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1. INTRODUCTION

This Introduction section provides information relevant to the other sections of this document
and is incorporated by reference into Sections 2 and 3 below.

1.1 Background

The National Marine Fisheries Service (NMFS) prepared the biological opinion (opinion) and
incidental take statement portions of this document in accordance with section 7(b) of the
Endangered Species Act (ESA) of 1973 (16 USC 1531 et seq.), and implementing regulations at
50 CFR 402.

We also completed an Essential Fish Habitat (EFH) consultation. It was prepared in accordance
with section 305(b)(2) of the Magnuson-Stevens Fishery Conservation and Management Act
(MSA) (16 U.S.C. 1801, et seq.) and implementing regulations at 50 CFR 600.

We completed pre-dissemination review of this document using standards for utility, integrity,
and objectivity in compliance with applicable guidelines issued under the Data Quality Act
(section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 2001,
Public Law 106-554). The document will be available through NMFS’ Public Consultation
Tracking System [https://pcts.nmfs.noaa.gov/pcts-web/homepage.pcts]. A complete record of
this consultation is on file with the Protected Resources Division in Portland, Oregon.

1.2 Consultation History

This document constitutes NMFS’ Opinion on the proposed Federal actions that may affect the
threatened species listed in Table 1. These Federal actions are funded, conducted, and/or
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permitted by The National Marine Fisheries Service (NMFS), The Bonneville Power
Administration, The Bureau of Land Management, The U.S. Army Corps of Engineers,

The U.S. Bureau of Reclamation, The U.S. National Park Service, The U.S. Fish and Wildlife
Service, The U.S. Forest Service, and The U.S. Geological Survey.

Table 1. Listed Salmon, Steelhead, Sturgeon, and Eulachon Included in State Fishery
Agency Scientific Research and Monitoring Programs in 2018.

Listed Species/State Fishery Agencies WDFW  IDFG ODFW CDFW

Puget Sound Chinook salmon (Oncorhynchus tshawytscha) X

Hood Canal summer-run chum salmon (O. keta)

Puget Sound steelhead (O. mykiss)

Upper Columbia River steelhead (O. mykiss)

X | X | X | X

Snake River fall Chinook salmon (O. tshawytscha)

Snake River spring/summer Chinook salmon (O.
tshawytscha)

X
X
X

Snake River steelhead (O. mykiss)

Middle Columbia River steelhead (O. mykiss)

Lower Columbia River Chinook salmon (O. tshawytscha)

Columbia River chum salmon (O. keta)

Lower Columbia River coho salmon (O. kisutch)

X[ X | X | X ]| X ]| X

Lower Columbia River steelhead (O. mykiss)

Upper Willamette River Chinook salmon (O. tshawytscha)

Upper Willamette River steelhead (O. mykiss)

X[ X | X | X | X | X| X[ X|[X

Oregon Coast coho salmon (O. kisutch)

Southern Oregon/Northern California Coasts coho salmon
(O. kisutch)

X
X

California Coastal Chinook salmon (O. tshawytscha)

Northern California steelhead (O. mykiss)

Central California Coast steelhead (O. mykiss)

Central Valley spring-run Chinook salmon (O. tshawytscha)

California Central Valley steelhead (O. mykiss)

X | X | X[ X| X[ X

South-Central California Coast steelhead (O. mykiss)
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Southern Distinct Population Segment of eulachon

(Thaleichthys pacificus) X X X
Southern Distinct Population Segment of North American

. : . X X X
green sturgeon (Acipenser medirostris)
Southern Resident killer whales (Orcinus orca) X X X

The four state fishery agencies on the West Coast— Washington Department of Fish and
Wildlife (WDFW), Idaho Department of Fish and Game (IDFG), Oregon Department of Fish
and Wildlife (ODFW), and California Department of Fish and Wildlife (CDFW)—have
submitted scientific research and monitoring programs (Programs) for review under the 4(d)
rule’s limit 7 for scientific research. This biological opinion is based on the information
contained in those programs, the individual research project proposals, and the document:
Evaluation and Determination of Research Programs Submitted by the WDFW, IDFG, ODFW,
and CDFW. NMFS evaluates the Programs with respect to the factors identified in the 4(d) rules
and additional considerations germane to those factors. One of this evaluation’s primary
purposes is to highlight areas of both general and specific concern (e.g., issues, projects, or
techniques that bear close monitoring). NMFS worked with the state fishery agencies to develop
conditions and requirements that address these concerns.

The Programs contain a total of 204 projects that would affect 24 threatened fish species in
California, ldaho, Oregon, and Washington. We did not receive any projects that might affect
Ozette Lake sockeye salmon.

The proposed actions also have the potential to affect Southern Resident killer whales and their
critical habitat by diminishing the whales’ prey base. We concluded that the proposed activities
are not likely to adversely affect killer whales or their critical habitat and the full analysis is
found in the "Not Likely to Adversely Affect” Determination section (2.9).

All projects contained in the Programs would either be conducted by or coordinated with the
state fishery agencies. Complete descriptions of the projects, including amounts of take
proposed, descriptions of the study designs, justifications for the take, and descriptions of the
techniques to be used, can be found on our permits website at https://apps.nmfs.noaa.gov.

On July 10, 2000, NMFS issued a 4(d) rule for 14 threatened salmon and steelhead (65 FR
42422, 50 CFR 223.203) (salmon and steelhead 4(d) rule). The rule applies the prohibitions of
section 9(a)(1) of the ESA to the threatened salmonid species listed in the rule, but imposed
certain limits on those prohibitions. Limit 7 states that the prohibitions of section 9(a)(1) of the
ESA (16 U.S.C. 1538(a)(1)) do not apply to scientific research activities (50 CFR 223.203(b)(7))
that are submitted by a state fishery agency as a “research program,” provided that the Program
complies with the four factors specified in the rule (see Part IV of the Evaluation and
Determination document) and is authorized in writing by NMFS Northwest Regional
Administrator. Under the rule, states are required to submit a new Program each year. The
Programs NMFS authorizes would be exempt from the prohibitions of section 9(a)(1) for one
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year—at the end of which NMFS would require annual reports documenting research-related
take for the past year.

On June 28, 2005, January 5, 2006, February 11, 2008, and September 25, 2008 NMFS issued
final listing determinations and protective regulations for 26 threatened and endangered salmon
and steelhead species (70 FR 37160, 71 FR 834, 73 FR 7816, 73 FR 55451). The protective
regulations extended the 4(d) rule to all threatened salmonid species considered in this
evaluation. The protective regulations apply the prohibitions of section 9(a)(1) of the ESA to
threatened natural and listed hatchery salmon and steelhead with an intact adipose fin, but not to
listed hatchery fish that have had their adipose fin removed.

On June 2, 2010 NMFS issued final rules establishing prohibitions for the threatened Southern
Distinct Population Segment (DPS) of North American green sturgeon (75 FR 30714, 50 CFR
223.210). The rule applies the prohibitions of section 9(a)(1) of the ESA to green sturgeon, but
imposed certain exemptions on those prohibitions. Exemption 1 states that the prohibitions of
section 9(a)(1) of the ESA (16 U.S.C. 1538(a)(1)) do not apply to ongoing or future state-
sponsored scientific research or monitoring activities that are part of a NMFS-approved, ESA-
compliant state 4(d) research program, provided that the program complies with the four factors
specified in the rule (see Part IV of the Evaluation and Determination document). Under the rule,
states are required to submit a new Program each year. The programs NMFS authorizes would be
exempt from the prohibitions of section 9(a)(1) for one year—at the end of which NMFS would
require reports documenting each project’s take.

The NMFS has not promulgated protective regulations via 8§ 4(d) of the ESA for eulachon.
Promulgation of 4(d) take prohibitions for eulachon shall result in a reinitiation of this opinion if
the effects of the research program considered in this opinion results in take that is prohibited by
the 4(d) rule.

1.3 Proposed Action

“Action” means all activities or programs of any kind authorized, funded, or carried out, in
whole or in part, by Federal agencies (50 CFR 402.02). In our analysis of the effects of the
action, we also consider the effects of other activities that are interrelated or interdependent with
the proposed action. “Interrelated actions” are those that are part of a larger action and depend on
the larger action for their justification. “Interdependent actions” are those that have no
independent utility apart from the action under consideration (50 CFR 402.02). In this instance,
we found no actions that are interrelated to or interdependent with the proposed research actions.
In the absence of any such actions, the proposed actions here are research activities proposed by
the agencies listed as the Action Agencies above and our approval of the IDFG, ODFW, and
WDFW Programs.

Our approval of the Programs is based on a determination that the Programs (1) meet the factors
described in the 4(d) rules, (2) fulfill additional considerations germane to research programs,
and (3) act to conserve the affected threatened species. Our review of those Programs is set out in
the April 6, 2018, Evaluation/Determination Document. The 4(d) research exception would
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apply to the Programs for one year (through December 31, 2018), at which time NMFS would
require annual reports documenting research-related take for the past year.

As noted, some of the projects identified in the Programs will be funded, conducted, or
authorized by the Federal agencies listed above (Federal Action Agencies). These Federal
agencies must comply with section 7 of the ESA because their actions may affect threatened
species or designated critical habitat. The Federal actions are expected to take (or cause to be
taken) listed salmon and steelhead. The activities include:

o Determining the abundance, distribution, growth rate, and condition of adult and juvenile
fish.

o Conducting disease and genetic studies.

o Determining diet composition.

o Evaluating salmonid production (i.e., smolt-to-adult survival rates).

o Determining stock composition, population trends, and life history patterns.

« Evaluating habitat restoration projects.

« Evaluating the effects artificial production and supplementation have on listed fish.

« Investigating migration timing and migratory patterns.

o Evaluating fish passage facilities, screens and other bypass systems.

o Investigating fish behaviors in reservoirs and off channel areas.

« Evaluating salmon spawning below dams.

e Monitoring effects of dam removal.

e Assessing point-source discharge effects on fish communities.

1.4 Action Area

“Action area” means 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). As the Programs describe,
the research actions will occur throughout much of Washington, Idaho, Oregon, and California.
Because the proposed activities are so wide-ranging, the action area for this opinion potentially
includes the majorities of all the listed species’ ranges (including a great many stream reaches to
be randomly chosen from year to year) and therefore we cannot describe the action area in more
detail. Nonetheless, where it is possible to narrow the area of a given project’s scope, the effects
analysis (Section 2.4) takes that limited geographic scope into account when determining the
proposed actions’ impacts on the species and their critical habitat.

The specific areas for each project are detailed in the Programs and summarized in the
Evaluation/Determination Document. In all cases, individual research activities would take place
on very small sites. For example, researchers may anchor a rotary screw trap in the stream
channel, deploy seines and nets covering tens of feet of stream, or wade a few hundred feet of
stream while backpack electrofishing. The proposed actions have very little potential to affect the
water, substrate, and adjacent riparian zones of estuarine and riverine reaches, and no potential to
affect nearshore marine habitats. Most of the proposed research activities would take place in
designated critical habitat.
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2. ENDANGERED SPECIES ACT BIOLOGICAL OPINION
AND INCIDENTAL TAKE STATEMENT

The ESA establishes a national program for conserving threatened and endangered species of
fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) of
the ESA, Federal agencies must ensure that their actions are not likely to jeopardize the
continued existence of endangered or threatened species, or adversely modify or destroy their
designated critical habitat. Per the requirements of the ESA, Federal action agencies consult with
NMFS and section 7(b)(3) requires that, at the conclusion of consultation, NMFS provides an
opinion stating how the agency’s actions would affect listed species and their critical habitat. If
incidental take is expected, section 7(b)(4) requires NMFS to provide an incidental take
statement (ITS) that specifies the impact of any incidental taking and includes non-discretionary
reasonable and prudent measures and terms and conditions to minimize such impacts.

The proposed action is not likely to adversely affect Southern Resident killer whales or its
critical habitat. The analysis is found in the "Not Likely to Adversely Affect” Determinations
section (2.9).

2.1 Analytical Approach

This biological opinion includes both a jeopardy analysis and an adverse modification analysis.
The jeopardy analysis relies upon the regulatory definition of “to jeopardize the continued
existence of a listed species,” which is “to engage in an action that would be expected, directly or
indirectly, to reduce appreciably the likelihood of both the survival and recovery of a listed
species in the wild by reducing the reproduction, numbers, or distribution of that species” (50
CFR 402.02). Therefore, the jeopardy analysis considers both survival and recovery of the
species.

The adverse modification analysis considers the impacts on the conservation value of designated
critical habitat. Destruction of or adverse modification of critical habitat means a direct or
indirect alteration that appreciably diminishes the value of critical habitat for the conservation of
a listed species. Such alterations may include, but are not limited to, those that alter the physical
or biological features essential to the conservation of a species or that preclude or significantly
delay development of such features.

Section 4(d) protective regulations for salmon and steelhead prohibit taking naturally spawned
fish and listed hatchery fish with an intact adipose fin but do not prohibit taking listed hatchery
fish that have had their adipose fins removed (70 FR 37160, 71 FR 834, 73 FR 7816).
Furthermore, we have not promulgated section 4(d) protective regulations for eulachon. As a
result, researchers do not need a permit to take eulachon or hatchery salmon and steelhead that
have had their adipose fin removed. Nevertheless, this document evaluates impacts on both
natural and hatchery fish to determine the effects of the action on each species as a whole.

We use the following approach to determine whether a proposed action is likely to jeopardize
listed species or destroy or adversely modify critical habitat:
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e |dentify the rangewide status of the species and critical habitat likely to be adversely
affected by the proposed action.

e Describe the environmental baseline in the action area.

e Analyze the effects of the proposed action on both species and their habitat using an
“exposure-response-risk” approach. For research actions, exposure equates to capturing
and handling the animals (including tagging, etc.); response is the degree to which they
are affected by the actions (e.g., injured or killed); and risk relates to what those
responses mean at the individual, population, and species levels.

e Describe any cumulative effects in the action area.

e Integrate and synthesize the above factors to assess the risk that the proposed action poses
to species and critical habitat.

e Reach jeopardy and adverse modification conclusions.

e If necessary, define a reasonable and prudent alternative to the proposed action.

2.2 Rangewide Status of the Species and Critical Habitat

This Opinion examines the status of each species that would be adversely affected by the
proposed action. The status is determined by the level of extinction risk that the listed species
face, based on parameters considered in documents such as recovery plans, status reviews, and
listing decisions. This informs the description of the species’ likelihood of both survival and
recovery. The species status section also helps to inform the description of the species’ current
“reproduction, numbers, or distribution” as described in 50 CFR 402.02. The opinion also
examines the condition of critical habitat throughout the designated area, evaluates the
conservation value of the various watersheds and coastal and marine environments that make up
the designated area, and discusses the current function of the essential physical and biological
features that help to form that conservation value.

The ESA defines species to include "any subspecies of fish or wildlife or plants, and any distinct
population segment of any species of vertebrate fish or wildlife which interbreeds when mature."
NMFS adopted a policy for identifying salmon DPSs in 1991 (56 FR 58612). It states that a
population or group of populations is considered an ESU if it is “substantially reproductively
isolated from conspecific populations,” and if it represents “an important component of the
evolutionary legacy of the species.” The policy equates an ESU with a DPS. In 1996 NMFS and
the U.S. Fish and Wildlife Service adopted a joint DPS policy, and in 2005 NMFS began
applying that policy to O. mykiss (steelhead). Hence, the Chinook, chum, and coho salmon
listing units in this biological opinion constitute ESUs of the species O. tshawytscha, O. keta,
and O. kisutch respectively. The steelhead listing units in this biological opinion constitute DPSs
of the species O. mykiss. The ESUs of salmon and DPSs of steelhead include natural-origin
populations and hatchery populations, as described below.

2.2.1 Climate Change

The Intergovernmental Panel on Climate Change (IPCC) and U.S. Global Change Research
Program recently published updated assessments of anthropogenic influence on climate, as well
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as projections of climate change over the next century (IPCC 2013; Melillo et al. 2014). Reports
from both groups document ever increasing evidence that recent warming bears the signature of
rising concentrations of greenhouse gas emissions. There is moderate certainty that the 30-year
average temperature in the Northern Hemisphere is now higher than it has been over the past
1,400 years. In addition, there is high certainty that ocean acidity has increased with a drop in
pH of 0.1 (NWFSC 2015).

Projected Climate Change

Trends in warming and ocean acidification are highly likely to continue during the next century
(IPCC 2013). In winter across the west, the highest elevations (e.g. in the Rocky Mountains)
will shift from consistent longer (>5 months) snow-dominated winters to a shorter period (3-4
months) of reliable snowfall (Klos et al. 2014); lower, more coastal or more southerly watersheds
will shift from consistent snowfall over winter to alternating periods of snow and rain
(“transitional’”); lower elevations or warmer watersheds will lose snowfall completely, and rain-
dominated watersheds will experience more intense precipitation events and possible shifts in the
timing of the most intense rainfall (e.g., Salathe et al. 2014). Warmer summer air temperatures
will increase both evaporation and direct radiative heating. When combined with reduced winter
water storage, warmer summer air temperatures will lead to lower minimum flows in many
watersheds. Higher summer air temperatures will depress minimum flows and raise maximum
stream temperatures even if annual precipitation levels do not change (e.g., Sawaske and
Freyberg 2014) (NWFSC 2015).

Higher sea surface temperatures and increased ocean acidity are predicted for marine
environments in general (IPCC 2013). However, regional marine impacts will vary, especially in
relation to productivity. The California Current is strongly influenced by seasonal upwelling of
cool, deep, water that is high in nutrients and low in dissolved oxygen and pH. An analysis of 21
global climate models found that most predicted a slight decrease in upwelling in the California
Current, although there is a latitudinal cline in the strength of this effect, with less impact toward
the north (Rykaczewski et al. 2015; NWFSC 2015).

Freshwater environments

Sea surface temperatures across the Northeast Pacific Ocean are anomalously warm which has
contributed to above average terrestrial temperatures in the PNW (Bond et al. 2015). Mean air
temperatures for Washington, Oregon, and Idaho were the warmest on record for the 24-month
period ending in August 2015 (from a 120-year record starting in 1895). In contrast,
precipitation in the PNW was slightly above average during 2014. Since January 2015, however,
precipitation has been below average and the 8-month period from January to August was the
11th driest on record. The exceptionally warm air during the winter of 2014/2015 and below
average precipitation from January-April resulted in anomalously low snow pack conditions in
the Olympic and Cascade Mountains, with most areas having less than 25 percent of average
snow pack in April 2015 (compared to the 1981-2010 record). The combined effects of low
flows and high air temperatures resulted in higher than normal stream temperatures and reports
of fish kills of salmon and sturgeon in the Willamette and mainstem Columbia Rivers in late
June and July 2015 (NWFSC 2015).
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Impacts on Salmon

Studies examining the effects of long term climate change to salmon populations have identified
a number of common mechanisms by which climate variation is likely to influence salmon
sustainability. These include direct effects of temperature such as mortality from heat stress,
changes in growth and development rates, and disease resistance. Changes in the flow regime
(especially flooding and low flow events) also affect survival and behavior. Expected behavioral
responses include shifts in seasonal timing of important life-history events, such as the adult
migration, spawn timing, fry emergence timing, and juvenile migration (NWFSC 2015).

Climate impacts in one life stage generally affect body size or timing in the next life stage and
can be negative across multiple life stages (Healey 2011; Wade et al. 2013; Wainwright and
Weitkamp 2013). Changes in winter precipitation will likely affect incubation and/or rearing
stages of most populations. Changes in the intensity of cool season precipitation could influence
migration cues for fall and spring adult migrants, such as coho salmon and steelhead. Egg
survival rates may suffer from more intense flooding that scours or buries redds. Changes in
hydrological regime, such as a shift from mostly snow to more rain, could drive changes in life
history, potentially threatening diversity within an ESU (Beechie et al. 2006). Changes in
summer temperature and flow will affect both juvenile and adult stages in some populations,
especially those with yearling life histories and summer migration patterns (Quinn 2005; Crozier
and Zabel 2006; Crozier et al. 2010). Adults that migrate or hold during peak summer
temperatures can experience very high mortality in unusually warm years. For example, in 2015
only 4 percent of adult Redfish Lake sockeye survived the migration from Bonneville to Lower
Granite Dam after confronting temperatures over 22°C in the lower Columbia River. Marine
migration patterns could also be affected by climate induced contraction of thermally suitable
habitat. Abdul-Aziz et al. (2011) modeled changes in summer thermal ranges in the open ocean
for Pacific salmon under multiple IPCC warming scenarios. For chum salmon, pink salmon,
coho salmon, sockeye salmon, and steelhead, they predicted contractions in suitable marine
habitat of 30-50 percent by the 2080s, with an even larger contraction (86-88 percent) for
Chinook salmon under the medium and high emissions scenarios (A1B and A2) (NWFSC 2015).

2.2.2 Status of Listed Species

For Pacific salmon and steelhead—and eulachon and green sturgeon—NMFS commonly uses
four parameters to assess the viability of the populations that, together, constitute the species:
spatial structure, diversity, abundance, and productivity (McElhany et al. 2000). These “viable
salmonid population” (VVSP) criteria therefore encompass the species’ “reproduction, numbers, or
distribution” as described in 50 CFR 402.02. When these parameters are collectively at
appropriate levels, they maintain a population’s capacity to adapt to various environmental
conditions and allow it to sustain itself in the natural environment. These attributes are
influenced by survival, behavior, and experiences throughout a species’ entire life cycle, and
these characteristics, in turn, are influenced by habitat and other environmental conditions.

“Spatial structure” refers both to the spatial distributions of individuals in the population and the
processes that generate that distribution. A population’s spatial structure depends fundamentally



ESA Section 7 Consultation #WCR-2017-8530

on habitat quality and spatial configuration and the dynamics and dispersal characteristics of
individuals in the population.

“Diversity” refers to the distribution of traits within and among populations. These range in scale
from DNA sequence variation at single genes to complex life history traits (McElhany et al.
2000).

“Abundance” generally refers to the number of naturally-produced adults (i.e., the progeny of
naturally-spawning parents) in the natural environment (e.g., on spawning grounds).

“Productivity,” as applied to viability factors, refers to the entire life cycle; i.e., the number of
naturally-spawning adults produced per parent. When progeny replace or exceed the number of
parents, a population is stable or increasing. When progeny fail to replace the number of parents,
the population is declining. McElhany et al. (2000) use the terms “population growth rate” and
“productivity” interchangeably when referring to production over the entire life cycle. They also
refer to “trend in abundance,” which is the manifestation of long-term population growth rate.

For species with multiple populations, once the biological status of a species’ populations has
been determined, NMFS assesses the status of the entire species using criteria for groups of
populations, as described in recovery plans and guidance documents from technical recovery
teams. Considerations for species viability include having multiple populations that are viable,
ensuring that populations with unique life histories and phenotypes are viable, and that some
viable populations are both widespread to avoid concurrent extinctions from mass catastrophes
and spatially close to allow functioning as metapopulations (McElhany et al. 2000).

A species’ status thus is a function of how well its biological requirements are being met: the
greater the degree to which the requirements are fulfilled, the better the species’ status. For the
purposes of our later analysis, all the species considered here require functioning habitat and
adequate spatial structure, abundance, productivity, and diversity to ensure their survival and
recovery in the wild.

2.2.2.1 Puget Sound Chinook Salmon

Description and Geographic Range

On June 28, 2005, NMFS listed PS Chinook salmon—both natural and some artificially-
propagated fish—as a threatened species (70 FR 37160). The species includes all naturally
spawned Chinook salmon populations from rivers and streams flowing into Puget Sound
including the Straits of Juan De Fuca from the Elwha River, eastward. This includes rivers and
streams flowing into Hood Canal, South Sound, North Sound, and the Strait of Georgia in
Washington. The following 26 artificial propagation programs are part of the species and are also
listed (79 FR 20802; Table 2): Kendall Creek Hatchery Program; Marblemount Hatchery
Program (spring subyearlings and summer-run), Harvey Creek Hatchery Program (summer-run
and fall-run), Whitehorse Springs Pond Program, Wallace River Hatchery Program (yearlings
and subyearlings), Tulalip Bay Program, Issaquah Hatchery Program, Soos Creek Hatchery
Program, Icy Creek Hatchery Program, Keta Creek Hatchery Program, White River Hatchery



ESA Section 7 Consultation #WCR-2017-8530

Program, White Acclimation Pond Program, Hupp Springs Hatchery Program, VVoights Creek
Hatchery Program, Diru Creek Program, Clear Creek Program, Kalama Creek Program, George
Adams Hatchery Program, Rick’s Pond Hatchery Program, Hamma Hamma Hatchery Program,
Dungeness/Hurd Creek Hatchery Program, Elwha Channel Hatchery Program, and the Skookum
Creek Hatchery Spring-run Program. Under the final listing in 2005, the section 4(d) protections
(and limits on them) apply to natural-origin and hatchery PS Chinook salmon with an intact

adipose fin, but not to listed hatchery fish that have had their adipose fin removed.

Table 2. Expected Puget Sound Chinook salmon hatchery releases (WDFW 2017).

Artificial propagation

Clipped Adipose

Intact Adipose

Subbasin program Brood year [Run Timing Fin Fin
Deschutes Tumwater Falls 2017 Fall 3,800,000 -
Dungeness 2017 Spring - 50,000
2016 Fall - 200,000
Elwha
2017 Fall 250,000 2,250,000
Dungeness-Elwha - -
Gray Wolf River 2017 Spring - 50,000
Hurd Creek 2016 Spring - 50,000
Upper Dungeness Pond 2017 Spring - 50,000
Icy Creek 2016 Fall 300,000 -
Duwamish Palmer 2017 Fall - 1,000,000
Soos Creek 2017 Fall 3,000,000 200,000
Hood Canal Schools 2017 Fall - 500
Hood Canal Hoodsport 2016 Fall 120,000 -
2017 Fall 2,300,000 -
2016 Spring 40,000 -
Bernie Gobin 2017 Fall - 200,000
Summer 2,300,000 100,000
Chambers Creek 2017 Fall 400,000 -
Garrison 2017 Fall 450,000 -
Kitsap George Adams 2017 Fall 3,575,000 225,000
Gorst Creek 2017 Fall 1,530,000 -
Grovers Creek 2017 Fall 450,000 -
Hupp Springs 2017 Spring - 400,000
Lummi Sea Ponds 2017 Fall 500,000 -
Minter Creek 2017 Fall 1,250,000 -
Lake Washington Friends of ISH 2017 Fall - 1,425
Issaquah 2017 Fall 2,000,000 -
Clear Creek 2017 Fall 3,300,000 200,000
Nisqually Kalama Creek 2017 Fall 600,000 -
Nisqually MS 2017 Fall - 90
Kendall Creek 2017 Spring 800,000 -
Nooksack -
Skookum Creek 2017 Spring - 1,000,000
Clarks Creek 2017 Fall 400,000 -
Voights Creek 2017 Fall 1,600,000 -
Puyallup -
White River 2016 Spr!ng - 55,000
2017 Spring - 340,000
San Juan Islands Glenwood Springs 2017 Fall 725,000 -
Orcas Island SD 2017 Fall - 225
Skykomish Wallace River 2016 Summer 500,000 -
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Artificial propagation Clipped Adipose | Intact Adipose
Subbasin program Brood year |Run Timing Fin Fin
2017 Summer 800,000 200,000
il ich Brenner 2017 Fall - 200,000
Stillaguamis Whitehorse Pond 2017 Summer 220,000 -
Strait of Georgia Samish 2017 Fall 3,800,000 200,000
. Spring 387,500 200,000
Upper Skagit Marblemount 2017
Summer 200,000 -
Total Annual Release Number 36,097,500 7,172,240

Adult PS Chinook salmon typically return to freshwater from March through August and spawn
from July through December. Early-timed Chinook salmon tend to enter freshwater as immature
fish in the spring, migrate far upriver, and finally spawn in the late summer and early autumn.
Late-timed Chinook salmon enter freshwater in the fall at an advanced stage of maturity, move
rapidly to their spawning areas on the mainstem or lower tributaries of the rivers, and spawn
within a few days or weeks of freshwater entry. Most PS Chinook salmon tend to mature at ages
three and four, but the range is from two to six years.

Spawning females deposit between 2,000 and 5,500 eggs in a shallow nest, or redd, that they dig
with their tail. Depending on water temperatures, the eggs hatch between 32 and 159 days after
deposition. Alevins, newly hatched salmon with attached yolk sacs, remain in the gravel for
another 14 to 21 days before emerging as fry. Juvenile Chinook salmon may migrate
downstream to saltwater within 1 to 10 days and spend many months rearing in the estuary, or
they may reside in freshwater for a full year, spending relatively little time in the estuary area,
before migrating to sea. Most PS Chinook salmon leave the freshwater environment during their
first year. Chinook salmon make extensive use of the protected estuary and nearshore habitats
before migrating to the ocean.

Although some PS Chinook salmon spend their entire life in the Puget Sound, most migrate to
the ocean and north along the Canadian coast. Return migration routes vary from year to year,
with some fish migrating along the west coast of VVancouver Island and others through Johnstone
Strait and the Strait of Georgia.

Spatial Structure and Diversity

The PS Chinook salmon ESU contains 31 “historically independent populations,” of which nine
are believed to be extinct (Ruckelshaus et al. 2006). The extinct populations were mostly
composed of early-returning fish from the mid- and southern parts of the Puget Sound and in the
Hood Canal/Strait of Juan de Fuca (Table 3).

Table 3. Historical populations of Chinook salmon in the Puget Sound (Ruckelshaus et al.
2006).

Population Region Status Run Timing
N. Fork Nooksack Strait of Georgia Extant Early
S. Fork Nooksack Strait of Georgia Extant Early
Nooksack late Strait of Georgia Extinct Late
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Population Region Status Run Timing
Lower Skagit North Puget Sound Extant Late
Upper Skagit North Puget Sound Extant Late
Cascade North Puget Sound Extant Early
Lower Sauk North Puget Sound Extant Late
Upper Sauk North Puget Sound Extant Early
Suiattle North Puget Sound Extant Early
N. Fork Stillaguamish North Puget Sound Extant Late
S. Fork Stillaguamish North Puget Sound Extant Late
Stillaguamish early North Puget Sound Extinct Early
Skykomish North Puget Sound Extant Late
Snoqualmie North Puget Sound Extant Late
Snohomish early North Puget Sound Extinct Early
Sammamish Central and South Puget Sound Extant Late
Cedar Central and South Puget Sound Extant Late
Duwamish-Green Central and South Puget Sound Extant Late
Duwamish-Green early Central and South Puget Sound Extinct Early
White Central and South Puget Sound Extant Early
Puyallup Central and South Puget Sound Extant Late
Puyallup early Central and South Puget Sound Extinct Early
Nisqually Central and South Puget Sound Extant Late
Nisqually early Central and South Puget Sound Extinct Early
Skokomish Hood Canal Extant Late
Skokomish early Hood Canal Extinct Early
Mid-Hood Canal Hood Canal Extant Late
Mid-Hood Canal early Hood Canal Extinct Early
Dungeness Strait of Juan de Fuca Extant Late
Elwha Strait of Juan de Fuca Extant Late
Elwha early Strait of Juan de Fuca Extinct Early

Losing these nine historical populations reduced the species’ spatial structure. In all cases, the
extinct populations overlapped with extant populations, leaving the impression that the spatial
structure had not changed. However, the two Chinook salmon run-types tend to spawn in
different parts of the watershed (Myers et al. 1998). Early-timed Chinook salmon tend to migrate
farther upriver and farther up into tributary streams, whereas, late-timed fish spawn in the
mainstem or lower tributaries of the river. Therefore, losing one run timing could cause an
underuse of available spawning habitat and reduce population distribution and spatial structure.

Chinook salmon population diversity can range in scale from genetic differences within and
among populations to complex life-history traits. The loss of early-run populations is a leading
factor affecting ESU diversity. As stated above, eight of the nine extinct populations were
composed of early-returning fish (Table 3). Run-timing is a life-history trait considered to be an
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adaptation to variable environmental conditions. The early-run populations were an evolutionary
legacy of the ESU, and the loss of these populations reduces the overall ESU’s diversity.

Another major factor affecting PS Chinook salmon diversity is artificial propagation. In 1993,
WDF et al. classified nearly half of the ESU populations as sustained, at least in part, by artificial
propagation. Since the 1950s, hatcheries have released nearly two billion fish into Puget Sound
tributaries. Most of these fish came from fall-run (late returning) adults from the Green River
stock or stocks derived from Green River stock resulting in some PS Chinook salmon
populations containing substantial hatchery-origin spawner numbers (first generation hatchery
fish). By releasing so many hatchery-origin spawners, the use of a single stock could reduce the
naturally spawning populations’ genetic diversity and fitness. In 1991, a stock transfer policy
(WDF 1991) was developed and implemented to foster local brood stocks by significantly
reducing egg and juvenile transfers between watersheds. This policy mandates hatchery
programs to use local brood stocks in rivers with extant indigenous stocks.

According to recent production estimates, Puget Sound hatcheries release over 40 million
juvenile Chinook salmon each year (Table 2). Most hatchery fish production is for commercial
harvest and sport fishing. However, tens of thousands of these fish escape harvest each year and
return to spawn in Puget Sound tributaries. From 1990 through 2014, there has been a declining
trend in the proportion of natural-origin spawners across the whole ESU (NWFSC 2015). For
2010-2014, more than 70% of the spawners are hatchery fish in eight of the 22 populations
(Table 4). For the five MPGs, only the Whidbey Basin MPG had over half of their spawners be
of natural origin in the majority of the populations (NWFSC 2015).

Table 4. Five-year means of fraction wild for PS Chinook salmon by population (NWFSC
2015).

Five-year means for fraction wild
Population 1990-1994 | 1995-1999 | 2000-2004 | 20052009 | 2010-2014
Strait of Georgia MPG
NF Nooksack River 0.53 0.29 0.07 0.18 0.16
SF Nooksack River 0.76 0.63 0.62 0.63 0.28
Strait of Juan de Fuca MPG
Elwha River 0.65 0.41 0.54 0.34 0.15
Dungeness River 0.17 0.17 0.16 0.33 0.26
Hood Canal MPG
Skokomish River 0.52 0.40 0.46 0.45 0.17
Mid-Hood Canal 0.79 0.82 0.79 0.61 0.29
Whidbey Basin MPG
Skykomish River 0.73 0.46 0.55 0.72 0.73
Snoqualmie River 0.85 0.67 0.87 0.68 0.78
NF Stillaguamish River 0.75 0.65 0.80 0.57 0.59
SF Stillaguamish River 1.00 1.00 1.00 0.99 0.83
Upper Skagit River 0.96 0.98 0.96 0.94 0.96
Lower Skagit River 0.96 0.96 0.97 0.96 0.96
Upper Sauk River 0.96 0.96 0.96 0.96 0.96
Lower Sauk River 0.96 0.96 0.95 0.95 0.96
Suiattle River 0.98 0.98 0.98 0.97 0.98
Cascade River 0.98 0.98 0.98 0.98 0.98
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Central / South Sound MPG

Sammamish River 0.24 0.20 0.40 0.23 0.11
Cedar River 0.74 0.70 0.63 0.82 0.82
Green River 0.44 0.32 0.63 0.44 0.43
Puyallup River 0.84 0.70 0.70 0.40 0.57
White River 0.88 0.93 0.95 0.79 0.56
Nisqually River 0.78 0.80 0.68 0.31 0.30

Abundance and Productivity

Bledsoe et al. (1989) proposed an historical abundance of 690,000 PS Chinook salmon.
However, this estimate is based upon the 1908 Puget Sound cannery pack, so it should be viewed
cautiously since it probably included fish that originated in adjacent areas. Additionally,
exploitation rate estimates used in run-size expansions are not based on precise data.

NMFS concluded in 1998 (Myers et al. 1998), 2005 (Good et al. 2005), 2011 (Ford 2011), and
2015 (NWFSC 2015) that the Puget Sound ESU was likely to become endangered in the
foreseeable future. In the first status review, we estimated the total PS Chinook salmon run size!
in the early 1990s to be approximately 240,000 Chinook salmon, with the vast majority as
hatchery-origin. Based on current estimates, 67,000 of those fish were naturally produced
Chinook salmon (Unpublished data, Norma Sands, NWFSC, March 5, 2010). ESU escapement
(total spawners) increased to 47,686 (2000-2004), but has since declined to 40,411(2005-2009)
and to 32,451 (2010-2014; Tables 5 and 6).

Table 5. Abundance—five-year geometric means for adult (age 3+) natural origin and total
spawners (natural and hatchery origin — in parenthesis) for the ESU with percent change
between the most recent two 5-year periods shown on the far right column (NWFESC 2015).

1 Run size is calculated by combining harvest estimates and spawner estimates.

Geometric means
Population 1990-1994 | 1995-1999 | 2000-2004 | 2005-2009 | 2010-2014 | % Change
Strait of Georgia MPG
NF Nooksack River 52 (102) 97 (476) 229 (3,476) 277 (1,675) 154 (1,167) -44 (-30)
SF Nooksack River 126 (171) 133 (217) 235 (398) 244 (388) 88 (418) -64 (8)
Strait of Juan de Fuca MPG
Elwha River 420 (658) 274 (735) 357 (716) 193 (597) 164 (1,152) -15 (93)
Dungeness River 20 (117) 18 (104) 71 (527) 162 (508) 119 (447) -27 (-6)
Hood Canal MPG
Skokomish River 506 (994) 478 (1,232) 479 (1,556) 500 (1,216) 256 (1,627) -49 (34)
Mid-Hood Canal 93 (119) 152 (186) 169 (217) 47 (88) 75 (314) 60 (257)
Whidbey Basin MPG
Skykomish River 1,658 (2,325) 1,494 (3,327) 2,606 (4,842) 2,388 (3,350) 1,693 (2,320) -29 (-31)
Snoqualmie River 873 (1,035) 739 (1,187) 2,161 (2,480) | 1,311 (1,965) 885 (1,143) -32 (-42)
NF Stillaguamish River 553 (742) 603 (946) 967 (1,225) 550 (984) 574 (976) 4(-1)
SF Stillaguamish River 150 (150) 241 (241) 219 (219) 101 (102) 71 (87) -30 (-15)
Upper Skagit River 5,389 (5,599) | 6,159 (6,267) |12,039 (12,484) | 9,975 (10,611) | 6,924 (7,194) -31 (-32)
Lower Skagit River 1,417 (1,473) | 1,001 (1,041) | 2,765(2,857) | 2,118 (2,216) | 1,391 (1,446) -34 (-35)
Upper Sauk River 394 (409) 258 (268) 413 (428) 498 (518) 836 (867) 68 (67)
Lower Sauk River 399 (414) 414 (433) 812 (853) 546 (572) 413 (432) -24 (-24)
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Geometric means

Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change
Suiattle River 295 (302) 373 (382) 405 (415) 254 (261) 351 (360) 38 (38)
Cascade River 185 (189) 208 (213) 364 (371) 334 (341) 338 (345) 1(1)
Central / South Sound MPG

Sammamish River 52 (227) 32 (160) 385 (1,040) 289 (1,281) 160 (1,679) -45 (31)
Cedar River 367 (509) 369 (541) 405 (643) 1,043 (1,275) | 881 (1,075) -16 (-16)
Green River 2,253 (5,331) | 2,149 (7,272) | 4,099 (6,624) | 1,334(3,187) | 897 (2,168) -33 (-32)
Puyallup River 2,143 (2,543) | 1.611(2,340) | 1,171(1,687) | 795 (2,012) 598 (1,186) -25 (-41)
White River 565 (645) 1,307 (1,415) | 3,128 (3,309) | 4,170(5,301) | 1,689 (3,471) -59 (-35)
Nisqually River 630 (806) 596 (748) 891 (1,319) 587 (1,963) 701 (2,577) 19 (31)

In their population viability criteria assessment, the Puget Sound Technical Recovery Team
(PSTRT) presented viable spawning abundances for 16 of the 22 populations (PSTRT 2002). For
the 2010 status review (Ford 2011), viable spawning abundances for the remaining six
populations were extrapolated based on a recovered productivity equal to the average for the 16
populations (recruits per spawner = 3.2). It is important to note that these are viability
abundances assuming replacement only productivity — higher productivity would result in lower
viable spawning abundances. For this reason, we use the low productivity planning range to
evaluate the current abundance trends of PS Chinook salmon (Table 6).

Table 6. Average abundance estimates for PS Chinook salmon natural- and hatchery-origin
spawners 2011-2015 (unpublished data, Mindy Rowse, NWFSC, November 17, 2017).

Population Name Nastural—orlgm Hatchery—onagm e Ha_tc_hery I\\/llllg:Jrlr::Jt;]/1 NEuxrﬁeb(;tf gf
Pawners SJpRE O Abundance® | Outmigrants®

Strait of Georgia MPG
NF Nooksack River 159 953 85.70% 16,000 89,003
SF Nooksack River 15 10 38.94% 9,100 1,983
Strait of Juan de Fuca MPG
Elwha River 202 1,985 90.75% 15,100 174,974
Dungeness River 96 290 75.08% 4,700 30,949
Hood Canal MPG
Skokomish River 205 951 82.27% 12,800 92,453
Mid-Hood Canal 102 204 66.55% 11,000 24,507
Whidbey Basin MPG
Skykomish River 1,617 839 34.16% 17,000 196,483
Snoqualmie River 710 195 21.54% 17,000 72,427
NF Stillaguamish River 331 374 53.10% 17,000 56,418
SF Stillaguamish River 63 14 18.09% 15,000 6,111
Upper Skagit River 7,755 381 4.68% 17,000 650,852
Lower Skagit River 1,673 90 5.09% 16,000 141,009
Upper Sauk River 849 24 2.75% 3,000 69,829
Lower Sauk River 383 6 1.57% 5,600 31,104
Suiattle River 417 3 0.80% 600 33,651
Cascade River 232 20 7.86% 1,200 20,148
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Population Name Nastural—orlgm Hatchery—orlagm e Ha_tc_hery I\\/llllg:Jrlr::Jt?/1 NEuxrﬁeb(;tf ﬂf
Pawners SJpRE Qi Abundance® | Outmigrants®

Central / South Sound MPG
Sammamish River 88 1,083 92.48% 10,500 93,699
Cedar River 825 260 23.97% 11,500 86,834
Duwamish/Green River 796 1,562 66.24% 17,000 188,698
Puyallup River 529 643 54.86% 17,000 93,766
White River 685 2,018 74.65% 14,200 216,295
Nisqually River 679 1,321 66.04% 13,000 159,971
ESU Average 18,413 13,227 41.80% 2,531,163
2 Five-year geometric mean of post-fishery spawners.

® Ford 2011
¢ Expected number of outmigrants=Total spawners*40% proportion of females*2,000 eggs per female*10% survival rate from
egg to outmigrant

The average? abundance (2011-2015) for PS Chinook salmon populations is 31,640 adult
spawners (18,413 natural-origin and 13,227 hatchery-origin spawners). Natural-origin spawners
range from 15 (in the South Fork Nooksack River population) to 7,755 fish (in the Upper Skagit
population). No populations are meeting minimum viability abundance targets, and only three of
22 populations average greater than 20% of the minimum viability abundance target for natural-
origin spawner abundance (all of which are in the Skagit River watershed). The populations
closest to planning targets (Upper Skagit, Upper Sauk, and Suiattle) need to increase
substantially just to meet the minimum viability abundance target. The Lower Skagit population
is the second most abundant population, but its natural-origin spawner abundance is only 10% of
the minimum viability abundance target.

Juvenile PS Chinook salmon abundance estimates come from escapement data, the percentage of
females in the population, and fecundity. Fecundity estimates for the ESU range from 2,000 to
5,500 eggs per female, and the proportion of female spawners in most populations is
approximately 40% of escapement. By applying a conservative fecundity estimate (2,000
eggs/female) to the expected female escapement (both natural-origin and hatchery-origin
spawners — 12,656 females), the ESU is estimated to produce approximately 25.3 million eggs
annually. Smolt trap studies have researched egg to migrant juvenile Chinook salmon survival
rates in the following Puget Sound tributaries: Skagit River, North Fork Stillaguamish River,
South Fork Stillaguamish River, Bear Creek, Cedar River, and Green River (Beamer et al. 2000;
Seiler et al. 2002, 2004, 2005; Volkhardt et al. 2005; Griffith et al. 2004). The average survival
rate in these studies was 10%, which corresponds with those reported by Healey (1991). With an
estimated survival rate of 10%, the ESU should produce roughly 2.53 million natural-origin
outmigrants annually.

2 Average abundance calculations are the geometric mean. The geometric mean of a collection of positive data is
defined as the nth root of the product of all the members of the data set, where n is the number of members.
Salmonid abundance data tend to be skewed by the presence of outliers (observations considerably higher or lower
than most of the data). For skewed data, the geometric mean is a more stable statistic than the arithmetic mean.
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Juvenile listed hatchery PS Chinook salmon abundance estimates come from the annual hatchery
production goals. Hatchery production varies annually due to several factors including funding,
equipment failures, human error, disease, and adult spawner availability. Funding uncertainties
and the inability to predict equipment failures, human error, and disease suggest that production
averages from previous years is not a reliable indication of future production. For these reasons,
abundance is assumed to equal production goals. The combined hatchery production goal for
listed PS Chinook salmon from Table 2 is 43,269,740 adipose-fin-clipped and non-clipped
juvenile Chinook salmon.

Fifteen-year trends in wild spawner abundance were calculated for each PS Chinook salmon
population for two time series — 1990-2005 and 1999-2014 (Table 7). Trends were calculated
from a linear regression applied to the smoothed wild spawner log abundance estimate (NWFSC
2015). For the 1990-2005 time series, trends were negative for only two of 22 populations.
Recent trends (1999-2014), however, were negative for 17 of the 22 populations (NWFSC 2015).

Table 7. Fifteen year trends for PS Chinook salmon for two time series — 1990-2005 and 1999-
2014 (NWFSC 2015).

1990-2005 1999-2014
Population Trend | 95%Cl Trend | 95%Cl
Strait of Georgia MPG
NF Nooksack River 0.07 (0.04, 0.09) 0.04 (0,0.07)
SF Nooksack River 0.03 (0, 0.06) -0.06 (-0.10, -0.02)
Strait of Juan de Fuca MPG
Elwha River -0.02 (-0.06, 0.02) -0.06 (-0.10, -0.03)
Dungeness River 0.14 (0.08, 0.19) 0.09 (0.03, 0.14)
Hood Canal MPG
Skokomish River 0.02 (-0.01, 0.05) -0.07 (-0.11, -0.02)
Mid-Hood Canal 0.03 (0, 0.07) -0.07 (-0.11, -0.02)
Whidbey Basin MPG
Skykomish River 0.03 (0, 0.06) -0.02 (-0.04, 0.01)
Snoqualmie River 0.09 (0.05, 0.12) -0.05 (-0.08, -0.03)
NF Stillaguamish River 0.04 (0.02, 0.06) -0.04 (-0.06, -0.01)
SF Stillaguamish River 0.01 (-0.01, 0.03) -0.10 (-0.12, -0.08)
Upper Skagit River 0.07 (0.05, 0.09) -0.03 (-0.06, 0)
Lower Skagit River 0.05 (0.02, 0.09) -0.03 (-0.06, -0.01)
Upper Sauk River 0.01 (-0.02, 0.04) 0.06 (0.04, 0.08)
Lower Sauk River 0.05 (0.01, 0.08) -0.04 (-0.07,-0.01)
Suiattle River 0.01 (-0.01, 0.03) -0.01 (-0.04, 0.01)
Cascade River 0.06 (0.04, 0.08) 0.01 (-0.01, 0.03)
Central / South Sound MPG
Sammamish River 0.17 (0.11, 0.23) -0.02 (-0.06, 0.02)
Cedar River 0.03 (0, 0.06) 0.07 (0.05, 0.10)
Green River 0.02 (-0.02, 0.06) -0.12 (-0.16, -0.09)
Puyallup River -0.03 (-0.05, -0.02) -0.06 (-0.08, -0.03)
White River 0.19 (0.17,0.21) -0.03 (-0.08, 0.01)
Nisqually River 0.05 (0.03, 0.06) -0.01 (-0.05, 0.03)

Currently, for every natural-origin juvenile that migrates to Puget Sound 16 listed hatchery
juveniles are released into Puget Sound watersheds. The hatchery fish are then targeted for
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fisheries and removed when they return to their release sites. However, some will stray and
others will be missed. For Puget Sound, an average of 40% (range of 2-90%) of the naturally
spawning Chinook salmon are first-generation hatchery fish with more than a third of all
populations (9 of 22) having more hatchery-origin than natural-origin spawners (Table 7).
Studies have documented that hatchery fish spawning in the wild have a lower success rate than
naturally produced fish (McLean et al. 2004, Kostow et al. 2002, Berejikian et al. 2001,
Reisenbichler and Rubin 1999).

Limiting Factors

Most of the gains in PS Chinook salmon natural-origin spawner abundance since the 1990s have
been lost during the most recent 5-year period (2010-2014) (NWFSC 2015). In fact, 2014
abundance numbers were near the historic lows of the 1990s. In addition, the overall abundance
is still only a fraction of historical levels. Several risk factors identified in the 2005 status review
(Good et al. 2005) are still present, including high fractions of hatchery fish in many populations
and widespread habitat loss and degradation. Additionally, there has been no recent improvement
in the species’ spatial structure or diversity. None of the extirpated populations has been re-
established. However, many habitat and hatchery actions identified in the Puget Sound Chinook
salmon recovery plan are expected to take years or decades to be implemented and produce
significant improvements (NWFSC 2015). Concerning habitat, the following issues continue to
impede PS Chinook salmon recovery throughout the fresh and marine waters of Puget Sound:
untreated stormwater, contaminants, shoreline armoring, instream flows, impaired floodplain
connectivity, and fish passage (NMFS 2016b).

Status Summary

Across the ESU, most populations have declined in abundance over the past seven to 10 years
(NWESC 2015). Further, all PS Chinook salmon populations are well below the PSTRT
planning ranges for recovery escapement levels and below the spawner-recruitment levels
identified as consistent with recovery (Ford 2011; NWFSC 2015). Hatchery-origin spawners are
present in high fractions in most populations outside of the Skagit River watershed with half of
these non-Skagit watersheds seeing a decrease in the fraction of natural-origin spawners
(NWFSC 2015). Overall, most populations have declined in abundance since the last two status
reviews in 2005 and 2010; but the biological risk was determined to have not changed since the
previous status reviews (NWFSC 2015).

2.2.2.2 Puget Sound Steelhead

Description and Geographic Range

On August 9, 1996, NMFS determined that the PS steelhead DPS did not warrant listing (61 FR
41541). In response to a petition received on September 13, 2004, NMFS updated the species’
status review. On May 7, 2007, NMFS listed PS steelhead—both natural-origin and some
artificially-propagated fish—as a threatened species (72 FR 26722). NMFS concluded that the



ESA Section 7 Consultation #WCR-2017-8530

PS steelhead DPS was likely to become an endangered species within the foreseeable future
throughout all or a significant portion of its range. Six artificial propagation programs were
listed as part of the DPS (79 FR 20802; Table 8), including: Green River Natural Program,
White River Winter Steelhead Supplementation Program, Hood Canal Steelhead
Supplementation Off-station Projects in the Dewatto, Skokomish, and Duckabush Rivers, and
Lower Elwha Fish Hatchery Wild Steelhead Recovery Program. NMFS promulgated 4(d)
protective regulations for PS steelhead on September 25, 2008 (73 FR 55451). The section 4(d)
protections (and limits on them) apply to natural and hatchery PS steelhead with an intact
adipose fin, but not to listed hatchery fish that have had their adipose fin removed.

Table 8. Expected Puget Sound steelhead listed hatchery releases (WDFW 2017).

Artificial propagation Clipped Adipose | Intact Adipose
Subbasin program Brood year [Run Timing Fin Fin
Dungeness 2017 Winter 10,000 -
Dungeness/Elwha -
Hurd Creek 2018 Winter - 34,500
Flaming Geyser 2017 Winter - 15,000
. Summer 50,000 -
Duwamish/Green Icy Creek 2017 -
Winter - 23,000
Soos Creek 2017 Summer 50,000 -
- 2014 Winter 230 -
Hood Canal LLTK - Lilliwaup -
2016 Winter - 6,000
Puyallup White River 2016 Winter - 35,000
Total Annual Release Number 110,230 113,500

Steelhead are found in most of the larger accessible tributaries to Puget Sound, Hood Canal, and
the eastern Strait of Juan de Fuca. Surveys of the Puget Sound (not including the Hood Canal) in
1929 and 1930 identified steelhead in every major basin except the Deschutes River (Hard et al.
2007). The DPS includes all naturally spawned anadromous winter-run and summer-run O.
mykiss populations, in streams in the river basins of Puget Sound, Hood Canal, and the Strait of
Juan de Fuca, Washington, bounded to the west by the Elwha River (inclusive) and to the north
by the Nooksack River and Dakota Creek (inclusive). Hatchery steelhead are also distributed
throughout the range of this DPS.

Of all the Pacific salmonids, O. mykiss probably exhibits the greatest life history diversity.
Resident O. mykiss, commonly called rainbow trout, complete their life cycle entirely in
freshwater; whereas steelhead, the anadromous form of O. mykiss, reside in freshwater for their
first one to three years before migrating to the ocean. Smoltification and seaward migration
occur principally from April to mid-May (WDF et al. 1993). Though not well understood, smolts
are believed to migrate quickly offshore (Hartt and Dell 1986). Steelhead then remain in the
ocean for one to three years before returning to freshwater to spawn. In contrast with other
Pacific salmonid species, steelhead are iteroparous, thus capable of repeat spawning. Among all
West Coast steelhead populations, eight percent of spawning adults have spawned previously,
with coastal populations having a higher repeat spawning incidence than inland populations
(Bushby et al. 1996).
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Steelhead life-history type expression comes through the degree of sexual development when
adults enter freshwater. Stream-maturing steelhead, also called summer-run steelhead, enter
freshwater at an early maturation stage, usually from May to October. These summer-run
steelhead migrate to headwater areas, hold for several months, and spawn in the spring. Ocean-
maturing steelhead, also called winter-run steelhead, enter freshwater from December to April at
an advanced maturation stage and spawn from March through June (Hard et al. 2007). While
some temporal overlap in spawn timing between these forms exist, in basins where both winter-
and summer-run steelhead are present, summer-run steelhead spawn farther upstream, often
above a partially impassable barrier. In many cases, summer migration timing may have evolved
to access areas above falls or cascades during low summer flows that are impassable during high
winter flow months. However, relatively few basins in the Puget Sound DPS with the
geomorphological and hydrological characteristics necessary to establish this summer-run life
history exist. Thus, winter-run steelhead are predominant in Puget Sound.

Spatial Structure and Diversity

Although Puget Sound DPS steelhead populations include both summer- and winter-run life-
history types, winter-run populations predominate. For the PS steelhead DPS, Myers et al.
(2015) identified three Major Population Groups (MPGs) and 32 Demographically Independent
Populations (DIPs) composed of 27 winter-run and nine summer-run steelhead stocks (Table 9).
Summer-run stock statuses are mostly unknown; however, most appear to be small, averaging
less than 200 spawners annually (Hard et al. 2007). Summer-run stocks are primarily
concentrated in the northern Puget Sound and the Dungeness River (Myers et al. 2015).

Table 9. PS steelhead historical Demographically Independent Populations (DIPS), runs,
and estimated capacities (Myers et al. 2015).

Demographically Independent Populations Run(s) Population Capacity

Central and South Puget Sound MPG

Cedar River Winter 5,949 - 11,899
N Lake Washington/Lake Sammamish Winter 5,268 — 10,536
Green River Winter 19,768 — 39,537
Puyallup/Carbon River Winter 14,716 — 29,432
White River Winter 17,490 — 34,981
Nisqually River Winter 15,330 - 30,660
South Puget Sound Tributaries Winter 9,854 — 19,709
East Kitsap Peninsula Tributaries Winter 1,557 — 3,115
TOTAL 89,932 - 179,869
Hood Canal and Strait of Juan de Fuca MPG
East Hood Canal Tributaries Winter 1,270 - 2,540
South Hood Canal Tributaries Winter 2,985 -5,970
Skokomish River Winter 10,030 - 20,060
West Hood Canal Tributaries Winter 3,608 - 7,217
Sequim/Discovery Bays Independent Tributaries Winter 512 - 1,024
Dungeness River Summer; Winter 2,465 — 4,930
Strait of Juan de Fuca Independent Tributaries Winter 728 — 1,456
Elwha River Winter 7,116 — 14,231
TOTAL 28,714 — 57,428

North Cascades MPG
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Demographically Independent Populations Run(s) Population Capacity
Drayton Harbor Tributaries Winter 2,426 — 4,852
Nooksack River Winter 22,045 — 44,091
SF Nooksack River Summer 1,137 -2,273
Samish River and Bellingham Bay Tributaries Winter 3,193 - 6,386
Skagit River Summer; Winter 64,775 — 129,551
Nookachamps Creek Winter 1,231 - 2,462
Baker River Summer; Winter 5,028 — 10,056
Sauk River Summer; Winter 23,230 — 46,460
Stillaguamish River Winter 19,118 - 38,236
Deer Creek Summer 1,572 -3,144
Canyon Creek Summer 121 - 243
Snohomish/Skykomish River Winter 21,389 - 42,779
Pilchuck River Winter 5,193 - 10,386
NF Skykomish River Summer 663 - 1,325
Snoqualmie River Winter 16,740 — 33,479
Tolt River Summer 321-641

TOTAL 188,182 — 376,364
GRAND TOTAL 306,828 — 613,661

Probable steelhead extirpations include three summer-run stocks and one winter-run stock. For
the Baker River summer-run DIP, Baker River dam construction blocked access to spawning
areas. The current Elwha and Green summer-run steelhead stocks are descended from Skamania
Hatchery stock, while historical summer-runs in these systems are thought to have been
extirpated early in the 1900s. For the Chambers Creek winter-run steelhead stock, broodstock
collection and selective breeding at the South Tacoma Hatchery may have been the cause (Hard
et al. 2007).

As described above, the DPS is composed of both summer- and winter-run steelhead. The status
of the summer-run DIPs was identified as a risk to DPS viability (NMFS 2005a). Summer-run
steelhead DIPs, historically occurring throughout the Puget Sound but now concentrated in the
northern region, are generally small and characterized as isolated populations adapted to streams
with distinct attributes. The one summer-run DIP with abundance data (Tolt River) exhibits a
negative trend in natural-origin run size. Most other DIPs are very small, with annual
escapements below 50 fish.

Artificial propagation is a major factor affecting the genetic diversity of both summer- and
winter-run steelhead in the Puget Sound DPS. Although offsite releases and releases of
steelhead fry and parr have largely ceased in the DPS, annual hatchery steelhead smolt releases
derived from non-local steelhead (Skamania summer-run steelhead) or domesticated steelhead
originally found within the DPS (Chambers Creek winter-run steelhead) persist in most systems.
And several of these releases are still composed of tens or hundreds of thousands of fish. This
sustained hatchery management practice has increased the likelihood of interbreeding and
ecological interaction between wild and hatchery fish—in spite of the apparent differences in
average spawning time and its associated adverse fitness consequences for both summer- and
winter-run steelhead. As NMFS (2005a) noted, even low levels (e.g., <5%) of gene flow per
year from a non-DPS hatchery stock to a naturally spawning population can have a significant
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genetic impact after several generations. For 2018, 223,730 hatchery steelhead are expected to
be released throughout the range of the PS steelhead DPS (WDFW 2017).

Abundance and Productivity

Historical Puget Sound steelhead abundance is largely based on catch records. Catch records
from 1889 to 1920 indicate that catch peaked at 163,796 steelhead in 1895. Using harvest rates
of 30-50%, the estimated peak run size for Puget Sound would range from 327,592 to 545,987
fish. Myers et al. (2015) estimated historic PS steelhead abundance at 306,828 to 613,661 based
upon geographic, hydrologic, and ecological characteristics (Table 9). In the 1980s, Light
(1987) estimated the steelhead run size at approximately 100,000 winter-run and 20,000
summer-run steelhead. However, as many as 70% of the run were first generation hatchery fish
(Hard et al. 2007). By the mid-1990s, Busby et al. (1996) estimated a total run of 45,000
(winter- and summer-run combined). Since then, DPS escapement (total spawners) has
decreased to 17,363 (2000-2004), 15,926 (2005-2009), and 13,422 (2010-2014; Tables 10 and
11).

Table 10. Abundance—five-year geometric means for adult (age 3+) natural origin and total
spawners (natural and hatchery origin — in parenthesis) for the ESU with percent change
between the most recent two 5-year periods shown on the far right column (NWFESC 2015).

Demographically Geometric means

Independent o
Populations 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change
Central and South Puget Sound MPG

Cedar River (321) (298) (37) (12) 4) (-67)
Green River 1,566 (1,730) | 2,379 (2,505) | 1,618 (1,693) (716) (552) (-23)
Nisqually River 1,201 (1,208) 759 (759) 394 (413) 278 (375) (442) (18)
N. Lake WA/Lake

Sammamish 321 (321) 298 (298) 37 (37) 12 (12)

Puyallup/Carbon River 1,156 (1,249) | 1,003 (1,134) 428 (527) 315 (322) 277) (-14)
White River 696 (696) 519 (519) 466 (466) 225 (225) 531 (531) 136 (136)
Hood Canal and Strait of Juan de Fuca MPG

Dungeness River 356 (356) - 38 (38) 24 (25) - -
East Hood Canal Tribs. 110 (110) 176 (176) 202 (202) 62 (62) 60 (60) -3(-3)
Elwha River 206 (358) 127 (508) (303) - (237) -
_?_er:?buslm/Dlscovery Bay (30) (69) 63) an (19) 12)
Skokomish River 385 (503) 359 (359) 205 (259) 351 (351) (580) (65)
South Hood Canl Tribs 89 (89) 111 (111) 103 (103) 113 (113) 64 (64) -43 (-43)
.Is_tr':%'st of Juan de Fuca 89 (89) 191 (191) 212 (212) 101 (101) 147 (147) 46 (46)
West Hood Canal Tribs 97 (97) 210 (210) 149 (174) 74) (-50)
North Cascades MPG

Nooksack River - - - - 1,693 (1,745) -
Pilchuck River 1,225 (1,225) | 1,465 (1,465) 604 (604) 597 (597) 614 (614) 3(3)
Samish River/

Bellingham Bay Tribs 316 (316) 717 (717) 852 (852) 534 (534) 846 (846) 58 (58)
Skagit River 7,189 (7,650) | 7,656 (8,059) | 5,424 (5,675) | 4,767 (5,547) (5,123) )
;?\?ggm'sw Skykomish | ¢ s (7.304) | 6,382 (7.200) | 3.230 (3.980) | 4,589 (5399) (930) (-83)
Snoqualmie River 1,831 (1,831) | 2,056 (2,056) | 1,020 (1,020) 944 (944) 680 (680) -28 (-28)
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Demographically

Geometric means

Independent

Populations 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change
Stillaguamish River 1,078 (1,078) 1,024 (1,166) 401 (550) 259 (327) (392) (20)
Tolt River 112 (112) 212 (212) 119 (119) 73 (73) 105 (105) 44 (44)

Steelhead are most abundant in the North Cascades MPG, with the Skagit and Nooksack rivers
supporting the two largest winter-run steelhead DIPs (Table 11). The Snohomish/Snoqualmie
DIP used to support the second largest DIP for the DPS, but this DIP has declined by 83% during
the last five years (NWFSC 2015). Currently, neither the Central and South Puget Sound MPG

nor the Hood Canal and Strait of Juan de Fuca MPG DIPs have averaged greater than 600

spawners annually.

Table 11. Abundance of PS steelhead spawner escapements (natural-origin and hatchery-
production combined) from 2012-2016 (pers. comm., A. Marshall, WDFW, July 13, 2017).

Demographically Independent Expected Number of
Populations Spawners Outmigrants”
Central and South Puget Sound MPG

Cedar River 1 114
Green River 977 111,134
Nisqually River 759 86,336
N. Lake WA/Lake Sammamish - -
Puyallup/Carbon River 590 67,113
White River 124 14,105
Hood Canal and Strait of Juan de Fuca MPG

Dungeness River - -
East Hood Canal Tribs. 87 9,896
Elwha River® 273 31,054
Sequim/Discovery Bay Tribs. 19 2,161
Skokomish River 862 98,053
South Hood Canal Tribs. 72 8,190
Strait of Juan de Fuca Tribs. 238 27,073
West Hood Canal Tribs. 159 18,086
North Cascades MPG

Nooksack River 1,790 203,613
Pilchuck River 868 98,735
Samish River/ Bellingham Bay Tribs. 977 111,134
Skagit River 8,038 914,323
Snohomish/Skykomish Rivers 1,053 119,779
Snoqualmie River 824 93,730
Stillaguamish River 476 54,145
Tolt River 70 7,963
TOTAL 18,257 2,076,734

& Geometric mean of post fishery spawners.
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b Expected number of outmigrants=Total spawners*50% proportion of females*3,500 eggs per
female*6.5% survival rate from egg to outmigrant.
¢ Hatchery-origin steelhead not included in abundance estimate

The average abundance (2012-2016) for the PS steelhead DPS is 18,257 adult spawners (natural-
origin and hatchery-production combined). Juvenile PS steelhead abundance estimates are
calculated from the escapement data (Table 11). For the species, fecundity estimates range from
3,500 to 12,000; and the male to female ratio averages 1:1 (Pauley et al. 1986). By applying a
conservative fecundity estimate of 3,500 eggs to the expected escapement of females (9,129
females), 31.95 million eggs are expected to be produced annually. With an estimated survival
rate of 6.5% (Ward and Slaney 1993), the DPS should produce roughly 2.08 million natural-
origin outmigrants annually.

Linear regressions of smoothed log natural spawner abundance were applied to PS steelhead
DIPs for two 15-year time series trend analyses (1990-2005 and 1999-2014) (NWFSC 2015).
For the 1990-2005 time series, trends were negative for 12 of 17 DIPs; and for the 1999-2014
time series, seven of eight DIPs had negative trends (Table 12). Only the Samish
River/Bellingham Bay tributaries DIP had a positive trend for both time series (NWFSC 2015).

Table 12. Fifteen year trends for PS steelhead for two time series — 1990-2005 and 1999-
2014 (NWFSC 2015).

Demographically Independent 1990-2005 1999-2014
Populations Trend | 959% CI Trend | 959% CI
Central and South Puget Sound MPG

Cedar River - -

Green River -0.02 (-0.04, 0.01)

Nisqually River -0.09 (-0.11, -0.07)

N. Lake WA/Lake Sammamish -0.21 (-0.24,-0.18)

Puyallup/Carbon River -0.09 (-0.11, -0.07) - -
White River -0.04 (-0.06, -0.03) -0.01 (-0.05, 0.02)
Hood Canal and Strait of Juan de Fuca MPG

Dungeness River -0.20 (-0.23,-0.17) - -

East Hood Canal Tribs. 0.00 (-0.02, 0.03) -0.08 (-0.12, -0.04)
Elwha River - - - -
Sequim/Discovery Bay Tribs - -

Skokomish River -0.03 (-0.05, -0.02) - -
South Hood Canal Tribs 0.01 (-0.01, 0.03) -0.02 (-0.05, 0)
Strait of Juan de Fuca Tribs 0.04 (0.01, 0.07) -0.02 (-0.06, 0.01)
West Hood Canal Tribs - - - -
North Cascades MPG

Nooksack River - - - -
Pilchuck River -0.04 (-0.06, -0.02) -0.02 (-0.05, 0.01)
Samish River/Bellingham Bay Tribs 0.04 (0.02, 0.07) 0.02 (-0.01, 0.05)
Skagit River -0.02 (-0.04, 0) - -
Snohomish/Skykomish Rivers -0.05 (-0.08, -0.03) - -
Snoqualmie River -0.03 (-0.06, -0.01) -0.05 (-0.08, -0.02)
Stillaguamish River -0.09 (-0.11, -0.06) - -

Tolt River 0.01 (-0.02, 0.04) -0.02 (-0.06, 0.01)
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Juvenile listed hatchery PS steelhead estimates come from the annual hatchery production goals.
Hatchery production varies from year to year due to several factors including funding, equipment
failures, human error, disease, and adult spawner availability. Funding uncertainties and the
inability to predict equipment failures, human error, and disease suggests that average production
from previous years is not a reliable estimate for future production. For these reasons, we will
use production goals to estimate abundance. The combined production goal for listed PS
steelhead hatchery stocks is 244,897 adipose-fin-clipped and non-clipped juveniles (Table 8).

Limiting Factors

Throughout the DPS, natural-origin steelhead production has shown, at best, a weak response to
reduced harvest since the mid-1990s (Hard et al. 2007). Natural-origin production and
productivity declines are most pervasive in the southern Puget Sound but occur throughout much
of the DPS (NWFSC 2015). These trends primarily reflect patterns in winter-run steelhead—
populations for which data are most plentiful. Patterns for most summer-run populations are
unknown. Further, the Puget Sound Steelhead TRT identified freshwater habitat degradation and
fragmentation with consequent effects on connectivity, as a primary limiting factor and threat
facing the PS steelhead (Hard et al. 2007). Beyond that, the causes for the continued declines are
somewhat unknown, but prominent causes include hatchery production, harvest management,
and dam effects on habitat quality and quantity. Concerning habitat, the following issues
continue to impede PS steelhead recovery throughout the fresh and marine waters of Puget
Sound: untreated stormwater, contaminants, shoreline armoring, instream flows, impaired
floodplain connectivity, and fish passage (NMFS 2016b).

Status Summary

The Puget Sound Steelhead TRT recently concluded that the DPS was at very low viability, as
were all three of its constituent MPGs, and many of its 32 DIPs (Hard et al. 2015). Over the past
two to three years, there have been some minor increases in spawner abundance; but most of
these improvements are small and abundance and productivity remain at levels of concern
(NWFSC 2015). Furthermore, abundance trends remain predominantly negative. In addition,
some aspects of diversity and spatial structure (i.e. natural spawning of hatchery fish, limited use
of suitable habitat) are still likely to be limiting viability of most PS steelhead DIPs. Overall, the
biological risk was determined to have not changed between the 2007 ESA listing, 2010 status
review, and 2015 status review (NWFSC 2015).

2.2.2.3 Hood Canal Summer-run Chum Salmon

Description and Geographic Range

On June 28, 2005, NMFS listed HCS chum salmon—Dboth natural and some artificially-
propagated fish—as a threatened species (70 FR 37160). The species comprises 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.
Under the final listing in 2005, the section 4(d) protections (and limits on them) apply to natural-
origin and hatchery HCS chum salmon with an intact adipose fin, but not to listed hatchery fish
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that have had their adipose fin removed. Four artificial propagation programs were listed as part
of the ESU (79 FR 20802): Hamma Hamma Fish Hatchery Program, Lilliwaup Creek Fish
Hatchery Program, Tahuya River Program; and Jimmycomelately Creek Fish Hatchery Program.
Three of the four programs have been discontinued. The production goals of the remaining
program are listed in the Table 13.

Table 13. Expected Hood Canal summer-run juvenile chum salmon hatchery releases

(WDFW 2015).
Artificial propagation Clipped Adipose | Intact Adipose
Subbasin program Brood year |Run Timing Fin Fin
Hood Canal LLTK - Lilliwaup 2015 Summer - 150,000
Total Annual Release Number - 150,000

Chum salmon in this ESU are summer-run fish. Juveniles, typically as fry, emerge from the
gravel and outmigrate almost immediately to seawater. For their first few weeks, they reside in
the top two to three centimeters of estuarine surface waters while staying extremely close to the
shoreline (WDFW/PNPTT 2000). Subadults and adults forage in coastal and offshore waters of
the North Pacific Ocean before returning to spawn in their natal streams. HCS chum salmon
spawn from mid-September to mid-October (whereas fall-run chum salmon in the same
geographic area spawn from November to December or January). Spawning typically occurs in
the mainstems and lower river basins. Adults typically mature between the ages of three and
five.

Spatial Structure and Diversity

The HCS chum salmon ESU has two populations, each containing multiple stocks or spawning
aggregations (Table 14). In the Strait of Juan de Fuca population, state and tribal biologists
assessing the species’ status in the early 1990s identified small but persistent natural spawning
aggregations in three streams (Salmon, Snow, and Jimmycomelately creeks). In the Dungeness
River, spawning of unknown aggregations occurred. In Chimacum Creek, HCS chum salmon
extirpation occurred in the mid-1980’s.

Table 14. Historical populations, spawning aggregations, and the status of summer-run
chum salmon in the Hood Canal ESU (Good et al. 2005, PSTRT 2009; Ford 2011).

Population Spawning Aggregations Status Supplementation/Reintroduction Program
Dungeness River Unknown Less than 5 annually recently
Jimmycomelately Creek Extant Supplementation program began in 1999.
Strait of Juan Salmon Creek Extant Supplementation program began in 1992.
de Fuca Snow Creek Extant

Chimacum Creek EXUNCt | ira spavning reported aring i 1996,

Big Quilcene River Extant Supplementation program began in 1992.
Hood Canal Little Quilcene River Extant

Dosewallips River Extant ---
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Duckabush River Extant
Hamma Hamma River Extant Supplementation program began in 1997.
Lilliwaup Creek Extant ---

. . Reintroduction program began in 1996;
Big Beef Creek Extinct returns reported starting in 2001
Anderson Creek Extinct ---

Dewatto River Extinct Natural re—colomzayon occurring, but
numbers remain low (<70).
. . Reintroduction program began in 2000 with
Tahuya River Extinct increased returns starting in 2006.
Union River Extant
Skokomish River Extinct Spawning documented in recent years.
Finch Creek Extinct -

In the Hood Canal population, spawning aggregations persisted in most of the major rivers
draining from the Olympic Mountains into the western edge of the Canal, including Big and
Little Quilcene Rivers, Dosewallips River, Duckabush River, Hamma Hamma River, and
Lilliwaup Creek. On the eastern side of Hood Canal, persistent spawning was restricted to the
Union River (PSTRT 2009). Historical information and habitat characteristics of other streams
indicate that summer chum salmon distribution was once more region-wide, especially in the
eastern shore streams draining into Hood Canal. Based on river size and historical tribal fishing
records, a major spawning aggregation once occurred in the Skokomish River before the
construction of Cushman Dam in the 1920’s. State and tribal biologists also identified recent
extinctions in Big Beef Creek, Anderson Creek, Dewatto River, Tahuya River, and Finch Creek.
Historically, additional streams such as Seabeck, Stavis, Big and Little Mission Creeks, and
others probably supported summer chum salmon.

In 1992, state and tribal co-managers initiated an extensive rebuilding program for the HCS
chum salmon (WDFW/PNPTT 2000 and 2001). Their recovery plan called for five
supplementation and three reintroduction projects (Table 14). After individual projects’
production level goals specified in the Summer Chum Salmon Conservation Initiative were met,
supplementation or reintroduction programs were terminated on several streams
(WDFW/PNPTT 2000 and 2001).

Spatial structure changes are the greatest concern for the ESU’s diversity with HCS chum
salmon aggregations being more isolated than they were historically (NMFS 2005b). In the past,
most HCS chum salmon aggregations were 20-40 km apart with none greater than 80 km. Most
extant summer chum salmon aggregations still occur within 20-40 km of each other, but some
extinctions have led to a significant increase in spawning aggregations isolated by 80 km or
more. Geographically, the extinctions occurred primarily in the northeastern Olympic Peninsula
and northwestern Kitsap Peninsula (at the center of the ESU’s geographic range), including all
spawning aggregations within the Admiralty Inlet catchment, as well as the Skokomish and
Tahuya Rivers. As geographic distances increase between spawning aggregations, they exchange
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fewer migrants. Such isolations impede the natural exchange of genetic information between
spawning aggregations and populations.

Supplementation programs have been very successful in both increasing natural spawning
abundance in six of eight extant streams (Salmon, Big Quilcene, Lilliwaup, Hamma Hamma,
Jimmycomelately, and Union) and increasing spatial structure due to reintroducing spawning
aggregations to three streams (Big Beef, Tahuya, and Chimacum creeks) (NWFSC 2015). The
reintroductions have had mixed success, with Chimacum Creek being very successful, but
natural-origin production has not yet been sustained in Big Beef Creek and Tahuya River
(PNPTT and WDFW 2014). In general, habitat degradation is considered limiting to natural
origin production. Habitat preservation and restoration projects in individual watersheds have
been implemented concurrently with supplementation programs and have aided in the ability to
sustain natural-origin production (NWFSC 2015).

Abundance and Productivity

Historical HCS chum salmon abundance is mostly unknown. Harvest records indicate that chum
salmon in the Puget Sound (including the HCS chum salmon ESU) were historically more
numerous than Chinook salmon. During the years 1914-1919, four times as many chum salmon
were harvested as Chinook salmon in the Puget Sound (WDF 1974). In 1968, spawning
escapement records indicate that 45,000 adult HCS chum salmon returned to tributaries (WDF et
al. 1993). During the early 1970s, adult chum salmon spawners dropped to about 20,000
annually (Ford 2011). By the 1980s, HCS chum salmon abundance began to decline ever more
precipitously with several spawning aggregations extirpated during this period with seven
spawning aggregations going extinct (Sands et al. 2009). Spawner abundances in both Hood
Canal and Strait of Juan de Fuca populations were lowest throughout the 1990’s but increased in
the early 2000’s (NWFSC 2015). Since the late 2000’s, abundances have increased by 25% for
the Hood Canal population and 53% for the Strait of Juan de Fuca population (Table 15).

Table 15. Abundance-five-year geometric means for adult natural origin and total
spawners (natural and hatchery origin — in parenthesis) for the ESU with percent change
between the most recent two 5-year periods shown on the far right column (NWFESC 2015).

Geometric means
Population 1990-1994 | 1995-1999 | 2000-2004 | 2005-2009 | 2010-2014 | % Change
Hood Canal MPG
Strait of Juan de Fuca 386 (386) 629 (822) 2,190 (4,178) | 4,020 (5,353) |6,169 (8,339) 53 (56)
Hood Canal 979 (979) 5,169 (7,223) 13,145 (18,928) (11,307 (13,605) |14,152 (15,553) | 25 (14)

The current average run size of 27,452 adult spawners (25,542 natural-origin and 1,910 hatchery-
origin spawners; Table 16) is largely the result of aggressive reintroduction and supplementation
programs throughout the ESU. In the Strait of Juan de Fuca population, the annual natural-origin
spawners returns for Jimmycomelately Creek dipped to a single fish in 1999 and again in 2002
(unpublished data, Mindy Rowse, NWFSC, Feb 2, 2017). From 2011 to 2015, Jimmycomelately
Creek averaged 2,299 natural-origin spawners. Salmon and Snow Creeks have improved
substantially. Natural-origin spawner abundance was 130 fish in 1999, whereas the average for
Salmon and Snow creeks were 2,990 and 539, respectively, for the 2011-2015 period.



ESA Section 7 Consultation #WCR-2017-8530

Table 16. Abundance of natural-origin and hatchery-origin HCS chum salmon spawners
in escapements 2011-2015 (unpublished data, Mindy Rowse, NWFSC, Nov 1, 2017).

Population Name Nz;ng;\?vlr;z:lsgm Haé%r;i%-e?’;gm % g?itgir:‘ery NEangeb(tzatlfa gf
Outmigrants®

Strait of Juan de Fuca Population
Jimmycomelately Creek 2,299 964 29.55% 477,215
Salmon Creek 2,990 0.05% 437,468
Snow Creek 539 0.36% 79,071
Chimacum Creek 1,273 0.00% 186,186
Population Average® 7,100 968 12.00% 1,179,941
Hood Canal Population
Big Quilcene River 7,509 0 0.00% 1,098,212
Little Quilcene River 726 0 0.00% 106,243
Big Beef Creek 68 0 0.00% 9,891
Dosewallips River 2,387 4 0.17% 349,672
Duckabush River 4,136 11 0.25% 606,502
Hamma Hamma River 1,810 7 0.37% 265,673
Anderson Creek 1,810 0 0.00% 264,700
Dewatto River 100 0.00% 14,560
Lilliwaup Creek 544 488 47.32% 150,934
Tahuya River 176 419 70.42% 87,029
Union River 980 39 3.79% 148,984
Population Average® 18,438 967 4.98% 2,837,988
ESU Average 25,538 1,935 7.04% 4,017,929

aFive-year geometric mean of post fishery natural-origin spawners (2010-2014).

b Five-year geometric mean of post fishery hatchery-origin spawners (2010-2014).

¢ Expected number of outmigrants=Total spawners*45% proportion of females*2,500 eggs per female*13% survival rate from
egg to outmigrant.

d Averages are calculated as the geometric mean of the annual totals (2010-2014).

The Hood Canal populations have a similar success story. In 1989, only two summer chum
salmon were found in spawning surveys conducted on the Big and Little Quilcene Rivers. Now,
they have a combined average of 5,395 natural-origin spawners annually from 2010-2014.
Hamma Hamma River returns averaged in the thousands between 1968 and 1979. But by 1989,
there were an estimated 16 natural-origin spawners in the Hamma Hamma River. Recent
estimates show an average of 1,733 natural-origin HCS chum salmon returning to the Hamma
Hamma River annually.

The PSTRT defined interim planning ranges for population level abundance for both high
productivity and low productivity (NMFS 2006). As the next section illustrates, productivity is
low in both populations. Abundance in both populations is currently below the PSTRT planning
targets for average natural-origin spawner abundance of 13,000 to 36,000 for the Strait of Juan
de Fuca population and 25,000 to 85,000 for the Hood Canal population.
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Escapement data, the percentage of females in the population, and fecundity can estimate
juvenile HCS chum salmon abundance. ESU fecundity estimates average 2,500 eggs per female,
and the proportion of female spawners is approximately 45% of escapement in most populations
(WDFW/PNPTT 2000). By applying fecundity estimates to the expected escapement of females
(both natural-origin and hatchery-origin spawners — 12,363 females), the ESU is estimated to
produce approximately 30.9 million eggs annually. For HCS chum salmon, freshwater mortality
rates are high with no more than 13% of the eggs expected to survive to the juvenile migrant
stage (Quinn 2005). With an estimated survival rate of 13%, the ESU should produce roughly
4.02 million natural-origin outmigrants annually.

Linear regressions of smoothed log natural spawner abundance were applied to both HCS chum
salmon populations for two 15-year time series trend analyses (1990-2005 and 1999-2014)
(Table 17) (NWFSC 2015). For both time series, trends were positive for both populations
(NWFSC 2015).

Table 17. Fifteen year trends for HCS chum salmon for two time series — 1990-2005 and 1999-
2014 (NWFSC 2015).

1990-2005 1999-2014
Population Trend | 95% ClI Trend | 95% ClI
Hood Canal MPG
Strait of Juan de Fuca 0.17 (0.11, 0.23) 0.15 (0.08, 0.21)
Hood Canal 0.22 (0.17,0.27) 0.07 (0.01,0.13)

Annual hatchery production goals can estimate juvenile listed hatchery HCS chum salmon
abundance. Hatchery production varies from year to year due to several factors including
funding, equipment failures, human error, disease, and availability of adult spawners. Funding
uncertainties and the inability to predict equipment failures, human error, and disease suggests
that average production from past years is not a reliable indication of production in the coming
years. For these reasons, production goals should equal abundance. The hatchery production goal
for listed HCS chum salmon from Table 10 is 150,000 unmarked juvenile chum salmon.

Limiting Factors

While there is cause for optimism about this ESU’s prospects, there is also cause for continued
concern. Supplementation and reintroduction programs have increased natural-origin spawner
numbers and distribution in both populations, but these hatchery supplementation programs have
mostly ended with only one program continuing. The Hood Canal population has shown
improvements since the early 1990’s with abundance and productivity gains. With spatial
structure, however, there is concern in east Hood Canal where spawning aggregations in Big
Beef Creek and Tahuya River are about 60 km apart; thus an additional spawning aggregation
would be needed in either Dewatto River or Anderson Creek (PNPTT and WDFW 2014;
NWFSC 2015). Despite gains in habitat protection and restoration, concerns remain that given
the pressures of population growth and existing land use management measures through local
governments (i.e., shoreline management plans, critical area ordinances, and comprehensive
plans) may be compromised or not enforced (NWFSC 2015). Overall, limiting factors include
degraded estuarine and nearshore habitat, water quality, degraded floodplain connectivity and
function, degraded channel structure and complexity, degraded riparian areas and large woody
debris recruitment, degraded stream substrate, and degraded stream flow (NMFS 2016b). Lastly,
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although abundances have increased for both populations, they are still well below what is
targeted by the PSTRT for recovery.

Status Summary

The spawning abundance within this ESU has increased since the time of its initial listing (1999;
64 FR 14508); however, the 2005-2009 abundance was lower than the previous five years (2000-
2004) (Ford 2011). From 2005 through 2009, productivity decreased and was lower than any
other previous 5-year average since 1971 (Ford 2011). However, diversity increased from the
low values observed in the 1990s, due to the reintroduction of spawning aggregates and the more
uniform abundance among populations (Ford 2011). Overall, the biological risk was determined
to have not changed between the 2005 and 2010 status reviews (Ford 2011). Since the 2010
status review, HCS chum spawning abundance has increased while most of the hatchery releases
have terminated.

2.2.2.4 Snake River Fall Chinook Salmon

Description and Geographic Range

Snake River fall Chinook salmon were first listed as threatened on April 22, 1992 (NOAA 1992).
The ESU included all natural-origin populations of fall Chinook in the mainstem Snake River
and several tributaries including the Tucannon, Grande Ronde, Salmon, and Clearwater Rivers.
Fall Chinook salmon from the Lyons Ferry Hatchery were included in the ESU but were not
listed. When NMFS re-examined the status of this species in 2005, we determined that it still
warranted listing as threatened, but in this instance fish from four hatchery programs were
considered part of the listed unit (70 FR 37160). Under the final listing in 2005, the section 4(d)
protections, and limits on them, apply to natural and hatchery threatened salmon with an intact
adipose fin, but not to listed hatchery fish that have had their adipose fin removed. This
document evaluates impacts on both listed natural and listed hatchery fish. We are developing a
recovery plan for this species.

Table 18. Listed Hatchery Stocks for the SR Fall Chinook ESU.

Avrtificial Propagation Program Run | Location (State)
Lyons Ferry Hatchery Fall | Snake River (Idaho)
Fall Chinook Acclimation Ponds Program — Pittsburg, .

Captain John, and Big Canyon ponds Fall | Snake River (Idaho)
Nez Perce Tribal Hatchery — including North Lapwai Snake and Clearwater

Valley, Lakes Gulch, and Cedar Flat Satellite facilities Fall Rivers (Idaho)
Oxbow Hatchery Fall Snake River (Oregon,
Idaho)

Spatial Structure and Diversity
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Adult SR fall chinook salmon enter the Columbia River in July and migrate into the Snake River
from August through October. Fall chinook salmon generally spawn from October through
November, and fry emerge from March through April. Downstream migration generally begins
within several weeks of emergence (Becker 1970, Allen and Meekin 1973), and juveniles rear in
backwaters and shallow water areas through mid-summer before smolting and migrating to the
ocean—thus they exhibit an ocean-type juvenile history. Once in the ocean, they spend one to
four years (usually three years) before beginning their spawning migration. Fall returns in the
Snake River system are typically dominated by 4-year-old fish.

Fall Chinook salmon returns to the Snake River generally declined through the first half of the
20th century (Irving and Bjornn 1981). In spite of the declines, the Snake River basin remained
the largest single natural production area for fall Chinook salmon in the Columbia River drainage
into the early 1960s (Fulton 1968). The construction of a series of Snake River mainstem dams
considerably reduced spawning and rearing habitat for SR fall Chinook salmon. Historically, the
primary fall Chinook salmon spawning areas were located on the upper mainstem Snake River.
Currently, natural spawning is limited to the area from 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.

The Lyons Ferry Hatchery SR fall Chinook salmon broodstock has been used to supply a major
natural spawning supplementation effort in recent years (Bugert et al. 1995). Facilities adjacent
to major natural spawning areas have been used to acclimate release groups of yearling smolts.
Additional releases of subyearlings have been made in the vicinity of the acclimation sites.

Sampling marked returns determines the composition of the fall Chinook salmon run at Lower
Granite Dam. Since the early 1980s, the run has consisted of three major components: unmarked
returns of natural origin, marked returns from the Lyons Ferry Hatchery program, and strays
from hatchery programs outside the mainstem Snake River. Although all three components of the
fall run have increased in recent years, returns of Snake River—origin Chinook salmon have
increased at a faster rate than hatchery strays. From the 1990s through the early 2000sm
however, hatchery spawners resumed an increasing trend while the natural spawner trend seems
to be flattening out (Ford 2011). The apparent leveling off of natural returns in spite of the
increases in total brood year spawners was thought to indicate that density dependent habitat
effects are influencing production or that high hatchery proportions may be influencing natural
production rates. While that may well still be the case, in the last five years, the fraction of
natural spawners has continued a slow downward trend on average (see table below).

Table 19 --5-year mean of fraction natural origin fish in the population (sum of all
estimates divided by the number of estimates).

Population | 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014
Snake R. Low. Mainstem FR 0.62 0.58 0.38 0.37 0.31
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Abundance and Productivity

No reliable estimates of historical abundance are available for this ESU. Because of their
dependence on mainstem habitat for spawning, however, fall Chinook salmon probably have
been affected by the development of irrigation and hydroelectric projects to a greater extent than
any other species of salmon. It has been estimated that the mean number of adult SR fall
Chinook salmon declined from 72,000 in the 1930s and 1940s to 29,000 during the 1950s.
Despite this decline, the Snake River remained the most important natural production area for
fall Chinook salmon in the entire Columbia River basin through the 1950s.

Counts of natural-origin adult fish continued to decline through the 1980s, reaching a low of 78
individuals in 1990. Since then, the return of natural-origin fish to Lower Granite Dam has
varied, but has generally increased. The largest increase in fall Chinook returns to the Snake
River spawning area was from the Lyons Ferry Snake River stock component. Moreover, from
the year 2003 through the year 2008, the five-year average return to the ESU was 11,321 adult
fish (Ford 2011); of these, approximately 22% were of natural origin. In the flowing years, those
totals continued to increase; from 2009 through 2012, the four-year rolling mean was 34,524 fall
Chinook returning over Ice harbor Dam (University of Washington, 2013). As the table below
illustrates, those numbers have continued to increase over the last three years.

Table 20 - 5-year geometric mean of raw natural spawner counts. This is the raw total spawner count times
the fraction natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner counts
is shown. The geometric mean was computed as the product of counts raised to the power 1 over the number
of counts available (2 to 5). A minimum of 2 values were used to compute the geometric mean. Percent change
between the most recent two 5-year periods is shown on the far right.

Population 1990-1994 | 1995-1999 | 2000-2004 2005-2009 2010-2014
Snake R. Low. Maintem 333 (581) 548 (980) | 3049 (8496) | 3662 (10581) | 11254 (37812)

Juvenile abundance estimates are published each spring in an annual memorandum estimating
percentage of listed Pacific salmon and steelhead smolts arriving at various locations in the
Columbia River basin. The average outmigration for the years 2013-2017 is shown in Table 21
(Zabel 2014a; Zabel 2014b; Zabel 2015; Zabel 2016; Zabel 2017).

Table 21. Average Outmigration for SR Fall Chinook Salmon (2013-2017).

Origin Outmigration*
Natural 585,720
Listed Hatchery Intact Adipose 2,878,985
Listed Hatchery Adipose Clipped 2,707,553

*Listed hatchery outmigration estimates include both yearlings and sub-yearlings; there are no natural-origin
yearling fish.

The number of natural fish should be viewed with caution, however, as it only addresses one of
several juvenile life stages. Moreover, deriving any juvenile abundance estimate is complicated
by a host of variables, including the facts that: (1) spawner counts and associated sex ratios and
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fecundity estimates can vary considerably between years; (2) multiple juvenile age classes (fry,
parr, smolt) are present yet comparable data sets may not exist for all of them; and (3) survival
rates between life stages are poorly understood and subject to a multitude of natural and human-
induced variables (e.g., predation, floods, fishing, etc.). Listed hatchery fish outmigration
numbers are also affected by some of these factors, however releases from hatcheries are
generally easier to quantify than is natural production.

Productivity for this species has varied greatly over the years and is highly dependent upon
hatchery effectiveness. The 1990-2001 estimates of the median population growth rate (A) were
0.98, assuming a hatchery-spawning effectiveness of 1.0 (equivalent to that of wild spawners),
and 1.137 with an assumed hatchery-spawning effectiveness of 0.0. The estimated long-term
growth rate for SR fall Chinook salmon population (1975 — 2008) is generally a positive one.
The various rates are 1.06 for total spawners, 1.04 if hatchery effectiveness is zero, and 0.90 if
hatchery effectiveness is one (Ford 2011). That slightly positive trend has continued in recent
years (NWFSC 2015). However, though the overall trend is positive, concerns remain regarding
the increasing hatchery component.

Limiting Factors

SR fall Chinook salmon occupy the mainstem Snake River (and the lower reaches of some
tributaries) from its confluence with the Columbia River up to the Hells Canyon complex of
dams. Almost all historical spawning habitat in the Snake River was blocked by the Hells
Canyon Dam complex. Much of the remaining habitat has been reduced by inundation from
lower Snake River reservoirs. Spawning and rearing, habitats are affected largely by agriculture
including water withdrawals, grazing, and riparian vegetation management disruption of
migration corridors and affected flow regimes and estuarine habitat. Mainstem Columbia and
Snake River hydroelectric development has disrupted migration corridors and affected flow
regimes and estuarine habitat. All of these factors, along with harvest, have negatively affected
the ESU to the extent that it was necessary to list them under the ESA, therefore we have
identified these limiting factors:

e Degradation of floodplain connectivity and function and channel structure and
complexity

Harvest-related effects

Loss of access to historical habitat above Hells Canyon and other Snake River dams
Impacts from mainstem Columbia River and Snake River hydropower systems
Hatchery-related effects

Degraded estuarine and nearshore habitat.

Status Summary

Several factors—both population- and habitat-related have caused this ESU to decline to the
point that it is likely to become endangered in the foreseeable future. While there have been
some improvement in terms of both abundance and productivity in recent years, it is not enough
to prevent them from being threatened and they are currently considered to be at moderate risk
with regard to the VSP parameters (NWFSC 2015).
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2.2.2.5 Snake River Spring/summer Chinook Salmon

Description and Geographic Range

Snake River spring/summer Chinook salmon were first listed as threatened on April 22, 1992
(NOAA 1992). At the time, it included all natural-origin populations in the Tucannon, Grande
Ronde, Imnaha, and Salmon Rivers. Some or all of the fish returning to several of the hatchery
programs were also listed, including those returning to the Tucannon River, Imnaha River, and
Grande Ronde River hatcheries, and to the Sawtooth, Pahsimeroi, and McCall hatcheries on the
Salmon River. When NMFS re-examined the status of these fish, we determined that they still
warranted listing as threatened, but we expanded to 15 the list of hatchery programs contributing
fish considered to constitute part of the species. Subsequently that list was reduced to the
programs displayed in the table below (79 FR 20802). Under the final listing in 2005, the section
4(d) protections, and limits on them, apply to natural and hatchery threatened salmon with an
intact adipose fin, but not to listed hatchery fish that have had their adipose fin removed. This
document evaluates impacts on both listed natural and listed hatchery fish. A recovery plan is
being developed for this species.

Table 22. List of Hatchery Stocks Included in the SR Spr/sum Chinook Salmon ESU.

Artificial Propagation Program Run Location (State)
Tucannon River Program* Spring Tucannon River (Washington)
Lostine River (captive*/conventional) Summer | Grande Ronde (Oregon)
Catherine Creek (captive/conventional) Summer | Grande Ronde (Oregon)
Lookingglass Hatchery (reintroduction) Summer | Grande Ronde (Oregon)
Upper Grande Ronde (captive/conventional) | Summer | Grande Ronde (Oregon)
Imnaha River Spring/ Imnaha River (Oregon)

Summer
Big Sheep Creek gﬁmr?(/er Imnaha River (Oregon)
McCall Hatchery Summer | South Fork Salmon River (Idaho)
Johnson Creek Artificial Propagation Summer East Fork South Fork Salmon
Enhancement* River (Idaho)
Pahsimeroi Hatchery Summer | Salmon River (Idaho)

. Upper Mainstem Salmon River

Sawtooth Hatchery Spring (Idaho)
Dollar Creek** Spring SF Salmon River (Idaho)
Panther Creek** Summer | Salmon River (Idaho)
Yankee Fork** Spring Yankee Fork (Idaho)

* Denotes programs that were listed as part of the 1999 listing of the ESU
**Denotes program proposed for inclusion in 2016

Spatial Structure and Diversity
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The present range of spawning and rearing habitat for naturally spawned SR spring/summer
Chinook salmon is primarily limited to the Salmon, Grande Ronde, Imnaha, and Tucannon River
subbasins. Historically, the Salmon River system may have supported more than 40% of the total
return of spring/summer-run Chinook salmon to the Columbia River system (e.g., Fulton 1968).
Most SR spring/summer Chinook salmon enter individual subbasins from May through
September. Juvenile SR spring/summer Chinook salmon emerge from spawning gravels from
February through June (Peery and Bjornn 1991). Typically, after rearing in their nursery streams
for about one year, smolts begin migrating seaward in April and May (Bugert et al. 1990,
Cannamela 1992). After reaching the mouth of the Columbia River, spring/summer Chinook
salmon probably inhabit nearshore areas before beginning their northeast Pacific Ocean
migration, which lasts two to three years.

The South Fork and Middle Fork Salmon River currently support the bulk of natural production
in the drainage. Two large tributaries entering above the confluence of the Middle Fork Salmon
River, the Lemhi and Pahsimeroi Rivers, drain broad alluvial valleys and are believed to have
historically supported substantial, relatively productive anadromous fish runs.

SR spring/summer Chinook salmon are produced at a number of artificial production facilities in
the Snake River basin. Much of the production was initiated under the Lower Snake River
Compensation Plan (LSRCP). Lyons Ferry Hatchery serves as a rearing station for Tucannon
River spring-run Chinook salmon broodstock. Rapid River Hatchery and McCall Hatchery
provide rearing support for a regionally derived summer-run Chinook salmon broodstock
released into lower Salmon River areas. Two major hatchery programs operate in the upper
Salmon Basin—the Pahsimeroi and Sawtooth facilities. Since the mid-1990s, small-scale natural
stock supplementation studies and captive breeding efforts have been initiated in the Snake River
basin.

One threat to diversity from hatchery introgression—the use of the Rapid River Hatchery stock
in Grande Ronde drainage hatchery programs—nhas been phased out since the late 1990s. In
addition, a substantial proportion of marked returns of Rapid River Hatchery stock released in
the Grande Ronde River have been intercepted and removed at the Lower Granite Dam ladder
and at some tributary-level weirs. Carcass survey data indicate large declines in hatchery
contributions to natural spawning in areas previously subject to Rapid River Hatchery stock
strays.

Abundance

No direct estimates of historical SR spr/sum Chinook returns to the Snake River are available.
Chapman (1986) estimated that the Columbia River produced 2.5 million to 3.0 million spring
and summer Chinook per year in the late 1800s. Total spring and summer Chinook production
from the Snake basin contributed a substantial proportion of those returns; the total annual
production of SR spr/sum Chinook may have been in excess of 1.5 million adult returns per year
(Matthews and Waples 1991). Returns to Snake River tributaries had dropped to roughly
100,000 adults per year by the late 1960s (Fulton 1968). Increasing hatchery production
contributed to subsequent years’ returns, masking a continued decline in natural production.
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The 1997-2001 geometric mean total return for spring/summer Chinook was slightly more than
6,000 fish. This was a marked improvement over the previous ten years when the geometric
mean return was 3,076. That increase continued relatively steadily through 2004, when 97,946
adults returned (including jacks), but dropped off precipitously in 2005 when only 39,126 fish
(including jacks) returned above Ice Harbor Dam (FPC 2005). The increases from 2001 through
2004 are generally thought to have been a result of good ocean conditions for rearing and good
Columbia River flows for outmigration. But even with generally better trends in recent years, no
population of spring/summer is meeting recovery goals. From the year 2008 through the year
2011, the four-year average return to the ESU was 11,819 adult fish (SPS query April 2014); of
these, approximately 82% were of natural origin. As the following table demonstrates, those
numbers have increased for almost all populations since then.

Table 23 -- 5-year geometric mean of raw natural origin spawner counts. This is the raw
total spawner count times the fraction natural origin estimate, if available. In parentheses,
5-year geometric mean of raw total spawner counts is shown. The geometric mean was
computed as the product of counts raised to the power 1 over the number of counts
available (2 to 5). A minimum of 2 values were used to compute the geometric mean.
Percent change between the most recent two 5-year periods is shown on the far right.

Population | 1990-1994  1995-19499 2000-2004 2005-2009 2010-2014 % Change
Imnaha R. Mainstem S5R | 218 (529) 231 (4h2) 99 (20:32) 264 {1196) G99 (2041) 165 (7T1)

Minam R. S5R | 110 (284) 162 (166) Gl (B52) 449 (460) 6119 (G9S) a8 (52)

Catherine Cr. 58R | 27 (102) 96 (56) 126 (259) 70 {205) 368 (852) 126 (316)

Wenaha R. SR | 71 (305) 164 (186) 612 (638) 354 (364) 488 (643) 38 (T7)

Wall