access may be restored to another 29 km of habitat.

Historic fishery harvests, as well as the incidental harvest in current fisheries, have had lasting
effects on shortnose sturgeon. In the late nineteenth and early twentieth centuries shortnose
sturgeon commonly were harvested incidental to Atlantic sturgeon, the larger and more
commercially valuable of these two sympatric sturgeon species (NMFS 1998a). The effects of
these harvests may have latent and long-lasting impacts on some populations. At present there is
no legal directed fishing effort for shortnose sturgeon in the United States, although some illegal
poaching is suspected. Additionally, shortnose sturgeon are often caught incidental to other
fisheries. For instance, shortnose are caught incidentally by bass anglers, and incidentally to
alewife/gaspereau and shad fisheries in the St. John’s River in Canada, shad fisheries in the
Altamaha River, Hudson River, and others (COSEWIC 2005; Bahn & Peterson 2009).

Habitat alterations from discharges, dredging or disposal of material into waterways, and other
developmental activities along riverine and estuarine systems threaten shortnose sturgeon habitat.
Periodic maintenance of harbors and rivers likely results in the direct take of some sturgeon, but
perhaps of greater impact is the manner in which dredging alters benthic topography and
community structure, and water quality (increase in suspended sediments). Shoreline
development of liquefied natural gas facilities and alternative power sources also alters coastal
habitats through changes in benthic communities by dredging, changes in water quality and water
temperatures, and may increase the potential of ship strikes. In the Bay of Fundy, a tidal turbine
killed at least three Atlantic salmon in the 1980s, and may be a threat to shortnose sturgeon as
well (Dadswell and Rulifson 1994). Although currently the only example of this type of turbine
in North America, increasing interests in finding alternative energy sources is expected to result
in an increase in the number of marine turbines along the coast.

Fish kills have also been observed where estuaries are affected by urban and agricultural
discharges that cause vegetative blooms and eutrophic conditions. Extreme declines in dissolved
oxygen levels have occurred periodically throughout the species’ range. In the late 1960s and
early 1970s, dissolved oxygen levels reached zero ppm in the Penobscot, Kennebec, and
Androscoggin rivers and estuaries during the summer. Extreme low dissolved oxygen levels
have also plagued Chesapeake Bay. In most cases, dissolved oxygen levels have improved

86



O oo ~NO Ol WN P

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37

38

39

40
41

through improved treatment and control of waste discharges in the past twenty years, but
degraded conditions of benthos are still common in many estuaries throughout the species’ range
as a result of this historic loading of organic materials, waste, and legacy toxins such as dioxin.
As a result, shortnose sturgeon and other benthic organisms are regularly in direct contact with
legacy pollutants, as well as a suite of common contaminants added from more current industrial
and agricultural practices. Studies demonstrate that shortnose sturgeon carry a wide number of
potentially hazardous contaminants. Individuals from the Delaware River contain numerous
metals (mercury, aluminum, antimony, barium, cadmium, calcium, chromium, copper, iron,
magnesium, manganese, nickel, potassium, sodium, vanadium, and zinc), PCDDs, PCDFs,
PCBs, DDE, DDD, bis (2-ethylhexyl) phthalate, di-n-butylphthalate, and chlordane (ERC 2002).
Most of these metals, PCDDs, PCDFs, and PCBs were also found in shortnose sturgeon in the
Kennebec River (ERC 2003).

Climate change has the potential to affect sturgeon in similar, if not more significant, ways than
it affects salmonids. Elevated air temperatures could lead to precipitation falling as rain instead
of snow. Additionally, snow would likely melt sooner and more rapidly, potentially leading to
greater flooding during melting and lower water levels at other times, as well as warmer river
temperatures (ISAB 2007). Although sturgeon can spawn over varied benthic habitat, they prefer
localized depressions in riverbeds (Erickson et al. 2001; Moyle et al. 1992; Moyle et al. 1995;
Rien et al. 2001). Increased extremes in river flow (i.e., periods of flooding and low flow) can
alternatively disrupt and fill in spawning habitat that sturgeon rely upon (ISAB 2007). If water
flow is low during migration events, it is likely that new obstacles can impede or block sturgeon
movement. As with other anadromous fishes, sturgeon are uniquely evolved to the environments
that they live in. Because of this specificity, broad scale changes in environment can be difficult
to adapt to, including changes in water temperature (Cech et al. 2000). Sturgeon are also directly
sensitive to elevated water temperatures. Temperature triggers spawning behavior. Warmer
water temperatures can initiate spawning earlier in a season for salmon and the same can be true
for sturgeon (ISAB 2007). If river and lake temperatures become anomalously warm, juvenile
sturgeon may experience elevated mortality due to lack of cooler water refuges in freshwater
habitats. Apart from direct changes to sturgeon survival, altered water temperatures may disrupt
habitat, including the availability of prey (ISAB 2007). Warmer temperatures may also have the
effect of increasing water use in agriculture, both for existing fields and the establishment of new
ones in once unprofitable areas (ISAB 2007). This means that streams, rivers, and lakes will
experience additional withdrawal of water for irrigation and increasing contaminant loads from
returning effluent. Overall, it is likely that global warming will increase pressures on sturgeon
survival and recovery.

Critical Habitat

NMFS has not designated critical habitat for shortnose sturgeon.

Sockeye Salmon

Description of the Species

Sockeye salmon are the second most abundant of the seven Pacific salmon species, and occur in
the North Pacific and Arctic oceans and associated freshwater systems. This species’ ranges
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south as far as the Sacramento River in California and northern Hokkaido in Japan, to as far
north as far as Bathurst Inlet in the Canadian Arctic and the Anadyr River in Siberia (Burgner
1991). The largest populations, and hence the most important commercial populations, occur
north of the Columbia River

Sockeye salmon exhibit a very diverse life history, characteristically using both riverine and lake
habitat throughout their range, exhibiting both freshwater resident and anadromous forms. The
vast majority of sockeye salmon are anadromous fish that make use of lacustrine habitat for
juvenile rearing. These “lake-type” fish typically spawn in the outlet streams of lakes and
occasionally in the lakes themselves. Juvenile sockeye salmon will then use the lake
environment for rearing for up to 3 years before migrating to sea. After 1 to 4 years at sea,
sockeye salmon will return to their natal lake to spawn. Some sockeye, however, spawn in rivers
without lake habitat for juvenile rearing. Offspring of these riverine spawners tend to use the
lower velocity sections of rivers as the juvenile rearing environment for 1 to 2 years, or may
migrate to sea in their first year.

Sockeye salmon also have a wholly freshwater life history form, called kokanee (Burgner 1991).
In some cases a single population will give rise to both the anadromous and freshwater life
history form. While in fresh water juveniles of both life history types prey primarily upon
insects. The presence of both life history types may be related to the energetic costs of
outmigrating to sea, and the productivity of the lacustrine system they inhabit. In coastal lakes,
where the migration to sea is relatively short and energetic costs are minimal, kokanee
populations are rare.

Once smolts enter the Pacific Ocean, they distribute widely across the North Pacific, generally
above 40°N where a current boundary is located. Season, temperature, salinity, life stage, age,
size, availability of prey and population-of-origin are all factors that influence offshore
movements (Burgner 1991). Sockeye tend to stay within several dozen feet of the surface,
although they tend to be closer to the surface at night versus daytime (Manzer 1964; French et al.
1976). However, they may migrate several thousand miles in search of prey and are considered
to travel continuously (Royce et al. 1968). While at sea, sockeye prey upon a variety of
organisms, including small fish (capelin, lantern fish, cod, sand lance, herring, and pollock),
squid, crustacean larvae, krill, and other invertebrates (Foerster 1968; French et al. 1976; Wing
1977). Thermoclines may also influence vertical distribution, with fish only mingling between
surface and deeper waters when the boundary temperature difference is weak. Sockeye appear to
prefer cooler waters relative to other salmon species, but younger salmon may prefer warmer sea
surface temperatures (39 to 50° F) than larger, older fish (37 to 41° F), possibly an artifact of
older fish being distributed further north. Adult upstream migration may be blocked by
temperatures above 70° F (McCullough 1999). However, temperatures below 70° F can stress
fish by increasing their susceptibility to disease and elevating their metabolism (Brett 1979;
Berman 1990). Maturation and timing of return to spawn by sockeye appears to be linked to
water temperature, with gonad development increasing in late May through early July
(Nishiyama 1984).

Spawning generally occurs in late summer and autumn, but the precise time can vary greatly
among populations. Age at maturity varies by region from 2 to 5 years, but is generally 2 to 4
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years in Washington State (Burgner 1991). Males often arrive earlier than females on the
spawning grounds, and will persist longer during the spawning period. Average fecundity ranges
from about 2,000 to 2,400 eggs per female to 5,000 eggs, depending upon the population and
average age of the female. Fecundity in kokanee is much lower and may range from about 300 to
less than 2,000 eggs.

Incubation is a function of water temperatures, but generally lasts between 100 and roughly 200
days (Burgner 1991). After emergence, fry move rapidly downstream or upstream along the
banks to the lake rearing area. Fry emerging from lakeshore or island spawning grounds may
simply move along the shoreline of the lake (Burgner 1991).

Ozette Lake Sockeye Salmon

Distribution and Description of the Listed Species

This ESU includes all naturally spawned sockeye salmon in Ozette Lake, Ozette River, Coal
Creek, and other tributaries flowing into Ozette Lake, Washington. Composed of only one
population, the Ozette Lake sockeye salmon ESU consists of five spawning aggregations or
subpopulations which are grouped according to their spawning locations. The five spawning
locations are Umbrella and Crooked creeks, Big River, and Olsen’s and Allen’s beaches (NMFS
2009).

Adult Ozette Lake sockeye salmon enter Ozette Lake through the Ozette River from mid-April to
mid-August, holding three to nine months in Ozette Lake prior to spawning in late October
through January. Sockeye salmon spawn primarily in lakeshore upwelling areas in Ozette Lake
(particularly at Allen's Bay and Olsen's Beach), and in two tributaries Umbrella Creek and Big
River. Minor spawning may occur below Ozette Lake in the Ozette River or in Coal Creek, a
tributary of the Ozette River. Beach spawners are almost all age-4 adults, while tributary
spawners are ages 3 and 5 (Haggerty et al. 2009 in NMFS 2009). Spawning occurs in the fall
through early winter, with peak spawning in tributaries in November and December. Eggs and
alevins remain in the gravel until the fish emerge as fry in spring. Fry then migrate immediately
to the limnetic zone in Ozette Lake, where the fish rear. After one year of rearing, in late spring,
Ozette Lake sockeye salmon emigrate seaward as age-1+ smolts, where they spend between 1
and 3 years in ocean before returning to fresh water.

Status and Trends

NMFS originally listed Ozette Lake sockeye salmon ESU as a threatened species in 1999 (64 FR
14528). This classification was retained on June 28, 2005 (70 FR 37160). This ESU includes all
naturally spawned populations of sockeye salmon in Ozette Lake, Ozette River, Coal Creek, and
other tributaries flowing into Ozette Lake, Washington. Two artificial propagation programs are
considered part of this ESU: The Umbrella Creek and Big River sockeye salmon hatchery
programs. NMFS considers these artificially propagated populations no more divergent relative
to the local natural population than would be expected between closely related natural
populations (70 FR 37160).

The historical abundance of Ozette Lake sockeye salmon is poorly documented, but may have
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been as high as 50,000 individuals (Blum 1988). The overall abundance of naturally—produced
Ozette Lake sockeye salmon is believed to have declined substantially from historical levels. In
the first study of lake escapement of Ozette Lake sockeye salmon (Kemmerich 1945), the run
size entering the lake was estimated at a level of several thousand fish. These counts appear to
be roughly double the current mean lake abundance, considering that they were likely conducted
upstream from fisheries in or near to the Ozette River. Makah Fisheries Management (MFM
2000 in Good et al. 2005) concluded that there appears to be a substantial decline in the Tribal
catch of Ozette Lake sockeye salmon beginning in the 1950s and a similar decline in the run size
since the 1920s weir counts reported by Kemmerich (1945).

An analysis of total annual Ozette Lake sockeye salmon abundance (based on adult run size data
presented in Jacobs et al. 1996) indicates a trend in abundance averaging -2% per year over the
period 1977 through 1998 (NMFS 1998b). The current tributary-based hatchery program was
planned and initiated in response to the declining population trend identified for the Ozette Lake
sockeye salmon population. The most recent (1996 to 2003) run-size estimates range from a low
of 1,609 in 1997 to a high of 5,075 in 2003, averaging approximately 3,600 sockeye per year
(NMFS 2009). For return years 2000 to 2003, the 4-year average abundance estimate was
slightly over 4,600 sockeye. Because run-size estimates before 1998 are likely to be even more
unreliable than recent counts, and new counting technology has resulted in an increase in
estimated run sizes, no statistical estimation of trends is reported. The current trends in
abundance are unknown for the beach spawning aggregations. Although overall abundance
appears to have declined from historical levels, whether this resulted in fewer spawning
aggregations, lower abundances at each aggregation, or both, is not known (Good et al. 2005).
Based on estimates of habitat carrying capacity, a viable sockeye salmon population in Lake
Ozette watershed would range between 35,500 to 121,000 spawners (Rawson et al. 2008 in
NMFS 2009).

There has been no harvest of Ozette Lake sockeye salmon for the past four brood-cycle years
(since 1982). Prior to that time, ceremonial and subsistence harvests by the Makah Tribe were
low, ranging from O to 84 fish per year. Harvest has not been an important mortality factor for
the population in over 35 years. In addition, due to the early river entry timing of returning
Ozette Lake sockeye salmon (beginning in late April, with the peak returns prior to late-May to
mid-June), the fish are not intercepted in Canadian and United States marine area fisheries
directed at Fraser River sockeye salmon. There are currently no known marine area harvest
impacts on Ozette Lake sockeye salmon.

Overall abundance is substantially below historical levels (Good et al. 2005). Declines in
abundance have been attributed to a combination of introduced species, predation, loss of
tributary populations, a loss of quality of beach spawning habitat, temporarily unfavorable ocean
conditions, habitat degradation, and excessive historical harvests (Jacobs et al. 1996). In the last
few years the number of returning adults has increased, although some of these individuals are of
hatchery origin. This produces uncertainty regarding natural growth rate and productivity of the
ESU’s natural component. In addition, genetic integrity has perhaps been compromised due to
the artificial supplementation that has occurred in this population, since approximately one
million sockeye have been released into the Ozette watershed from the late 1930s to present
(Kemmerich 1945; Boomer 1995).
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Critical Habitat

On September 2, 2005, NMFS designated critical habitat for the Ozette Lake sockeye salmon
ESU (70 FR 52630). The specific geographic areas designated as critical are the Hoh/Quillayute
Subbasin, Ozette Lake and the Ozette Lake watershed, and include: the Ozette River upstream to
endpoints in Big River, Coal Creek, East Branch Umbrella Creek, the North and South Fork of
Crooked Creek and several other tributaries. The specific primary constituent elements identified
for Lake Ozette sockeye salmon are areas for spawning, freshwater rearing and migration,
estuarine areas free of obstruction, nearshore marine areas free of obstructions, and offshore
marine areas with good water quality. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, and adequate passage conditions.
Only one watershed supports this ESU, and it is rated as having a high conservation value. This
watershed is essential to the species’ overall conservation by protecting quality growth,
reproduction, and feeding.

Snake River Sockeye Salmon

Distribution and Description of the Listed Species

Snake River sockeye salmon are unique compared to other sockeye salmon populations: it
spawns at a higher elevation (6,500 feet) and a longer freshwater migration (approximately 900
miles) than any other sockeye salmon population in the world. Sockeye salmon in this ESU
spawn in Redfish Lake in Idaho’s Stanley Basin (Bjornn et al. 1968; Foerster 1968). Stanley
Basin sockeye salmon are separated by 700 or more river miles from two other extant upper
Columbia River populations in the Wenatchee River and Okanogan River drainages. These latter
populations return to lakes at substantially lower elevations (Wenatchee at 1,870 feet and
Okanagon at 912 feet) and occupy different ecoregions. The Snake River sockeye salmon ESU
includes all anadromous and residual sockeye salmon from the Snake River basin of Idaho, as
well as hatchery individuals from the Redfish Lake Captive Broodstock Program.

Status and Trends

Snake River sockeye salmon were originally listed as endangered in 1991 and retained that
classification when their status was reviewed on June 28, 2005 (70 FR 37160). The only extant
sockeye salmon population in the Snake River basin at the time of listing was that in Redfish
Lake, in the Stanley Basin (upper Salmon River drainage) of Idaho. Other lakes in the Snake
River basin historically supported sockeye salmon populations, including Wallowa Lake (Grande
Ronde River drainage, Oregon), Payette Lake (Payette River drainage, ldaho) and Warm Lake
(South Fork Salmon River drainage, Idaho; Waples et al. 1997). These populations are now
considered extinct. Although kokanee, a resident form of O. nerka, occur in numerous lakes in
the Snake River basin, other lakes in the Stanley Basin, and sympatrically with sockeye in
Redfish Lake, resident O. nerka were not considered part of the species at the time of listing
(1991). Subsequent to the 1991 listing, a residual form of sockeye residing in Redfish Lake was
identified. The residuals are non-anadromous, completing their entire life cycle in fresh water,
but spawn at the same time and in the same location as anadromous sockeye salmon. In 1993,
NMFS determined that residual sockeye salmon in Redfish Lake were part of the Snake River
sockeye salmon. Also, artificially propagated sockeye salmon from the Redfish Lake Captive
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Propagation program are considered part of this species (70 FR 37160; June 28, 2005).

NMFS has determined that this artificially propagated population is genetically no more than
moderately divergent from the natural population (NMFS 2005a). Five lakes in the Stanley
Basin historically contained sockeye salmon: Alturas, Pettit, Redfish, Stanley and Yellowbelly
(Bjornn et al. 1968). It is generally believed that adults were prevented from returning to the
Sawtooth Valley from 1910 to 1934 by Sunbeam Dam. Sunbeam Dam was constructed on the
Salmon River approximately 20 miles downstream of Redfish Lake. Whether Sunbeam Dam
was a complete barrier to adult migration remains unknown. It has been hypothesized that some
passage occurred while the dam was in place, allowing the Stanley Basin population or
populations to persist (Bjornn et al. 1968; Waples et al. 1991).

Adult returns to Redfish Lake during the period 1954 through 1966 ranged from 11 to 4,361 fish
(Bjornn et al. 1968). Sockeye salmon in Alturas Lake were extirpated in the early 1900s as a
result of irrigation diversions, although residual sockeye may still exist in the lake (Chapman and
Witty 1993). From 1955 to 1965, the Idaho Department of Fish and Game eradicated sockeye
salmon from Pettit, Stanley, and Yellowbelly lakes, and built permanent structures on each of the
lake outlets that prevented re-entry of anadromous sockeye salmon (Chapman and Witty 1993).
In 1985, 1986, and 1987, 11, 29, and 16 sockeye, respectively, were counted at the Redfish Lake
weir (Good et al. 2005). Only 18 natural origin sockeye salmon have returned to the Stanley
Basin since 1987. During the fall of 1990, during the course of NMFS’ first status review on the
species, no fish were observed at Lower Granit Dam or entering the lake and only one fish was
observed in each of the two previous years. The first adult returns from the captive broodstock
program returned to the Stanley Basin in 1999. From 1999 through 2005, a total of 345 captive
brood program adults that had migrated to the ocean returned to the Stanley Basin.

Recent annual abundances of natural origin sockeye salmon in the Stanley Basin have been
extremely low. No natural origin anadromous adults have returned since 1998 and the
abundance of residual sockeye salmon in Redfish Lake is unknown. This species is entirely
supported by adults produced through the captive propagation program at the present time.
Current smolt-to-adult survival of sockeye originating from the Stanley Basin lakes is rarely
greater than 0.3% (Hebdon et al. 2004). The status of this ESU is extremely precarious, such that
there was unanimous consent among the biological review team members that the species
remains in danger of extinction (Good et al. 2005).

Critical Habitat

Critical habitat for these salmon was designated on December 28, 1993 (58 FR 68543), and
encompasses the waters, waterway bottoms, and adjacent riparian zones of specified lakes and
river reaches in the Columbia River that are or were accessible to listed Snake River salmon
(except reaches above impassable natural falls, and Dworshak and Hells Canyon Dams).
Adjacent riparian zones are defined as those areas within a horizontal distance of 300 feet from
the normal line of high water of a stream channel or from the shoreline of a standing body of
water. Designated critical habitat includes the Columbia River from a straight line connecting
the west end of the Clatsop jetty (Oregon side) and the west end of the Peacock jetty
(Washington side) and including all river reaches from the estuary upstream to the confluence of
the Snake River, and all Snake River reaches upstream to the confluence of the Salmon River; all
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Salmon River reaches to Alturas Lake Creek; Stanley, Redfish, yellow Belly, Pettit, and Alturas
Lakes (including their inlet and outlet creeks); Alturas Lake Creek and that portion of Valley
Creek between Stanley Lake Creek and the Salmon River. Critical habitat also includes all river
lakes and reaches presently or historically accessible to Snake River sockeye salmon. These
habitats are critical for the conservation of the species because it provides spawning and juvenile
rearing habitat, areas for juvenile growth and development, and migration corridors for smolts to
the ocean and adults to spawning habitat from the Pacific Ocean. Limiting factors identified for
Snake River sockeye include: reduced tributary stream flow, impaired tributary passage and
blocks to migration, and mainstem Columbia River hydropower system mortality.

Steelhead

Description of the Species

Steelhead, the common name of the anadromous form of O. mykiss, are native to Pacific Coast
streams extending from Alaska south to northwestern Mexico (Moyle 1976; Stolz & Schnell
1991; NMFS 1997b). The life history of this species varies considerably throughout its range.
Generally, steelhead can into two races: the stream-maturing type, summer steelhead, enters fresh
water in a sexually immature condition and requires several months in fresh water to mature and
spawn; and the ocean-maturing type, winter steelhead, enters fresh water with well-developed
gonads and spawns shortly after river entry. Variations in migration timing exist between
populations, and some river basins have both summer and winter steelhead, while others only
have race.

Summer steelhead enter fresh water between May and October in the Pacific Northwest
(Nickelson et al. 1992; Busby et al. 1996). They require cool, deep holding pools during summer
and fall, prior to spawning (Nickelson et al. 1992). Summer steelhead migrate inland toward
spawning areas, overwinter in the larger rivers, resume migration in early spring to natal streams,
and then spawn in January and February (Barnhart 1986; Meehan and Bjornn 1991; Nickelson et
al. 1992). Winter steelhead enter fresh water between November and April in the Pacific
Northwest (Nickelson et al. 1992; Busby et al. 1996), migrate to spawning areas, and then spawn,
generally in April and May (Barnhart 1986). Some adults, however, do not enter some coastal
streams until spring, just before spawning (Meehan and Bjornn 1991).

There is a high degree of overlap in spawn timing between populations regardless of run type
(Busby et al. 1996). Difficult field conditions at that time of year and the remoteness of
spawning grounds contribute to the relative lack of specific information on steelhead spawning.
Unlike Pacific salmon, steelhead are iteroparous, or capable of spawning more than once before
death, although steelhead rarely spawn more than twice before dying; most that do spawn more
than twice tend to be female (Nickelson et al. 1992; Busby et al. 1996). Second time spawners
often make up about 70 to 85 % of repeat spawners, with third time spawners make up between
10 to 25 % of repeats (Stolz & Schnell 1991). Iteroparity is more common among southern
steelhead populations than northern populations (Busby et al. 1996).

As with other salmonids, the larger the fish the more eggs produced. Egg and hatching success
are related to the conditions within the redd, and time to hatching is temperature dependent.
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Fertilization to hatching is generally less than a month, after which newly hatched fish will
remain in the redd for another 2-3 weeks. In late spring, and following yolk sac absorption,
alevins emerge from the gravel and begin actively feeding. After emerging from the gravel, fry
usually inhabit shallow water along banks of perennial streams. Fry occupy stream margins
(Nickelson et al. 1992). Summer rearing takes place primarily in the faster parts of pools,
although young-of-the-year are abundant in glides and riffles. Winter rearing occurs more
uniformly at lower densities across a wide range of fast and slow habitat types. Some older
juveniles move downstream to rear in larger tributaries and mainstem rivers (Nickelson et al.
1992).

Juvenile steelhead migrate little during their first summer and occupy a range of habitats
featuring moderate to high water velocity and variable depths (Bisson et al. 1988). Steelhead
hold territories close to the substratum where flows are lower and sometimes counter to the main
stream; from these, they can make forays up into surface currents to take drifting food (Kalleberg
1958). Juveniles rear in fresh water from 1 to 4 years, then smolt and migrate to the ocean in
March and April (Barnhart 1986). Winter steelhead juveniles generally smolt after 2 years in
fresh water (Busby et al. 1996). Juvenile steelhead tend to migrate directly offshore during their
first summer from whatever point they enter the ocean rather than migrating along the coastal
belt as salmon do. Steelhead typically reside in marine waters for 2 or 3 years prior to returning
to their natal stream to spawn as 4- or 5-year olds; fish in the northern portion of the range may
spend more time rearing in marine waters (Stolz & Schnell 1991). Juveniles feed primarily on
insects (chironomids, baetid mayflies, and hydropsychid caddisflies; Merz 1994). Adults feed on
aquatic and terrestrial insects, mollusks, crustaceans, fish eggs, minnows, and other small fishes
(including greenling and other trout; Chapman and Bjornn 1969; Stolz & Schnell 1991).

Threats

Natural Threats. Steelhead, like other salmon, are exposed to high rates of natural predation
each stage of their life stage. The highest mortality occurs between the egg stage and smolt
outmigration, and is highest in the first few months following emergence from the redd (Stolz &
Schnell 1991). In fresh water, fry fall prey to older steelhead and other trout, as well as birds,
sculpin, and various mammals. In the ocean, marine mammals, and other fish prey on steelhead
but the extent of such predation is not well known.

Anthropogenic Threats. Steelhead have declined under the combined effects of overharvests in
fisheries; competition from fish raised in hatcheries and native and non-native exotic species;
dams that block their migrations and alter river hydrology; gravel mining that impedes their
migration and alters the dynamics (hydrogeomorphology) of the rivers and streams that support
juveniles; water diversions that deplete water levels in rivers and streams; destruction or
degradation of riparian habitat that increase water temperatures in rivers and streams sufficient to
reduce the survival of juvenile steelhead; and land use practices (logging, agriculture,
urbanization) that destroy wetland and riparian ecosystems while introducing sediment, nutrients,
biocides, metals, and other pollutants into surface and ground water and degrade water quality in
the fresh water, estuarine, and coastal ecosystems throughout the species’ range. These threats
for are summarized in detail under Chinook salmon.
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Central California Coast Steelhead

Distribution and Description of the Listed Species

The Central California Coast steelhead DPS includes all naturally spawned anadromous
steelhead populations below natural and manmade impassable barriers in California streams from
the Russian River (inclusive) to Aptos Creek (inclusive), and the drainages of San Francisco, San
Pablo, and Suisun Bays eastward to Chipps Island at the confluence of the Sacramento and San
Joaquin Rivers. Tributary streams to Suisun Marsh including Suisun Creek, Green Valley Creek,
and an unnamed tributary to Cordelia Slough (commonly referred to as Red Top Creek),
excluding the Sacramento-San Joaquin River Basin, as well as two artificial propagation
programs: the Don Clausen Fish Hatchery, and Kingfisher Flat Hatchery/ Scott Creek (Monterey
Bay Salmon and Trout Project) steelhead hatchery programs.

The DPS is entirely composed of winter run fish, as are those DPSs to the south. As winter-run
fish adults migrating upstream from December-April, and smolts emigrating between March-
May (Shapovalov and Taft 1954; Hayes et al. 2008). At the time of the 1996 status review and
1997 listing, little information was available on the specific demographics and life history
characteristics of steelhead in this DPS. While age at smoltification typically ranges from 1 to 4
years, recent studies by Sogard et al. (2009) that growth rates in Soquel Creek likely prevent
juveniles from undergoing smoltification until age 2. Survival in freshwater reaches tends to be
higher in summer and lower from winter through spring for year classes 0 and 1 (Sogard et al.
2009). Larger individuals also survive more readily than do smaller fish within year classes
(Sogard et al. 2009). Greater movement of juveniles in fresh water has been observed in winter
and spring versus summer and fall time periods, with smaller individuals more likely to move
between stream areas (Sogard et al. 2009). Growth rates during this time have rarely been
observed to exceed 0.3 mm per day and are highest in winter through spring, potentially due to
higher water flow rates and greater food availability (Boughton et al. 2007; Hayes et al. 2008;
Sogard et al. 2009).

Status and Trends

The Central California Coast steelhead DPS was listed as a threatened species on August 18,
1997 (62 FR 43937); threatened status was reaffirmed on January 5, 2006 (71 FR 834). Table 15
identifies runs within the Central California Coast steelhead DPS and their estimated run sizes.

Table 15. Central California coast steelhead populations and their estimated abundances

Basin Estimated Abundance® Year

Russian River 65,000 1970

1,750-7,000 1994

Lagunitas 500 1994

400-500 1990s

San Gregorio 1,000 1973
Waddell Creek 481 1933-1942

250* 1982

150* 1994

Scott Creek 400 1991

<100 1991
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300 1994

San Vicente Creek 150* 1982
50* 1994
San Lorenzo River 20,000 Pre 1965
1,614 1977
>3,000* 1978
600 1979
3,000 1982
“few” 1991
<150* 1994
Soquel Creek 500-800* 1982
<100 1991
50-100* 1994
Aptos Creek 200* 1982
<100 1991
50-75* 1994

A complete list of data sources is available in Good et al. 2005. According to Good et al. the basis for certain estimates
is questionable (noted with an asterisk above).

Estimates of historical abundance are provided here only for background, as the accuracy of the
estimates is unclear. An estimate of historical abundance for the total DPS is provided by CDFG
at 94,000 fish. This estimate is based on a partial data set and “best professional judgment” (see
Good et al. 2005 for a discussion). Other estimates of historical abundance are on a per river
basis: According to Bushy et al. (1996), Shapovalov and Taft (1954) described an average of
about 500 adults in Waddell Creek (Santa Cruz County) for the 1930s and early 1940s, whereas
Johnson (1964) estimated a run size of 20,000 steelhead in the San Lorenzo River before 1965.
Most of the estimates for run sizes within the DPS are more recent (see Table 15). Two rivers
thought to have contained the largest populations within the DPS were the Russian River, and the
San Lorenzo River. Based on run size estimates from the 1990s, the Russian River is still likely
the largest run within the DPS, albeit estimates suggest the population has declined between 90-
96 % from 1970 levels.

No current estimates of total population size are available for this DPS, and consequently there is
no time series data available to evaluate the central California coast steelhead population trends.
Rather, a general dearth of data on adult steelhead within the DPS, led the biological review team
to examine data collected on juvenile steelhead (see Good et al. 2005). In general, juvenile data
is considered a poor indicator of the reproductive portion of the population as juvenile age
classes exhibit greater mortality rates, which are closely tied to stochastic events, and may move
widely within a basin (which may include intermixing with other populations). There is no
simple relationship between juvenile and adult numbers (Shea and Mangel 2001). Nonetheless,
there was not enough adult data upon which the biological review team could base an assessment
of the population trends within the DPS. Therefore, the biological review team log-transformed
and normalized juvenile survey data from a number of watersheds (presumed populations). As a
result, the team derived trend estimates for five populations: the San Lorenzo River, Scott Creek,
Waddell Creek, Gazos Creek, and Redwood Creek in Marin County (see Good et al. 2005 for a
detailed discussion of the approach). All populations exhibited downward trends in abundance.
Accordingly, provided the juvenile data is representative of the true trend, this data suggests that
there is an overall downward trend in abundance in the DPS.
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In the most recent review of the status of this DPS, most members of the biological review team
(69 %) considered this DPS “likely to become endangered” thus supporting the renewal of the
threatened status for central California coast steelhead. Notably, 25 % of the team voted that the
DPS be upgraded to endangered status (voted the DPS as” in danger of extinction”; Good et al.
2005). Abundance and productivity were of relatively high concern (as a contributing factor to
risk of extinction), and spatial structure was also of concern.

Since the original status review, fishing regulations have changed in a way that probably reduces
extinction risk for Central California Coast steelhead. Ocean sport harvest is prohibited, and
ocean harvest is considered rare. Although freshwater streams are closed to fishing year round,
CDFG has identified certain streams as exceptions where they allow catch-and-release angling or
summer trout fishing. In catch-and-release streams, all wild steelhead must be released
unharmed.

Critical Habitat

Critical habitat was designated for the Central California Coast steelhead DPS on September 2,
2005 (70 FR 52488), and includes areas within the following hydrologic units: Russian River,
Bodega, Marin Coastal, San Mateo, Bay Bridge, Santa Clara, San Pablo, and Big Basin. These
areas are important for the species’ overall conservation by protecting quality growth,
reproduction, and feeding. The critical habitat designation for this ESU identifies primary
constituent elements that include sites necessary to support one or more steelhead life stages.
Specific sites include freshwater spawning sites, freshwater rearing sites, freshwater migration
corridors, nearshore marine habitat and estuarine areas. The physical or biological features that
characterize these sites include water quality and quantity, natural cover, forage, adequate
passage conditions, and floodplain connectivity. The critical habitat designation (70 FR 52488)
contains additional details on the sub-areas that are included as part of this designation, and the
areas that were excluded from designation.

In total, Central California Coast steelhead occupy 46 watersheds (fresh water and estuarine).
The total area of habitat designated as critical includes about 1,500 miles of stream habitat and
about 400 square miles of estuarine habitat (principally Humboldt Bay). This designation
includes the stream channels within the designated stream reaches, and includes a lateral extent
as defined by the ordinary high water line. In areas where the ordinary high-water line is not
defined the lateral extent is defined as the bankfull elevation. In estuarine areas the lateral extent
is defined by the extreme high water because extreme high tide areas encompass those areas
typically inundated by water and regularly occupied by juvenile salmon during the spring and
summer, when they are migrating in the nearshore zone and relying on cover and refuge qualities
provided by these habitats, and while they are foraging. Of the 46 occupied watersheds reviewed
in NMFS' assessment of critical habitat for Central California Coast steelhead, 14 watersheds
received a low rating of conservation value, 13 received a medium rating, and 19 received a high
rating of conservation value for the species.
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California Central Valley Steelhead

Distribution and Description of the Listed Species

California Central Valley steelhead occupy the Sacramento and San Joaquin Rivers and their
tributaries, although they were once widespread throughout the Central Valley (Busby et al.

1996; Zimmerman et al. 2009). Steelhead were found from the upper Sacramento and Pit River
systems (now inaccessible due to Shasta and Keswick Dams), south to the Kings and possibly the
Kern River systems (now inaccessible due to extensive alteration from water diversion projects),
and in both east- and west-side Sacramento River tributaries (Yoshiyama et al. 1996). The
present distribution has been greatly reduced (McEwan and Jackson 1996). The California
Advisory Committee on Salmon and Steelhead (1988) reported a reduction of steelhead habitat
from 6,000 miles historically to 300 miles today. Historically, steelhead probably ascended Clear
Creek past the French Gulch area, but access to the upper basin was blocked by Whiskeytown
Dam in 1964 (Yoshiyama et al. 1996). Steelhead also occurred in the upper drainages of the
Feather, American, Yuba, and Stanislaus Rivers which are now inaccessible (McEwan and
Jackson 1996; Yoshiyama et al. 1996).

Existing wild steelhead populations in the Central Valley are mostly confined to the upper
Sacramento River and its tributaries, including Antelope, Deer, and Mill Creeks and the Yuba
River. Populations may exist in Big Chico and Butte Creeks and a few wild steelhead are
produced in the American and Feather Rivers (McEwan and Jackson 1996). Recent snorkel
surveys (1999 to 2002) indicate that steelhead are present in Clear Creek (J. Newton, FWS, pers.
comm. 2002, in Good et al. 2005). Because of the large resident O. mykiss population in Clear
Creek, steelhead spawner abundance has not been estimated. Until recently, steelhead were
thought to be extirpated from the San Joaquin River system. Recent monitoring has detected
small self-sustaining populations of steelhead in the Stanislaus, Mokelumne, Calaveras, and
other streams previously thought to be void of steelhead (McEwan 2001). On the Stanislaus
River, steelhead smolts have been captured in rotary screw traps at Caswell State Park and
Oakdale each year since 1995 (Demko et al. 2000). It is possible that naturally spawning
populations exist in many other streams but are undetected due to lack of monitoring programs.

The Sacramento and San Joaquin Rivers offer the only migration route to the drainages of the
Sierra Nevada and southern Cascade mountain ranges for anadromous fish. The CDFG
considers all steelhead in the Central Valley as winter steelhead, although “three distinct runs,”
including summer steelhead, may have occurred there as recently as 1947 (CDFG 1995 in Good
et al. 2005; McEwan and Jackson 1996). Steelhead in these basins travel extensive distances in
fresh water (some exceed 300 km to their natal streams), making these the longest freshwater
migrations of any population of winter steelhead. The upper Sacramento River essentially
receives a single continuous run of steelhead in from July through May, with peaks in September
and February. Spawning begins in late December and can extend into April (McEwan and
Jackson 1996).

Status and Trends

NMFS originally listed California Central Valley steelhead as threatened in 1998; this status was
reviewed and retained on January 5, 2006 (71 FR 834). Historic Central Valley steelhead run
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size is difficult to estimate given the paucity of data, but may have approached one to two million
adults annually (McEwan 2001). By the early 1960s, the steelhead run size had declined to about
40,000 adults (McEwan 2001). Over the past 30 years, the naturally spawned steelhead
populations in the upper Sacramento River have declined substantially. Hallock et al. (1961)
estimated an average of 20,540 adult steelhead occurred in the Sacramento River (upstream of
the Feather River). Steelhead counts at Red Bluff Diversion Dam declined from an average of
11,187 for the period of 1967 to 1977, to an average of approximately 2,000 through the early
1990s, with an estimated total annual run size for the entire Sacramento-San Joaquin system at
no more than 10,000 adults (based on Red Bluff Diversion Dam counts; McEwan and Jackson
1996; McEwan 2001). The five-year geometric mean, however, is just under 2,000 steelhead
(Table 16), and the long-term trend suggests that the population is declining.

Table 16. California Central Valley steelhead and their long-term trend

Population S-Year II\\/I/I§>6<1)r; (Min - A Long-term trend”
Sacramento River 1,952 (1,425-12,320) 0.95 (0.90,1.02) -0.09 (-0.13,-0.06)

*Refers to the period ending in 1993, when steelhead counts at Red Bluff Diversion dam ended. Data reported in Good et al. 2005.
® 90% confidence limits in parentheses.

The only consistent data available on steelhead numbers in the San Joaquin River basin come
from CDFG mid-water trawling samples collected on the lower San Joaquin River at Mossdale.
These data indicate a decline in steelhead numbers in the early 1990s, which have remained low
through 2002 (Good et al. 2005). In 2004, a total of 12 steelhead smolts were collected at
Mossdale (CDFG, unpublished data in Good et al. 2005).

Reynolds et al. (1993) reported that 95% of salmonid habitat in California’s Central Valley has
been lost, largely due to mining and water development activities. They also noted that declines
in Central Valley steelhead populations are “due mostly to water development, inadequate
instream flows, rapid flow fluctuations, high summer water temperatures in streams immediately
below reservoirs, diversion dams which block access, and entrainment of juveniles into
unscreened or poorly screened diversions.” Thus, overall habitat problems in this ESU relate
primarily to water development resulting in inadequate flows, flow fluctuations, blockages, and
entrainment into diversions (McEwan and Jackson 1996). Other problems related to land use
practices (agriculture and forestry) and urbanization have also contributed to population declines.
It is unclear how harvest has affected California’s Central Valley steelhead, although it is likely
a continuing threat. A CDFG creel census in 2000 indicated that most fish are caught and
released, but due to the size of the catch and release fishery (more than 14,000 steelhead were
caught and released according to the survey) even a small amount of mortality in this fishery
could cause declines in the populations.

Critical Habitat

NMFS designated critical habitat for California Central Valley steelhead on September 2, 2005
(70 FR 52488). Specific geographic areas designated include the following CALWATER
hydrological units: Tehama, Whitmore, Redding, Eastern Tehama, Sacramento Delta, Valley-
Putach-Cache, American River, Marysville, Yuba, Valley American, Colusa Basin, Butte Creek,
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Ball Mountain, Shata Bally, North Valley Floor, Upper Calaveras, Stanislaus River, San Joaquin
Valley, Delta-Mendota Canal, North Diablo Range, and the San Joaquin Delta. These areas are
important for the species’ overall conservation by protecting quality growth, reproduction, and
feeding. The critical habitat designation for this ESU identifies primary constituent elements that
include sites necessary to support one or more steelhead life stages. Specific sites include
freshwater spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore
marine habitat and estuarine areas. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, adequate passage conditions, and
floodplain connectivity. The critical habitat designation (70 FR 52488) contains additional
details on the sub-areas that are included as part of this designation, and the areas that were
excluded from designation.

In total, California Central Valley steelhead occupy 67 watersheds (freshwater and estuarine).
The total area of habitat designated as critical includes about 2,300 miles of stream habitat and
about 250 square miles of estuarine habitat in the San Franciso-San Pablo-Suisan Bay estuarine
complex. This designation includes the stream channels within the designated stream reaches,
and includes a lateral extent as defined by the ordinary high water line. In areas where the
ordinary high-water line is not defined the lateral extent is defined as the bankfull elevation. In
estuarine areas the lateral extent is defined by the extreme high water because extreme high tide
areas encompass those areas typically inundated by water and regularly occupied by juvenile
salmon during the spring and summer, when they are migrating in the nearshore zone and relying
on cover and refuge qualities provided by these habitats, and while they are foraging. Of the 67
watersheds reviewed in NMFS' assessment of critical habitat for California Central Valley
steelhead, seven watersheds received a low rating of conservation value, three received a medium
rating, and 27 received a high rating of conservation value for the species.

Lower Columbia River Steelhead

Distribution and Description of the Listed Species

Lower Columbia River steelhead include naturally produced steelhead returning to Columbia
River tributaries on the Washington side between the Cowlitz and Wind rivers in Washington
and on the Oregon side between the Willamette and Hood rivers, inclusive. In the Willamette
River, the upstream boundary of this species is at Willamette Falls. This species includes both
winter and summer steelhead. Two hatchery populations are included in this species, the Cowlitz
Trout Hatchery winter-run population and the Clackamas River population but neither was listed
as threatened. Table 17 identifies the populations that comprise Lower Columbia River steelhead
and summarizes several measures available to characterize population viability.

Summer steelhead return sexually immature to the Columbia River from May to November, and
spend several months in fresh water prior to spawning. Winter steelhead enter fresh water from
November to April, are close to sexual maturation during freshwater entry, and spawn shortly
after arrival in their natal streams. Where both races spawn in the same stream, summer
steelhead tend to spawn at higher elevations than the winter forms.
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Status and Trends

NMFS listed Lower Columbia River steelhead as threatened on March 19, 1998 (63 FR 13347),
and reaffirmed their status as threatened on January 5, 2006 (71 FR 834). The 1998 status review
noted that this ESU is characterized by populations at low abundance relative to historical levels,
significant population declines since the mid-1980s, and widespread occurrence of hatchery fish
in naturally spawning steelhead populations. During this review NMFS was unable to identify
any natural populations that would be considered at low risk.

All populations declined between 1980 and 2000, with sharp declines beginning in 1995. Those
with adequate data for modeling are estimated to have a high extinction risk (Good et al. 2005).
Abundance trends are generally negative, showing that most populations are in decline, although
some populations, particularly summer run, have shown higher return in the last 2 to 3 years.
Historical counts in some of the larger tributaries (Cowlitz, Kalama, and Sandy Rivers) suggest
the population probably exceeded 20,000 fish while in the 1990s fish abundance dropped to
1,000 to 2,000. Recent abundance estimates of natural-origin spawners range from completely
extirpated for some populations above impassable barriers to over 700 for the Kalama and Sandy
winter-run populations. A number of the populations have a substantial fraction of hatchery-
origin spawners in spawning areas, and are hypothesized to be sustained largely by hatchery
production. Exceptions are the Kalama, the Toutle, and East Fork Lewis winter-run populations.
These populations have relatively low recent mean abundance estimates with the largest being
the Kalama (geometric mean of 728 spawners).

Table 17. Lower Columbia River steelhead populations and select measures of population viability

Life . Historical Mean Number Percent Median Short-
History Population Abundance® of Spawners Hatgher_y term Grovzth
Contribution Rate ()
Winter Cispus River
Tilton River 2,787° 73
Upper Cowlitz River
Lower Cowlitz River 1,672
Coweeman River 2,243 466¢ 50 0.920, 0.787
South Fork Toutle River 2,627 504¢ 2 0.933, 0.929
North Fork Toutle River 3,770 1961 0 1.038, 1.038
Kalama River 554 726° 0 0.984, 0.922
North Fork Lewis River 713
East Fork Lewis River 3,131
Salmon Creek
Washougal River 2,497 323¢ 0
Clackamas River 560° 41 0.875, 0.830
Sandy River 977e 42 0.866, 0.782
Lower C_olumk_)la Gorge 793
tributaries
Upper C_olumt_)la Gorge 243
tributaries
Hood River 756 52
Summer Wind River 2,288 4729 5 0.995, 0.903
Hood River 931" 83 Unknown
Washougal River 1,419 264° 8 1.029, 0.960
East Fork Lewis River 422 4349 25
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North Fork Lewis River
Kalama River 3,165 4749 32 0.900, 0.664

*All data reported by Good et al. 2005. Estimate of historical abundance derived through EDT model associated with large uncertainty. Model also
incorporates presently available habitat that was not historically available and vice versa.

®) calculation assumed either hatchery fish fail to reproduce or reproduce at the rate of wild individuals, respectively.

‘Data from 2002.

‘Data from 1998-2002.

*Data from 1997-2001.

"Data from 1996-2000.

9Data from 1999-2003.

Critical Habitat

NMFS designated critical habitat for Lower Columbia River steelhead on September 2, 2005 (70
FR 52630). Designated critical habitat includes the following subbasins: Middle
Columbia/Hood subbasin, Lower Columbia/Sandy subbasin, Lewis subbasin, Lower
Columbia/Clatskanie subbasin, Upper Cowlitz subbasin, Cowlitz subbasin, Clackamas subbasin,
Lower Willamette subbasin, and the Lower Columbia River corridor. These areas are important
for the species’ overall conservation by protecting quality growth, reproduction, and feeding.
The critical habitat designation for this DPS identifies primary constituent elements that include
sites necessary to support one or more steelhead life stages. Specific sites include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine habitat
and estuarine areas. The physical or biological features that characterize these sites include water
quality and quantity, natural cover, forage, adequate passage conditions, and floodplain
connectivity. The critical habitat designation (70 FR 52630) contains additional description of
the watersheds that are included as part of this designation, and any areas specifically excluded
from the designation.

In total, Lower Columbia River steelhead occupy 32 watersheds. The total area of habitat
designated as critical includes about 2,340 miles of stream habitat. This designation includes the
stream channels within the designated stream reaches, and includes a lateral extent as defined by
the ordinary high water line. In areas where the ordinary high-water line is not defined the lateral
extent is defined as the bankfull elevation. Of the 32 watersheds reviewed in NMFS' assessment
of critical habitat for Lower Columbia River steelhead, two watersheds received a low rating of
conservation value, 11 received a medium rating, and 26 received a high rating of conservation
value for the species. Limiting factors identified for Lower Columbia River steelhead include:
degraded floodplain and steam channel structure and function, reduced access to
spawning/rearing habitat, altered stream flow in tributaries, excessive sediment and elevated
water temperatures in tributaries, and hatchery impacts.

Middle Columbia River Steelhead

Distribution and Description of the Listed Species

The Middle Columbia River steelhead DPS includes all naturally spawned anadromous steelhead
populations below natural and manmade impassible barriers in Oregon and Washington
drainages upstream of the Hood and Wind River systems, up to and including the Yakima River
(61 FR 41541). Steelhead from the Snake River Basin (described elsewhere) are excluded from
this DPS. Seven artificial propagation program are part of this DPS: The Touchet River
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endemic, Yakima River kelt reconditioning program (in Satus Creek, Toppenish Creek, Naches
River, and the Upper Yakima River), and the Umatilla River and the Deschutes River steelhead
hatchery programs. These artificially propagated populations are considered no more divergent
relative to the local natural populations than would be expected between closely related natural
populations within the DPS.

Middle Columbia River steelhead occupy the intermontane region of the Pacific Northwest,
which includes some of the driest areas in the region generally receiving less than 15.7 inches of
rainfall annually. Major drainages in this ESU are the Deschutes, John Day, Umatilla, Walla
Walla, Yakima, and Klickitat river systems. The area is generally characterized by its dry
climate and harsh temperature extremes. Almost all steelhead populations within this DPS are
summer-run fish; the only exceptions are the only populations of inland winter steelhead, which
occur in the Klickitat River and Fifteenmile Creek (Busby et al. 1996). According to Interior
Columbia Basin Technical Recovery Team (ICBTRT 2003) this DPS is comprised of 16 putative
populations in four major population groups (Cascades Eastern Slopes Tributaries, John Day
River, Walla Walla and Umatilla Rivers, and Yakima River) and one unaffiliated independent
population (Rock Creek). See Table 18 for a list of extant (putative) populations that compose
this DPS. There are two extinct populations in the Cascades Eastern Slope major population
group, the White Salmon River and Deschutes Crooked River above the Pelton/Round Butte
Dam complex. Present population structure is delineated largely on the basis of geographical
proximity, topography, distance, ecological similarities or differences. Additional genetic studies
are needed to describe the DPS substructure, as well as the fine-scale genetic structure of the
populations within a particular basin (e.g., John Day River).

Table 18. Middle Columbia River steelhead populations and select measures of population viability

. . Percent Long-term
Population® Major Population Mean Number Ofb Hatchery Growth Rate
Groups Spawners (range) Contribution® )
Klickitat River Cascade Eastern Slope 155 redds (97-261)
Fifteenmile Creek Cascade Eastern Slope 2.87 rpm (1.3-6.0) 0 1.129
Deschutes River - Cascade Eastern Slone 13,455 (10,026- 79 1.022, 0.840,
eastside P 21,457) 0.942
Descutes Rlver - Cascade Eastern Slope
westside
John Day lower .
mainstem tributaries John Day River 1.4 rpm (0-5.4) 1.013
. Upper NF - 2.57
North Fork John Day John Day River rpm (1.6-5.0)° 1.011
Lower NF - 3.52
rpm (1.5-8.8) 1174
Middle Fork John Day John Day River 3.70 rpm (1.7-6.2) 0.966
South Fork John Day John Day River 2.52 rpm (0.9-8.2) 0.967
John Day upper John Day River 2,122 (926-4,168) 4 0.975, 0.966
mainstem
Rock Creek Unaffiliated Area
Umatilla River Walla Walla & Umatilla 2,486 (1,480-5,157) 40 1.007, 0.969
Walla Walla Walla Walla & Umatilla
Touchet River Walla Walla & Umatilla 345 (273-527)f 16 0.961, 0.939

Toppenish & Satus

Yakima River
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Creek

Naches River Yakima River
Yakima River upper Yakima River 1,801 (1,058-4,061) 3 1.009
mainstem

*Population groups defined by the ICBTRT (2003).

®Values represent the 5-year geometric mean in spawners, redds, or redds per mile (RPM). Values calculated from data series using years 1997-
2001 or 1998-2001. See Good et al. (2005) for details.

°Hatchery production in the recent past and at present consists of locally-derived broodstock, although straying of production fish into the Deschutes
River has been a persistent problem. Data from Good et al. 2005.

Multiple estimates for long-term growth (1) presented for some populations representing two different assumptions on the contribution of hatchery
fish to the natural production. Where two or more values are presented, the first value reflects the assumption that hatchery fish do not contribute to
natural production, and the second value reflects the assumption that hatchery contribute to natural production at the same rate as natural-origin
spawners. Deschutes River values are reflective of total population, not eastside only. The A value is calculated from data (1980-1999) from Warm
Springs area. Data series upon which values are calculated varies across basins. See Good et al. (2005) for details on the length and time of data
series available by population.

Most Middle Columbia River steelhead smolt at 2 years of age and spend 1 to 2 years at sea prior
to re-entering natal river systems. They may remain in such rivers for up to a year prior to
spawning (Howell et al. 1985). Within this ESU, the Klickitat River is unusual, as it produces
both summer and winter steelhead. The summer steelhead are dominated by year-class-two
ocean steelhead, whereas most other rivers in this region produce about equal numbers of both
age-one and age-two ocean steelhead. Factors contributing to the decline of Middle Columbia
river steelhead include hydropower development and agriculture; these land uses impede or
prevent migrations, alter water availability, and alter water chemistry and temperatures.

Status and Trends

Middle Columbia River steelhead were listed as threatened in 1999 (64 FR 14517), and their
status was reaffirmed on January 5, 2006 (71 FR 834). The precise pre-1960 abundance of this
species is unknown. Based upon the Washington Department of Fish and Wildlife’s estimates of
the historic run size for the Yakima River at 100,000 steelhead, Busby et al. (1996) surmised that
total DPS abundance likely exceeded 300,000 returning adults. By 1993, the estimated 5-year
average size (ending in 1993) of the Middle Columbia steelhead DPS was 142,000 fish (Bushy et
al. 1996). Survey data collected between 1997 and 2001 indicates that several populations within
the DPS have increased since the last status review (Good et al. 2005). However, long-term
annual population growth rate (1) is negative for most populations (see Table 18).

In contrast, short term trends in major areas were positive for 7 of the 12 areas with available
data (see Good et al. 2005). Spawner numbers in the Yakima River, the Deschutes River and
sections of the John Day River system were substantially higher compared to numbers surveyed
between 1992 and 1997 (Good et al. 2005). Similarly, spawner numbers substantially increased
in the Umatilla River and Fifteenmile Creek relative to annual levels in the early 1990s.
Nonetheless, most populations remain below interim target levels. For instance, the Yakima
River returns are still substantially below interim target levels of 8,900 (the current 5-year
average is 1,747 fish) and estimated historical return levels. In fact, the majority of spawning
occurs in only one tributary, Satus Creek (Berg 2001 in Good et al. 2005). Based on recent 5-
year geometric means, only the Deschutes River exceeded interim target levels (Good et al.
2005). While increases in short-term trends could suggest improvements within the DPS, given
that the average population growth rate across all streams is negative (0.98 assuming hatchery
spawners do not contribute to production, and 0.97 assuming that both hatchery and natural-
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origin fish contribute equally) and evidence of large fluctuation in marine survival for the
species, recent increases in population sizes must be viewed cautiously.

Critical Habitat

NMFS designated critical habitat for Middle Columbia River steelhead on September 2, 2005 (70
FR 52630). Designated critical habitat includes the following subbasins: Upper Yakima,
Naches, Lower Yakima, Middle Columbia/Lake Wallula, Walla Walla, Umatilla, Middle
Columbia/Hood, Klickitat, Upper John Day, North Fork John Day, Middle Fork John Day,
Lower John Day, Lower Deschutes, Trout, and the Upper Columbia/Priest Rapids subbasins, and
the Columbia River corridor. These areas are important for the species’ overall conservation by
protecting quality growth, reproduction, and feeding. The critical habitat designation for this
DPS identifies primary constituent elements that include sites necessary to support one or more
steelhead life stages. Specific sites include freshwater spawning sites, freshwater rearing sites,
freshwater migration corridors, nearshore marine habitat and estuarine areas. The physical or
biological features that characterize these sites include water quality and quantity, natural cover,
forage, adequate passage conditions, and floodplain connectivity. The final rule (70 FR 52630)
lists the watersheds that comprise the designated subbasins and any areas that are specifically
excluded from the designation.

In total, there are 114 watersheds within the range of Middle Columbia River steelhead. The
total area of habitat designated as critical includes about 5,800 miles of stream habitat. This
designation includes the stream channels within the designated stream reaches, and includes a
lateral extent as defined by the ordinary high water line. In areas where the ordinary high-water
line is not defined the lateral extent is defined as the bankfull elevation. Of the 114 watersheds
reviewed in NMFS' assessment of critical habitat for Middle Columbia River steelhead, nine
watersheds received a low rating of conservation value, 24 received a medium rating, and 81
received a high rating of conservation value for the species. Although pristine habitat conditions
are still present in some wilderness, roadless, and undeveloped areas, habitat complexity has
been greatly reduced in many areas of designated critical habitat for Middle Columbia River
steelhead. Limiting factors identified for Middle Columbia River steelhead include: hydropower
system mortality, reduced stream flow, impaired passage, excessive sediment, degraded water
quality, and altered channel morphology and floodplain.

Northern California Steelhead

Distribution and Description of the Listed Species

The Northern California DPS of steelhead includes all naturally spawned steelhead populations
below natural and manmade impassible barriers in California coastal river basins from Redwood
Creek south to, but not including the Russian river, and two artificial propagation programs
(Yager Creek Hatchery, and North Fork Gualala River Hatchery). In the recent update on the
status of this DPS, the southern boundary of the DPS was redefined to include the small coastal
streams south of the Gualala River (between the Gualala River and the Russian River) that
support steelhead. This DPS consists of winter and summer-run fish, as well as “half-pounders”
— a sexually steelhead that returns from the sea after spending less than a year in the ocean.
Generally, a half-pounder will overwinter in freshwater and return to the ocean in the spring.
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Status and Trends

NMFS listed Northern California steelhead as threatened on June 7, 2000 (65 FR 36074), and
reaffirmed their status as threatened on January 5, 2006 (71 FR 834). Long-term data sets are
limited for Northern California steelhead. Before 1960, estimates of abundance specific to this
DPS were available from dam counts in the upper Eel River (Cape Horn Dam; annual average
number of adults was 4,400 in the 1940s), the South Fork Eel River (Benbow Dam; annual
average number of adults was 18,000 in the 1940s), and the Mad River (Sweasey Dam; annual
average number of adults was 3,800 in the 1940s). According to California Department of Fish
& Game nearly 200,000 spawning steelhead may have comprised this DPS in the early 1960s
(Good et al. 2005). At the time of the first status review on this population, adult escapement
trends could be calculated for seven populations. Five of the seven populations exhibited
declines, while two exhibited increases with a range of almost 6% annual decline to a 3.5%
increase. At the time, little information was available on the actual contribution of hatchery fish
to natural spawning, there was and continues to be insufficient information to calculate an overall
abundance estimate for Northern California steelhead (Busby et al. 1996).

Recent time series data is also limited for this DPS, with recent abundance estimates available for
only four populations, three summer-run and one winter-run. Similarly, Good et al. (2005) could
only calculate the population growth rate for three populations (see Table 19). Population
growth rates are negative for two of the three populations, the South Fork Eel River winter-run
and the Middle Fork Eel River summer-run. Based on time series data for the Middle Fork Eel
River, both the long-term and short-term trends are downward. Due to the lack of adult data on
which to base their risk assessment, Good et al. (2005) also examined data on juvenile steelhead,
and found both upward and downward trends. The lack of data for the populations within this
DPS, particular winter-run fish is of continuing concern.

Table 19. Northern California steelhead salmon populations and select measures of population viability

River AHbllf;?jgl:iLa Mean Number (C1)®  Growth Rate (1)°
Redwood Creek 10,000 3 (n/a)
Mad River 6,000 162 (162-384)" 1.00 (0.93,1.05)°
Freshwater Creek winter run 32 (25-32)
Eel River -Total 82,000
South Fork Eel River 34,000 0.98 (0.92,1.02)
Middle Fork Eel River 23,000 418 (384-1,246)° 0.98 (0.93,1.04)°
Mattole River 12,000
Ten Mile River 9,000
Noyo River 8,000
Big River 12,000
Navarro River 16,000
Garcia River 4,000
Gualala River 16,000
Other Humboldt County streams 3,000
Other Mendocino County streams 20,000

®Historical abundances (1963) are considered uncertain by the author, California Department of Fish & Game. All data are reported in Good et al.
2005.

®\/alue represents the geometric mean number of fish surveyed by snorkel counts or weir counts (e.g., Mad River and MF Eel counts are from
snorkel surveys — for the MF Eel River these are snorkel counts of fish holding in pools of the main stem). See Good et al. 2005 for details.
‘Growth rate calculated upon method where a A=1.0 could describe a population that is in decline due to environmental stochasticity.
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“Five year mean of Mad River summer-run steelhead only.
*Population growth rate calculated on Mad River winter-run steelhead only.

Critical Habitat

NMFS designated critical habitat for Northern California steelhead on September 2, 2005 (70 FR
52488). Specific geographic areas designated include the following CALWATER hydrological
units: Redwood Creek, Trinidad, Mad River, Eureka Plain, Eel River, Cape Mendocino, and the
Mendocino Coast. These areas are important for the species’ overall conservation by protecting
quality growth, reproduction, and feeding. The critical habitat designation for this DPS identifies
primary constituent elements that include sites necessary to support one or more steelhead life
stages. Specific sites include freshwater spawning sites, freshwater rearing sites, freshwater
migration corridors, nearshore marine habitat and estuarine areas. The physical or biological
features that characterize these sites include water quality and quantity, natural cover, forage,
adequate passage conditions, and floodplain connectivity. The critical habitat designation (70 FR
52488) contains additional details on the sub-areas that are included as part of this designation,
and the areas that were excluded from designation.

In total, Northern California steelhead occupy 50 watersheds (fresh water and estuarine). The
total area of habitat designated as critical includes about 3,000 miles of stream habitat and about
25 square miles of estuarine habitat, mostly within Humboldt Bay. This designation includes the
stream channels within the designated stream reaches, and includes a lateral extent as defined by
the ordinary high water line. In areas where the ordinary high-water line is not defined the lateral
extent is defined as the bankfull elevation. In estuarine areas the lateral extent is defined by the
extreme high water because extreme high tide areas encompass those areas typically inundated
by water and regularly occupied by juvenile salmon during the spring and summer, when they are
migrating in the nearshore zone and relying on cover and refuge qualities provided by these
habitats, and while they are foraging. Of the 50 watersheds reviewed in NMFS' assessment of
critical habitat for Northern California steelhead, nine watersheds received a low rating of
conservation value, 14 received a medium rating, and 27 received a high rating of conservation
value for the species. Two estuarine areas used for rearing and migration (Humboldt Bay and the
Eel River estuary) also received a rating of high conservation value.

Puget Sound Steelhead

Distribution and Description of the Listed Species

The Puget Sound DPS for steelhead includes all naturally spawned anadromous winter-run and
summer-run steelhead populations in watersheds of the Strait of Juan de Fuca, Puget Sound and
Hood Canal, Washington. Boundaries of this DPS extend to and include the Elwha River to the
west, and the Nooksack River and Dakota Creek to the north. Hatchery production of steelhead
is widespread throughout this DPS, but only two artificial propagation programs are part of this
DPS: the Green River natural and Hamma Hamma winter-run steelhead hatchery populations.
The remaining hatchery programs are not considered part of the Puget Sound steelhead DPS
because they are more than moderately diverged from the local native populations (NMFS
2005c).
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The oceanic distribution of Puget Sound steelhead is not well understood. Winter and summer
runs from multiple DPS’ comingle in the North Pacific Ocean and some may undergo extensive
migrations as a result of the location of their natal streams and oceanic “centers of abundance”
(Light et al. 1989). Tagging and genetic studies indicate that Puget Sound steelhead migrate to
the central North Pacific ocean (see French et al. 1975, Hartt and Dell 1986, and Burgner et al.
1992 in NMFS 2005c¢). However, the fjord-like ecosystem of Puget Sound may affect steelhead
migration patterns; for example, some populations of coho and Chinook salmon, at least
historically, remained within Puget Sound and did not migrate to the Pacific Ocean itself. Even
when Puget Sound steelhead migrate to the high seas, they may spend considerable time as
juveniles or adults in the protected marine environment of Puget Sound. Oceanic residence times
varies among populations within the DPS, with some populations spending only one season in
the ocean and others spending three years in marine waters before returning to their natal stream
for spawning. Generally, winter-run steelhead enter their natal freshwater systems later
(November to April) in the year than summer-run steelhead (May to October), and thus have a
shorter freshwater residence time just prior to spawning. The result is that winter-run steelhead
have a lower pre-spawn mortality rate than summer-run steelhead (NMFS 2005c¢). Winter-run
steelhead are also more prevalent than summer-run fish, comprising 37 of the 53 populations
within this DPS.

Status and Trends

NMFS listed Puget Sound steelhead as a threatened species on May 11, 2007 (72 FR 26722). At
the time of the listing, the biological review team concluded that: the viability of Puget Sound
steelhead is at a high risk due to declining productivity and abundance; Puget Sound steelhead
are at moderate risk due to reduced spatial complexity and connectivity among populations
within the DPS, and reduction in life-history diversity within populations and from the threats
posed by artificial propagation and harvest. The Puget Sound steelhead DPS includes 53 putative
populations; most of which are composed of winter-run fish. Summer-run populations within
Puget Sound are small, with most averaging less than 200 spawners, and most lack sufficient
data to estimate population abundance. Table 20 lists several of the populations that comprise
Puget Sound steelhead as well as some statistics summarizing their current status.

In general, steelhead are most abundant in the northern Puget Sound streams. The largest
populations in this DPS are in the Skagit River and Snohomish River winter-run steelhead
populations. The recent geometric mean escapement is 5,608 winter-run steelhead in the Skagit,
and 3,230 winter-run steelhead in the Snohomish River. The Green River and Puyallup River
populations, in central Puget Sound, are the next largest populations and average approximately
1,500 (Green) and 1,000 (Puyallup) winter-run steelhead spawners annually.

Table 20. Puget Sound steelhead salmon populations and a summary of available demographic data

Historical
Population !_ife Abundance Mean Number Trends in Median short-term
History (Percent Annual of Spawners® escapement® growth rate (1)°
change®
Canyon Summer
Winter
Skagit Summer
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Winter 7,700 (2.0) 5608.5 -0.002 0.997 (0.997-0.998)
Snohomish Summer

Snohomish Winter 8,000 (3.1) 3230.1 -0.019 0.804 S
Dakota Winter
Nooksack Winter NA (-11.6)
Samish Winter 852.2 0.067** 0.988 (0.997-0.998)
Stillaguamish Winter NA (-6.3) 550.2 10,065 085 2ég5884'
Tolt Summer 119.0 0.025 1.018 (1.017-1.018)
Green Summer
Green Winter 1625.5 0.008 0.932 (0.932-0.933)
. o 0.808 S (0.804-

Cedar Winter 36.8 -0.179 0.811)
Lake Washington Winter NA (-17.5) 36.8 -0.180%**** 0.802 (0.800-0.803)
Nisqually Winter 1,200 (-5.1) 392.4 -0.084**** 0.918 (0.917-0.918)
Puyallup Winter 2,000 (-5.2) 1001.0 -0.062%**** 0.882 (0.881-0.882)
Dewatto Winter 247 1.020 (1.008-1.020)
Dosewallips Winter 76.7
Duckabush Winter 17.7 0.017
Hamma Hamma Winter 51.9 0.291* 1.013
Quilcene Winter 15.1 -0.006 0.988 S
Skokomish Winter NA (-3.5) 202.8 -0.075%*** 0.865 S
Tahuya Winter NA (-0.6) 117.0 0.009 0.983 (0.982-0.983)
Union Winter 55.3 0.008 0.969 S
Elwha Summer

Winter 210.0 0.966 (0.965-0.966)
Dungeness Winter NA (-5.5) 173.8 -0.076 0.924 (0.924-0.924)
Mc Donald Winter -0.031 0.732 S
Morse Winter 200 (-12.3) -0.006 0.945 (0.945-0.946)

®Values of historical abundance represent the total escapement for the subbasin. Data generally span the late 1970s to mid 1990s. All estimates are
run reconstructions, except the Nooksack which comes from spawner surveys. Specific data years for each data set and other details are noted in
Busby et al. 1996.

PGeometric mean estimates of escapement for Puget Sound steelhead are provided for the five year period from 2000-2004, and for hatchery plus
natural spawners (NMFS 2005c).

“Estimates of temporal trends in escapement and total run size (transformed by natural log). Estimates are the slopes of the regressions of natural
log (spawners or run size) on year. Estimates provided are for the entire available dataset and are based on natural fish (data years noted in NMFS
2005c). *, P<0.05; **, P<0.01; ***, P<0.001; **** P<0.0001 (all other values are not significant (data from NMFS 2005c)).

YEstimates for each population were computed for the most recent 10 years of data (1995-2004). S — Denotes that the estimate is based on natural
spawners alone. Values in parentheses represent the 95% Confidence Intervals o