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Preface

This is number one of six volumes of a Technical Foundation for Recovery and Subbasin
Planning prepared under direction of the Washington Lower Columbia River Fish Recovery
Board. This information provides a basis for an integrated Salmon Recovery and Subbasin Plan
prepared by the Fish Recovery Board. The Technical Foundation is an encyclopedia of
information relating to focal and other species addressed by the plan, environmental conditions,
ecological relationships, limiting factors, existing programs, and economic considerations. The
Technical Foundation summarizes existing information and new assessments completed as part
of the planning process. A separate Executive Summary document provides an overview of the
entire Technical Foundation.

Technical Foundation volumes include:

Vol. | Focal Fish Species Species overviews, limiting factors, recovery
standards, and status assessments for lower
Columbia River chinook salmon, coho salmon, chum
salmon, steelhead, bull trout, and cutthroat trout

Vol. Il Subbasins Fish populations and habitat conditions in each of
11 Washington lower Columbia River subbasins

Vol. Ill  Other Species Descriptions, status, and limiting factors of other
fish and wildlife species of interest to recovery and
subbasin planning

Vol. IV Existing Programs Descriptions of Federal, State, Local, Tribal, and
non governmental programs and projects that affect
or are affected by recovery and subbasin planning

Vol. V Economic Assessment  Potential costs and economic considerations for
recovery and subbasin planning

Vol. VI  Appendices Methods and detailed discussions of assessments
completed as part of this planning process

This work was funded by the State of Washington and the Northwest Power and Conservation
Council. The Technical Foundation was completed primarily by the Washington Lower
Columbia Fish Recovery Board, Washington Department of Fish and Wildlife, S.P. Cramer and
Associates, and The White Company. This second draft of the Technical Foundation
incorporates suggestions and revisions provided by a wide array of agency and public reviewers
of an initial draft distributed in 2003. Additional opportunities for review and revision of the
current draft will occur as part of ongoing recovery and subbasin planning processes
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1.0 Introduction and the Recovery Planning Process

1.1 Introduction
1.11 Technical Foundation

This document is a final draft of the Lower Columbia Fish Recovery Board’s (LCFRB)
subbasin planning Technical Foundation for the Washington side of the Lower Columbia. It is
the first step in a process to develop a scientifically credible, socially and culturally acceptable,
and economically and politically sustainable plan to:

e restore the region’s four fish species listed as threatened under the federal Endangered
Species Act (ESA) to healthy, harvestable levels, and

e protect and enhance other fish and wildlife species that have been adversely affected by the
development and operation of the federal Columbia River Power System.

To complete the recovery/subbasin plan as intended by May 2004, the planning process
is separated into two distinct, but related phases: the Technical Foundation and the Management
Plan. Together, the two phases are envisioned to address five central questions about listed
anadromous fish and other fish and wildlife species in the Lower Columbia Basin:

e Where are we now?

e How did we get here?

e Where do we need to go?

e How do we get there?

e How do we know when we’re there?

The Technical Foundation is found in Volumes | through VI. It is a comprehensive
collection and analysis of technical information relating to the plan’s focal fish and wildlife
species and the environmental and human activities and programs that affect their health and
viability. The Foundation describes current conditions and sets forth recovery targets, biological
goals, and proposed analytical approaches. While considerable data exists, significant gaps and
variations remain across the region. To fill these gaps, analyses were designed to capitalize on
the strengths and balance the weaknesses of existing fish, habitat, and program data.

The Technical Foundation covers an immense amount of complex information about very
complicated issues. It was therefore necessary that the Foundation be strategically organized so
that the five key questions could be addressed as efficiently as possible, as follows.

e Introduction and The Recovery Planning Process — Volume I, Chapter 1

—  Where are we now? Where do we need to go? How do we get there?

— Chapter 1 describes the overall purpose and organization of this Technical Foundation. It also
provides an overview of the recovery planning process, the statutory basis of the process, and the
key organizations and their responsibilities and the recovery decision-making process.

e Species Overview — VVolume I, Chapter 2

—  Where are we now? How did we get here?

— Chapter 2 provides a basis for subsequent chapters through compilations and descriptions of each
focal species’ 1) definitions of populations, 2) life history, abundance, distribution, productivity
characteristics, 3) genetic diversity, 4) and Evolutionarily Significant Unit (ESU) definition, and
listing status.

e Limiting Factors — Volume 1, Chapter 3
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—  Where are we now? How did we get here?

— Chapter 3 serves as a thorough examination of all the factors that limit productivity and
abundance of the focal species, with particular attention to human-induced factors. A thorough
analysis of the effects of fisheries, hatcheries, and habitat alterations on production and
abundance is presented.

Conceptual Framework and Recovery Standards — VVolume 1, Chapter 4

— Where do we need to go? How do we get there? How do we know when we’re there?

— Chapter 4 presents a proposed approach for evaluating the status of focal species’ populations and
an analytical approach for recovery that includes defining recovery goals, using a life-cycle focus,
addressing all factors affecting recovery, defining methods that lead to specific recovery actions,
and maintaining flexibility. Chapter 4 also describes standards for developing recovery targets
and addresses the issues surrounding defining the targets for each population, minimum viability
versus harvestable surpluses, definitions of goals, targets, and metrics, and balancing biological
and social goals.

Assessments of Current Status and Limiting Factors — Volume 1, Chapter 5

—  Where are we now? How did we get here? Where do we need to go? How do we get there?

— Chapter 5 is a broad examination of the current viability, status, and planning ranges for recovery
targets of each ESU and its component populations. The chapter also broadly evaluates the
impact of each of six humanly manageable factors (dams, hatcheries, fisheries, stream habitat,
mainstem and estuarine habitat, and predation) on the populations. More detailed analyses of
these factors are addressed specifically for each subbasin in Volume II.

Subbasin Analyses — VVolume I

—  Where are we now? How did we get here? Where do we need to go? How do we get there?

— Volume Il addresses specific conditions and factors that limit recovery of focal species in each
subbasin. The first several chapters describe the analytical methods applied to the subbasin-by-
subbasin analysis in the remaining chapters. Each subbasin analysis ends with recommended
remedial actions for planners to consider.

Other Species — Volume I

—  Where are we now? How did we get here?

— Volume I11 provides descriptions of the status, impacts, and, as appropriate, population rebuilding
challenges for a number of species that are also considered to be potentially affected by the same
human impacts that have limited the focal species.

Programs — VVolume IV

—  Where are we now? How did we get here?

— Volume IV inventories existing programs and activities that directly affect or are affected by
salmon recovery activities. These include fish protection, restoration, and artificial production
activities and programs implemented by Federal, Tribal, State, and local governments as well as
significant non-governmental programs.

Economics — Volume V

—  Where are we now? How did we get here?

— This volume describes economic background information useful for evaluating tradeoffs, costs,
and benefits of recovery actions. It describes the economic base for the region, the relationship
between plan actions both adverse and beneficial, stakeholder types who might suffer adverse
impacts, and unit cost and benefit information for anticipated actions.

Technical Appendices — VVolume VI
—  Where are we now? How did we get here? How do we get there?

— Volume IV contains detailed descriptions of, and background for, the analytical methods applied
in Volume 11, particularly the methods for Integrated watershed Analysis; and ecosystem
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Dignosis and treatment. Additionals analyses completed as part of this planning process are also
included in this volume.

1.1.2 Subsequent Management Plan

In the Management Plan, to be reported separately, Federal and state agencies, tribes,
local governments, and the people of the region will develop the path to the recovery goals
through a collaborative process. That process will focus on various aspects of the basic
questions: Where do we need to go? How do we get there? and How do we know when we’re
there? The Technical Foundation is intended to inform these decision-makers and the public and
to assist them in shaping alternatives, understand potential tradeoffs, develop recovery strategies,
identify necessary actions, and set priorities. Recovery targets and criteria for listed salmon and
steelhead have been developed in consultation with the National Oceanic and Atmospheric
Administration (NOAA) Fisheries Technical Recovery Team (TRT) and the Willamette/Lower
Columbia ESA Executive Committee. During the second phase of the planning process, these
targets will assist decision-makers in forging an effective and practical approach for recovering
listed fish. Bull trout recovery goals and criteria will be taken from the U.S. Fish and Wildlife
(USFWS) draft bull trout recovery plan. Biological objectives for the remaining focal species
will be developed during development of the Management Plan. In recognition that a successful
recovery/subbasin plan must meet the needs of both the focal fish and wildlife species and the
people of the region, the planning phase will meld science with social, cultural, and economic
considerations to produce an effective recovery program that can be implemented and sustained
over the long term. In June 2004, the Plan will be submitted to NOAA Fisheries, USFWS, the
state, and NPCC for review and approval. It is anticipated that the Plan will be finalized and
approved by December 2004.

1.2 Recovery/Subbasin Planning Process
1.2.1 Overview

This section discusses the scope and context of the overall Washington Lower Columbia
Recovery/Subbasin planning effort being led by the LCFRB. It explains how this planning
process meets the needs of recovery planning for fish species listed as threatened according to
the federal Endangered Species Act (ESA). It describes how the process addresses Northwest
Power and Conservation Council (NPCC) subbasin planning requirements for rebuilding fish and
wildlife adversely affected by the development and operation of the Columbia River hydropower
system. Finally, it describes how the planning process relates to the state salmon recovery and
watershed management planning processes. (These individual planning efforts are summarized
below.)

The section also provides an overview of the decision-making process and describes the
framework that brings different stakeholders and interested parties together as participants in the
planning process. The section also discusses how the planning effort relates to other plans and
processes, and how different entities and interests are working together to recover the diverse
fish and wildlife resources that once defined the lower Columbia River landscape.

1.2.2 Scope and Context of Recovery Planning

The LCFRB is taking a collaborative approach to meet the needs for recovery and
subbasin planning. This approach integrates ESA recovery planning, NPCC subbasin planning,
State salmon recovery strategies, and state watershed planning into a single coordinated regional
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planning process. Through this process, by June 2004 eleven distinct subbasin plans will be
rolled into a single comprehensive recovery/subbasin plan. The plan will address the recovery of
four ESA-listed species (chinook, steelhead, chum, and bull trout) within the context of the 4Hs:
habitat, hydroelectric, harvest, and hatchery impacts. Beyond this, the plan also will address
selected anadromous and resident fish and wildlife of interest under the subbasin planning
process. These additional focal species include coastal cutthroat trout, coho salmon, sturgeon,
smelt, northern pikeminnow, American shad, warm water fish, Pacific lamprey, Caspian tern,
Columbian white-tailed deer, dusky Canada goose, western pond turtle, sandhill crane, and
selected neo-tropical birds. This approach provides significant benefits, including:

e ensuring consistency and compatibility of goals, objectives, strategies, priorities, and actions;
e eliminating redundancy in the collection and analysis of data; and

e establishing the framework for a partnership of federal, state, tribal and local governments
under which agencies can effectively and efficiently coordinate planning and implement
efforts for restoration of listed salmonids, as well as the enhancement of other focal fish and
wildlife species.

In the end, the plan will provide common goals and a coordinated course of action that is
scientifically sound, acceptable to the public, and economically sustainable. Protection,
restoration, and enhancement actions will be prioritized to provide maximum benefit and ensure
the efficient use of resources. The plan will focus on outcomes and allow implementing agencies
and local governments the flexibility to craft innovative, yet scientifically sound, approaches that
best fit local conditions and values.

1.2.3 The Planning Area

The 5,700 square mile planning area encompasses the entire Lower Columbia Salmon
Recovery Region excepting the White Salmon basin, omitted at the request of Klickitat County.
The planning area includes the Washington portion of the mainstem and estuary of the lower
Columbia River as well as 18 major and a number of lesser tributary basins. These include the
Chinook, Grays, Skamokawa, Elochoman, Mill, Abernathy, Germany, Cowlitz, Coweeman,
Kalama, Lewis, Lake, Washougal, Duncan, Hardy, Hamilton, Wind, and Little White Salmon
rivers, as well as the Columbia River Estuary, and their tributaries. In all, the tributaries total
more than 1,700 river miles.

Approximately 464,000 people live in the planning area, which includes all of Clark,
Cowlitz, Skamania, and Wahkiakum Counties and portions of Lewis and Pacific Counties.
Thirteen cities are located in the planning area, as well as numerous unincorporated
communities.

Several tribes have lands of interest in the planning area. Lands of interest to the Yakama
Nation include areas in Cowlitz, Lewis, Clark, and Skamania Counties. The Cowlitz and
Chinook tribes also have lands of interest within the lower Columbia region. Within these areas,
reserved fishing and hunting rights are exercised, natural resources are co-managed, and tribal
trust lands are inhabited.

1.2.4 ESA Salmon Recovery Planning

Chinook and chum salmon, steelhead, and bull trout in the lower Columbia have been
listed as threatened under the ESA. As the listing agency for anadromous salmonids under the
ESA, NOAA Fisheries is responsible for developing plans to recover chinook and chum salmon
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and steelhead. The USFWS is responsible for developing a bull trout recovery plan. An ESA
recovery plan must include:

e site-specific actions necessary for recovery,

e measurable criteria (goals) which, when met, would result in removing the species from ESA
protection (delisting), and

e estimates of the time and cost to carry out recovery actions.

There are several agencies and entities with direct responsibility in the recovery planning
process.

1.24.1 NOAA Fisheries Recovery Planning

The basic unit used by NOAA Fisheries for listing and delisting salmonid species is the
Evolutionarily Significant Unit (Waples 1991). An ESU is a distinctive group of Pacific salmon,
steelhead, or sea-run cutthroat trout populations uniquely adapted to a particular area or
environment and cannot be replaced. In the lower Columbia region of Oregon and Washington,
there are currently three listed ESUs:

e Columbia River chum salmon—Ilisted as threatened in 1999
e Lower Columbia steelhead—Iisted as threatened in 1998
e Lower Columbia chinook salmon—Ilisted as threatened in 1999

A recovery domain is a collection of geographically proximate ESUs. The
Willamette/Lower Columbia Domain includes the three lower Columbia ESUs and two
Willamette ESUs. NOAA Fisheries has initiated efforts to develop a single recovery plan for the
Willamette/Lower Columbia Recovery Domain. NOAA Fisheries desires to develop this domain
recovery plan through a collaborative effort involving federal and state agencies, tribes, local
governments, and the public. Under the proposed approach, the recovery plans being developed
in Washington and Oregon for the lower Columbia ESUs will be combined with the recovery
plans being developed for the Willamette ESUs to create a single domain plan. The
Willamette/Lower Columbia ESA Executive Committee is coordinating the overall domain
planning effort and will ensure 1) that the separate Oregon and Washington planning efforts are
consistent and compatible, and 2) that they will result in a domain plan that meets ESA
requirements. The committee comprises policy-level representatives from federal agencies,
tribes, Washington and Oregon agencies, and local governments.

The LCFRB is coordinating the Washington recovery planning efforts for the lower
Columbia region. The LCFRB recovery/subbasin plan will eventually be incorporated in the
Willamette/Lower Columbia Domain Plan. It is expected that NOAA Fisheries will approve the
LCFRB plan as the ESA recovery plan for those areas of the three listed lower Columbia ESUs
in Washington, even if Oregon has not completed its plan for the Oregon portions of the ESUs.

In addition, NOAA Fisheries has established the Willamette/Lower Columbia Technical
Recovery Team (TRT) to provide technical advice on recovery-related issues. The TRT
comprises scientists from NOAA Fisheries, state agencies, academic institutions, and private
consulting firms. The TRT has focused on developing guidelines for viability criteria for the
listed species. These guidelines will assist NOAA Fisheries in identifying criteria for delisting
species. These criteria will describe the conditions under which a listed species or ESU is no
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longer in danger of extinction (endangered) or likely to become so in the foreseeable future
(threatened).

1.2.4.2 US Fish and Wildlife Recovery Planning

Bull trout was listed as threatened in the coterminous United States in November 19909.
In December 1999, USFWS completed a draft bull trout recovery plan for five western states—
Washington, Oregon, Idaho, Montana, and Nevada. The plan is broken down into four Distinct
Population Segments, each of which is broken into recovery units and mini-recovery plans have
been developed for each recovery unit. Much of the USFWS Lower Columbia Recovery Unit
falls within the LCFRB planning area. The objectives of the draft USFWS bull trout plan are to:

e maintain the current distribution of bull trout within core areas and to restore distribution
where possible,

e maintain stable or increasing trends in bull trout abundance,
e restore and maintain suitable habitat conditions for all bull trout life history stages, and
e conserve genetic diversity and provide opportunity for genetic exchange.

The recovery planning process being coordinated by the LCFRB will build on the
provisions of the USFWS Lower Columbia Recovery Unit plan to refine bull trout recovery
strategies for the lower Columbia and will ensure that bull trout recovery efforts are woven into
the broader salmonid recovery strategies and actions for the lower Columbia.

1.2.4.3 NPCC Subbasin Planning

The Northwest Power and Conservation Council (NPCC) was created by Congress in
1980 to give Washington, Oregon, Idaho, and Montana a voice in how the region plans for its
energy needs, while at the same time mitigating the effects of the federal Columbia River Power
System on fish and wildlife resources.® To this end, the Council has developed the Columbia
Fish and Wildlife Program. The program sets forth goals and strategies for the protection and
enhancement of fish and wildlife resources. The Council uses the Program to solicit and evaluate
proposals for on-the-ground projects and research. Priority proposals are forwarded to the
Bonneville Power Administration (BPA) for funding.

The Council has initiated efforts to update its Columbia Basin Fish and Wildlife
Program. A key element in this effort is the development of individual plans for the 62 subbasins
within the Columbia basin. Eight of these subbasins fall totally within the lower Columbia
region in Washington. Three others (Columbia Estuary, Columbia Lower, and Columbia Gorge)
are shared with the state of Oregon. Subbasin plans:

e identify the goals for fish, wildlife, and habitat;
e define objectives that measure progress toward the those goals;
e establish strategies to achieve the objectives; and

e incorporate and build upon existing fish and wildlife information and activities.

! The Northwest Power and Conservation Council (NPCC) was formerly referred to as the Northwest Power
Planning Council.
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Completed subbasin plans will be adopted as part of the Council’s Columbia River Fish
and Wildlife Program and will help direct BPA funding of projects that protect, mitigate and
enhance fish and wildlife that have been adversely impacted by the development and operation
of the Columbia River hydropower system. The Council’s effort is also linked to and
accommodates the needs of other programs in the basin that affect fish and wildlife. Along with
the NOAA Fisheries and the USFWS, the Council and BPA also intend to use the adopted
subbasin plans to help meet the requirements of the 2000 Federal Columbia Power System
Biological Opinion. The NOAA Fisheries and USFWS intend to use subbasin plans throughout
the Columbia River basin as building blocks for recovery planning for threatened and
endangered species. In addition, the Environmental Protection Agency (EPA), in cooperation
with the states and tribes, intends to use subbasin and watershed planning initiatives to address
concerns under the Clean Water Act (CWA).

Similar to the recovery planning process, the first phase of the NPCC’s subbasin planning
process calls for development of subbasin assessments. These assessments are intended to form
the scientific and technical foundations for developing a management plan, which includes
subbasin vision, objectives, and strategies. These plans will also include a research, monitoring,
and evaluation plan and considerations to address the ESA and CWA. However, selection of fish
and wildlife species in the subbasin planning process goes beyond that required for recovery of
listed species. The planners identify focal species that have special ecological, cultural or legal
status and use these species to evaluate the health of the ecosystem and the effectiveness of
management actions. Subbasin plans are developed locally and in collaboration with fish and
wildlife managers, local governments, interest groups and stakeholders, and other state and
federal land and water resources managers.

Given the strong linkage between ESA recovery and NPCC subbasin planning, the
LCFRB is working to integrate the two efforts into a single planning process. This will help to
ensure consistency in goals, strategies, actions, and priorities and avoid potentially costly
duplication of efforts. The NPCC has endorsed the concept and has contracted with the LCFRB
to prepare a recovery/subbasin plan for the 11 NPCC lower Columbia subbasins that encompass
the same geographical area of concern for ESA salmon and trout recovery. The LCFRB is
working through the Lower Columbia River Estuary Partnership (LCREP) to prepare plans for
the two subbasins that fall in both Oregon and Washington (Columbia Estuary and Columbia
Lower).

1.24.4 Washington State Salmon Recovery Strategy

In September 1999, Washington published its statewide strategy to recover salmon. The
goal of the state strategy is to return salmon and steelhead to healthy, harvestable levels. It calls
for:

e collaborating on an incentive-based approach to salmon recovery, coupled with increased
enforcement of environmental laws;
e identifying what actions must be taken immediately to prevent extinction;

e identifying clear performance measures for determining if restoration efforts are getting
results; and

e establishing an action plan that can be put into place if restoration performance goals are not
met on schedule.
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The strategy strongly endorses cooperative regional recovery efforts. The Lower
Columbia region is one of seven salmon recovery regions identified by the state. Regional
recovery organizations have been established for five regions, and the LCFRB serves as the
regional organization for the lower Columbia. The Washington Department of Fish and Wildlife
(WDFW) has developed a recovery plan template in consultation with NOAA Fisheries and the
USFWS and is participating and providing technical support to the regional organizations. The
Governor’s Salmon Recovery Office is coordinating state agency participation in recovery
planning efforts and is helping to address recovery-related policy issues. The Salmon Recovery
Funding Board has provided funding to the regional organizations to support recovery planning
efforts.

1.2.45 Washington Watershed Management Planning

The state Watershed Management Act (RCW 90.82) provides local communities the
opportunity to plan for the future use of their water resources in consultation with state agencies.
To facilitate this planning, the state has been divided into Water Resource Inventory Areas
(WRIASs). There are five WRIAs in the lower Columbia. Watershed planning efforts are
underway in all five areas. The LCFRB coordinates watershed planning in four of the five lower
Columbia WRIAs and is an active participant in planning for the fifth WRIA. Watershed plans
for these WRIAs will address issues associated with:

e water quantity, including the availability and current use of water and actions needed to meet
future needs for fish and people;

e water quality, including current water quality problems, priorities for addressing these
problems, and water quality monitoring;

e stream flows, including the adequacy of existing flows for fish and other in-stream uses and
measures to protect or enhance stream flows; and

e habitat, including the current condition of fish habitat and measures to protect or enhance
habitat to support salmon recovery efforts.

Given the integral relationship between watershed management and salmon recovery, the
LCFRB has integrated these two planning initiatives. Water quantity and quality and stream flow
studies and data collected by the watershed planning initiatives will be incorporated in the
regional recovery plan. Habitat data collected by the recovery planning effort will be shared with
the watershed planning effort. Policies, strategies, actions, and priorities will be coordinated to
ensure that they are compatible and complement each other.

1.25 Overview of Decision-Making Process

While the final recovery/subbasin plan will be a product of the LCFRB, it must meet the
needs of, and be implemented through, the actions of multiple entities. For these reasons, the
Lower Columbia Recovery Planning Steering Committee (RPSC) was convened to facilitate and
oversee the plan’s development. The committee’s role is described below, but its basic functions
include providing overall direction and oversight of the recovery planning initiative. Adopting
the final plan will require the consensus of the organizations represented on the committee, as
well as the approval of the LCFRB.

Public comments have been gathered during the planning process. The LCFRB
coordinated and conducted public information and outreach efforts in concert with the
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participating agencies. Comments received during these efforts were used to develop this final
draft plan.

The LCFRB will submit the final draft plan to the state, NOAA Fisheries, USFWS, and
the NPCC for review and adoption. As part of the recovery planning process and coordinated by
the LCFRB, recovery goals will be established in consultation with NOAA Fisheries, USFWS,
and WDFW. The NPCC will conduct its own internal and public reviews before adopting the
plan into its program.
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1.2.6 Participants in the Planning Process

This integrated planning effort is built on effective working relationships among the
participating governments, agencies, and organizations. These relationships will ensure that the
recovery/subbasin plan meets the needs of the different entities and is implemented through their
coordinated actions. Representatives from various agencies and organizations, tribes, private
property owners, and other stakeholders are participating in the process through involvement on
the LCFRB, Recovery Planning Steering Committee, planning working groups, public outreach,
and other coordinated efforts.

The LCFRB leads the recovery and subbasin planning efforts and has three primary
recovery planning functions. These include:

e coordinating, facilitating and administering the recovery/subbasin planning initiative;
e overseeing the development of the plan’s habitat provisions; and

e approval of the final plan before its submission to NOAA Fisheries, USFWS, NPCC, and the
state

The LCFRB comprises representatives from the state legislature, city and county
governments, the Cowlitz Tribe, private property owners, hydro project operators, the
environmental community and concerned citizens. The LCFRB is committed to finding solutions
that restore fish and provide for the needs of the citizens of the region. Adoption of the final plan
will require consensus of all Board members.

1.26.1 Recovery Planning Steering Committee

The Recovery Planning Steering Committee (RPSC) was created by the LCFRB to
facilitate and oversee the plan’s development. The committee is responsible for the overall
direction and oversight of the recovery planning initiative. RPSC members represent the interests
of their organizations and ensure that decisions are properly communicated and supported within
their organizations. The committee makes decisions by consensus. Specific committee tasks
include:

e establishing the goals and objectives of the recovery/subbasin plan;

e determining the scope and content of the recovery/subbasin plan to ensure that it meets the
plan’s goals and objectives;

e adopting and maintaining a workplan and schedule for the planning initiative;

e monitoring progress of planning efforts and adjusting scope and direction as necessary to
achieve goals;

e approving a funding/resource strategy for the planning initiative;
e adopting and overseeing implementation of a public education and outreach program;
e addressing and resolving policy issues that arise during plan development;

e coordinating planning efforts with other planning initiatives in the region, such as the efforts
of the ESA Executive Committee and the NOAA Fisheries TRT; and

e reviewing, commenting on, and concurring with plan elements as they are prepared and with
the final draft plan, its goals, strategic priorities, and implementing actions prior to its
submission to the state, NOAA Fisheries, USFWS, and the NPCC.
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Current members of the RPSC include local governments and citizen representatives
from the LCFRB, NOAA Fisheries, USFWS, NPCC, LCREP, WDFW, Governor’s Salmon
Recovery Office, Washington Department of Agriculture, Washington Department of Ecology,
the US Forest Service (USFS), the Cowlitz Tribe, the Yakama Nation, and the Chinook Tribe.
Adoption of the final plan will require the consensus of all the organizations represented on the
Committee and will be sought before final approval by the LCFRB.

1.2.6.2 Work Groups

The RPSC is creating work groups to address specific issues and prepare
recommendations or documents for RPSC review during the planning process. The work groups
are used to secure the expertise or knowledge needed to complete the recovery/subbasin plan
successfully as well as to broaden participation in the planning process. The composition of a
work group depends on the issues to be addressed or the tasks at hand. Members are selected
based on their knowledge or expertise. Work groups organized thus far include the following.

e Fish Work Group—provides technical assistance and advice to the RPSC regarding the
development of plan elements dealing with recovery goals and biological objectives and the
status, life history and environmental needs of salmonids.

e Factors Limiting Recovery Work Group—provides technical assistance and advice to the
RPSC for developing plan elements dealing with factors limiting the recovery of salmonids
and watershed assessment activities.

e Programs Work Group—provides assistance and advice to the RPSC for developing a plan
element that identifies, inventories, and characterizes programs that affect fish resources and
their recovery.

1.2.6.3 Partnerships

Other key partnerships have been formed with the NOAA Fisheries, USFWS, NPCC, the
State of Washington, and with Native American tribes. NOAA Fisheries and USFWS have
federal statutory responsibility for recovery planning and both agencies sit on the RPSC to
ensure that planning work will result in a product meeting their requirements. The NPCC also is
represented on the RPSC to ensure that its subbasin planning requirements are satisfied. The
Governor’s Salmon Recovery Office participates to coordinate state support for the recovery
planning process and to help facilitate habitat elements of the plan as provided by state statute.
Representatives of several Native American tribes are members of the LCFRB and RPSC. Tribal
governments have specific legal rights and responsibilities related to the use, management, and
stewardship of fish, wildlife, and cultural resources. Under treaties signed in 1855, the tribes
reserve the right to fish, game, berries, roots, and associated plants and animals necessary to
maintain their culture and religion. Maintaining these diverse resources requires healthy,
interconnected, naturally functioning ecosystems.

Local stakeholders also are key participants in the planning process. Through their
involvement on the LCFRB, the RPSC, technical work groups and other partnerships, local
representatives play an active role during the recovery/subbasin plan process and in developing
specific approaches that will improve fish status and achieve recovery goals. During Phase I,
local representatives provided data and helped conduct analyses and define specific factors
responsible for fish declines. In Phase Il, they will help identify and evaluate scenarios,
strategies, and actions consistent with recovery. Information gained during the recovery/subbasin
planning process will help them identify the most effective and economically sound measures for
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fish recovery in their watersheds. They ultimately will be responsible for weighing this
information with local needs to craft and implement their own innovative but scientifically sound
approaches to best fit local conditions and values.
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2.0 Species Overview

In this section, we summarize life history and population characteristics of chinook,
coho, and chum salmon, as well as steelhead, bull trout and cutthroat trout, in Washington
tributaries to the lower Columbia River. We review the life history cycle and requirements of
these species from gravel to gravel, and describe their distribution and genetic diversity within
lower Washington tributaries. We also identify trends in abundance and factors that led to their
decline in the lower Columbia watershed.

2.1 Chinook Salmon (Oncorhynchus tshawytscha)

Chinook salmon (Oncorhynchus tshawytscha), also commonly referred to as king, spring,
tyee, or quinnat salmon, is the largest of the Pacific salmon (Netboy 1958). The species
distribution historically ranged from the Ventura River in California to Point Hope, Alaska in
North America, and in northeastern Asia from Hokkaido, Japan to the Anadyr River in Russia
(Healey 1991). Other chinook salmon have been reported in the Mackenzie River area of
northern Canada (McPhail and Lindsey 1970). Of the Pacific salmon, chinook salmon exhibit the
most diverse and complex life history strategies.

Chinook salmon generally follow one of two freshwater cycles: stream or ocean type.
After emerging from the gravel, ocean-type chinook salmon migrate to the ocean within their
first year (Figure 2-1). Stream-type chinook salmon reside in fresh water for a year or more
before migrating to the ocean (Figure 2-2). These two types of chinook salmon have different
life history traits, geographic distribution, and genetic characteristics. Ocean- type behavior and
life history strategy is regarded as a response to limited carrying capacity of the freshwater
environment of less productive streams, such as smaller watersheds, glacially scoured rivers, and
systems with periodic flooding. Ocean-type chinook salmon occur primarily in coastal waters
south of the 55" parallel, in Puget Sound, in the lower reaches of the Fraser and Columbia Rivers
as well as California’s Central Valley (Gilbert 1913, Rich 1920, Healey 1983). Stream-type
chinook emigrate as juveniles during their second, or more rarely, third year. This extended
freshwater residency is characteristic of chinook that inhabit more productive watersheds where
conditions are more stable, and water flows are not subject to dramatic changes. Since stream-
type Chinook enter marine waters at a larger size, they are not as dependent on estuaries as
ocean-type chinook for juvenile growth. In addition, stream-type chinook make more use of the
open ocean environment far from coastal waters. Stream-type chinook populations are generally
more predominant in waters north of the 55" parallel and in headwaters of the Fraser and
Columbia rivers (Healey 1991).

Chinook in the lower Columbia River are further classified as fall or spring chinook
depending on adult migration timing. Fall chinook dominate in the Washington tributaries of the
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lower Columbia River, though several tributaries also support spring chinook. Today, the once
abundant natural runs of fall and spring chinook have been largely replaced by hatchery
production. Although large chinook runs continue to return to many of their natal streams, they

are mostly sustained by hatchery production with few sustained, naturally reproducing, native
populations.

211 Life History and Requirements

Like other Pacific salmon, the life history of chinook involves spawning, incubation, and
emergence in freshwater, migration to the ocean, and subsequent initiation of maturation and
return to fresh water. Within this life history cycle, there may be a high degree of variability in
response to freshwater environmental conditions and genetic imprinting.

T e Fall Chinook
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Figure 2-1. Washington lower Columbia fall chinook life cycle.
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Figure 2-2. Washington lower Columbia spring chinook life cycle.

2111 Upstream Migration Timing

The entry timing of individual runs into freshwater has evolved over thousands of years.
Adult migrations were historically synchronized to streamflow characteristics and water
temperatures in a particular river system. Freshwater entry and spawning timing are generally
related to local temperature and water flow regimes (Miller and Brannon 1982). Migration
timing was cued to the local thermal regime so that adults would reach spawning sites and
deposit eggs in time to ensure that fry emerged during the following spring at a time when river
or estuary productivity was sufficient for juvenile survival and growth. During lower flows,
waterfalls, sandbars and other barriers can restrict migration. After entering freshwater, most fall
salmon have a limited time to migrate and spawn; in some cases, as little as 2 to 3 weeks and
delays can result in pre-spawning mortality or spawning in a sub-optimum location.

Three different major runs of chinook salmon presently return to Washington tributaries
of the lower Columbia River. Adult spring chinook return to the Columbia River at 4 to 5 years
of age. They enter the lower Columbia River from March through June, well in advance of
spawning in August and September (Figure 2-2). Spring chinook typically spawn near headwater
areas where higher gradient habitat exists. Historically, fish migrations were synchronized with
periods of high rainfall or snowmelt to provide access to upper reaches of most tributaries where
fish would hold until spawning (Fulton 1968, Olsen et al. 1992, WDF et al. 1993). Since spring
chinook enter freshwater well before the time of spawning, survival until the spawning period is
primarily a function of body fat reserves at the time of freshwater entry.
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Fall chinook begin returning to the lower Columbia River in early to mid-August. One
race of lower Columbia River chinook salmon are often called tules (pronounced “toolies”) and
are distinguished by their dark skin coloration, and advanced state of maturation at the time of
freshwater entry. Tule fall chinook salmon populations may have historically spawned from the
mouth of the Columbia River to the Klickitat River. Tule fall chinook return to the Columbia
River at 3 to 4 years of age, although 5-year olds are common in some populations. They enter
freshwater from August to September and spawning generally occurs from late September to
November, with peak spawning activity in mid-October. Fall chinook spawn in the Grays River
from late September to mid-November, but do not spawn until late October or November in the
Washougal River. A later returning component of the fall chinook salmon run exists in the Lewis
River (WDF et al. 1993, Kostow 1995, Marshall et al. 1995).

The other fall race, bright fall chinook, return to the Lewis River and several Bonneville
area tributaries and the mainstem Columbia River. Their dominant age class varies by population
and brood year, but is typically age 4. They enter the Columbia River in August to October, but
spawning occurs in November to January, with peak spawning in mid-November. Because of the
longer time interval between freshwater entry and spawning, these fall chinook salmon are less
mature at freshwater entry than tule fall chinook salmon and are therefore commonly termed
lower river *brights’ (Marshall et al. 1995) or lower river wild. A naturally produced, bright fall
chinook run also exists in the area immediately downstream of Bonneville Dam, and in the Wind
River basin. These fish likely originated from Bonneville and Little White Salmon bright fall
chinook hatchery programs and are not included in the Lower Columbia chinook ESU.

21.1.2 Spawning

Successful spawning depends on sufficient clean gravel of the right size, in addition to
the constant need of adequate flows and water quality. The driving force in redd site selection
appears to be the presence of good subgravel flow; this need is likely greater in chinook than the
other species of Pacific salmon. Chinook salmon have the largest eggs and therefore the smallest
surface-to-volume ratio of Pacific salmon. As a result, their eggs are likely more sensitive to
reduced dissolved oxygen levels and require a higher rate of irrigation.

Describing typical chinook spawning habitat is problematic as research has documented a
broad range of water depth and velocity characteristics. Chinook have been documented
spawning in streams as small as 7-10 ft (2-3 m) wide and only a few centimeters deep and as
large as mainstem large rivers such as the Columbia and Sacramento. In addition, velocity
measurements at redd sites have ranged from 0.33 ft/sec to 5 ft/sec (10 cm/sec to 150 cm/sec).
There is no agreement as to whether depth and velocity characteristics of redd site selection
differ between stream- and ocean-type chinook.

The reported depths at which chinook eggs are buried in the gravel also varied among
researchers. Briggs (1953) reported egg depths of 7.9-14 in (20-36 cm) (average 11 in [28 cm])
for two small California streams. Vronskiy (1972) observed eggs buried from 4 to 31 in (10-80
cm) in the Kamchatka River, although few eggs were buried below 19.7 in (50 cm). The depth at
which eggs are buried at a particular spawning site is partly dependent on water flow. Depth of
redd excavation is negatively correlated with water velocity in the spawning area (Vronskiy
1972, Neilson and Banford 1983). Presumably, the higher mound in the tailspill of redds in low
velocity areas improves subgravel irrigation of the eggs.

Although the measurements are not comparable among studies, the size of redds also
appears to vary considerably among chinook populations. Chapman et al. (1986) measured redd
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size range of 22-482 ft* (2.1-44.8 m?) for chinook spawning in the Hanford reach of the
Columbia River.

Chinook salmon fecundity also varies within and among populations. Fecundity is
correlated with size. However, size explained only 50% or less of the variation in fecundity
between individuals within a population. There seems to be an unresolved trade-off between egg
size and egg number; consequently, egg size varies more between chinook individuals than is
usual for fishes. Latitudinal differences in fecundity may partly reflect a racial difference
between stream- and ocean-type chinook rather than a latitudinal cline. For example, high
fecundity populations near the northern limit of the chinook’s range are all stream-type chinook
while low fecundity populations in the south are mainly ocean-type chinook. However, if the
data are segregated into stream- and ocean-type life histories, there is still a latitudinal cline in
fecundity within ocean-type chinook. In the Columbia River, where fecundity data are available
for both stream- and ocean-type chinook, stream-type chinook have a greater fecundity than
ocean-type, although the difference is not statistically significant (Galbreath and Ridenhour
1966, Healey and Heard 1984).

2.1.1.3 Incubation and Emergence

Chinook eggs incubate throughout the autumn and winter months. In the lower Columbia
River, spring chinook fry emerge from the gravel from November through March; peak
emergence time is likely December and January. Fall chinook fry generally emerge from the
gravel in April, depending on the time of egg deposition and incubation water temperature.

As with other salmonids, water temperature controls incubation time and affects survival.
When incubation temperature is held constant, the upper and lower temperature limits for
chinook salmon at 50% pre-hatching mortality is 61°F (16°C) and 36-37°F (2.5-3°C),
respectively (Alderdice and Velsen 1978). The time to 50% hatch ranged from 159 days at 37°F
(3°C) to 32 days at 61°F (16°C). Development rate and survival were better at low temperatures
when water temperature varied with ambient temperature compared to when water temperature
was constantly low. Presumably, the better performance reflected greater low water temperature
tolerance after initial egg development (Alderdice and Velsen 1978). A simple thermal sum
model appears to be adequate for predicting time to hatching (development rate = 468.7/T, where
T is the average temperature in Celsius during incubation). It is likely that lower Columbia
chinook spawning begins in some locations where water temperatures approach the upper
thermal limit (61°F [16 °C]), however, time of exposure to this temperature is likely brief as
temperatures are typically dropping during the time of chinook spawning.

During incubation, clean, well-oxygenated water flow is critical. Eggs often do not
survive in gravel choked with sediment (Shaw and Maga 1943, Wickett 1954, Shelton and
Pollock 1966). Shaw and Maga (1943) observed that siltation resulted in the greatest mortality
when it occurred early in the incubation period. In experimental stream channels, research has
established a relationship between egg survival and both percolation rate and dissolved oxygen
concentration: egg mortality increases with decreasing percolation rate and increases rapidly
when dissolved oxygen concentration drops (Shelton 1955; Gangmark and Bakkala 1960).

Floods can have their greatest impact to salmon populations during incubation, as they
can scour salmon eggs from the gravel or deposit sediment over spawning gravels (Wade 2002).
Flooding has been documented as an important cause of high mortality of chinook eggs
(Gangmark and Broad 1955, Gangmark and Bakkala 1960).
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Estimates of egg to emergent fry survival are problematic because some fish migrate
downstream as fry whereas others rear for a variable length of time in the river before migrating
downstream. In Fall Creek, California, Wales and Coots (1954) and Coots (1957) found a 68-
93% mortality from egg deposition to the emergent fry stage; average mortality was 85% and the
high mortality estimates (93%) were associated with floods. Lower egg to fry mortality (40%)
was observed in a controlled channel in Mill Creek, California (Gangmark and Bakkala 1960).
Gravel conditions affect success of emergence. Shelton (1955) found that only 13% of hatched
alevins emerged from fine gravel while 80-90% emergence was observed in coarse gravels.
Success of emergence from fine gravels was influenced by egg deposition depth; eggs near the
surface realized a greater success of emergence.

Dewatering can occur in regulated rivers where discharge is varied to satisfy domestic or
industrial water needs but also occurs in natural systems. Becker et al. (1982, 1983) investigated
the effects of dewatering on four different stages of chinook egg development based on
accumulated thermal units. Alevins were most sensitive to periodic short-term and single
prolonged dewatering; alevin survival was less than 4% in periodic dewaterings of 1 hour or a
single dewatering of 6 hours. Cleavage eggs and embryos were the least sensitive to dewatering;
embryos apparently suffered no ill effects from daily dewaterings of up to 22 hours over a 20-
day period. Because dewatered eggs and embryos remained damp during dewatering, they
probably suffered no shortage of oxygen, although metabolic waste elimination may have been a
problem.

2114 Freshwater Rearing

Fall chinook comprise most of the chinook populations in the lower Columbia River and
they exhibit similar life history strategies to those observed in other fall chinook populations. Fry
emergence is generally around April, depending on the time of egg deposition and water
temperature. Fry spend 1-4 months in fresh water and emigrate in the summer as subyearlings. A
few fall chinook remain in fresh water until their second spring and emigrate as yearlings
(Chapman et al. 1994, Waknitz et al. 1995). Although the timing of emergence and downstream
migration differs among lower Columbia fall chinook, there appears to be little divergence from
the strategies of spring emergence and summer emigration. The earliest timing appears to be in
the Wind River basin where fry emerge from January to March and emigrate in the spring. The
early emigration timing for Wind River fall chinook may be a function of distance to the estuary,
as the Wind River is further from the Columbia River estuary than most other lower Columbia
basins. Early and late emergence and late emigration timing occurs in the Lewis River basin; the
timing on the Lewis is a function of both late and extended spawn timing of the Lewis bright fall
chinook stock, and warmer winter water temperatures for incubation then most basins.
Consequently, fry emerge from early spring to early summer and seaward emigration occurs in
the early to late summer.

Lower Columbia spring chinook exhibit juvenile life history characteristics similar to
those observed in other spring chinook populations. They have more of a tendency to spend one
full year in fresh water and emigrate to sea in their second spring than do fall chinook. However,
some stocks migrate downstream from their natal tributaries in the fall and early winter into
larger rivers, including the mainstem Columbia River, where they are believed to over-winter
before emigration the next spring as yearling smolts.

Although there is some variation in timing, all populations of chinook appear to display
similar migratory behavior. At the time of emergence, there is an extensive downstream dispersal
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of fry, although some fry are able to take up residence at the spawning site. For populations that
spawn close to tidewater, this downstream dispersal carries fry to estuarine nursery areas,
whereas in other locations it serves to distribute the fry among suitable freshwater nursery areas
(Healey 1991). After spring and fall chinook fry leave their gravel nests, they generally move to
suitable rearing habitat within side sloughs, side channels, spring-fed seep areas and along the
outer edges of the stream. These quiet-water side margin and off-channel slough areas are vital
for early juvenile habitat (Wade 2002). The presence of woody debris and overhead cover aid in
food and nutrient inputs, and provide protection from predators primarily for the first 2 months
of freshwater residence. As chinook fry grow, some gradually move away from the quiet shallow
areas to rear in deeper, faster areas of the stream (Lister and Walker 1966, Chapman and Bjornn
1969). This movement to faster water often coincides with summer low flows that can constrain
salmonid production.

Later in the spring, there appears to be a second dispersal that carries some populations to
the sea or simply redistributes fry within the river system, presumably to suitable summer
rearing areas. For those populations that spend a full year in fresh water, there is a third late fall
redistribution to suitable overwintering habitat, usually from the tributaries to the river mainstem
(Healey 1991). On the other hand, some overwintering juveniles need habitat to sustain their
growth and protect them from predators and winter flows. Wetlands, off-channel habitat,
undercut banks, rootwads, and pools with overhead cover are important habitat components
during this time. During the late spring and fall distributions, fry tend to shift to deeper water and
move seaward. The redistributions may punctuate developmental stages as well as achieve more
efficient use of freshwater nursery habitat. Fry redistributions may have adaptive value by
shortening the length of spring migration for yearling smolts, especially for headwater spawning
populations in larger rivers (Healey 1991).

Survival rates from fry to subyearling migrant or fry to yearling migrant are mostly
unknown, except for data collected on the Sacramento River by the USFWS (unpublished).
Based on the ocean returns of chinook from the same brood year tagged as fry and smolts,
survival from fry to smolt ranged from 3 - 34% for the 1980-82 year classes. These survival
rates are similar to those for other Pacific salmon (Foerster and Ricker 1941, Hunter 1959,
Parker 1965) so it is reasonable to assume that chinook in other river systems have similar
survival rates. Predators are usually implicated as the principal agent of mortality among fry and
fingerling of chinook and other species; heavy losses to predators have been documented
(Foerster and Ricker 1941, Hunter 1959). However, on the Elochoman River, Patten (1971)
observed 1-4% predation by sculpins of chinook released from the Elokomin Hatchery during
1962 and 1963. In this instance, the release of chinook fingerling occurred during a single night
in 1962 and over three nights in 1963; thus, chinook were only available to predators for a brief
period.

21.15 Juvenile Migration

The timing of parr-to-smolt transition seems to depend on a number of environmental and
genetic traits that maximize individual survival (Myers et al. 1998). Differences in the timing of
smoltification and emigration to the ocean may be affected by distance of migration to the
marine environment, stream stability, stream flow and temperature regimes, stream and estuary
productivity, and general weather regimes (Myers et al. 1998). Such environmental factors may
be the reason why stream-type chinook—which usually spawn further inland than ocean-type
chinook —appear unable to smolt as subyearlings. Ocean-type fish have been found to exhibit a
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faster growth rate relative to stream-type fish (Gilbert 1913, Carl and Healey 1984, Cheng et al.
1987).

Ocean-type juveniles enter salt water following one of three distinct strategies. Some fry
migrate to the ocean soon after yolk resorption at 1-2 in (30-45 mm) in length (Lister et al. 1971,
Healey 1991). In most river systems, however, fry migrate at 60-150 days post-hatching or as
fingerling in the late summer or autumn of their first year. When environmental conditions are
not conducive to subyearling emigration, ocean-type chinook salmon may remain in fresh water
for their entire first year.

Stream-type chinook salmon migrate during their second or, more rarely, their third
spring. The underlying biological bases for differences in juvenile life history appear to be both
environmental and genetic (Randall et al. 1987). Distance of migration to the marine
environment, stream stability, stream flow and temperature regimes, stream and estuary
productivity, and general weather regimes have been implicated in the evolution and expression
of specific emigration timing. Once stream-type chinook salmon leave freshwater, they usually
move quickly through the estuary, into coastal waters, and ultimately to the open ocean (Healey
1983, Healey 1991). Thus, they are often more dependent on freshwater, rather than estuarine,
ecosystems.

The majority of fall-run chinook salmon emigrate to the marine environment as
subyearlings (Reimers and Loeffel 1967, Howell et al. 1985, Hymer et al. 1992a, Olsen et al.
1992, WDF et al. 1993). Most lower Columbia fall chinook exhibit the ocean-type life history,
emigrating to saltwater within their first year (Myers et al. 1998). A portion of returning adults
whose scales indicate a yearling smolt migration may be the result of extended hatchery-rearing
programs rather than of natural, volitional yearling emigration. It is also possible that
modifications in the river environment may have altered the duration of freshwater residence
(Myers et al. 1998).

In the lower Columbia basin, spring chinook generally remain in the river for a full year.
However, some stocks migrate downstream from their natal tributaries in the fall and early
winter into larger rivers, including the mainstem Columbia River, where they are believed to
over-winter before outmigration the next spring as yearling smolts. Cowlitz River spring-run
chinook clearly exhibit yearling smolt pattern as revealed by scale analysis of returning adults
(Table 5 in Myers et al. 2003). However, the natural timing of lower Columbia spring-run
chinook salmon emigration is likely obscured by hatchery releases of spring-run chinook salmon
juveniles late in their first autumn or early in their second spring (Myers et al 1998, 2003). Age
analysis based on scales from naturally spawning spring-run adults from the Kalama and Lewis
rivers indicated a significant contribution to escapement by fish that entered saltwater as
subyearlings (Hymer et al. 1992a).

21.1.6 Estuary Rearing and Growth

Ocean-type chinook salmon reside in estuaries for longer periods as fry and fingerlings
than do yearling, stream-type chinook salmon smolts (Reimers 1973, Kjelson et al. 1982, Healey
1991). Rivers with well-developed estuaries, such as the Columbia, are able to sustain larger
ocean-type populations than those without (Levy and Northcote 1982). Juvenile chinook salmon
growth in estuaries is often superior to river-based growth (Rich 1920a, Reimers 1971,
Schluchter and Lichatowich 1977).
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Since ocean-type chinook salmon spend more time in the estuary, they are more
susceptible to changes in the productivity of that environment than stream-type chinook salmon.
Estuaries may be ‘overgrazed’ when large numbers of ocean-type juveniles enter the estuary en
masse (Reimers 1973, Healey 1991). The potential also exists for large-scale hatchery releases of
fry and fingerling ocean-type chinook salmon to overwhelm the production capacity of estuaries
(Lichatowich and Mcintyre 1987). The loss of coastal wetlands to urban or agricultural
development may more directly affect ocean-type populations than stream-type populations. For
example, Thomas (1983) and Johnson et al. (2003b) have documented substantial loss of marsh
and swamp habitat throughout the estuary and lower Columbia River mainstem; further, many
researchers (Levy and Northcote 1982, Myers and Horton 1982, Simenstad et al. 1982, Levings
et al. 1986, Bottom et al. 1984) have documented that small juvenile salmonids usually occupy
shallow, protected habitats such as salt marshes, tidal creeks, and intertidal flats.

Diet of juvenile fall chinook varies considerably based on fish size and location in the
river, estuary, and nearshore habitats (e.g. Craddock et al. 1976, McConnell et al. 1978, Sibert
and Kask 1978, Kjelson et al. 1982, Levy and Northcote 1982, McCabe et al. 1983, Bottom et al.
1984, Dawley et al. 1986, McCabe et al. 1986, Bottom and Jones 1990, Sherwood et al. 1990,
Healey 1991, Brodeur 1992, Miller and Simenstad 1997, Simenstad and Cordell 2000).). For
young chinook in the lower Columbia River mainstem, Craddock et al. (1976) determined that
diptera were the primary prey species during the winter and spring while zooplankton (primarily
Daphnia) were the major prey item from July to October. Chironomids, Daphnia, amphipods
(Eogammarus and Corophium spp.), Neomysis, small fish (juvenile herring, sticklebacks, other
salmon), and crustacea larvae have all been identified as important food items in estuaries
(Healey 1991). Bottom et al. (1984) and Bottom and Jones (1990) reported that young chinook in
the Columbia River estuary primarily ate amphipods (Corophium), cladocerans (Daphnia), and
diptera, with Corophium dominant in winter and spring and Daphnia dominant in summer.
Seasonal changes in diet are typical, however, it is unclear whether this is related to seasonal
abundance of food items or a result of diet shifts as chinook grow.

Growth in the estuary is correlated with food supply. As a result, growth rate varies
between estuaries and between years within an estuary (Healey 1982, Neilson et al. 1985).
Reported growth rate estimates range from 0.00275 in/d to 0.52 in/d (0.07 mm/d to 1.32 mm/d),
although most estimates seem to fall near the range of 0.0197-0.295 in/d (0.5-0.75 mm/d)
(Reimers 1971, Fedorenko et al. 1979, Healey 1980, Levy and Northcote 1981, Kjelson et al.
1982, Neilson et al. 1985, Levings et al. 1986). However, it is uncertain whether growth rate
estimates are a measure of the true growth rate or are an artifact of sampling bias.

In the Columbia River estuary, subyearling chinook salmon were captured in every
month of the year and were distributed throughout freshwater, estuarine, and marine regions
(Bottom et al. 1984). Reimers (1973), working in the Sixes River, Oregon, suggested that
estuarine rearing is critical to fall chinook survival. Subyearling chinook were one of the most
abundant species collected in the Columbia River estuary; Bottom et al. (1984) suggested that
subyearling chinook abundance was partially related to their slow migration through the estuary
(i.e. subyearling chinook were available for long periods of time in a variety of estuarine
habitats). For example, subyearling chinook tagged and released in April and May were captured
in the estuary through October (Bottom et al. 1984). Subyearling chinook moved through the
estuary slower than other salmonids; in fact, migration rate appeared to decrease for about half
the hatchery groups when they entered the estuary (Bottom et al. 1984). Generally, juvenile
hatchery subyearling chinook released further upstream in the basin migrated at a faster rate than
juveniles released lower in the system (Bottom et al. 1984). Subyearling chinook abundance was
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highest in the spring and summer months; during spring and summer, subyearling chinook were
most frequently associated with water column and nearshore habitats while in the winter, they
were more frequently associated with nearshore, shoals, and bay habitats (Bottom et al. 1984).
Subyearling chinook represented 68% of the total catch of juvenile salmonids in the estuary
(Bottom et al. 1984).

Recent sampling of juvenile salmonids in the Columbia River plume has started to
illustrate patterns of habitat use by salmonids in the plume and nearshore ocean habitats (Fresh et
al. 2003), although limited years of data are currently available. First, juvenile salmon distance
offshore appears to be positively related to river flow as measured at Bonneville Dam; generally,
chinook and coho salmon yearling were captured further offshore in the plume environment as
river flow increased (Fresh et al. 2003). Second, preliminary evidence suggests that some
juvenile salmonids (chum, steelhead, and yearling coho) may preferentially utilize the plume
front compared to other areas in the plume or adjacent ocean habitats, although this did not
appear to be the case for yearling chinook salmon (Fresh et al. 2003). Although reasons for the
apparent preference to the plume front are not clear, this area may be a more productive habitat
than elsewhere in the plume and adjacent ocean.

2117 Ocean Migrations

Ocean migrations of chinook salmon extend well into the North Pacific Ocean. Chinook
salmon tend to be widely distributed and run deeper (to 110 m) than other salmon species (Major
et al. 1978). Most chinook salmon remain at sea from 1 to 6 years (more commonly 2 to 4 years).
Early maturing males returning to freshwater after 1 year at sea are commonly known as jacks. A
small number of yearling males mature in fresh water or return after 2 or 3 months in salt water.
(Rutter 1904, Gilbert 1913, Rich 1920a, Mullan et al. 1992).

Ocean migratory pattern differences between and within ocean- and stream-type chinook
salmon stocks may be partly responsible for different fluctuations in abundance. They may also
reflect long-term geographic and seasonal differences in marine productivity and estuary
availability. In addition, differences in the ocean distribution of specific stocks may be indicative
of resource partitioning and may be important to the success of the species as a whole. Current
migratory patterns may have evolved as a balance between the relative benefits of accessing
specific feeding grounds and the energy expenditure necessary to reach them. If the migratory
pattern for each population is, in part, genetically based, then the efficiency with which
subsequent generations reach and return from their traditional feeding grounds will be increased
(NMFS 1998).

Actual oceanic migratory patterns are difficult to discern, especially in the vast marine
areas where no fisheries are prosecuted and, hence, no tagged fish are recaptured. Coded-wire
tag (CWT) data can help elucidate oceanic migrations, at least in areas where fisheries occur.
Myers et al. (1998) stated that CWT recoveries of chinook from the lower Columbia River ESU
(ocean-type) generally indicate a northerly ocean migration route, but with little contribution to
Alaskan fisheries. For several specific examples, CWT recovery indicates that: Grays River
Hatchery fall chinook are harvested primarily in southern British Columbia (51%), Columbia
River (25%), and Washington ocean (12%) fisheries; Cowlitz River Salmon Hatchery fall
chinook are harvested primarily in Washington ocean (30%), British Columbia (21%), Alaska
(15%), Cowlitz River (11%), and Columbia R