Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and Letter of
Concurrence

Fisheries Research Conducted and Funded by the Northwest Fisheries Science Center;
Issuance of a Letter of Authorization under the Marine Mammal Protection Act for the
Incidental Take of Marine Mammals Pursuant to those Research Activities; and Issuance
of a Scientific Research Permit under the Endangered Species Act for Directed Take of
ESA-listed Marine Fishes

Action Agency:

Center and Office of Protected Resources

Affected Species and NMFS’ Determinations:

NMFS Consultation Number: 2016-5783

National Marine Fisheries Service: Northwest Fisheries Science

macrocephalus)?

ESA-Listed Status Is Action Is Action Is Action

Species Likely to Likely to Likely to
Adversely | Jeopardize | Destroy or

Affect the Adversely
Speciesor | Species? Modify
Critical Critical

Habitat?* Habitat?*

Marine

Mammals

Blue whale Endangered Not N.A. N.A.
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Sea Turtles
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Black abalone Endangered No' N.A. No
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IPlease refer to section 2.12 for the analysis of species or critical habitat that are not likely
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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 (ITS) 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 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 (DQA) (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. A complete record of this consultation is
on file at NMFS Protected Resources Division in Seattle, Washington.

1.2 Consultation History

This opinion responds to three requests for consultation on NOAA Fisheries activities
including: an application for a research permit renewal under the ESA, a broad set of
fisheries and ecosystem assessment activities that impact ESA-listed sea turtles and
marine mammals, and the issuance of a Letter of Authorization (LOA) under the Marine
Mammal Protection Act (MMPA) to take marine mammals incidental to the fisheries
research conducted by NMFS Northwest Fisheries Science Center (NWFSC). The
NWFSC provided a Draft Programmatic Environmental Assessment (DPEA) for their
fisheries and ecosystem assessment activities that served as a Biological Assessment and
consultation was initiated on June 30, 2016. Below, we describe the consultation history
for the three components covered in this opinion.

The West Coast Region’s Protected Resources Division (PRD) received five applications
for permit renewals from the NWFSC. Four of these applications were for research that
was not directly researching ESA-listed species; therefore, all of the requested take for
ESA-listed species in these applications would be for incidental take (due to required
capture methods, ESA-listed fish cannot be avoided). Consequently, the incidental take of
ESA-listed species in these four applications will be authorized through Incidental Take
Statements (ITSs) in this opinion. These four applicatons to be authorized though ITSs
are as follows: (1) the 16337-3R permit renewal request, Investigations of Hake Ecology,
Survey Methods and the California Current Ecosystem, received on March 11, 2015; (2)
the 16338-3R permit renewal request, Bycatch Reduction Research in West Coast Trawl
Fisheries, received on March 17, 2015; (3) the 16335-3R permit renewal request,
Integrated Ecosystem and Pacific Hake Acoustic-Trawl Survey, received on March 27,
2015; and (4) the 16333-3R permit renewal request, Groundfish Bottom Trawl Survey,



received on April 7, 2015. On March 30, 2015, PRD received the 1586-4R permit
renewal request (hereafter referred to as permit 1586-4R) for directed take of ESA-listed
salmonids to conduct scientific research on juvenile salmon use of the nearshore habitats
of Puget Sound. This project will be authorized through a section 10 permit.

During a meeting discussing the NWFSC DPEA on July 28, 2015, the West Coast
Regional Office and the NWFSC decided to include these permit requests in the
associated biological opinion. On December 22, 2015, an extension letter was provided to
extend ESA coverage under the conditions of the original Section 10(a)(1)(A) permits
authorizing these 5 projects. Requested edits for the 1586-4R permit were sent on April
28, 2016, and all requests were addressed and completed by May 4, 2016. After the
application for Section 10(a)(1)(A) permit 1586-4R was determined to be complete, we
published notice in the Federal Register on May 20, 2016 asking for public comment on
it (81 FR 31912). No comments were received from the public during the comment
period. Edits were requested for the other four permits during a phone call on May 25,
2016. All requests were addressed and completed by June 15, 2016.

On December 14, 2015, NMFS WCR received a request from the NWFSC to review and
help finalize the DPEA for fisheries and ecosystem assessment activities, and also
provide technical assistance prior to initiation of formal consultation under Section
7(a)(2) of the ESA. The letter described the intention of the NWFSC to initiate formal
consultation on impacts of their research activities to ESA-listed species and designated
critical habitats, in conjunction with an application submitted to the NMFS Office of
Protected Resources (OPR) for issuance of an LOA to the NWFSC regarding incidental
takes of marine mammals.

On February 4, 2016, the WCR completed its review of the DPEA and provided the
NWFSC with initial comments and questions to help finalize the DPEA. Since that time,
both WCR and NWFSC have exchanged information pertaining to specific comments or
questions needed to help WCR formulate this biological opinion on the effects of
NWEFSC research. By June 29, 2016, the NWFSC provided all of the information
requested that was needed to support the initiation of consultation. In addition, no new
information has come forth from any public process associated with the LOA application
or DPEA that would significantly change the nature of the proposed action or potential
impacts to ESA-listed species or designated critical habitats.

On June 30, 2016, the NWFSC requested formal consultation under Section 7(a)(2) of the
ESA to evaluate the incidental impacts of fisheries and ecosystem assessment activities
proposed by NWFSC on these ESA-listed species and designated critical habitats: blue
whale (Balaenoptera musculus), fin whale (B. physalus), humpback whale (Megaptera
novaeangliae), North Pacific right whale (Eubalaena japonica), sei whale (B. borealis),
Southern Resident killer whale distinct population segment (DPS) (Orcinus orca), sperm
whale (Physeter macrocephalus), Western North Pacific gray whale (Eschrichtius
robustus), Guadalupe fur seal (Arctocephalus townsendi), Puget Sound (PS) Chinook
(Oncorhynchus tshawytscha), Lower Columbia River (LCR) Chinook, Upper Columbia
River (UCR) spring-run Chinook, Snake River (SnkR) fall-run Chinook, SnkR
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spring/summer-run Chinook, Upper Willamette River (UWR) Chinook, California
coastal (CC) Chinook, Central Valley (CV) spring-run Chinook, Sacramento River
(SacR) winter-run Chinook, Hood Canal (HC) summer-run chum (O. keta), Columbia
River (CR) chum, LCR coho (O. kistuch), Oregon Coast (OC) coho, Southern
Oregon/Northern California Coast (SONCC) coho, Central California Coast (CCC) coho,
Lake Ozette sockeye (O. nerka), SnkR sockeye, PS steelhead (O.mykiss), LCR steelhead,
MCR steelhead, UCR steelhead, SnkR steelhead, UWR steelhead, Northern California
(NC) steelhead, CCC steelhead, Central Valley (CV) steelhead, South Central California
(SCC) steelhead, Southern California (SC) steelhead, Puget Sound/Georgia Basin
(PS/GB) bocaccio DPS (Sebastes paucispinis), PS/GB canary rockfish DPS (S. pinniger),
PS/GB yelloweye rockfish DPS (Sebastes ruberrimus), Southern (S) green sturgeon DPS
(Acipenser medirostris), S. Pacific eulachon DPS (Thaleichthys pacificus), East Pacific
green sea turtle (Chelonia mydas), Leatherback sea turtle (Dermochelys coriacea), North
Pacific Ocean DPS Loggerhead sea turtle (Carretta carretta), Olive ridley sea turtle
(Lepidochelys olivacea), Hawksbill sea turtle (Eretmochelys imbricate), Black abalone
(Haliotis cracherodii), and White abalone (Haliotis sorenseni).

On August 15, 2016, the OPR requested consultation under Section 7 of the ESA for the
proposed issuance of anLOA to take marine mammals incidental to the fisheries research
conducted by NWFSC in the Pacific Ocean, Puget Sound, and Columbia River. The LOA
would be effective for a period of five years from the date of issuance. Prior to requesting
consultation, OPR published a proposed rule on June 13, 2016 and provided WCR a

copy.

The requests to consult on NWFSC fisheries and ecosystem assessment activities and
issuance of an LOA are much broader in scope than the NWFSC request to consult on the
five permit actions listed above. Therefore, the action we are analyzing in this biop is all
the research conducted by the NWFSC that has the potential to affect marine mammals;
while the proposed action we are analyzing under the five permits is specific to the
NWFSC activities under those five permits and their potential effects on ESA-listed fish.
In addition to the five permit actions included in this opinion, impacts on ESA-listed fish
for other permits were analyzed under separate past consultations (see Table 1). These
actions are all related to full environmental regulation compliance by the NWFSC while
conducting research, with overlapping scope and timelines for completion, such that it is
appropriate to include all these actions together in this one opinion.

1.3 Proposed Federal 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).

The proposed action for this biological opinion contains three distinct but related
activities:

1. The NMFS Northwest Fisheries Science Center (NWFSC) proposes to
administer and conduct the research program described in section 1.3.1 during



the next 5 years.

2. The NMFS Office of Protected Resources (OPR) proposes to issue a Letter of
Authorization (LOA) under the Marine Mammal Protection Act (MMPA) for
the incidental take of marine mammals during fisheries surveys and related
research activities conducted by the NWFSC (section 1.3.2).

3. The NMFS proposes to renew one section 10 permit to the NWFSC for the
directed take of ESA-listed species for a 5-year period (section 1.3.3).

4. The NMFS proposes to continue four projects, described in section 1.3.4, that
will incidentally take ESA-listed marine fishes.

There are several activities described in section 1.3.1 that have been previously analyzed
for effects to marine fishes in biological opinions and are listed in Table 1. While the
impacts of these activities on ESA-listed sea turtles are analyzed in this opinion (see
section 2.5.2), and the impacts of these activities on ESA-listed marine mammals are
analyzed in the letter of concurrence (see section 2.12), authorizations for take of ESA-
listed marine fishes for these activities are already granted under the consultations listed
in Table 1 and we are therefore not issuing these authorizations for take of ESA-listed
marine fishes again as part of this consultation.

1.3.1 NWEFSC Fisheries Research Activities and Mitigation Measures

Here we provide a summary of the NWFSC fisheries research activities and the proposed
mitigation measures that are a part of the proposed action and described in the DPEA
(NMFS 2015a). The summary below describes the spatial and temporal distribution of
the NWFSC fisheries research effort (see Appendix B in DPEA) and the gear that the
NWFSC proposes to use (see Appendix A in DPEA). It is important to note that we
describe the full suite of research activities and mitigation here, while in the effects
section we evaluate the impacts of the proposed action described in this section only on
ESA-listed marine mammals and sea turtles. Our reason for this approach is that the
impacts of this action on ESA-listed marine fishes that are a part of existing research
were analyzed and authorized in previously approved Section 10(a)(1)(A) scientific
research and monitoring permits and our accompanying biological opinions (see Table 1).
The components of this action that impact ESA-listed marine fishes that have recently
expired Section 10(a)(1)(A) permits and biological opinions (and currently covered by
extension letters) are described in the third (section 1.3.3) and fourth (section 1.3.4)
proposed actions.

Table 1. Active Section 10(a)(1)(A) and Federal Columbia River Power System
(FCRPS) permits for the NWFSC that have been analyzed for effects on marine fishes.

Sec 10/ Expiration
Permit# | FCRPS Title Consultation # Date
Columbia River basin juvenile salmonids: survival | WCR/2014/764;
1410-9A S and growth in the Columbia River Plume and | WCR/2014/1127; 12/31/2018
northern California Current WCR/2014/312
Study of habitat occurrence, diet, contaminant
concentrations, and health indicators in juvenile | WCR/2014/1852;
1525-6R S salmonids from the Lower Willamette and | WCR/2015/2052 12/31/2019
Columbia Rivers.




1590-4R

Life History of Resident Puget Sound Chinook
Salmon

NWR/2011/06218

12/31/2016

16702-2M

Monitoring the response of juvenile Puget Sound
Chinook salmon (Oncorhynchus tshawtscha) to
tidal wetland restoration in the Snohomish River
estuary

NWR/2011/06218;
NWR/2013/10225

12/31/2016

17062-5M

Comparing genetic variation of threatened rockfish
populations in the Puget Sound DPS with coastal
populations

WCR/2014/1819;
WCR/2016/5035

12/31/2019

17798

Assessment of Chemicals of Emerging Concern on
Chinook salmon

NWR/2013/10225

12/31/2017

20058

Sampling PIT-tagged juvenile salmonids migrating
in the Columbia River estuary

NWR/2005/5883

12/31/2016

20077

Development and implementation of pile dike
antenna (PDA) systems to detect adult and juvenile
PIT-tagged salmonids in the Columbia River
Estuary

NWR/2005/5883

12/31/2016

20083

Multnomah  Channel  Wetland  Restoration

Monitoring Project

NWR/2005/5883

12/31/2016

20103

A Study to Evaluate Survival of Adult
Spring/Summer Chinook Salmon Migrating from
the Mouth of the Columbia River to Bonneville
Dam

NWR/2005/5883

12/31/2016

20141

Measuring fish condition indices of hatchery
spring/summer and fall juvenile Chinook salmon at
FCRPS dams throughout outmigration season

NWR/2005/5883

12/31/2016

20246

Baitfish/salmonid marine survival relationships in
the Columbia River estuary. Role of disease as a
factor affecting survival of juvenile salmonids in
the estuarine and marine environments

NWR/2005/5883

12/31/2016

20322

Importance of the Columbia River Estuary to
forage fish populations and salmonid marine
survival. Salmon parasites as indicators of life-
histories, migration, and habitat use of juvenile
salmon

NWR/2005/5883

12/31/2016

1.3.1.1 Surveys conducted in the Puget Sound Research Area (PSRA)

Studies Using Trawl Gear

Beam Trawl Survey to Evaluate Effects of Hypoxia: This survey would occur during the
summer and fall (daytime operations only) at five sites in southern Hood Canal and five
sites in northern Hood Canal. The purpose is to examine the effects of hypoxia on

demersal fishes in Hood Canal. A video camera would be mounted onto a beam trawl and
researchers would review the recordings to measure escape response time to the bottom
trawl by various bottomfish. The gear would consist of a 2-m wide beam trawl with a
video camera, a Conductivity Temperature Depth (CTD) profiler, and either an open or
closed cod-end that is towed at three various depths (30, 60, and 90 m) for approximately
10 minutes at about 2 knots. This survey would require approximately 20 days at sea
(DAS) and one tow per site per season, meaning there would be 20 tows in total.



Marine Fish Collections Including Flatfish: This annual survey would be conducted
monthly in Puget Sound. The purpose is to collect of marine fishes for research including
broodstock. The gear would consist of various commercial-sized bottom trawls with
various net sizes towed at 1.5-3.5 knots for up to 4 hours at depths of 50-1000 m. This
survey requires approximately 15 DAS and 40 bottom trawls per year would be deployed.

Movement Studies of Puget Sound Species: These studies would be conducted year-round
in Puget Sound. The purpose is to study fish movement in Puget Sound using telemetry.
The researchers would use various types of gear (including SCUBA) to capture the
animals alive and tag them. They would also place detection arrays in various places in
the Sound. The species may include sixgill shark, Chinook and coho salmon, lingcod,
ratfish, steelhead, canary and yelloweye rockfish, English sole, spiny dogfish, sunflower
stars, and jellyfish. A variety of small vessels would be used. The gear would include
commercial bottom trawls with various net sizes towed at <3.5 knots for 10 minutes at
depths > 10 m deploying approximately 12 trawls per year. Researchers would also
deploy herring purse seines with a net size of 1500 x 90 ft. and variable mesh sizes. The
purse seines would be set for <1 hour at depths <50 m and a total of 12 sets per year.
They may also use hook and line gear with up to 12 lines in the water at once using
barbless hooks up to 20 trips per year. Researchers would also deploy demersal longline
in about 200 ft. of water with a mainline length of 600 ft. and 30 circle hooks per set.
Approximate soak times would be 90-120 minutes and there would be approximately 3
sets per year for a total of 90 hooks. Lastly, researchers would moor VR2 passive
acoustic receivers on the bottom with metal weights (no lines) and acoustic releases in
deep water near fishing locations (continuous for season). The survey effort would
require approximately 25 DAS and daytime operations only.

Puget Sound Marine Pelagic Food Web: This survey would occur in Puget Sound
between April and October as funding is available. The purpose is to study the marine
pelagic food web in Puget Sound focusing on land use and development effects on the
food web. Researchers would use a chartered vessel and a Kodiak surface trawl with net
size of 3.1 x 6.1 m towed at 1.8-2.2 knots for 10 min at depths <10 m. Previously, there
were about 500 trawls per year when the study was conducted. Future sampling effort
would likely be 250 trawls per year. The duration of this survey would be approximately
30 DAS (daytime operations only).

Skagit Bay Juvenile Salmon Survey: This survey would be conducted in Puget Sound
between April and September. The purpose is to assess coastal ocean conditions and
measure the growth, relative abundance, and survival of juvenile salmon during their first
summer at sea. Researchers would use a chartered vessel and a Kodiak surface trawl
with net size of 3.1 x 6.1 m towed at 1.8-2.2 knots for 10 min at depths <10 m. There
would be approximately 180 trawls per year, but previous effort was up to 250 trawls per
year. The duration of the survey would be approximately 30 DAS with daytime
operations only.

Studies Using Other Gears



Elwha Dam Removal: This survey would occur monthly in the Strait of Juan de Fuca.
The purpose is to examine the potential effects of dam removal on nearshore fish
including ESA-listed species. The researchers would use a 17-foot whaler vessel and a
140-ft x 6-ft beach seine with <0.25-inch mesh that would be deployed for less than 10
minutes, with up to 140 samples per year. Operations would be daytime only and require
about 20 DAS.

ESA-listed Rockfish Genetics: This survey would be conducted during the spring,
summer, and fall in Puget Sound, the San Juan Islands, and the Strait of Juan de Fuca.
The purpose of the survey is to collect size, weight, location, depth, and genetic
information from bottomfish species. The researchers would collect fin clips from all
bottomfish captured and would use the samples to do genetic analyses focusing on ESA-
listed rockfish species (yelloweye rockfish, canary rockfish, and bocaccio). The intent
would be to release all fish unharmed. The researchers would use various charter boats
and they would use hook-and-line fishing gear baited with herring and squid, or bottom
jigs such as darts. Fishing effort would average 18.2 hook-hours per day and 750 hook-
hours per year. The duration of the survey would be approximately 35-41 DAS with
daytime operations only.

Herring Egg Mortality Survey: This survey would be conducted between February and
May in herring spawning locations in Puget Sound in water less than 10m (e.g. Squaxin
Pass, Quartermaster Harbor, Elliot Bay, Port Orchard, Quilcene Bay, Holmes Harbor, and
Cherry Point). This survey would explore spatial variation and drivers of herring egg
loss in Puget Sound. Researchers would investigate if herring egg loss relates to
vegetation types used by herring for spawning substrate, the presence of suspected large
herring egg predators (diving ducks and large fish), and metrics of shoreline
development. SCUBA divers and predator exclusion cages would be used to collect
eggs. The cages are modified sablefish pots with 3 x 3-cm mesh openings, and would be
deployed for approximately 10 days. Researchers would deploy the five cages at each of
the five sites and take approximately 600 small vegetation samples with herring eggs
from each site per year. The duration of the survey would be approximately 20 DAS
with daytime operations only.

Heterosigma akashiwo Bloom Dynamics and Toxic Effects: This study would occur in
Puget Sound, Georgia Strait, and Strait of Juan de Fuca during summer and fall. The
purpose of this study is to help identify elements of toxicity and the environmental
parameters that promote growth and expression of toxicity in the raphidophyte
Heterosigma akashiwo. Researchers would collect samples for: marine toxins,
chlorophyll a, micro and macro nutrients, phytoplankton species ID and enumeration, and
DNA analysis. They would use various vessels and their gear would consist of plankton
nets (20 micro meter mesh nets deployed only in surface waters at 0-2m), a CTD profiler,
and rosette water sampler that they would deploy at depths from the surface to near
bottom or a maximum of approximately 35 m. They would take approximately 70
samples per year and their survey efforts would require 20 DAS (daytime operations

only).



Long-term Eelgrass Monitoring: This survey would be conducted quarterly at sites
within Puget Sound proper that are paired across a range of urbanization gradients. The
purpose of the survey is to conduct long-term monitoring of fringe eelgrass habitats in
Puget Sound. The researchers would quantify growth, pressures, and community
structure of eelgrass beds over the next 20 years to monitor for potential changes due to
climatic/oceanic conditions and management actions related to shoreline armoring and
land-use practices. Researchers would collect the seagrass, sediments, and water samples
to quantify epiphyte loads and sediment quality, and water chemistry. They would use
transects to quantify fish, invertebrate, and eelgrass densities. SCUBA divers would use
sediment grabs and Niskin bottles. There would be about 360 transects per year. Their
survey effort would require 10 DAS and daytime operations only.

Marine Fish Research including Broodstock Collection, Sampling, and Tagging: These
surveys would occur monthly in Puget Sound. The purpose is to collect fish for
broodstock, sampling, and tagging. Researchers would use a chartered sportfishing
vessel and their gear would include a pelagic longline with an approximate 3 hour soak
time. The length of the mainline would be 750-1000 fathoms and would set at 700-3000
ft., with 500 barbed circle hooks baited with squid per set. The researchers would deploy
approximately 30 sets per year. Additional protocols would include the use of hook and
line gear deployed by rod and reel. Eight anglers with eight lines in the water would fish
at a time, and they would use barbed circle hooks. The research would involve
approximately 6 hours of fishing per day with eight lines in the water for a total of 90
hours per year or 720 hook-hours. The duration of effort would be approximately 15
DAS each month and daytime operations only.

Puget Sound Salmon Contaminant Study: This survey would be conducted from May to
July in Puget Sound. Researchers would study contaminant concentrations in juvenile
Chinook salmon from multiple sites in Puget Sound. They would use a 17-ft whaler to
deploy a 37-m long x 2.4-m wide beach seine with 10-mm mesh size for less than 10
minutes, with up to 100 sets per year. Their survey effort would require 30 DAS and
would occur in the daytime only.

Snohomish Juvenile Salmon Survey: This survey would occur monthly year-round and
twice monthly from February to September in the Snohomish estuary. The purpose is to
document juvenile salmon use of the Snohomish estuary and pre-restoration conditions at
the Qwuloolt levee breach project and adjacent reference areas. Researchers would use a
17-ft whaler or inflatable and their gear would consist of a beach seine with a net size of
140 x 6 ft., mesh size of <1 in, and set for <10 min (up to 200 sets/year), and a fyke net
trap with variable net sizes, mesh size of <0.25 in, and set for up to 6 hours (up to 100
sets/year). The fyke nets they would use are basically block nets that have wings that
guide fish into a trap box. Researchers would set the nets at high tide and as the tide
ebbs, fish would be funneled into the trap. Fyke nets would be fished in estuarine
channels that range in width from 3 ft. or less to 15 ft. The survey effort would require
50 DAS and would occur in daytime only.



Urban Gradient Surveys: These surveys would be conducted during the summer at five
pairs of study sites in Puget Sound across a range of urbanization. The purpose is to
identify relationships between land use practices and the properties of streams and
nearshore marine ecosystems around Puget Sound. The goal is to examine how
ecosystem structure (the relative abundance of different species) and ecosystem functions
(the processes connecting species to one another) vary according to the level of
urbanization. Researchers would focus on motile epibenthic invertebrates (e.g. shrimps,
gastropods, isopods, and amphipods) from eelgrass habitats. The researchers would use
the R/V Minnow or conduct their survey from the shore and their gear would consist of
an Epibenthic tow sled with a 1 x 1-m mouth opening and 1-mm mesh towed for
approximately 10 minutes at 1 m depth. Approximately 3 to 5 samples would be taken
per site per year with 30-60 samples total. Their effort would require 10 DAS and would
occur in the daytime only.

1.3.1.2 Surveys conducted in the Lower Columbia River Research Area (LCRRA)
Studies Using Trawl Gear

Eulachon Arrival Timing: This survey would occur about 6 times between January and
March in the Columbia River Estuary and Plume but would not extend out into the
California Current Research Area (CCRA). The purpose is to determine the arrival
timing and distribution of spawning eulachon at the mouth of the Columbia River. The
researchers would conduct the survey on NOAA research vessels using a modified Cobb
trawl with 9.5 mm cod end towed at 2.7 knots for 15 minutes at 30-40 m depth. Samples
would be taken for fecundity and other biological data but most fish would be released
unharmed. About 60 trawls would occur per year. The effort would require 15 DAS and
would occur in the daytime only.

Pair Trawl Columbia River Juvenile Salmon Survey: The survey would take place
between March and August in the upper Columbia River Estuary (River Kilometer 65 to
85). The purpose of the survey is to assess passage of tagged juvenile salmon migrating
from the upper reaches of the Columbia River basin to the ocean by passively sampling
Passive Integrated Transponder (PI1T)-tagged juvenile salmonids. Researchers would use
two 41-foot utility vessels to deploy the net and tow it plus a small skiff to tend
equipment and clear debris and the gear used would consist of a surface pair trawl with
an 8 x 10-ft open cod-end and PIT detector array. The trawl would be equipped with 92
X 92-m wings, with a body of 9 m wide x 6 m deep x 18 m long. Researchers would tow
the trawl at 1.5 knots for 8-15 hours at depths from surface to 5 m. Towed antennae may
replace the pair trawl net for PIT detection if the development is successful. The effort
and duration would be 80 DAS, for 800 - 1200 hours per year, and sampling would occur
on a 24-hour basis.

Studies Using Other Gears

Benefits of Wetland Restoration to Juvenile Salmon: Action Effectiveness Monitoring:
This survey would be conducted bi-weekly from March to October in the Columbia River



estuary from the river mouth to Bonneville Dam. The purpose is to study and examine
salmon habitat use in the lower Columbia River estuary focusing on determining benefits
that juvenile salmon obtain from restoring wetland habitats. Researchers would use a 500
x 30 ft. purse seine deployed for less than one hour (90/year), 150 x 6 ft. beach seine
deployed for less than 10 minutes (16 sets per year), trap nets soaked up to six hours (16
sets per year), a CTD profiler (about 90 casts per year), and a 10 x 20 ft. surface trawl
that would be towed between skiffs for about 15 minutes. The effort would require 32
DAS and would occur in the daytime only.

Columbia River Estuary Tidal Habitat: This survey would be conducted quarterly to
monthly in the Columbia River estuary from the river mouth to Bonneville Dam. The
purpose is to study salmon habitat use and genetic stocks of origin. Researchers would
use a 150 x 6 ft. beach seine set for <10 minutes (less than 100 per year), Trap nets
soaked up to six hours (less than 50 sets per year), CTD (about 100 per year), 24-volt
backpack shocker and boat electro-shocker (less than 100 sites per year), 6 stationary PIT
antennas, fish holding pens, and water level & temperature logger, and insect fall out
traps, emergent insect cone traps, and benthic cores. Their effort would require 25 DAS
and would occur in the daytime only.

Effects of Dredging on Crab Recruitment: This survey would be conducted periodically
between August and October in the nearshore Columbia River mouth area. The purpose
is to study how Dungeness crab respond to dredge spoils being placed in nearshore zone
for beach nourishment. Researchers would use a Benthic video sled, acoustic telemetry
with moored Vemco VR2 receivers and VV9-2H transmitters, and a video drop camera
system. The survey duration would be 15 DAS annually and would occur in the daytime
only.

Lower Columbia River Ecosystem Monitoring: This survey would be conducted monthly
from February through December in the lower Columbia River Estuary. Researchers
would study habitat occurrence and the health of juvenile salmon and their prey. They
would deploy a 37-m long x 2.4-m wide beach seine with 10-mm mesh size for less than
10 minutes with up to 200 sets per year. Researchers would also deploy a Neuston
plankton net for about five minutes, with approximately 50 sets per year. Their effort
would require 16 DAS and would occur in the daytime only.

Migratory Behavior of Adult Salmon: This survey would be conducted in the Columbia
River Estuary up to the Bonneville dam during spring-fall as needed to meet tagging
goals. The objective of the work is to determine the migratory rate of adult Chinook
salmon destined for upper river spawning sites. Researchers would charter various
commercial fishing vessels to capture fish with 200-foot-long tangle nets (designed for
non-lethal capture). Set duration would be 25-45 minutes with up to 75 sets per year.
Their effort would require 32 DAS and would occur in the daytime only.

Pile Dike PIT-Tag Detection System: The detection system would be located in the

Columbia River Estuary near River Kilometer 70 and would be operated from March to
October (but may become year-round). The purpose of the system is to detect migrating
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adult and juvenile salmon. Researchers would only use vessels for servicing the system.
The subsurface deployment would be continuous during the season. The researchers
would use a small guidance net (20 ft. x 20 ft.) anchored in place leading to an 8 ft. x 20
ft. (minimum) opening with subsurface PIT-tag detector.

1.3.1.3 Surveys conducted in the California Current Research Area (CCRA)
Studies Using Trawl Gear

Bycatch Reduction Research: This survey would occur from April to October in waters
from southern Oregon to Canada. This research effort would be to test gear
improvements to reduce bycatch of non-target fish species. Examples would include
testing low-rise bottom trawls, flexible sorting grates in bottom and midwater trawls, and
open escape window bycatch reduction devices in midwater trawls. Researchers would
conduct their surveys on chartered commercial fishing vessels. The protocols for this
survey would include deployment of commercial bottom trawls of various net sizes
towed at 1.5-3.5 knots for up to 4 hours at depths of 50-1000 m. There would be
approximately 40 trawls per year with this type of gear. Protocols would also include
deployment of a double rigged shrimp trawl with various net sizes towed at 1.5-3.5 knots
for 30-80 minutes at depths of 100-300 m. Up to 60 double-rigged shrimp trawls would
occur each year. Researchers would also deploy commercial pelagic midwater trawls
with various net sizes towed at 1.5-3.5 knots for an average of two hours but may be
towed up to 8 hours at depths of 50-1000m. There would be up to 60 midwater trawls
per year. The type of trawl the researchers would use and the duration that it would be
fished depends on the fishery (i.e., target species), bycatch species of concern, changing
fishing regulations (e.g., annual catch limits, catch shares, bycatch species prohibitions,
and ESA listings), vessel, and bycatch reduction engineering methods being evaluated.
All these can factor into the trawl gear being fished (studied) and the duration of the haul.
Additional protocols would include the use of various models of echosounders and sonars
(38-200 kHz, <224 dB/1uPa). This research would require 30-90 DAS and would be
conducted in the daytime only.

Camera Trawl Research: This survey would be conducted between March and
September along the U.S. west coast from southern California to Southeast Alaska,
including Canada. These would be research/development and pilot surveys to refine the
development of optical-trawl samplers as applied to acoustical and other surveys,
including testing of hardware and software, to assess abundance and species composition
in trawls used to sample commercially important groundfish. Researchers would deploy
a midwater Aleutian wing trawl (AWT) with a headrope of 334 feet (ft.) (101.8 m) towed
at 2.8-3.5 knots at depths down to 500 m. The duration of the tows would vary
depending on the time it takes to verify the composition of the schools of fish producing
acoustic signals. Researchers would deploy approximately 75 trawls/year (in addition to
trawls conducted as part of hake survey) or 30-70 DAS and their research would be
conducted in the daytime only.
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Flatfish Brood Stock Collection: This survey would occur intermittently up to 20 times
annually in Puget Sound and the Washington coast. Researchers would collect fish for
broodstock for aquaculture development. They would use commercial bottom trawl (6-
24 trawls per year) with various net sizes towed at <3.5 knots for 10 min at depths >10 m
and hook-and-line (18 collection trips per year with up to 12 lines in the water at once).
This survey would require around 40 DAS and in daytime operations only.

Groundfish Bottom Trawl Survey: This survey would occur annually between May and
October from the US/Mexico to the US/Canada borders. This would be a fisheries
independent survey to monitor groundfish distribution and biomass along the US west
coast at depths of 55 to 1280 m. Researchers would use two chartered commercial
fishing vessels operating at the same time to cover the necessary stations. There would
be two sampling periods, May to July and August to October. The protocols for this
survey would include deployment of a modified Aberdeen bottom trawl (and video
camera) with a 5 x 15-m opening towed at 2.2 knots for approximately 15 min at depths
of 55-1280 m. Additional protocols would include the use of a CTD profiler and various
models of echosounders and sonars (27-200 kHz; < 224 dB/1uPa). There would be
approximately 737-773 trawls per year and researchers would require about 190 DAS
total for all vessels. Their sampling effort would occur only during the daytime.

Hake Acoustic Survey: This survey would be conducted each June-September on the US
continental shelf from southern California to Southeast Alaska, including Canada. The
purpose of the survey is to measure the abundance of hake. Researchers would use
echosounder acoustic gear to locate and assess the size of hake schools and midwater
trawls to confirm identification of fish targets. The protocols for this survey would
include deployment of a midwater AWT with a headrope of 334 ft. (101.8 m) towed at
2.8-3.5 knots at variable depths. There would be about 150 trawls/year; about five
percent of which would be Poly Nor’easter Bottom Trawl (PNE) bottom trawls with 89
ft. headrope and 120 ft. footrope towed at 2.8-3.5 knots for variable lengths of time to
sample the fish producing the acoustic signal. Additional protocols would include the use
of various models of echosounders and sonars (1.5-200 kHz; <224 dB/1uPa).
Researchers would require about 60-80 DAS and sampling would occur only during the
daytime.

Juvenile Salmon Pacific Northwest (PNW) Coastal Survey: This survey would be
conducted annually in continental shelf waters during May, June, and September from
Newport, OR to Cape Flattery, WA. Researchers would assess ocean condition, and
growth and relative abundance of juvenile salmon and their survival during their first
summer at sea. The protocols for this survey would include deployment of a Nordic 264
surface trawl (with a marine mammal excluder device) with a net size of 30 x 20 m and
towed at approximately 3-4 knots for 30 min at depths down to 30 m. Researchers would
use a CTD profiler and Niskin bottle, bongo net, vertical plankton net, and water pump.
There would be about 180 trawls per year, and the duration would be 36 DAS (roughly
divided equally between May, June, and September). Sampling would occur only during
the daytime.
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Marine Fish Broodstock Collection, Sampling, and Tagging: This survey would be
conducted annually at variable frequencies on the Washington coast. The purpose of the
survey would be to collect fish for broodstock for aquaculture development. The
researchers would deploy commercial bottom trawls with various net sizes towed at 1.5-
3.5 knots for up to 4 hours at depths of 50-1000 m. The survey deploys would be
approximately 10 trawls per year. Researchers would also deploy a pelagic longline with
a 3 hour soak time. Length of the mainline would be 750-1000 fathoms with 500 circle
hooks per set baited with squid. Approximately 30 sets would occur each year.
Additionally, researchers would use hook and line gear deployed by rod and reel. Eight
anglers with eight lines in the water at a time would fish for approximately 6 hours per
day for a total of 90 hours per year. The survey duration would be 10 DAS and sampling
would occur only during the daytime.

Northern Juvenile Rockfish Survey: This survey would be conducted annually in May and
June from Cape Mendocino, CA to Cape Flattery, WA. Researchers would measure the
spatial abundance of juvenile fishes (focusing on rockfish species) in coastal marine
waters of the northern California Current ecosystem as an index of recruitment potential.
The researchers would use a commercial modified Cobb trawl with a headrope of 26 m
and an opening of 12 m height x 12 m width (144 m2), with a 9.5 mm codend. The top
of the headrope would be fished at about 30 m depth and is towed at 2.7 knots for 15
minutes. The survey would be deployed about 100 trawls per year. Researchers may
also use a CTD profiler, Bongo and Tucker plankton nets, and a Simrad EK60 Multi-
frequency echosounder (38, 70, 120, and 200 kHz; 228 dB/1pPa). The survey duration
would be 15-30 DAS and all tows would be conducted at night.

Studies Using Other Gears

Coastwide Groundfish Hook and Line Survey in Untrawlable Habitat: This study would
be conducted annually in May through October from the US/Mexico border to the
US/Canada border. This would be an expansion of research previously conducted only
along the Southern California coast. The purpose is to assess abundance of structure-
associated rockfishes in untrawlable areas of along the US West Coast. Survey sites
would be the same every year unless a site is unavailable due to weather or sea condition.
Researchers would use three or four chartered sportfishing vessels and hook-and-line
gear would be deployed from rod and reels fished at 15-250 m depth for 5 minutes per
set. Other gear they would use may include a camera sled, CTD profiler, and a Furuno
echosounder (50 and 200 kHz; 212 dB/1puPa). There would be 1000 sites with up to
75,000 hooks total per year (6,250 hook-hours/year). The duration would be
approximately 250 DAS annually and fishing would occur in the daytime only.

Near Coastal Ocean Purse Seining: This study would be conducted monthly between
May and September nearshore near the mouth of the Columbia River, OR. The purpose is
to study salmon habitat use in nearshore areas of the ocean near the Columbia River.
Researchers would use a chartered commercial fishing vessel with purse seines that
measure 750 ft. x 60 ft. or 1000 ft. x 40 ft. with mesh size: 0.625" (net body); 1.3" (tow
end); 0.45" (bunt). The set duration would generally be less than 1 hour, with about 75
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sets/year completed in 12 DAS. Sets would be made in the daytime only.

Newport Line Plankton Survey: This survey would occur biweekly along the Newport
Hydrographic Line (NH-Line), a long-term oceanographic sampling line located just
north of Newport, Oregon. Sampling would be conducted to assess oceanographic
conditions and zooplankton, ichthyoplankton and krill species composition and
abundance. Researchers would conduct their survey on the R/V Elakha chartered from
Oregon State University. The gear types they would use would include Bongo nets,
vertical plankton nets, CTD profiler and Niskin bottle, and multi-frequency active
acoustics (38, 70, 120, and 200 kHz). About 150 samples would be collected per year and
would require 26 DAS. Sampling would occur during both day and night.

Northern California Current Ecosystem Survey: This survey would occur approximately
every other year as ship time is available so the season would be variable. It would occur
off the coasts of Washington and Oregon out to 200 nm. Researchers would assess
oceanographic conditions and plankton composition and abundance. The gear types they
would use include Bongo nets, vertical plankton nets, and CTD profiler and rosette water
sampler. Sampling effort would depend on ship time available and would occur on a 24-
hour basis with an average of 12 DAS.

PNW Harmful Algal Bloom Survey: This survey would be conducted annually during the
summer and fall along the Oregon and Washington coasts. The purpose is to measure
oceanographic conditions and phytoplankton species composition and abundance with an
emphasis on harmful algal species. Researchers would collect: marine toxins, chlorophyll
a, micro and macro nutrients, phytoplankton species ID and enumeration, DNA analysis,
and dissolved oxygen. Researchers would use a range of vessels from ocean-going
research ships to small open skiffs and the gear they would use would consist of plankton
nets, CTD profiler, and rosette water sampler. Researchers would take about 200 samples
per cruise, and the survey duration would be a minimum of 10 DAS (ocean sampling 2
weeks to 3 months depending on available ship time). Sampling would be conducted on a
24-hour basis.

Technology Development Research: This research would be conducted during the
summer and fall from Washington to California. The objective of this study is to develop
alternative sampling methodologies using autonomous underwater vehicles to assess
groundfish abundance and distribution using video capturing equipment. Autonomous
Underwater Vehicles, one of which is called Lucille, would be used because it is not
tethered and is piloted remotely. It is also several meters long. Dives can be up to 2000 ft.
deep. Up to 17 dives would be made per cruise with approximately up to 20 DAS, and
during the daytime only.

Video Beam Trawl Collaborative Research: This survey would be conducted annually
along the continental shelf from Washington to Oregon during variable months. The
purpose is to assess the seasonal and interannual distribution of young-of-the-year
groundfishes and the potential impacts of hypoxia. Researchers would use a two-meter-
wide video beam trawl system that would be towed along the bottom at speeds of about
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1.0-1.5 knots for 10 minutes during daylight hours, with about 20-40 deployments per
year, and approximately 20 DAS.

1.3.1.4 Gear used during NWFSC research
Trawl nets

A trawl net is a funnel-shaped net towed behind a boat to capture fish. The codend, or
‘bag,’ is the fine-meshed portion of the net most distant from the towing vessel where
fish and other organisms larger than the mesh size are retained. The majority of NWFSC
trawl surveys involve tow speeds from 1.5 to 3.5 knots and tow durations from 10 to 30
minutes. Active acoustic devices incorporated into the research vessel and the trawl gear
monitor the position and status of the net, speed of the tow, and other variables important
to the research design. At the end of the tow, the net is retrieved and the contents of the
codend are emptied onto the deck or sorting table.

Some NWFSC research surveys use “pelagic” trawls, which are designed to operate
either near the surface or at various depths within the water column, and other surveys
use “bottom” trawls (see Table 2.2-1 In DPEA for survey protocol and net details).
Examples of NWFSC trawl gear fished at the surface include the Nordic 264, Kodiak
surface trawl, and paired surface trawls. Examples of NWFSC trawl gear fished lower in
the water column include the Modified Cobb mid-water trawl and the Aleutian wing mid-
water trawl. Examples of NWFSC bottom trawl nets include the modified Aberdeen
trawl, Poly Nor’easter trawl, paired shrimp trawl, and beam trawls. Several NWFSC
surveys use trawls with an open codend (see Table 2.3-1 In DPEA). These surveys have a
reduced impact to marine organisms because they use equipment to detect or record
target species and eliminate the need to capture organisms.

Plankton nets

NWFSC research activities include the use of several plankton sampling nets which
employ very fine mesh (mesh sizes form 20 to 500 um) to sample plankton from various
parts of the water column. Plankton sampling nets usually consist of fine mesh attached
to a rigid frame. The frame spreads the mouth of the net to cover a known surface area.
Many plankton nets have a removable collection container at the codend where the
sample is concentrated. Plankton nets may be towed through the water horizontally (e.g.,
using Neuston nets), vertically (e.g., using ring nets), or at an oblique angle (e.g., using
bongo nets).

Epibenthic tow sled

An epibenthic tow sled is an instrument that is designed to collect organisms that live on
bottom sediments. It consists of a fine mesh net attached to a rigid frame with runners to
help it move along the substrate. The sled is towed along the bottom at the sediment-
water interface, scooping up benthic organisms as it goes. NWFSC uses an epibenthic
tow sled with a 1 meter by 1 meter opening and 1-millimeter mesh to collect epibenthic
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invertebrates in shallow eelgrass beds in Central Puget Sound.
Seine nets

A seine is a fishing net that generally hangs vertically in the water with its bottom edge
held down by weights and its top edge buoyed by floats. NWFSC uses several types of
seines including purse seines, beach seines, and pole seines. A purse seine is a large wall
of netting deployed around an entire area or school of fish. Once a school of fish is
located, the vessel encircles the school with the net. The cable is then pulled in, ‘pursing
the net closed on the bottom, preventing fish from escaping by swimming downward.
The purse seines employed by NWFSC are between 500 and 1,500 feet in length,
between 30 and 90 feet in depth, and have mesh sizes ranging from 0.45 inches to 1.3
inches depending on the location in the net. Beach seines are deployed from shore to
surround all fish in a nearshore area. A beach seine can be deployed by hand or with the
help of a small boat. When the net is set, each side is pulled in simultaneously, herding
the fish toward the beach. The beach seines used in NWFSC research are 6 to 8 feet in
depth and 120 to 150 feet in length, with mesh sizes of less than 1 inch. A pole seine is a
rectangular net that has a pole on either end to keep the net rigid and act as a handle for
pulling the net in. The net is pulled along the bottom by hand as two or more people hold
the poles and walk through the water. Fish and other organisms are captured by walking
the net towards shore or tilting the poles backwards and lifting the net out of the water.
The pole seine used by NWFSC is 40 feet long, 6 feet tall, and has mesh smaller than 1
inch.

b

Tangle nets

Tangle nets are vertical panels of nylon netting and are normally set in a straight line. The
top of the net is buoyed with floats and the bottom of the net is weighted to maintain the
net’s vertical position. Tangle nets are designed for non-lethal capture of fish. The
smaller mesh of a tangle net prevents fish from entering the net beyond the operculum
(gill cover); instead, fish are caught by the nose or jaw. This allows fish to continue
respiring and reduces their risk of injury. NWFSC uses a 600- by 40-foot tangle net with
4.25-inch mesh to catch adult salmon in the Columbia River Estuary.

Fish traps and pots

Fishing pots and traps are structures that permit fish and other organisms to enter the
enclosure but make it difficult for them to escape, allowing commercial fishers and
researchers to capture live fish and then return bycatch to the water unharmed. They also
allow some control over species and sizes of fish that are caught. Fishing traps and pots
used by NWFSC include fyke traps and sablefish pots. NWFSC sets fyke traps with 0.25-
inch mesh for up to 6 hours in the Snohomish and Columbia river estuaries. The NWFSC
traps channels that range in width from less than 3 ft. to 15 ft. The NWFSC also employs
a limited number of conical sablefish pots to catch fish for broodstock. The sablefish pots
used by NWFSC are 4 feet in diameter, have a soak time of 8 hours, and they are baited
with squid and herring to lure fish into the pots. Modified sablefish pots are also used as
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predator exclusion cages for the Herring Egg Mortality Survey in Puget Sound.
Insect traps and benthic corers

As part of the Columbia River Estuary Tidal Habitats survey, NWFSC uses insect fallout
traps, emergent insect cone traps, and benthic corers to sample invertebrate prey items
potentially available to juvenile salmon. An insect fallout trap consists of a plastic box
filled approximately halfway with soapy water. The containers used by NWFSC measure
50 by 35 by 14 centimeters and have a less than 10 percent dish soap solution. The
containers are surrounded by four stakes to prevent the trap from floating away while
allowing it to float vertically with the tides (Roegner et al. 2004). Emergent insect cone
traps used by NWFSC look like inverted plastic funnels with a collection container
attached to the top to contain the emerged insects. Each trap is anchored in the water and
collects all insects that emerge in the area directly below the mouth of the funnel. A
common type of benthic corer consists of a plastic cylinder that is pressed vertically into
the sediment. Then the corer has been inserted far enough into the substrate, the top of the
cylinder is capped and the corer along with the sediment sample can be pulled out far
enough to cap the bottom of the tube. The corer used by NWFSC collects a sample with a
0.0024-m2 surface area.

Hook-and-line gear

Longline fishing is a type of hook-and-line gear in which baited hooks attached to a
mainline or ‘groundline’ are deployed from a vessel. The longline gear NWFSC uses for
collection of fish for broodstock consists of 500 hooks attached to a mainline
approximately 750-1000 fathoms in length. Hooks are attached to the longline by thinner
lines called a ‘gangions’. For NWFSC broodstock collection, the gangions are less than
one foot in length and are attached to the mainline at intervals of about 10 feet. Longline
research gear can be deployed either suspended in the water column with floats (pelagic
gear) or anchored to the bottom with the hooks either resting on the bottom or floating
just above the seafloor (demersal gear). The NWFSC uses pelagic gear in the CCRA and
demersal gear in the PSRA.

Electrofishing

NWFSC researchers use both backpack electrofishing units and boat-based electrofishing
to collect fish. Both types of electrofishing use a power source to create electrical
currents that flow from the positive electrode (anode) through the water to the negative
electrode (cathode). When stunned fish are immobilized or move toward the anode, they
are quickly captured with a dip net and placed in a bucket or holding tank. The fish can
then be identified, measured, and released. Electrofishing does not result in permanent
harm to the fish, which recover within a few minutes.

Active Acoustic Sources

A wide range of active acoustic sources are used in NWFSC fisheries surveys for
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remotely sensing bathymetric, oceanographic, and biological features of the environment.
Most of these sources involve relatively high frequency, directional, and brief repeated
signals tuned to provide sufficient focus and resolution on specific objects. Table 2 shows
important characteristics of these sources used on NOAA research vessels conducting
NWFSC fisheries surveys, followed by descriptions of some of the primary general
categories of sources.

Table 2. Output Characteristics for Predominant NWFSC Acoustic Sources
Abbreviations: kHz = kilohertz; dB re 1 pPa at 1 m = decibels referenced at one micro
Pascal at one meter; ms = millisecond; Hz = hertz

Acoustic system Operating Maximum Single ping Nominal beam
frequencies source level duration (ms) Orientation/ width
(kHz) (dB rel pPa and repetition Directionality (degrees)
at 1 m) rate (Hz)
Simrad EK60 18, 38, 70, 120, 224 lms @ 1Hz Downward 11°
narrow beam 200 kHz looking
echosounder
Simrad ME70 70-120 kHz 205 2ms (@ 1 Hz Downward 140°
multibeam looking
echosounder
RDI ADCP 75 kHz 223.6 External trigger Downward 40° x 100°
Ocean Surveyor looking (30° tilt)
Simrad ITI trawl 27-33 kHz <200 0.05-0.5 Hz Downward 40° x 100°
monitoring looking
system
Simrad FS70 330 kHz 216 1 ms @ 120 kHz Third wire trawl 59x20°
trawl sonar sonar for
monitoring net
opening and
fishing
conditions

Simrad SX90 70-120 kHz 206 2ms @ 1 Hz Downward omni- 0°-90° ult angle
omni-directional directional from vertical
multibeam sonar (average)

Multibeam echosounder and sonar: Multibeam echosounders and sonars work by
transmitting acoustic pulses into the water then measuring the time required for the pulses
to reflect and return to the receiver and the angle of the reflected signal. The depth and
position of the reflecting surface can be determined from this information, provided that
the speed of sound in water can be accurately calculated for the entire signal path. The
use of multiple acoustic ‘beams’ allows coverage of a greater area compared to single
beam sonar. The sensor arrays for multibeam echosounders and sonars are usually
mounted on the keel of the vessel and have the ability to look horizontally in the water
column as well as straight down. Multibeam echosounders and sonars are used for
mapping seafloor bathymetry, estimating fish biomass, characterizing fish schools, and
studying fish behavior. This gear generally emits frequencies from 38 to 200 kHz at less
than 228 dB re 1 pPa.

Multi-frequency single-beam active acoustics: Similar to multibeam echosounders, multi-
frequency split-beam sensors are deployed from NOAA survey vessels to acoustically
map the distributions and estimate the abundances and biomasses of many types of fish;
characterize their biotic and abiotic environments; investigate ecological linkages; and
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gather information about their schooling behavior, migration patterns, and avoidance
reactions to the survey vessel. The use of multiple frequencies allows coverage of a broad
range of marine acoustic survey activity, ranging from studies of small plankton to large
fish schools in a variety of environments from shallow coastal waters to deep ocean
basins. Simultaneous use of several discrete echosounder frequencies facilitates accurate
estimates of the size of individual fish, and can be used for species identification based on
differences in frequency-dependent acoustic backscattering between species. The
NWFSC uses devices that transmit and receive at four frequencies ranging from 30 to
200 kHz.

ADCP: An Acoustic Doppler Current Profiler (ADCP) is a type of sonar used for
measuring water current velocities simultaneously at a range of depths. An ADCP
instrument can be mounted to a mooring or to the bottom of a boat. The ADCP works by
transmitting "pings" of sound at a constant frequency into the water. As the sound waves
travel, they ricochet off particles suspended in the moving water, and reflect back to the
instrument (WHOI 2011). Sound waves bounced back from a particle moving away from
the profiler have a slightly lowered frequency when they return and particles moving
toward the instrument send back higher frequency waves. The difference in frequency
between the waves the profiler sends out and the waves it receives is called the Doppler
shift. The instrument uses this shift to calculate how fast the particle and the water around
it are moving. Sound waves that hit particles far from the profiler take longer to come
back than waves that strike close by. By measuring the time it takes for the waves to
return to the sensor, and the Doppler shift, the profiler can measure current speed at many
different depths with each series of pings (WHOI 2011).

Acoustic telemetry

Acoustic telemetry for fisheries research employs acoustic tags which are small, sound-
emitting devices allowing the detection of fish or aquatic invertebrates. An acoustic tag,
or transmitter, is an electronic device usually implanted or externally attached to an
aquatic organism. A tag transmits short ultrasonic signals (typically 69 kHz) either at
regular intervals or as a series of several pings that contain a digital identifier code
(which allows researchers to identify individual fish) and sometimes physical data (e.g.,
temperature). An acoustic receiver detects and decodes transmissions from acoustic tags.
NWFSC uses Vemco VR2 receivers moored in fixed locations to detect the presence or
absence of coded tags. For the Effects of Dredging on Crab Recruitment survey, NWFSC
uses V9-2H transmitters to track Dungeness crab movements. These tags have a battery
life of 100 to 280 days.

PIT tags and antennas

The passive integrated transponder (PIT) is a type of radio frequency identification used
extensively in fisheries research. Generally, PIT tags are cylindrical in shape, about 8-32
mm long, and 1-4 mm in diameter and can be inserted in fish or other organisms via
large-gauge hypodermic needles. To activate the tag, a low-frequency radio signal is
emitted by a scanning device that generates a close-range electromagnetic field. NWFSC
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uses stationary PIT detection antennas in the Columbia River Estuary to detect migrating
adult and juvenile salmon. NWFSC also uses a PIT detector array attached to a surface
pair trawl with an open codend which is towed at a depth of 5 meters for 8 to 15 hours at
a speed of 1.5 knots in the Columbia River Estuary to assess the passage of migrating
juvenile salmon.

Video cameras

The NWFSC uses a CamPod, a video camera sled, video beam trawls, and a remotely
operated vehicle (ROV) to collect underwater videos of benthic habitats and organisms.
The CamPod is deployed vertically through the water column on a cable and is intended
to view one point on the bottom. A video camera sled consists of a video camera system
mounted on a metal frame with runners to allow it to move along the benthic substrate. A
research vessel tows the sled along the seafloor, allowing the camera to capture video
footage of the benthic environment. Video beam trawls consist of a video camera system
attached to a beam trawl which is towed along the seafloor at speeds of 1 to 1.5 knots.
NWFSC uses video beam trawls to assess the seasonal and interannual distribution of
young of the year groundfishes as well as the potential effects of hypoxia on groundfish.
NWFSC uses a video ROV to capture underwater footage of the benthic environment.
The ROV is controlled and powered from a surface vessel. Electrical power is supplied
through an umbilical or tether which also has fiber optics which carry video and data
signals between the operator and the ROV. This enables researchers on the vessel to
control the ROV’s position in the water with joysticks while they view the video feed on
a monitor.

CTD profiler and rosette water sampler

A conductivity, temperature, and depth (CTD) profiler is the primary research tool for
determining chemical and physical properties of seawater. A shipboard CTD is made up
of a set of small probes attached to a large (1 to 2 meters in diameter) metal rosette
wheel. The rosette is lowered through the water column on a cable, and CTD data are
observed in real time via a conducting cable connecting the CTD to a computer on the
vessel. The rosette also holds a series of sampling bottles that can be triggered to close at
different depths in order to collect a suite of water samples that can be used to determine
additional properties of the water over the depth of the CTD cast.

Thermosalinograph and water pump, water level and temperature loggers

Onboard the research vessel for the Juvenile Salmon Pacific Northwest Coastal Survey,
NWEFSC uses a continuous water pump with an SBE-45 MicroTSG thermosalinograph to
measure sea surface conductivity and temperature. The pump continuously pumps
seawater from a depth of 3 meters near the bow of the research vessel to the
thermosalinograph which sends the temperature and conductivity data to a shipboard
computer. To collect physical environmental data in riverine and estuarine habitats,
NWFSC uses water level and temperature loggers. These devices are placed underwater
at fixed locations where they continuously record data. NWFSC uses a 3 by 4 centimeter
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device called a TidbiT to measure and record water temperatures. To log water levels,
NWFSC uses a Hobo U-model water level data logger. These devices record
measurements at user defined intervals and generally have the memory and battery power
to record thousands of measurements over several years.

1.3.1.5 Proposed Mitigation

Here we provide a summary of the mitigation measures to reduce impacts to marine
mammals that are a part of the proposed action. The summary below includes brief
descriptions of the measures based on gear type (for more details see section 2.2.2 in
DPEA and in the proposed rule for the LOA; 81 FR 38516).

Trawl Survey Visual Monitoring and Operational Protocols: Specific mitigation
protocols detailed below are required for all trawl operations conducted by the NWFSC
using Nordic 264 surface trawl gear, midwater trawl gear (modified Cobb, Aleutian
Wing, and various commercial nets), and bottom trawl gear (double-rigged shrimp, Poly
Nor’easter, modified Aberdeen, beam, and various commercial nets). Separate protocols
are in place for the Kodiak surface trawl and pair trawl gear.

During trawl surveys, marine mammal watches would be conducted by scanning the
surrounding waters for at least ten minutes prior to the beginning of the planned set and
throughout the tow and net retrieval. For all surveys, however, the actual monitoring
period would be typically longer (typically extending over thirty minutes for all trawl
types). Observers would immediately alert the Officer on Deck (OOD) and Chief
Scientist (CS) as to their best estimate of the species and number of animals observed and
any observed animal’s distance, bearing, and direction of travel relative to the ship’s
position. If marine mammals are sighted before the gear is fully retrieved, the most
appropriate response to avoid marine mammal interaction would be determined by the
professional judgment of the CS, watch leader, OOD and other experienced crew as
necessary. This judgment would be based on past experience operating trawl gears
around marine mammals (i.e., best professional judgment) and on NWFSC training (e.g.,
regarding factors that contribute to marine mammal gear interactions and those that aid in
successfully avoiding such events).

During nighttime operations, visual observation may be conducted using the naked eye
and available vessel lighting but effectiveness is limited. The visual observation period
would typically occur during transit leading up to arrival at the sampling station, rather
than upon arrival on station. In some cases, the visual watch would continue until trawl
gear is ready to be deployed.

The primary purpose of conducting pre-trawl visual monitoring would be to implement
the move-on rule. If marine mammals are sighted within 500 m (or as far as may be
observed if less than 500 m) of the vessel and are considered at risk of interacting with
the vessel or research gear, or appear to be approaching the vessel and are considered at
risk of interaction, NWFSC may elect to either remain onsite to see if the animals move
off or may move on to another sampling location. When remaining onsite, the set would
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be delayed (typically for at least ten minutes) and, if the animals depart or appear to no
longer be at risk of interacting with the vessel or gear, a further ten minute observation
period would be conducted. If no further observations are made or the animals still do not
appear to be at risk of interaction, then the set may be made. If the vessel is moved to a
different section of the sampling area, move-on rule mitigation protocols would begin
anew. If, after moving on, marine mammals remain at risk of interaction, the CS or watch
leader may decide to move again or to skip the station. Marine mammals that are sighted
further than 500 m from the vessel would be monitored to determine their position and
movement in relation to the vessel. If they appear to be closing on the vessel, the move-
on rule protocols may be implemented even if they are initially further than 500 m from
the vessel.

For surface trawl surveys (i.e., those surveys deploying the Nordic 264 net), which have
historically presented the greatest risk of marine mammal interaction, dedicated crew
would be assigned to marine mammal monitoring duty (i.e., have no other tasks). Within
several minutes of arriving on station and finishing their sampling duties, two additional
observers would be assigned to monitor for marine mammals and, for the remainder of
the tow, there would be a minimum of three members of the scientific party watching for
marine mammals. Depending on the situation (e.g., numbers of marine mammals seen
during the station approach or expected at that particular place and season), additional
crew may be assigned to stand watch as necessary to provide full monitoring coverage
around the vessel. For midwater and bottom trawl surveys, the pre-set watch period is
conducted by the OOD and bridge crew and typically occurs during transit prior to arrival
at the sampling station, but may also include time on station if other types of gear or
equipment (e.g., bongo nets) are deployed before the trawl. For these trawls, risk of
interaction during the tow would be lower and monitoring effort would be reduced to the
bridge crew until trawl retrieval.

Standard survey protocols that are expected to lessen the likelihood of marine mammal
interactions include standardized tow durations and distances. Standard tow durations of
not more than thirty minutes at the target depth would typically be implemented,
excluding deployment and retrieval time (which may require an additional thirty minutes,
depending on target depth), to reduce the likelihood of attracting and incidentally taking
marine mammals. Short tow durations decrease the opportunity for marine mammals to
find the vessel and investigate. Trawl tow distances would be less than 3 nautical miles—
typically 1-2 nautical miles, depending on the specific survey and trawl speed—which is
expected to reduce the likelihood of attracting and incidentally taking marine mammals.
In addition, care would be taken when emptying the trawl to avoid damage to marine
mammals that may be caught in the gear but are not visible upon retrieval. The gear
would be emptied as quickly as possible after retrieval in order to determine whether or
not marine mammals are present. The vessel’s crew would clean the trawl nets prior to
deployment to remove prey items that might attract marine mammals. Catch volumes are
typically small with every attempt made to collect all organisms caught in the trawl.

Marine mammal excluder device— Excluder devices are specialized modifications,
typically used in trawl nets, which are designed to reduce bycatch by allowing non-target
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taxa to escape the net. These devices generally consist of a grid of bars fitted into the net
that allow target species to pass through the bars into the codend while larger, unwanted
taxa (e.g., turtles, sharks, and mammals) strike the bars and are ejected through an
opening in the net. For full details of design and testing of the marine mammal excluder
device (MMED) designed by the Southwest Fisheries Science Center (SWFSC) for the
Nordic 264 net, please see Dotson et al. (2010). Although MMEDs have not been proven
to be fully effective at preventing marine mammal capture in trawl nets (e.g., Chilvers
2008), the use of MMEDs may reduce the likelihood of a given marine mammal
interaction with trawl gear resulting in mortality. Very few marine mammal interactions
with NWFSC pelagic trawl gear have involved nets other than the Nordic 264 (one of 37
total incidents since 1999). Therefore, MMED use is not proposed for nets other than the
Nordic 264. Additional research will be necessary to calibrate catch levels in tows with
the excluder device compared to past tows that did not contain the excluder (i.e., to align
the new catchability rates with historical data sets). During these configuration and
calibration experiments some nets would be fished without the MMED in order to
provide controls for catchability. Once the NWFSC completes these experiments the
MMED would be used in all future trawls with the Nordic 264.

Acoustic deterrent devices—Acoustic deterrent devices (pingers) are underwater sound-
emitting devices that have been shown to decrease the probability of interactions with
certain species of marine mammals when fishing gear is fitted with the devices. Pingers
would be deployed during all surface trawl operations (i.e., using the Nordic 264 net),
with two pairs of pingers installed near the net opening. The vessel’s crew would ensure
that pingers are operational prior to deployment. Pinger brands typically used by NWFSC
include the Aquatec Subsea Limited model AQUAmark and Fumunda Marine models
F10 and F70, with the following attributes: (1) Operational depth of 10-200 m; (2) tones
range from 200—400 ms in duration, repeated every five to six seconds; (3) variable
frequency of 10-160 kHz; and (4) maximum source level of 145 dB rms re 1 pPa.

Kodiak surface trawl and pair trawl gear—The Kodiak surface trawl, proposed for use
only in Puget Sound, has only limited potential for marine mammal interaction. This gear
type is a small net that would be towed at slow speeds (about 2 knots) as close to shore as
the net can be fished, and these characteristics mean that marine mammals would likely
be able to avoid the net or swim out of it if necessary. However, rules for cetaceans
would be similar as for other net types (i.e., delay and/or move-on if cetaceans observed
within approximately 500 m or clearly approaching from greater distance). If killer
whales are observed at any distance, the net would not be deployed and the move-on rule
invoked.

The pair trawl would be used only in the Columbia River, and is fished with an open
codend. Although unlikely, there is some potential for pinnipeds to become entangled in
the net material. NWFSC’s practice, which would be allowed under section 109(h) of the
MMPA, is to deter pinnipeds from encountering the net using pyrotechnic devices and
other measures. Therefore, separate mitigation is not warranted, and we do not discuss
NWFSC deterrence of pinnipeds associated with pair trawl surveys further in this
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opinion. Please see the NWFSC’s draft Programmatic Environmental Assessment for
further information about this practice.

Longline and Other Hook and Line Survey Visual Monitoring and Operational
Protocols- Visual monitoring requirements for all longline surveys would be similar to
the general protocols described above for trawl surveys. Other types of hook and line
surveys (e.g., rod and reel) generally would use the same protocols as longline surveys. In
Puget Sound, the move-on rule would not be required for pinnipeds because they are
commonly abundant on shore nearby hook and line sampling locations. Use of the move-
on rule in these circumstances would represent an impracticable impact on NWFSC
survey operations, and no marine mammals have ever been captured in NWFSC hook
and line surveys. However, the NWFSC would implement the move-on rule for hook and
line surveys in Puget Sound for any cetaceans that are within 500 m and may be at risk of
interaction with the survey operation. If killer whales are observed at any distance,
longline and other hook and line fishing would not occur. As for trawl surveys, some
standard survey protocols are expected to minimize the potential for marine mammal
interactions. Soak times would be typically short relative to commercial fishing
operations, measured from the time the last hook is in the water to when the first hook is
brought out of the water. NWFSC longline protocols specifically prohibit chumming
(releasing additional bait to attract target species to the gear) and spent bait and offal
would be retained on the vessel until all gear has been retrieved. Some hook and line
surveys would use barbless hooks, which are less likely to badly injure a hooked animal.

Seine Survey Visual Monitoring and Operational Protocols- Visual monitoring and
operational protocols for seine surveys would be similar to those described previously for
trawl surveys, with a focus on visual observation in the survey area and avoidance of
marine mammals that may be at risk of interaction with survey vessels or gear. For purse
seine operations, visual monitoring would be focused on avoidance of cetaceans and
aggregations of pinnipeds. Individual or small numbers of pinnipeds may be attracted to
purse seine operations, especially in Puget Sound, and are frequently observed to enter
operational purse seines to depredate the catch and exit the net unharmed. Use of the
move on rule in these circumstances would represent an impracticable impact on NWFSC
survey operations, and no marine mammals have ever been captured in NWFSC seine
surveys.

If pinnipeds are in the immediate vicinity of a purse seine survey, the set may be delayed
until animals move away or the move-on rule is determined to be appropriate, but the net
would not be opened if already deployed and pinnipeds enter it. However, delay would
not be invoked if fewer than five pinnipeds are present and they do not appear to
obviously be at risk. If any dolphins or porpoises are observed within approximately 500
m of the purse seine survey location, the set would be delayed. If any dolphins or
porpoises are observed in the net, the net would be immediately opened to free the
animals. If killer whales or other large whales are observed at any distance the net would
not be set, and the move-on rule would be invoked. Beach seines would be typically set
nearshore by small boat crews, who would visually survey the area prior to the set.
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No set would be made within 200 m of any hauled pinnipeds. Otherwise, marine
mammals are unlikely to be at risk of interaction with NWFSC beach seine operations, as
the nets are relatively small and would be deployed and retrieved slowly. If a marine
mammal is observed attempting to interact with the beach seine gear, the gear would
immediately be lifted and removed from the water.

Tangle net protocols—Tangle nets would be used only in the Columbia River. NWFSC
would attempt to avoid pinnipeds by rotating sampling locations on a daily basis and by
avoiding fishing near haulout areas. However, as was described for NWFSC use of pair
trawl gear in the LCRRA, NWFSC would also deter pinnipeds from interacting with
tangle net gear as necessary using pyrotechnic devices and visual presence, a practice
allowed under section 109(h) of the MMPA.. Therefore, we do not discuss NWFSC
deterrence of pinnipeds associated with tangle net surveys further in this document.

General Measures— Vessel speed during active sampling would rarely exceed 5 knots,
with typical speeds likely being 2-4 knots. Transit speeds would likely vary from 6-14
knots but average 10 knots. These low vessel speeds minimize the potential for ship
strike. At any time during a survey or in transit, if a crew member standing watch or
dedicated marine mammal observer sights marine mammals that may intersect with the
vessel course that individual would immediately communicate the presence of marine
mammals to the bridge for appropriate course alteration or speed reduction, as possible,
to avoid incidental collisions.

1.3.2 Issuance of a MMPA LOA

Under the MMPA, section 101(a)(5), the Secretary of Commerce shall allow, upon
request, for the incidental taking of small numbers of marine mammals, provided such
take is found to have a negligible impact on the affected species or stocks affected.

The Permits and Conservation Division (PRI) of OPR proposed to issue a Letter of
Authorization (LOA) to the NWFSC, pursuant to section 101(a)(5)(A) of the MMPA (16
U.S.C. 1361 et seq.), for taking marine mammals incidental to fisheries research in the
PSRA, LCRRA, and the CCRA (81 FR 38516). The LOA would be effective for a period
of five years from the date of issuance. The proposed regulations specify the prescribed
mitigation measures (described above), monitoring requirements, and necessary
reporting, as well as proposed authorized levels of taking.

The proposed LOA covers all of the research activities (general research activities, and
mitigation measures) that are described above in section 1.3.1. The LOA would be
effective for a period of five years from the date of issuance. The number of potential
Level A (injurious) interactions with marine mammals resulting from incidental capture
or entanglement in trawl or longline survey gear, or exposure to active acoustics from
NWFSC vessels, has been estimated by the NWFSC (Appendix C in DPEA and/or 81 FR
38516 provides a description of estimation process; also summarized in section 2.12
below). The NWFSC does not expect any ESA-listed marine mammals to be injured by
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their research activities, and therefore did not request Level A MMPA take! of ESA-
listed marine mammals. The proposed LOA does anticipate that several ESA-listed
species would potentially be exposed to sound levels produced by active acoustics from
NWFSC vessels that may equate to Level B harassment® under the MMPA. However,
these MMPA Level B harassment takes are not considered ESA takes and the impacts to
sperm whales and Guadalupe fur seals are addressed in the Not Likely to Adversely
Affect (NLAA) determinations (section 2.12). Table 3 below describes the extent of
Level B harassment for ESA-listed marine mammals in the proposed LOA (see DPEA
Appendix C and/or 81 FR 38516 for complete description of the MMPA acoustic
harassment estimation process; summarized in section 2.12). All take of ESA-listed
marine mammals proposed for authorization is anticipated to occur in the CCRA.

Table 3. Total number of incidents! of acoustic harassment under the MMPA proposed
for authorization in the NWFSC LOA for ESA-listed species.

Species Proposed Take Authorization (Level B
Harassment)

Sperm whale 6

Guadalupe fur seal 22

As part of the proposed LOA, the NWFSC is required to implement mitigation and
monitoring measures to minimize impacts to marine mammals. The NWFSC has adopted
these measures as part of their proposed action, and they are described in conjunction
with all measures for protected species in section 1.3.1.5. Reporting requirements of the
LOA are also reflected, as necessary, in the Terms and Conditions (section 2.9.4) of this
opinion.

1.3.3 Issuance of the ESA Section 10 Research Permit

In 2015, the NWFSC applied for the renewal of permit 1586-4R, which would directly
research ESA-listed salmonids and would, therefore, be renewed as a Section 10(a)(1)(A)
permit.

This permit would authorize the NWFSC to annually take juvenile PS steelhead, HCS
chum salmon, and PS/GB bocaccio and juvenile, sub-adult, and adult PS Chinook
salmon. The NWFSC research may also result in take of juvenile PS/GB canary rockfish,
juvenile PS/GB yelloweye rockfish, and adult eulachon—species for which there are
currently no ESA take prohibitions. The purpose of the NWFSC study is to characterize
how wild, juvenile PS Chinook salmon and various forage fish species use nearshore

! The term “take,” as defined in Section 3 (16 U.S. Code [U.S.C.] 1362) of the MMPA, means “to harass,
hunt, capture, or kill, or attempt to harass, hunt, capture or kill any marine mammal.” “Harassment” was
further defined in the 1994 amendments to the MMPA, which provided two levels of “harassment,” “Level
A” (non-serious injury) and “Level B” (disturbance). Level A harassment under the MMPA has the potential
to injure a marine mammal or marine mammal stock in the wild. Level B harassment under the MMPA is
defined as “any act of pursuit, torment, or annoyance which has the potential to disturb a marine mammal or
marine mammal stock in the wild by causing disruption of behavioral patterns, including, but not limited to,
migration, breathing, nursing, breeding, feeding, or sheltering.”

26



habitats in the oceanographic basins of the Puget Sound, the Straits of Juan de Fuca, and
the San Juan Islands (Washington). The project would benefit the listed species by
helping managers develop protection and restoration strategies and monitor the effects of
recovery actions by determining if nearshore populations are increasing or decreasing. It
would also help mangers establish baseline abundance/composition metrics and genetic
structures for nearshore populations throughout Puget Sound. The NWFSC proposes to
capture fish using beach seines, Nordic surface trawls, lampara nets, purse seines, and
hook-and-line angling. Captured fish would be transferred to live-wells, mesh pens, or
aerated buckets. They would then be identified to species, counted, measured to length,
weighed, checked for tags and fin clips, fin clipped for genetic analysis, and released. The
NWFSC researchers would intentionally kill a subset of the captured PS Chinook salmon:
For juveniles, they would kill hatchery and natural-origin fish; for subadults, they would
only kill listed hatchery fish that have had their adipose fins clipped. The purpose of this
activity is to obtain coded-wire tags for hatchery release information, otoliths for
saltwater entry information, scales for genetic analysis, tissue samples for chemistry
analysis, and stomach contents for diet analysis. These analyses would help managers
determine contaminant exposure levels in the listed fish and determine how that exposure
relates to nearby land use. The work would also provide information on population
distribution and timing. Any fish that are accidentally killed as an unintended result of the
overall work would be used to replace any proposed intentional sacrifice.

1.3.4 Issuance of Take for Research Activities Incidentally Taking ESA-listed Marine
Fish

Below is a brief summary of the four proposed projects that would incidentally affect
ESA-listed marine fish that we propose to authorize through ITSs.

1.3.4.1 Groundfish Bottom Trawl Survey

The Groundfish Bottom Trawl Survey, formerly conducted under a research permit,
would annually take sub-adult and adult CC, CVS, LCR, PS SacR winter-run, SnkR fall-
run, SnkR sum/spr-run, UCR spring-run, and UWR spring-run Chinook salmon; CR and
HCS chum salmon; CCC, LCR, OC, and SONCC coho salmon; OL and SR sockeye
salmon; CCC, CV, LCR, MCR, NC, PS, SCCC, SR, UCR, and UWR steelhead; and
green sturgeon. The NWFSC research may also result in take of eulachon, for which
there are currently no ESA take prohibitions. All green sturgeon and eulachon take would
be adult take, but the salmonid take could be either adult or sub-adult. The surveys would
range from the US-Canada border to the US-Mexico border, take place at depths of 50m
to 1,300m, and run from May through October each year. The purpose of the survey is to
generate fisheries-independent indices of stock abundance to support stock assessment
models for commercially and recreationally harvested groundfish species. The survey
collects data on 90+ species contained in the Pacific Coast Groundfish Fisheries
Management Plan (FMP) and is intended to fulfill the mandates included in the
Magnuson-Stevens Sustainable Fisheries Act. The objectives of the survey are to: (1)
quantify the distribution and relative abundance of commercially valuable groundfish
species; (2) obtain biological data from species of interest including length, weight,
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gender, and maturity; (3) determine age structures for FMP species; (4) record net
mensuration and trawl performance data; and (5) collect oceanographic data. The
NWESC proposes to capture fish using bottom trawls. An ‘“Aberdeen’’ style net with a
small-mesh (1 122" stretched measure or less) liner in the cod end would be towed for
about 15 minutes per tow. Acoustic instruments attached to the nets would record various
aspects of their mechanical performance. Catches would be sorted by species or other
appropriate taxon and listed species processed first and released as soon as possible. The
researchers do not intend to kill any listed fish, but some may die as an inadvertent result
of the activities.

1.3.4.2 Integrated Ecosystem and Pacific Hake Acoustic-Trawl Survey

The Integrated Ecosystem and Pacific Hake Acoustic-Trawl Survey, formerly conducted
under a research permit, would take sub-adult and adult CC, CVS, LCR, PS, SacR
winter-run, SnkR fall-run, SnkR sum/spr-run, and UWR spring-run Chinook salmon; CR
and HCS chum salmon; CCC, LCR, OC, SONCC coho salmon; and OL and SR sockeye
salmon. The NWFSC research may also result in take of adult eulachon, for which there
are currently no ESA take prohibitions. The surveys would range from the US-Mexico
border to the Dixon Entrance, Alaska/British Columbia—to depths of at least 1,500 m or
35 nmi offshore, whichever is greater between June and September every year. Scientists
from the NWFSC and Department of Fisheries and Oceans Canada (DFO) would jointly
conduct biennial integrated acoustic and trawl (IAT) surveys on Pacific hake (Merluccius
productus). The purpose of the IAT survey is to assess the distribution, abundance, and
biology of Pacific hake. Age-specific estimates of total population abundance derived
from the survey are key data for the joint U.S.-Canada Pacific hake stock assessments;
they ultimately act as the foundation for advice on U.S., tribal, and international harvest
levels. The NWFSC proposes to capture fish using an Aleutian wing 24/20 mid-water
trawl. Surveys would be conducted in a series of transects generally oriented east-west
and spaced at 10 nautical-mile intervals. Trawl samples would be used to classify
acoustic backscatter readouts by species and size. Catches would be sorted by species or
other appropriate taxon and listed species would be processed and released before any
other species. The researchers do not intend to Kill any listed fish, but some may die as an
inadvertent result of the proposed activities.

1.3.4.3 Investigations of Hake Ecology, Survey Methods, and the California Current
Ecosystem

The Investigations of Hake Ecology, Survey Methods, and the California Current
Ecosystem, formerly conducted under a research permit, would take sub-adult and adult
CC, CVS, LCR, PS, SacR winter-run, SnkR fall-run, SnkR sum/spr-run, UCR spring-run,
and UWR spring-run Chinook salmon; CR and HCS chum salmon; CCC, LCR, OC, and
SONCC coho salmon; and OL and SR sockeye salmon. The NWFSC research may also
result in take of adult eulachon—for which there are currently no ESA take prohibitions.
The surveys would range primarily from the Strait of Juan de Fuca Washington down to
the central Oregon coast, though additional surveys may be undertaken that would range
from the U.S./Mexico border up to the Dixon Entrance, Alaska/British Columbia.
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Surveys would be conducted year-round. The purpose of these surveys is to investigate
research topics suggested by hake stock assessment scientists, including: inter-vessel
calibrations between multiple vessels to compare acoustic estimates of hake; investigate
hake target strength, autonomous underwater vehicle use, and multi-frequency and
broadband acoustics; sampling a set of fixed areas repeatedly to investigate hake school
structure and ecosystem components over time; testing a stereo camera system in a
midwater trawl for quantifying fish species and length; confirming that ground-truth tows
adequately characterize schools of hake by conducting tows at different depths and
locations; exploring the offshore extent of hake sign; using pocket nets attached to a
midwater trawl to investigate catches of smaller organisms and verify the identity of
acoustic targets suspected to be mesopelagic fish and squid; collecting a variety of other
acoustic, optical, biological, and oceanographic samples relevant to the dynamics of the
California Current Ecosystem, especially how they relate to hake and their habitat and
prey; quantifying trawl metrics for the midwater trawl as improvements are made to its
construction and associated equipment; investigating techniques for near-field calibration
techniques; and if Humboldt squid (Dosidicus gigas) appear in the research area,
conducting research on acoustic differentiation between them and hake. The cruises
would test automatic underwater vehicles, acoustic systems, plankton sampling, and
limited mid-water trawling. The NWFSC proposes to capture fish using an Aleutian wing
24/20 mid-water trawl, a Methot trawl equipped with a fine-mesh net, and a Poly
Nor’eastern high-opening bottom trawl equipped with roller gear. Catches would be
sorted by species or other appropriate taxon and listed species would be processed and
released before any other species. The researchers do not intend to kill any listed fish, but
some may die as an inadvertent result of the proposed capture method.

1.3.4.4 Bycatch Reduction Research in West Coast Trawl Fisheries

The Bycatch Reduction Research in West Coast Trawl Fisheries, formerly conducted
under a research permit, take CC, CVS, LCR, PS, SacR winter-run, SnkR fall-run, SnkR
sum/spr-run, UCR spring-run, and UWR spring-run Chinook salmon; CR and HCS chum
salmon; CCC, LCR, OC, and SONCC coho salmon; OL sockeye salmon; CCC, CV,
LCR, MCR, NC, PS, SCCC, SR, UCR, and UWR steelhead; and green sturgeon. The
NWEFSC research may also result in take of eulachon—a species for which there are
currently no ESA take prohibitions. All take for take for green sturgeon and eulachon
would be adult take, while salmon and steelhead take may be either sub-adult or adult
take. The surveys would range from northern California to Washington over the
continental shelf in waters shallower than 1,000m. The purpose of these surveys are to
test and evaluate bycatch reduction devices (BRDs) and trawl gear modifications (i.e.
headrope/footrope modifications) that are designed to reduce: (1) Chinook salmon and
rockfish bycatch in the U.S. Pacific hake fishery; (2) Pacific halibut, sablefish, and
rockfish bycatch in the groundfish bottom trawl fishery; (3) and juvenile and
unmarketable-sized fish discards in mid-water and bottom trawl groundfish fisheries. The
NWFSC proposes to capture fish using mid-water and bottom trawl nets. Catches would
be sorted by species or other appropriate taxon and listed species would be processed and
released before any other species. The researchers do not intend to kill any listed fish, but
some may die as an inadvertent result of the proposed capture method.
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Interrelated or Interdependent Actions

“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). There are no
interdependent or interrelated activities associated with the proposed action.

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, each Federal agency must ensure that its 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 habitats. If incidental take is reasonably
certain to occur, section 7(b)(4) requires NMFS to provide an ITS that specifies the
impact of any incidental taking and includes non-discretionary reasonable and prudent
measures (RPMs) and terms and conditions to minimize such impacts.

The NMFS NWFSC determined the proposed action is not likely to adversely affect the
blue whale (Balaenoptera musculus), fin whale (B. physalus), humpback whale
(Megaptera novaeangliae), North Pacific right whale (Eubalaena japonica), sei whale
(B. borealis), Southern Resident killer whale (Orcinus orca), sperm whale (Physeter
macrocephalus), Western North Pacific gray whale (Eschrichtius robustus), Guadalupe
fur seal (Arctocephalus townsendi), hawksbill sea turtle (Eretmochelys imbricate), black
abalone (Haliotis cracherodii), white abalone (Haliotis crachersorenseni), or Southern
California steelhead (Oncorhynchus mykiss). The proposed action is also not likely to
adversely affect designated critical habitat for Southern Resident kiler whales,
leatherback sea turtles, green sturgeon, eulachon, rockfish, salmonids, and black abalone.
Our concurrence is documented in the "Not Likely to Adversely Affect” Determinations
section 2.12.

2.1  Analytical Approach

This biological opinion includes both a jeopardy analysis and/or 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.
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This biological opinion relies on the definition of "destruction or adverse modification,"”
which “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” (81 FR 7214).

The designation(s) of critical habitat for (species) use(s) the term primary constituent
element (PCE) or essential features. The new critical habitat regulations (81 FR 7414)
replace this term with physical or biological features (PBFs). The shift in terminology
does not change the approach used in conducting a ‘‘destruction or adverse
modification’’ analysis, which is the same regardless of whether the original designation
identified PCEs, PBFs, or essential features. In this biological opinion, we use the term
PBF to mean PCE or essential feature, as appropriate for the specific critical habitat.

We use the following approach to determine whether a proposed action is likely to
jeopardize listed species or destroy or adversely modify critical habitat:

e Identify the rangewide status of the species and critical habitat expected 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.

e Describe any cumulative effects in the action area.

e Integrate and synthesize the above factors by: (1) Reviewing the status of the
species and critical habitat; and (2) adding the effects of the action, the
environmental baseline, and cumulative effects to assess the risk that the proposed
action poses to species and critical habitat.

e Reach a conclusion about whether species are jeopardized or critical habitat is
adversely modified.

e If necessary, suggest a RPA 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 PBFs that help to form that conservation value.
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One factor affecting the range wide status of ESA-listed species and aquatic habitat at
large is climate change. Climate change has received considerable attention in recent
years, with growing concerns about global warming and the recognition of natural
climatic oscillations on varying time scales, such as long term shifts like the Pacific
Decadal Oscillation or short term shifts, like EI Nifio or La Nifia. Evidence suggests that
the productivity in the North Pacific (Mackas et al. 1989; Quinn and Niebauer 1995) and
other oceans could be affected by changes in the environment. Important ecological
factors such as migration, feeding, and breeding locations may be influenced by factors
such as ocean currents and water temperature. Any changes in these factors could render
currently used habitat areas unsuitable and new use of previously unutilized or previously
not existing habitats may be a necessity for displaced individuals. Changes to climate and
oceanographic processes may also lead to decreased productivity in different patterns of
prey distribution and availability. Such changes could affect sea individuals that are
dependent on those affected prey.

Climate change is likely to play an increasingly important role in determining the
abundance of ESA-listed salmonid species. 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 evolutionary significant unit (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 Intergovernmental Panel on Climate Change (IPCC) warming scenarios. For
chum salmon, pink salmon, coho salmon, sockeye salmon, and steelhead, they predicted
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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).

Based upon available information, it is likely that sea turtles may also be affected by
climate change. Sea turtle species are likely to be affected by rising temperatures that
may affect nesting success and skew sex ratios, as some rookeries are already showing a
strong female bias as warmer temperatures in the next chamber leads to more female
hatchlings (Chan and Liew 1995; Kaska et al. 2006). Rising sea surface temperatures and
sea levels may affect available nesting beach areas as well as ocean productivity. Based
on climate change modeling efforts in the eastern tropical Pacific Ocean, for example,
Saba et al., (2012) predicted that the Playa Grande (Costa Rica) sea turtle nesting
populations would decline 7% per decade over the next 100 years. Changes in beach
conditions were the primary driver of the decline, with lower hatchling success and
emergence rates (estimated by Tomillo et al., (2012) to be a 50-60% decline over 100
years in that area. Sea turtles are known to travel within specific isotherms and these
could be affected by climate change and cause changes in their bioenergetics,
thermoregulation, and foraging success during the oceanic phase of their migration and
prey availability (Robinson et al. 2008; Saba et al. 2012).

2.2.1 Salmon

For Pacific salmon and steelhead, 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” (VSP) criteria therefore encompass the species’ “reproduction, numbers, or
distribution” as described in 50 CFR 402.02. When a population or species has sufficient
spatial structure, diversity, abundance, and productivity, it will generally be able to
maintain its capacity to adapt to various environmental conditions and 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 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).
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“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. Information on the status and distribution of all the species considered here can be
found in a number of documents: the status review prepared by the NWFSC (Waples et
al. 1991); the Status Review of West Coast Steelhead from Washington, ldaho, Oregon,
and California (Busby et al.1996); the Status Review Update for West Coast Steelhead
from Washington, Idaho, Oregon, and California (NMFS 1997); the Preliminary
Conclusions Regarding the Updated Status of Listed ESUs of West Coast Salmon and
Steelhead (NMFS 2003); the Updated Status of Federally Listed ESUs of West Coast
Salmon and Steelhead (Good et al. 2005); and most importantly for this opinion, the
Status Review Update for Pacific Salmon and Steelhead Listed Under the Endangered
Species Act: Northwest (Ford 2011). These documents (and other relevant information)
may be found at www.nwr.NOAA .gov; the discussions they contain are summarized
below. 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.

2.2.1.1 Puget Sound Chinook

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 4): 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
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subyearlings), Tulalip Bay Program, Issaquah Hatchery Program, Soos Creek Hatchery
Program, Icy Creek Hatchery Program, Keta Creek Hatchery Program, White River
Hatchery Program, White Acclimation Pond Program, Hupp Springs Hatchery Program,
Voights 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 and hatchery PS Chinook salmon with an intact adipose fin, but not to listed
hatchery fish that have had their adipose fin removed.

Table 4. Expected 2016 Puget Sound Chinook salmon hatchery releases (WDFW 2015).

Artificial propagation

Clipped Adipose

Intact Adipose

Subbasin program Brood year | Run Timing Fin Fin
Deschutes Tumwater Falls 2015 Fall 3,800,000 -
Dungeness 2015 Spring - 50,000
2014 Fall - 200,000
Elwha
Dungeness-Elwha 2015 Fall 250,000 2,250,000
g Gray Wolf River 2014 Spring - 50,000
Hurd Creek 2014 Spring - 50,000
Upper Dungeness Pond 2015 Spring - 50,000
. Icy Creek 2014 Fall 300,000 -
Duwamish
Soos Creek 2015 Fall 3,000,000 200,000
Hood Canal Schools 2015 Fall - 500
Hood Canal 2014 Fall 120,000 -
Hoodsport
2015 Fall 2,800,000 -
Fall - 2
. _ 2014 2 00,000
Bernie Gobin Spring 40,000 -
2015 Summer 2,300,000 100,000
Chambers Creek 2015 Fall 400,000 -
Garrison 2015 Fall 450,000 -
Kitsap George Adams 2015 Fall 3,575,000 225,000
Gorst Creek 2015 Fall 1,580,000 -
. 2014 Fall 120,000 -
Hupp Springs -
2015 Spring - 400,000
Lummi Sea Ponds 2015 Fall 500,000 -
Minter Creek 2015 Fall 1,400,000 -
Friends of ISH 2015 Fall - 1,425
Lake Washington
g Issaquah 2015 Fall 2,000,000 -
. Clear Creek 2015 Fall 3,300,000 200,000
Nisqually
Kalama Creek 2015 Fall 600,000 -
Kendall Creek 2015 Spring 800,000 -
Nooksack -
Skookum Creek 2015 Spring - 1,000,000
Clarks Creek 2015 Fall 400,000 -
Puyallup Voights Creek 2015 Fall 1,600,000 -
White River 2015 Spring - 395,000
Friday Harbor ES 2015 Fall - 225
San Juan Islands -
Glenwood Springs 2015 Fall 550,000 -
Skykomish Wallace River 2015 Summer 1,300,000 200,000
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Artificial propagation Clipped Adipose | Intact Adipose
Subbasin program Brood year | Run Timing Fin Fin
. . Brenner 2015 Fall - 45,000
Stillaguamish -
Whitehorse Pond 2015 Summer 220,000 -
Strait of Georgia Samish 2015 Fall 3,800,000 200,000
. 2015 Spring 387,500 200,000
Upper Skagit Marblemount 2015 Summer 200,000
Total Annual Release Number 35,792,500 6,017,150

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.

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 5).

Table 5. Historical populations of Chinook salmon in the Puget Sound (Ruckelshaus et
al. 2006; NWFSC 2015).

Population MPG Status Run Timing
NF Nooksack River Strait of Georgia Extant Early
SF Nooksack River Strait of Georgia Extant Early
Nooksack River late Extinct Late
Lower Skagit River Whidbey Basin Extant Late
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Population MPG Status Run Timing
Upper Skagit River Whidbey Basin Extant Late
Cascade River Whidbey Basin Extant Early
Lower Sauk River Whidbey Basin Extant Late
Upper Sauk River Whidbey Basin Extant Early
Suiattle River Whidbey Basin Extant Early
NF Stillaguamish River Whidbey Basin Extant Late
SF Stillaguamish River Whidbey Basin Extant Late
Stillaguamish River early - Extinct Early
Skykomish River Whidbey Basin Extant Late
Snoqualmie River Whidbey Basin Extant Late
Snohomish River early - Extinct Early
Sammamish River Central and South Puget Extant Late
Sound
Cedar River Central aggusnc:juth Puget Extant Late
Duwamish/Green River Central and South Puget Extant Late
Sound
Duwamish/Green River early - Extinct Early
White River Central and South Puget Extant Early
Sound
Puyallup River Central aggusnc:juth Puget Extant Late
Puyallup River early - Extinct Early
Nisqually Central aggj}%um Puget Extant Late
Nisqually River early - Extinct Early
Skokomish River Hood Canal Extant Late
Skokomish River early Hood Canal Extinct Early
Mid-Hood Canal Hood Canal Extant Late
Mid-Hood Canal early Hood Canal Extinct Early
Dungeness River Strait of Juan de Fuca Extant Late
Elwha River Strait of Juan de Fuca Extant Late
Elwha River 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
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populations were composed of early-returning fish (Table 5). Run-timing is a life-history
trait considered to be an 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. 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 6). For the five majog population groups (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 6. 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 | 2005-2009 | 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
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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
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, the biological review team
(BRT) 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 7 and 8).

Table 7. 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
(NWFSC 2015).

2 Run size is calculated by combining harvest estimates and spawner estimates.
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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)




Geometric means

Population 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 % Change
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)
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 8).

Table 8. Average abundance estimates for PS Chinook salmon natural- and hatchery-
origin spawners 2010-2014 (NWFSC 2015).

Population Name Naétural-ori%in Hatchery-oriagin g Ha_tc_hery '\\/I/:glbrmjt;/n NEanQEZtre gf
pawners SlpidE Origin Abundance® | Outmigrants®

Strait of Georgia MPG
NF Nooksack River 154 1,013 86.80% 16,000 93,360
SF Nooksack River 88 330 78.95% 9,100 33,440
Strait of Juan de Fuca MPG
Elwha River 164 988 85.76% 15,100 92,160
Dungeness River 119 358 75.05% 4,700 38,160
Hood Canal MPG
Skokomish River 256 1,371 84.27% 12,800 130,160
Mid-Hood Canal 75 239 76.11% 11,000 25,120
Whidbey Basin MPG
Skykomish River 1,693 627 27.03% 17,000 185,600
Snoqualmie River 885 258 22.57% 17,000 91,440
NF Stillaguamish River 574 402 41.19% 17,000 78,080
SF Stillaguamish River 71 16 18.39% 15,000 6,960
Upper Skagit River 6,924 270 3.75% 17,000 575,520
Lower Skagit River 1,391 55 3.80% 16,000 115,680
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Population Name Negtural—orlgm Hatchery—or!agm K Ha_tc_hery '\\A/I.glbmy NEuXr'?]f)?: gf
Pawners SlpRire O Abundance® | Outmigrants®

Upper Sauk River 836 31 3.58% 3,000 69,360
Lower Sauk River 413 19 4.40% 5,600 34,560
Suiattle River 351 9 2.50% 600 28,800
Cascade River 338 7 2.03% 1,200 27,600
Central / South Sound MPG

Sammamish River 160 1,519 90.47% 10,500 134,320
Cedar River 881 194 18.05% 11,500 86,000
Duwamish/Green River 897 1,271 58.63% 17,000 173,440
Puyallup River 598 588 49.58% 17,000 94,880
White River 1,689 1,782 51.34% 14,200 277,680
Nisqually River 701 1,876 72.80% 13,000 206,160
ESU Average 19,258 13,223 40.71% 2,598,480

2 Five-year geometric mean of post-fishery spawners.

b 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 (2010-2014) for PS Chinook salmon populations is 32,481 adult
spawners (19,258 natural-origin and 13,223 hatchery origin spawners). Natural-origin
spawners range from 71 (in the South Fork Stillaguamish River population) to 6,924 fish
(in the Upper Skagit population). No populations are meeting minimum viability
abundance targets, and only four 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 (the Upper
Skagit, Cascade, Upper Sauk, and Suiattle) need to increase substantially just to meet the
minimum viability abundance target. The Skykomish 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 — 12,992 females), the ESU is estimated to produce
approximately 26.0 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

3 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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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 2.60 million natural outmigrants
annually.

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
is 41,809,650 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 9). 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 9. 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%cCl Trend |  95%cCl
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)
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1990-2005 1999-2014
Population Trend 959% ClI Trend 959% ClI
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 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. 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 and Threats: 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).

2.2.1.2 Lower Columbia River (LCR) Chinook

Description and Geographic Range: We listed Lower Columbia River (LCR) Chinook
salmon as threatened on March 24, 1999 (64 FR 14308). When we re-examined the status
of these fish in 2005, 2011, and 2016 and we determined that they still warranted listing
as threatened (70 FR 37160; 76 FR 50448; 81 FR 33468). We describe the ESU as all
naturally spawned populations of Chinook salmon from the Columbia River and its
tributaries from its mouth upstream to a transitional point between Washington and
Oregon east of the Hood River and the White Salmon River, and includes the Willamette
River to Willamette Falls, Oregon, exclusive of spring-run Chinook salmon in the
Clackamas River. The ESU includes nineteen artificial propagation programs: the Big
Creek Tule Chinook Program; Astoria High School Salmon-Trout Enhancement Program
Tule Chinook Program; Warrenton High School Salmon-Trout Enhancement Program
Tule Chinook Program; Deep River Net Pens-Washougal; Klaskanine Hatchery;
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Cathlamet Channel Net Pens; Cowlitz Tule Chinook Program; North Fork Toutle Tule
Chinook Program; Kalama Tule Chinook Program; Washougal River Tule Chinook
Program; Spring Creek National Fish Hatchery Tule Chinook Program; Cowlitz Spring
Chinook Program in the Upper Cowlitz River and the Cispus River; Friends of the
Cowlitz Spring Chinook Program; Kalama River Spring Chinook Program; Lewis River
Spring Chinook Program; Fish First Spring Chinook Program; and the Sandy River
Hatchery; Bonneville hatchery (79 FR 20802; Jones 2016).

Oregon and Washington recovery plans (ODFW 2010; LCFRB 2010) identify 31
historical demographically independent populations in three strata for the LCR Chinook
salmon ESU (Table 10). The strata are groups of populations with similar life history
traits within the same ecological zone. Within the LCR Chinook salmon ESU, run timing
was the predominant life history criteria used in identifying populations. The recovery
plans identify three distinct run times, spring, fall, and late fall. The distribution of
populations with distinct run times varies among the three ecological subregions. Fall
Chinook salmon historically were found throughout the Lower Columbia River Chinook
Salmon ESU, while spring Chinook salmon historically were only found in the upper
portions of basins with snowmelt driven flow regimes (western Cascade Crest and
Columbia Gorge tributaries). Late fall Chinook salmon populations are found in only two
basins in the Cascade strata. In general, late fall Chinook salmon also mature at an older
average age than either lower Columbia River spring or fall Chinook salmon, and have a
more northerly oceanic migration route.

Table 10. Historical Population Structure and Viability Status for Lower Columbia River
Chinook Salmon (VL=very low, L=low, M=moderate, H=high, VH=very high) (ODFW
2010; LCFRB 2010).

. Viability Status
Stratum (Run) Population AGP Spatial Diversity
Coastal (Fall) Youngs L VH L
Grays/Chinook VL H VL
Big Creek VL H L
Elochoman/Skamokowa VL H L
Clatskanie VL VH L
Mill/Abernathy/Germany VL H L
Scappoose L H L
Cascade (Fall) Coweeman VL H H
Lower Cowlitz VL H M
Upper Cowlitz VL VL M
Toutle VL H M
Kalama VL H M
Lewis VL H H
Clackamas VL VH L
Washougal VL H M
Sandy VL M L
Columbia Gorge (Fall) Lower gorge VL M L
Upper gorge VL M L
Hood VL VH L
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Big White Salmon VL L L
Cascade (Late Fall) Sandy VH M M
North Fork Lewis VH H H
Cascade (Spring) Upper Cowlitz VL L M
Cispus VL L M
Tilton VL VL VL
Toutle VL H L
Kalama VL H L
Lewis VL L M
Sandy M M M
Gorge (Spring) Big White Salmon VL VL VL
Hood VL VH VL

LCR Chinook salmon exhibit both spring- and fall-run life histories. Some emigrate to
the ocean as subyearlings, but some spring-run populations may have a large proportion
of yearling migrants. Chinook populations in the Lower Columbia tend to mature at ages
3 and 4, but there is a considerable range in age at maturity. For example, “tule” fall
Chinook salmon return at ages 3 and 4; and “bright” fall Chinook return at ages 4 and 5,
with substantial numbers returning at age 6. Juvenile life stages (i.e., eggs, alevins, fry,
and parr) inhabit freshwater areas throughout the range of the listed species. Parr usually
undergo a smolt transformation as subyearlings at which time they migrate to the ocean.
Subadults and adults forage in coastal and offshore waters of the North Pacific Ocean
before returning to spawn in their natal streams.

The Oregon and Washington recovery plans (ODFW 2010; LCFRB 2010) rate diversity
as low to very low in 18 out of 31 populations (Table 10). The NWFSC found that
diversity of LCR Chinook has been affected by the loss of 80% of the spring run
populations, the high proportion of hatchery fish on the spawning grounds, and habitat
loss and degradation (Good et al. 2005; Ford 2011; NWFSC 2015). On average fall-run
Chinook salmon hatchery programs have released 50 million fish annually, with spring-
run and upriver bright (URB) programs releasing a total of 15 million fish annually
(NWFSC 2015). Furthermore, due to these high levels of hatchery production and
corresponding low levels of natural production, many of the populations contain over
50% hatchery fish among their naturally spawning assemblages (NWFSC 2015).

In addition to the disparity between natural production and hatchery production, the
release of out-of-ESU hatchery stocks continues to be an issue in several areas of the
ESU. Hatchery programs in Youngs Bay and Big Creek release out-of-ESU stocks from
the Rogue River and Upper Willamette River. Hatchery programs in the Gorge release
fall Chinook from the upriver bright stock and a program in the Hood River has adopted
an out-of-ESU spring-run Chinook stock from the Deschutes River.

The Oregon and Washington recovery plans rate spatial structure as moderate to very
high in 24 out of 31 populations (Table 10). The populations that rate lowest have fish
passage barriers. Trap and haul operations on the Cowlitz River pass adults upriver, but
downstream passage and survival of juvenile fish is very low. This problem also affects
spatial structure in the Cispus and Tilton populations. Merwin Dam blocks access to most
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of the available spawning habitat in the North Fork Lewis populations. However, the
relicensing agreement for Lewis River hydroelectric projects calls for reintroduction of
Chinook salmon. Condit Dam on the White Salmon River blocked access to most of the
historical spawning habitat but was removed in 2011. Thus, the recovery plans rate LCR
Chinook salmon spatial structure as moderate to very high for more than two thirds of the
populations, and for three populations with low ratings, management actions are
underway to improve the situation (fall and spring runs in the White Salmon and the
spring run in the Lewis).

Abundance and Productivity: Ford (2011) found that abundance of all LCR Chinook
salmon populations increased during the early 2000s but by the end of the decade had
declined back to levels observed in 2000 for all but one population. In general, abundance
of LCR Chinook salmon populations has not changed considerably since the previous
status reviews. Of the 31 populations in this ESU, the NWFSC (2015) found only the 2
late-fall run populations (Lewis River and Sandy River) to be viable or nearly so. With a
few exceptions, the remainder of the populations fall far short of their recovery goals in
abundance (NWFSC 2015).

In 1998, NMFS assessed the abundance in smaller tributary streams in the range of the
species to be in the hundreds of fish (Myers et al. 1998). Larger tributaries (e.g., Cowlitz
River basin) contained natural runs of Chinook salmon ranging in size from 100 to almost
1,000 fish. In 2005, NMFS calculated adult abundance using the geometric mean of
natural-origin spawners in the five years previous to 2003 (Good et al. 2005). In 2005,
NMFS estimated the LCR Chinook salmon abundance at approximately 14,130 fish
(Good et al. 2005). Data that are more recent place the abundance of naturally produced
LCR Chinook salmon at approximately 13,594 spawners (Table 11).

Table 11. 5-year Average Abundance Estimates for LCR Chinook Salmon Populations
(ODFW 2016a; WDFW 2016).

Stratum (Run) Population Years Total HOR(1) NOR(2)

Coastal (Fall) Youngs Bay 2012-2014 5,839 5,606 233
Grays/Chinook 2010-2014 457 357 100
Big Creek 2012-2014 1,542 1,510 32
Elochoman/Skamokowa 2010-2014 696 580 116
Clatskanie 2012-2014 3,291 3,193 98
Mill/Abernathy/Germany | 2010-2014 897 805 92

Cascade (Fall) Lower Cowlitz 2010-2013 919 196 723
Upper Cowlitz 2010-2013 3,834 961 2,873
Toutle 2010-2014 8,705 5,400 3,305
Coweeman 2010-2014 1,348 963 385
Kalama 2010-2014 9,694 8,892 803
Lewis 2010-2014 3,121 943 2,178
Washougal 2010-2014 309 116 192
Clackamas 2012-2014 4,227 2,955 1,272
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Sandy 2012-2014 1,527 320 1,207
S:f;'ltl‘;“b'a Gorge Lower gorge 2003-2007 146 Unknown 146
Upper gorge 2010-2012 527 327 200
White Salmon 2010-2014 1,075 246 829
Cascade (Late Fall) North Fork Lewis 2010-2014 12,330 0 12,330
Cascade (Spring) Upper Cowlitz/Cispus 2010-2014 3,893 3,614 279
Kalama 2011-2014 115 na 115
North Fork Lewis 2010-2014 217 0 217
Sandy 2010-2014 3,201 1,470 1,731
Gorge (Spring) White Salmon 2013-2014 152 140 13
Total 68,061 38,594 29,469

(1) Hatchery Origin (HOR) spawners.
(2) Natural Origin (NOR) spawners.

The Oregon and Washington recovery plans (ODFW 2010; LCFRB 2010) rate all but
three Chinook populations as low to very low for abundance and productivity (Table 10).
The range of abundance recommended for recovery is from 300 (Kalama spring-run) to
7,300 (North Fork Lewis late fall-run). Current abundance estimates from WDFW and
ODFW suggest that only five populations are at or have exceeded abundance goals, and
for one of these (the White Salmon), we do not know what portion of the spawners are
hatchery origin.

The NWFSC publishes juvenile abundance estimates each year in the annual
memorandum estimating percentages of listed Pacific salmon and steelhead smolts
arriving at various locations in the Columbia River basin. Numbers for 2015 are not
available at this time; however, the average outmigration for the years 2011-2015 is
shown in Table 12 (Dey 2012; Zabel 2013, 2014a, 2014b, 2015).

Table 12. Average Estimated Outmigration for Listed LCR Chinook Salmon (2011-
2015).

Origin Outmigration
Natural 12,866,892
Listed hatchery intact adipose 1,150,536
Listed hatchery adipose clip 35,298,675

The number of natural fish should be viewed with caution. Estimating juvenile
abundance is complicated by a host of variables: (1) spawner counts and associated sex
ratios and fecundity estimates can vary widely 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, harvest, 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.
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Limiting Factors and Threats: The status of lower Columbia River salmon results from
the combined effects of habitat degradation, dam building and operation, fishing,
hatchery operations, ecological changes, and natural environmental fluctuations. Habitat
for LCR Chinook has been adversely affected by changes in access, stream flow, water
quality, sedimentation, habitat diversity, channel stability, riparian conditions, channel
alternations, and floodplain interactions. These large-scale changes have altered habitat
conditions and processes important to migratory and resident fish and wildlife.
Additionally, habitat conditions have been fundamentally altered throughout the
Columbia River basin by the construction and operation of a complex of tributary and
mainstem dams and reservoirs for power generation, navigation, and flood control. Lower
Columbia salmon are adversely affected by hydrosystem-related flow and water quality
effects, obstructed and/or delayed passage, and ecological changes in impoundments.
Dams in many of the larger subbasins have blocked anadromous fishes’ access to large
areas of productive habitat.

Harvest is unique among the limiting factors in that it is both a goal of recovery and a
factor that can limit recovery. The compounding effects of high fishery mortality coupled
with substantial habitat and ecosystem alteration has reduced the numbers, distribution,
resilience, and diversity of LCR Chinook salmon throughout the lower Columbia region
(LCFRB 2010). In response to the species listing, ocean and lower Columbia freshwater
commercial and recreational fisheries have been substantially reduced as a result of
international treaties, fisheries conservation acts, regional conservation goals, the
Endangered Species Act, and state and tribal management agreements. Recovery plans
have identified a strategy that continues to restrict and further reduce fishery impacts on
listed wild fish (LCFRB 2010; ODFW 2010).

Hatchery programs can harm salmonid viability in several ways: hatchery-induced
genetic change can reduce fitness of wild fish; hatchery-induced ecological effects—such
as increased competition for food and space—can reduce population productivity and
abundance; hatchery imposed environmental changes can reduce a population’s spatial
structure by limiting access to historical habitat; hatchery-induced disease conveyance
can reduce fish health. Practices that introduce native and non-native hatchery fish can
increase predation on juvenile life stages. Hatchery practices that affect natural fish
production include removal of adults for broodstock, breeding practices, rearing
practices, release practices, number of fish released, reduced water quality, and blockage
of access to habitat.

2.2.1.3 Upper Columbia River (UCR) spring-run Chinook

On March 24, 1999, NMFS first listed UCR spring-run Chinook salmon as an
endangered species under the ESA (NOAA 1999). In that listing determination, NMFS
concluded that the UCR spring-run Chinook salmon were in danger of extinction
throughout all or a significant portion of their range. When NMFS re-examined the status
of the UCR Chinook in 2005 (70 FR 37160), we came once again to the conclusion that
the species warranted listing as endangered. On August 15, 2011, NMFS announced the
results of an ESA 5-year review UCR Chinook (76 FR 50448). After reviewing new
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information on the viability of this species, ESA section 4 listing factors, and efforts
being made to protect the species, NMFS concluded that this species should retain its
endangered listing classification. Another review was completed in 2015 and, given the
same considerations, the 2015 status review team found that while there had been some
improvement in a number of areas, the risk categories for this species remained
unchanged from the previous review (NWFSC 2015). Further, they rated the species
overall risk trend as stable. A recovery plan is available for this species (Upper Columbia
Salmon Recovery Board 2007).

Description and Geographic Range: The UCR spring-run Chinook salmon inhabit
tributaries upstream from the Yakima River to Chief Joseph Dam. Adult UCR Chinook
return to the Wenatchee River from late March through early May, and to the Entiat and
Methow Rivers from late March through June. These three areas comprise the species’
three populations—there was one other considered, the Okanogan, but it was determined
to have been extirpated. Most adults return after spending two years in the ocean,
although 20 percent to 40 percent return after three years at sea. Peak spawning for all
three populations occurs from August to September. Smolts typically spend one year in
freshwater before migrating downstream. There are slight genetic differences between
this species and others containing stream-type fish, but more importantly, the ESU
boundary was defined using ecological differences in spawning and rearing habitat
(Myers et al. 1998).

Currently, approximately 65% of the fish retuning to this ESU are hatchery fish. NMFS
originally determined that six hatchery stocks in the UCR basin (Chiwawa, Methow,
Twisp, Chewuch, and White Rivers and Nason Creek) should be included as part of the
species because they were considered essential for recovering the fish. The artificially
propagated stocks changed slightly in the subsequent review, in that the Winthrop
composite stocks were listed and the Nason Creek stock was not. As of 2015, the
Chewuch stock has been recommended for removal and the Nason Creek stock is
recommended to be added back in (NWFSC 2015). The Interior Columbia Technical
Recovery Team (ICTRT) identified no MPGs due to the relatively small geographic area
affected (IC-TRT 2003; McClure et al. 2005; Ford 2011).

The composite spatial structure and diversity risks are “high” for all three of the extant
populations in this MPG. The natural processes component of the SS/D risk is “low” for
the Wenatchee River and Methow River populations and “moderate” for the Entiat River
(loss of production in lower section increases effective distance to other populations). All
three of the extant populations in this MPG are at “high” risk for diversity, driven
primarily by chronically high proportions of hatchery-origin spawners in natural
spawning areas and lack of genetic diversity among the natural-origin spawners (Ford
2011; NWFSC 2015).

Table 13 -- 5-year mean of fraction natural origin (sum of all estimates divided by the
number of estimates). Blanks mean no estimate available in that 5-year range.
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Population | 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014
Methow R. SpR 0.84 0.61 0.16 0.27 0.24
Entiat R. SpR 0.86 0.70 0.56 0.47 0.74
Wenatchee R. SpR 0.86 0.66 0.54 0.24 0.35

Increases in natural origin abundance relative to the extremely low spawning levels
observed in the mid-1990s are encouraging; however, average productivity levels remain
extremely low. Overall, the viability of Upper Columbia Spring Chinook salmon ESU
has likely improved somewhat since the last status review, but the ESU is still clearly at
“moderate-to-high” risk of extinction (Ford 2011; NWFSC 2015).

Abundance and Productivity: There are no estimates of historical abundance specific to
this species prior to the 1930s. The drainages supporting this species are all above Rock
Island Dam on the upper Columbia River. Rock Island Dam is the oldest major
hydroelectric project on the Columbia River; it began operations in 1933. Counts of
returning Chinook have been made since the 1930s. Annual estimates of the aggregate
return of spring Chinook to the upper Columbia are derived from the dam counts based
on the nadir between spring and summer return peaks. Spring Chinook salmon currently
spawn in three major drainages above Rock Island Dam—the Wenatchee, Methow and
Entiat Rivers. Historically, spring Chinook may have also used portions of the Okanogan
River.

The 1998 Chinook Status Review (Myers et al. 1998) reported that long-term trends in
abundance for upper Columbia spring Chinook populations were generally negative,
ranging from -5% to +1%. Analyses of the data series, updated to include 1996-2001
returns, indicated that those trends continued up to that point. The long-term trend in
spawning escapement since then is slightly upward for all three systems, but has been
highly variable in recent years (NWFSC 2015).

The Upper Columbia Biological Requirements Workgroup (Ford et al. 2001)
recommended interim delisting levels of 3,750, 500, and 2,200 spawners for the
populations returning to the Wenatchee, Entiat, and Methow drainages, respectively.
Five-year geometric mean spawning escapements from 1997 to 2001 were at 8%-15% of
these levels. Target levels have not been exceeded since 1985 for the Methow run and
the early 1970s for the Wenatchee and Entiat populations (NMFS 2003, NWFSC 2015).

As the following tables illustrate, there have been some adult abundance and productivity
improvements in recent years. However, the populations remain well below the delisting
levels cited above.

Table 14 5-year geometric mean of raw natural spawner counts. This is the raw total
spawner count times the fraction natural estimate. 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 of reciprocal the number of counts
available (2 to 5). A minimum of 2 values was used to compute the geometric
mean. Percent change between the most recent two 5-year periods is shown on the
far right (NWFSC 2015).
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Population MPG 10001994 1995-1999  2000-2004  2003-2009 20102014 % Chenge
Methow R. SpR | Up. Columbia/East Slope Cascades | 722 (867) 44 (T5) 292 (2171) 379 (1470) 425 (1828)  12(24)
Enfiat R. SpR | Up. Columbia,East Slope Cascades | 153 (179) 37 (36) 148/ (280) 120(218) 265 (360) 105 (29)

Wenatchee R. SpR | Up. Columbia/East Slope Cascades | 621 (735 120 (192) 860 (1652) 385 (1671) 785 (2254) 104 (35)

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 averages of the five most recent projections
for the UCR Chinook juvenile outmigration are displayed below.

Table 15. Recent Five-Year Average Projected Outmigrations for UCR Chinook (Ferguson
2010; Dey 2012; Zabel 2013; Zabel 2014a, Zabel 2014b, Zabel 2015).

Origin Outmigration
Natural 484,538
Listed Hatchery: Adipose Clipped* 516,020
Listed Hatchery: Intact Adipose* 741,415

*When the above species was listed, NMFS included certain artificially propagated (hatchery-origin)
populations in the listing. Some of those listed fish have had their adipose fins clipped at their respective
hatcheries and some have not.

All three existing Upper Columbia River spring-run Chinook salmon populations have
exhibited similar trends and patterns in abundance over the past 40 years. The 1998
Chinook salmon status review (Myers et al. 1998) reported that long-term trends in
abundance for upper Columbia River spring-run Chinook salmon populations were
generally negative, ranging from —5% to +1%. Between 1958 and 2001, Wenatchee River
spawning escapements declined at an average rate of 5.6% per year, the Entiat River
population at an average of 4.8% per year, and the Methow River population at an
average of 6.3% per year Good et al. 2005).

McClure et al. (2003) reported standardized quantitative risk assessment results for 152
listed salmon stocks in the Columbia River basin, including representative data sets
(1980-2000 return years) for upper Columbia River spring-run Chinook salmon. Average
annual growth rate (L) for the upper Columbia River spring-run Chinook salmon
population was estimated at 0.85, the lowest average reported for any of the Columbia
River ESUs analyzed in the study.

Assuming that population growth rates were to continue at the 1980-2000 levels, upper
Columbia River spring-run Chinook salmon populations are projected to have a very high
probability of a 90% decline within 50 years (0.87 for the Methow River population, 1.0
for the Wenatchee and Entiat runs). However, in more recent year (1995 — 2008)
production increased and, depending upon hatchery effectiveness, has varied between .92
and 1.13 (Ford 2011). Updating the data series to include 2009-2014, the short-term (e.g.,
15 year) trend in wild spawners has been neutral for the Wenatchee population and
positive for the Entiat and Methow populations. In general, both total and natural origin
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escapements for all three populations increased sharply from 1999 through 2002 and have
shown substantial year to year variations in the years following, with peaks around 2001
and 2010 (NWFSC 2015). But again, average natural origin returns remain well below
ICTRT minimum threshold levels.

Limiting Factors: As noted above, UCR spring-run Chinook salmon inhabit tributaries
upstream from the Yakima River to Chief Joseph Dam and the Columbia River mainstem
upstream from the Yakima River. Though UCR Chinook are rarely intercepted in ocean
fisheries, they face other difficulties (Upper Columbia Salmon Recovery Board 2007;
NOAA Fisheries 2011):

e Effects related to hydropower system in the mainstem Columbia River, including
reduced upstream and downstream fish passage, altered ecosystem structure and
function, altered flows, and degraded water quality

e Degradation of floodplain connectivity and function, channel structure and
complexity, riparian areas and large woody debris recruitment, stream flow, and
water quality

e Degraded estuarine and nearshore marine habitat

e Hatchery-related effects

e Persistence of non-native (exotic) fish species continues to affect habitat
conditions for listed species

e Harvest in Columbia River fisheries

Habitat in the area has been degraded by a number of factors, primarily high
temperatures, excess sediment, outright habitat loss, degraded channels, impaired
floodplains, and reduced stream flow. All of these factors (and others) have negatively
affected the ESU’s PCEs (see “Approach to the Analysis” above) to the extent that it was
necessary to list them under the ESA. Additionally, and as noted above, both passage
barriers and hatchery effects have had negative impacts on this species. (Although steps
are being taken to improve both those factors through recovery planning.)

2.2.1.4 Snake River fall-run Chinook

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 (413)
(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.
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Table 16. 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 Eall Snake and Clearwater
Valley, Lakes Gulch, and Cedar Flat Satellite facilities Rivers (Idaho)
Oxbow Hatchery Fall Snake River (Oregon,

Idaho)

Description and Geographic Range: 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). 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 ap