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Abbreviations and Acronyms

2007 CA
2008 BiOp
2008 SCA

2010 Supplemental BiOp

2013 CE
2014-2018 IP

Action Agencies

AMIP
BiOp
BPA
BRT
BY

CE
CEERP
CHaMP
CHW
COMPASS
Corps
CR chum
CTUIR
D

DDT
DPS
EIS
ENSO
ERTG
ESA
ESU
FCRPS
FMEP

2007 Comprehensive Analysis
2008 Federal Columbia River Power System Biological Opinion

2008 Supplemental Comprehensive Analysis
2010 Federal Columbia River Power System Supplemental Biological Opinion

2013 Comprehensive Evaluation
2014-2018 Implementation Plan

U.S. Bureau of Reclamation, U.S. Army Corps of Engineers, and the Bonneville
Power Administration

Adaptive Management Implementation Plan
Biological Opinion

Bonneville Power Administration

Biological Review Team (NOAA Fisheries)
brood years

Comprehensive Evaluation

Columbia Estuary Ecosystem Restoration Program
Columbia Habitat Monitoring Program
Remand Collaboration Habitat Workgroup
Comprehensive Fish Passage model

U.S. Army Corps of Engineers

Columbia River chum

Confederated Tribes of the Umatilla Indian Reservation
differential delayed mortality
dichlorodiphenyltrichloroethane

distinct population segment

environmental impact statement

El Nifio-Southern Oscillation

Expert Regional Technical Group
Endangered Species Act

evolutionarily significant unit

Federal Columbia River Power System

Fisheries Management and Evaluation Plan
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GIS
GPRA
HF
Hal
ICTRT
IDFG
IMW

ISAB
ISEMP
ISRP
kcfs
lambda
LCFRB
LCR
LCEP
LCRE

MAT
MCR
MPG
NEPA
NMFS
NOAA
NPCC
NWFSC
ODFW
OGRP
ONI

PCBs
PCE
PDO

geographic information system
Government Performance and Results Act
hatchery fish

habitat quality improvements

Interior Columbia Basin Technical Recovery Team
Idaho Department of Fish and Game
Intensively Monitored Watershed

Action Implementation Plan

Independent Scientific Advisory Board
Integrated Status and Effectiveness Monitoring Program
Independent Scientific Review Panel
thousand cubic feet per second

median population growth rate

Lower Columbia Fish Recovery Board
Lower Columbia River

Lower Columbia Estuary Partnership

lower Columbia River estuary

natural logarithmic scale

minimum abundance thresholds

Middle Columbia River

major population group

National Environmental Policy Act

National Marine Fisheries Service

National Oceanic and Atmospheric Administration
Northwest Power and Conservation Council
Northwest Fisheries Science Center
Oregon Department of Fish and Wildlife
Odessa Groundwater Replacement Project
Oceanic Nino Index

p-value, or probability value

polychlorinated biphenyls

primary constituent element

Pacific Decadal Oscillation
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Public Utility District

quasi-extinction threshold

returns-per-spawner (also referred to as recruits-per-spawner)
U.S. Bureau of Reclamation

Regional Implementation Oversight Group

river kilometer

river mile

research, monitoring, and evaluation

reasonable and prudent alternative

relative reproductive success

smolt-to-adult return

Survival Benefit Unit

sea lion exclusion devices

Salmon Population Summary database

Snake River
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total dissolved gas

transport-to-inriver

Technical Management Team

Technical Recovery Team

Upper Columbia River

U.S. Bureau of Reclamation

U.S. Environmental Protection Agency

U.S. Forest Service

U.S. Fish and Wildlife Service

U.S. Geological Survey

Upper Willamette River

Willamette Lower Columbia Technical Recovery Team

Washington Department of Fish and Wildlife
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Terms and Definitions

Abundance

Acre-feet

Adaptive Management

All-H Approach

Anadromous Fish

Brood cycles

Cleptoparasitism

Compensatory Mortality

Compliance Monitoring

Delisting Criteria

Dissolved Gas Level

Distinct Population
Segment (DPS)

Diversion

In the context of salmon recovery, abundance refers to the number
of adult fish returning to spawn.

A common measure of the volume of water in the river system. It is
the amount of water it takes to cover one acre (43,560 square feet)
to a depth of one foot.

The process of adjusting management actions and/or directions
based on new information.

The idea that actions could be taken to improve the status of a
species by reducing adverse effects of the hydrosystem, predators,
hatcheries, habitat, and/or harvest.

Species that are hatched in freshwater, migrate to and mature in salt
water, and return to freshwater to spawn.

Salmon and steelhead mature at different ages so their progeny
return as spawning adults over several years. When all progeny at
all ages have returned to spawn, the brood cycle is complete.

A form of feeding in which one animal takes prey or other food from
another that has caught, collected, or otherwise prepared the food

When the mortality rate decreases as the population size
decreases.

Monitoring to determine whether a specific performance standard,
environmental standard, regulation, or law is met.

Criteria incorporated into ESA recovery plans that define both
biological viability (biological criteria) and alleviation of the causes
for decline (threats criteria based on the five listing factors in ESA
section 4[a][1]), and that, when met, would result in a determination
that a species is no longer threatened or endangered and can be
proposed for removal from the Federal list of threatened and
endangered species.

As falling water hits the river surface, it drags in air as it plunges.
With increasing water pressure, the air dissolves into the water and
increases the levels of pre-existing dissolved gases.

A listable entity under the ESA that meets tests of discreteness and
significance according to USFWS and NOAA Fisheries policy. A
population is considered distinct (and hence a “species” for
purposes of conservation under the ESA) if it is discrete from and
significant to the remainder of its species based on factors such as
physical, behavioral, or genetic characteristics, it occupies an
unusual or unique ecological setting, or its loss would represent a
significant gap in the species’ range.

Refers to taking water out of the river channel for municipal,
industrial, or agricultural use. Water is diverted by pumping directly
from the river or by filling canals.

2014 FCRPS Supplemental Biological Opinion | NOAA Fisheries | January 17, 2014



24 | Terms and Definitions

Diversity

Dredging

Early Warning Indicator

Effectiveness Monitoring

ESA Recovery Plan

Evolutionarily Significant

Unit (ESU)

Fish Ladder

Flood Control

Flow Augmentation

All the genetic and phenotypic (life history, behavioral, and
morphological) variation within a population. Variations could include
anadromy versus lifelong residence in freshwater, fecundity, run
timing, spawn timing, juvenile behavior, age at smolting, age at
maturity, egg size, developmental rate, ocean distribution patterns,
male and female spawning behavior, physiology, molecular genetic
characteristics, etc.

The act of removing sediment from the river bottom to keep the
channel at the proper depth for navigation. The continual moving
and shifting of sediment makes dredging an ongoing activity.

The Early Warning Indicator alerts NOAA Fisheries and the Action
Agencies to a decline in a species’ natural adult abundance level
that warrants further scrutiny. This indicator is a combination of 5-
year abundance trends and rolling 4-year averages of abundance,
based on the most recent 20 to 30 years of adult return data,
depending on the species. The Early Warning Indicator would be
tripped if the running 4-year mean of adult abundance dropped
below the 20th percentile, or if the trend metric dropped below the
10th percentile and the abundance metric was below the 50th
percentile.

Monitoring set up to test cause-and-effect hypotheses about RPA
actions intended to benefit listed species and/or designated critical
habitat. Did the management actions achieve their direct effect or
goal? For example, did fencing a riparian area to exclude livestock
result in recovery of riparian vegetation?

A plan to recover a species listed as threatened or endangered
under the U.S. Endangered Species Act (ESA). The ESA requires
that recovery plans, to the extent practicable, incorporate (1)
objective, measurable criteria that, when met, would result in a
determination that the species is no longer threatened or
endangered; (2) site-specific management actions that may be
necessary to achieve the plan's goals; and (3) estimates of the time
required and costs to implement recovery actions.

A group of Pacific salmon or steelhead trout that is (1) substantially
reproductively isolated from other conspecific units and (2)
represents an important component of the evolutionary legacy of the
species. Equivalent to a distinct population segment and treated as
a species under the Endangered Species Act.

A series of stair-step pools that enables adult salmon and steelhead
to migrate upstream past a dam. Swimming from pool to pool, adult
salmon and steelhead work their way up the ladder to the top where
they continue upriver.

Streamflows in the Columbia River basin can be managed to keep
water below damaging flood levels in most years. This level of flood
control is possible because storage reservoirs on the river can
capture and store heavy runoff as it occurs.

Water released from system storage at targeted times and places to
increase streamflows to benefit migrating juvenile salmon and
steelhead
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Freshet

Heterozygosity

Hyporheic

Implementation Monitoring

Intrinsic Productivity

Introgression

Iteroparity

Kelts

Legacy Effects

Levees

Limiting Factors

Major Population Group
(MPG)

Management Unit

Morphology

Micronekton

The heavy runoff that occurs in the river when streams are at their
peak flows with spring snowmelt. Before the dams were built, these
freshets moved spring juvenile salmon quickly downriver.

The presence of different alleles at one or more loci on homologous
chromosomes.

The hyporheic zone is a region beneath and alongside a stream bed
where shallow groundwater and surface water mix.

Monitoring to determine whether an activity was performed and/or
completed as planned.

Productivity at very low population size; unconstrained by density.

The incorporation of genes from one species into the gene pool of
another as a result of hybridization.

The ability to reproduce more than once during a lifetime.

Steelhead that have survived spawning and may return the following
year to spawn again, unlike most other anadromous fish.

Impacts from past activities (usually a land use) that continue to
affect a stream or watershed in the present day.

A levee is a raised embankment built to keep out flood waters.

Impaired physical, biological, or chemical features (e.g., inadequate
spawning habitat, high water temperature, insufficient prey
resources) that result in reductions in viable salmonid population
(VSP) parameters (abundance, productivity, spatial structure, and
diversity). Key limiting factors are those with the greatest impacts on
a population’s (or major population group’s or species’) ability to
reach its desired status.

An aggregate of independent populations within an ESU that share
similar genetic and spatial characteristics.

A geographic area defined for recovery planning purposes on the
basis of state, tribal or local jurisdictional boundaries that
encompass all or a portion of the range of a listed species, ESU, or
DPS.

The form and structure of an organism, with special emphasis on
external features.

Relatively small but actively swimming organisms ranging in size
between 2—10cm.
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Northern Pikeminnow

Parr

Peak Flow

Photic Zone

Piscivorous

Reach

Reasonable and Prudent
Alternative

Recovery Goals

Recovery Strategy

Redd

Resident Fish

Riparian Area

River Reach

Runoff

Salmonid

A large member of the minnow family, the Northern Pikeminnow
(formerly known as Squawfish) is native to the Columbia River and
its tributaries. Studies show a Northern Pikeminnow can eat up to 15
young salmon a day.

The stage in anadromous salmonid development between
absorption of the yolk sac and transformation to smolt before
migration seaward.

The maximum rate of flow occurring during a specified time period
at a particular location on a stream or river.

The depth of the water in a lake or ocean that is exposed to
sufficient sunlight for photosynthesis to occur.

Describes any animal that preys on fish for food.

A length of stream between two points.

Recommended alternative actions identified during formal
consultation that can be implemented in a manner consistent with
the purposes of the action, that can be implemented consistent with
the scope of the Federal agency’s legal authority and jurisdiction,
that are economically and technologically feasible, and that the
Service finds would avoid the likelihood of jeopardizing the
continued existence of the listed species or the destruction or
adverse modification of designated critical habitat.

Goals incorporated into a locally developed recovery plan. These
goals may go beyond the requirements of ESA de-listing by
including other legislative mandates or social values.

A statement that identifies the assumptions and logic—the
rationale—for the species’ recovery program.

A nest constructed by female salmonids in streambed gravels where
eggs are deposited and fertilization occurs.

Fish that are permanent inhabitants of a water body. Resident fish
include trout, bass, and perch.

Area with distinctive soils and vegetation between a stream or other
body of water and the adjacent upland. It includes wetlands and
those portions of floodplains and valley bottoms that support riparian
vegetation.

A general term used to refer to lengths along the river from one
point to another, as in the reach from the John Day Dam to the
McNary Dam.

Precipitation, snowmelt, or irrigation water that runs off the land into
streams or other surface water.

Of, belonging to, or characteristic of the family Salmonidae, which
includes salmon, steelhead, trout, and whitefish. In this document, it
refers to listed steelhead distinct population segments (DPS) and
salmon evolutionarily significant units (ESU).
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Semelparous

Significant Decline Trigger

Smolt

Snowpack

Spatial structure

Spill

Stakeholders

Streamflow

Technical Recovery Team
(TRT)

Threats

Tule

Turbine

Reproducing or breeding only once in a lifetime.

The Significant Decline Trigger of the Adaptive Management
Implementation Plan (AMIP) detects notable declines in the
abundance of listed species. This trigger is also a combination of 5-
year abundance trends and rolling 4-year averages of abundance.
The levels were set based on the same set of historical values used
for the Early Warning Indicator. The Significant Decline Trigger
would be tripped if the abundance metric dropped below the 10th
percentile, or if the trend metric dropped below the 10th percentile
and the abundance metric was below the 20th percentile. The
Significant Decline trigger, if tripped, results in the implementation of
rapid response actions (if not already implemented pursuant to an
Early Warning Indicator) to minimize or mitigate for an unforeseen
downturn

A juvenile salmon or steelhead migrating to the ocean and
undergoing physiological changes to adapt from freshwater to a
saltwater environment.

The accumulation of snow in the mountains that occurs during the
late fall and winter.

The geographic distribution of a population or the populations in an
ESU.

Water released from a dam over the spillway instead of being
directed through the turbines.

Agencies, groups, or private individuals with an interest in the
FCRPS or the management of natural resources affected by the
FCRPS or relevant to its mitigation.

Streamflow refers to the rate and volume of water flowing in various
sections of the river. Streamflow records are compiled from
measurements taken at particular points on the river, such as The
Dalles, Oregon.

Teams convened by NOAA Fisheries to develop technical products
related to recovery planning. Technical Recovery Teams are
complemented by planning forums unique to specific states, tribes,
or regions, which use TRT and other technical products to identify
recovery actions. See SCA Section 7.3 for a discussion of how TRT
information is considered in these Biological Opinions.

Human activities or natural events (e.g., road building, floodplain
development, fish harvest, hatchery influences, volcanoes) that
cause or contribute to limiting factors. Threats may exist in the
present or be likely to occur in the future.

A fall Chinook salmon that spawns in lower Columbia River
tributaries (as opposed to “upriver bright” fall Chinook that spawn
above Bonneville Dam).

An enclosed rotary type of prime mover that drives an electric
generator to produce power.
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Viability criteria Criteria defined by NOAA Fisheries-appointed Technical Recovery
Teams based on the biological parameters of abundance,
productivity, spatial structure, and diversity, which describe a viable
salmonid population (VSP) (an independent population with a
negligible risk of extinction over a 100-year time frame) and which
describe a general framework for how many and which populations
within an ESU should be at a particular status for the ESU to have
an acceptably low risk of extinction. See SCA Section 7.3 for a
discussion of how TRT information is considered in these Biological

Opinions.
Viable salmonid population An independent population of Pacific salmon or steelhead that has a
(VSP) negligible risk of going extinct as a result of genetic change,

demographic stochasticity (i.e., random effects when abundance is
low), or normal levels of environmental variability.
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1.1 Consultation Overview

This section describes the Endangered Species Act (ESA) analysis and determinations
NOAA'’s National Marine Fisheries Service (hereafter NOAA Fisheries) is making in this
supplemental biological opinion (/ereafter Supplemental Opinion) for the Federal Columbia
River Power System (FCRPS). This opinion supplements NOAA Fisheries’ FCRPS
Biological Opinion issued May 5, 2008 (NMFS 2008a, hereafter 2008 BiOp) that
recommended a Reasonable and Prudent Alternative (RPA) for the FCRPS, which was then
adopted for implementation by the FCRPS Action Agencies (U.S. Army Corps of Engineers,
U.S. Bureau of Reclamation, and the Bonneville Power Administration). In litigation
challenging the 2008 BiOp, NWF v. NMF'S, the Court ordered NOAA Fisheries to issue a new
or supplemental biological opinion for the FCRPS by 2014 (U.S. District Court 201 1).! This
Supplemental Opinion complies with that court order.

The general purpose of a biological opinion is for NOAA Fisheries to evaluate the likely
effects of a proposed action on listed species and critical habitat and to apply the statutory
standards set forth in section 7(a)(2) of the ESA, 16 U.S.C. § 1536(a)(2). Similarly, along
with other requirements, an RPA to a proposed action must also meet those standards by
avoiding the likelihood of either jeopardizing the continued existence of listed species or
resulting in the destruction or adverse modification of critical habitat. Sometimes, after
consultation is completed, questions arise about whether the original ESA consultation should
be reinitiated as required by the consultation regulations, 50 C.F.R. § 402.16. Reinitiation is
appropriate in this instance to comply with the court-ordered remand to address concerns
raised with the 2008 BiOp. In addition, since the 2008 BiOp was issued, NOAA Fisheries has
listed an additional species, the southern distinct population segment (DPS) of eulachon, and
has designated critical habitat for eulachon and for the southern DPS of North American
green sturgeon. Thus, NOAA Fisheries has engaged in a reinitiated consultation on the
FCRPS RPA for this species and these critical habitats.

" The Court granted an extension to January 24, 2014, by order issued November 8, 2013.
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Development of the Reasonable and Prudent Alternative

The FCRPS RPA is unique and therefore warrants explanation. The RPA’s origins are
informed by litigation over a series of biological opinions for the FCRPS issued first in 2000
and then in 2004. Although, in a typical consultation, an RPA is proposed by NOAA Fisheries
as an alternative to the Action Agencies’ proposed action, in this case, the Action Agencies
presented an RPA in the 2007 Biological Assessment (USACE et al. 2007a). The proposed
RPA was a product of collaboration between states, tribes, NOAA Fisheries, and the FCRPS
Action Agencies, as called for by a court ordered remand (NWF v. NMFS, Case No. 01-640,
Order issued October 7, 2005). NOAA Fisheries further modified, supplemented, and refined
the RPA program of actions proposed by the Action Agencies and concluded, in the 2008
BiOp, that the RPA recommended by NOAA Fisheries met the regulatory definition for an
RPA, and, in particular, would likely avoid jeopardizing the continued existence of, or
destroying or adversely modifying critical habitat for thirteen species of salmon and steelhead
affected by the FCRPS. Among other things, the resulting 2008 RPA consisted of a new
FCRPS operation plan designed to reduce the adverse effects of the FCRPS on listed salmon
and steelhead as well as a number of strategies and actions intended to improve the
productivity and survival of those listed species and the function of their habitat.

The 2008 RPA is intended to be implemented over a 10-year period, from 2008 through 2018.
The RPA calls for review of the Action Agencies’ implementation of the FCRPS operations
and mitigation program in 2013 and 2016. For assessments in 2013 and 2016, the Action
Agencies prepare a Comprehensive Evaluation (CE) and an Implementation Plan (RPA
Actions 1 and 3). The stated purpose of NOAA Fisheries’ assessment is “determining if the
RPA is being implemented as anticipated in this Biological Opinion or, conversely, if
reinitiation triggers defined in 50 C.F.R. 402.16 have been exceeded.” (RPA Action 3).

In 2009, NOAA Fisheries conducted a thorough review of the 2008 BiOp and the best
available science and information, and determined that reinitiation of that consultation and
biological opinion was not required. NOAA Fisheries’ determination was particularly
informed by the Adaptive Management Implementation Plan (AMIP; BPA et al. 2009),
submitted to NOAA in September 2009, that provided for a more detailed and aggressive
implementation of the 2008 BiOp’s RPA. In 2010, NOAA Fisheries and the Action Agencies
reinitiated consultation during a court ordered remand to incorporate the AMIP into the RPA
through NOAA’s 2010 Supplemental Biological Opinion (NMFS 2010a, hereafter 2010
Supplemental BiOp). This review coincided with NOAA Fisheries’ review of the Action
Agencies’ 2009 Implementation Plan called for by RPA Action 1.

The RPA has now been reevaluated for this 2011 court ordered remand, and this reinitiated
consultation analyzes the revised RPA with continued reliance on the determinations of the
2008 BiOp in the context of current information regarding the species, environmental

baseline, any cumulative effects, and past and prospective implementation of RPA actions.
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Components of this Supplemental Biological Opinion

Specific mitigation Projects 2014-2018

This Supplemental Opinion was prepared to comply with the 2011 Court Remand Order,
which required more specific identification of habitat mitigation projects for the 2014 through
2018 period (NWF v. NMF'S, Order issued August 2, 2011).

Specifically Judge James A. Redden determined, in the Remand Order, that:

[t]he no jeopardy decision for the entire ten-year term of the BiOp is arbitrary and
capricious because NOAA Fisheries has failed to identify specific mitigation plans
beyond 2013, that are reasonably certain to occur. Because the 2008/2010 BiOp provides
some protection for listed species through 2013, however, I order NOAA Fisheries to
fund and implement the BiOp until then. [from NWF v. NMFS, Remand Order, p. 17]

The Court directed that “[n]o later than January 1, 2014, NOAA Fisheries shall produce a new
or supplemental BiOp that corrects this BiOp’s reliance on mitigation measures that are not
reasonably certain to occur” (Remand Order, p. 23).? Accordingly, this Supplemental Opinion
addresses the Court’s concern for the certainty of habitat mitigation to be implemented in
2014 through 2018.

In this Supplemental Opinion, NOAA Fisheries evaluates the RPA analyzed in the 2008 and
2010 BiOps, as buttressed by the habitat mitigation projects the Action Agencies have
identified for implementation in 2014 through 2018. In evaluating the 2014—18 habitat
projects, NOAA Fisheries is addressing the following principal questions:

Whether the effects of the habitat RPA actions, including those from the newly
developed projects, are reasonably certain to occur;

Whether the projects the Action Agencies have identified for implementation
after 2014, when added to projects implemented since 2007, are likely to
achieve the RPA’s Habitat Quality Improvement objectives set forth in RPA
Action 35, Table 5, and the associated survival improvements for listed
salmonids in tributary habitat, as well as the estuary survival improvements
objectives set forth in RPA Actions 36 and 37; and

Whether the methodology used by the Action Agencies to determine the
efficacy of the habitat actions uses the best science available.

Consultation for New Species and Critical Habitats

Since 2008, the eulachon was listed for ESA protection as a threatened species. Furthermore,
critical habitat for eulachon and green sturgeon has been designated since 2008. Critical
habitat for Lower Columbia River coho salmon is also now proposed for designation. All of
these are considered for the first time for ESA section 7(a)(2) purposes in this Supplemental
Opinion as species or habitat that may be affected by implementation of the FCRPS RPA.

? Subsequently extended to January 24, 2014.
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Current Validity of 2008 and 2010 BiOp Analysis

NOAA Fisheries has also evaluated the current validity of the ESA analysis contained in the
2008 and 2010 FCRPS BiOps. To do so NOAA Fisheries has considered:

Whether there is new data concerning the status of the listed species, changes
to the environmental baseline, and cumulative effects. NOAA Fisheries also
considers the information about effectiveness of the RPA’s implementation to
date. These determinations are informed by the current development of the
RPA’s Research, Monitoring, and Evaluation program.

Whether the Action Agencies have implemented the RPA as intended, or
whether any significant discrepancies deviate from the effects expected to
result from the RPA actions.

NOAA Fisheries concludes that the section 7(a)(2) analysis of the 2008 BiOp remains valid,
as supplemented in 2010, and further by the additional project definition, analysis, and revised
RPA actions contained in this Supplemental Opinion. Therefore, this biological opinion
supplements without replacing the 2008 and 2010 FCRPS BiOps.

For each affected listed species and designated critical habitat, NOAA Fisheries reaches new
determinations pursuant to ESA section 7(a)(2) and its implementing regulations based on the
analysis in the prior BiOps, and further supported by the analysis provided in this
Supplemental Opinion. In this regard, the determinations herein are similar to that made by
NOAA Fisheries in its 2010 Supplemental BiOp where it reaffirmed the validity of its ESA
determinations made in the 2008 BiOp.

Incidental Take Statement Revisions

Finally, NOAA Fisheries considers the Incidental Take Statement for the FCRPS operation
and mitigation and makes adjustments consistent with the RPA’s implementation to date and
with currently available information regarding the extent of take and opportunities for
minimization. The amount or extent of take described in the Incidental Take Statement is
consistent with the analysis in this Supplemental Opinion.

2013 Assessment

This Supplemental Opinion also includes the determinations that NOAA Fisheries is required
to make in connection with the 2013 assessment concerning adequacy of the Action
Agencies’ progress toward implementing the RPA. Although a supplemental biological
opinion is not required for the purposes of the 2013 assessment, as the court noted, the date
for the supplemental biological opinion coincides with the 2013 assessment (Remand Order,

p. 19).
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1.2 Overview of the 2008/2010 RPA

The RPA for the FCRPS is a comprehensive program to protect listed species of salmon and
steelhead in the Columbia basin by adopting operations and configuration changes for the
FCRPS dams that reduce adverse effects to the species migrating through the FCRPS while, at
the same time, implementing habitat restoration actions in spawning and rearing habitat in
upstream Columbia River tributaries and in migration and rearing habitat in the River’s
estuary downstream. Additional RPA actions reduce predation and minimize the adverse
effects of FCRPS-funded mitigation hatchery programs, committing some of those programs
to conserve the listed species. This RPA program is complemented by a commensurate
monitoring and research program to refine and improve the science on which it is based to
better guide its implementation and confirm its effects.

In 1999, the Action Agencies proposed a program for the FCRPS that coupled improvements
at the dams with mitigation actions in salmon habitat. NOAA Fisheries found, in its 2000
FCRPS BiOp, that the proposal was likely to jeopardize the interior Columbia basin salmonid
species, largely because the habitat mitigation actions were not sufficiently defined. NOAA
Fisheries developed an RPA in that BiOp (NMFS 2000) that improved upon the Action
Agencies’ proposal with more specific actions and objectives. After several rounds of
litigation and court decisions concerning the adequacy of the RPA, the Action Agencies and
NOAA Fisheries, in 2005 through 2007, collaborated with Columbia basin states and tribes to
develop the current RPA, adopted in the 2008 BiOp. After careful review in 2009, NOAA and
the Action Agencies further defined the 2008 RPA in the AMIP, which NOAA Fisheries
integrated into the 2008 RPA in the 2010 Supplemental BiOp. The Action Agencies and
NOAA Fisheries now provide in this Supplemental Opinion further description and analysis
of habitat restoration actions to be implemented in the tributaries and estuary.

Hydropower Actions

The first focus of the RPA is for improving the survival of salmon and steelhead migrating in
the mainstem Columbia and Snake rivers. Fish survival is affected by the operation and
configuration of the FCRPS mainstem dams and reservoirs through which the fish must
migrate and is further affected by the management of water released from the FCRPS upriver
storage reservoirs. The RPA specifies a program of actions for the operation and structural
modification of the mainstem dams to achieve fish survival performance standards coupled
with storage and release of water to maintain adequate river migration flows (RPA Actions 4—
33 and 50-55). Juvenile salmon and steelhead survival is also limited in the mainstem by fish
and bird predators that inhabit the dams and reservoirs. Marine mammals also prey on adult
salmonids in the lower Columbia River and estuary. The RPA calls for programs to reduce
predation on listed salmonids through relocation, hazing, and bounties, guided by an ongoing
research program (RPA Actions 43 through 49 and 66 through 70).
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Habitat Actions

The RPA’s next focus is on enhancing the function of upriver habitat where salmon spawn
and rear, as well as down river estuary habitat where salmon transition to the ocean
environment. By restoring these habitats, the numbers and fitness of wild salmon and
steelhead populations are expected to increase. The RPA specifies biological performance
standards that determine the extent to which habitat function, and therefore fish survival, must
be improved. The actions undertaken for this purpose are developed by local experts and
guided by current salmon research and monitoring. Projects aim to increase stream flows,
reduce water temperature, remove barriers to fish access, and increase pools, spawning
gravels and side channel habitats (RPA Actions 34 through 38 and 56 through 61).

Hatchery Actions

The FCRPS also funds over 100 hatchery programs in the Columbia River basin. Hatcheries
can be used to support wild fish until they can be sustained in the wild, but hatchery fish can
also compete with wild fish for food and habitat, transmit hatchery diseases, and, through
interbreeding, interfere with the wild fish’s genetic adaptation to its environment. The RPA
calls for scrutiny of the FCRPS-funded hatchery programs to identify those that can contribute
to the conservation of wild fish and to reform those that pose a threat to wild fish (RPA
Actions 39 through 42 and 63 through 65).

Planning, Reporting, and Monitoring Actions

Finally, the RPA requires comprehensive program planning, reporting, and progress
monitoring, to ensure this program is effective for ensuring the FCRPS continues to avoid
jeopardizing listed salmonid species and adversely modifying their critical habitat (RPA
Actions 1 through 3 and 71 through 73).
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1.3 Modifications to the 2008/2010 RPA

In the course of conducting this supplemental consultation, NOAA Fisheries concludes that it
is appropriate to make certain revisions to the 2008/2010 RPA to address the currently
available scientific information. The sections referenced below discuss these revisions in
detail. The corresponding original RPA action descriptions for the actions in this table are
hereby modified with these new descriptions for purposes of future RPA implementation.

Table 1.3-1. 2014 Supplemental Opinion modifications to the 2008/2010 RPA.

Location
RPA in 2014
Action Supplemental
No. Description Modified RPA Language Opinion
29: Spill Operations to See Revised RPA Action 29 Table 2 in Figure 1.3-1 below. Section 3.3.1.1
Table 2 Improve Juvenile
Passage
30: Juvenile Fish Table 3 is no longer in effect. Instead the Action Agencies will continue Section 3.3.3.4
Table 3 Transportation in the transport operation at Snake River collector dams according to the
and Columbia and Snake  following criteria and schedule (See Section 3.3.3.4 Juvenile Transport
Table 4 Rivers and IP RPA Action 30 for more details):
Annual Review of Information
o Data on fish survival, adult returns, current year
inriver conditions, and water supply forecast will be
reviewed with RIOG each year to determine the best
operation for the fish.
Transport Start Date
o TMT will review the results of transport studies
annually and provide an annual recommendation on
how to operate the juvenile transport program to
achieve the goal of transporting about 50% of
juvenile steelhead.
o Planning dates to initiate juvenile transport at Lower
Granite Dam will be April 21 to April 25, unless the
Corps adopts a recommendation by TMT that
proposes a later start date (No Later Than May 1)
and accompanying alternative operation in their
annual recommendation to achieve the goal of
transporting about 50% of juvenile steelhead.
o Transport will begin up to 4 days and up to 7 days
after the Lower Granite start date at Little Goose and
Lower Monumental dams, respectively.
o Transport will continue until approximately
September 30 at Lower Monumental and through
October 31 at Lower Granite and Little Goose dams.
Table 4 is no longer in effect. Transportation operations have ceased at
McNary Dam (Section 3.3.3.4 Juvenile Transport and IP RPA Action 30).
31 Configuration and McNary Dam will no longer be considered in the Configuration and Section 3.3.3.4
Operational Plan Operational Plan Transportation Strategy.
Transport Strategy ) ) .
Transportation operations have ceased at McNary Dam (Section 3.3.3.4
Juvenile Transport and IP RPA Action 30).
32 Fish Passage Plan The Action Agencies will no longer consider transport at McNary Dam in Section 3.3.3.4
the development of Transportation Strategy Configuration and Operation
Plan
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RPA
Action
No. Description

Modified RPA Language

Location

in 2014
Supplemental
Opinion

38 Pile Dike Removal
Program

RPA Action 38 is no longer required.

Based on the available information, it is not possible to determine
whether the removal of pile structures would actually provide survival
benefits to juvenile salmon and steelhead. All survival benefit units
attributed to this program in the Action Agencies’ 2007 Biological
Assessment will now be acquired by implementing additional projects
under RPA Action 37.

Section 3.2.3

43 Northern Pikeminnow
Management
Program

The Action Agencies will continue to annually implement the base
program and continue the general increase in the reward structure in the
northern pikeminnow sport-reward fishery consistent with the increase
that started in 2004.

The Action Agencies will fund and update northern pikeminnow
exploitation and consumption models using best available information
including a range of estimated inter and intra-specific compensation,
as needed, to more accurately estimate salmonid survival benefits of
the NPMP.

The Action Agencies will evaluate the feasibility of using improved
electrofishing methods to meet the current monitoring goals while
reduce take of ESA listed salmonids.

The Action Agencies will evaluate the effectiveness of focused
removals of northern pikeminnow at Columbia and Snake River Dams
to investigate the cost and benefits of dam angling in increasing
juvenile salmonid survival.

Implementation Plans, Annual Progress Reports, and Comprehensive
RPA Evaluations

NPMP actions will be described in future Implementation Plans.
Annual progress reports will describe actions taken, including:
o Number of pikeminnow removals
o Estimated reduction of juvenile salmon consumed
o Average exploitation rate
o Effectiveness of focused removals at mainstem dams

o Results of periodic program evaluations (including updates on
age restructuring and compensatory responses)

NPMP actions taken will be summarized in future Comprehensive
Evaluation Reports)

Section 3.5.1

46 Double-crested
Cormorant Predation
Reduction

The FCRPS Action Agencies will develop a cormorant management plan
(including necessary monitoring and research) and implement warranted
actions to reduce cormorant predation in the estuary to Base Period
levels (no more than 5,380 to 5,939 nesting pairs on East Sand Island).

Implementation Plans (and planned completion dates)

o Environmental Impact Statement (EIS)/Management Plan will be
completed by late 2014

o Record of Decision will be issued late 2014
o Actions will begin to be implemented in 2015
Annual Progress Report

o Progress will be documented in the Action Agencies' annual
implementation reports

Section 3.5.2
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Location
RPA in 2014
Action Supplemental
No. Description Modified RPA Language Opinion
48 Other Avian Deterrent  The Corps will monitor avian predator (terns, cormorants, and gulls) Section 3.5.2

Actions activity and continue to implement and improve avian deterrent programs
at all lower Snake and Columbia River dams. This program will be
coordinated through the Fish Passage Operations and Maintenance
Team and included in the Fish Passage Plan (Section 3.5.2 Terns and
Cormorants and IP RPA Action 48).

Table 2. Proposed Spring and Surmmer Project Voluntary Spill Dperations.’

Proposed 2014 BiOp Summer Summer Planning

Project Proposed 2014 BiDp Spring Spill | Spring Planning Dates. Spill Dates
Bonneville 100 kfs AA0-815 95 ket and 85 kefs /121 kofs B6 a3
The Dalles a0°% AM0-B15 0% BIE-A31

April 10-Apnl 27; 305% June 16-Juiy 20 305 and 40%
John AM0-6/15 BG83
Dary April 27-June 15 30% and 40%" July 20-fugust 31; 30%
McNary a0k AN0-615 50% BIE A3
April 3-Apeil 28: 45 hofa/Gas Cap Juna 1-luly 13- 33:’”“

o i kefa/Gas 1 FY

I Hanbor April Z8-May 30: 30% and 45 kefs 413573 s 31 45 kefs | Gas A1-a031

Gas Cap g
Cap

Lower Monumental Gas Cap (~27 kofs) (bulk patiem) 4353 17 cfs 61780317
Litte Goosa % A& 30% [T
Lower Granita 20 kefs 435 18 kefs IR

Teduntary apil oparations and planring dates may be adusted (increased or tecTessed) Iof FEERSCh pUrposes of through the S0AptMe Management process (1o bater
miakch juveria culmigroton tming. and'ar 1o schieve of mantain performance standosds).

# Tranaitions from spring ta summer spil have changed from July 1 1o June 16 based an updated run timing of subyzaring fall Ghinook saimen, For further information see
e 2007 FCRPS Biplogical Assessment, Attachment B.2.1.1, Section 3.5 (USACE et al. 2007a).

*The 2014-2018 IP leaves i 1o NOAR Fishenes b develop aliemative critena for determining the sprng 1o summer bansibon dates. NOAA plans 1 base B decision on
the estimated 95% passage date of wild spring juvenila migrants (yearling Chinook saimen and stesthaad smeiis) or comibined hatchery and wild smolis far sockeys salimon))
afl Lower Granite Dam. The spring to summer spill ransibion af Lower Granide Darm will be based on this 935% passage estmate, and would oScur na earfier than June 1. The
tranaition date ol Lite Goose Dam, Lower Monumantal Dam, and loe Harbor Dam wil be steggened to factod lor fiah trvel time from Lower Geanite Dam bo thess projects.
The stagger will be based on in-season river flow conditions and a calculation of waler travel time between Lowsr Graniie Dam and the other dams, See Section 3.3,1.1 of
the 2014 Supplemental Biclogical Oginion.

* Beginning August 1, cunailment of summer spil may occur fest at Lowsr Granie Dam if subyearing Chinock cobection counts fall bekow 300 fish per day for 3 consecubive
danys (beginning July 79, 30, and 31 for August 1 cunailment) Usng the same 300 fish citerion, e curlaled spil would hen progress downsiream wilh esch sucesssve
gam on the Snake River, with spdl 51 Little Goose Dam ending no earier than 3 days sfter the lermmnation of spdl 84 Lower Granite Dam, and anding st Lower Monumental
Dam no earier than 3 days after the termination of spill at Litte Goose Dam assuming the 300 fish critenion has been mal al those projects. Spll would be curtsiled at lce
Harbar Dam no aaries than 2 days after Lower Monumental Dam, without use of the 300 fish criterion. Spill will and at D500 howrs on the day afer the necessany curtailiment
critaria ane mal. i afer cosaation of apill sl any one of the Snake River projects on of after Augusl 1, sulearding Chinock collecon counts Bgain excasd 500 fah par day for
tw consecutive days, 3pill will resume at that project only. Thersafier, fish collectson count numbers will be resvaluated daly io determing i apdl should confinue wsing the
criberia above (300 fish per day] wntil Augast 31,

Addiionally, in any year where naluwal-oign adull returns of Snake River Tall Chinook samon are equal 1o of kess than 400 fish, summer sgil in e following year would
continue 8 Snake River projects through August 31, even In years whena sudyearing Chinook counis fall below the 200 fish per day Tor three consecutive days as siated
above. Ses Section 3.3.1.1 of the 2014 Supplemental BiOg,

Figure 1.3-1. RPA Action 29 revised Table 2. Table 2 has been revised to reflect currently proposed operations
and decision criteria.
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NOAA expects the Action Agencies will initiate consultation on continued operation of the
FCRPS for 2019 and beyond before this current RPA is fully implemented at the end of 2018.
In light of the duration of this consultation (through 2018), the agencies will be required to
complete a new ESA Section 7(a)(2) consultation evaluating the likely effects of such a
proposed action in 2018. NOAA expects that the Action Agencies will prepare a Biological
Assessment or equivalent thereof in 2017, which will provide the basis for initiating the
development of NOAA’s 2019 Biological Opinion concerning the continued operation of the
FCRPS projects. Thus, in anticipation of this future consultation, NOAA and the Action
Agencies will consider adjustments to the timing and content of the implementation plans,
annual progress reports and comprehensive evaluations called for in RPA Actions 1 3 and
referenced throughout the RPA and will engage with the Regional Implementation Oversight
Group (RIOG) on these adjustments. For example, the comprehensive evaluation now
scheduled for 2016 could be incorporated into a Biological Assessment in 2017, and an
annual progress report provided in 2016. Such flexibility and modifications are inherent in the
RPA and consistent with the purposes served by RPA Actions 1-3, as the modifications would
continue to provide NOAA with a comprehensive assessment of both past and planned
implementation of the RPA. NOAA finds that such flexibility or modifications would be
appropriate and consistent with the purposes and policies of ESA Section 7.
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2.1 Rangewide Status of Salmon and Steelhead and
Designated Critical Habitat

In the 2008 BiOp, NOAA Fisheries considered the rangewide status of listed salmon and
steelhead species and designated critical habitat affected by the RPA. Those listed species and
critical habitat designations are displayed in Chapter 4 of the 2008 Supplemental Comprehensive
Analysis (NMFS 2008b, hereafter 2008 SCA), including the Federal Register citations. They are
summarized in Table 2.1 below.

Table 2.1. ESA-listed species and designated critical habitat considered in the 2008 FCRPS BiOp.

ESA-Listed Species by
Evolutionarily Significant Unit ESA Listing Status ESA Critical Habitat Designated?1
(ESU)

Interior Columbia Basin Species

Snake River (SR) fall Chinook

Threatened Yes
salmon
SR spring/summer Chinook salmon Threatened Yes
SR steelhead Threatened Yes
Upper Columbia River (UCR) spring Endangered Yes
Chinook salmon
UCR steelhead Threatened 2 Yes
Middle Columbia River steelhead Threatened Yes
SR sockeye salmon Endangered Yes

Lower Columbia Basin Species

Columbia River chum salmon Threatened Yes

Lower Columbia River (LCR) Threatened Yes

Chinook salmon

Under development at the time of the

LCR coho salmon Threatened 2008 BiOp.3

LCR steelhead Threatened Yes

Upper Willamette River (UWR) Threatened Yes

Chinook salmon

UWR steelhead Threatened Yes

! Critical habitat is defined as: (1) specific areas within the geographical area occupied by the species at the time of listing, if they
contain physical or biological features essential to conservation, and those features may require special management
considerations or protection; and (2) specific areas outside the geographical area occupied by the species if the agency determines
that the area itself is essential for conservation.

2 Upper Columbia River steelhead listing status was changed from Endangered to Threatened on June 18, 2009 by court order.

® NOAA Fisheries has published a proposed rule for the designation of critical habitat for LCR coho salmon (NMFS 2013a).
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In the following sections (Section 2.1.1 through 2.1.3) of this Supplemental Opinion, NOAA
Fisheries updates the rangewide status of the species considered in the 2008/2010 BiOps, and
their designated critical habitat, based on new information available. In addition, we discuss the
rangewide status of critical habitat proposed for Lower Columbia River (LCR) coho salmon
(Section 2.1.3).
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2.1.1 Rangewide Status of Interior Columbia Basin Salmon and
Steelhead

NOAA Fisheries evaluated the current validity of the ESA analysis contained in the 2008 and
2010 FCRPS BiOps. To do so NOAA Fisheries considered:

Whether there is new data concerning the status of the listed species, changes to
the environmental baseline, and cumulative effects. NOAA Fisheries also
considers the information about effectiveness of the RPA’s implementation to
date. These determinations are informed by the current development of the RPA’s
Research, Monitoring, and Evaluation program.

Whether the Action Agencies have implemented the RPA as intended, or whether
any significant discrepancies deviate from the effects expected to result from the
RPA actions.

This section reviews new information to determine if the updated status of interior Columbia
basin salmonids® differs from our understanding in the 2008 BiOp. If there is a change in the
species status, a second step would be to determine if that change reveals effects of the action
that may affect the listed species in a manner or to an extent not previously considered.

2.1.1.1 Methods

The 2008 BiOp evaluated the effects of the RPA relevant to the survival and recovery prongs of
the jeopardy standard using the tiered approach that is also used for recovery planning criteria
and analyses

first, at the individual population level,
second, at the major population group (MPG) level; and,
finally, reaching ESA section 7(a)(2) conclusions at the species level (ESU/DPS).

Our determination for this Supplemental Opinion is that, if there are no significant changes in the
effects of the action at the population level, then it follows that there are no changes from the
effects considered in the 2008 BiOp at the MPG and species level. If there are changes at the
population level then it would be necessary to determine if those changes are significant at the
MPG or species levels. We therefore initially focus our analysis at the population level.

Because the method applied to interior Columbia basin species builds on population-level
jeopardy indicator metrics informed by the most recent status and then incrementally adjusts
those metrics based on other factors, changes to the status can influence the assessment of the
effect of the RPA on each population. We therefore assess the continuing relevance of the
description of species status included in the 2008 BiOp. We do this in the following manner:

P Of, belonging to, or characteristic of the family Salmonidae, which includes salmon, steelhead, trout, and
whitefish. In this document, it refers to listed steelhead distinct population segments (DPS) and salmon
evolutionarily significant units (ESU).
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First, we review new information regarding recovery goals and the status of listed
species relative to those recovery goals in Sections 2.1.1.2, 2.1.1.3, and 2.1.1.4.
Based on new reports, we determine whether recovery goals or the qualitative risk
categories indicative of recovery have changed since the 2008 BiOp.

Second, we review the Base Period population-level jeopardy indicator metrics
that informed the 2008 BiOp’s jeopardy analysis in Section 2.1.1.5. These Base
Period metrics are derived from empirical observations of population status and
do not rely on estimates of improved survival resulting from the RPA actions or
estimates of underlying changes in environmental baseline processes, which are
the subject of other sections of this Supplemental Opinion. The Base Period
indicator metric estimates, which are now informed by several new years of
empirical observations, form the starting point for the quantitative analyses
conducted for six interior Columbia basin species in the 2008 BiOp. It is therefore
important to determine if this starting point has changed in a manner that would
affect other parts of the 2008 BiOp’s jeopardy analysis.

Third, in Section 2.1.1.6, we review aggregate population information from dam
counts that does not directly correspond to population-level indicator metrics, but
which gives an indication of likely returns in more recent years. We also report
smolt-to-adult returns (SAR) for recent years and review projections for future
spawner returns based on ocean indicators.

Fourth, in Section 2.1.1.7, we review status information specifically relevant to
Snake River (SR) sockeye salmon.

Finally, in Section 2.1.1.8, we review all of the available information regarding
the status of interior Columbia basin salmon and steelhead and conclude whether
that new information differs from that described in the 2010 Supplemental BiOp.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



New Information | 2.1 Rangewide Status | 47

2.1.1.1.1 Method of Evaluating Continuing Relevance of Base Period Population-Level Jeopardy
Indicator Metrics

In this section, we describe the methods NOAA Fisheries uses to evaluate the status of species as
informed by the population-level jeopardy indicator metrics. To do this, we answer a number of
questions corresponding to steps in this analysis:

What are population-level jeopardy indicator metrics? p.47

What are Base Period and extended Base Period estimates of the indicator
metrics? p.48

How is uncertainty of the estimates treated? p.50

How are Base Period indicator metrics adjusted to reflect expected survival
changes? p.51

How are the Base Period and extended Base Period metrics calculated? p.54

How does NOAA Fisheries evaluate whether the extended Base Period estimates
have changed from the 2008 BiOp’s Base Period estimates? p.66

What Are Population-Level Jeopardy Indicator Metrics?

Population-level jeopardy indicator metrics are quantitative metrics (calculated numbers)
indicative of the 2008 BiOp’s application of the jeopardy standard, as described in Section 1 of
this Supplemental Opinion and Section 7.1 of the 2008 BiOp, and in the following subsections.
The 2008 BiOp considered the quantitative metrics and other relevant data in making a
qualitative judgment on whether the RPA is likely to jeopardize six interior Columbia species or
adversely modify critical habitat. Each metric and consideration—like average abundance—
shows something relevant to the inquiry. All factors, including abundance data, inform a
qualitative assessment of the survival and recovery prongs of the jeopardy standard.

The 2008 BiOp used four population-level indicator metrics:
24-year extinction risk
Average returns-per-spawner (R/S) productivity
Median population growth rate (lambda)
Abundance trends (Biological Review Team ‘BRT’ Trend)

The geometric mean of the most recent 10 years of natural spawner abundance was also
considered as part of the broader analysis, as described above. Each of these metrics is described
in detail below in the subsection titled How Are the Base Period and Extended Base Period
Metrics Calculated?
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As described in Section 7.1.1.2 of the 2008 BiOp, McElhany et al. (2000) define characteristics
of viable salmonid populations that are likely to result in persistence for at least 100 years. The
V'SP characteristics are adequate abundance, productivity (or population growth rate), population
spatial structure, and biological diversity. The 2008 BiOp’s indicator metrics focused on
abundance trends and productivity because operation of the FCRPS primarily influences these
factors. In describing the current status of interior Columbia species relative to spatial structure
and diversity, we primarily rely on Ford (2011), described in Section 2.1.1.3, which indicates no
categorical changes in those factors since the last status review.

As described in the 2008 BiOp, Chapter 7.1, 24-year extinction risk was considered indicative of
the survival prong of the jeopardy standard and the three productivity estimates, along with other
relevant information such as abundance data, informed the recovery prong of the jeopardy
standard. Each of the productivity metrics provides a complementary but slightly different view
of the same underlying population processes. As described in the 2008 BiOp, Chapters 7.1.1.1
and 7.1.1.2, each metric has its strengths and weaknesses, particularly with respect to the most
recent returns included in the analysis, the treatment of hatchery-origin fish, and the level of
complexity (number of assumptions) and data requirements. NOAA Fisheries looks at all
available tools because the Independent Scientific Advisory Board (ISAB) recommended that
policy makers draw on all available analytical tools (ISAB 2001).

The indicator metrics can be compared to goals that are consistent with application of the
jeopardy standard, as described in Section 1 of the 2008 BiOp. For example, if average R/S is
greater than 1.0 (i.e., on average, each adult produces more than one spawner in the next
generation), this result would be consistent with the recovery prong of the jeopardy standard for
the population in question. The specific goals for each indicator metric are described below in
subsection How Are the Base Period and Extended Base Period Metrics Calculated?

As stated above, the jeopardy determination is not made at the population level and these
quantitative estimates are a subset of the information reviewed in reaching a qualitative jeopardy
determination. However, the usefulness of the metrics in this analysis is in their comparison to
the goals.

What Are Base Period and Extended Base Period Estimates of the Indicator Metrics?

As described in Section 7.1 of the 2008 BiOp, all life-cycle metrics informing the jeopardy
analysis are based on the observed performance of populations during a historical time period
and an assumption that, unless something affecting the survival or reproduction of the population
changes in the future, the future performance can be projected from the pattern of past
performance. The historical period of empirical observations is referred to in the 2008 BiOp as
the Base Period. The ideal Base Period will be long enough to represent variability in climate
and biological performance, but still be contemporaneous with many of the current management
practices that influenced those observations and are expected to continue into the future.
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Productivity and extinction risk estimates in the 2008 BiOp were generally derived from 20- to
24-year Base Periods beginning in approximately 1980 and ending with adult returns through
2003-2006, depending on data availability for each population. These return years correspond to
completed brood cycles* from approximately 1980-2000.° We selected this time period because
of its use by the Interior Columbia Basin Technical Recovery Team (ICTRT) for recovery
planning. The ICTRT (2007a) used 1980 (approximately) as the start of their period of recent
observations, primarily because it represented a relatively static configuration for the
hydropower system since all major dam construction preceded this period.

The 2008 BiOp relied primarily upon calculations that were based on this approximately 20-year
period, beginning in approximately 1980. A few populations with shorter time series beginning
as late as 1985 were included in these calculations. The 2008 BiOp also included calculations
based on a shorter time frame (2008 BiOp, Appendix B) beginning in approximately 1990, both
to accommodate populations with shorter time series and to look at the effects of a more recent
Base Period. Because those 1990 Base Period results were generally more optimistic than results
based on the longer time period, they were given less weight in the 2008 BiOp. In the subsequent
calculations in Section 2.1.1.5.2 we follow the convention of including populations with time
series that begin no later than 1985 in the longer-term Base Period calculations. We have also
included Appendix A, which evaluates metrics from 1990 to present and includes populations
with time series that begin after 1985.

Because of unique considerations relevant to SR fall Chinook (ICTRT 2007a), we relied on both
a shorter- and longer-term time period for this species’ Base Period analysis in both the 2008
BiOp and in this Supplemental Opinion. Contrary to a comment on the draft Supplemental
Opinion, we did not “shift” from analyzing a Base Period beginning in 1977 in the 2008 BiOp to
a Base Period beginning in 1990 in this Supplemental Opinion. We included a Base Period
analysis that was based both on brood years 1977-2001 and 1990-2001 for the reasons the
ICTRT (2007a) presented for doing the same in their recovery survival gap analysis:

By definition the longer series captures more of the potential year-to-year variations in
survival rates, but it also bridges across two distinctly different sets of in-river conditions and
hydropower operations. The more recent period (1990-2001) corresponds to a period of
relatively consistent harvest and hydropower operations with reduced impacts on Snake
River fall chinook. It is difficult to separate variations in ocean survivals from potential
changes in hydropower impacts without comparative measures of juvenile passage survivals
under current operations or a representative measure of ocean survival rates. ...At this time, it

* Salmon and steelhead within a population mature at different ages so their progeny return as spawning adults over
several years. When all progeny at all ages of a given population have returned to spawn, the brood cycle is
complete.

> The exact years for each population correspond to the time periods applied in the ICTRT (2007a) “gap analysis”
report, with the initial year generally ranging from 1979 to 1981. These time periods have been applied consistently
to key metrics such as R/S productivity, but for some metrics such as lambda, the statistical program we used
requires a common start date for all populations, which was set at 1980. Spawner and recruit estimates for the
extinction risk analysis were derived from a data time series beginning in 1978 or, if the time series did not extend to
1978, the next oldest year in the series.
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is reasonable to assume that the current A/P [abundance and productivity] Gap falls within
the range defined by the two recent scenarios.

The Extended Base Period, as first described in the 2010 Supplemental BiOp Section 2.1.1, adds
new years of empirical observations to the 2008 BiOp’s Base Period estimates using methods
identical to those in the 2008 BiOp. The 2010 Supplemental BiOp included extended Base
Period estimates that added 2 to 5 years of observations to the 2008 BiOp’s Base Period
estimates for many populations. This Supplemental Opinion uses the same methods to add
additional years to the 2008 Base Period. In addition to inclusion of new years of data, the data
set includes corrections to population estimates from previous years for many populations based
on new research that affected factors such as expansion terms for index redd® counts and
estimation of hatchery fractions.

How Is Uncertainty of the Estimates Treated?

The Base Period and Extended Base Period indicator metrics are estimated from a series of 20 or
more annual observations, using standard statistical techniques that range from the relatively
simple geometric mean calculation for R/S productivity to more complex statistical methods for
calculating extinction risk. The results are single values (point estimates) that can be compared
with each jeopardy indicator metric goal. The point estimates represent the most accurate
estimates possible for the goals, given the available observational data, and comparison of a
point estimate with a goal is an accepted statistical practice, as long as the uncertainty associated
with that estimate is acknowledged (Hinrichsen 2008).

NOAA Fisheries acknowledged the uncertainty associated with the point estimates by reporting
statistical confidence intervals (sometimes referred to as confidence limits) for those estimates.
Basically, when confidence intervals are wide, it is understood that uncertainty in our estimate is
high; when they are narrow, uncertainty is low’.

For the 2008 BiOp and for this Supplemental Opinion, we are primarily concerned with the point
estimates of indicator metrics and the correspondence between the point estimates and the
“goals.” If a point estimate is greater than the goal, there is greater than 50% likelihood that the
goal has been met (for retrospective estimates) or is likely to be met (for prospective estimates).
We can calculate the exact probability using statistical techniques similar to those used to
calculate confidence intervals. The 2008 BiOp included the probability of meeting or exceeding
the goal for lambda productivity estimates (e.g., 2008 BiOp Appendix B, Table 2 [p. 6], columns
labeled Prob>1) and in this Supplemental Opinion we include the probability of meeting or

® A nest constructed by female salmonids in streambed gravels where eggs are deposited and fertilization occurs.
" A 95% confidence interval describes an interval that is constructed in such a way that, if we constructed such
intervals over and over again from different population samples, 95% of the intervals would contain the true
parameter and 5% would not.
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exceeding the goal for both lambda and BRT trend point estimates (see Section 2.1.1.5.2 in this
document).®

How Are Base Period Indicator Metrics Adjusted to Reflect Expected Survival Changes?

Some management activities changed from the early years of the Base Period to the more recent
years. For example, as discussed by the ICTRT (2007a), hydro operations and configuration
changed over the Base Period, and if the Current (as of 2007) hydro management actions and
configuration continued into the future, rather than the full range of hydro management actions
and configurations since 1980, the projected biological performance would be different from that
predicted from Base Period observations alone. The ICTRT (2007a) therefore developed an
analysis that adjusted Base Period productivity estimates to reflect expected future productivity,
given the continuation of current hydro operations and configuration. ICTRT (2007a) calculated
the survival adjustment factor as the ratio between juvenile hydro survival estimated for current
operations and configuration and juvenile hydro survival averaged over the entire Base Period.
The 2008 BiOp referred to this ratio as a Base-to-Current survival adjustment and, when applied
to observed Base Period productivity, it represents the life cycle performance that is expected to
occur if current management activities continue into the future and other factors remain
unchanged. The 2008 BiOp applied a positive Base-to-Current survival adjustment to reflect
changes for some species in hydrosystem survival, reduced harvest rates, and (for a limited
number of populations) tributary habitat improvements and changes in hatchery practices. The
2008 BiOp included a Base-to-Current adjustment that reduces survival, compared with the Base
Period, to reflect increasing marine mammal predation for some species. An example of Base-to-
Current survival estimates for SR spring/summer Chinook is 2008 BiOp Table 8.3.3-1 on page
8.3-53.

The ICTRT (2007a) used the same ratio approach for evaluating the effects of proposed future
improvements in hydro operations and configuration (referred to as “Projected BiOp Hydro”
adjustment). Similarly, the 2008 BiOp considered a third time period representing the future after
the RPA has been implemented and expected RPA survival changes have occurred. This was
referred to as the “Prospective” period. A Current-to-Prospective survival adjustment factor
indicated the expected change in survival associated with the RPA. Prospective survival
adjustments in the 2008 BiOp are positive, reflecting RPA hydro improvements, tributary and
estuary habitat actions, and predator reduction activities (e.g., 2008 BiOp Table 8.3.5-1 on p. 8.3-
55 for SR spring/summer Chinook).

Figures 7.1-1 and 7.1-2 of the 2008 BiOp present examples of how the methods described above
are applied to productivity and extinction risk analyses. Figure 7.1-1 of the 2008 BiOp is

¥ As described in the 2008 BiOp, the lambda estimates that assume hatchery-origin spawner reproductive
effectiveness equal to natural-origin spawner effectiveness (lambda HF=1) are very similar to results for R/S. So,
while we do not have exceedance probabilities for R/S estimates, they are likely very similar to those estimated for
lambda HF=1.
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reproduced below as Figure 2.1-1. This example shows how recent changes in hydro survival
and changes expected from the RPA affect the calculation of average R/S.

Current Hydro Survival is higher on average than it was during the last 20 years
The RPA is expected to result in additional hydro survival improvements

Hydro Survival Productivity
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Figure 2.1-1. Schematic showing the method of applying survival changes that have occurred during the Base Period
to a “Base-to-Current” productivity adjustment factor and method of applying expected prospective survival changes

to a “Current-to-Future” productivity adjustment factor. Methodology is described in the accompanying text and in the
2008 BiOp Section 7.1.1. This example uses average returns-per spawner (R/S) as the productivity metric, applied to
the Marsh Creek population of SR spring/ summer Chinook salmon. Reproduced from Figure 7.1-1 of the 2008 BiOp.

As described in Section 1.1 of the 2008 BiOp (p.7-11), in addition to being derived from the
method in ICTRT (2007a), this approach of evaluating proportional changes in mean survival
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rates is consistent with the methods used during discussions in the NWF v. NMFS remand
collaboration process resulting from Judge Redden’s Order of October 7, 2005. It is also
consistent with the approach used to evaluate recovery actions in the Final Recovery Plan for
Upper Columbia River (UCR) Spring Chinook Salmon and Steelhead (NMFS 2007a).
Alternative methods of evaluation using more complex models that have more detailed time
steps and explicitly incorporate density dependence in estimating future trends following
survival rate changes exist but, to date, have only been available for a limited number of
populations. These more complex models also rely on a broader set of assumptions and
parameter estimates that have not been sufficiently evaluated for use in this Supplemental
Opinion. A promising analytical approach that should be available for future FCRPS analyses is
the life-cycle model (actually, a suite of models within a common framework) being developed
through the AMIP process (Zabel et al. 2013). This model is undergoing continuing
development. The Northwest Power and Conservation Council’s (NPCC) ISAB reviewed the
model’s June 2013 documentation (ISAB 2013a) and found that

The modeling effort described in the [Zabel et al. 2013] document builds from previous
efforts that modeled hydrosystem and climate effects on salmonid population viability, and
expands those efforts to cover more populations and habitat actions, as well as improved
representation of climate effects, hatchery spawners, and spatial interactions. Specific models
are in various stages of development and will be updated as new data become available.
Consequently, the technical content of the ISAB’s review varies significantly depending on
the status and content of the various models... The ISAB supports the decision by NOAA
Fisheries scientists to seek peer review of the life-cycle modeling effort at this early stage.
Life-cycle models can be complex and early feedback on model development is an important
step. The investigators have shown progress, but there is much to do before the models can,
for example, inform habitat restoration activities and decision making...The ISAB anticipates
that the next iteration of models will provide greater coherence and integration among the
modeling efforts, so that they may begin to address key questions.

The 2008 BiOp’s simpler proportional survival change method does not predict a specific change
in a BiOp metric at a particular date in the future. Base-to-Current and Current-to-Prospective
survival ratios each represent a single aggregate change that would be expected once an action is
completed and its biological effects on the species have occurred. Although the survival ratio
essentially represents a single time step (Section 1.1 of the 2008 BiOp, p. 7-12), there is not one
specific date at which this change actually will occur because of the RPA action implementation
schedule (through 2018) and because, even for Base-to-Current management changes that have
already occurred, some associated survival changes may be achieved quickly (e.g., in response to
a change in a dam structure that immediately affects the survival of migrating juveniles) while
others may take years to be fully achieved (e.g., in response to a tributary habitat action
involving revegetation). The BiOp reduced its reliance on longer-term survival changes by
including in Current-to-Prospective estimates only tributary habitat survival improvements that
are expected to accrue on a time frame of 10 years or less (see discussion of “Pessimistic
Assumptions” in the analysis on page 7-31 of the 2008 BiOp), but this still precludes predicting
exactly when a survival change will occur.

2014 FCRPS Supplemental Biological Opinion | NOAA Fisheries | January 17, 2014



54 | New Information

Because the 2008 BiOp’s extinction risk metric is associated with a specific period (24 years),
while the proportional change method does not predict exactly when expected survival changes
will accrue, the 2008 BiOp treated the uncertainty in implementation schedule and survival
change timing by evaluating two alternative assumptions (Section 7.1.1.1 of the 2008 BiOp). A
conservative approach assumed that 24-year extinction risk will not be influenced by any
improvements associated with the RPA. Only actions that were previously implemented and
captured in the Base-to-Current adjustment factor were included in the prospective extinction
risk calculation. A more optimistic approach assumed that all RPA actions and all effects of
those actions expected to occur within the next 10 years (see above) will affect the prospective
risk of extinction. This approach includes RPA actions that will be implemented quickly, but is
also optimistic because it includes actions that may not result in biological improvements for up
to 10 years following implementation. The 2008 BiOp considered the true extinction risk
associated with the RPA actions to be somewhere between these two extremes.

The 2008 BiOp productivity estimates represent the initial productivity following achievement of
the expected survival rate changes resulting from RPA implementation (and, as described above,
the proportional change method does not predict exactly when this will occur). As described in
the 2008 BiOp Section 7.1.1.2, there is a relationship between abundance and productivity, such
that abundance will increase following a change in survival and productivity. However, as
abundance increases, density-dependent interactions will also increase, which will reduce
average productivity over time. Therefore, the estimates of average prospective productivity
calculated in the 2008 BiOp analysis are not expected to be maintained indefinitely and over

time will be reduced to a lower rate as abundance of spawners increases.

How Are the Base Period and Extended Base Period Metrics Calculated?

Spawners
The starting point for all calculations is the estimate of the annual number of naturally spawning

adults in a population, which is produced by state and Federal agencies, tribes, and some other
entities such as public utility districts, in coordination with NOAA Fisheries. Considerable work
goes into developing these estimates because many populations are not completely censused, so
estimates from sampled spawning areas need to be expanded to represent the entire population.
Additionally, different areas may be sampled using different methods (e.g., redd counts versus
video weirs), and information regarding factors such as fish-per-redd, age structure, sex ratio,
and hatchery fraction needs to be applied to the entire population. In many cases, it takes a year
or more after spawning occurs to generate estimates that can be used for our purposes. Figure
2.1-2 shows an example of a 2008 BiOp Base Period time series of spawners.
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Figure 2.1-2. Annual abundance of adult natural-origin spawners and total (including hatchery-origin) spawners for
the Tucannon River population of SR spring/summer Chinook. This time series of spawners (1981-2006)
corresponds to the Base Period for this population in the 2008 BiOp. The spawner numbers displayed in this figure
include corrections from the numbers available in 2008 for some years. The ICTRT (2007b) natural spawner recovery
abundance threshold of 750 fish is indicated for reference.

The 2008 BiOp included calculations of the most recent 10-year geometric mean’ of natural-
origin spawners as one of the descriptors of the status of species. Unlike the other metrics
described in this section, the 2008 BiOp did not set an average abundance goal indicative of
either the survival or recovery prong of the jeopardy standard, and the Base Period average
abundance was not adjusted prospectively to reflect estimated effects of the RPA. However,
average abundance is important to track as an element of species status because it indicates
current status relative to recovery abundance goals and because we can determine if a population
is getting closer to the recovery goals over time. (Note that the trend in abundance and
prospective adjustment in that trend is captured in the BRT abundance trend indicator metric
described below). Figure 2.1-3 shows the geometric mean for the 2008 BiOp Base Period.

? The geometric mean is a type of mean or average that indicates the central tendency or typical value of a set of
numbers by using the product of their values (as opposed to the arithmetic mean which uses their sum). The
geometric mean is defined as the nth root (where n is the count of numbers) of the product of the numbers. It is most
appropriate for determining the mean value of a series of rates (such as survival rates or R/S) or for any series of
observations that follows a geometric distribution of many small observations and a long tail with few large
observations. We applied it to abundance estimates in the 2008 BiOp because the ICTRT (2007b) used it for this
purpose, in part because it discounts the influence of infrequent high numbers and is in this sense more conservative
than an arithmetic mean (i.e., in Figure 2.1-3 the corrected geometric mean is 119 spawners while the corresponding
arithmetic mean would be 226 spawners).
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Figure 2.1-3. The most recent 10-year (1997-2006) geometric mean abundance of natural-origin spawners at the
time of the 2008 BiOp was 82 spawners for the Tucannon population of SR spring/summer Chinook. The 95%
confidence interval for that mean (not shown) ranges from 35 to 193. The spawner numbers and geometric mean
(119) displayed in this figure include corrections from the numbers available in 2008 for some years. The displayed
time series represents return years included in the 2008 BiOp Base Period for this population.

Additional years of spawner abundance estimates have become available since 2008. When these
are added to the previous years to create an extended Base Period, a new 10-year average
abundance can be calculated and compared to that calculated for the 2008 BiOp (Figure 2.1-4).

In this example, the new mean abundance is greater than that calculated in the 2008 BiOp.
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Figure 2.1-4. Addition of 5 years of new spawner estimates for the Tucannon population of SR spring/summer
Chinook. The additional data result in an updated 10-year (2002—-2011) geometric mean abundance (375) that can be
compared to the mean abundance reported in the 2008 BiOp (86) and the corrected mean for the same years (119;
see Figure 2.1-3). The 95% confidence interval (not shown) for the extended Base Period geometric mean ranges
from 246 to 570.

Biological Review Team Abundance Trend
The “BRT trend” productivity indicator metric essentially fits a trend line through the spawner

data to determine if the population is growing or declining and by how much. Section 7.1.1.2 of
the 2008 BiOp describes this metric in detail. It is also the “trend” metric used in NOAA
Fisheries’ 5-Year Status Review (Section 2.1.1.3, above) and Government Performance and
Results Act (GPRA) Report (Section 2.1.1.4, above), although those reports calculate the trends
for different time periods. Biologists have generally observed that populations follow
exponential (curved) growth trajectories, rather than linear (straight-line) trajectories, so this
metric represents a curved line that best fits the spawner data. However, it is computationally
easier to transform the data to a natural logarithmic scale (In) and then fit a straight line to the
transformed data, which is what we do for this metric. When we leave the resulting line in the
transformed units, a slope of 1.0 represents a flat line (no trend), a slope greater than 1.0
indicates that the population has been increasing, and a slope less than 1.0 indicates that it has
been declining. The 2008 BiOp’s prospective action goal for this metric is BRT trend greater
than 1.0.
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When transforming the original spawner counts to a logarithmic scale, we added 1.0 to all
spawner counts because the natural logarithm of zero is undefined and, in some years for some
populations, the spawner estimate was zero. Figure 2.1-5 displays the log-transformed natural-
origin (spawner +1) data from Figure 2.1-4; the BRT trend line calculated for the 2008 BiOp
Base Period; and the BRT trend for the extended Base Period. In this example, the trend has been
declining throughout the Base Period and the extended Base Period, ' but the slope of the
extended Base Period line represents less of a decline than in the 2008 BiOp.

Tucannon Chinook - BRT Trend
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Figure 2.1-5. BRT abundance trend fit to two periods for the Tucannon population of SR spring/summer Chinook.
The 2008 BiOp’s prospective action goal for this metric is BRT trend greater than 1.0. The trend for the 2008 BiOp
Base Period (1981-2006) is 0.92 (i.e., abundance is declining at 8% a year) and the BRT trend for the extended
Base Period (1981-2011) is 0.98, a 2% per year decline. Therefore, in this example, although the extended Base
Period trend continues to indicate that natural-origin spawner abundance has declined over time beginning in 1981,
the decline is now less than that estimated in the 2008 BiOp. The extended Base Period slope falls within the 95%
confidence interval (not shown) for the 2008 BiOp BRT trend, indicating that the extended Base Period trend is within
the range of statistical uncertainty described in the 2008 BiOp. The 2008 BiOp Base Period spawners displayed in
this figure are corrected values, although the 2008 BiOp base BRT trend was calculated from the original values in
the 2008 BiOp. A slope of 1.0 (no trend) also falls within the 95% confidence interval and, because the trend is not
statistically significant, the 2013 GPRA Report described in Section 2.1.1.4 classifies this population as “stable.”

' The GPRA Report (Ford 2013) classifies this population as “stable” rather than as declining. This difference is
because (1) the GPRA Report only analyzed the last 10 years of data, rather than the 2008 FCRPS BiOp’s 25-year
Base Period or the 30-year extended Base Period; and (2) the 95% confidence intervals for the trend lines in Figure
2.1-5 (not shown) encompass a slope of 1.0, so the declining trend is not statistically significant.
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Median Population Growth Rate (Lambda)

Median population growth rate (lambda) is another measure of productivity and was the primary
metric applied in the 2000 FCRPS Biological Opinion (NMFS 2000). The 2008 BiOp, Section
7.1.1.2, explains lambda in more detail. Lambda describes the median annual change in 4-year
running sums of population abundance. Running sums are used instead of individual-year
estimates to filter out sampling error and high volatility in salmon data caused by age-structured
cycles (i.e., variable maturation rates, the time between birth and reproduction, and iteroparity "'
[McClure et al. 2003]). Like the BRT trend, populations grow when lambda is greater than 1.0,
they decline when it is less than 1.0, and they are stable when it is 1.0. The 2008 BiOp’s
prospective action goal for this metric is lambda greater than 1.0.

Figure 2.1-6 shows the same log-transformed spawner estimates as in the BRT trend figure (2.1-
5), the four-year running sums of those spawner estimates, and lambda calculated for the
Tucannon Chinook population’s 2008 BiOp Base Period and extended Base Period. Note that the
number of running sums is three less than the number of spawner estimates. In this example,
hatchery-origin natural spawners are not included in the estimates, similar to the way we fit the
BRT trend only to the natural-origin spawners and not to the total spawners. The inherent
assumption of this approach in the lambda calculations is that the hatchery-origin spawners are
not contributing to the subsequent generation, either because they are unable to reproduce
successfully or because their progeny do not survive. We denote this assumption as HF=0
(hatchery-origin spawner reproductive effectiveness is zero). We also calculated lambda under
the assumption that hatchery-origin spawners contribute just as much to the next generation as
natural-origin spawners (HF=1; not shown). We do not know how effective hatchery-origin
spawners are compared with natural-origin spawners for most populations, so these assumptions
bookend the possibilities, and we include lambda estimates under both assumptions to capture
the complete range. 2

" teroparity is the ability to reproduce more than once during a lifetime. For example, a proportion of steelhead are
able to survive initial spawning and return in subsequent years as repeat spawners.

2 NOAA Fisheries received a comment on the Sovereign Draft BiOp, saying that HF=0 is outside the range of
probability based on the discussion in Section 3.4.3.1. The review in Section 3.4.3.1 does not cover all literature or
represent expected effectiveness of hatchery spawners for all populations. We rely on the full range of assumptions
(0% to 100% effectiveness), which is consistent with the calculation of lambda in NOAA Fisheries’ status reviews
(Good et al. 2005; Ford 2013).
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Figure 2.1-6. Tucannon population of SR spring/summer Chinook median population growth rate (lambda), fit to 4-
year running sums for two time periods. The 2008 BiOp’s prospective action goal for this metric is lambda greater
than 1.0. In this example, we assume that hatchery-origin spawners do not contribute to the subsequent generation
(HF=0). The median population growth rate for the 2008 BiOp Base Period (1981-2006) is 0.96 (i.e., the population is
declining at 4% per year) and the median growth rate for the extended Base Period (1981-2011) is 1.01, a 1% per
year increase. Therefore, in this example, inclusion of the additional years and correction of some previous estimates
result in an improvement in the lambda point estimate, compared to that estimated in the 2008 BiOp, including a shift
to positive population grow. The extended Base Period slope falls within the 95% confidence interval (not shown) for
the 2008 BiOp BRT trend, indicating that the extended Base Period trend is within the range of statistical uncertainty
described in the 2008 BiOp. The confidence interval also includes a slope of 1.0 (no trend). The 2008 BiOp Base
Period spawners displayed in this figure are corrected values, although the 2008 BiOp Base lambda was calculated
from the original values in the 2008 BiOp.

Under the HF=0 assumption, lambda estimates tend to be similar to BRT abundance trend
estimates, and a comparison of Figures 2.1-7 and 2.1.-8 shows the similarity in slope estimated
by the two metrics. For this particular example, the lambda estimates (0.96 Base and 1.01
extended Base) are a bit higher than the BRT abundance trend estimates (0.92 Base and 0.98
extended Base). The results also differ qualitatively since the BRT abundance trend indicates a
declining population in both periods, but the extended base lambda estimate indicates that the
population has been growing at 1% per year. Under the HF=1 assumption, estimates of lambda
are generally lower (if hatchery-origin spawners are present) and more similar to the R/S
productivity estimates described below. For the Tucannon River Chinook population, lambda
HF=1 was 0.87 for the 2008 BiOp’s Base Period estimate and 0.90 for the extended Base Period
estimate.
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Returns-per-Spawner
Returns-per-spawner (also referred to as recruits-per-spawner) is a productivity measure that
determines whether a population is maintaining itself, declining, or growing. The change is

measured as a per-generation rate, rather than as an annual rate like the BRT trend and lambda
productivity metrics. If 100 parental spawners produce 100 progeny that survive to maturity (i.e.,
return to the spawning area over several years, since salmonids can mature at variable ages), then
R/S = 1.0 and the population abundance has been maintained over that brood cycle. If, however,
only 80 progeny survive to spawn, then R/S = 0.8 and the population is not replacing itself and
will be declining unless there is an additional source of spawners; e.g., from straying or hatchery
programs. Since each female produces thousands of eggs, there is also the potential for much
higher return rates. For example, 200 progeny might survive to spawn, which would result in
R/S =2.0. In this case, the population abundance has doubled in one generation. The 2008
BiOp’s goal for this metric was mean R/S greater than 1.0.

We calculated R/S for each generation using the ICTRT (2007b) method, which includes both
natural-origin and hatchery-origin spawners in the denominator (S), but only natural-origin
returning spawners in the numerator (R), since all of the progeny of the original spawners are by
definition of natural origin, regardless of their parents’ ancestry. We do not assume the
effectiveness of the hatchery-origin spawners, as in the lambda calculations, because we have
empirical data that indicate the returns from the combination of all spawners. However, the
calculations can be modified to address expected changes in hatchery practices in limited
circumstances (see discussion below). Figure 2.1-7 shows the total hatchery- and natural-origin
spawners for the Tucannon Chinook population as a black line and the returning progeny
(combined for all maturation ages and return years) as a blue line (or gray line). When returns
exceed the number of spawners (i.e., when the blue line is above the black line), R/S exceeds 1.0
(i.e., circles are above the 1.0 red line).
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Figure 2.1-7. Returns-per-spawner for the Tucannon Chinook population during the 2008 BiOp Base Period and the
extended Base Period. The 2008 BiOp prospective action goal for this metric is a geometric mean R/S that is greater
than 1.0 (red line). Total spawners (natural- and hatchery-origin) and natural-origin returns from those spawners are
displayed for each brood year (BY). The 2008 BiOp Base Period spawners and returns displayed in this figure are
corrected values, although the 2008 BiOp base R/S points represent the original estimates in the 2008 BiOp.

We summarized the R/S estimates using a geometric mean and compared the mean to 1.0. Figure
2.1-8 shows Tucannon River Chinook geometric means that are calculated for the 2008 BiOp’s
Base Period (1981-2000 brood years) and the extended Base Period (1981-2006 brood years). In
this example, there was no difference in the estimates between the two periods, but those
estimates (R/S = 0.72) were considerably lower than the estimates obtained from other
productivity metrics.
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Figure 2.1-8. Returns-per-spawner for the Tucannon Chinook population, including geometric mean R/S for the 2008
BiOp Base Period (1981-2000 brood years) and the extended Base Period (1981-2006 brood years). The 2008 BiOp
prospective action goal for this metric is a geometric mean R/S that is greater than 1.0. In this example, the estimate
for both periods is 0.72. The 95% confidence interval for the means (not shown) ranges from 0.48-1.10 for the Base
Period and 0.47-1.10 for the extended Base Period. BY=brood year.

The 2008 BiOp identified significant changes in hatchery practices for a few populations and
calculated Base-to-Current changes in mean R/S expected to result from the newer management
practices (Appendix I of 2008 BiOp, with methods described in Attachment 1 [Stier and
Hinrichsen 2008]). The method and math behind the Stier-Hinrichsen (2008) methodology are
quite simple. The Stier-Hinrichsen methodology is used to quantify changes in the combined
productivity of a population (i.e., R/S for both hatchery- and natural-origin spawners, as
described above). If the hatchery-origin spawners are less reproductively successful than the
natural-origin spawners are, and if the proportion of hatchery-origin spawners in the population
is reduced, the combined productivity of the population will increase.

Example 1: A population has 100 fish. The productivity of the natural-origin (NO) fish is 1.0.
Half of the fish are hatchery-origin (HO). The hatchery-origin fish are 80% as productive as
the natural-origin fish.

Combined productivity (R/S):

[(50%0.8=40)Returns From HO Spawners]+[(50%1.0=50)Returns From NO Spawners] _ 90 _ 0.90
50 HO Spawners +50 NO Spawners 100 ’

Example 2: A population has 100 fish. The productivity of the natural-origin (NO) fish is 1.0.
A quarter of the fish are hatchery-origin (HO). The hatchery-origin fish are 80% as productive
as the natural-origin fish.

Combined productivity (R/S):

[(25%0.8=20)Returns From HO Spawners|+[(75%1.0=75)Returns From NO Spawners] _ 95 0.95
25 HO Spawners+75 NO Spawners 100 "
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The Stier-Hinrichsen methodology converts the combined productivity equation to its
logarithmic form for ease of calculation. Although the logarithmic form appears more
complicated, the underlying math remains unchanged.

A comment on the draft Supplemental Opinion suggested a shortcoming in this method because
it does not represent changes in natural-origin spawner productivity over time as hatchery
supplementation continues. Because the Stier and Hinrichsen (2008) R/S methodology does not
account for genetic and ecological effects on natural productivity from naturally spawning
hatchery-origin fish quantitatively (i.e., the model does not account for potential reductions in the
productivity of natural-origin fish from interbreeding with hatchery-origin fish), NOAA
Fisheries considered these prospective effects qualitatively in the 2008 BiOp’s effects analysis.
This approach also applies to effects of hatchery-origin spawners on the other productivity
indicator metrics and on the risk of extinction.

Extinction Risk

Extinction risk is the most complex indicator metric included in the 2008 BiOp. As described in
the 2008 BiOp, Attachment I, Aggregate Analysis Appendix, and updated in this Supplemental
Opinion, Appendix B, quantitative assessment of short-term (24-year) extinction risk is
calculated in a manner that is similar to that used by the ICTRT for calculating long-term (100-
year) extinction risk. Observed abundance and productivity estimates during the Base Period are
used to define a stock-recruitment function that predicts the number of progeny that will return to
spawn from a given number of parental spawners. The production functions are the Beverton-
Holt (for Chinook ESUs) and Ricker (for steelhead DPSs), which are standard in fisheries
literature. " Hinrichsen (2013; Appendix B) explains that the Beverton-Holt function was used
for Chinook populations because preliminary work showed that it yielded extinction probability
estimates that were similar to those generated by the hockey stick model used by the ICTRT
(2007). It was not applied to steelhead populations because valid parameter estimates could only
be found with the Ricker function for many of the steelhead populations.

Estimates of extinction probability are based on simulations. These start with current abundance
and then project a 24-year time series of future spawners. Each projection will have a different
outcome due to random error and autocorrelation terms, so the projections are repeated
thousands of times to generate a range of outcomes. The proportion of simulation runs that fall
below the quasi-extinction threshold (QET'*) within the 24-year time period represents the

13 See discussion of density dependence in Section 2.1.1.5.3 and Appendix C in this document for details, as well as
Ricker (1954) and Hilborn and Walters (1992). Briefly, production functions specify the expected number of fish in
the next generation as a function of the number of fish in the parental generation. At low parental numbers (low
density), the number of progeny exceeds the number of parents; at carrying capacity the number of progeny equals
the number of parents; and above carrying capacity the Beverton-Holt model remains at an asymptotic level while
the Ricker model predicts a steep decline in the number of progeny compared to the number of parents because of
strong density dependence.

' Section 7.1.1.1 of the 2008 BiOp defined extinction as falling below a quasi-extinction threshold (QET) 4 years in
a row (representing a full brood cycle of mature male and female spawners) per recommendations of the ICTRT
(2007a). The 2008 BiOp used a QET rather than absolute extinction (one fish) as a criterion because it is very
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probability of short-term extinction. That is, of 1000 simulations, if 300 predict salmon
abundance that is below a QET at the end of the 24 years there is a 30% risk of extinction.

Figure 2.1-9 shows an example of this method for the Tucannon River Chinook population. The
black line that ends in 2012 represents the observed time series of spawners over the extended
Base Period. Many simulations of future population tracks beginning in 2013 are generated from
the original data and a certain number of them will fall below the quasi-extinction criteria. In this
example, one of the 14 simulations indicated quasi-extinction, resulting in an extinction
probability of 7%. (When thousands of simulations are performed, the actual extinction risk
estimate for this population is 3%, as displayed in Table 2.1-7).

Tucannon Spring Chinook Extinction Risk Example
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Figure 2.1-9 Example of method used to calculate the quasi-extinction risk of the Tucannon River Chinook
population, from Hinrichsen (2013; included as Appendix B in this Supplemental Opinion). The black line indicates
empirical estimates of adult spawners through 2012. Fourteen simulations of abundance from 2013-2037 (24 years)
are shown in various colors. One of these simulations drops below a QET of 50 fish for four consecutive years, so for
this simulation the population is considered “extinct.” The risk of 24-year extinction shown in this example is 7%
(1/14); the estimate we use for this Supplemental Opinion is 3%, based on thousands of simulations (Table 2.1-7).

A number of factors are important in defining extinction risk analyses and the criteria for
evaluation. The 2008 BiOp, Section 7.1.1.1, presents a detailed discussion of these factors,
including choice of the 24-year period to represent short-term extinction risk (i.e., there is greater
precision over shorter periods than longer periods; it is more than twice the duration of the

biological opinion; and precedent from the 2000 FCRPS BiOp) and primary reliance on a QET

difficult to predict the dynamics of populations at extremely low abundance. Various reviews since the 2000 FCRPS
Biological Opinion, which relied upon absolute extinction, suggested that it would be more appropriate to evaluate
extinction risk relative to a higher quasi-extinction threshold. Such a threshold does not necessarily represent true
biological extinction, but it represents an abundance below which there is great concern from a management
perspective and high analytical uncertainty regarding persistence. Choice of an appropriate QET range was the
subject of considerable discussion in the 2008 BiOp, Section 7.1.1.1.
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of 50 fish (i.e., a level higher than zero is necessary to account for uncertainty in data and
population processes at low abundance, and the choice of the specific level of 50 fish is
consistent with ICTRT methods). It also points out why some of the factors are conservative for
at least a subset of populations (e.g., some populations have dropped below the 50-fish QET in
the past and returned to higher abundance levels; these analyses assume that all hatchery
production ceases immediately). The 2008 BiOp did not set an explicit numeric goal for “low
short-term risk of extinction,” but approximated it as 5% or less."’

How Does NOAA Fisheries Evaluate Whether the Extended Base Period Estimates Have Changed
From the 2008 BiOp’s Base Period Estimates?

Comparison of Point Estimates

The primary method that NOAA Fisheries uses to evaluate Base Period versus Extended Base
Period indicator metric estimates is to determine whether point estimates for the various metrics
have changed. This is a simple approach analogous to the 2008 BiOp’s comparison of indicator
metrics to the prospective goals, as described previously.

While the comparison of point estimates is important, it does not provide a complete picture of
the current status relative to the estimates in the 2008 BiOp. Two factors that also must be
considered are uncertainty in parameter estimates and the process of density dependence, which
can result in decreasing productivity (measured as recruits-per-spawner) as spawner abundance
increases. The 2010 Supplemental BiOp evaluated each of these factors, which played a
significant role in reaching conclusions. They are also evaluated in this Supplemental Opinion,
including a more formal statistical analysis of the effects of density dependence.

Consideration of Uncertainty

Uncertainty in the estimates can result from high variability in spawner numbers, which is a
hallmark of Columbia basin salmon populations (e.g., Hinrichsen 2001), natural variability in the
freshwater and marine environments that influence salmon survival (see review of recent climate
factors in Section 2.1.4), and measurement error (i.e., error associated with estimating population

abundance). The point estimates calculated for the 2008 BiOp Base Period indicator metrics
tended to have fairly wide statistical confidence intervals, reflecting this uncertainty, as do the
new extended Base Period estimates. Statistical tests can determine if a new estimate of a BiOp
indicator metric has changed significantly. If there is little or no overlap in the confidence limits
for each estimate, a statistical test such as a t-test would likely indicate that there is a statistically

'S NOAA Fisheries has not identified quantitative values of metrics that would indicate a sufficiently low short-term
risk of extinction because the estimation of extinction risk is dependent on specific model functions and assumptions
(such as quasi-extinction abundance threshold, QET, and treatment of listed hatchery fish) about which there is
considerable uncertainty. The ability of a particular set of actions to achieve a goal of no more than any assumed
percentage risk of extinction may vary considerably among models and assumptions. For convenience, the 2008
SCA includes estimates of survival gaps necessary to reduce 24-year extinction risk to no more than 5%, given the
range of assumptions considered in the analysis. Ultimately, the acceptable level of short-term extinction risk is a
qualitative policy determination made by NOAA Fisheries consistent with the ESA and its implementing regulations
(2008 BiOp, pp. 7.7 and 7.8).
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significant difference between them and identify the probability (P-value) that this conclusion
could be wrong (usually 5% or less). If confidence intervals overlap, particularly if the second
point estimate falls within the confidence interval of the first estimate, the test would not indicate
that the metric has changed. This approach is useful for identifying when a significant change in
a BiOp metric has occurred and is therefore relevant to the analyses in this Supplemental
Opinion. We describe whether a new estimate is within or outside of the 2008 BiOp’s confidence
intervals for each metric.

While this approach is a useful way of describing if a statistically significant change in a BiOp
indicator metric sas occurred, it may be of limited utility in determining that a change has not
occurred. If the sample size is too small or if variability in the data is too high, it may not be
possible to detect a true change, even if one has occurred. The ability of a statistical test to detect
true differences is referred to as the statistical “power” of the analysis, which is generally weak
for BiOp analyses because of the relatively few years of observations and the high variance in
those observations. Additionally, because of the method of calculating the Base Period and
Extended Base Period metrics, each time period has a high percentage of common observations
(20+), which also makes it difficult to detect a difference between estimates and violates
statistical assumptions of independence. For these reasons, we do not rely solely on results based
on the relation of new means (i.e. point estimates) to the confidence intervals of the previous
estimates.

In summary, high variability and relatively few observations make it difficult to statistically
“prove” whether a new indicator metric estimate represents a change from the previous estimate
or not. We calculate and consider relevant statistical information, but rely on a combination of all
of the information described in this section in our determination.

Consideration of Density-Dependent Effects

In addition to natural variability and uncertainty, a process that drives one metric down when
another goes up could also influence the new estimates and our interpretation of whether the
original estimates have changed. This would not be a significant concern if all of the indicator
metrics increased or decreased together. But if abundance and extinction risk both show that a
population is improving, but average productivity declines, what mechanism can account for
this? The 2010 Supplemental BiOp described the observed pattern in the abundance and
productivity point estimates available at that time as being consistent with an expectation that

interference or competition for resources is likely to occur at high abundance and density,
resulting in fewer returns (also referred to as “recruits”) produced per spawner. Such density-
dependent mortality in Pacific salmonids is a well-established principle in fishery population
dynamics (e.g., Ricker 1975; Hilborn and Walters 1992; Zabel et al. 2006). Matrix model
projections displayed in Chapter 7.1 of the 2008 BiOp showed how abundance and productivity
are expected to interact over time in response to a survival improvement in a single life stage,
such as one expected from an RPA action. Due to time limitations of the 2010 voluntary remand,
this pattern of observed abundance and productivity was not analyzed in detail.
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In this Supplemental Opinion, we include a formal analysis of the effects of spawner density on
R/S productivity. Zabel and Cooney (2013; Appendix C) statistically tested whether the pattern
of In(R/S) versus spawner abundance during the Base Period was consistent with a density-
dependent model commonly used in fisheries management (Ricker 1954), and whether the new
estimates contributing to the extended Base Period were within the prediction limits generated
from the model using the Base Period data. If so, the new R/S estimates can be considered
consistent with the Base Period R/S estimates for a given abundance of spawners. Details of the
methodology are included in Appendix C.

Other Considerations

Some draft Supplemental Opinion commenters suggested that Base-to-Current survival changes
identified in the 2008 BiOp should be detectable in the Extended Base Period indicator metrics,
which reflect population changes throughout the entire life cycle. This means that NOAA
Fisheries should compare the Extended Base Period indicator metric estimates to a higher level
than the original Base Period estimates. While effects of Base-to-Current survival changes are

clearly resulting in survival changes for certain life stages, as reviewed in Section 2.2 (especially
for the significant hydro and harvest changes, which are quantified through monitoring),
detection of Base-to-Current changes in the indicator metrics is very uncertain at this time.

This is in part because, even for Base-to-Current management changes that have already
occurred, some associated survival changes may be achieved quickly (e.g., in response to a
change in a dam structure that immediately affects the survival of migrating juveniles) while
others may take years to be fully achieved (e.g., in response to a tributary habitat action
involving revegetation).

There is also a lag (up to 3 to 4 years) in completing all adult returns for a particular brood year
that has been affected by a life-stage survival change. As described in Section 2.1.1.5.3, the most
recently completed brood year that is currently available is 2005, 2006, or 2007, depending upon
species and population. This means that the “current” management practices in place at the time
the 2008 BiOp was prepared will only be partially reflected in the most recent indicator metrics.

Additionally, as described above in Consideration of Uncertainty, a sufficient number of new
observations must accumulate to change the indicator metrics, which are calculated from all
observations, including 20 or more Base Period observations.

Finally, natural variability creates background variation in other survival factors, which may
mask or artificially enhance the effects of the current and prospective management actions. For
these reasons, we rely primarily on evidence indicating survival changes in particular life stages
to evaluate the continued validity of the 2008 BiOp’s Base-to-Current survival change estimates.

Some draft Supplemental Opinion commenters implied that some survival changes associated
with implementing the RPA should also be detectable in the extended Base Period metrics. No
changes resulting from RPA implementation are expected to be reflected in available BiOp
indicator metrics. This is because the most recently completed brood year is 2005, 2006 or 2007,
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depending upon population (Tables 2.1-3 and 2.1-4), most RPA actions primarily affect juvenile
survival, and the juvenile rearing and migration years contributing to the most recent brood year
returns generally precede 2008 BiOp RPA implementation. At most, the first year of 2008 BiOp
implementation would be relevant for some populations. The 2008 BiOp’s implementation
expectations at this point in time are best described in the 2013 Comprehensive Evaluation
reporting requirements (RPA Action 3 and throughout the RPA for each action) and do not
include expected changes in 2008 BiOp indicator metrics.

2.1.1.2 Results—Interior Columbia Recovery Plans

NOAA Fisheries (NMFS 2007a, 2009a) completed the Upper Columbia Spring Chinook Salmon
and Steelhead Recovery Plan'® in 2007 and the Middle Columbia River Steelhead Recovery
Plan'” in 2009. Neither plan has been revised since that time. The plans include population
structure for UCR spring Chinook, UCR steelhead, and Middle Columbia River (MCR)
steelhead, as well as recovery criteria that are consistent with ICTRT viability criteria. They also
include a set of actions designed to move listed species towards recovery, including FCRPS
actions.

NOAA Fisheries currently is developing a recovery plan for the four listed Snake River species:
SR steelhead, SR spring/summer Chinook, SR fall Chinook, and SR sockeye. The target for
releasing a proposed plan is early 2014. NOAA expects to optimize recovery plan
implementation through stakeholder involvement in developing draft products, particularly
through NOAA Fisheries” Snake River Coordination Group. The target for final plan completion
is 2015. In the interim, several draft products are available.'® As of August 2013, these draft
products include management unit plans for northeast Oregon, southwest Washington, and
Idaho; a draft SR sockeye salmon recovery plan; chapters of the SR fall Chinook recovery plan;
and draft hydro and harvest modules that will accompany the final Snake River recovery plans.

The recovery products described above are informed by viability criteria and considerations
developed by the ICTRT, which were the primary recovery factors considered in the 2008 BiOp.
More detailed viability criteria and an updated status assessment are being developed for SR fall
Chinook. These should be available in early 2014 and may alter the SR fall Chinook gap
analyses included in the 2008 SCA, Appendix B.

16

http://www.westcoast.fisheries.noaa.gov/protected species/salmon_steelhead/recovery planning_and_implementa
tion/upper_columbia/upper columbia spring chinook steelhead recovery plan.html

17

http://www.westcoast.fisheries.noaa.gov/protected species/salmon_steelhead/recovery planning_and_implementa
tion/middle_columbia/middle_columbia_river_steelhead recovery plan.html

http.//www.westcoast.fisheries.noaa.gov/protected_species/salmon_steelhead/recovery planning_and_implementa
tion/snake river/current_snake river recovery plan documents.html
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2.1.1.3. Results—5-Year Status Review (2011)

NOAA Fisheries completed 5-year status reviews for interior Columbia basin species in 2011
(76 FR 50448) and concluded that the listing status of all species was unchanged from the
previous status review (Good et al. 2005), which was relied upon in the 2008 BiOp. Ford (2011)
provided detailed supporting information regarding the demographic status of populations for the
S-year status review. The following table (Table 2.1-1) summarizes key findings regarding the
risk of each population with respect to ICTRT (2007b) viability metrics.

Most populations had increased abundance, decreased intrinsic productivity, and little or no
change in spatial structure or diversity compared to population risk metrics at the time of the
previous 5-year review (2005). Overall risk ratings were “high” for all populations of UCR
Chinook, UCR steelhead, and SR spring/summer Chinook. There was a mixture of risk
categories for SR steelhead, while most populations of MCR steelhead and SR fall Chinook were
rated either “Maintained” or “Viable.” For SR sockeye salmon, it was not possible to quantify
the viability ratings. Ford (2011) determined that the SR sockeye captive broodstock-based
program has made substantial progress, but natural production levels of anadromous returns
remain extremely low for this species. Although the risk status of SR sockeye appears to be on
an improving trend, the new information considered did not indicate a change in the biological
risk category since the previous status review.
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Table 2.1-1. Summary of recovery viability metrics for extant populations of interior Columbia basin species from the
most recent 5-year status review (Ford 2011). Exact definitions of each rating are found in ICTRT (2007b), and
methods of calculation and time periods over which empirical information was evaluated are in Ford (2011).

1 2 e
ESU MPG Number of Integra.tecg A/P Integrafed3SSID Overall .VlaPlllty
Populations Risk Risk Rating
Upper Columbia Eastern
River Spring 3 3 High 3 High 3 High Risk
. Cascades
Chinook
Upper Columbia Eastern . . . .
River Steelhead Cascades “ & Rl & Rl © AlE D IR
Cascades 5 2 Low 1 Low 2 \(lab!e
Eastern Slope 1 Moderate 4 Moderate 1 Maintained
2 High 2- High Risk
John Day 5 1 Very Low 1 Low 1 Highly Viable
Middle Columbia River 4 Moderate 4 Moderate 4 Maintained
Steelhead i
eehea Umatilla Walla 3 2 Mod.erate 3 Moderate 3 Maintained
Walla 1 High
. 3 Moderate 3 Moderate 1Viable (.Mallntalned)
Yakima 4 1 Hiah 1 Hiah 2 Maintained
9 9 1 High Risk
Lower Snake 1 High Moderate High Risk
Grande Ronde . 5 Moderate . .
Imnaha 6 6 High 1 High 6 High Risk
1 Moderate
South Fork . 3 Low . .
Snake River Salmon 4 2 High 1 i 4 High Risk
Spring/Summer 1 Insuff. Data
Chinook . 3 Low
ATEEIE 0 9 9 High 5 Moderate 9 High Risk
Salmon .
1 High
U Sal 2 Low
ppeF;. aimon 8 8 High 2 Moderate 8 High Risk
iver .
4 High
Snake River Fall Mainstem and s
Chinook Lower Tribs 1 Moderate Moderate Maintained
1 Maintained 1 Maintained?®
Lower Snake 2 1 High 2 Moderate 1 High Risk?
1 Very Low . .
1 Moderate 2 Low 1 nghly \{lable
Grande Ronde 4 . 2 Maintained
1 High? 2 Moderate . .
1 Insuff. Dat 1 High Risk?
Snake River nsutt. bata
Steelhead Imnaha 1 Moderate? Moderate Maintained?
Clearwater 5 1 Moderate? 3 Low 1 Maintained?
4 High 2 Moderate 4 High Risk?
5 Low
i
Salmon 12 7 Mod'erate 6 Moderate 6 Maln.talned.
5 High 1 High 6 High?

" A/P = abundance and productivity

2 3S/D = spatial structure and diversity
3ICTRT (2007b) A/P and SS/D risk ratings range from High (greatest risk of extinction) to Very Low (least risk of extinction).
*ICTRT (2007b) overall viability ratings, which combine the A/P and SS/D risk ratings, are High Risk (at greatest overall risk of
extinction), Maintained, Viable, and Highly Viable (at least overall risk of extinction).

® = uncertain due to lack of data, only a few years of data, or large gaps in the data series.
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2.1.1.4. Results—U.S. Department of Commerce FY 2013 Performance and
Accountability Report

NOAA Fisheries reported to Congress on GPRA performance measures for listed species in the
Pacific Northwest as of fiscal year 2012 (Ford 2013). This report summarizes the most recent 10-
year trend as being stable, increasing, or decreasing, using methods described in the 2010
Supplemental BiOp, Section 2.1.1.1.2.

The trend for each population within an ESU or DPS for which data were available was
calculated as the slope of the linear regression of log-transformed natural-origin spawning
abundance over the last 10 years of available data. Each population trend was classified as
“stable” if the slope of the trend was not significantly (P < 0.05'") different from zero;
“increasing” if the trend was significantly greater than zero; and “decreasing” if the trend was
significantly less than zero. The trend for the ESU or DPS was inferred from the population-level
trends as follows: if 75% or more of the population-level trends were either significantly
increasing or decreasing, then the ESU or DPS trend was reported as that category, otherwise,
the ESU or DPS trend was reported as either “mixed” or “stable” (i.e., no statistically significant
trend), as deemed appropriate.

The report points out that much of the data, particularly for recent years, are preliminary and
subject to change and therefore should be interpreted cautiously. We acknowledge this
limitation, but present it because it represents the most recent and best currently available data.
The data used in this analysis is identical to that used to update 2008 BiOp Base Period metrics
in Section 2.1.1.5 of this Supplemental Opinion. The report also notes that population trends are
naturally very sensitive to the time period over which they are calculated, and refers the reader to
the most recent status review report (Ford et al. 2011; Section 2.1.1.3 of this Supplemental
Opinion) for the most comprehensive summary of current status.

The results show an improvement for three species, compared with those of the 2009 GPRA
report, which were described in the 2010 Supplemental BiOp, Section 2.1.1.1.2. Most
populations (45 out of 51) were considered stable, with two populations decreasing and four
populations increasing (Table 2.1-2). At the species level, all interior Columbia species were
considered stable except SR fall Chinook and SR sockeye salmon, which were considered
“increasing.”

" The p-value (P), or probability value, is the probability of observing an outcome (in this case, that the 2002-2013
mean is different from the Recent period mean), given that the null hypothesis is true (i.e., that the two means are
actually the same, which, if true, would be apparent if there was an infinitely large sample size or number of
replicate samples). A small p-value indicates that it is unlikely that the two means are actually the same. Often a
probability of 5% or less (P<0.05) indicates that a difference in means can be considered “statistically significant.”
Probabilities greater than 5% do not necessarily prove that there is “no difference” between the means; these results
have to be evaluated in the context of a power analysis to ensure that the sample size was sufficient to have detected
a difference.
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Table 2.1-2. Summary of 10-year abundance trend determinations from the 2013 GPRA Report (Ford 2013).

Number of Populations For Which Trend” Overall
Could Be Determined: ;
Most Recent Species
Listed Species Year(s) in Trend' Decreasing Stable Increasing Rating
MCR Steelhead 2012 1 13 1 Stable
UCR Steelhead 2011 0 3 1 Stable
SR Spring/
Summer Chinook 2011 or 2012 1 23 0 Stable
UCR Spring
Chinook 2011 0 3 0 Stable
SR Fall Chinook 2012 0 0 1 Increasing
SR Steelhead 2010 0 3 0 Stable
SR Sockeye 2012 0 0 1 Increasing
' For some species, the most recent year in the 10-year trend varied among populations.
2Population trends were considered stable if the slope of the trend was not significantly (P<0.05) different from zero and increasing or decreasing if it
was significantly different.
3 Species were considered increasing or decreasing if 75% or more of the populations were in that category.

2.1.1.5 Results—Updated BiOp Metrics for Six Interior Columbia Basin Salmon
and Steelhead Species

2.1.1.5.1 Results—New Information in Northwest Fisheries Science Center Salmon Population
Summary Database

The Northwest Fisheries Science Center (NWFSC) maintains the Salmon Population Summary
(SPS) database,”® which contains population-level information from state agencies, tribes, and
other sources. This database includes 4 to 9 new years of data for most interior Columbia basin
populations, as well as data for some populations for which quantitative information was lacking
in the 2008 BiOp.?' In addition to inclusion of new years of data, the data set includes
corrections to population estimates from previous years for many populations based on new
research that affected factors such as expansion terms for index redd counts and estimation of
hatchery fractions. A summary of the new information is included in Tables 2.1-3 and 2.1-4.

As described previously, the 2008 BiOp relied primarily upon calculations that were based on an
approximately 20-year period, beginning in approximately 1980.* A few populations with
shorter time series beginning as late as 1985 were included in these calculations. The 2008 BiOp

2 hitps://www.webapps.nwfsc.noaa.gov/apex/f?p=238:home:0

I Not all data submitted to the SPS database had been entered on the publicly accessible web site at the time this
Supplemental Opinion was drafted. The data used for analyses in this Supplemental Opinion were obtained on
October 18, 2013, from M. Brick, NWFSC, in the spreadsheet “2012 SPS formatted update 91713 inc fch.xls”,
which is available from NOAA Fisheries, as are spreadsheets and SPAZ output files that used the SPS data to
calculate BiOp metrics.

22 Specific start dates varied by population. The particular time frame was chosen to match the time period used in
ICTRT (2007a) survival “gap” calculations.
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also included calculations based on a shorter time frame (2008 BiOp, Appendix B) beginning in
approximately 1990 for all metrics except extinction risk, but because those results were
generally more optimistic than results based on the longer time period, they were given less
weight. In the subsequent calculations in Section 2.1.1.5.2 (Extended Base Period Productivity
and Extinction Risk Indicator Metrics Calculated from Updated Population Information) we
follow the convention of including populations with time series that begin no later than 1985 in
the longer-term calculations. We have also included Appendix A, which evaluates most metrics
from 1990 to present and includes populations with time series that begin after 1985. Appendix
B includes extinction risk estimates for those populations with time series that begin subsequent
to 1985, for which valid estimates could be obtained.

Empirical information for SR steelhead is restricted to three populations (Table 2.1-4), which
was also the case for the 2008 BiOp. The ICTRT (2007a, 2007b) determined the average
abundance of “A-run” and “B-run” steelhead?® based on dam counts, classification of each
population as A-run or B-run (or a mixture of the two), and assumptions about the distribution of
steelhead among populations. The 2008 BiOp applied the ICTRT’s average A-run or average B-
run estimates to each uncensused population, based on its classification, to evaluate the
prospective effects of population-specific tributary habitat RPA actions on SR steelhead (2008
BiOp, Section 7.1.2.3).

Calculation of average A- and B-run populations is no longer valid, as described in Cooney
(2013):

At the time the ICTRT developed the viability criteria and applied them in the initial DPS
status assessments (2007), it was assumed that the A and B run distinction carried over to the
population level. In general, all lower elevation populations in the Upper Columbia and
Middle Columbia steelhead DPSs along with lower elevation populations in the Snake River
were assumed to be A run. B run returns were assigned to higher elevation populations in the
Upper Clearwater and Salmon River basins. Eleven populations above Lower Granite Dam
were assigned as A run, eight as B run.

While we could not make specific estimates of spawning escapements into sixteen of the
eighteen populations above Lower Granite Dam, the total return of B run and the remainder
of the A run after accounting for the estimated escapements into the two Grande Ronde
populations was not sufficient to provide for the same level of escapements relative to
minimum thresholds for all of the remaining populations. To illustrate this difference, we
generated two surrogate data series based on the aggregate counts, one representing a
surrogate A run population, the other a surrogate B run population. In order to construct each
of the two surrogates, we made the simplifying assumption that the returns over Lower
Granite Dam not accounted for in the two Grande Ronde populations were distributed

* Inland steelhead of the Columbia River basin, especially the Snake River subbasin, are commonly referred to as
either A-run or B-run. These designations are based on a bimodal migration of adult steelhead at Bonneville Dam
(first mode is A-run; second mode is B-run), differences in age (A-run generally spend one year in the ocean; B-run
two years), and adult size (A-run are smaller; B-run bigger) observed among Snake River steelhead. It is unclear,
however, if the life history and body size differences observed upstream are correlated back to the groups forming
the bimodal migration observed at Bonneville Dam. Furthermore, the relationship between patterns observed at the
dams and the distribution of adults in spawning areas throughout the Snake River basin is not well understood.
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proportionately across the remaining populations. We did not intend these estimates to be
taken as specific to any particular population, just as an illustration of the fact that given the
total natural return levels at Lower Granite Dam, it was likely that many of the populations
without specific spawning estimates must be falling below minimum abundance thresholds.

Two major monitoring efforts to generate more specific information on natural returns and/or
spawning escapements into specific populations or regional groupings of populations were
initiated in the late 2000s. Idaho Department of Fish and Game is coordinating with other
entities involved in the monitoring programs to develop annual estimates of spawning
escapements for component populations or groups of populations within the Snake River
DPS. I have been participating in the effort with the aim of incorporating results from the
studies into updated population level status assessments for the next NOAA 5-year review.

Draft results from the first year of the genetic based Lower Granite Dam return assessment
became available as we were compiling the last 5-year status review (Ford et al. 2011). We
noted in that review (page 120) that:

“Initial results...indicate that some populations assumed to be either A-run or B-run may
support a mixture of the two run types. Results from this ongoing effort and the companion
study based on adult PIT tag detections should allow for improved population specific
assessments in the next 5-year status review.”

Until an alternative approach is developed, the aggregate dam count is the main information
available for most populations of SR steelhead (see Section 2.1.1.6.1 in this document). We
continue to rely on the performance measures in the 2008 BiOp, which were based on the
average A- and B-run method, for lack of an alternative method, but do not attempt to calculate
extended Base Period average A-run and average B-run estimates.

One comment on the draft Supplemental Opinion indicated that NOAA Fisheries did not report
existing population information for additional SR steelhead populations. Three of the data sets
mentioned do not apply to populations defined by the ICTRT. NOAA Fisheries did not include
estimates for the Pahsimeroi and Upper Salmon steelhead populations because those datasets
may not be representative of the populations as a whole (Cooney 2013):

Both the ICTRT population status reviews and the most recent five year NWFSC reviews
focused primarily on data series representative of spawning escapements at the ICTRT
population level. The population level data sets used in those reviews, updated to include
additional years information and any changes to the historical series that may be appropriate,
are maintained in the NWFSC Salmon Population Summary data base. As noted above, there
were insufficient data to construct series for most Snake River steelhead populations. In
some cases escapement or spawner abundance series representing a portion of a population
can be obtained. When the ICTRT constructed the population level data sets for Snake River
steelhead, consideration was given to the potential for expanding from a subarea series to the
aggregate population level. We specifically considered the weir count series in the
Pahsimeroi River and the Sawtooth weir data series in the Upper Salmon River. In both cases
we decided not to expand the series to represent the populations they were components of
given evidence that the escapements above those weirs may not be representative of
population as a whole due to the potential for large differences in subarea hatchery
contributions and differences in habitat conditions between the areas above the weir and the
remaining areas in each of those populations. It may be possible to incorporate those data
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series (and other similar sets) into population level data series in future assessments by
combining them with additional information gained from the newly initiated genetic and PIT
tag based annual monitoring efforts. We will be specifically exploring that possibility as we
work to compile updated population level or population subgroup estimates for use in the
next five year review.

Another comment on the draft Supplemental Opinion questioned the validity of the Tucannon
River SR spring/summer Chinook abundance data used in the BiOp calculations because of
potentially skewed sex ratios reported in one study (Gallinat and Ross 2012). Brick (2013)
explains that:

NOAA Fisheries uses data directly out of this report as published by WDFW each year. In
the 2012 WDFW report, Table 11 (Estimated spring Chinook salmon run to the Tucannon
River, 1985-2011) provides estimated abundance as 'total run size' with broodstock and pre-
spawning mortalities removed. NOAA Fisheries data in SPS reflects the data in this table for
abundance, which is calculated by expanding redd counts through weir mark recapture to
obtain a fish per observed redd count. WDFW does not report a sex ratio for total spawner
abundance because they do not have the data to provide confidence in an estimate of that.

For fecundity calculation purposes, WDFW also reports 'number of natural females in river'
based solely on redds observed (Table 19. Estimates of natural in-river produced Tucannon
spring Chinook salmon (both hatchery and natural origin parents) abundance by life stage for
1985-2011 broods). The number of natural females in the river, the average of which is what
ODFW brings up, is not based on the expanded total run size, but only on redd counts. They
are not intended for use as total abundance numbers and are not directly comparable to the
estimated abundance WDFW reports and NOAA Fisheries uses.
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Table 2.1-3. New Chinook salmon information in the NWFSC SPS database that has become available since the
2008 BiOp.

Completed Brood Last Complete
Adult Return Years Last Adult
) N . |Number of Newl| Cycles (Brood Years) | Brood Cycle (Brood | Number of
R Included in 2008 BiOp | Return Yearin B N R
ESU MPG Population " o N Return Years Included in 2008 BiOp| VYear) Included in | New Brood
Base Period' Extended Base . - " .. -
- Available "Base Period" Base [YearsA
Period' .
Period"
First Last First Last
Tucannon 1981 2006 2011 5 1981 2000 2006 6
Lower Snake - - -
Asotin - Functionally Extirpated
Catherine Creek 1981 2005 2011 6 1981 2000 2006 6
Upper Grande Ronde 1981 2005 2011 6 1981 2000 2006 6
Minam River 1981 2005 2012 7 1981 2000 2007 7
Grande  |\yenaha River 1981 2005 2012 7 1981 2000 2007 7
Ronde /- [(55tine/Wallowa Rivers 1981 2005 2011 6 1981 2000 2006 6
Imnaha
. 1981 2005 2011 6 1981 2000 2006 6
Imnaha River
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1979 2003 2012 9 1979 1998 2007 9
Secesh River 1981 2005 2011 6 1981 2000 2006 6
East Fork S. Fork Salmon (includin,
South Fork ( € 1979 2003 2012 9 1979 1998 2007 9
Salmon  |Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/
Chinook Salmon 1980 2004 2012 8 1980 1999 2007 8
Big Creek
1979 2003 2012 9 1979 1998 2007 9
Bear Valley/Elk Creek
Middle Fork Marsh Creek 1979 2003 2012 9 1979 1998 2007 9
salmon |Sulphur Creek 1979 2003 2012 9 1979 1998 2007 9
Camas Creek 1980 2004 2012 8 1980 1999 2007 8
Loon Creek 1980 2004 2012 8 1980 1999 2007 8
Chamberlain Creek" N/A N/A 2012 27 N/A N/A 2007 22
Lower Middle Fork Salmon (below Ind. Cr.)|
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River 1979 2003 2012 9 1979 1998 2007 9
Valley Creek 1979 2003 2012 9 1979 1998 2007 9
Yankee Fork 1979 2003 2011 8 1979 1998 2006 8
U Upper Salmon River (above Redfish L.) 1981 2005 2012 7 1981 2000 2007 7
Sa:-:::l North Fork Salmon River
Lower Salmon River (below Redfish L.) 1981 2005 2012 7 1981 2000 2007 7
East Fork Salmon River 1981 2005 2012 7 1981 2000 2007 7
Pahsimeroi River 1986 2005 2012 7 1986 2000 2007 7
Panther - Extirpated
U Columbi Wenatchee R. 1979 2003 2011 8 1979 1998 2006 8
er Columbia
pp' N Eastern |[Methow R. 1979 2003 2011 8 1979 1998 2006 8
Spring Chinook -
Salmon Cascades |EntiatR. 1979 2003 2011 8 1979 1998 2006 8
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most
Main Stem 1977 2004 2012 8 1977 1999 2007 8
Snake River Fall Recent BY
Chinook Salmon and Lower
Tributaries ;Z‘::r:t“g?i"mm Fall Chinook 1950-Most | 1994 2004 2012 8 1990 1999 2007 8

* Chamberlain Creek was not included in 2008 Biop quantitative estimates. Data is now available for 1985-2012 (1986-2007 BY).

2 If returns from oldest-aged spawners are rare (approx. 5% or less) for a population, numbers represent near-complete brood years (lacking oldest age returns).
Use of near-complete brood years slightly underestimates R/S.
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Table 2.1-4. New steelhead salmon information in the NWFSC SPS database that has become available since the

2008 BiOp.
Adult Return Years Completed Brood Cycles Last Complete
Included in 2008 BiOp Last Adult. Number of (Brood Years) Included in 2008 | Brood Cycle (Brood| Number of
ESU MPG Population "Base Period" Re"turn Yearin New Return BiOp "Base Period"* Year) Included in | New Brood
ExtendAed Years " ded Base |Years Available
. Base Period" . .
First Last First Last Period"
Upper Wenatchee 1981 2006 2011 5 1981 2000 2006 6
Columbia Eastern Methow 1981 2006 2011 5 1981 2000 2006 6
River Cascades Entiat 1981 2006 2011 5 1981 2000 2006 6
Steelhead Okanogan 1981 2006 2011 5 1981 2000 2006 6
Lower Snake Tuca.nnon | |
Asotin
Imnaha River [Imnaha R. (Camp Cr) 1980 2005 2010 5 ] [ 1980 1999 2005 6
Upper Mainstem 1981 2006 2010 4 1981 2000 2005 5
Lower Mainstem
Grande Ronde |, ohcr. 1981 2005 2010 5 1981 2000 2005 5
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater [Lochsa River
River Selway River
Snake River South Fork
steelhead" North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fo-rk -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1985 2004 2012 8 1985 1999 2007 8
Yakima Naches 1985 2004 2012 8 1985 1999 2007 8
Toppenish 1985 2004 2012 8 1985 1999 2007 8
Satus 1985 2004 2012 8 1985 1999 2007 8
Deschutes W. 1980 2005 2011 6 1980 1999 2006 7
Deschutes East’ 1990 2005 2011 6 1990 1999 2006 7
Eastern Klickitat
Cascades Fifteenmile Cr. 1985 2005 2011 6 1985 1999 2006 7
Mid Rock Cr.
(o White Salmon - Extirpated
Steelhead
Umatilla 1981 2004 2011 7 1981 2000 2006 6
Umaw"lfwa”a Walla-Walla® N/A N/A 2011 19 N/A N/A 2006 14
o Touchet® N/A N/A 2012 26 N/A N/A 2007 21
Lower Mainstem) 1979 2005 2011 6 1979 1998 2006 8
North Fork 1979 2005 2011 6 1979 1998 2006 8
John Day Upper Mainstem 1979 2005 2011 6 1979 1998 2006 8
Middle Fork 1979 2005 2011 6 1979 1998 2006 8
South Fork 1979 2005 2011 6 1979 1998 2006 8

Only the populations with empirical estimates are shown. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.

% Deschutes East population was only analyzed for "1990 - present" metrics in the 2008 BiOp.
3Walla Walla population was not used for 2008 BiOp metrics because the time series was too short (1993-2003, with partial 2004 and 2005 info; 1993-2000 BY). New information is 1993-2011 (1993-2006 BY).
“1f returns from oldest-aged spawners are rare (approx. 5% or less) for a population, numbers represent near-complete brood years (lacking oldest age returns).

Use of near-complete brood years slightly underestimates R/S.

®Touchet population was not available for the 2008 BiOp. Because time series does not begin until 1987, it is only used to calculate "1990-present” metrics.
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2.1.1.5.2 Results—Extended Base Period Productivity and Extinction Risk Indicator Metrics
Calculated From Updated Population Information

Abundance

As described in Section 2.1.1.1.1, spawner abundance is the basic measurement that is used to
derive the 2008 BiOp indicator metrics, and achieving ICTRT abundance thresholds is one of the
four main recovery criteria. Mean abundance for the most recent 10-year period was reported by
the ICTRT (2007a) and was included in the 2008 BiOp Base Period status descriptions for each
population, so is updated in this Supplemental Opinion.

Updated geometric mean abundance point estimates are higher than those presented in the 2008
BiOp are for all Chinook populations and for 17 out of 20 steelhead populations (Tables 2.1-5
and 2.1-6; Figures 2.1-10 and 2.1-11). The three populations with lower mean abundance
estimates were the Fifteenmile Creek, Lower Mainstem John Day, and Middle Fork John Day
populations of MCR steelhead. Even with the decline, the Fifteenmile Creek estimate is higher
than the ICTRT abundance threshold for this population. The mean abundance estimates in the
2008 BiOp were taken from ICTRT (2007a), which did not include confidence intervals but did
include ranges. All new mean abundance estimates are within those ranges.
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Table 2.1-5 Comparison of Chinook Base Period 10-year geometric mean abundance reported in the 2008 BiOp,

corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. Extended Base Period mean
abundance is higher than the 2008 BiOp mean for all Chinook populations. Recent total spawners (including
hatchery-origin spawners) and percent of natural-origin spawners are also displayed.

Recent BY

2008 BiOp New Information
Most Recent 10-Year
. ICTRT Threshold | Most Recent 10- | LowerEnd | Upper End Corrected 2008 Most Recent 10-
ESU MPG Population ost Hecen L Most Recent 10- | Lower 95% | Upper 95% GeomenanTotal | o oo
Abundance Goal | Year Geomean | OfICTRT | of ICTRT | ReturnYears | BiOp Estimate YearG Confid Confid RetumY Adults Year Geomean
‘ear Geomean | Confidence [ Confidence | Return Years ult Spawners
Abundance (2008{ (2007b) (2007b) | (2008BiOp) - - X P Percent Natural-
N 3 i Abundance Limit Limit (Including Hatchery-|
BiOp) Range Range . Origin Spawners
Origin)
Tucannon 750 ) 5 667 1997-2006 119 375 246 570 2002-2011 600 053
SoNErneE Asotin - Functionally Extirpated
Catherine Creek 1000 107 38 40 1996-2004 8 137 8 21 2002-2011 304 0.35
Upper Grande Ronde 1000 38 4 140 1996-2005 4 65 4 100 2002-2011 m 019
Minam River 750 37 102 638 1996-2006 3% 489 46 576 2003-2012 525 092
Grande
Ronde/ [ Wenaha River 750 376 8 750 1996-2007 380 436 364 52 2003-2012 465 092
Imnaha |Lostine/Wallowa Rivers 1000 276 85 812 1996-2008 piv] 370 251 546 2002-2011 847 033
Imnaha River 750 380 124 217 1996-2009 436 460 304 696 2002-2011 1288 0.30
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1000 601 12 1873 1994-2003 504 813 634 1041 2003-2012 1269 0.65
Secesh River 750 403 86 1228 1996-2005 483 605 408 897 2002-2011 635 0.96
East Fork S. Fork Salmon (includin
South Fork fincuding 1000 105 0 579 1994-2003 25 ® 19 40 2003-2012 s 050
Salmon  |Johnson)
Snake River
Spring/ Summer Little Salmon River (including Rapid R.)
Chinook Salmon
Big Creek 1000 N 5 662 1995-2004 91 181 115 286 2003-2012 184 100
Bear Valley/Elk Creek 750 182 15 1232 1994-2003 189 471 328 677 2003-2012 479 100
Marsh Creek 500 2 0 599 1994-2004 53 21 130 377 2003-2012 25 100
§ Sulphur Creek 500 21 0 178 1994-2005 19 58 37 91 2003-2012 59 1.00
M':“I'e Fork [Camas Creek 500 P 0 % 1595200 » I 3 7 2032012 @ 100
almon
Loon Creek 500 51 0 611 1995-2005 % 7 2 119 2003-2012 8 100
Chamberlain Creek 500 N/A N/A N/A N/A N/A 648 502 836 2003-2012 658 100
Lower Middle Fork Salmon (below Ind. Cr.
Upper Middle Fork Salmon (above Ind. Cr. |
Lemhi River 2000 il 10 582 1994-2003 il 81 58 12 2003-2012 81 1.00
Valley Creek 500 34 0 292 1994-2003 34 101 75 135 2003-2012 102 1.00
Yankee Fork 500 3 0 153 1994-2003 1 16 7 36 2002-2011 32 1.00
Upper Salmon River (above Redfish L) 1000 246 91 567 1996-2005 250 360 285 455 2003-2012 433 084
Upper
salmon North Fork Salmon River
Lower Salmon River (below Redfish L.) 2000 103 37 378 1996-2005 108 125 102 153 2003-2012 127 1.00
East Fork Salmon River 1000 148 9 598 1996-2005 135 320 20 487 2003-2012 324 1.00
Pahsimeroi River 1000 17 45 316 1996-2005 129 23 174 286 2003-2012 306 073
Panther - Extirpated
U Columbi Wenatchee R. 2000 m 8 1779 1994-2003 215 568 443 77 2002-2011 1531 032
r
s"'::n ;‘:::a: Eastern |Methow R, 2000 180 2 1694 19942003 170 38 4 601 20022011 1587 021
P Sglmon Cascades [EntiatR. 500 59 10 174 1994-2003 59 148 114 191 2002-2011 275 0.54
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most
Main Stem | e amstem Falhinoo o 3000 173 206 083 19952004 1189 4576 33 6090 1999-2008 15015 031
Snake River Fall Recent BY
Chinook Salmon and Lower
il i Mai Fall Chi -M
Tributaies | 0ver Vainstem fallChinook 1950-Most 3000 127 306 083 1952004 1189 1576 338 6090 1999-2008 15015 031

* Base Period mean abundance estimates in the 2008 BiOp were from ICTRT (2007b). That report did not include confidence intervals for the means, only ranges. NOAA Fisheries in the September 6, 2013, Sovereign Draft included approximate confidence intervals
calculated from original data in an ICTRT spreadsheet but does not include those estimates in the final supplemental opinion because valdity of the calculations could not be confirmed.
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Figure 2.1-10 Comparison of Chinook 2008 BiOp Base Period10-year geometric mean abundance, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new in information in the
NWFSC SPS database that has become available since the 2008 BiOp. Means are displayed relative to ICTRT
(2007b) recovery-threshold abundance goals.
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Table 2.1-6. Comparison of steelhead Base Period 10-year geometric mean abundance reported in the 2008 BiOp,

corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. Extended Base Period mean
abundance is higher than the 2008 BiOp mean for 17 of 20 steelhead populations. Recent total spawners (including
hatchery-origin spawners) and percent of natural-origin spawners are also displayed.

2008 BiOp New
Most Recent 10-Year | Most Recent 10-
. ICTRT Threshold Most Recent 10- Lower End of Upper End of Corrected 2008 | Most Recent 10- Geomenan Total | Year Geomean
ESU MPG Population Year Geomean Return Years " y Lower 95% Upper 95%
Abundance Goal ICTRT (2007b) | ICTRT (2007b) 3 BiOp Estimate | Year Geomean ) - N .| RetumYears [ AdultSpawners Percent
Abundance 3 5 (2008 BiOp) Confidence Limit | Confidence Limit N L
(20088i0p) Range’ Range Abundance (Includuu.; r.ia!chery- Hatchery-Origin
Origin) Spawners
Upper Wenatchee 1000 900 269 2163 1997-2006 560 978 6% 1374 2002-2011 2636 037
Columbia Eastern Methow 1000 281 76 615 1997-2006 288 609 490 757 2002-2011 4451 014
River Cascades  |Entiat 500 9% 34 292 1997-2006 il 139 101 19 2002-2011 602 023
Steelhead Okanogan 1000 104 2 212 1997-2006 78 178 139 29 2002-2011 2307 0.08
Lower Snake Tucannon |
Asotin
Imnaha River |\mnaha R. (Camp Cr)* 1000 N/A N/A N/A 1996-2005 | N/A N/A N/A N/A 2001-2010 N/A 1,00 |
Upper Mainstem 1500 1226 673 2711 1997-2006 1229 1341 1120 1605 2001-2010 1387 097
Grande Ronde Lower Mainstem
Joseph Cr. 500 32 1084 4007 1997-2006 2169 2187 1722 2 2001-2010 2187 100
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
Snake River River Selway River
N South Fork
Steelhead North Fork -
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Furk -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1500 & 40 265 1995-2004 8 202 151 271 2003-2012 207 098
Vakima Naches 1500 4712 142 1454 1995-2004 470 1051 795 1390 2003-2012 1078 097
Toppenish 500 32 57 1252 1995-2004 306 556 433 13 2003-2012 570 097
Satus 1000 319 138 1032 1995-2004 412 1039 739 1461 2003-2012 1066 0.97
Deschutes W. 1000 456 108 1283 199%-2005 463 663 512 858 2002-2011 7% 0.84
Deschutes East 1000 1599 401 8274 1996-2005 1854 2129 1667 2720 2002-2011 2653 0.80
Eastern  [Klickitat
Cascades ~ |Fifteenmile Cr. 500 703 231 1922 1996-2005 698 615 405 936 2002-2011 620 0.9
Mid Rock Cr.
Columbia White Salmon - Extirpated
Steelhead
Umatila/Walla Umatilla 1500 1472 m 3542 1995-2004 1466 2364 1927 2901 2002-2011 3135 0.75
Walla Walla-Walla 1000 650 270 1746 1996-2005 722 927 714 1202 2002-2011 957 097
Touchet 3% 316 496 2003-2012 523 0.76
Lower Mainstem) 2250 1800 911 6257 1996-2005 1776 1480 909 2409 2002-2011 1872 0.79
North Fork 1500 1740 961 3444 1996-2005 1763 1927 1356 2737 2002-2011 2107 091
JohnDay  [Upper Mainstem 1000 524 326 134 1996-2005 519 608 413 896 2002-2011 665 091
Middle Fork 1000 756 195 2639 1996-2005 766 693 426 1128 2002-2011 758 091
South Fork 500 259 110 830 199%-2005 263 4% 358 670 2002-2011 536 091

* Only the populations with empirical estimates are shown, s in the 2008 BiOp.

 Data represents only the Camp Creek area of the Imnaha, so abundance estimates are not comparable to the ICTRT thresholds. However, the Camp Creek data can be used to
assess trends. The Camp Creek abundance estimate increased from 68 to 102 between the two periods.

 Base Period mean abundance estimates in the 2008 BIOp were from ICTRT (2007b). That report did not include confidence intervals for the means, only ranges. NOAA Fisheries in the September 6, 2013, Sovereign Draft included approximate confidence intervals

calculated from original data in an ICTRT spreadsheet but does not include those estimates in the final supplemental opinion because validity of the calculations could not be confirmed.
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Figure 2.1-11. Comparison of steelhead 2008 BiOp Base Period 10-year geometric mean abundance, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new in information in the
NWFSC SPS database that has become available since the 2008 BiOp. Means are displayed relative to ICTRT
(2007b) recovery-threshold abundance goals. The 2008 BiOp’s 95% confidence intervals are displayed.
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24-Year Extinction Risk

Hinrichsen (2013; included as Appendix B) updated Base Period extinction risk estimates using
new data in the SPS database and methods identical to those applied in the 2008 BiOp.24
Appendix B includes estimates of extinction risk based on four QETs, but because the ICTRT
and the 2008 BiOp focused primarily on a QET of 50 fish, only the QET 50 results are presented
in Tables 2.1-7 and 2.1-8 and Figures 2.1-12 and 2.1-13. As described in Section 2.1.1.1.1
(above), the 2008 BiOp’s goal for prospective actions (including projected effects of the RPA
and continuation of current management practices) for this metric is approximated at <5%
extinction risk. Point estimates of extinction risk based on new information remained either
unchanged or declined, compared with 2008 BiOp estimates, for nearly all populations (16 of 20
Chinook and 15 of 19 steelhead populations [including directional change for Imnaha Camp
Creek]). Extended Base Period extinction risk estimates decreased from >5% to <5% for six
populations (Tucannon, Minam, Lostine/Wallowa, Imnaha, and Bear Valley SR spring/summer
Chinook and Entiat UCR Chinook). As in the 2008 BiOp, 95% confidence intervals are wide for
most populations, indicating considerable uncertainty associated with this metric. All new
estimates are within the 2008 BiOp’s 95% confidence limits, indicating that the new results are
within the range of statistical uncertainty described in the 2008 BiOp. New estimates based on
alternative QET levels (30, 10, and 1 fish) indicate extinction risks that are the same (if 0% risk)
or lower than the QET 50 estimates for all populations (Appendix B).

** In the 2008 BiOp, a Beverton-Holt production function was used in the calculation of extinction risk for all
Chinook populations except SR fall Chinook. Because parameters calculated with the Beverton-Holt model were not
valid, a Ricker function was used for this population. It was possible to calculate valid Beverton-Holt parameters for
the extended Base Period SR fall Chinook estimate, so that approach is applied in this Supplemental Opinion. See
discussion in Appendix B.
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Table 2.1-7. Comparison of Chinook Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <6% extinction risk. Extended Base Period extinction risk estimates are
lower than the 2008 BiOp risk estimates for 16 of 20 Chinook populations; however, all new estimates are within the
2008 BiOp’s 95% confidence limits. Source of new estimates is Hinrichsen (2013; included as Appendix B in this
document).

2008 BiOp New Information
N Base Period Corrected 2008| Egxtended Ba:
ESU MPG Population ase Perio Lower95% | Upper95% | .. - xendecBase | ) wer9s% | Upper9s%
Extinction Risk - ) 3 BiOp Estimate | period Extinction 3 3
Confidence Confidence | Confidence | Confidence
24 Years at L L Risk - 24 Years at .. L
Limit Limit Limit Limit
QET=50 QET=50
Tucannon 0.07 0.00 0.71 0.04 0.03 0.00 0.56
Lower Snake = = =
Asotin - Functionally Extirpated
Catherine Creek 0.45 0.01 0.98 N/A 0.37 0.05 0.95
Upper Grande Ronde 0.70 0.07 0.97 0.51 0.48 0.07 0.94
Minam River 0.06 0.00 0.68 0.04 0.01 0.00 0.47
Grande
Ronde / Wenaha River 0.26 0.00 0.83 0.18 0.10 0.00 0.64
Imnaha |Lostine/Wallowa Rivers 0.18 0.00 0.81 0.07 0.04 0.00 0.51
Imnaha River 0.09 0.00 0.73 0.00 0.00 0.00 0.94
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 0.00 0.00 0.13 0.00 0.00 0.00 0.19
Secesh River 0.02 0.00 0.42 0.00 0.00 0.00 0.37
South Fork East Fork S. Fork Sal (includi
ast Fork S. Fork Salmon (including
Salmon 0.04 0.00 0.48 0.07
Johnson) 0.00 0.00 0.37
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 0.37 0.00 0.93 0.45 0.29 0.01 0.86
Bear Valley/Elk Creek 0.09 0.00 0.71 0.09 0.02 0.00 0.45
Marsh Creek 0.56 0.00 0.95 0.51 0.39 0.01 0.92
i Sulphur Creek 0.55 0.00 0.92 N/A 0.67 0.21 1.00
Middle Fork | a5 Creek 0.92 0.43 1.00
Salmon
Loon Creek
Chamberlain Creek
Lower Middle Fork Salmon (below Ind. Cr.)|
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River
Valley Creek 0.75 0.07 0.99 0.81 0.76 0.17 0.99
Yankee Fork
Upper Salmon River (above Redfish L.) 0.00 0.00 0.71 0.01 0.00 0.00 0.44
Sulpper North Fork Salmon River
almon
Lower Salmon River (below Redfish L.) 0.37 0.00 0.99 0.31 0.23 0.00 0.78
East Fork Salmon River 0.23 0.01 0.73
Pahsimeroi River"
Panther - Extirpated
. Wenatchee R. 0.02 0.00 0.82 0.06 0.04 0.00 0.64
Upper Columbia
R N Eastern Methow R. 0.10 0.00 0.74
Spring Chinook -
salmon Cascades |EntiatR. 0.19 0.00 0.82 0.12 0.05 0.00 0.79
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most
Main Stem ) 0.01 0.00 1.00 0.01 0.02 0.00 0.24
Snake River Fall Recent BY
Chinook Sal and Lower
inookSalmon | . utaries |Lower Mainstem Fall Chinook 1990-Most
Recent BY

! pahsimeroi River population was not included in 2008 BiOp "1980-present" metrics because data set phases in between 1986-1990. Updated shorter-term estimates are included in Appendix B.

2 Based on method using Beverton-Holt production function. Result using Ricker curve is 0.14 (0.00 - 0.63). See discussion in Appendix B.
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Figure 2.1-12. Comparison of Chinook Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <5% extinction risk (red line).The 2008 BiOp’s 95% confidence intervals are
displayed.
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Table 2.1-8. Comparison of steelhead Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <6% extinction risk. Extended Base Period extinction risk estimates are
lower than the 2008 BiOp risk estimates for 16 of 19 steelhead populations; however, all new estimates are within the
2008 BiOp’s 95% confidence limits. Source of estimates is Hinrichsen (2013; included as Appendix B).

2008 BiOp New Information
Base Period Extended Base
ESU MPG Population Extinction Risk - Lower 95% (l:JopnPﬁE(;::Z :g:cl:;?nf:?: Period Extinction Lower 95% (l;J:npﬁe;::z
24 Years at Confidence Limit L. Risk - 24 Years at | Confidence Limit ..
Limit Limit
QET=50 QET=50
Upper Wenatchee 0.27 0.00 0.92 0.29 0.20 0.00 0.82
Columbia Eastern Methow 0.47 0.02 1.00 0.76 0.88 0.31 1.00
River Cascades Entiat 0.99 0.10 1.00 0.85 0.89 0.25 1.00
Steelhead Okanogan 1.00 0.77 1.00 1.00 1.00 0.78 1.00
Lower Snake Tuca'nnon | |
Asotin
Imnaha River |Imnaha R. (Camp Cr)? I | | |
Upper Mainstem 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Lower Mainstem
Grande Ronde |, ohcr. 0.00 0.00 0.19 0.00 0.00 0.00 0.08
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
Snake River River Selway River
N South Fork
Steelhead North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
. North Fork
Salmon River - -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 0.68 0.08 1.00 0.69 0.78 0.54 0.99
Yakima Naches 0.34 0.00 0.87 0.34 0.46 0.17 0.74
Toppenish 0.79 0.00 0.97 0.70 0.72 0.49 0.97
Satus 0.00 0.00 0.30 0.00 0.31 0.00 0.79
Deschutes W. 0.01 0.00 0.90 0.01 0.00 0 0.37
Deschutes East®
Eastern Klickitat
Cascades  [Fifteenmile Cr. 0.00 0.00 0.44 0.00 0.00 0.00 0.26
Mid Rock Cr.
Ci i White Salmon - Extirpated
Steelhead
X Umatilla 0.00 0.00 0.37 0.00 0.00 0.00 0.02
Umatilla/Walla Walla-Walla*
Walla
Touchet®
Lower Mainstem) 0.00 0.00 0.38 0.00 0.00 0.00 0.06
North Fork 0.00 0.00 0.07 0.00 0.00 0.00 0.02
John Day Upper Mainstem 0.00 0.00 0.67 0.00 0.00 0.00 0.35
Middle Fork 0.00 0.00 0.44 0.00 0.00 0.00 0.33
South Fork 0.03 0.00 0.69 0.04 0.01 0.00 0.34

1 0nly the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
? Data represents only the Camp Creek area of the Imnaha, so extinction risk for entire population can't be estimated. "Average-A" estimates were included for 2008 BiOp.

However, the Camp Creek data can be used to assess trends. The Camp Creek extinction risk estimates decreased from 0.54 to 0.33 when original data were corrected and new years were added.

3 Deschutes East populationwas not included in 2008 BiOp "1980-present” metrics because data set doesn't begin until 1990. Estimates based on the shorter-data set are included in Appendix B.

* Walla Walla population data were not available for 2008 BiOp. New data, beginning in 1993, is used to generate estimates in Appendix B.

®Touchet population was not available for the 2008 BiOp. New data, beginning in 1987, is is used to generate estimates in Appendix B.
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Figure 2.1-13. Comparison of steelhead Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <5% extinction risk (red line). The 2008 BiOp’s 95% confidence intervals are
displayed.
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Productivity: Returns-per-Spawner

Average R/S was estimated as described in the 2008 BiOp Chapter 7.1, using new information in
the SPS database for the extended Base Period (Tables 2.1-9 and 2.1-10; Figures 2.1-14 and 2.1-
15). New point estimates of average R/S were lower than estimates in the 2008 BiOp for most
populations (18 of 27 Chinook and 12 of 19 steelhead populations). As described in Section
2.1.1.1.1 (How Are the Base Period and Extended Base Period Metrics Calculated?, above), the
2008 BiOp’s goal for prospective actions (including projected effects of the RPA and
continuation of current management practices) for this metric is R/S greater than1.0. All new
estimates were within the 2008 BiOp’s 95% confidence intervals, indicating that the results are
within the range of statistical uncertainty described in the 2008 BiOp. Although average R/S
declined for most populations, a number of the populations with lower estimates continued to
exhibit extended Base Period mean R/S that was greater than 1.0 (5 of 18 Chinook and 7 of 12
steelhead populations).
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Table 2.1-9. Comparison of Chinook Base Period geometric mean R/S reported in the 2008 BiOp, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is R/S greater than 1.0. Extended Base Period mean R/S estimates are lower than the 2008 BiOp
estimates for most Chinook populations; however, all new estimates are within the 2008 BiOp’s 95% confidence

limits.
2008 BiOp New Information
Corrected 2008
ESU MPG Population o 9 BiOp Mean
p Mean Base Low'er 95% Upp'er95/6 P Mean Extended Low.er95% Upp'er 95%
. Confidence Confidence Estimate . Confidence | Confidence
Period R/S . . Base Period R/S . .
Limit Limit Limit Limit
Tucannon 0.72 0.48 1.10 0.68 0.72 0.47 1.10
Lower Snake = = =
Asotin - Functionally Extirpated
Catherine Creek 0.44 0.22 0.84 0.38 0.38 0.22 0.64
Upper Grande Ronde 0.32 0.18 0.57 0.35 0.36 0.22 0.59
Minam River 0.80 0.47 137 0.80 0.85 0.57 1.27
Grande
Wenaha River 0.66 0.41 1.08 0.65 0.67 0.47 0.96
Ronde /
1 h Lostine/Wallowa Rivers 0.72 0.41 1.26 0.73 0.69 0.45 1.06
Imnaha River 0.59 0.40 0.86 0.75 0.56 0.39 0.80
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 0.86 0.59 1.28 0.87 0.76 0.57 1.02
Secesh River 119 0.81 176 1.19 1.05 0.74 1.50
South Fork - -
East Fork S. Fork Salmon (including
Salmon 0.97 0.67 141 0.97 0.92 0.66 1.27
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.20 0.66 2.19 1.16 1.12 0.67 1.86
Bear Valley/Elk Creek 135 0.82 2.22 1.34 121 0.82 1.78
Marsh Creek 0.95 0.52 175 0.99 0.98 0.60 1.60
X Sulphur Creek 0.97 0.45 2.09 1.02 1.05 0.62 1.79
M'ddl'e Fork | Camas Creek 0.79 0.39 162 0.79 0.69 0.41 117
Salmon
Loon Creek 111 0.54 231 1.22 0.91 0.52 1.60
Chamberlain Creek 1.06 0.55 2.07
Lower Middle Fork Salmon (below Ind. Cr.
Upper Middle Fork Salmon (above Ind. Cr.)
Lembhi River 1.08 0.63 1.84 1.10 0.95 0.62 1.47
Valley Creek 1.07 0.61 1.87 1.08 1.09 0.72 1.66
Yankee Fork 0.61 0.28 1.29 0.63 0.50 0.26 0.97
U Upper Salmon River (above Redfish L.) 1.51 0.84 2.72 1.56 1.23 0.76 1.99
pper North Fork Salmon River
Salmon - -
Lower Salmon River (below Redfish L.) 1.20 0.75 1.92 1.20 1.04 0.72 1.49
East Fork Salmon River 1.06 0.54 2.08 122 118 0.70 2.00
Pahsimeroi River 0.51 0.22 1.18 0.56 0.59 0.32 1.08
Panther - Extirpated
U Columbi Wenatchee R. 0.75 0.46 1.22 0.68 0.59 0.41 0.86
pp.er ° .um 'a Eastern Methow R. 0.73 0.42 1.27 0.72 0.51 0.32 0.81
Spring Chinook -
salmon Cascades |EntiatR. 0.72 0.49 1.05 0.72 0.66 0.50 0.89
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most 0.81 0.46 171 0.90 074 0.60 0.92
Main St . . . . . . A
Snake RiverFall | " 2" >e™ |Recent BY
Chinook Salmon and Lower : i
Tributaries I';owertl\gaYlnstem Fall Chinook 1990-Most 124 0.03 166 1.49 0.86 0.67 112
ecen
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Figure 2.1-14 Comparison of Chinook Base Period geometric mean R/S reported in the 2008 BiOp, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is R/S greater than 1.0 (red line). The 2008 BiOp’s 95% confidence intervals are displayed.
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Table 2.1-10. Comparison of steelhead Base Period geometric mean R/S reported in the 2008 BiOp, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is R/S greater than 1.0. Extended Base Period mean R/S estimates are lower than the 2008 BiOp
estimates for most steelhead populations; however, all new estimates are within the 2008 BiOp’s 95% confidence
limits.

2008 BiOp New Information
Corrected 2008
ESU MPG Population Mean Base Lower 95% :opnpfiec;::z BiOp Mean Mean Extended Lower 95% éj:npf::::
Period R/S Confidence Limit L Estimate Base Period R/S | Confidence Limit .
Limit Limit
Upper Wenatchee 0.35 0.22 0.55 0.34 0.35 0.24 0.50
Columbia Eastern Methow 0.21 0.15 0.30 0.19 0.18 0.14 0.23
River Cascades Entiat 0.52 0.37 0.73 0.43 0.37 0.28 0.50
Steelhead Okanogan 0.08 0.06 0.11 0.07 0.07 0.06 0.10
Lower Snake Tuca'nnon | |
Asotin
Imnaha River |[Imnaha R. (Camp Cr) | 1.45 0.94 2.24 | 1.45 | 1.30 0.93 1.83 |
Upper Mainstem 0.93 0.65 133 0.93 0.96 0.71 129
Grande Ronde Lower Mainstem
Joseph Cr. 1.26 0.84 1.89 126 1.15 0.81 1.62
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
5 River Selway River
Snake River South Fork
Steelhead’ North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fo.rk -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lembhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1.02 0.69 1.51 1.02 117 0.86 1.59
Yakima Naches 1.02 0.69 151 1.02 113 0.85 1.52
Toppenish 1.46 0.89 239 1.41 1.25 0.88 177
Satus 0.86 0.62 1.20 0.90 1.11 0.84 147
Deschutes W. 0.92 0.67 1.25 0.87 0.82 0.70 0.97
Deschutes East’
Eastern Klickitat
Cascades Fifteenmile Cr. 117 0.84 1.63 118 0.93 0.67 1.30
Mid Rock Cr.
Columbi White Salmon - Extirpated
Steelhead
Umatilla 0.94 0.73 122 0.98 0.80 0.66 0.97
Umatilla/Walla 3
Walla-Walla
Walla A
Touchet
Lower Mainstem) 1.24 0.76 2.04 1.44 1.05 0.65 1.68
North Fork 117 0.79 175 118 1.07 0.77 1.49
John Day Upper Mainstem 1.07 0.71 1.59 1.08 1.04 0.75 1.46
Middle Fork 117 0.82 1.69 119 1.00 0.70 1.42
South Fork 0.99 0.64 1.54 1.00 1.03 0.72 1.47

0nly the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run” estimates, as understood at the time.
2 Deschutes East populationwas not included in 2008 BiOp "1980-present” metrics because data set doesn't begin until 1990. Estimates based on the shorter-data set are included in Appendix A.
3 Walla Walla population data were not available for 2008 BiOp. New data, beginning in 1993, is used to generate estimates in Appendix A.

“Touchet population was not available for the 2008 BiOp. New data, beginning in 1987, is is used to generate estimates in Appendix A.
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Figure 2.1-15. Comparison of steelhead Base Period geometric mean R/S reported in the 2008 BiOp, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is R/S greater than 1.0 (red line). The 2008 BiOp’s 95% confidence intervals are displayed.
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Productivity: Median Population Growth Rate (Lambda)

Lambda HF=0

Lambda was estimated as described in the 2008 BiOp Chapter 7.1 using new information in the
SPS database for the extended Base Period (Tables 2.1-11 and 2.1-12; Figures 2.1-16 and 2.1-
17). As described in Section 2.1.1.1.1 (above), the 2008 BiOp’s goal for prospective actions
(including projected effects of the RPA and continuation of current management practices) for
this metric is lambda greater than 1.0. New point estimates of lambda under the assumption that
hatchery-origin spawners are not reproductively effective (HF=0) were generally lower than
estimates in the 2008 BiOp for Chinook (18[19]*° of 26 populations), but estimates generally did
not change or increased for steelhead (11 of 18 populations). All new estimates were within the
2008 BiOp’s 95% confidence intervals, indicating that the results are within the range of
statistical uncertainty described in the 2008 BiOp. Although lambda HF=0 estimates were lower
than in the 2008 BiOp for many populations, most of the populations that declined continued to
exhibit Base Period productivity estimates that were equal to, or greater than, 1.0 (14 [15] of
18[19]% Chinook and 5 of 7 steelhead populations).

** Snake River fall Chinook metrics were calculated using two different Base Periods, as in the 2008 BiOp and
ICTRT (2007a) survival gap analyses, and the results differed for the two methods. See more detailed explanation of
time periods in Section 2.1.1.5.2.
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Table 2.1-11. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are compared
with extended Base Period estimates based on new information in the NWFSC SPS database that has become
available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater than
1.0. Extended Base Period lambda HF=0 estimates are lower than the 2008 BiOp estimates for most Chinook
populations; however, all new estimates are within the 2008 BiOp’s 95% confidence limits.

2008 BiOp New Information
ESU MPG Population L 95% | Upper95% | Extended Ba: Lower95% | Upper 95%
Base Period | Probability ower pper xendedBase | - o obability | o™e" pper
Confidence | Confidence | Period Lambda Confidence | Confidence
Lambda HF=0 | Lambda>1.0 o L Lambda >1.0 L s
Limit Limit HF=0 Limit Limit
Tucannon 0.96 0.39 0.67 1.38 1.01 0.53 0.77 133
Lower Snake = = =
Asotin - Functionally Extirpated
Catherine Creek 0.93 0.29 0.66 1.30 0.97 0.40 0.74 1.28
Upper Grande Ronde 0.95 0.26 0.77 1.169 0.97 0.35 0.81 1.16
Minam River 1.05 0.69 0.82 135 1.05 0.73 0.88 1.25
Grande N
Ronde / Wenaha River 1.04 0.66 0.80 1.37 1.03 0.65 0.85 124
Imnaha |Lostine/Wallowa Rivers 1.03 0.60 0.78 1.36 1.04 0.67 0.84 1.28
Imnaha River 1.00 0.50 0.74 1.36 0.99 0.46 0.79 1.24
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1.09 0.80 0.83 143 1.04 0.75 0.90 121
Secesh River 1.06 0.76 0.86 1.32 1.05 0.75 0.88 1.26
South Fork - -
East Fork S. Fork Salmon (including
Salmon 1.06 0.80 0.88 1.28 1.03 0.64 0.84 1.26
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.09 0.74 0.78 1.53 1.05 0.69 0.81 137
Bear Valley/Elk Creek 1.11 0.80 0.79 1.55 1.07 0.75 0.85 1.33
Marsh Creek 1.09 0.75 0.78 1.52 1.06 0.71 0.83 1.35
Sulphur Creek 1.07 0.67 0.68 1.68 1.05 0.70 0.82 1.35
Middle Fork Camas Creek’ 1.04 0.60 0.69 1.57 0.98
Sal -
aimon Loon Creek* 112 0.79 0.79 1.58 1.01
Chamberlain Creek’ 0.94
Lower Middle Fork Salmon (below Ind. Cr.)|
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River 1.03 0.57 0.66 1.59 1.00 0.49 0.75 133
Valley Creek 1.07 0.69 0.72 1.59 1.03 0.62 0.81 1.32
Yankee Fork" 1.06 0.65 0.67 1.68 0.97
Upper Upper Salmon River (above Redfish L.) 1.04 0.61 0.74 1.46 1.03 0.63 0.81 1.32
North Fork Salmon River
Salmon
Lower Salmon River (below Redfish L.) 1.03 0.60 0.76 1.40 1.01 0.55 0.81 1.27
East Fork Salmon River 1.05 0.61 0.70 1.57 1.04 0.62 0.77 1.40
Pahsimeroi River 124 0.96 0.96 1.59
Panther - Extirpated
Wenatchee R. 0.96 0.39 0.61 1.51 0.97 0.37 0.77 1.22
Upper Columbia
. N Eastern |Methow R. 1.02 0.55 0.59 178 0.99 0.47 0.74 133
Spring Chinook -
salmon Cascades |EntiatR. 0.97 0.40 0.72 131 0.99 0.44 0.81 1.20
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most 109 0.87 081 130 110 0.2 0.55 127
Main St . . . . . . A .
Snake RiverFall [ " ™ |Recent BY
Chinook Salmon and Lower
Tributaries ;OW:rt'\gii"Stem Fall Chinook 1590-Most 118 0.94 0.89 156 117 0.95 0.95 144
ecen

* Valid lambda confidence limit estimates could not be obtained for these populations.
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Figure 2.1-16. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are compared
with extended Base Period estimates based on new information in the NWFSC SPS database that has become
available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater than 1.0
(red line). The 2008 BiOp’s 95% confidence intervals are displayed.
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Table 2.1-12. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are
compared with extended Base Period estimates based on new information in the NWFSC SPS database that has
become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater
than 1.0. Extended Base Period lambda HF=0 estimates are higher than the 2008 BiOp estimates for most steelhead
populations; however, all new estimates are within the 2008 BiOp’s 95% confidence limits.

2008 BiOp New
Extended B:
ESU MPG Population Base Period Probability Lower 95% Upper 95% P:rie:d f:m::: Probability Lambda Lower 95% Upper 95%
Lambda HF=0 Lambda>1.0 | Confidence Limit| Confidence Limit HF=0 >1.0 Confidence Limit | Confidence Limit
Upper Wenatchee 107 0.74 0.83 138 1.08 0.81 0.88 132
Columbia Eastern Methow 1.09 0.78 0.83 143 1.09 0.84 0.89 134
River Cascades Entiat 1.05 0.70 0.82 1.36 1.06 0.77 0.87 1.30
Steelhead Okanogan 1.05 0.72 0.85 131
Tucannon
Lower Snake .
Asotin
imnaha River [Imnaha R. (Camp Cr) | 1.06 0.71 0.82 137 | 1.04 0.69 0.85 1.27 ]
Upper Mainstem 0.99 0.42 0.83 117 1.00 0.51 0.88 115
Lower Mainstem
Grande Rond
rance Fonce foseph cr. 105 0.68 0.82 135 103 0.66 0.85 126
WallowaR.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
) River Selway River
Snake Rlve: South Fork
Steelhead North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
. North Fork
Salmon River " -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1.01 0.55 0.74 1.39 1.03 0.66 0.85 1.25
Yakima Naches 1.02 0.57 0.74 141 1.04 0.68 0.85 126
Toppenish 1.09 0.75 0.76 1.57 1.05 0.71 0.85 1.29
Satus 0.98 0.39 0.76 125 1.03 0.67 0.86 124
Deschutes W. 1.02 0.58 0.81 1.29 1.01 0.55 0.85 1.20
Deschutes East’
Eastern Klickitat
Cascades Fifteenmile Cr. 1.03 0.65 0.83 128 0.99 0.42 0.80 121
Mid Rock Cr.
Columbia White Salmon - Extirpated
Umatilla® 1.035 0.68 0.86 1.25 1.033 0.72 0.90 1.18
Umatilla/Walla 5
Walla-Walla
Walla
Touchet”
Lower Mainstem) 1.01 0.53 0.71 143 1.00 0.49 0.74 135
North Fork 1.00 0.51 0.80 1.26 1.01 0.54 0.84 121
John Day Upper Mainstem 0.99 0.47 0.77 1.28 1.00 0.49 0.82 1.22
Middle Fork 1.01 0.53 0.80 127 0.99 0.47 0.80 123
South Fork 0.99 0.47 0.74 133 1.00 0.50 0.80 125

‘On\vthe populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
2Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. Estimates based on the shorter-data set are included in Appendix A.

3 walla Walla population data were not available for 2008 BiOp. New data, beginning in 1993, is used to generate estimates in Appendix A.

“*Touchet population was not available for the 2008 BiOp. New data, beginning in 1987, is is used to generate estimates in Appendix A.

° Difference of 0.002 for Walla Walla population is not considered a change.
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Figure 2.1-17. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are
compared with extended Base Period estimates based on new information in the NWFSC SPS database that has
become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater
than 1.0 (red line). The 2008 BiOp’s 95% confidence intervals are displayed.
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Lambda HF=1
Lambda was estimated as described in the 2008 BiOp Chapter 7.1 using new information in the

SPS database for the extended Base Period (Tables 2.1-13 and 2.1-14; Figures 2.1-18 and 2.1-
19). As described in Section 2.1.1.1.1 (above), the 2008 BiOp’s goal for prospective actions
(including projected effects of the RPA and continuation of current management practices) for
this metric is lambda greater than 1.0. New point estimates of lambda under the assumption that
hatchery-origin spawners are as reproductively effective as natural-origin spawners (HF=1) were
generally lower than estimates in the 2008 BiOp for Chinook (20 of 26 populations declined),
but estimates increased and decreased in equal proportions for steelhead (9 of 18 populations
increased or remained unchanged). All new estimates were within the 2008 BiOp’s 95%
confidence intervals, indicating that the results are within the range of statistical uncertainty
described in the 2008 BiOp. Although lambda HF=1 estimates were lower than in the 2008 BiOp
for many populations, many of the populations that declined continued to exhibit Base Period
productivity estimates that were greater than 1.0 (8 of 20 Chinook populations and 3 of 9
steelhead populations).
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Table 2.1-13. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were reported in the
2008 BiOp are compared with extended Base Period estimates based on new information in the NWFSC SPS
database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this
metric is lambda greater than 1.0. Extended Base Period lambda HF=1 estimates are lower than the 2008 BiOp
estimates for most Chinook populations; however, all new estimates are within the 2008 BiOp’s 95% confidence

limits.
2008 BiOp New Information
ESU MPG Population L 95% | Upper95% | Extended Ba: Lower95% | Upper 95%
Base Period Probability CZr‘:;'e:;enc; C:n’;‘e;ence P:r?:d fambrsiz Probability Cor‘:\?;ence Copnpf?c:ence
LambdaHF=1 | Lambda>1.0 e e ' Lambda >1.0 nee nee
Limit Limit HF=1 Limit Limit
Tucannon 0.87 0.16 0.63 121 0.90 0.18 0.70 116
Lower Snake = - =
Asotin - Functionally Extirpated
Catherine Creek 0.81 0.13 0.53 1.26 0.83 0.10 0.59 1.16
Upper Grande Ronde 0.82 0.08 0.59 1.13 0.78 0.03 0.60 1.02
Minam River 0.98 0.44 0.71 1.36 0.99 0.47 0.79 1.25
Grande -
Ronde / Wenaha River 0.93 0.30 0.65 1.33 0.94 0.27 0.74 1.20
Imnaha |Lostine/Wallowa Rivers 0.94 0.33 0.68 1.32 0.92 0.20 0.72 1.17
Imnaha River 0.85 0.07 0.67 1.09 0.84 0.06 0.67 1.06
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 0.99 0.47 0.74 133 0.95 0.21 0.80 111
Secesh River 1.06 0.74 0.85 131 1.04 0.72 0.87 1.25
SOt ok Fork s. Fork Salmon (indludi
Salmon | F3st Fork . Fork Salmon (including 1.05 076 0.87 126 0.98 0.38 0.79 1.20
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.09 0.74 0.78 1.53 1.05 0.69 0.81 137
Bear Valley/Elk Creek 111 0.80 0.79 1.55 1.07 0.75 0.85 1.33
Marsh Creek 1.09 0.75 0.78 152 1.06 0.71 0.83 135
Sulphur Creek 1.07 0.67 0.68 1.68 1.05 0.70 0.82 1.35
Middle Fork [ o< Creek 1.04 0.60 0.69 1.57 0.98
Salmon N
Loon Creek 112 0.79 0.79 1.58 1.01
Chamberlain Creek* 0.94
Lower Middle Fork Salmon (below Ind. Cr.)
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River 1.03 0.57 0.66 1.59 1.00 0.49 0.75 133
Valley Creek 1.07 0.69 0.72 1.59 1.03 0.62 0.81 1.32
Yankee Fork® 1.06 0.65 0.67 1.68 0.89
Upper Upper Salmon River (above Redfish L.) 0.98 0.43 0.69 1.38 0.98 0.40 0.76 1.26
North Fork Salmon River
Salmon
Lower Salmon River (below Redfish L.) 1.03 0.60 0.76 1.40 1.01 0.55 0.81 1.27
East Fork Salmon River 1.017 0.54 0.66 1.56 1.017 0.55 0.74 1.40
Pahsimeroi River 0.99 0.46 0.80 1.23
Panther - Extirpated
U Columbi Wenatchee R. 0.91 0.25 0.61 1.36 0.86 0.07 0.70 1.07
pperCoumdlal  potern  [Methow R, 0.94 0.36 0.58 153 0.85 0.10 0.63 113
Spring Chinook -
salmon Cascades |EntiatR. 0.92 0.21 0.71 121 0.91 0.12 0.77 1.09
Okanogan R. (extirpated)
L Mainstem Fall Chi k 1977-Most
Main Stem | or ranstem Fali Ehinoo s 0.95 0.21 0.80 112 0.90 0.08 0.76 1.06
Snake River Fall Recent BY
Chinook Salmon and Lower
Tributaries |Lower Mainstem Fall Chinook 1990-Most 101 0.53 079 127 0.3 022 o7 12

Recent BY

* Valid lambda confidence limit estimates could not be obtained for these populations.
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Figure 2.1-18. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were reported in the
2008 BiOp are compared with extended Base Period estimates based on new information in the NWFSC SPS
database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this
metric is lambda greater than 1.0 (red line). The 2008 BiOp’s 95% confidence intervals are displayed.
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Table 2.1-14. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were
reported in the 2008 BiOp are compared with extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is lambda greater than 1.0. Extended Base Period lambda HF=1 estimates are the same or higher than
the 2008 BiOp estimates for half of the steelhead populations (9/18) and are lower for the remaining populations
(9/18). All new estimates are within the 2008 BiOp’s 95% confidence limits.

2008 BiOp New
. . . Extended Base -
ESU MPG Population Base Period Probability Lower 95% Upper 95% period Lambda Probability Lambda Lower 95% Upper 95%
Lambda HF=1 Lambda>1.0 [ Confidence Limit | Confidence Limit HE=1 >1.0 Confidence Limit | Confidence Limit
Upper Wenatchee 0.80 0.04 0.62 1.03 0.81 0.02 0.66 0.99
Columbia Eastern Methow 0.67 0.00 0.56 0.81 0.68 0.00 0.59 0.78
River Cascades  |Entiat 0.81 0.02 0.67 0.97 0.80 0.01 0.68 0.95
Steelhead Okanogan 0.56 0.00 0.47 0.68
Lower Snake Tuca‘n non
Asotin
Imnaha River_|Imnaha R. (Camp Cr) | 1.06 0.71 0.82 137 | 1.04 0.69 0.85 1.27 |
Upper Mainstem 0.96 0.25 0.81 113 0.97 0.32 0.85 112
Lower Mainstem
Grande Ronde |, oo . 105 0.68 0.82 135 103 0.66 0.85 126
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater [Lochsa River
Snake River River Selway River
South Fork
steelhead" North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fork
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 101 0.53 0.74 139 1.03 0.64 0.85 125
Yakima Naches 1.00 0.51 0.72 1.39 1.02 0.61 0.84 125
Toppenish 107 0.71 0.74 1.55 1.03 0.65 0.84 127
Satus 0.96 0.31 0.75 1.23 1.02 0.60 0.84 1.23
Deschutes W. 0.97 0.35 0.78 1.20 0.96 0.27 0.81 113
Deschutes East’
Eastern Klickitat
Cascades Fifteenmile Cr. 103 0.65 0.83 1.28 0.99 0.42 0.80 121
Mid Rock Cr.
Columbia \White Salmon - Extirpated
Steelhead
. Umatilla 0.99 0.41 0.83 117 0.98 0.33 0.86 111
Umatilla/Walla Walla-walla®
Walla 4
Touchet’
Lower Mainstem) 1.00 0.50 0.71 141 0.98 0.44 0.73 133
North Fork 1.00 0.48 0.79 1.25 1.00 0.49 0.83 120
John Day Upper Mainstem 0.99 0.44 0.77 1.27 0.99 0.45 0.81 121
Middle Fork 1.00 0.50 0.79 1.26 0.98 0.43 0.80 122
South Fork 0.98 0.44 0.74 1.32 0.99 0.45 0.80 123

" Only the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
?Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. Estimates based on the shorter-data set are included in Appendix A.

3 Walla Walla population data were not available for 2008 BiOp. New data, beginning in 1993, is used to generate estimates in Appendix A.

“Touchet population was not available for the 2008 BiOp. New data, beginning in 1987, is is used to generate estimates in Appendix A.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



New Information | 2.1 Rangewide Status | 103

= RN
JR— NN
Q“m
" Y
—f ™D
=
—_— el 2% 3
N
— e 2

222

FA LSS AL
f«; ff*‘?{” A4

Y,
s

&

Corrected 1008 Bdp Dae Perlod

Lambada [HF=1) - Stealhead
&

A

t

.

) 2

3
— *"ﬁ s
‘\) 2
. N 3
3
| Ny :
S
N
N
T >
| N,
e 3 1 1 @ 3 : 3 1 &8 3>

Figure 2.1-19. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were
reported in the 2008 BiOp are compared with extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is lambda greater than 1.0 (red line). The 2008 BiOp’s 95% confidence intervals are displayed.
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Productivity: Trend of In(Abundance+1) (BRT Trend)

BRT abundance trends were estimated as described in the 2008 BiOp Chapter 7.1 using new
information in the SPS database for the extended Base Period (Tables 2.1-15 and 2.1-16; Figures
2.1-20 and 2.1-21). As described in Section 2.1.1.1.1 (above), the 2008 BiOp’s goal for
prospective actions (including projected effects of the RPA and continuation of current
management practices) for this metric is trend of In(abundance+1) greater than 1.0. New point
estimates of BRT trend were unchanged or higher than estimates in the 2008 BiOp for most
populations (19[20]° of 26 Chinook and 16 of 18 steelhead populations). All but three new
estimates were within the 2008 BiOp’s 95% confidence intervals, indicating that the results are
within the range of statistical uncertainty described in the 2008 BiOp. The Upper Grande Ronde
Chinook estimate was 1% below the 2008 BiOp’s lower confidence limit while the Wenaha and
Imnaha Chinook population estimates were 2% to 3% above the higher confidence limit.
Although BRT trend declined for a few populations, nearly all continued to exhibit base-period
estimates that were greater than 1.0: 5 of 6 [or 6 of 7]*® Chinook populations and both of the two
steelhead populations.

26 Snake River fall Chinook metrics were calculated using two different methods, as in the 2008 BiOp and ICTRT
(2007a) survival gap analyses, and the results differed for the two methods.
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Table 2.1-15. Comparison of Chinook Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is BRT trend greater than 1.0. Extended Base
Period BRT abundance trend estimates are higher than the 2008 BiOp estimates for most Chinook populations. All
but one new estimate is within or above the 2008 BiOp’s 95% confidence limits.

2008 BiOp New Information
ESU MPG Population L 95! Upper 95% | Extended B: L 95! Upper 95
Base Period BRT| o' % pper % | Ex encedBase | o bability BRT| —°™°" % pper %
Confidence Confidence Period BRT Confidence | Confidence
Trend L . Trend >1.0 L L
Limit Limit Trend Limit Limit
Tucannon 0.92 0.85 0.99 0.98 0.25 0.92 1.04
Lower Snake = = =
Asotin - Functionally Extirpated
Catherine Creek 0.92 0.87 0.98 0.96 0.06 0.92 1.01
Upper Grande Ronde 1.01 0.96 1.06 0.95 0.01 0.91 0.99
Minam River 1.02 0.97 1.07 1.04 0.99 1.01 1.07
Grande "
Ronde / Wenaha River 0.98 0.94 1.02 1.05 1.00 1.02 1.08
1 h. Lostine/Wallowa Rivers 1.04 0.99 1.10 1.02 0.87 0.98 1.06
Imnaha River 0.92 0.87 0.97 0.99 0.22 0.96 1.02
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1.05 1.01 1.10 1.03 1.00 1.01 1.05
Secesh River 1.047 101 1.09 1.043 1.00 1.02 1.07
South Fork
East Fork S. Fork Salmon (including
Salmon 1.02 0.97 1.08 1.01 0.76 0.98 1.04
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.02 0.94 1.10 1.03 0.90 0.98 1.08
Bear Valley/Elk Creek 1.05 0.98 1.13 1.05 1.00 1.01 1.09
Marsh Creek 101 0.92 110 1.03 0.95 0.99 1.07
: Sulphur Creek 1.02 0.94 1.11 1.03 0.88 0.98 1.07
M'd"l'e Fork | camas Creek 1.00 0.93 1.07 1.00 0.42 0.95 1.04
Salmon
Loon Creek 1.07 0.98 1.16 1.04 0.96 0.99 1.09
Chamberlain Creek 1.06 0.99 1.01 111
Lower Middle Fork Salmon (below Ind. Cr.)
Upper Middle Fork Salmon (above Ind. Cr.)|
Lembhi River 0.98 0.92 1.05 0.99 0.27 0.96 1.02
Valley Creek 1.03 0.96 1.11 1.04 0.98 1.00 1.08
Yankee Fork 1.05 0.96 115 1.01 0.62 0.96 1.06
U Upper Salmon River (above Redfish L.) 1.01 0.95 1.06 1.03 0.94 0.99 1.06
r
Sarr::n North Fork Salmon River
Lower Salmon River (below Redfish L.) 1.00 0.95 1.05 1.01 0.75 0.98 1.04
East Fork Salmon River 1.01 0.94 1.09 1.04 0.95 0.99 1.09
Pahsimeroi River 1.24 1.00 119 1.30
Panther - Extirpated
U Columbi Wenatchee R. 0.89 0.83 0.95 0.95 0.00 0.91 0.98
pp‘er ° ?Im 2 Eastern Methow R. 0.90 0.80 1.01 0.96 0.03 0.91 1.00
Spring Chinook -
Cascades |[Entiat R. 0.93 0.89 0.98 0.98 0.11 0.95 101
Salmon
Okanogan R. (extirpated)
L Mainst Fall Chi k 1977-Most
Main Stem [ ainstem Fai &hinoo o8 1.09 1.06 113 112 1.00 1.09 115
Snake River Fall Recent BY
Chinook Salmon and Lower : :
Tributaries ;owertl\gilnstem Fall Chinook 1990-Most 123 116 131 119 1.00 115 123
ecen

! Difference of 0.004 for Secesh population not considered a change.
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Figure 2.1-20. Comparison of Chinook Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is R/S greater than 1.0 (red line). The 2008
BiOp’s 95% confidence intervals are displayed.
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Table 2.1-16. Comparison of steelhead Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is BRT trend greater than 1.0. Extended Base
Period BRT abundance trend estimates are higher than the 2008 BiOp estimates for most Chinook populations;
however, all new estimates are within or above the 2008 BiOp’s 95% confidence limits.

2008 BiOp New Information
ESU MPG Population Base Period BRT Lower 95% Upper 95% Extended Base Probability BRT Lower 95% Upper 95%
Trend Confidence Limit | Confidence Limit | Period BRT Trend Trend >1.0 Confidence Limit [ Confidence Limit
Upper Wenatchee 1.04 1.00 111 1.04 1.00 1.02 1.07
Columbia Eastern Methow 1.07 1.03 114 1.07 1.00 1.05 1.10
River Cascades Entiat 1.04 1.01 112 1.05 1.00 1.02 1.07
Steelhead Okanogan 1.04 0.99 1.01 1.07
Lower Snake Tuca.nnon
Asotin
Imnaha River [Imnaha R. (Camp Cr) | 1.03 0.99 114 | 1.03 0.98 1.00 1.06 |
Upper Mainstem 0.99 0.95 1.07 1.00 0.34 0.97 1.02
Grande Ronde Lower Mainstem
Joseph Cr. 1.01 0.97 111 1.01 0.70 0.98 1.04
WallowaR.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
River Selway River
Snake River South Fork
Steelhead" North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
. North Fork
Salmon River - -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lembhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1.01 0.95 117 1.05 1.00 1.02 1.08
Yakima Naches 1.02 0.96 118 1.05 1.00 1.02 1.08
Toppenish 1.09 1.02 1.32 1.07 1.00 1.04 111
Satus 0.98 0.93 1.12 1.04 0.99 1.01 1.07
Deschutes W. 0.99 0.96 117 1.01 0.65 0.98 1.03
Deschutes East’
Eastern Klickitat
Cascades Fifteenmile Cr. 1.03 0.98 115 1.01 0.63 0.97 1.04
Mid Rock Cr.
C i White Salmon - Extirpated
Steelhead
Umatilla 1.01 0.98 113 1.02 0.97 1.00 1.04
Umatilla/Walla 3
Walla-Walla
Walla A
Touchet
Lower Mainstem) 0.98 0.94 114 0.98 0.07 0.95 1.01
North Fork 0.99 0.95 116 1.00 0.53 0.97 1.03
John Day Upper Mainstem 0.95 0.92 1.03 0.96 0.01 0.94 0.99
Middle Fork 0.97 0.93 1.06 0.97 0.01 0.94 0.99
South Fork 0.95 0.91 1.09 0.98 0.07 0.95 1.01

0nly the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
2 Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. Estimates based on the shorter-data set are included in Appendix A.

3 Walla Walla population data were not available for 2008 BiOp. New data, beginning in 1993, is used to generate estimates in Appendix A.

“Touchet population was not available for the 2008 BiOp. New data, beginning in 1987, is is used to generate estimates in Appendix A.
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Figure 2.1-21. Comparison of steelhead Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is R/S greater than 1.0 (red line). The 2008
BiOp’s 95% confidence intervals are displayed.
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2.1.1.5.3 Results—Comparison of Extended Base Period Metrics with Estimates in the 2008 BiOp

Overview of Patterns of Abundance and Productivity

When the 2008 BiOp’s Base Period indicator metrics are corrected based on new information
and extended to include additional years with new empirical estimates of population
performance, nearly all of the new extended Base Period estimates fall within the statistical
confidence limits of the previous estimates. However, as described in Section 2.1.1.1.1, How
Does NOAA Fisheries Evaluate Whether the Extended Base Period Estimates Have Changed
From the 2008 BiOp’s Base Period Estimates?, it is possible that high variability and a relatively
small number of observations may preclude detecting statistically significant differences, so
other factors must be considered.

While the new information indicates no statistically significant changes in Base Period metrics,
some of the point estimates did change, with point estimates of abundance and BRT abundance
trend generally higher, estimates of extinction risk lower (i.e., less risk of extinction), and
estimates associated with productivity generally lower (but with exceptions depending on species
and metric) than those in the 2008 BiOp were.

As described in Section 2.1.1.1.1, density dependence is a process that can drive productivity
estimates down as abundance goes up. Because abundance and extinction risk both show that
most populations are improving, while average productivity indicates a decline, density
dependence is a likely mechanism that may account for this pattern.

The following discussion further elaborates on the pattern of abundance and productivity
indicator metrics subsequent to the 2008 BiOp and describes tests for density dependence in the
pattern of abundance and productivity.

Figure 2.1-22 shows the pattern of abundance for natural-origin SR spring/summer Chinook
salmon populations as an indicator of the general pattern of abundance for interior Columbia
basin salmonids. Figure 2.1-23 shows the same information for total spawners, including
hatchery-origin fish that spawn naturally along with the natural-origin spawners for some
populations (especially those in the Lower Salmon, Grande Ronde, and South Fork Salmon
MPGs). The abundances are expressed as a percentage of each population’s ICTRT abundance
threshold (ICTRT 2007b) so that the same figure can display large and small populations. These
thresholds also are relevant because they are the abundance levels associated with population
viability and density-dependent effects would be expected as the number of total spawners
approaches the threshold.
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Figure 2.1-22. Annual abundance of natural-origin spawners, expressed as a percentage of ICTRT abundance

thresholds.
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Figure 2.1-23. Annual abundance of total natural-origin and hatchery-origin spawners, expressed as a percentage of
ICTRT abundance thresholds.

The Base Period for the 2008 BiOp generally included spawners through 2003 or 2004,
depending upon the population, and new observations go through 2010, 2011, or 2012 for most
populations. During this period, abundance was

Variable during the 1980s and early 1990s

Consistently low from 1994 to 1999

Generally high to very high from about 2001 to 2003 or 2004
Consistently low from about 2005 to 2008 or 2009

Generally high to very high since that time

The abundance of returning natural-origin progeny (mostly at age 4 and age 5 for the SR
spring/summer Chinook example) resulted in the pattern of R/S displayed in Figure 2.1-24. Most
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populations had natural returns that more than replaced the parents (i.e., leading to population
growth) for early 1980s, late 1990s, and mid- to late-2000s brood years. Conversely, populations
generally did not replace themselves through natural production (i.e., declined) for the late
1980s, early 1990s, and early 2000s brood years.

Snake River Spring/Summer Chinook
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Figure 2.1-24. Brood year R/S expressed on a logarithmic scale (0 is equivalent to the 2008 BiOp goal of an average
of one returning adult per spawner; In(R/S) of 1 and -1 are equivalent to R/S of 2.72 and 0.37 [i.e., 1+2.72],
respectively).

When the patterns of spawner abundance and R/S are compared with the pattern of
environmental conditions described in Section 2.1.4.1.4 (Ocean Ecosystem Indicators and
Overall Pattern of Ocean Conditions; particularly Table 2.1-20), it appears that ocean conditions
may have reduced marine survival, adding to the reduced freshwater survival caused by density
dependence in some years (Table 2.1-17). For example, 2001-2003 spawner abundance was
relatively high for many SR spring/summer Chinook populations, suggesting that interference
and competition for resources may have reduced survival of progeny. When the progeny of those
brood years entered the ocean in 2003-2005, they encountered poor conditions, further reducing
survival. The result was low R/S productivity for the 2001-2003 brood years. The low
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productivity of the 2001-2003 brood years was the main factor influencing lower extended Base
Period average productivities, compared to the original Base Period averages.

Table 2.1-17. Qualitative summary of factors influencing survival of brood years comprising the 2008 BiOp’s Base
Period and more recent years for SR spring/summer Chinook."

Ocean Entry Abundance of
Spawner Years Natural Spawner Conditions Returning Progeny R/S for Brood
(= Brood Years) Abundance’ (+2 years) (+4 to +5 years) Years
1996-97: N/A
1998-99: L
1994-1999 Very Low ) 98: Poor 2000: Mixe((j)w 1994-96: Mixed
(weaker density 1999-2000: Good ' ) 1997-99: High
dependence) , 2001-04: High
2001: Intermediate
2004: High
2000 Mixed 2002: d 2000: Mostly High
ixe 002: Goo 2005: Low ostly Hig
High to Very High 2003-05: Poor 2005-08: Low 2001-03: Very Low
2001-2004 - (stronger density 2006: Intermediate 2009: Low/Mixed 2004: Mixed
dependence) ) ) )
2007: Intermediate 2009: Low/Mixed
Low to Very Low 2008: Good : . _
2005-2008 (Weaker density 2009: Int diat 2010-12: ngh 2005-08: ngh
dependence) - infermediate 2013: N/A
2010: Poor
Low to Mixed
2009 (relatively weak 2011: Intermediate 2013-14: N/A N/A
density dependence)
High
2010-2012 (stronger density 2012: Good 2014-17: N/A N/A
dependence)
' The qualitative descriptions of abundance and R/S are derived from the patterns for most populations, based on Figures 2.1-22
and 2.1-23, while the general characterization of ocean entry conditions is based on Table 2.1-20.
2 Note that R/S is determined by the combination of natural- and hatchery-origin spawners, which exacerbates the high spawner
abundances for some populations per Figure 2.1-23.

The Influence of Density Dependence

In the previous section, we described the patterns of abundance, productivity, and environmental
conditions during the 2008 BiOp’s Base Period and the extended Base Period. As in the 2010
Supplemental BiOp, we proposed that density dependence affecting brood years with high
spawner abundance contributed to lower average productivity in the extended Base Period, as
would be expected from the scientific literature regarding salmon population dynamics and the
discussion of results from matrix modeling analyses presented in the 2008 BiOp. In this section,
we further explain the influence of density dependence on the results and summarize an analysis
performed by the NWFSC (Zabel and Cooney 2013; included in this document as Appendix C)
to quantitatively test whether the productivity observed in recent years is within the expectations
of the 2008 BiOp.
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First, it is useful to rearrange annual estimates of R/S so that, instead of plotting R/S by year as
displayed in Figure 2.1-8 for Tucannon River spring Chinook, it is plotted against the number of
parental spawners. An example is displayed for the Secesh River population of SR
spring/summer Chinook (Figure 2.1-25), which (unlike the Tucannon River population displayed
in previous figures) had a lower point estimate of average R/S for the extended Base Period than
the 2008 BiOp’s point estimate for the Base Period (Table 2.1-9). Figure 2.1-25 presents the
natural logarithm of R/S (In[R/S]) because this results in a linear arrangement of points, rather
than a more complicated curved relationship. The spawners on the horizontal axis are total
spawners, since both natural-origin and hatchery-origin adults that spawned naturally contribute
to the returning natural-origin progeny. In the Secesh River example, hatchery-origin spawners
made up 1% to 9% of the total spawners in recent years.

Secesh CH
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| | ICTRT Abundance Threshold = 750
2 M |
* |
K 7O
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o N S
=1 L 2 | 2002
: »
= . ;O D200 + 19812000 (BiOp)
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Total Natural- and Hatchery-0rigin Spawners

Figure 2.1-25. Example of natural logarithms of returns-per-spawner (In[R/S]) versus total adult spawners for the
Secesh River population of SR spring/summer Chinook. Dashed line represents the ICTRT (2007b) viability
abundance threshold of 750 spawners. Hatchery-origin spawners made up approximately 1% to 9% of total spawners
in these years.

Figure 2.1-25 shows that at relatively low total spawner levels, most R/S estimates are above
replacement (In[R/S] = 0, which is equivalent to R/S = 1), although there was considerable
variability during the 2008 BiOp’s Base Period. In contrast, four of the new brood years included
in the extended Base Period had parental spawner abundances that were greater than the ICTRT
abundance threshold and three of those had R/S estimates that were well below replacement.
Those four years are the 2001-2004 brood years described above and in Table 2.1-17 as having
high abundance and low productivity, driving down the extended Base Period average R/S
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estimates. Density dependence was hypothesized as a key factor explaining the low productivity
for those brood years.

The pattern of decreasing productivity with increasing abundance over a range of environmental
conditions suggests that density dependent mortality is occurring. Zabel and Cooney (2013;
Appendix C) statistically tested whether the pattern of In(R/S) versus spawner abundance during
the Base Period was consistent with a density-dependent model commonly used in fisheries
management (Ricker 1954), and whether the new estimates contributing to the extended Base
Period were within the prediction limits generated from the model using the Base Period data. If
so, the new R/S estimates can be considered consistent with the Base Period R/S estimates for a
given abundance of spawners.

As described in Appendix C, 20 out of 26 Chinook populations in the SR spring/summer
Chinook and UCR spring Chinook ESUs demonstrated statistically significant density-dependent
relationships using Base Period data (Figures 2.1-26 and 2.1-27). When the more recent data
points were plotted against the 95% prediction intervals, only one point fell below the interval
and four points fell above, “providing no support for the hypothesis that recent conditions are
less productive than those experienced during the Base Period” (Zabel and Cooney 2013).
Eighteen out of 18 steelhead populations in the SR, UCR, and MCR steelhead DPSs
demonstrated statistically significant density-dependent relationships using Base Period data;
only three points fell below the prediction intervals and 14 points fell above (Figures 2.1-28 and
2.1-29). The steelhead results provided “little support for the hypothesis that recent conditions
are less productive than those experienced during the Base Period” (Zabel and Cooney 2013,
included as Appendix C).
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Figure 2.1-26. Ln(Recruits/Spawner) versus spawners for interior Columbia basin spring and summer Chinook
populations. Open black points represent the 2008 BiOp Base Period (approximately 1980 to 2000 brood years) and
red points represent the recent period. Based on linear regression, if P<0.10, the black line is the best fit and the
dashed lines are the 95% prediction interval for the data. Figure reproduced from Zabel and Cooney (2013; Appendix

C).
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Figure 2.1-27. Ln(Recruits/Spawner) versus spawners for interior Columbia basin spring and summer Chinook
populations, continued.
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Figure 2.1-28. Ln(Recruits/Spawner) versus spawners for interior Columbia basin steelhead populations. Open black
points represent the 2008 BiOp Base Period (approximately 1980 to 2000 brood years) and red points represent the
recent period. Based on linear regression, if P<0.10, the black line is the best fit and the dashed lines are the 95%
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prediction interval for the data. Figure reproduced from Zabel and Cooney (2013; Appendix C).
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Figure 2.1-29. Ln(Recruits/Spawner) versus spawners for interior Columbia basin steelhead populations, continued.

Zabel and Cooney (2013; included as Appendix C) concluded that these analyses provide strong
support for the hypothesis that density-dependent recruitment is occurring in these populations.
Further, when “recent” data points were plotted onto relationships derived from the Base Period
data, the vast majority of these points fell with the 95% prediction intervals, providing strong
support for the hypothesis that productivity has not decreased for these populations when
comparing base to recent time periods but that the decreased R/S resulted from density-
dependent processes as a result of the increased abundance observed recently.

One comment on the draft Supplemental Opinion expressed skepticism that density dependence
actually is occurring in any listed populations because of small population sizes. The analysis in
Appendix C speaks for itself in refuting this comment. Additionally, the ISAB (2013a) reviewed
the June 2013 AMIP model documentation, which included similar analyses for many of the
same interior Columbia basin populations, and noted that:

Several statistical models provide strong empirical support for density dependent survival
(Sections 2.1, 2.4, Chapter 4). This evidence provides support for the need to increase
capacity and productivity of tributary habitats as a means to enhance salmon survival and
abundance. As noted in previous ISAB/ISRP documents (e.g., ISAB 2011-4, ISRP 2011-14,
ISRP 2013-11), evidence of strong density dependence in watersheds experiencing low
population abundances relative to historical levels can be used to guide restoration efforts.
For example, populations expressing steep density-dependent relationships at relatively low
population densities could be targeted for potential restoration efforts. Likewise, a reduction
in density dependence following restoration efforts may provide evidence of progress.
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2.1.1.6 Results—Other Information on the Abundance and Survival of Interior
Columbia Basin Salmon and Steelhead

The preceding four subsections present retrospective population status information, which is
generally based on empirical estimates of spawners reaching each population’s spawning ground.
It is also useful to consider very recent aggregate population estimates derived from dam counts,
which may include more up-to-date data than that available for individual populations;
projections of returning spawners in future years based on observations of cohorts at earlier life
stages; and on environmental conditions likely to affect their survival to adults.

2.1.1.6.1 Results—AMIP Dam Count Data for the Most Recent Years

The AMIP developed a set of triggers for guarding against declines that were not anticipated in
the 2008 BiOp, which are evaluated using aggregate population data derived from dam counts
(Section 3.7.1, Early Warning Indicator and Significant Decline Trigger in this document).
Aggregate population information is used because it is more immediately available than
population-level data. The Action Agencies’ 2013 Comprehensive Evaluation (BPA et al. 2013a,
hereafter 2013 CE) presents the most recent aggregate population data.?” The following is a brief
overview of information additional to the population-level data presented in preceding
subsections of this Supplemental Opinion.

SR Fall Chinook

Information available for SR fall Chinook in the SPS database ends in 2012. The 2013 CE also
includes preliminary abundance estimates of this species’ single extant population through 2012.
Both sources of information indicate that natural-origin SR fall Chinook abundance has been
very high since 2008, with returns among the highest recorded in decades.

The preliminary 2013 count of total (hatchery- and natural-origin) adult SR fall Chinook at
Lower Granite Dam is 56,560 fish (FPC 2013a), which is nearly three times the 10-year average.
An estimate for the natural-origin component of the run is not currently available, but based on
recent estimates, it is likely that about 20% to 25% of the fish are of natural origin.

SR Spring/Summer Chinook

Information available for SR spring/summer Chinook in the SPS database extends through either
2011 or 2012, depending upon population. The 2013 CE includes aggregate dam counts of
natural-origin spring and summer Chinook at Lower Granite Dam through 2012. These estimates
indicated that 2010 through 2012 aggregate population estimates were similar and at a higher
level than abundances during 2005 through 2008. Therefore, for populations that were only
updated through 2011, it is likely that 2012 abundance will be relatively high and similar to
2011, reinforcing the increasing abundance trends reported in previous subsections.

27 See 2013 CE Section 1: 2008-2012 Fish Status and Environmental Conditions, Fish Status, Adult Fish Returns
and Trends.
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The preliminary 2013 estimate of natural-origin adult SR spring/summer Chinook to the mouth
of the Columbia River is 21,900 fish (WDFW 2013). This return is approximately 89% of the
2003-2012 10-year average of 24,557 natural-origin spawners to the Columbia River (WDFW
and ODFW 2013a, calculated from their Table 9). This suggests that the natural-origin
population returns also will be about 10% below the recent average, and the extended Base
Period geometric mean abundances will be reduced slightly from the estimates displayed in
Table 2.1-5. However, the resulting 10-year geometric means will still be higher than the Base
Period means because, on average, the extended Base Period geometric mean abundances were
approximately double the Base Period geometric mean abundances.

SR Steelhead

As described in Section 2.1.1.5.1, information is only available for three SR steelhead
populations in the SPS database, and that information extends through 2010. Estimating average
A- and B-run populations representative of the uncensused populations is no longer a valid
approach (Cooney 2013), so until an alternative approach is developed, the aggregate dam count
is the main information available for most populations. The natural-origin aggregate population
abundance was high in the early 2000s, low in the mid-2000s, increased again to high levels in
2009 and 2010, and has again been declining in 2011 and 2012 (see Figure 3.7-3 in Section 3.7
AMIP Contingency Planning). The abundance in 2011 and 2012, while declining, is still much
higher than in the 1990s and mid-2000s. The 2013 CE reports that the abundance trend has been
positive based on 1990 through 2012 estimates. No information is presented for the trend
beginning in 1980.

The preliminary 2013 count of natural-origin SR steelhead at Lower Granite Dam is 33,387 fish
(FPC 2013a), which is 77% of the 10-year average.

UCR Spring Chinook

Information available for UCR spring Chinook in the SPS database extends through 2011, while
the 2013 CE includes aggregate abundance of natural-origin spring Chinook at Rock Island Dam
through 2012. The aggregate abundance in 2012 increased above levels observed during the
previous 10 years, approaching the high abundances of 2000 and 2001. This suggests there will
be an increase in the abundance trend once 2012 returns are added to the database.

The preliminary 2013 estimate of natural-origin adult UCR spring Chinook to the Columbia
River mouth is 3,600 fish (WDFW 2013), which is much higher than the 10-year average. This
return is considerably higher than the 2003-2012 10-year average of 1905 natural-origin
spawners to the Columbia River (WDFW and ODFW 2013a, calculated from their Table 9). This
suggests that the natural-origin population returns also will be above the recent average and the
extended Base Period geometric mean abundances will continue to be higher than the Base
Period geomean abundance.
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UCR Steelhead

Information available for UCR steelhead in the SPS database extends through 2011, while the
2013 CE includes aggregate abundance of natural-origin steelhead at Rock Island Dam through
2012. The aggregate abundance in 2012 is similar to the aggregate abundance in 2011, which is
about half the aggregate abundance in 2009 and 2010. This pattern does not match the abundance
pattern in the SPS database through 2011, which indicates for the three available populations that
2010 and 2011 were about twice as high 2008 and 2009. Because the patterns do not appear to
match for years in common, it is difficult to determine how to interpret the aggregate abundance
data relative to the population-level data.

The preliminary 2013 count of natural-origin UCR steelhead at Rock Island Dam is 5,972 fish
(FPC 2013a), which is 71% of the 10-year average.

MCR Steelhead

Information available for MCR steelhead in the SPS database extends through 2011 or 2012,
depending upon population. Data for the Yakima MPG populations extended through 2012. The
2013 CE includes aggregate abundance of Yakima MPG natural-origin steelhead at Prosser Dam
through 2012. Because the aggregate population count covers the same period, it does not inform
future returns of MCR steelhead.

The preliminary 2013 count of natural-origin MCR steelhead at Prosser Dam is 3,375 fish,”®
which is 91% of the 10-year average.

2.1.1.6.2 Results—U.S. v Oregon Projections for Future Years

The Washington Department of Fish and Wildlife (WDFW) and the Oregon Department of Fish
and Wildlife (ODFW) (WDFW 2013) fisheries managers forecast the 2014 run of natural-origin
SR spring/summer Chinook at the Columbia River mouth at 42,200 fish, nearly double the 2013
return and well above the recent 10-year average of 24,557 natural-origin spawners to the
Columbia River (WDFW and ODFW 2013a, calculated from their Table 9).

The prediction for the 2014 return of natural-origin UCR spring Chinook to the Columbia River
mouth is 3700 fish (WDFW 2013), similar to 2013 returns and considerably higher than the
2003-2012 10-year average of 1905 natural-origin spawners to the Columbia River (WDFW and
ODFW 2013a, calculated from their Table 9).

There is not a specific prediction for SR fall Chinook. However, the “upriver bright” Chinook
run, which includes SR fall Chinook, is expected to be “strong above average and similar to
2013” (WDFW and ODFW 2013Db).

% Columbia River Data Access in Real Time [DART], http://www.cbr.washington.edu/dart, queried November 30,
2013.
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2.1.1.6.3 Results—NWFSC Ocean Indicators and the AMIP Projection Model for Future Years
Two methods predicted that Chinook abundance would be relatively high in 2013, and one of
two methods predicts relatively high abundance for 2014 as well.

The ocean ecosystem indicators described in Section 2.1.4.1.4 allow for projections of the
relative abundance of adult spring Chinook returns 1 to 2 years after the ocean conditions
associated with juvenile ocean entry are observed (Peterson et al. 2012). Based on observed
ocean indicators through 2012, returns of adult spring Chinook salmon to the Columbia River in
2013 and 2014 are expected to be well above average.” These projections apply to multiple
species and populations, including SR spring/summer Chinook and UCR spring Chinook. They
also include both hatchery-origin and natural-origin fish. Estimates of returning adult fall
Chinook, including SR fall Chinook, are also projected to be well above average in 2013 and
2014.

A related projection is generated using the method of Burke et al. (2013). This method uses a
broader suite of 32 indicators in a maximum covariance analysis, and is able to project adult
returns at a finer taxonomic scale. The Burke et al. (2013) approach predicted that approximately
97,000 SR spring/summer Chinook, expanded for harvest,*® will return to Ice Harbor Dam in
2013. This estimate is slightly above the most recent 10-year average. They also predicted that
19,500 UCR spring Chinook, expanded for harvest, will return to Priest Rapids Dam in 2013.
Confidence limits on these predictions are very wide.

As described in Section 2.1.1.6.1 above, preliminary estimates of 2013 combined natural-origin
and hatchery-origin SR spring/summer Chinook salmon returns are much lower than the 10-year
average, while corresponding estimates for UCR spring Chinook are slightly below the 10-year
average. As described above in Section 2.1.1.6.2, the 2013 fall Chinook run is much higher than
average. Because of the lower than predicted returns of spring Chinook in 2013, 2014 return
predictions should be viewed with caution. Scientists are currently exploring additional variables
indicative of survival at other points in the ocean life phase, such as zooplankton and
larval/juvenile fish abundances in the Gulf of Alaska, which may improve predictions (see
Section 2.2.3.1: Plume conditions—bottom-up control of salmon survival (food webs)).

2.1.1.6.4 Results—Smolt-to-Adult Return Ratios

Smolt-to-adult return ratios (SAR) represent the survival of salmon from the smolt stage at a
particular location in the freshwater environment through adults returning to either the same
location, or to another location selected to factor out certain mortality sources (e.g., smolts at
Lower Granite Dam to adults returning to the mouth of the Columbia River to remove inriver
harvest and upstream passage mortality [Petrosky et al. 2001]). Depending upon the exact
reference location(s), it represents survival through at least a portion of the juvenile freshwater

2 Web site http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/g-forecast.cfm accessed on May 15, 2013.
39 «BExpanded for harvest” means that the adult return predictions are adjusted to reflect pre-harvest numbers.
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migration corridor, the estuary, the ocean, and (generally) at least a portion of the adult
freshwater migration corridor.

The state of Oregon, in comments on the draft Supplemental Opinion (Whitman 2013),
recommended that NOAA Fisheries “add a SAR metric to measure the full effects of the
FCRPS” and suggested a method of setting SAR goals by linking them to estimates of smolts-
per-adult estimated at the same reference location. The basic idea of the suggested goal is that if,
for example, 100 smolts are produced for each adult, survival from the smolt to adult stage
(SAR) must be at least 1% for R/S=1 (i.e., 100 smolts * 0.01 = 1 returning adult). If there are
only 50 smolts/adult, SAR would have to be 2% for R/S=1.0, and the SAR would have to be
increasingly higher as smolts/adult declined below 50. Grande Ronde MPG population data
provided an empirical interior Columbia basin example of combinations of smolts/adult and
SARs, and displayed these combinations relative to a curve representing adult-to-adult
replacement of 1.0 at the reference location (similar to R/S = 1.0 if survival to and from the
spawning ground is constant).

NOAA Fisheries has not adopted SAR as a hydro performance standard (see Section 3.3.3)
because most of the mortality in this life stage occurs in the estuary and ocean, outside of the
FCRPS. The degree to which mortality in the estuary and ocean is caused by the prior experience
of juveniles passing through the FCRPS (i.e., delayed or latent mortality) is unknown and
hypotheses regarding the magnitude of this effect vary greatly (e.g., ISAB 2007a). Our decision
not to treat SAR as a hydro performance standard is consistent with its use as a basinwide
biological objective by the NPCC (NPCC 2009 p. 39; Hydrosystem improvements are to
“Contribute to achieving desired smolt-to-adult return rates described in the basinwide biological
objectives”) and with the original recommendation of the PATH analytical group (Marmorek
1996, p. 6-23):

We suggest an interim smolt-to-adult return (SAR) of 2-6%, which includes direct and

delayed hydro mortality, as well as mortality unrelated to hydro effects. Because this goal

includes effects of other human activities and environmental variability, it is not defined as a
hydro goal.

However, SAR can be a useful indicator of the status of a species and for that reason we present
Base Period and more recent estimates of SAR in this section. SAR essentially depicts a
significant component of the R/S survival metric and can illuminate the degree to which changes
in R/S correspond to changes in migration corridor and estuary/ocean survival versus changes in
tributary spawning and rearing survival.

NOAA staff met with Oregon Department of Fish and Wildlife (ODFW) staff to better
understand the Grande Ronde MPG example in Whitman (2013) and determined that it is not
feasible to make similar estimates for most other populations at this time. In that example, the
site for assessing smolts and adults is a weir in the lower Grande Ronde basin and a time series
of smolts/adult and population-specific SARs exist for that site. Similar information does not
currently exist for most interior Columbia basin populations, so we decided to use generic SARs
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for aggregate populations of SR spring/summer Chinook and SR steelhead. Figure 2.1 of
Whitman (2013) presented aggregate SAR estimates from the mid-1960s to about the 2006
migration year, adopted from Tuomikoski et al. (2013). We present the original figures from
Tuomikoski et al. (2013), which include preliminary SARs through 2010, as Figures 2.1-30 and
2.1-31. These SARs are based on estimates of smolts arriving at the upper-most dam (Ice Harbor
initially and Lower Granite since 1975) and adults returning to the Columbia River mouth, so
they do not include mortality between the river mouth and the upper dam associated with inriver
harvest, marine mammal predation, and adult dam passage. Therefore, additional information is
needed to relate these SARs to smolt production and R/S goals. However, they are useful for
showing the pattern of combined survival through juvenile migration, the estuary, and ocean
over a multi-decadal time period.
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Figure 2.1-30. Estimated aggregate-population wild SR spring/summer Chinook smolt-to-adult returns (SAR),
reproduced from Tuomikoski et al. (2013) Figure 4.1. These estimates represent survival of smolts from the
uppermost Snake River dam (Lower Granite Dam since 1975) to adults (including jacks) to the mouth of the
Columbia River. Smolt migration years are (brood year+2). Estimates through 1984 and1993 are based on run
reconstructions (solid line), estimates are not available between 1985 and 1991, and estimates from 1994 to 2010 are
based on Comparative Survival Study PIT tags (dots and solid line). The 2010 estimate is derived from incomplete
returns. NPCC 2-6% SAR basinwide objective and 2008 BiOp Base Period (approximately 1982—2002 migration
years) are also shown.
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Figure 2.1-31. Estimated aggregate-population wild SR steelhead SARs, reproduced from Tuomikoski et al. (2013)
Figure 4.5. These estimates represent survival of smolts from the uppermost Snake River dam (Lower Granite Dam
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since 1975) to adults to the mouth of the Columbia River. Smolt migration years are (brood year+2). Estimates
through 1996 are based on run reconstructions (solid line), and estimates from 1997 to 2010 are based on
Comparative Survival Study PIT tags (dots and solid line). The 2010 estimate is derived from incomplete returns.
NPCC 2%-6% SAR basinwide objective and 2008 BiOp Base Period (approximately 1982 to 2002 migration years)
are also shown.

The pattern of SR spring/summer Chinook SAR’s corresponds closely to the pattern of survival
and ocean conditions described previously and summarized in Table 2.1-17, particularly the poor
ocean entry conditions in 2003-2005, the good entry conditions in 2008, and the poor conditions
in 2010. An exception is 2002, when fish experienced good ocean entry conditions but had a
more intermediate SAR level. For SR steelhead, SARs are considerably higher than for SR
spring/summer Chinook, including during the Base Period in the 1980s and late 1990s, as well as
in some of the more recent years. The steelhead SAR pattern is similar, but not identical, to that
of Chinook.

2.1.1.7 Rangewide Status of Snake River Sockeye Salmon

The endangered SR sockeye ESU includes populations of anadromous sockeye salmon in the
Snake River basin, Idaho (the single extant population occurs in the Sawtooth Valley), as well as
residual sockeye salmon in Redfish Lake, Idaho, and one captive propagation hatchery program.
Four of the historical populations are extirpated (Alturas Lake, Pettit Lake, Yellowbelly Lake,
and Stanley Lake; NMFS 2011a).

Between 1991 and 1998, all 16 of the natural-origin adult sockeye salmon that returned to the
weir at Redfish Lake were incorporated into the captive broodstock program, as well as
outmigrating smolts captured between 1991 and 1993, and residual sockeye captured between
1992 and 1995 (Hebdon et al. 2004). The program has used multiple rearing sites to minimize
chances of catastrophic loss of broodstock and has produced several million eggs and juveniles,
as well as several thousand adults, for release into the wild.

Estimates of annual returns are now available through 2013 (Table 2.1-18). Between 1999 and
2007, more than 355 adults returned from the ocean from captive broodstock releases (Flagg et
al. 2004), primarily due to large return (257 fish) in the year 2000. Returns for 2003 through
2007 were lower, but increased beginning in 2008. The return of 257 adults in 2012 was lower
than in 2008 through 2011, but still the fifth highest return since the captive broodstock program
began. Adults returning in 2012 were released as smolts in 2010 when survival from the
Sawtooth Valley through the Salmon and lower Snake rivers and Lower Granite Reservoir was
very low (about 18% compared with an average for 2006 through 2012 of about 50%; Baker
2013a). In addition, average annual survival rates of adults in the mainstem reach from
Bonneville to McNary dams were lower in 2010 through 2012 than in 2006 and 2007 (Section
3.3.3.1). Other factors, such as an unknown effect of ocean conditions, may have influenced the
size of the 2012 adult return.

The adult return to the Sawtooth Valley was again 257 sockeye in 2013. We describe the warm
water conditions that blocked adult passage at Lower Granite Dam during late July in Section
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3.3.3 and estimate that a substantial proportion of the migrating adult sockeye (~30%) failed to
pass Lower Granite Dam.

Table 2.1-18. Hatchery and natural sockeye returns to Sawtooth basin, 1999-2012 (Source: Baker 2013a, 2013b).

Return Natural Observed
e Total Return Return' Hatchery Return (Not Trapped)
1999 7 0 7 0
2000 257 10 233 14
2001 26 4 19 3
2002 22 6 9 7
2003 3 0 2 1
2004 27 4 20 3
2005 6 2 4 0
2006 3 1 2 0
2007 4 3 1 0
2008 650 142 457 51
2009 833 85 732 16
2010 1,355 179 1,143 33
2011 1,118 146 955 17
2012 257 52 190 15
2013 257 82 175 0
' Adult returns from natural production from Redfish, Alturus, and Pettit lakes.

The increased production from the captive broodstock program resulted in sufficient numbers of
fry for initial evaluations of alternative supplementation strategies (Hebdon et al. 2004), i.e.,
acclimating some fry to natural waters and allowing them to emigrate to the ocean and return to
spawn naturally.

Monitoring and evaluation focus on identifying and prioritizing the most successful
reintroduction strategies. Sawtooth basin to Sawtooth basin SAR rates for anadromous adults
from the 2004 through 2006 brood years varied by release strategy with natural and full-term
smolts producing the highest SARs. Averaged across all release strategies, SARs ranged from a
low of 0.06% for brood year 2004 pre-smolts to a high of 2.48% for brood year 2006 smolts that
naturally emigrated from Redfish Lake (NMFS 2013b).

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



New Information | 2.1 Rangewide Status | 129

2.1.1.7.1 Limiting Factors and Threats

Snake River sockeye salmon have been—and continue to be—affected by hydropower impacts;
low abundance (making the single extant population vulnerable to catastrophic loss and posing
significant risks to genetic diversity); elevated temperatures and excess sediment in the upper
Snake River based on the 2011 Idaho 303(d) report (IDEQ 2011); predation by birds, pinnipeds,
and fish; and the effects of climate change.

2.1.1.7.2 ESU Risk Summary

The captive propagation program has likely forestalled extinction of this population and the

ESU. This program has increased the total number of anadromous adults and has preserved what
genetic diversity remained after the decline. However, the longer this program relies on captive
broodstock to maintain the population, the greater the risks of domestication become. Although
the program has increased the number of anadromous adults in some years, it has only begun to
yield large numbers of returning adults (in part due to larger smolt releases and in part because of
out-of-basin effects such as improved ocean conditions).

In recent years, sufficient numbers of returning hatchery adults and their eggs and smolts have
been available to make it feasible to use supplementation strategies to increase the abundance of
natural spawners. Limnological studies and direct experimental releases are being conducted to
learn more about production potential in the three Sawtooth Valley lakes that are candidates for
sockeye restoration. Lake habitat rearing potential, juvenile downstream passage survivals, and
adult upstream survivals are also being studied. However, substantial increases in survival rates
across all life history stages must occur to reestablish sustainable natural production (e.g.,
Hebdon et al. 2004; Keefer et al. 2008). Although the risk status of the SR sockeye salmon ESU
appears to be on an improving trend, the risk of extinction is still high and the ESU continues to
be listed as endangered (Ford 2011).

2.1.1.8 Discussion—Relevance of Updated Status of Interior Columbia Basin
Salmon and Steelhead to the 2008/2010 BiOps’ Analyses

New information in Section 2.1.1 regarding the status of interior Columbia basin species is very
similar to that described in the 2010 Supplemental BiOp. Additional years of data and new
analyses provide support for NOAA Fisheries’ continued reliance on the 2008 BiOp’s
description of the rangewide status of these species and the Base Period metrics applied in the
2008 BiOp’s quantitative aggregate analysis. As described in the introduction to Section 2.1.1,
this conclusion is significant because the Base Period metrics were the starting point for all
subsequent calculations in the 2008 BiOp’s quantitative analysis for six interior Columbia basin
species. The following is a review of information presented earlier in this section, which supports
this conclusion.
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New information in Sections 2.1.1.2 through 2.1.1.4 regarding recovery goals and the status of
species and their constituent populations relative to those recovery goals is nearly identical to the
recovery status in the 2008 BiOp, as updated by the 2010 Supplemental BiOp.

Recovery plans and goals have not changed since the 2008/2010 BiOps.

NOAA Fisheries completed 5-year status reviews for interior Columbia basin
species in 2011 and concluded that the listing status of all species was unchanged
from the 2005 status review, which was relied upon in the 2008/2010 BiOps.

NOAA Fisheries’ latest report to Congress concluded that the trends of all interior
Columbia species have been stable or increasing. This is an improvement for two
species, compared to the conclusions of the 2009 report to Congress, which was
described in the 2010 Supplemental BiOp.

When the trends of individual populations were evaluated, NOAA’s report to
Congress indicated that 45 populations of interior Columbia Chinook and
steelhead were stable, two were decreasing, and four were increasing.

When individual populations of Chinook and steelhead were evaluated relative to
recovery criteria, the new 5-year status review indicated that most populations had
increased abundance, decreased intrinsic productivity, and little or no change in
spatial structure or diversity compared to population risk metrics at the time of the
previous 5-year review. These are the same characteristics described in the 2010
Supplemental BiOp, and they are discussed in more detail below relative to the
2008 BiOp metrics.

0 Overall risk ratings continued to be “high” for all populations of UCR
Chinook, UCR steelhead, and SR spring/summer Chinook. There was a
mixture of risk categories for SR steelhead, while most populations of
MCR steelhead and the single population of SR fall Chinook were rated
either “Maintained” or “Viable.”

0 For SR sockeye salmon, it was not possible to quantify the risk rating,
although this species appears to be on an improving trend.
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New information in Section 2.1.1.5 regarding 2008 BiOp indicator metrics, which have been
updated and extended to reflect the most recent return years, are consistent with the expectations
of the 2008 BiOp, as updated by the 2010 Supplemental BiOp. These metrics apply to six
interior Columbia basin species with sufficient information to conduct a quantitative analysis.
The extended Base Period estimates include four to nine additional years of return data beyond
the years included in the 2008 BiOp for most populations.

Virtually all of the new extended Base Period estimates fall within the statistical
confidence limits of the 2008 BiOp Base Period metric estimates.

While the new information indicates no statistically significant changes in Base
Period metrics, some of the point estimates did change. Point estimates of
abundance and BRT abundance trend were generally higher, estimates of
extinction risk were generally lower, and estimates associated with productivity
were generally lower, than those in the 2008 BiOp. This pattern is nearly identical
to that described in the 2010 Supplemental BiOp.

0

Mean abundance point estimates for the most recent 10-year period were
higher than estimates in the 2008 BiOp for all populations of Chinook and
nearly all populations of steelhead.

Extinction risk (24-years, QET 50) point estimates were unchanged or
lower than estimated in the 2008 BiOp for nearly all populations.

Mean R/S productivity point estimates were lower than estimates in the
2008 BiOp for most populations (although over 1/3 of the populations that
were lower still had average Base Period R/S greater than 1.0, the 2008
BiOp’s goal for prospective actions).

Median population growth rate (lambda) point estimates, under the
assumption that hatchery-origin spawners do not contribute to productivity
(HF=0), were lower than in the 2008 BiOp for most populations of
Chinook but higher than in the 2008 BiOp for most populations of
steelhead. For those populations with lower estimates, over two-thirds still
had average Base Period lambda greater than 1.0.

Median population growth rate (lambda) point estimates, under the
assumption that hatchery-origin spawners are as effective as natural-origin
spawners (HF=1), were lower than in the 2008 BiOp for most populations
of Chinook, but half of the steelhead populations were higher and half
were lower. For those populations with lower estimates, over two-thirds
still had average Base Period lambda greater than 1.0, the 2008 BiOp’s
goal for prospective actions.
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0 BRT abundance-trend point estimates were higher than in the 2008 BiOp
for most populations. For the few populations with lower estimates, all but
one still had a trend greater than 1.0.

The observed pattern in the abundance and productivity point estimates is
consistent with an expectation that interference or competition for resources is
likely to occur at high abundance and density, resulting in fewer returns produced
per spawner. Such density-dependent mortality was anticipated in the 2008 BiOp;
described as the primary explanation for lower productivity point estimates in the
2010 Supplemental BiOp; and confirmed in this Supplemental Opinion.

0 Section 2.1.1.5.3 (Comparison of Extended Base Period Metrics with
Estimates in the 2008 BiOp) includes a detailed review of the patterns of
abundance, productivity, and climate factors affecting brood years in the
extended Base Period, which shows the likely effects of density
dependence on a brood-year basis. The total spawner abundances in brood
years contributing to low average productivity estimates were in many
cases the highest in the Base Period and near or above the ICTRT
abundance thresholds.

0 Section 2.1.1.5.3 (The Influence of Density Dependence; see also
Appendix C) includes a quantitative test of whether the productivity
observed in recent years is within the expectations of the 2008 BiOp.

a

Most Chinook populations demonstrated statistically significant
density-dependent relationships using Base Period data. When the
more recent data points were plotted against the 95% prediction
intervals, only one point fell below the interval and four points fell
above, “providing no support for the hypothesis that recent
conditions are less productive than those experienced during the
Base Period.”

All steelhead populations with sufficient data for the analysis
demonstrated statistically significant density-dependent
relationships using Base Period data; only three points fell below
the prediction intervals and 14 points fell above. The steelhead
results provided “little support for the hypothesis that recent
conditions are less productive than those experienced during the
Base Period.”

In summary, these results provide “strong support for the hypothesis that density-
dependent recruitment is occurring in these populations” and ““strong support for

the hypothesis that productivity has not decreased for these populations when
comparing base to recent time periods but that the decreased R/S resulted from
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density-dependent processes as a result of the increased abundance observed
recently.”

More recent aggregate population dam counts and predictions from factors influencing earlier
ages of some cohorts (Section 2.1.1.6) indicate the following:

SR fall Chinook: The last year in the SPS database was 2012, preliminary
estimates of 2013 abundance are exceptionally high, and high returns are also
forecast for 2014.

SR spring/summer Chinook: The last year in the SPS database was 2011 or
2012, depending upon population. Dam counts indicate high aggregate population
returns through 2012. The 2013 preliminary estimate is approximately 20% below
the 10-year average, but the preliminary forecast for 2014 is well above average.

UCR Chinook: The last year in the SPS database was 2011. The aggregate
population returns were above average in 2012 and 2013 and the preliminary
forecast for 2014 is also well above average.

SR steelhead: The SPS database has information for only three populations and
that information ends in 2010. Dam counts for the natural-origin aggregate
population indicate very high returns in 2009 and 2010 and declining abundance
in 2011 and 2012. Preliminary results for 2013 indicate abundance 23% below the
10-year average. There are no forecasts available for 2014.

UCR steelhead: The SPS database includes returns through 2011. Aggregate
abundance of natural-origin steelhead at Rock Island Dam is difficult to interpret
because the pattern through 2011 does not match that of individual populations.
However, the dam counts indicate below-average returns in 2012 and a high
abundance in 2009 and 2010 and lower abundance in 2011 and 2012. Because this
pattern does not match that of the SPS population-level data through 2011, it is
difficult to interpret. Preliminary 2013 aggregate returns are approximately 30%
below average and no forecast for 2014 is available.

MCR steelhead: The SPS database includes returns through 2011 or 2012.
Preliminary dam counts for the Yakima population indicate below-average
abundance in 2013.

SARs for SR spring/summer Chinook and SR steelhead exhibit a similar pattern
to the survival and ocean entry conditions inferred from other observations.
Because SARs represent a significant component of life-cycle survival, we add it
as a factor indicative of the species’ current status, but do not adopt it as a hydro
performance measure.
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Snake River Sockeye Salmon

In addition to the description of the recovery status of SR sockeye salmon (above), a review of
the captive broodstock and reintroduction programs in Section 2.1.1.7 indicates that these aspects
of SR sockeye status are functioning the same or better than as anticipated in the 2008/2010
BiOps.
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2.1.2 Rangewide Status of Lower Columbia Basin Salmon and
Steelhead

NOAA Fisheries has updated its status assessments for lower Columbia basin salmon and
steelhead (Table 2.1) since the 2008/2010 BiOps. The following sections summarize the updated
information for each species of lower Columbia basin (including the upper Willamette River)
salmon and steelhead.

Hydrosystem Effects on Rangewide Status of Lower Columbia Basin Salmon and Steelhead
Flow management operations at large storage reservoirs in the interior of the Columbia basin
(Grand Coulee, Dworshak, etc.) affect all juvenile Columbia River salmon and steelhead in the
lower mainstem and estuary, and potentially in the plume—primarily by altering flow volume
and timing. These alterations impair sediment routing, influence habitat forming processes,
reduce access to peripheral habitat, and change the dynamics of the Columbia River plume and
the estuarine food web. The reservoirs associated with the run-of-river mainstem dams contribute
to elevated water temperatures below Bonneville Dam in late summer and fall, which affects
each ESU and DPS to a different degree depending on the timing of its juvenile and adult
migrations, as described in the following sections. These lower basin species are substantially
less affected by the FCRPS compared to listed species that range into the interior Columbia
basin, and therefore migrate past multiple FCRPS projects. The generally poor status of the
lower Columbia species is primarily the result of other limiting factors and threats, as described
below.

2.1.2.1 Columbia River Chum Salmon

The threatened Columbia River chum (CR chum) salmon ESU consists of 17 historical
populations in the three eco-geographic strata, Coastal, Cascade, and Gorge, plus three artificial
propagation programs.

At the time of the 2008 BiOp, we thought that the Grays River and Lower Gorge were the only
chum salmon populations with consistent natural spawning. However, there is new information
(i.e., not previously considered in NOAA Fisheries’ 5-year status reviews or the 2008/2010
BiOps) that indicates there has been consistent spawning, predominantly by natural-origin fish,
since at least 2002 in the Washougal population in the Cascade stratum. Based on recent mark-
recapture studies, the estimated numbers of spawners during 2009 through 2012 (including those
in the mainstem near Interstate Highway 205) has ranged from 1,132 to 4,947 (Table 2.1-19).
Spawner estimates for the Grays River and Lower Gorge populations also have been moderately
high (Table 2.1-19).

Small numbers of adult chum salmon are found in other Washington and Oregon streams, but
numbers are too sparse to convert to estimates of abundance (Ford 2011). For example, ODFW
survey crews reported a peak count of 12 adults in Big Creek and another four adults in Little
Creek, one of Big Creek’s tributaries, during 2012 (Jacobson 2013). The origin of these fish is
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not known; the first fry raised at ODFW’s Big Creek Hatchery were released during spring 2010
and adult returns are not expected until fall 2013.

Table 2.1-19. Preliminary estimates of abundance for the Grays River, Washougal, and Lower Gorge fall-run chum
salmon populations (Hillson 2013).

Population | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008 | 2009 | 2010 | 2011 2012

Grays River' 12,041 | 16,974 | 15,157 | 4,327 6,232 3,966 2,807 2,833 6,399 11,519 | 10,114

Washougal® 3,468 2,844 2,102 1,009 862 544 626 1,132 2,105 4,947 2,483
Lower
Gorge® 7,883 4,480 1,857 944 1,564 432 458 534 1,404 2,594 1,255

' The Grays River population includes spawners in Crazy Johnson Creek, the West Fork Grays, and the mainstem Grays River.
2The Washougal population includes the mainstem spawners near [-205, Rivershore, and Woods Landing.

% The Lower Gorge population incudes spawners in the mainstem Columbia near Multhomah Falls, St. Cloud, and Horsetail
creeks, near Ives Island, and tributary spawners in Duncan, Hardy, and Hamilton creeks and Hamilton Spring Channel.

In the 2008 BiOp, we assumed that the Upper Gorge population was extirpated by inundation
behind Bonneville Dam. However, a total of 177 chum fry have been recorded by the Smolt
Monitoring Program between spring 2010 and 2013 (FPC 2013b), indicating spawning in the
reservoir reach. The fry seen at Bonneville Dam could have originated in the White Salmon
River where WDFW has recovered a few chum carcasses (Hillson 2013). Alternately, these fry
could be the progeny of spawners in Eagle Creek, which is less than 1 mile above Bonneville
Dam (Hillson 2013).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2013, Ford (2013) categorized the overall ESU trend as “stable.”

Limiting Factors and Threats

NOAA Fisheries (NMFS 2013c) has finalized its ESA recovery plan for lower Columbia basin
species including CR chum salmon. This species has been affected by the loss and degradation of
spawning and rearing habitat, the impacts of mainstem hydropower dams on upstream access and
downstream habitats, and the legacy effects of historical harvest. Together, these factors have
increased the risk of extinction of all populations. Although we now know that there are three
populations with consistent natural spawning, the constrained spatial structure of the ESU, which
is related to conversion, degradation, and inundation of habitat, contributes to very low
abundance and low genetic diversity in most populations, thereby increasing the risk to the ESU
from local disturbances (NMFS 2013c).

With respect to the hydrosystem, passage at Bonneville Dam and the inundation of historical
habitat under Bonneville Reservoir is a primary limiting factor for the Upper Gorge Tributaries
chum salmon population (Table 8-3 in NMFS 2013c). Juvenile chum salmon are rearing in and
migrating through the mainstem in February through July (peak during May), and adults are
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migrating during November and December, so it is unlikely that elevated mainstem temperatures
have a significant impact on this ESU. For the Lower Gorge population, the availability of
tailrace spawning habitat is affected by flows from the Columbia River hydropower system
during fall and winter, and early spring flows are critical to prevent dewatering of redds before
emergence.

ESU Risk Summary

None of the CR chum salmon ESU’s three strata meet recovery criteria: most populations (15 out
of 17) remain at very high risk (NMFS 2011b). The Grays River and Lower Gorge populations
showed sharp increases in adult abundance in 2002, declined back to relatively low levels, and
then increased again in recent years. A focused look at the Washougal population could alter the
biological risk category for that population and the Cascade stratum at the time of NOAA
Fisheries’ next status review. In any case, there is no new information to indicate that extinction
risk for the CR chum salmon ESU has increased significantly compared to our understanding in
2008 and 2010.

2.1.2.2 Lower Columbia River Chinook Salmon

The threatened LCR Chinook salmon ESU consists of 32 historical populations in six strata:
Coastal fall-run, Cascade spring-run, Cascade fall-run, Cascade late fall-run, Gorge fall-run, and
Gorge spring-run, plus 17 artificial propagation programs.

The last status review included abundance data for most LCR Chinook salmon populations up to
the year 2001. For the more recent review, Ford (2011) compiled data through 2008 or 2009 for
most populations.31 Abundance of all LCR Chinook salmon populations increased during the
early 2000s but has since declined back to levels close to those in 2000 for all but one
population. Abundance of the Sandy spring Chinook salmon population has declined from levels
in the early 2000s but remains higher than its 2000 level. In general, abundance of LCR Chinook
salmon populations has not changed considerably since the previous status review (Ford 2011).

Assessments conducted as part of recovery planning indicate that most LCR tule fall Chinook
salmon populations are at high to moderate risk for issues related to diversity and at relatively
low risk for issues related to spatial structure (Ford 2011). The two LCR late fall Chinook
salmon populations are at moderate to low risk for issues related to diversity and spatial
structure. Lower Columbia River spring Chinook salmon populations range from very high to
moderate risk because of diversity, and most are at very high risk due to spatial structure
concerns.

*! Data were available only through 2006 for the Clatskanie fall and Sandy late fall Chinook salmon populations.
32 Term for a fall Chinook salmon that spawns in lower Columbia River tributaries (as opposed to “upriver bright”
fall Chinook that spawn above Bonneville Dam).
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In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2013, Ford (2013) categorized the overall ESU trend as “stable.” Based on data available for
2006 through 2009, all 12 of the populations with trend data and hatchery fraction information
(of 32 historical populations) were “stable.”

Limiting Factors and Threats

The spring-run component of the LCR Chinook salmon ESU has been—and continues to be—
affected by habitat degradation, hydropower impacts, harvest, and hatchery production that,
together, have reduced the persistence probability of all populations. One of the largest factors
limiting the spring-run component has been the existence of tributary dams that block access to
core headwater spawning areas in upper subbasins. Spatial structure, productive potential, and
survival are further constrained by widespread degradation of tributary habitat in downstream
areas. In addition, the high historical harvest rates and the effects of hatchery fish on natural
populations have undermined the genetic and life history diversity of spring Chinook salmon
populations and contributed to significant losses in production and abundance (NMFS 2013c).

The tule fall Chinook salmon component of the LCR Chinook salmon ESU is limited by a
combination of factors: widespread habitat degradation both in tributaries and the Columbia
River estuary; a history of high harvest rates and large scale hatchery production with associated
population depletions, reductions in productivity, and loss of genetic diversity; the effects of
tributary dams and the FCRPS on habitat; and predation by native fish, birds, and marine
mammals. In addition, the ongoing straying of hatchery fish continues to affect productivity and
diversity of fall Chinook salmon, and harvest impacts continue to be significant. For some
populations, spatial structure is constrained by tributary dams; for many more populations,
urban, agricultural, and transportation development in lowland areas constrains spatial structure;
and development contributes to losses in abundance as habitat quality is reduced.

With respect to the hydrosystem, the reservoirs associated with the mainstem run-of-river dams
contribute to elevated water temperatures downstream in late summer and fall when adults from
tule and late fall Chinook populations are moving upstream to tributary spawning areas.
Juveniles move downstream to the ocean in the spring or to rearing habitat in the estuary
throughout the year. For populations above Bonneville Dam, NOAA Fisheries identifies the
passage issues at Bonneville as a secondary limiting factor for the White Salmon and Hood
populations and inundation of historical spawning habitat by Bonneville Reservoir as a
secondary limiting factor for the Hood population™ in its proposed recovery plan (NMFS
2013c).

3 The exact extent to which Bonneville Reservoir inundated habitats for any species is unknown. Some
biologists have hypothesized impacts to spring Chinook salmon as a result of inundation. Based on
spawning habitat preferences, it is likely that impacts of inundation were greatest on fall Chinook and chum
salmon (NMFS 2013c).
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ESU Risk Summary

Three recent evaluations of LCR Chinook salmon status, all based on the criteria developed by
the Willamette Lower Columbia Technical Recovery Team’s (W/LCTRT), have been conducted
as part of the recovery planning process (McElhany et al. 2007; LCFRB 2010, Vol. 1, Ch. 2;
ODFW 2010). All three evaluations concluded that none of the ESU’s six strata meet recovery
criteria. Of the 32 historical populations in the ESU, 28 are considered at very high risk (and
some may be extirpated or nearly so) and only two populations are considered viable.

Overall, the new information did not indicate a change in the biological risk category since
NOAA Fisheries’ last status review. Although this ESU has made little progress toward meeting
its recovery criteria, there is no new information to indicate that its extinction risk has increased
significantly.

2.1.2.3 Lower Columbia River Coho Salmon

The threatened LCR coho salmon ESU consists of 24 historical populations in three strata:
Coastal, Cascade, and Gorge, plus 25 artificial propagation programs.

The 2005 BRT status evaluation (Good et al. 2005) included abundance data for the Clackamas
population for the years 1957 to 2002 and for the Sandy population from 1977 to 2002. Spawner
data for Oregon LCR coho salmon populations from 2002 through 2004 indicated relatively low
numbers of natural-origin fish (averaging less than 500 spawners) for all Oregon populations
except the Clackamas and Sandy. Despite these low abundances, it appears that there is also
some natural production in the Clatskanie and Scappoose populations. Neither the Clackamas or
Sandy population shows a clear long-term trend in natural-origin abundance over that full time
series, but both indicate a positive trend over the years 1995 to 2008. Ford (2011) observed a
negative growth rate for the Clackamas and Sandy populations when considering the entire time
series and assuming that hatchery-origin fish have the same reproductive success as natural-
origin fish.

Spawner surveys have been conducted for Washington’s Mill/Germany/Abernathy population
since 2005. Data for the 2006 spawning year show an estimated 3,150 spawners—over half of
them hatchery-origin fish. This large fraction of hatchery-origin spawners in a population with
no direct hatchery releases suggests that those with direct hatchery releases are not likely to be
self-sustaining.* Data on smolt production in the Mill/Germany/Abernathy population indicate
some natural production (Ford 2011).

Assessments conducted as part of recovery planning since the last status review indicate that
Oregon LCR coho salmon populations are at moderate to low risk as a result of spatial structure
and at high to moderate risk from issues related to diversity (Ford 2011). Similar assessments for
Washington LCR coho salmon populations also indicate moderate to low risk from spatial

* Direct data on the fraction of hatchery-origin spawners are available for only one of Washington’s 17 coho
salmon populations (Mill/Germany/Abernathy) for a single year (2006) (Ford 2011).
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structure and, in general, high risk from issues related to diversity (Ford 2011). Hatchery releases
have remained relatively steady since the previous review. Overall hatchery production remains
relatively high, and most populations in the ESU are likely to have a substantial fraction of
hatchery-origin spawners (although data are limited, particularly for Washington populations).
Efforts to shift hatchery production to certain areas (e.g., Youngs Bay and Big Creek) to reduce
hatchery-origin spawners in other populations (e.g., the Scappoose and Clatskanie) are relatively
recent, and their success is unknown (Ford 2011).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2013, Ford (2013) categorized the overall ESU trend as “stable.”

Limiting Factors and Threats

Lower Columbia River coho salmon have been—and continue to be—affected by habitat
degradation, hydropower impacts, harvest, and hatchery production. The combined effects of
these factors have reduced the persistence probability of all LCR coho salmon populations.
Extensive channelization, diking, wetland conversion, stream clearing, and, in some subbasins,
gravel extraction have significant negative impacts on juvenile coho salmon throughout the ESU
and are identified as primary limiting factors (NMFS 2013c¢). Land uses both past and present
have created sediment issues in the mainstem Columbia. The ongoing straying of hatchery fish
has affected the productivity and diversity of LCR coho salmon, and harvest impacts continue to
be significant for some populations (e.g., Youngs Bay and Big Creek).

With respect to the hydrosystem, the reservoirs associated with the mainstem run-of-river dams
contribute to elevated water temperatures in late summer and fall when adult coho are moving to
their tributary spawning areas. The downstream migration of juveniles peaks in mid-April
through mid-July before mainstem temperatures become elevated enough to have a significant
impact. For populations above Bonneville Dam—the Upper Gorge/Hood and Upper
Gorge/White Salmon populations—NOAA Fisheries (NMFS 2013c¢) identified passage issues at
Bonneville and inundation of historical spawning habitat by Bonneville Reservoir as secondary
limiting factors.

ESU Risk Summary

Three evaluations of LCR coho salmon status, all based on W/LCTRT criteria, have been
conducted since the last status review, as part of the recovery planning process (McElhany et al.
2007; LCFRB 2010; ODFW 2010). All three evaluations concluded that none of the ESU’s three
strata meet recovery criteria. Of the 24 historical populations in the ESU, 21 are considered at
very high risk. The remaining three (Sandy, Clackamas, and Scappoose) are considered at high
to moderate risk. All of the Washington populations are considered at very high risk because the
limited studies available suggest most of the populations have returns that are greater than 90%
hatchery fish. However, uncertainty about population status is high because of a lack of regular,
comprehensive adult spawner surveys. Smolt traps indicate some natural production in
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Washington populations, though given the high fraction of hatchery-origin spawners suspected to
occur in these populations, it is not clear that any are self-sustaining.

Overall, the new information considered does not indicate a change in the biological risk
category since the time of the last status review. Although this ESU has made little progress
toward meeting its recovery criteria, there is no new information to indicate that its extinction
risk has increased significantly.

2.1.2.4 Lower Columbia River Steelhead

The threatened LCR steelhead DPS consists of 23 historical populations in four strata, Cascade
winter-run, Cascade summer-run, Gorge winter-run, and Gorge summer-run, plus 10 artificial
propagation programs.

All LCR steelhead populations increased in abundance during the early 2000s, generally peaking
in 2004, but the abundance of most populations has since declined back to levels close to the
long-term mean. However, across the DPS, LCR steelhead populations do not show any
sustained, dramatic changes in abundance since the 2005 status review (Ford 2011).

Total releases of hatchery steelhead in the LCR steelhead DPS have increased since the last
status review (Good et al. 2005) from about 2 million to around 3 million fish per year. Some
populations (e.g., Hood River and Kalama) have relatively high fractions of hatchery-origin
spawners, whereas others (e.g., Wind) have relatively few (Ford 2011). Assessments since the
last status review indicate that Oregon LCR steelhead populations are generally at moderate risk
because of diversity issues and low risk because of spatial structure (Ford 2011). Similar
assessments for Washington LCR steelhead populations also indicate moderate risk because of
diversity issues, in general, and moderate to low risk because of spatial structure (Ford 2011).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2013, Ford (2013) categorized the overall DPS trend as “stable.”

Limiting Factors and Threats

Lower Columbia River steelhead are affected by a legacy of habitat degradation, harvest,
hatchery production, and hydropower development that together have reduced the persistence
probability of almost every population. Historically, high harvest rates contributed to population
depletions, while stock transfers and straying of hatchery-origin fish reduced productivity and
genetic and life history diversity (NMFS 2013c¢). Construction of tributary and mainstem dams
has constrained the spatial structure of some steelhead populations by blocking or impairing
access to historical spawning areas. Over time, tributary and mainstem habitat alterations have
reduced population abundance and productivity. Habitat alterations in the Columbia River
estuary also have contributed to increased predation on steelhead juveniles. Today, widespread
habitat degradation, predation, and the lingering effects of hatchery-origin fish continue to be
significant limiting factors for most steelhead populations.
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With respect to the hydrosystem, the reservoirs associated with the mainstem run-of-river dams
contribute to elevated water temperatures in late summer and fall when some adults are moving
to their tributary spawning areas. Juveniles move downstream to the ocean primarily in April
through June so that elevated mainstem temperatures are unlikely to have a significant impact on
that life stage. For populations above Bonneville Dam—the Upper Gorge winter steelhead, Wind
summer steelhead, and both populations of Hood steelhead—NOAA Fisheries (NMFS 2013c¢)
identified the impacts of Bonneville Dam on passage and habitat quantity as secondary limiting
factors.

DPS Risk Summary

Three evaluations of LCR steelhead status, all based on W/LCTRT criteria, have been conducted
as part of recovery planning since the last status review (McElhany et al. 2007; LCFRB 2010,
Vol. 1, Ch. 2; ODFW 2010). All three evaluations concluded that none of the DPS’s four strata
meet recovery criteria. Of the 23 historical populations in the DPS, 16 are considered at high or
very high risk.

Overall, the new information considered does not indicate a change in the biological risk
category since the 2005 status review. Although this DPS has made little progress toward
meeting its recovery criteria, there is no new information to indicate that its extinction risk has
increased significantly.

2.1.2.5 Upper Willamette River Chinook Salmon

The threatened Upper Willamette River (UWR) Chinook salmon ESU includes all naturally
spawned populations of spring-run Chinook salmon in the Clackamas River and in the
Willamette River and its tributaries above Willamette Falls, Oregon. Fish produced in six
artificial propagation programs are included in the ESU.*

The W/LCTRT consider the Clackamas and McKenzie populations to be at moderate to low risk
of extinction for abundance and productivity; the remaining five are in the very high risk
category (NMFS 2011c). Returns at the North Fork Dam on the Clackamas River peaked in 2004
at over 12,000 hatchery- and natural-origin fish, but dropped to approximately 2,000 in 2009 and
2010 (Ford 2011). The geometric mean number of natural-origin spawners for the last 5 years
(ending in 2010) is 850 fish per year. Returns to the McKenzie population increased in
abundance, peaking in 2004, but dropped to previous levels of little more than 1,000 unmarked
fish crossing Leaburg Dam and remained flat in 2010. NOAA Fisheries (NMFS 201 1c¢) stated its
concern that this signaled a failure of the natural population to respond to improved ocean
conditions, but noted that not all factors had been completely evaluated. The Willamette Falls
count averaged about 40,000 fish (hatchery- and natural-origin) and the estimated number of

3% Seven artificial propagation programs were considered part of the ESU at the time of listing, but the South
Santiam hatchery adult outplanting program ended in 2005 (NMFS 2011c).
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unmarked (mostly natural-origin) spawners above Leaburg Dam has recently averaged about
2,000 fish.

The Clackamas population is at very low risk of extinction for spatial structure, the Molalla and
McKenzie populations are at low to moderate risk, while the remaining four populations are at
very high risk due to lack of access to historical habitat above Willamette Project dams. The
majority of natural production in the Clackamas occurs upstream of the North Fork Dam in
historically accessible habitat, although there is some spawning, primarily by hatchery-origin
fish, downstream of the dam. Most of the natural-origin spawning in the McKenzie population
occurs above Leaburg Dam.

The Clackamas and McKenzie rivers contain the only two populations in the ESU that have
substantial natural production and both are at moderate risk of extinction for the diversity metric.
The other five populations are at moderate to high risk for diversity. The Molalla, North Santiam,
South Santiam, Calapooia, and Middle Fork Willamette spawning populations continue to be
dominated by hatchery-origin fish and are not likely to be self-sustaining (McElhany et al. 2007;
Schroeder et al. 2007; ODFW 2010). In addition, these populations appear to be experiencing
significant risks from pre-spawning mortality of adults (Schroeder et al. 2005, 2007; McElhany
et al. 2007).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2013 (Ford 2013), we noted that trend information was available for only two of the seven
populations of UWR Chinook salmon, one through 2012 (negative) and one through 2008
(stable). Because of the lack of data for most populations and the negative trend in the only
population with recent data, Ford (2013) classified the ESU trend as “negative.”

Limiting Factors and Threats

Upper Willamette River Chinook salmon are threatened by the ongoing development of low-
elevation habitats in private ownership; lack of access to spawning and rearing habitat above
Willamette Project flood-control dams; altered flow levels and elevated water temperature below
the dams; a high proportion (greater than 90%) of hatchery-origin fish on the spawning grounds;
predation by birds, pinnipeds, and fish; and climate change impacts (NMFS 2011¢). NOAA
Fisheries completed consultation on the Willamette Project in 2008 (NMFS 2008c), providing an
RPA that addresses many of the factors limiting the viability of this species. The Willamette
Project action agencies have implemented a number of RPA measures of benefit to both UWR
Chinook salmon and UWR steelhead, including the following, to date:

New adult fish collection facilities

0 At the base of Cougar Dam in the South Fork McKenzie River (completed
in 2010), allowing the safe collection and transport of naturally produced
UWR Chinook salmon to historical spawning habitat above the reservoir.
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In its second full year of operation (2012), over 500 fish were collected, of
which 350 were produced above the reservoir.

0 At Minto, below Big Cliff Dam on the North Santiam River (completed in
April 2013), which now allows the collection, sorting, and handling of
adult UWR Chinook and UWR winter steelhead, as well as hatchery
broodstock, while reducing delay and stress for fish holding below Minto
trap. Until downstream fish passage improves through Detroit Dam, only
hatchery-origin adults are released above the dam.

0 At the base of Foster Dam on the South Santiam River (slated for
completion in June 2014), which will allow the collection, sorting, and
handling of adult UWR Chinook and UWR steelhead as well as hatchery
broodstock (Chinook and summer steelhead). Unmarked adult Chinook
and winter steelhead will be released above Foster Dam to access
spawning habitat in the South Santiam River and Middle Santiam below
Green Peter Dam.

Operational water temperature control

0 Improved water temperatures below Detroit and Big Cliff dams on the
North Fork Santiam River (beginning in 2009) by passing water through
the spillway and regulating outlets at Detroit Dam as well as the turbines
to improve water temperatures in the North Santiam below Big Cliff Dam.
Before this measure was implemented, water was cooler through the
summer and warmer in the fall than under a normative condition. This
regime caused UWR steelhead egg incubation to be protracted in the
summer, reducing the growth period during fry and subyearling life stages.
The cool water in the summer caused adult Chinook to delay upstream
migration and the warm water in the fall after the spawning period caused
accelerated egg incubation, resulting in early (winter) emergence when
rearing conditions were less suitable. This operation has improved passage
and incubation conditions for UWR Chinook and incubation and rearing
for UWR steelhead. However, operations have not been able to maintain
cooler temperatures throughout the fall. A structural temperature control
facility, also called for in the Willamette Project RPA, which would
achieve temperature goals throughout the year, is in the early design
stages.

0 Improved water temperatures below Lookout Point and Dexter dams on
the Middle Fork Willamette River (beginning in 2012) by passing water
through the spillways and regulating outlets as well as the turbines. The
previous temperature regime caused extremely high temperatures in early
fall, resulting in high mortality of UWR Chinook eggs in redds below
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Dexter Dam. Even when temperatures did not exceed lethal levels,
incubation was accelerated in the fall, resulting in early emergence in
winter when rearing conditions are less suitable. Initial monitoring results
from 2012 show that operations improved water temperatures through the
summer, but that temperature targets were exceeded, although not above
lethal levels, in the fall.

¢ Improved water temperatures below Fall Creek Dam on Fall Creek, a
tributary to the Middle Fork Willamette (beginning in 2009), by operating
“fish horns,”*® combined at times with the regulating outlets. Temperature
targets were achieved for most of the spring and summer in 2012, but
temperatures were elevated during part of September and all of October.
This operation appears to create more normative passage conditions for
adult UWR Chinook salmon to spawning areas above Fall Creek Dam
through the summer.

¢ Constructing new or improving adult release sites (in 2013) for releasing
adult Chinook into historical habitat above Cougar Dam on the South Fork
McKenzie River; adult Chinook and steelhead into historical habitat above
Detroit Dam on the North Santiam River; and adult Chinook into
historical habitat above Fall Creek and Dexter dams on the Middle Fork
Willamette River. Combined with the new adult trapping facilities, the
release sites will reduce stress and injury to adult UWR Chinook and
steelhead and are expected to reduce rates of prespawning mortality.

These measures, and others that will be implemented over the 15-year term of the Willamette
Project RPA, are addressing many of the factors limiting the abundance, productivity, and spatial
structure of this species.

With respect to effects of the Columbia River hydrosystem on the species’ biological
requirements, adult spring Chinook migrate to the mouth of the Willamette during spring and
early summer before temperatures become elevated in the lower Columbia River. Juveniles
move downstream to the ocean in the spring or to rearing habitat in the estuary throughout the
year.

ESU Risk Summary

Two related status evaluations of UWR Chinook salmon have been conducted since the last
status update (McElhany et al. 2007; ODFW 2010). Both evaluations concluded that the ESU is
substantially below the viability criteria recommended by the W/LCTRT. Of the seven historical
populations in the ESU, five are considered at very high risk. The remaining two (Clackamas and

%% The fish horns are water intakes for the adult fish trap located at the base of the dam, but because they are located
at three different reservoir elevations, they can draw water from different elevations and take advantage of the water
temperature stratification in the reservoir.
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McKenzie) are considered at moderate to low risk. Recent data verify the high fraction of
hatchery-origin fish (in some cases more than 90% of total returns). The new data also highlight
the substantial risks associated with prespawning mortality of adults. Although recovery plans
are targeting key limiting factors for future actions, there have been no significant on-the-ground
actions to resolve the lack of access to historical habitat above dams since the last review; nor
have there been substantial actions removing hatchery fish from the spawning grounds. Overall,
new information considered does not indicate a change in the biological risk category since the
time of the previous status review.

2.1.2.6 Upper Willamette River Steelhead

The threatened UWR steelhead DPS includes all naturally spawned populations of winter-run
steelhead in the Willamette River, Oregon, and its tributaries upstream from Willamette Falls to
(and including) the Calapooia River. This DPS does not include any artificially propagated
steelhead.’’

In the previous status review (Good et al. 2005), data were only available to the year 2002 when
population abundance peaked. However, since then, population abundance has returned to the
relatively low levels of the 1990s—with the total abundance of winter steelhead at Willamette
Falls in 2008 reaching 4,915. In 2009, the late-returning abundance for the entire DPS was 2,110
fish. All four populations are in the moderate risk-of-extinction category for abundance and
productivity (Ford 2011).

Winter steelhead hatchery releases within the boundary of the UWR DPS ended in 1999.
However, there is still a substantial hatchery program for non-native summer steelhead, and in
recent years, the number of non-native summer steelhead returning to the upper Willamette
outnumbered that of native winter-run steelhead, raising genetic (diversity) concerns. Thus, all
four upper Willamette River populations are considered to be in the moderate risk category for
diversity. The W/LCTRT considers the Molalla population to be in the low risk category for
spatial structure, and the other three populations to be in the moderate to high risk categories
because Willamette Project dams block access to the upper watersheds in the North and South
Santiam watersheds. Water quality problems in the Calapooia River limit spatial structure there.
South Santiam steelhead have access to the upper basin via trap and haul at Foster Dam.

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2013, Ford (2013) categorized the overall DPS trend as “stable.” This was based on data
available through 2008 for four of the five populations of UWR steelhead; of these two were
“stable” and two were “negative.”

37 Hatchery summer-run steelhead in the Willamette Basin are the progeny of an out-of-basin (Skamania) stock that
is not part of the DPS.
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Limiting Factors and Threats

Upper Willamette River steelhead are threatened by the ongoing development of low-elevation
habitats in private ownership; lack of access to spawning and rearing habitat above Willamette
Project flood control dams; altered flow levels and elevated water temperature below the dams;
non-native summer steelhead hatchery releases; predation by birds, pinnipeds, and fish; and
climate change impacts (NMFS 2011c). As described in Section 2.1.2.5 (UWR Chinook
Salmon), NOAA Fisheries completed consultation on the Willamette Project in 2008, providing
an RPA that addresses many of the factors limiting the viability of this species. The Willamette
Project action agencies have implemented a number of RPA measures of benefit to both UWR
Chinook salmon and UWR steelhead, including those described in Section 2.1.2.5, above. These
and other measures that will be implemented over the 15-year term of the Willamette Project
RPA, are addressing many of the factors limiting the abundance, productivity, and spatial
structure of this species.

DPS Risk Summary

Overall, the new information considered does not indicate a change in the biological risk
category since the time of the last status review. Although direct biological performance
measures for this DPS indicate little realized progress to date toward meeting its recovery
criteria, there is no new information to indicate that its extinction risk has increased significantly.
This DPS remains at a moderate risk of extinction.

2.1.2.7 Relevance of Updated Status of Lower Columbia Basin Salmon and
Steelhead to the 2008/2010 BiOps’ Analyses

NOAA Fisheries completed 5-year status reviews for lower Columbia basin species in 2011 and
concluded that the listing status of all species was unchanged from the 2005 status review, which
was relied upon in the 2008/2010 BiOps. We report some new information on spawning in the
Gorge and Cascade strata of the CR chum ESU (Section 2.1.2.1), which could indicate that the
status of this species is better than previously thought. This information will be considered in the
next 5-year status review. Until then, we consider the status of CR chum salmon, LCR Chinook
salmon, LCR coho salmon, LCR steelhead, UWR Chinook salmon, and UWR steelhead to be
stable.
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2.1.3 Rangewide Status of Designated Critical Habitat

NOAA Fisheries described the rangewide status of critical habitat designated for 12 species of
Columbia basin salmon and steelhead in Section 4.2 of the 2008 SCA. This included the primary
constituent elements (PCEs) of critical habitat for each ESU and DPS and the conservation value
ratings for the fifth field hydrologic units within the designated area. Those descriptions remain
current without change for this consultation.

Habitat alterations that have resulted in the loss of important spawning and rearing habitat and
the loss or degradation of migration corridors were described in Chapter 8 of the 2008 BiOp. In
general, critical habitat is still not able to serve its conservation role in many of the designated
watersheds.

2.1.3.1 Additional Critical Habitat Designation Proposed for LCR Coho Salmon

On January 14, 2013, NOAA Fisheries published a proposed rule for the designation of critical
habitat for a thirteenth species of Columbia basin salmonid, LCR coho salmon (NMFS 2013d).
NOAA Fisheries also published a draft biological report that includes habitat quality assessments
for this designation (NMFS 2012a), that informs the proposed designation rule. Of the 55
occupied watersheds evaluated, 34 were assigned a conservation value of “high,” 18 a value of
“medium,” and three a value of “low” (Table A-2 in NMFS 2012a). The specific areas proposed
for designation include approximately 2,288 mi (3,681 km?®) of freshwater and estuarine habitat
in Oregon and Washington. These overlap with existing critical habitat designations for LCR
steelhead and Chinook, and CR chum, and in the case of the mainstem Columbia River below
the confluence of the Big White Salmon River, Washington, and the Hood River, Oregon, with
existing designations for salmonid species that spawn in the middle and upper Columbia River
and in the Snake River (Figure 2.1-29). Given the shared general life history characteristics of
these anadromous salmonids, the essential habitat features (PCEs) of critical habitat are also
similar to those for the existing salmon and steelhead designations.

3% Conversion: 1 km = 0.621371 miles
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Figure 2.1-32. Overlap of proposed critical habitat designation for LCR coho with that previously designated for other
species of salmon and steelhead (Source: Exhibit 2.1 in IEc 2012).

The four additional watersheds in Figure 2.1-32 that NMFS proposed as critical habitat for LCR
coho are the Upper Lewis River, Muddy River, Swift Reservoir, and Yale Reservoir. All are
located above PacifiCorps’ Merwin Dam and are accessible to LCR coho salmon via trap and
haul operations (NMFS 2007b).

The PCEs (physical and biological features) of the critical habitat designations proposed for LCR
coho salmon are identical to those for the other species in the overlapping areas. These are sites
for spawning, rearing, migration, and foraging and are essential to support one or more life
stages of the ESU. These sites in turn contain physical or biological features essential to the
conservation of the ESU (e.g., spawning gravels, water quality and quantity, side channels,
forage species). Specific types of sites and the features associated with them (both of which are
referred to as “PCEs”) include the following (NMFS 2013d):
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“1. Freshwater spawning sites with water quantity and quality conditions and
substrate supporting spawning, incubation, and larval development.

2. Freshwater rearing sites with water quantity and floodplain connectivity to
form and maintain physical habitat conditions and support juvenile growth and
mobility; water quality and forage supporting juvenile development; and natural
cover such as shade, submerged and overhanging large wood, log jams and beaver
dams, aquatic vegetation, large rocks and boulders, side channels, and undercut
banks.

3. Freshwater migration corridors free of obstruction with water quantity and
quality conditions and natural cover such as submerged and overhanging large
wood, aquatic vegetation, large rocks and boulders, side channels, and undercut
banks supporting juvenile and adult mobility and survival.

4. Estuarine areas free of obstruction with water quality, water quantity, and
salinity conditions supporting juvenile and adult physiological transitions between
fresh- and saltwater; natural cover such as submerged and overhanging large
wood, aquatic vegetation, large rocks and boulders, and side channels; and
juvenile and adult forage, including aquatic invertebrates and fishes, supporting
growth and maturation.

5. Nearshore marine areas free of obstruction with water quality and quantity
conditions and forage, including aquatic invertebrates and fishes, supporting
growth and maturation; and natural cover such as submerged and overhanging
large wood, aquatic vegetation, large rocks and boulders, and side channels.”

Of these, freshwater rearing sites and migration corridors, and estuarine areas in the lower
Columbia River below the Big White Salmon River, Washington, and the Hood River, Oregon,
are within the action area for this consultation. The lower Columbia River received a
conservation value rating of “high” for connectivity between designated areas (Table A-2 in
NMES 2012a).
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2.1.3.2 Relevance of Updated Status of Designated Critical Habitat to the
2008/2010 BiOps’ Analyses

With the exception of proposing to designate critical habitat for LCR coho salmon, NOAA
Fisheries’ determinations regarding the rangewide status of critical habitat for Columbia basin
salmon and steelhead in Section 4.2 of the 2008 SCA continue to be appropriate in 2013. In
general, habitat function is still not sufficient for critical habitat to serve its conservation role in
many of the designated watersheds. The tributary areas proposed for designation for LCR coho
salmon and the PCEs of critical habitat overlap with the existing designated areas and PCEs for
LCR steelhead and Chinook, and CR chum salmon. Likewise, designated areas and PCEs in
mainstem reaches of the lower Columbia River overlap with those for listed Upper Columbia
River, Snake River, and Middle Columbia River salmon and steelhead.
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2.1.4 Recent Climate Observations and New Climate Change
Information

Qualitative considerations of weather and climate, as they affect salmon and steelhead survival,
were described in Section 5.7 of the 2008 BiOp, and quantitative aspects were described in
Section 7.1.1. Several indices of climate, such as the Pacific Decadal Oscillation (PDO), the El
Nifio-Southern Oscillation (ENSO), and freshwater flows (caused by precipitation and runoff
patterns) are correlated with survival of listed salmon and steelhead (e.g., Logerwell et al. 2003;
Scheuerell and Williams 2005; Petrosky and Schaller 2010; Haeseker et al. 2012; Peterson et al.
2012; Burke et al. 2013) and therefore affect the rangewide status of the species.

The 2008 BiOp applied three future climate scenarios to prospective quantitative estimates of
interior Columbia basin salmon and steelhead extinction risk and productivity to capture a
reasonable range of future ocean survivals based on recommendations of the Interior Columbia
River Technical Recovery Team (ICTRT and Zabel 2007). Future climate scenarios explicitly
incorporated the climate indicators described further in this section. The three climate scenarios
were:

1980 through 2001 (Recent Climate, with mostly warm years and mostly poor
survival);

1977 through 1997 (Warm PDO Climate, with almost exclusively warm years and
poor survival); and

1946 through 2001 (Historical Climate, with a mixture of cool years with good
survival and warm years with poor survival).

The 2008 BiOp gave the greatest weight to projections based on the Recent climate scenario.

To apply these scenarios to projections of future survival (e.g., to evaluate prospective actions in
the 2008 BiOp), ICTRT and Zabel (2007) expressed combined estuary and ocean survival as
functions of climate indices, such as upwelling and the PDO, because of significant correlations
of these factors with survival. Each future climate scenario was therefore defined by specific
climate variables, such as upwelling and the PDO, and the historical occurrence of those
variables over the three periods described above.

The 2008 BiOp also included Comprehensive Fish Passage (COMPASS) model estimates of
juvenile survival during mainstem migration. Survival projections using the COMPASS model
were based in part on Snake and Columbia River flow rates over a wide range of conditions.

In Section 2.1.4.1, NOAA Fisheries examines recent climate patterns, with an emphasis on those
relied upon in the 2008 BiOp analysis, and compares the observations with the 2008 BiOp’s
analytical assumptions. Additionally, in Section 2.1.4.2, we review new information on climate
change and its effects on salmon and steelhead, updating reviews in the 2008 and 2010 BiOps.

New information regarding our understanding of physical and biological processes in the
Columbia River estuary and plume are reviewed separately in Section 2.2.3.1. Although most of
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the new information does not directly address climate and climate change, the new information
regarding plume dynamics, fish behavior, and habitat use indicate the importance to plume
dynamics of climate factors reviewed in this section, such as Columbia River outflow and wind-
generated nearshore processes, including coastal upwelling.

Eulachon survival is associated with many of the same climate factors as salmon and steelhead
(Gustafson et al. 2010). Although the discussion of climate in this section focuses on impacts to
salmon and steelhead, we also consider it relevant to eulachon survival and productivity.

2.1.4.1 Recent Climate Observations

In this section, we highlight climate variables that have been discussed in previous FCRPS
BiOps, especially those variables and indices that were used to calculate the three ocean climate
scenarios that were incorporated into the 2008/2010 BiOps’ analyses for interior Columbia basin
salmonids (ICTRT and Zabel 2007; see discussion above). The primary purpose of this review is
to determine if recent climate conditions have been within the range of climate conditions relied
upon in the 2008/2010 BiOps’ analyses.

2.1.4.1.1 Pacific Decadal Oscillation

The PDO is a measure of north Pacific sea-surface temperature variability, but the index is
correlated with both terrestrial and oceanic climate effects (Mantua et al. 1997). Pacific
Northwest salmon and steelhead survival is generally high when ocean temperatures are cooler
(negative PDO) and survival is generally low when ocean temperatures are warm (positive
PDO), although this pattern is reversed for Alaskan stocks (e.g., Hare et al. 1999; Peterson et al.
2012). While this pattern reflects a general correspondence, the PDO is not always a good
indicator of salmon survival, as demonstrated by lower returns in 2013 than were predicted based
on the PDO and other ocean indicators (see Section 2.1.1.6.3 NWFSC Ocean Indicators and the
AMIP Projection Model for Future Years).

The 2008 BiOp included a general discussion of the PDO in Section 5.7.2 and Figure 5.7.1-2
displayed a time series of estimates through Jan 2008. The PDO during spring months of ocean
entry relevant to salmon and steelhead ocean survival was one of the factors used to model the
future climate scenarios in the 2008 BiOp, as described above. The 2010 Supplemental BiOp
updated the PDO index through September 2009 and Figure 2.2.1.3.1.6 demonstrated that there
had been a higher proportion of negative PDO years (cool, with presumably higher survival)
since 2001 than would be predicted by the Recent climate scenario.

The 2008 BiOp Section 5.7.2 described a pattern of PDO cycles over the last century, with cool
(negative: “good” Pacific Northwest salmon survival) PDO regimes prevailing in 1890-1924 and

again in 1947-1976 and warm (positive: “poor” Pacific Northwest salmon survival) regimes
from 1925-1946 and from 1977 through at least the late 1990s (Mantua and Hare 2002).
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It is now possible to further update the PDO observations and compare them with the 2008
BiOp’s assumptions (Figures 2.1-33 and 2.1-34). Recently, the sign of the PDO has changed
more frequently than in the past, with shifts since the late 1990s occurring on approximately 2-
to 6-year intervals rather than on decadal or multi-decadal intervals. From 2002 to 2013, 6 years
had a positive mean spring PDO (warm, lower survival), with 2003 through 2006 being the years
with the highest values. Six years had a negative mean spring PDO (cold, higher survival). The
distribution of 2002 through 2012 PDO observations is more similar to the Historical climate
scenario, which resulted in a mixture of good and poor years for salmon survival, than to either
the Recent or Warm PDO climate assumptions in the 2008 BiOp, which were both dominated by
poor survival years. The overall mean spring PDO for the entire 2002 through 2013 time period
is lower (i.e., cooler) when compared to multi-year means for the Recent (P = 0.02) climate
scenario and Warm PDO (P < 0.01) climate scenario described in the 2008 BiOp (Figure 2.1-33),
but does not differ from the Historical climate scenario (P = 0.88).

. Apr-June Average PDO Through 2013
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Figure 2.1-33. Pacific decadal oscillation (PDO) index 1946—-2012. Positive values are warmer than average and are
associated with poor survival of Pacific Northwest salmon and steelhead. Negative values are cooler than average
and are associated with higher survival of salmon and steelhead (Source: University of Washington PDO web page:
http://jisao.washington.edu/pdo/ downloaded August 20, 2013.) Time periods corresponding to ocean climate
scenarios in the 2008 BiOp are displayed.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion


http://jisao.washington.edu/pdo/

Frequency
O R NWDRUULION

-1.75 -
-1.50

-2.00
-1.25

Historical (1946-01): Mean = +0.03

-1.00 |——
-0.75 |—
-0.50 |———
-0.25 |——
0.00 —
0.25 ———
0.50 ——

0.75 |

1.00 |EEE——
1.25 |—

1.50

1.75 |——
2.00 m—

More

Mean April-June PDO

Frequency

O R N W B O

-2.00
-1.75

Recent (1980-01): Mean = +0.75

1.50
1.25
1.00
0.75
0.50
0.25
0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
More

Mean April-June PDO

Frequency
O R, N W A~ OV

Warm (1977-97): Mean = +0.90

1.50
1.25
1.00
0.75
0.50
0.25
0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
More

Mean April-June PDO

N

=

Frequency

New (2002-2013): Mean =-0.04

ol

-2 00
-1 75 |

-1. 50
1. 25
-1.00
0. 75
-0. 50
0.25
0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
More

Mean April-June PDO

New Information | 2.1 Rangewide Status | 155

Figure 2.1-34. Histograms showing the frequency of mean spring (April through June) PDO indices. The distribution
and mean of new observations since the 2008 BiOp (2002-2013) can be compared with PDO distributions and
means represented by three sets of future climate assumptions considered in the 2008 BiOp. Positive values are
warmer than average and are associated with poor survival of salmon and steelhead. Negative values are cooler than
average and are associated with higher survival of salmon and steelhead (Source of data: University of Washington
PDO web page: http://jisao.washington.edu/pdo/ accessed on August 20,2013).
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2.1.4.1.2 El Nilo Southern Oscillation

Coastal waters off the Pacific Northwest are influenced by atmospheric and ocean conditions not
only in the north Pacific Ocean (as indexed by the PDO), but also in equatorial waters, especially
during El Nifo events. Strong El Nifio events result in the transport of warm equatorial waters
northward along the coasts of Central America, Mexico, and California and into the coastal
waters off Oregon and Washington. El Nifio events are of shorter duration than PDO phases,
generally lasting 6 to 18 months. El Nifio conditions are generally associated with poor survival
of salmon and steelhead (e.g., Scheuerell and Williams 2005; Peterson et al. 2012) due to lower
productivity and changes in the distribution of predator and prey species. Unusually cool water
(La Nifia) conditions are generally beneficial to salmon and steelhead. El Nifio and La Nifia
conditions also affect terrestrial climate and hydrology (e.g., Barlow et al. 2001).

The 2008 BiOp Section 5.7.1 described the ENSO in more detail and presented a time series of
estimates through November 2007. The ENSO was not included as a predictor variable in
modeling the three future climate scenarios in the 2008 BiOp; however, El Nifio conditions are
likely to have influenced salmonid marine survival during the climate scenario time periods. The
2010 Supplemental BiOp, Section 2.2.1.3.1.6, extended the time series through April 2010 and
compared conditions in the last decade with those during the time periods associated with the
three climate scenarios considered in the 2008 BiOp. It concluded that El Nifio conditions in the
past decade had not been as strong as those predicted by either the Recent climate scenario or the
Warm PDO climate scenario evaluated in the 2008 BiOp.

It is now possible to further update the ENSO observations and compare them with the 2008
BiOp’s assumptions (Figure 2.1-35). During the time periods encompassed by the Recent and
Warm PDO climate scenarios, the pattern is described by Peterson et al. (2012) as consisting of
two “very large” El Nifio events (1983—1984 and 1997-1998), two smaller events (1986 and
1987), and a prolonged event from 1990 to 1995. Since 2001, El Nifio events of the same or
lower magnitude as the 1986 and 1987 events occurred in 2002 through 2005 and from spring
2009 through May 2010. La Nifa conditions occurred in many of the other years.

We used the National Weather Service Climate Prediction Center’s definition of warm events®’
to objectively determine if the frequency of warm El Nifio events has changed compared to the
time periods represented by the 2008 BiOp’s three climate assumptions. The frequency of warm
event months, defined in this manner, was nearly identical for the time periods represented by
the three climate scenarios (25% to 28%) and the period from 2002-2012 (24%). We also
compared means of the Oceanic Nifio Index (ONI) for all months encompassed by warm events
in each of the four BiOp climate periods. We found that the average magnitude of warm events
was lowest for the 20022012 period, the averages varied by only 0.3°C from the lowest (2002—

** Warm and cold episodes are based on a threshold of + 0.5°C for the ONI (3 month running mean of ERSST.v3b
SST anomalies in the Nifio 3.4 region [5°N-5°S, 120°-170°W]), based on centered 30-year Base Periods updated
every 5 years. For historical purposes cold and warm episodes are defined when the threshold is met for a minimum
of 5 consecutive over-lapping seasons.
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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2012; 0.9°C) to the highest (Recent; 1.2°C) climate periods. In summary, in years since those that
make up the climate scenarios relied upon in the 2008 BiOp, El Nifio conditions have not been
stronger or more frequent than those implicitly captured in the 2008 BiOp’s assumptions.

Historical ‘1946-2001)

|}
— _Warm PDO (1977-1997) New (2002-
2 4 | Recent (1980-2001) 2012)

-E'I T T T T T T T T T T T

1055 1065 1075 1085 1005 2005
Year

Oceanic Nino Index (OMN)

Figure 2.1-35. Values of the Oceanic Nifio Index (ONI), 1955 through 2012. Red (positive) values indicate warm
conditions in the equatorial Pacific; blue (negative) values indicate cool conditions in equatorial waters. Large and
prolonged El Nifio events are indicated by large, positive values of the index: note the ONI greater than +2 associated
with the 1972, 1983, and 1998 events. Note cool anomalies (La Nifia) during 1999-2002 and 2007-spring 2009. A La
Nifia event developed in equatorial waters from mid-2010 to June 2011, but transitioned to positive values in 2012.
Figure and caption are reproduced from Peterson et al. (2012). Time periods corresponding to ocean climate
scenarios in the 2008 BiOp have been added.

2.1.4.1.3 Upwelling Index

Upwelling is a wind-driven process that brings nutrients up from depth into the photic zone,
increasing ocean productivity and the availability of food for juvenile salmon (Peterson et al.
2012). The 2008 BiOp included a general discussion of upwelling in Section 5.7.2. Salmon
survival is generally higher when upwelling is more intense during months corresponding to
early ocean growth of juvenile salmon (e.g., Scheuerell and Williams 2005; Petrosky and
Schaller 2010), although Peterson et al. (2012) cautions that knowledge of upwelling intensity
alone does not always provide good predictions of salmon survival. Factors such as the source of
bottom water that is upwelled, and whether El Nifio conditions are occurring, can influence the
expected upwelling signal as well. Peterson et al. (2012) hypothesize that although upwelling is
necessary to stimulate plankton production, its impact is greatest during negative phases of the
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PDO. The onset and duration of the upwelling season are also important factors that influence
salmon survival (Peterson et al. 2012).

Spring and summer upwelling (exact months dependent upon species) were among the factors
used to model the 2008 BiOp’s future climate scenarios. Spring (April-May) upwelling intensity
was lower than the long-term average in most of the new years subsequent to those represented
in the 2008 BiOp’s future climate scenarios (Figure 2.1-36). Exceptions were 2007 through
2009, which were greater than the long-term average. The average intensity of spring upwelling
in 2002 through 2012 (11.7 m*/s/100 km) did not differ significantly (P > 0.24) from mean
estimates associated with the 2008 BiOp’s Recent and Warm PDO climate scenarios (11.9 and
10.9 m*/s/100 km, respectively) but was lower than the Historical average (17.2 m*/s/100 km, P
=0.05).
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Figure 2.1-36 Anomalies (differences between the 1946—2012 mean and individual yearly values) of the average
April and May coastal Upwelling Index, 1946—-2012. Positive values represent above-average upwelling and negative
values represent below-average upwelling. Units are m?®/s/100 km coastline. Data from NOAA Pacific Fisheries
Environmental Laboratory http://www.pfeg.noaa.gov/products/pfel/modeled/indices/upwelling/upwelling.html. Time
periods corresponding to ocean climate scenarios in the 2008 BiOp are displayed.
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2.1.4.1.4 Ocean Ecosystem Indicators and Overall Pattern of Ocean Conditions

Peterson et al. (2012)—using data collected along the Newport Hydrographic Line and from
other Oregon sites and broad areas affecting the Pacific northwest—developed a set of 18 marine
indices that represent climatic and biological factors influencing survival of juvenile salmon and
steelhead during their first year in the ocean. These indicators include large-scale climate factors
described above (PDO, upwelling, and ONI); more local measures of temperature and salinity of
coastal waters; and biological drivers such as the copepod community structure, and direct
salmon measurements, which were the catches of juvenile Chinook and coho salmon in surveys
conducted during their first summer at sea. The indicators are combined into a qualitative
assessment of whether the ocean entry conditions in a given year are representative of “good” or
“poor” survival of juvenile salmon and steelhead (Table 2.1-20).

Table 2.1-20. Ocean ecosystem indicators, 1998-2012, and rank scores (among the 15 years) upon which color-
coding of ocean ecosystem indicators is based. Lower numbers indicate better ocean ecosystem conditions, or
"green lights" for salmon growth and survival, with ranks 1-5 green/medium gray, 6—10 yellow/light gray, and 11-15
red/dark gray. To arrive at these rank scores, 15 years of sampling data were compared across years (within each
row), and each year received a rank between 1 and 15 (Reproduced from Peterson et al. 2012).
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Based on the suite of ocean ecosystem indicators, 1998, 2003 through 2005, and 2010 were years
in which ocean entry conditions were generally unfavorable for salmon survival. Favorable years
were 1999 through 2000, 2002, 2008, and 2012. It is difficult to compare these qualitative
assessments to those predicted by the 2008 BiOp’s three future climate scenarios because the
rankings are based on a 15-year period that is largely subsequent to the years represented by the
scenarios.

This assessment, or a more quantitative model based on 32 indicators (Burke et al. 2013), has
been used to predict adult returns 1 to 2 years in the future. The 2010 Supplemental BiOp
discussed this index in Section 2.2.1.3.2.7 and predicted relatively high Chinook returns in 2010
and intermediate returns in 2011, based on the 2008 and 2009 ocean ecosystem indicators. As
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described in Section 2.1.1.5.3 (Overview of Patterns of Abundance and Productivity) and in
Figure 2.1-22, Chinook returns were above average in these years, as predicted. Future
predictions of the ocean ecosystem indicators are considered in Section 2.1.1.6 (Other
Information on the Abundance of Interior Columbia Basin Salmon and Steelhead), including the
need to investigate possible inclusion of additional factors to explain lower than predicted returns
in 2013.

2.1.4.1.5 Freshwater Stream Flow

Tributary stream flow is relevant to survival of listed salmon and steelhead during the first 1 to 2
years of life when juvenile salmon and steelhead are rearing in freshwater and when mainstem
flows are relevant to smolt survival during seaward migration and following ocean entry. We

discuss each in more detail below and compare new observations with those considered directly
or indirectly in the 2008 BiOp.

Tributary Stream Flow (Salmon River)

For interior Columbia basin salmon and steelhead that generally rear in snowmelt-fed streams,
the lowest flow levels generally occur in late summer or early fall. The level of flow can affect
available habitat area; the distribution and availability of prey; refuges from predators; water
temperature; and other factors (e.g., Arthaud et al. 2010; Poff and Zimmerman 2010; Nislow and
Armstrong 2012; Roni et al. 2013a). This can potentially affect growth and survival of juvenile
salmonids. Consistent with these expectations, mean fall (September and October) flow levels in
Salmon River tributaries correlate positively with parr-to-smolt survival of juvenile
spring/summer Chinook salmon (Crozier and Zabel 2006; Crozier et al. 2008; Crozier and Zabel
2013). Tributary stream flow was not a factor in the ocean climate scenarios evaluated in the
2008 BiOp, and previous FCRPS biological opinions have not presented empirical tributary flow
observations.

We present streamflow from the Salmon River in Idaho (Figure 2.1-37) because that is the site
used by Crozier and Zabel (2006, 2013) and Crozier et al. (2008) after they determined that it
correlated strongly with stream flow within various tributaries of the Salmon River. This site also
has a long historical flow record with few data gaps. Figure 2.1-38 indicates that the
approximately 1980 through 2001 Base Period included a range of mean fall flows that were
nearly equally distributed above and below the 1946 to 2012 long-term average. In contrast, most
of the recent observations have been lower than the long-term average, with the mean fall flow
level for the recent years (1,020 cfs) lower than the Base Period mean (1,158 cfs). This suggests
that streamflow conditions have been less favorable to parr-to-smolt survival since the 2008
BiOp’s Base Period, at least for interior Columbia basin spring/summer Chinook. Because of
similarities in juvenile rearing requirements, this is likely true for juvenile steelhead in the
interior Columbia basin as well.
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Salmon River at Salmon, Idaho
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Figure 2.1-37. Anomalies (differences between the 1946-2011 mean and individual yearly values) of the average
September and October streamflow in the Salmon River at Salmon, Idaho, 1946-2012. Positive values represent
above-average flows and negative values represent below-average flows. Units are cubic feet per second (cfs). The
2008 BiOp’s Base Period of approximately 1980-2000 is indicated by the red box, followed by new observations.
Data are from U.S. Geological Survey Station 13302500, available from:
http://waterdata.usgs.gov/id/nwis/uv/?site_no=13302500&PARAmeter cd=00065,00060,00010

Mainstem Snake/Columbia Stream Flow

Section 5.1.3 of the 2008 BiOp describes several effects of mainstem Snake and Columbia River
flow on survival of smolts during seaward migration. Increased flow generally increases
migration speed, which decreases exposure to factors such as predation and temperature stress in
reservoirs (e.g., Ferguson 1995), and it affects ocean entry timing and early ocean survival
(Scheurell et al. 2009). Juvenile survival through the hydropower system is correlated with water
travel time (Haeseker et al. 2012), which is in part a function of flow. Water travel time, derived
from mean springtime Columbia River flow at Bonneville Dam, was included as a factor in
determining the three future ocean climate conditions in the 2008 BiOp (ICTRT and Zabel
2007).

Consistent with ICTRT and Zabel (2007), we compared mean springtime flow at Bonneville
Dam after 2001 with Columbia River flows during the 2008 BiOp’s Base Period (Recent climate
scenario) and the periods represented by the Historical and Warm PDO climate scenarios (Figure
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2.1-35). Columbia River spring flows during the years since the 2008 BiOp (2002-2011)
averaged 263 thousand cubic feet per second (kcfs), which was nearly identical to the mean flow
of 262 kcfs during the 1980-2001 Base Period (and Recent climate scenario). Lowest Columbia
River flows during the new years were in 2005 and 2010 (affecting smolt migration of the 2003
and 2008 brood years of spring Chinook and steelhead), while the highest flows were in 2006
and 2011 (2004 and 2009 brood years). Mean flows during the years corresponding to the Warm
PDO climate scenario were lower (256 kcfs) than the more recent means; and the mean for the
Historical climate scenario was higher (289 kcfs) than the more recent means.
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Figure 2.1-38. Anomalies (differences between the 1946-2011 mean and individual yearly values) of the average
April 15 through May 31 Columbia River flow at Bonneville Dam in thousand cubic feet per second (kcfs). Periods
corresponding to ocean climate scenarios in the 2008 BiOp are indicated. Raw data from the Corps, summarized by
the Fish Passage Center (spreadsheet: WTT calcs 29-11 from cp w UC.xls).
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2.1.4.1.6 Freshwater Temperatures

Tributary Stream Temperatures

Stream temperature can affect growth and survival of juvenile salmon and steelhead rearing in
interior Columbia basin streams. The ISAB (2007b) reviewed temperature effects on juvenile
salmon including:

Excluding fish from reaches with temperatures at or near their thermal tolerance

Increasing metabolism at higher temperatures, thereby either increasing or
decreasing fish growth rate, depending upon the availability of food

Increasing the metabolism of predators at higher temperatures, thereby increasing
predation rates on salmonids

Affecting susceptibility to pathogens and parasites, which increases when fish
become thermally stressed

Affecting migration timing

Affecting survival in subsequent life stages based on the fish size and migration
timing determined in part by temperature during juvenile rearing

Consistent with these expectations, mean summer (May through August) temperatures in Salmon
River tributaries negatively correlate with parr-to-smolt survival of some populations of juvenile
spring/summer Chinook salmon, while having a neutral or positive effect on other populations
(Crozier et al. 2010; Crozier and Zabel 2013). Tributary temperature was not a factor in defining
the ocean climate scenarios evaluated in the 2008 BiOp. Previous FCRPS biological opinions
have not presented tributary temperature data.

Crozier et al. (2010) found that cumulative growing degree-days*’ measured in various streams
in the Salmon River basin correlate strongly with mean May—August air temperature, which was
also a strong predictor of fish length. An advantage of using air temperature, rather than stream
temperature, is that most of the stream temperature data sets in the interior Columbia basin are of
relatively short duration or of irregular length. We therefore present mean monthly air
temperature in the Salmon River basin, as used by Crozier et al. (2010) and Crozier and Zabel
(2013) in Figure 2.1-39.

40 “Growing degree-days” are defined as the sum of daily mean temperatures in Celsius during the period of salmon
growth.
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Salmon River Mean May-Aug Air Temperature Anomalies
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Figure 2.1-39. Anomalies (differences between the 1960-2010 mean and individual yearly values) of the average
May through August air temperatures from meteorological stations in the Salmon River basin. As described in the
text, air temperatures correlate strongly with stream temperatures and fish growth. Time periods corresponding to the
2008 BiOp’s Base Period and more recent observations are indicated. Raw data provided by the NOAA Western
Regional Climate Center (http://www.wrcc.dri.edu/climsum.html ) and basin averages provided by L. Crozier, NOAA
Fisheries.

Figure 2.1-39 indicates that new observations since the 2008 BiOp include a higher percentage
of years with above-average mean temperatures than the percentage of above-average years in
the 2008 BiOp’s approximate Base Period. The mean temperature of all years in the new period
was higher than that of the Base Period (12.1°C versus 11.7°C). Based on Crozier and Zabel
(2013), these higher temperatures in recent years could be associated with lower parr-to-smolt
survival for some Salmon River spring/summer Chinook populations. However, it could also
have resulted in higher growth rates and larger smolt sizes—which would lead to higher survival
rates in other life stages that could compensate for reduced survival at the parr-to-smolt life
stage.

Mainstem Columbia River Temperatures

Mainstem Columbia River temperature can affect timing and survival of adult and juvenile
salmon and steelhead migrating through the mainstem Snake and Columbia rivers (e.g., Crozier
etal. 2011). The ISAB (2007b) noted that higher temperatures during adult migration may lead
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to increased mortality or reduced spawning success as a result of lethal temperatures, delay,
increased fallback at dams, or increased susceptibility to disease and pathogens. Crozier et al.
(2011) showed a rise of 2.6°C in mean July water temperature in the lower Columbia River at
Bonneville Dam between 1949 and 2010.

Effects of increasing water temperatures on adult passage were particularly apparent in 2013. As
described in Section 3.3, high temperature in the adult fish ladder at Lower Granite Dam in July
resulted in failure of adult SR sockeye salmon, summer-run SR spring/summer Chinook, and SR
steelhead to pass the dam for approximately one week. A second high-temperature event in
September 2013 resulted in failure of adult SR fall Chinook and SR steelhead to pass the dam for
about a week. Remedies to reduce the likelihood of similar occurrences in the future are
discussed in Section 3.3.

We used the same Bonneville Dam temperature data as Crozier et al. (2011)*', which was
obtained from DART* (2013) to more specifically evaluate the pattern of mainstem
temperatures during the Base Period and extended Base Periods (Figures 2.1-40 and 2.1-41).

I December 2, 2013, email from L. Crozier to C. Toole, “temp data.” Includes spreadsheets “Dam conditions 2008
2013.xlIsx”, “Bonntemps3nospikes.csv”, and “Plastic.raw19392010.csv.”

* Columbia River Data Access in Real Time (DART) at http://www.cbr.washington.edu/dart/dart.html. Accessed
November 2013.
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Figure 2.1-40. Mean July water temperature at Bonneville Dam, 1950 through 2013. The Washington State Water
Quality Standard of 20°C is displayed. Time periods corresponding to the 2008 BiOp’s Base Period and more recent
observations are indicated. Data obtained from Columbia River Data Access in Real Time (DART;
http://www.cbr.washington.edu/dart/dart.html). Accessed November 2013.
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Bonneville Dam Mean July Water Temperature Anomalies
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Figure 2.1-41. Anomalies (differences between the 1950-2010 mean and individual yearly values) of the average
July water temperature at Bonneville Dam. Time periods corresponding to the 2008 BiOp’s Base Period and more
recent observations are indicated. Data obtained from Columbia River Data Access in Real Time (DART;
http://www.cbr.washington.edu/dart/dart.html). Accessed November 2013.

Mean July water temperatures at Bonneville have increased since 1950, with temperatures
predominantly higher than average since the early 1980s. Seven of 22 years (32%) averaged
above 20°C during the 2008 BiOp’s Base Period, while 5 of 12 recent years (42%) averaged
higher than 20°C. The overall mean temperatures were nearly identical for the 2008 BiOp’s Base

Period (19.7 +£0.4°C) and the more recent observations (19.5 +0.7°C).
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2.1.4.2 Recent Information Regarding Climate Change

The 2008 BiOp included information on climate change that was published through 2007. The
primary sources of information were the ISAB’s review of climate change impacts on Columbia
River basin fish and wildlife (ISAB 2007b), the ICTRT’s ocean climate scenarios for use in
quantitative analyses (ICTRT and Zabel 2007), and a modeling analysis of potential effects of
climate change on freshwater stages of SR spring Chinook (Crozier et al. 2008). This
information was used to assess effects of the RPA under climate change and to develop elements
of the RPA that would implement climate change mitigation actions recommended by the ISAB
(2007b) in the 2008 BiOp Section 8.1.3.

Section 2.2.1.3 of the 2010 Supplemental BiOp reviewed subsequently available climate change
literature (through 2009) that was relevant to Pacific Northwest salmonids and made the
following conclusions:

New observations and predictions regarding physical effects of climate change
were within the range of assumptions considered in the 2008 BiOp and the AMIP.

New studies of biological effects of climate change on salmon and steelhead
provided additional details on effects previously considered and suggest that the
adult life stage may need particular attention through monitoring and proactive
actions envisioned in the AMIP. (The 2010 Supplemental BiOp included
amendments to the AMIP to address this point).

The types of potentially beneficial actions identified by ISAB (2007b) and
implemented through the RPA are consistent with the types of adaptation actions
described in current literature.

This section briefly reviews the climate change effects considered in the 2008 BiOp and
discusses additional information regarding climate change that has become available since the
2008 BiOp was issued. It concludes that, while additional details regarding observed and
forecasted effects of climate change on Pacific Northwest salmonids have become available in
recent years, the effects remain consistent with those described in the 2008 BiOp.
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2.1.4.2.1 Review of Climate Change Effects Considered in the 2008 BiOp

The 2008 BiOp relied primarily upon the review of climate change effects on salmonids prepared
by the NPCC’s ISAB (2007b). This report summarized the key effects of climate change and
related them to salmon life history in a figure that is reproduced here as Figure 2.1-42.

Cumulative impacts across the full life-cycle
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Figure 2.1-42. lllustration of the points in the salmon life history where climate change may have an effect.
Reproduced from ISAB (2007b) Figure 24.

The effects of climate change that were summarized from ISAB (2007b) and other sources in the
2008 SCA Section 5.7.3, and incorporated by reference into the 2008 BiOp’s description of the
environmental baseline, included the following.

Freshwater Environment

Climate records show that the Pacific Northwest has warmed about 1.0°C since 1900 or about
50% more than the global average warming over the same period. The warming rate for the
Pacific Northwest over the next century is projected to be in the range of 0.1°C to 0.6°C per
decade. Although total precipitation changes are predicted to be minor (+ 1% to 2%), increasing
air temperature will alter the snowpack, stream flow timing and volume, and water temperature
in the Columbia River basin. Climate experts predict the following physical changes to rivers
and streams in the Columbia basin:
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Warmer temperatures will result in more precipitation falling as rain rather than
SNOw.

Snowpack will diminish, and stream flow volume and timing will be altered.

0 More winter flooding is expected in transient® and rainfall-dominated
basins.

0 Historically transient watersheds will experience lower late summer flows.
A trend towards loss of snowmelt-dominant and transitional basins is predicted.
Summer and fall water temperatures will continue to rise.

These changes in air temperatures, river temperatures, and river flows are expected to cause
changes in salmon and steelhead distribution, behavior, growth, and survival. Although the
magnitude and timing of these changes currently are poorly understood and specific effects are
likely to vary among populations, the following effects on listed salmon and steelhead in
freshwater are likely:

Winter flooding in transient and rainfall-dominated watersheds may scour redds,
reducing egg survival.

Warmer water temperatures during incubation may result in earlier fry
emergence, which could be either beneficial or detrimental depending on location
and prey availability.

Reduced summer and fall flows may reduce the quality and quantity of juvenile
rearing habitat, strand fish, or make fish more susceptible to predation and
disease.

Reduced flows and higher temperatures in late summer and fall may decrease
parr-to-smolt survival.

Warmer temperatures will increase metabolism, which may either increase or
decrease juvenile growth rates and survival, depending on availability of food.

Overwintering survival may be reduced if increased flooding reduces suitable
habitat.

Timing of smolt migration may be altered such that there is a mismatch with
ocean conditions and predators.

* Transient watersheds have streamflow that is strongly influenced by both direct runoff from rainfall and
springtime snowmelt because surface temperatures in winter typically fluctuate around the freezing point. Over the
course of a given winter, precipitation in transient watersheds frequently fluctuates between snow and rain
depending on relatively small changes in air temperature (Mantua et al. 2009).
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Higher temperatures during adult migration may lead to increased mortality or
reduced spawning success as a result of lethal temperatures, delay, increased
fallback at dams, or increased susceptibility to disease and pathogens.

The degree to which phenotypic or genetic adaptations may partially offset these effects is being
studied but currently is poorly understood.

Estuarine Environment

Climate change also will affect salmon and steelhead in the estuarine and marine environments.
Effects of climate change on salmon and steelhead in estuaries include the following:

Warmer waters in shallow rearing habitat may alter growth, disease susceptibility,
and direct lethal or sublethal effects.

Increased sediment deposition and wave damage may reduce the quality of
rearing habitat because of higher winter freshwater flows and higher sea level
elevation.

Lower freshwater flows in late spring and summer may lead to upstream
extension of the salt wedge, possibly influencing the distribution of salmonid prey
and predators.

Increased temperature of freshwater inflows and seasonal expansion of freshwater
habitats may extend the range of warm-adapted non-indigenous species that are
normally found only in freshwater.

In all of these cases, the specific effects on salmon and steelhead abundance, productivity, spatial
distribution, and diversity are poorly understood.

Marine Environment

Effects of climate change in marine environments include increased ocean temperature,
increased stratification of the water column, and changes in intensity and timing of coastal
upwelling. Hypotheses differ regarding whether coastal upwelling will decrease or intensify, but,
even if it intensifies, the increased stratification of the water column may reduce the ability of
upwelling to bring nutrient-rich water to the surface. There are also indications in climate models
that future conditions in the North Pacific region will trend towards conditions during warm
phases of the PDO. Hypoxic conditions observed along the continental shelf in recent years
appear to be related to shifts in upwelling and wind patterns, which may be related to climate
change.

These continuing changes are expected to alter primary and secondary productivity, the structure
of marine communities (particularly the distribution of predators and prey), and in turn, the
growth, productivity, survival, and migrations of salmonids, although the degree of impact on
listed salmonids currently is poorly understood. A mismatch between earlier smolt migrations
(because of earlier peak spring freshwater flows and decreased incubation period) and altered
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upwelling may reduce marine survival rates. Ocean warming also may change migration
patterns, increasing distances to feeding areas.

In addition, rising atmospheric carbon dioxide concentrations drive changes in seawater
chemistry, increasing the acidification of seawater. This reduces the availability of carbonate for
shell-forming invertebrates (e.g., pteropods, which are prey for some species of salmon and prey
for some forage fish that are consumed by salmon), reducing their growth and survival. This
process of acidification is underway, has been well documented along the Pacific coast of the
U.S, and is predicted to accelerate with increasing emissions.

2.1.4.3 Updated Climate Change Information Since the 2010 Supplemental BiOp

In addition to the 2007—2009 scientific literature on climate change that was reviewed in the
2010 Supplemental BiOp, NOAA Fisheries reviewed hundreds of scientific papers published
from 2010 through 2012 that are relevant to effects of climate change on Pacific Northwest
salmonids (Crozier 2011, 2012, 2013). The Crozier (2011 and 2012) reports were included as
attachments to the Action Agencies’ annual progress reports.* All three reviews (Crozier 2011,
2012, 2013) are included as Appendix D of this Supplemental Opinion. NOAA Fisheries will
continue to update annual literature reviews as an element of AMIP implementation (see AMIP
IIL.F), with a full review of 2013 literature available by summer 2014. NOAA Fisheries reviewed
available 2013 scientific literature, examples of which are referenced in this section.

Other recent reviews of ongoing and expected changes in Pacific Northwest climate that are
relevant to listed salmon and steelhead include the U.S. Global Change Research Program’s
national climate change impacts assessment (Karl et al. 2009; NCADAC 2013 DRAFT), the
Washington Climate Change Impacts Assessment (CIG 2009), and the Oregon Climate
Assessment (OCCRI 2010). The NCADAC (2013) includes a chapter that specifically reviews
physical and biological climate change impacts in the Pacific Northwest (Dalton et al. 2013).
These climate change assessments include empirical observations and climate model projections.
The regional climate assessments include projections from the International Panel on Climate
Change global climate models (IPCC 2007), which were then downscaled to reflect regional
terrestrial and aquatic conditions (e.g., Salathe 2005) and ocean conditions (e.g., Stock et al.
2011). A new IPCC global climate assessment is currently underway, with new global climate
projections expected by 2014.

Recent information concerning climate impacts on oceans and coastal resources is reviewed in
Griftis and Howard (2012). Additional reviews of marine climate effects relevant to the Pacific
Northwest, such as ocean acidification and sea level change, are included in the Oregon and
Washington climate assessments (Huppert et al. 2009; Mote et al. 2010; Ruggiero et al. 2010).
Key research on ocean acidification is reviewed in Feely et al. (2012) and includes Feely et al.

* These reviews are also available on the Northwest Fisheries Science Center web site:
http://www.nwfsc.noaa.gov/trt/lcm/docs/Climate%20Literature%20Review_py2011.pdf and
http://www.nwfsc.noaa.gov/trt/lcm/docs/Climate%20Literature%20Review_py2010.pdf
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(2008). Mote et al. (2009), Ruggiero et al. (2010), and NRC (2012) described observed sea level
height changes along the Pacific coast and reviewed literature projecting sea level changes in the
Pacific Northwest, which can affect rearing habitat of salmonids. Various localized studies of
projected sea level height changes are also available (e.g., Glick et al. 2007; Sharp et al. 2013).

Recent reviews of the effects of climate change on the biology of salmon and steelhead in the
Columbia River basin and the California Current region, subsequent to ISAB (2007b) and
additional to Crozier (2011, 2012, 2013) reviews, include sections of the Oregon and
Washington climate assessments (Huppert et al. 2009; Mantua et al. 2009, 2010; Hixon et al.
2010; Stout et al. 2010; Ford 2011). Adaptation strategies that contain measures to reduce
impacts of climate change on Pacific Northwest salmon and steelhead include, in addition to
ISAB (2007b), the interim Washington Climate Change Response Strategy (WDOE 2011 ); the
Oregon Climate Change Adaptation Framework (ODLCD 2010 ); the National Fish, Wildlife,
and Plants Climate Adaptation Strategy (NFWPCAP 2012 ); and the North Pacific Landscape
Conservation Cooperative’s reviews of marine and freshwater adaptation strategies (Tillmann
and Siemann 2011a, 2011b). Beechie et al. (2012) produced an important description of best
methods for restoring salmon and steelhead habitat in the face of climate change (see Section
2.1.4.5 for details). Several recent studies present recommendations for application of climate
change information to management decisions, including McClure et al. (2013; multiple salmonid
species), Wainwright and Weitkamp (2013; Oregon coast coho salmon), and Wade et al. (2013;
Pacific Northwest steelhead).

Overall, new climate change information subsequent to the 2008 BiOp supports and adds detail
to the information relied upon in that biological opinion. Crozier (2011, 2012, 2013; Appendix D
in this Supplemental Opinion) describes results of hundreds of scientific papers relevant to
effects of climate on Pacific Northwest salmon and steelhead that have been published since the
literature reviewed in the 2008/2010 BiOps. We refer the reader to those reviews for more
information, but in the remainder of this section briefly describe a few examples of studies that
are relevant to the current and future status of listed species, and relevant to expected effects of
the RPA.
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2.1.4.4 Physical Effects of Climate Change

2.1.4.4.1 Recent Observations

In addition to the results displayed in Section 2.1.4.1, recent observations of climate trends in the
scientific literature are generally consistent with expectations in the 2008 BiOp, and the capacity
for monitoring these trends in the Pacific Northwest is increasing. For example, a variety of
recent studies found significant trends in temperature, precipitation, and flow both within the
Columbia River basin and over broader spatial scales.

Arismendi et al. (2012) and Isaak et al. (2012) found stream temperatures getting warmer within
the Columbia River basin, although results were dependent upon length of the time series and
whether the rivers were regulated or not. Arismendi et al. (2012) found significant warming
trends when longer records were available—roughly 44% of streams with records prior to 1987
had significant warming trends. However, cooling trends predominated in the shorter time series,
despite significant warming of air temperature in many cases. The authors noted a correlation
between base flow and riparian shading with these cooling trends. Human-impacted sites showed
less variability over time, likely due to flow regulation and reservoir heat storage. Isaak et al.
(2012) demonstrated statistically significant warming trends from 1980 to 2009 on seven
unregulated streams in the Pacific Northwest in summer (0.22°C per decade), fall, and winter,
producing a net warming trend annually despite a cooling trend in spring. Stream temperature
trends correlated strongly with air temperature, showing the expected signal from regional
climate warming. Trends in 11 regulated streams were in the same direction, but were not
statistically significant, indicating that modified flows, in some cases explicitly for temperature
management, can limit stream thermal response to climate drivers.

To increase the capability to monitor and project stream temperatures, Isaak and colleagues have
assembled a Pacific Northwest stream temperature database™® that was compiled from
temperature records provided by hundreds of biologists and hydrologists working for numerous
resource agencies. It contains more than 45,000,000 hourly temperature recordings at more than
15,000 unique stream sites. These temperature data are being used with spatial statistical stream
network models to develop a more accurate and consistent baseline for describing current
conditions and comparing the impact of future scenarios. NOAA Fisheries and Action Agency
contributions to this regional database constitute the primary implementation of AMIP
Amendment 3 (2010 Supplemental BiOp, Section 3.2; also see Section 3.9 of this Supplemental
Opinion, RPA Implementation to Address the Effects of Climate Change).

As another example, consistent with the expectation of changes in hydrology, Jefferson (2011)
found that transitional areas in 29 watersheds in the Pacific Northwest demonstrate significant
historical trends of increasing winter and decreasing summer discharge. Snow-dominated
watersheds showed changes in the timing of runoff (22 to 27 days earlier) and lower low-flows
(5% to 9% lower) than in 1962.

45 NorWest: http://www.fs.fed.us/rm/boise/ AW AE/projects/NorWeST.html
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Crozier (2011, 2012, 2013) also reviewed studies of observed trends in the marine environment,
including studies that

Reviewed the chemistry of offshore waters near Vancouver Island and the Strait
of Juan de Fuca, that indicated increases in dissolved carbon dioxide levels
(associated with ocean acidification), which correlated with increases in
atmospheric carbon dioxide.

Described variable reports of trends in coastal upwelling intensity along the
Pacific coast, with one recent comprehensive study concluding that upwelling
events have become less frequent, stronger, and longer in duration off Oregon and
California.

Tracked low-oxygen (hypoxic) conditions in the Columbia River estuary that are
associated with upwelling and Columbia River flow and may be exacerbated with
climate change, and documented decreased oxygen levels off Newport, Oregon
and a thickening of the oxygen minimum zone.

Described changes in sea level height along the Pacific coast, including the effects
of local geology and other factors.

2.1.4.4.2 Climate Change Projections

In addition to the reviews of observed changes in climate to date, a considerable body of
literature has developed that uses models to project continuing climate change in the Pacific
Northwest. These projections are generally consistent with expectations in the 2008 BiOp.

A particularly relevant example is a projection of mainstem Columbia River hydrology under
climate change (Brekke et al. 2010; USBR et al. 2011). The Action Agencies are using these
projections to plan for flood control, power management, and fish impacts (e.g., summer flow
targets per RPA Action 4) in response to effects of climate change. Hydroregulations based on
these climate projections also are being considered in the ongoing Columbia River Treaty
review. Numerous other climate projections produced since the 2008 BiOp are included in the
state and national climate assessments described above and in Crozier (2011, 2012, 2013).

There have also been advances in projecting tributary temperature and hydrologic changes. A
recent example is Wu et al. (2012), who projected decreased summer streamflow (19.3% in
2020s to 30.3% in 2080s) in Pacific Northwest streams and increases in mean summer stream
temperatures from 0.92°C to 2.10°C. The simulations indicate that projected climate change will
have greater impacts on snow dominant streams, with lower summer streamflows and warmer
summer stream temperature changes relative to transient and rain dominant regimes. Lower
summer flows combined with warmer stream temperatures suggest a future with widespread
increased summertime thermal stress for cold-water fish in the Pacific Northwest region.

An example of new projections of marine effects is Gruber et al. (2012), who estimated changes
in ocean acidification in the California Current under two climate change scenarios. Their model
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projected that by the 2050s, 70% of the euphotic zone (top 60m) of nearshore (within 10km of
the coast) habitat will be undersaturated for aragonite (the form of calcium carbonate generally
used in shell formation) during the entire summer, and over 50% will be undersaturated year-
round, regardless of emissions scenario.

The Pacific Northwest has increased its capacity to both develop downscaled climate projections
and to interpret and apply them in recent years. In particular, two consortiums of academic and
agency researchers have been formed to address Pacific Northwest climate research and outreach
needs: the Climate Impacts Research Consortium*® and the Northwest Climate Science Center.*’
The Interior Department has formed two Landscape Conservation Cooperatives*® that generate
applied climate research, outreach, and management planning for the Columbia River basin; and
a variety of other public and private entities are providing and applying climate projections to
support adaptation planning in the region.

2.1.4.5 Biological Effects of Climate Change on Salmonids

Recent scientific studies regarding biological effects of climate change are generally consistent
with expectations in the 2008 BiOp; however, some studies provide new details and have
implications that are particularly relevant to listed salmonids in the Columbia River basin. A few
examples follow—details are in Crozier (2011, 2012, 2013) and Crozier and Zabel (2013).

A key piece of new information regarding likely effects of climate change on juvenile salmonid
survival is Crozier and Zabel (2013). The 2008 BiOp Section 7.1.1 discussed an earlier version
of this analysis (Crozier et al. 2008), which predicted an 18% to 34% decline in parr-to-smolt
survival for spring Chinook in the Salmon River basin in 2040, compared to survival under
current climate conditions, as well as a significant increase in extinction risk. We did not
quantitatively apply these results to the 2008 BiOp analysis for reasons that included the time
frame of the Crozier et al. (2008) analysis, but instead applied a qualitative approach to
evaluating the adequacy of the RPA with respect to implementing ISAB (2007b)
recommendations for climate adaptation actions (2008 BiOp Sections 7.1.2.1 and 8.1.3). The
new Crozier and Zabel (2013) analysis updates both the expected climate conditions and the
relationship between juvenile survival, summer stream temperature, and fall stream flow. The
most recent climate downscaling and hydrological models predict that, although summer stream
temperatures will increase, fall precipitation may also increase in the Salmon River basin,

* The Climate Impacts Research Consortium is a NOAA-funded consortium of seven universities in Oregon,
Washington, Idaho, and western Montana that provides information and tools for making decisions about landscape
and watershed management in a changing climate. http://pnwclimate.org/

*" The Northwest Climate Science Center is an Interior-Department—funded consortium of three universities in
Washington, Oregon, and Idaho that develops climate science and decision support tools to address conservation and
management issues in the Pacific Northwest Region. http://www.doi.gov/csc/northwest/index.cfm

* The Interior Department funds Landscape Conservation Cooperatives (LCC), which are public—private
partnerships throughout the U.S. designed to respond to landscape-scale stressors, with an emphasis on climate
change. Two LCCs cover most of the Columbia River basin: the Great Northern LCC (http://greatnorthernlcc.org/ )
and the North Pacific LCC (http://northpacificlcc.org/About ).
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reducing some of the impact from rising air temperatures. The analysis found that four of the
nine populations evaluated responded negatively to warmer historical temperatures, four had
neutral or slightly positive responses, and one population in a very cold stream showed a positive
response in warmer years. In model projections that included climate change, abundance
declined in five of the populations, but the remaining populations stayed about the same on
average across models, or increased. The impact of population declines on the extinction risk
within 25 years was minor for all but one population.

Crozier (2011, 2012, 2013) identifies many other recent studies relevant to effects of climate
change on freshwater life stages of Pacific Northwest salmon and steelhead. These include
studies elucidating effects of temperature and flow (coupled with density) on juvenile growth,
survival, and migration timing, as well as projections of expected changes in response to climate
change. Results of these studies add detail but are generally consistent with descriptions in ISAB
(2007b) and the 2008 BiOp.

Additional information in the scientific literature, particularly for the Fraser River, continues to
accumulate for the effects of increasing temperature on adult salmon migration and prespawning
survival. Additionally, observations of high July through September 2013 Snake and Columbia
River temperatures indicate dangerous conditions for adults migrating during that period
(primarily SR fall Chinook, SR sockeye, SR steelhead, UCR steelhead, and MCR steelhead; but
also the summer component of SR spring/summer Chinook). Preliminary information indicates
unusually low survival of adult SR sockeye salmon through the FCRPS in 2013 (Crozier 2013),
particularly for July and August migrants, which were exposed to the highest temperatures. The
same is likely true for other species migrating at that time. Fish were delayed by high water
temperatures in the fish ladder at Lower Granite Dam during 2013 for approximately 1 week in
July and 1 week in September, as described in more detail in Section 3.3.3.1 Adult Passage
Blockages at Lower Granite Dam in 2013.

As described in the 2010 Supplemental BiOp, higher mainstem temperatures during adult
passage is a key area of concern requiring ongoing monitoring and evaluation and possibly
additional actions to improve survival through the 2008 BiOp’s adaptive management
provisions. Amendments 1 through 4 to the AMIP were incorporated into the 2010 Supplemental
BiOp to specifically address additional climate change concerns identified in that biological
opinion, particularly those related to adult passage. Ongoing studies and actions to improve adult
passage survival in light of higher temperatures and other factors include the following.

As described in Section 3.3.3.1 Adult Conversion Rate (Minimum Survival)
Estimates, adult survival rates in recent years have remained as expected, on
average, for SR fall Chinook, UCR spring Chinook, and UCR steelhead.
However, they have been lower than expected for other interior Columbia species.
(Although, whether they are lower than Base Period survival rates is unclear).
Several factors may explain these lower survival rates, including high water
temperature in some years and for some parts of the run. The Action Agencies
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and NOAA Fisheries are initiating new studies to determine the explanation for
lower adult survival estimates and, if appropriate, will develop modified actions
to address contributing factors within the Action Agencies’ jurisdiction and
authority prior to 2018. Based in part on results of the studies implemented under
AMIP Amendment 2, the Action Agencies are expanding the adult PIT tag
detection capabilities to additional dams (The Dalles, Little Goose, Lower
Monumental, and potentially John Day dams), continuing to provide
environmental data to regional databases (AMIP Amendment 3), and are
completing an active tag adult study in 2013, which can be compared directly to
PIT tag estimates. As described in Section 3.3.1.1, together, these actions should
be sufficient for NOAA to determine where within the longer reaches unexpected
losses are occurring, and what factors are most likely responsible, so that a
remedy can be formed and implemented.

Studies to evaluate the feasibility of transporting adult sockeye salmon from
Lower Granite Dam to the Sawtooth Valley to avoid high mortality in that reach
per RPA Action 42, have resulted in a more detailed assessment of where adult
losses are occurring along the entire Bonneville-to-Sawtooth migration route and
a correlative analysis of factors, including water temperature, that may be
responsible for adult sockeye mortality. This study is ongoing. The Corps also has
completed the AMIP Amendment 1 evaluation of adult salmon thermal refugia in
the lower Columbia and lower Snake rivers.

In addition to releasing cool water from Dworshak to reduce lower Snake River
temperatures per RPA Action 4, the Action Agencies are responding to the 2013
passage block at Lower Granite Dam by developing short-term measures to
introduce cooler water from the reservoir forebay into the fish ladder to reduce the
likelihood and severity of future instances. The Action Agencies are also
identifying longer-term measures that, once implemented, should substantially
reduce, if not eliminate, the possibility of future blocked passage at this project.
Additional details are in Section 3.3.3.1 Adult Passage Blockages at Lower
Granite Dam in 2013.

New projections of the effects of ocean warming on salmon marine distributions are an example
of an effect generally considered in the 2008 BiOp, but which new information indicates may be
greater than previously anticipated. As described in ISAB (2007b) and summarized in the 2008
BiOp, a major concern is the extent to which natural responses to climate change must include
range shifts or range contractions, because the current habitat will become unsuitable. Abdul-
Aziz et al. (2011) illustrate this point dramatically for Pacific Northwest salmon by showing that
climate scenarios imply a large contraction (30% to 50% by the 2080s) of the summer thermal
range suitable for chum, pink, coho, sockeye, and steelhead in the marine environment, with an
especially large contraction (86% to 88%) of Chinook salmon summer range under two
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commonly used IPCC (2007) greenhouse gas scenarios. Previous analyses focusing on sockeye
salmon (Welch et al. 1998) came to similar conclusions, but updated climate change projections
and the multi-species perspective make this a particularly relevant study.

As described above, a considerable body of literature regarding actions to allow salmon and
steelhead to persist in the face of climate change (“‘adaptation’) has become available since the
2008 BiOp (e.g., the Oregon and Washington climate adaptation plans and the National Climate
Adaptation Plan, referenced above). Additionally, new research such as Beechie et al. (2012)
describes the best methods to apply for restoring salmon habitat in particular types of
environments (e.g., streams in which the hydrology is determined by rainfall, melting snowfall,
or a combination of the two). They found that restoring floodplain connectivity, restoring stream
flow regimes, and reaggrading incised channels are the actions most likely to ameliorate stream
flow and temperature changes and increase habitat diversity and population resilience. By
contrast, they found that most restoration actions focused on instream rehabilitation®” and
controlling erosion and sediment delivery, while important for other reasons, are unlikely to
ameliorate climate change effects. This study helps to focus our evaluation in Section 3.9 of the
effectiveness of the RPA in promoting adaptation to climate change. Wade et al. (2013) reviewed
the projected impacts of climate change on Pacific Northwest steelhead and concluded that
habitat protection alone is insufficient to conserve this species. Coordinated, landscape-scale
actions that both increase salmon resilience and ameliorate climate change impacts, such as
restoring connectivity of floodplains and high-elevation habitats, will be needed. Other studies
such as Donley et al. (2012) suggest methods and provide case studies for prioritizing recovery
actions, such as restoring instream flow, in the face of climate change.

2.1.4.6 Relevance of Climate Information to the 2008/2010 BiOp’s Analysis

New observations and predictions regarding physical effects of climate change, as described in
Sections 2.1.4.1 and 2.1.4.2, continue to be within the range of assumptions considered in the
2008 BiOp and 2010 Supplemental BiOp. This information applies to both interior and lower
Columbia basin salmon and steelhead.

Ocean conditions considered in the 2008 BiOp extended through approximately
2001 (e.g., the ICTRT [2007] “Recent” ocean climate scenario represented
climate conditions between 1980 and 2001). Climate patterns reflected in the
PDO, El Nifio indices, upwelling indices, and other ocean ecosystem indicators
between 2002 and 2012 are within the range of the three ocean-climate scenarios
considered in the 2008 BiOp.

* Beechie et al. (2012) defined “instream rehabilitation” as adding stream meanders and channel realignment,
addition of rock or wood structure, and adding gravel to streams. Although these are generally less effective at
ameliorating climate change effects than other restoration actions, Beechie et al. (2012) did describe particular
circumstances under which these actions could also contribute. In addition to the three most effective categories of
restoration actions described above, other categories described by Beechie et al. (2010) that ameliorate effects of
climate change include barrier removal and restoration of riparian functions (e.g., grazing removal and tree
planting).
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0 Average 2002 through 2012 conditions, as defined by the PDO, were more
similar to the “Historical” climate scenario than to the “Recent” or “Warm
PDO” scenarios, which are less favorable to salmon survival, for factors
such as the PDO and El Nifio indices. Recent El Nifio and upwelling
conditions either did not differ or were generally more favorable than the
Recent and Warm PDO scenarios. Because the 2008 BiOp primarily relied
upon the “Recent” climate scenario in the quantitative analysis for interior
Columbia basin species, average ocean conditions to date have been
similar or more favorable for salmon survival than assumed in the 2008
BiOp.

0 Although the average ocean conditions between 2002 and 2012 have been
similar or more favorable for salmon survival than Base Period
assumptions under the Recent climate scenario, poor ocean conditions still
occurred during this period, particularly in 2003, 2004, 2005, and 2010.

Predictions of future ocean conditions as climate continues to change are also
within the range of expectations in the 2008 BiOp. New information continues to
add detail to the previous expectations, including predictions of northward-
shifting isotherms, increasing ocean acidity, and higher sea levels. Some marine
effects of climate change remain uncertain, such as the future pattern of upwelling
(whether it will intensify or diminish) and the future pattern of broad-scale indices
such as the PDO.

The 2008 BiOp did not include quantitative freshwater climate change scenarios
or estimate resulting changes in salmon and steelhead survival. Instead,
continuing Base Period (through approximately 2001) freshwater climate
conditions were implicit in quantitative analyses for interior Columbia basin
salmonids and future freshwater climate change was considered qualitatively.
Some freshwater climate factors have remained consistent with observations
during the 2008 BiOp’s Base Period, while others are more consistent with the
2008 BiOp’s qualitative expectations for future climate.

0 Average flow in the mainstem Columbia River since 2001 has been nearly
identical to average Columbia River flow during the 2008 BiOp’s Base
Period.

0 Average fall streamflow in the Salmon River basin since 2001 has been
lower than the average fall streamflow during the 2008 BiOp’s Base
Period, which is consistent with qualitative expectations under climate
change in the 2008 BiOp.

0 Average summer stream temperature (as inferred from air temperature per
Section 2.1.4.1.6) in the Salmon River basin since 2001 has been higher
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than the average temperature during the 2008 BiOp’s Base Period,
although the difference is not statistically significant. The higher summer
stream temperatures were anticipated as a result of climate change in the
2008 BiOp.

0 Average July water temperature at Bonneville Dam since 2001 has been
nearly identical to average water temperature during the 2008 BiOp’s Base
Period. Temperatures during both periods are higher than the 1950 to 2013
average, consistent with the description of expected climate effects in the
2008 BiOp.

More recent predictions of freshwater streamflow and temperature are generally
unchanged from those included in the 2008 BiOp (e.g., increasing temperatures
and changes in seasonal hydrology with higher winter and spring flows and lower
summer and fall flows due to a decrease in the percentage of precipitation falling
as snow).

New studies of biological effects of climate change on salmon and steelhead, as described in
Section 2.1.4.5, are generally consistent with expectations in the 2008/2010 BiOps but provide
additional details on those effects. Higher temperatures and modified adult migration timing and
survival continue to be a concern and measures have been implemented to better understand and
reduce this risk.

The 2008 BiOp indicated that warming stream temperatures could have positive
or negative effects on juvenile salmonid growth, depending on available food and
density. New studies provide a greater understanding of the interactions between
stream temperature, food availability, fish density, and growth of juvenile
salmonids, indicating the situations under which increasing stream temperatures
will be beneficial, detrimental, or have little effect.

The 2008 BiOp generally assumed that parr-to-smolt survival of interior
Columbia basin spring Chinook would decline substantially for most, if not all,
populations. A new study indicates that this is most likely the case for populations
with survival correlated primarily with summer stream temperatures. However,
survival is likely to increase for populations more dependent upon fall stream
flow. In this study, most of the Salmon River populations examined were in the
first category. The impact of these projected survival changes on extinction risk
was minor over the next 25 years for all but one of the nine populations in the
study.

Juvenile studies confirm general expectations in the 2008 BiOp of changes in
mainstem migration timing and life history strategies in response to higher
temperatures.
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The new information on non-indigenous fishes provides additional detail to the
general response of warm-water predators considered in the 2008 BiOp: their
ranges are expected to expand and predation rates are likely to increase as
temperatures warm.

Most studies related to climate effects on estuary and ocean productivity offer
new details on biological effects but do not differ substantively from factors
previously considered in the 2008 BiOp. Examples include predictive modeling of
reduced ocean salmon survival and a decline in fisheries as ocean temperatures
warm and available marine habitat moves northward and becomes compressed
and new predictive modeling of ocean acidification off Oregon and California.

As described in the 2010 Supplemental BiOp, new studies and monitoring
document effects of higher temperatures on modified adult migration timing and
on reduced adult survival and spawning success in the Snake and Columbia
rivers. These factors were considered generally in the 2008 BiOp, but new studies
and observation of particularly high temperatures and temporary blocked passage
at Lower Granite Dam in 2013 provide greater detail. Amendments added to the
AMIP through the 2010 Supplemental BiOp and a new study implemented
through the 2008 BiOp’s adaptive management approach help to address this
growing concern with adult migration. Additionally, short-term measures to
reduce high fish ladder temperatures at Lower Granite Dam should ensure
reduced likelihood and severity of blocked fish passage, such as that observed in
2013 (see Section 3.3.3.1 Adult Passage Blockages at Lower Granite Dam in
2013). Longer-term measures should substantially reduce, if not eliminate, the
possibility of future blocked passage at the project.

Tributaries in the lower Columbia are identified as containing thermal refugia for
both steelhead and Chinook. Some new studies indicate that the utility of thermal
refugia is reduced by harvest targeting fish in thermal refugia.

New research and plans for climate change adaptation are consistent with ISAB (2007b) and
expectations of the 2008 BiOp. The types of monitoring and adaptation actions identified by
ISAB (2007b) and implemented through the RPA are consistent with the types of adaptation
actions described in current literature. New literature such as Beechie et al. (2012) provides
additional guidance on the habitat restoration actions most likely to be effective in responding to
climate change.
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2.2 Environmental Baseline

The environmental baseline includes “the past and present impacts of all Federal, state, or private
actions and other human activities in the action area, including the anticipated impacts of all
proposed Federal projects in the action area that have undergone Section 7 consultation and the
impacts of state and private actions that are contemporaneous with the consultation in progress”
(50 C.F.R. § 402.02, “effects of the action”). Chapter 5 of the 2008 SCA, which NOAA Fisheries
incorporated by reference into Chapter 5 of the 2008 BiOp, discussed the environmental baseline
in detail for multiple species. Additionally, individual species chapters (Chapters 8.2—8.14)
discussed the effects of past and ongoing human and natural factors on the current status of each
species and its habitats and ecosystems within the action area. That analysis included effects on
designated critical habitat.

The 2008 BiOp considered environmental baseline effects qualitatively for all species.
Additionally, for six interior Columbia basin salmonid species, NOAA Fisheries quantified
ongoing environmental baseline effects, as described in 2008 BiOp Section 7.1.1 and in this
Supplemental Opinion Section 2.1.1.4.1 (Review of the 2008 BiOp Population-Level Analytical
Methods and Indicator Metrics). Briefly, some management actions, such as hydro operations
and configuration, changed from the early years of the Base Period to approximately 2007 when
the 2008 BiOp was being developed (i.e., “current” management actions and conditions affecting
the environmental baseline). Using methods developed by ICTRT (2007a), the 2008 BiOp
applied a Base-to-Current survival adjustment to observed Base Period productivity, to
represents the life-cycle performance that would be expected to occur if these current
management activities and conditions of the environmental baseline continue into the future. The
2008 BiOp applied a positive Base-to-Current survival adjustment to reflect changes for some
species in hydrosystem survival, reduced harvest rates, and (for a limited number of populations)
tributary habitat improvements and changes in hatchery practices. The 2008 BiOp included a
Base-to-Current adjustment that reduces survival to reflect increasing marine mammal predation
for some species.

As described in Section 2.1.1.4.1, the effects of survival rate changes associated with current
actions in the environmental baseline were not necessarily effects occurring at the time of the
2008 BiOp, but were expected after current actions were fully implemented and survival changes
were expressed over the entire life cycle. For example, some types of habitat actions may take
years before they are fully implemented if changes in vegetation or streambed morphology are
expected, and all actions might take multiple generations before productivity changes resulting
from the actions can be detected in the 2008 BiOp’s indicator metrics.

Sections 2.2 through 2.7 of the 2010 Supplemental BiOp reviewed new information that was
relevant to both the environmental baseline and implementation of the 2008 BiOp’s RPA for
each of the effects listed above. These reviews concluded that the new information was generally
in accordance with the expectations, assumptions, and analyses of the 2008 BiOp. One area that
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was identified as needing further review was the historical pattern of cormorant predation and its
potential effect on the 2008 BiOp’s quantitative analysis for some species.

In this Supplemental Opinion, we again review new information relevant to the environmental
baseline to determine if the analysis for the 2008/2010 BiOps is reliable for the continued
implementation of the RPA. We consider climate and climate change in Section 2.1.4 because it
affects listed species and critical habitat both within and outside of the action area and it can
significantly affect current and future status of the species. New information regarding effects of
hydrosystem, tributary habitat, and estuary and plume habitat actions that have resulted from
implementation of the RPA are described in Section 3. In this section, we review new
information regarding all of the factors influencing the environmental baseline that were
discussed in the 2008 BiOp.

For the six interior Columbia basin species included in the 2008 BiOp’s quantitative aggregate
analysis, we also review the methods and information used to calculate the Base-to-Current
survival multipliers for each environmental baseline impact® included in the 2008 BiOp’s
aggregate analysis. Because we have concluded in Section 2.1.1.7 that the underlying Base
Period status of each species has not changed with the inclusion of additional years of
demographic data—and because all years of RPA implementation are included in effects of the
RPA (rather than in the environmental baseline)—we did not recalculate Base-to-Current
multipliers to reflect time periods that differed from those in the 2008 BiOp analysis. Instead, we
reviewed Base Period and current management actions (at the time of the 2008 BiOp) and their
effects to determine if new information suggested modifying the 2008 BiOp’s Base-to-Current
survival change estimates.

%0 prospective effects of ongoing FCRPS operations are properly included only in the proposed action (RPA), rather
than in prospective effects of the environmental baseline. However, because the 2008 BiOp’s aggregate analysis is
based on proportional changes from survival during the Base Period for which salmonid demographic information
was available, and because the Base-to-Current and Current-to-Prospective survival multipliers are cumulative,
Base-to-Current FCRPS hydrosystem survival changes were described with other Base-to-Current survival changes
in the environmental baseline sections of the 2008 BiOp (e.g., Section 8.3.3.1 for SR spring/summer Chinook).
Mathematically, it makes no difference whether the FCRPS hydro effects are divided in this manner or if a single
Base-to-Prospective survival multiplier is estimated for the effects of the RPA FCRPS hydro actions.
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2.2.1 Hydrosystem Effects

2.2.1.1 New Hydrosystem Environmental Baseline Effects

In January 2013, NOAA Fisheries issued a biological opinion (NMFS 2013e) on the U.S. Bureau
of Reclamation’s (Reclamation) proposed Odessa Groundwater Replacement Project (OGRP).
The project entails replacing the groundwater source for irrigating 70,000 acres within the
existing boundaries of the Columbia Basin Project with surface water from the Columbia River
at Lake Roosevelt. Following full implementation, the OGRP would withdraw an average of
164,000 acre-feet of water annually from Lake Roosevelt via the Keys Pumping Plant at Grand
Coulee Dam. The project was substantially changed during the ESA consultation process to
reduce impacts to ESA-listed salmon and steelhead. The project will divert water at the John W.
Keys III Pump-Generating Plant primarily during October each year, with much smaller amounts
(350 cfs on average) of diversions from November through March if it is not possible to divert
the entire 164,000 acre-feet during October. The newly diverted water would be used to refill
Banks Lake. During the irrigation season, Banks Lake would be drafted to serve lands receiving
OGRP water. No additional withdrawals of water from the Columbia River during the irrigation
season (April through September) would occur.

Reclamation anticipates it will take over 10 years to fully implement the project and, as of May
2013, construction work had not yet begun. For this consultation, we are evaluating the
environmental baseline as if this project were fully developed and operating as proposed. Adding
this project changes the hydrologic conditions described in Section 5 of the 2008 SCA, thus it
increases the average depletion of October flow at Bonneville Dam by 2,667 cfs, raising the
average October depletion to 5,545 cfs—which would reduce the current average flow for
October to 110,350 cfs (see 2008 SCA, Table 5.1-3)—still substantially higher than estimated
average unregulated flows of 87,115 cfs at Bonneville Dam (see 2008 SCA, Figure 5.1-2). Table
2.2-1 depicts the current hydrologic baseline conditions at Bonneville Dam for this Supplemental
Opinion, including full build out of the OGRP.

Table 2.2-1. Simulated mean monthly Columbia River flows at Bonneville Dam under current conditions including the

full build-out of Reclamation’s Odessa Groundwater Replacement Project (Sources: Figure 5.1.2 in NMFS 2008 SCA,;
NMFS 2013e).

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
g:;;egéA 113017|128641|149403|189076 | 175921 |172150|225689 | 293948313930 218523 | 157935 |109020
Odessa -2667 0 0 0 0 0 0 0 0 0 0 0
g:‘sl‘,veline 110350128641 |149403|189076| 175921 |172150|225689 293948313930 |218523|157935|109020
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The Corps estimated that a 2,700 cfs flow reduction at Grand Coulee Dam would change river
stage at Portland by about two hundredths of a foot for short periods during the tidal cycle. The
anticipated 2.4% flow reduction in October corresponds with active adult migration for fall-run
Chinook salmon from the Snake and lower Columbia River ESUs, LCR coho salmon, and CR
chum salmon. This small relative change in flow is not likely to affect the behavior of adult
migrants, but could very slightly reduce, the availability of suitable spawning habitat for early
spawning chum salmon in shallow mainstem habitat used by the Lower Gorge and Washougal
populations.”!

Contingent withdrawals during November through January could reduce the availability of
suitable spawning habitat or the ability to maintain flow over established, incubating redds in
shallow mainstem habitat. The contingent withdrawals represent 0.26% to 0.19% of the average
monthly flows in the lower Columbia River below Bonneville Dam during November through
March. In the event that a contingent withdrawal for the Odessa Project occurred when chum
spawning flows were already not being met under RPA Action 17, the Odessa Project
withdrawal would be limited to 100 cfs, a 0.07% reduction, which would have negligible further
effects on spawning and incubating chum.

Some juvenile salmon and steelhead from each interior and lower Columbia basin ESU and DPS
could be in the mainstem during October through March. Effects on these individuals are likely
to be limited to small lateral changes in position relative to the shoreline to maintain position in
the preferred section of the flow field.

2.2.1.2 Review of the 2008 BiOp’s Base-to-Current Estimates for Hydrosystem

The 2008 BiOp’s Appendix E reported estimates of FCRPS juvenile “system survival”
(combined inriver and transported fish survival), including post-Bonneville effects of
transportation and estuary arrival timing on SARs, for a Base Period of 1980 through 2001
outmigration years and a Current Period operation defined as 2004 FCRPS BiOp operations and
actions implemented through 2006 (2008 BiOp, Section 7.2.1.1). NOAA Fisheries used the
COMPASS model (Zabel et al. 2007) to estimate juvenile survival under continuing Current
operations (at the time of the 2008 BiOp), averaged across a range of hydrologic conditions. We
used empirical estimates of historical inriver and transport percentages and juvenile survival
rates to generate Base Period system survival estimates consistent with ICTRT analyses (ICTRT
and Zabel 2007), and then factored in average post-Bonneville effects using the COMPASS-
derived Current Period SARs (2008 BiOp, Appendix E, Footnotes 1 and 2). The 2008 BiOp’s
aggregate analysis for six interior Columbia basin species relied on the Appendix E Base-to-
Current multipliers derived from these SAR estimates (e.g., 1.20 for SR spring/summer Chinook
in first table of Appendix E and in Table 8.3.3-1 of the 2008 BiOp). The conservative
assumption inherent in this approach was that post-Bonneville Base-to-Current juvenile survival

! The Washougal population of CR chum salmon includes the mainstem spawners near the Interstate Highway 205
bridge.
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did not change, even though juvenile system survival improved (2008 BiOp Section 7.2.1.1,
Footnote 3). Additionally, NOAA Fisheries implicitly assumed that Base-to-Current adult
survival through the FCRPS did not change.

NOAA Fisheries found no changes in the methods or data used to generate the hydro Base-to-
Current estimates in the 2008 BiOp. The historical hydro survival estimates used by ICTRT and
Zabel (2007) have not changed and the COMPASS model has not been modified in a manner
that would change the estimates of survival associated with 2004 FCRPS BiOp operations.
Additionally, empirical estimates of inriver survival in Section 3.3.3.3 indicate that observed
survival in recent years is within the range or higher than the 2008 BiOp’s estimates of current
survival. Observed Lower Granite Dam SARs for SR spring/summer Chinook and SR steelhead
are also within the range estimated in the 2008 BiOp, further supporting the Base-to-Current
estimates. Therefore, NOAA Fisheries continues to rely on the hydro Base-to-Current estimates
included in the 2008 BiOp.

2.2.1.3 Hydrosystem Effects on Critical Habitat under the Environmental Baseline

In the 2008 BiOp, we reviewed the effects of the Columbia basin development for hydropower,
flood control, navigation, and irrigation—which includes water storage operations in Canada and
the Columbia and upper Snake basins, as well as the past effects of the existence and operation
of the mainstem run-of-river FCRPS and similar projects—on the PCEs of designated critical
habitat (see species-specific discussions in the 2008 BiOp, such as in sections 8.2.3.3 for SR fall
Chinook salmon, 8.3.3.3 for SR spring/summer Chinook salmon, 8.4.3.7 for SR sockeye salmon,
etc.). These descriptions of the environmental baseline remain accurate for this consultation.
Effects to critical habitat PCEs include:

Juvenile and adult mortality in the mainstem lower Snake and lower Columbia
River hydropower system (PCEs are juvenile and adult migration corridors with
safe passage)

Scarcity of cover in mainstem reservoirs as refuge from fish predators such as
smallmouth bass and northern pikeminnows (PCEs are juvenile and adult
migration corridors with safe passage)

Altered seasonal flow and temperature regimes (PCEs are juvenile and adult
migration corridors with adequate water quantity and quality)

Reduced mainstem spawning/rearing habitat for SR fall Chinook salmon due to
inundation by the reservoirs behind Lower Granite Dam and Idaho Power
Company’s Hells Canyon Complex and for the Lower Gorge population of CR
chum salmon in the Bonneville tailrace (PCEs are spawning areas with gravel,
water quality, cover/shelter, riparian vegetation, and space to support egg
incubation and larval growth and development)
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As described in the 2008 BiOp, the Action Agencies have taken a number of actions in recent
years to improve the conservation value of PCEs in the migration corridor for all listed Columbia
basin salmonids. For example, the essential feature of safe passage for ESA-listed outmigrating
juvenile salmonids at FCRPS dams in the lower Snake and Columbia rivers has been improved
by a number of structural improvements and operations described in Section 4.3.1.1 of the 2007
Comprehensive Analysis (USACE et al. 2007b, hereafter 2007 CA). These include the
construction and operation of surface bypass routes at all eight projects and new spill patterns to
provide attraction flows to surface bypass weirs.

With respect to flow management and water quality, Idaho Power Company began voluntarily
stabilizing outflows from Hells Canyon Dam during late October and November in 1991,
keeping SR fall Chinook redds established during that period “watered” through emergence in
April. The functioning of mainstem spawning habitat for CR chum salmon has improved in
recent years with FCRPS flow operations that provide fall and winter flows for spawning,
incubation, and emergence in the tailrace of Bonneville Dam. These flows also provide access to
spawning areas in Hardy and Hamilton creeks.

To improve water quality, the Corps began drafting Dworshak Reservoir in 1993 to add cooler
water to the lower Snake juvenile migration corridor during summer. Reclamation also provides
flow augmentation from the upper Snake basin that enhances flows (water quantity) in the lower
Snake and Columbia rivers during July and August.

Hydrosystem effects on recently proposed critical habitat for LCR coho salmon are identical to
those for other Columbia basin salmon and steelhead in the mainstem migration corridor below
The Dalles Dam. Specifically, coho populations in the Columbia River gorge are subject to
juvenile and adult mortality at Bonneville Dam (migration corridors with safe passage). The
functioning of this PCE for all juvenile outmigrants, including LCR coho salmon, improved with
the addition of the Bonneville Powerhouse 2 corner collector.
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2.2.2 Tributary Habitat Effects

2.2.2.1 New Tributary Habitat Environmental Baseline Effects

In the 2008 BiOp, we reviewed the status of the listed species and their habitat in both the
interior and lower Columbia basin tributaries under the environmental baseline.’* Several dams
that were previously licensed by the Federal Energy Regulatory Commission and had limited the
spatial structure of Chinook, coho, and steelhead populations in lower Columbia tributaries are
now removed (Portland General Electric’s Bull Run Project on the Sandy River—Marmot and
Little Sandy dams; Powerdale Dam on the Hood River; and Condit Dam on the White Salmon
River) as anticipated in the 2008 BiOp. These watersheds are now recovering their habitat
function and are expected to produce natural-origin populations of LCR spring- and fall-run
Chinook salmon, LCR coho salmon, and LCR steelhead in the coming years. With respect to
UWR Chinook salmon and steelhead, the Willamette Project action agencies have implemented
a number of measures since 2008 to address factors limiting the viability of these species
(Section 2.1.2.5).

New information on the conditions of spawning populations and habitat within the interior
Columbia basin tributaries is developed through the tributary habitat research, monitoring, and
evaluation (RME) program (RPA Actions 56 and 57). This work includes “status and trends”
monitoring through which the Action Agencies are characterizing fish—habitat relationships at
the ESU/DPS, MPG, and population levels across the interior Columbia basin. This program
(called the Columbia Habitat Monitoring Program or CHaMP) is under development with
oversight by the NPCC and the Independent Science Review Panel. Preliminary results are
available at this time and are discussed in Section 3.1. This program will inform future biological
opinions on the FCRPS and other Federal actions.

With respect to NOAA Fisheries’ ongoing Section 7 consultation program, Federal agencies
continue to implement projects within these areas such as forest thinning, grazing, bridge repairs,
bank stabilization, and road construction/maintenance that have neutral or short- or even long-
term adverse effects on viability. Other Federal actions benefit the viability of the affected
populations by improving access to blocked habitat, preventing entrainment into irrigation pipes,
increasing channel complexity, and creating thermal refuges. Some restoration actions have
negative effects during construction, but these are expected to be minor, occur only at the project
scale, and persist for a short time (no more and typically less than a few weeks). All of these
actions have met the ESA standards for avoiding jeopardy.

These same types of projects continue to affect the functioning of the PCEs of safe passage,
spawning gravel, substrate, water quantity, water quality, cover/shelter, food, and riparian
vegetation. Projects implemented for purposes other than habitat restoration (forest thinning,

>? Columbia basin tributaries are within the action area for this consultation because they are the locations where the
RPA habitat and hatchery mitigation programs (RPA Actions 54 and 55 and 39 through 42, respectively) are
implemented.
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grazing, bridge repairs, etc.) have neutral or have short- or even long-term adverse effects on
some of these PCEs. However, all of these actions have met the ESA standards for avoiding any
adverse modification of critical habitat.

2.2.2.2 Review of 2008 BiOp’s Base-to-Current Estimates for Tributary Habitat

NOAA Fisheries included Base-to-Current tributary habitat survival estimates ranging from 0%
to 8.5% improvements (i.e., 1.00 to 1.085 survival multipliers) in the 2008 BiOp:

SR fall Chinook in Table 8.2.3-1

SR spring/summer Chinook in Table 8.3.3-1
SR steelhead in Table 8.5.3-1

UCR steelhead in Table 8.6.3-1

MCR steelhead in Table 8.7.3-1

MCR steelhead in Table 8.8.3-1

These estimates represented the incremental (compared to pre-2000) survival improvements
expected from tributary habitat projects implemented by the Action Agencies between 2000 and
2006. The Action Agencies estimated these survival changes using the methods described and
reviewed in Section 3.1.1 of this Supplemental Opinion. Base-to-current estimates for most
populations were based on what is referred to as the “updated method” in Section 3.1.1 (the
“hybrid method” of the 2007 CA, Appendix C, Attachment C-1), which was developed by the
Remand Collaboration Habitat Work Group, with estimates informed by a series of meetings
with local experts in 2006 and 2007. Base-to-Current estimates for MCR steelhead were based
on the “Appendix E method” described in Section 3.1.1, which NOAA Fisheries had applied in
the 2004 FCRPS BiOp.

As described in Section 3.1 of this Supplemental Opinion, NOAA Fisheries finds the tributary
habitat survival methodology applied in the 2008 BiOp used the best available scientific
information for assessing the effects of actions occurring across the Columbia River basin and
affecting multiple ESUs and DPSs. The expert panel process has not modified the original
estimates of effects of 2000-2006 projects, so NOAA Fisheries continues to rely upon the
tributary habitat Base-to-Current estimates included in the 2008 BiOp.

2.2.2.3 Tributary Habitat Effects on Critical Habitat under the Environmental
Baseline

In the 2008 BiOp, we reviewed the effects of tributary habitat conditions, including human
activities, on the PCEs of critical habitat used by stream-type fish for spawning and rearing (see
species-specific discussion in the 2008 BiOp, Sections 8.3.3.3 for SR spring/summer Chinook
salmon, 8.4.3.7 for SR sockeye salmon, 3.5.3.3 for SR steelhead, etc.). These descriptions are
still accurate today. Effects include:
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Physical passage barriers such as culverts, push-up dams, and low flows (PCEs
are freshwater migration corridors free of obstruction)

Reduced usable stream area and altered channel morphology due to urban and
rural development, low flows, bank hardening, and livestock use of riparian areas
(PCE:s are freshwater rearing sites with water quantity and floodplain connectivity
to form and maintain physical habitat conditions and support juvenile growth and
mobility)

Excess sediment in gravel due to roads, mining, agricultural practices, livestock
use of riparian areas, and recreation (PCEs are freshwater spawning sites with
substrate supporting spawning, incubation, and larval development)

Elevated summer temperatures and, in some cases, chemical pollution from
mining (PCEs are freshwater spawning sites with water quality supporting
spawning, incubation, and larval development)

In recent years, the Action Agencies, in cooperation with numerous non-Federal partners, have
implemented actions to address limiting factors for listed salmonids in spawning and rearing
areas of their critical habitat. These include acquiring water to increase streamflow, installing or
improving fish screens at irrigation facilities to prevent entrainment, removing passage barriers
and improving access, improving channel complexity, and protecting and enhancing riparian
areas to improve water quality and other habitat conditions.

Tributary habitat effects on recently proposed critical habitat for LCR coho salmon under the
environmental baseline are identical to those for LCR Chinook salmon and steelhead. In addition
to the general effects described above, dam removal actions at FERC-licensed hydroelectric
projects in the White Salmon and Hood rivers have addressed key factors limiting the
functioning of PCEs for LCR coho salmon, which has spawning populations in those tributary
watersheds.
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2.2.3 Estuary and Plume Habitat Effects

2.2.3.1 New Estuary and Plume Habitat Environmental Baseline Effects

In the 2008 BiOp, we reviewed the status of the listed species and their habitat under the
environmental baseline in the lower Columbia River estuary and the plume. New information on
the conditions of juvenile salmonids and rearing and migration habitat is developed through the
RME program (RPA Actions 58 through 61). The Action Agencies describe their results to date
in the 2013 CE with some important points summarized below.

Estuarine land use

New information since the 2010 Supplemental BiOp includes the Lower Columbia Estuary
Partnership’s (LCEP) characterization of net habitat change on the floodplain below Bonneville
Dam. They compared land cover data for 2010 to Geographic Information System (GIS)
interpretations of late-1800s survey maps; the first time that current habitat has been compared to
the “pre-development” condition for the entire tidally influenced lower Columbia River. The
LCEP’s objective was to identify the natural habitat diversity that existed previously in the lower
Columbia and then those habitats for which significant coverage is now lost or rare. The
comparison showed a 70% loss of vegetated tidal wetlands and 55% of forested uplands (Corbett
2013). There has also been a significant conversion of tidal wetlands to non-tidal wetlands. Most
of these losses were due to the conversion of land for agriculture and urban development. The
LCEP’s goal is to prioritize the remaining intact areas of these habitat types for protection or for
restoration where practical.

In addition, the Action Agencies are developing information on the status of estuary habitat
through the RPA’s RME program (Actions 58 through 61; see description of accomplishments in
Section 2 of the 2013 CE). As part of this work, Diefenderfer et al. (2013) measured trends in
habitat condition on the estuary floodplain in the 10-year period between 1996 and 2006.
Urbanization has reduced the floodplain habitat by 8.3 km?, and loss of forest cover has altered
habitat function in another 13.3 km”.>® In comparison, the Action Agencies’ estuary habitat
program has reconnected and improved the condition of about 10.8 km?” of floodplain land area.
Over the same time period, large areas of habitat in the watersheds that contribute to the lower
Columbia River also were lost to urbanization (48.4 km?) or altered by a decrease in forest cover
(189.0 km?). These losses may be having additional adverse effects on the condition of estuary
habitat.

Estuarine water quality

In terms of changes in estuarine conditions away from the shoreline, Roegner et al. (2011)
observed that low oxygen sea water intruded along the bottom of the lower estuary during the
summers of 2006 through 2008, with minimum oxygen concentrations close to the hypoxic

33 This forest cover change analysis was conservative because it did not account for the effects of conversion from
mature or old-growth forest to young plantation forest (Ke et al. 2013).
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threshold of 2.0 mg/L. In contrast, concentrations in the overlying Columbia River water were
within the normal range (from greater than 6 to about 9 mg oxygen/L). Low oxygen water
intruded the farther along the bottom in the estuary and stayed there longer during strong coastal
upwelling events that coincided with neap (weak) tides.>* Upwelled waters are naturally acidic
(i.e., low pH) due to the respiration of marine organisms and the added contribution of
anthropogenic carbon dioxide. Acidic marine waters can become corrosive to shell-forming
organisms such as oyster larvae, clams, mussels, crabs, and pteropods.

Future effects of Federal actions in the Columbia River estuary with completed section 7 consultations
With respect to NOAA Fisheries’ ongoing Section 7 consultation program, Federal agencies
continue to implement projects within the estuary such as maintenance dredging, bridge repairs,
bank stabilization, and road construction/maintenance that have neutral or short- or even long-
term adverse effects on viability. Other Federal actions benefit the viability of the affected
populations by improving access to blocked habitat and creating thermal refuges. Some
restoration actions have negative effects during construction, but these are expected to be minor,

occur only at the project scale, and persist for a short time (no more and typically less than a few
weeks). All of these actions have met the ESA standards for avoiding jeopardy.

These same types of projects continue to affect the functioning of the PCEs safe passage,
substrate, water quantity, water quality, cover/shelter, food, and riparian vegetation. Projects
implemented for purposes other than habitat restoration have neutral or have short- or even long-
term adverse effects on some of these PCEs. However, all of these actions have met the ESA
standards for avoiding any adverse modification of critical habitat.

Plume conditions—bottom-up control of salmon survival (food webs)

Jacobson et al. (2012) describe new scientific information on conditions in the plume and
nearshore ocean, developed in response to RPA Actions 58 through 61 (see description of Action
Agency accomplishments in Section 2 of the 2013 CE). Results suggest that juvenile salmon
survival is set within the first year of marine residency and is partially related to food-web

structure and growth conditions in the plume and coastal ocean. As salmon grow older (and
larger) during their first summer at sea, the frequency of juvenile fishes in their stomachs tends
to dominate over that of krill and other invertebrates. This shift to a fish-based diet appears to be
important to the marine growth and survival of juvenile Chinook and coho salmon. The ocean
projects have focused on understanding interannual variation in prey quantity and quality (lipid
content). From 1999 to 2012, there was strong evidence that source waters for the Northern
California Current drove the composition of the plankton community that anchored the food web
and juvenile salmon growth and survival and thus adult returns. If the source waters originated

>* The physical structure within the estuary normally alternates between two conditions: one that is weakly stratified,
occurring during low flow periods with strong tides, and one that has a salt-wedge, and thus stratification. The salt-
wedge travels up and down the river, commensurate with the balance between river flow and tides (Newton et al.
2012). When the sun and moon are at right angles to each other, the Sun’s effect on the tide partially cancels out the
Moon’s effect, producing moderate tides known as neap tides.
(http://oceanservice.noaa.gov/education/kits/tides/media/supp_tideO6a.html)
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from the north, then the plankton communities were dominated by “northern” copepods, which
have a high fat content and high levels of omega-3 fatty acids. Conversely, if source waters
originated from off shore, the plankton community was dominated by small “subtropical”
species with low lipid content. Given that subtropical species are deficient in omega-3 fatty acids
and rich in saturated fat, it is logical to assume that salmon growth and survival would be higher
during years when lipid-rich northern copepods dominate, since they result in lipid-rich forage
fish and krill upon which salmon feed. However, the 2013 spring Chinook return to the
Columbia River was low, despite observations of a nearshore food web anchored by northern
copepods in 2011 and good juvenile growth. Low zooplankton and larval/juvenile fish
abundances in the Gulf of Alaska in 2011 may have resulted in this discrepancy (Beckman
2013), indicating that control of adult returns can happen at different points in the ocean life
phase.

Plume conditions—top-down control of salmon survival (marine bird predation)
Bird predators, especially common murres (Uria aalge) and sooty shearwaters (Puffinus

griseus), are significantly more abundant in the plume than elsewhere on the Oregon or
Washington continental shelf. Surveys along five transects radiating out from the mouth of the
Columbia River showed that murres and shearwaters not only aggregated in the plume, but were
typically within the region containing the most recently discharged river water (Zamon et al.
2013). There are no direct estimates of marine mortality caused by avian predators in the ocean.

2.2.3.2 Review of 2008 BiOp’s Base-to-Current Estimates for Estuary Habitat

NOAA Fisheries included Base-to-Current estuary habitat survival estimates ranging from 0.7%
for SR fall Chinook to 0.3% for the other five interior Columbia species included in the 2008
BiOp’s quantitative aggregate analysis (2008 BiOp, Tables 8.2.3-1, 8.3.3-1, 8.5.3-1, 8.6.3-1,
8.7.3-1, and 8.8.3-1). These estimates represented the incremental (compared to pre-2000)
survival improvements expected from 21 estuary habitat projects implemented by the Action
Agencies between 2000 and 2006. The Action Agencies estimated these survival changes using
the methods described in the 2007 CA, Appendix D, which were based on NOAA Fisheries’
draft Columbia River Estuary Recovery Plan Module (NMFS 2006a).

As described in Section 3.2.1 in this Supplemental Opinion, the current method for estimating
survival improvements from estuary projects is the Survival Benefit Unit (SBU) calculator,
which is based on the best available scientific information at this time. When the Expert
Regional Technical Group for the estuary habitat program compared scores across all projects
rated under the method in the 2007 Biological Assessment (USACE et al. 2007a), they found
that the survival benefits generated using the older method were slightly lower than those using
the SBU calculator with its weighting factor (Section 3.2.1.3). Thus, the benefits estimated for
projects implemented during 2000 through 2006 are conservative in the sense that they likely
underestimated the number of SBUs achieved by the habitat projects implemented.
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2.2.3.3 Estuary Habitat*® Effects on Critical Habitat under the Environmental
Baseline

In the 2008 BiOp, we reviewed the effects of habitat conditions in the lower Columbia River
estuary, including human activities, on the PCEs of critical habitat used by juvenile salmonids
for rearing and migration (see Sections 8.2.3.3 for SR fall Chinook salmon, 8.3.3.3 for SR
spring/summer Chinook salmon, 8.4.3.7 for SR sockeye salmon, 3.5.3.3 for SR steelhead, etc.).
The conditions described in 2008 and 2010 remain relevant without change for this 2013
consultation. The principal effects are the loss of shallow water, low velocity habitat that could
provide sites used for rearing by some juveniles and export prey to the main channel for others.
These changes are the result of diking for agriculture and urban/rural development and reduced
spring flows from upper Columbia basin water management. Recent habitat improvement
projects have restored riparian areas and breached or lowered dikes and levees to provide access
to the cover/shelter, food, and riparian vegetation required by juvenile migrants. These effects
also apply to recently proposed critical habitat for LCR coho.

> Although Columbia basin salmonids spend part of their first year in the ocean in the Columbia River plume,
NOAA Fisheries has not designated critical habitat in marine waters.
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2.2.4 Predation Effects

Section 5.4 of the 2008 BiOp described environmental baseline effects of predation by warm-
water fish species, birds, and pinnipeds (seals and sea lions).

Because the RPA includes actions to address fish predation, this factor is discussed under RPA
implementation in Section 3. No Base-to-Current survival changes were estimated for predation
by predatory fish and we found no new information that would change this conclusion.

The 2008 BiOp described environmental baseline effects of predation by a number of bird
species, including Caspian terns, double-crested cormorants, ring-billed and California gulls, and
American white pelicans. All are addressed to some extent by the RPA, and Section 3 of this
Supplemental Opinion describes progress on the relevant RPA actions. Trends in predation by
cormorants have particular relevance to the environmental baseline (see review in the 2010
Supplemental BiOp, Section 2.2.5.1) and to the 2008 BiOp’s estimates of Base-to-Current
survival changes, so these effects are detailed in this section.

The 2008 BiOp described environmental baseline effects of pinniped predation, including effects
of the state and tribal sea lion removal program (2008 SCA, Section 5.4.1.3 and Appendix G).
The 2010 Supplemental BiOp, Section 2.2.5.3, updated this information and we review the most
recent scientific information in this section.

2.2.4.1 New Predation Environmental Baseline Effects

Northern Pikeminnow Predation

The Northern Pikeminnow Management Program (NPMP) was created in 1990 with the goal of
implementing fisheries to reduce the numbers of predatory-sized northern pikeminnow
(Ptychocheilus oregonensis), thereby improving the survival of juvenile salmon and steelhead.
The geographic scope of the program extends from the mouth of the Columbia River up to Priest
Rapids Dam and in the Snake River from the mouth up to Hells Canyon Dam. Past estimates
demonstrated that northern pikeminnow consumed over 8% (16.4 million) of the estimated 200
million Columbia River basin outmigrating salmon smolts annually, predominately Chinook
salmon and steelhead (Beamesderfer et al. 1996).

Since consumption rates of juvenile salmonids were found to increase exponentially with
pikeminnow size, Rieman and Beamesderfer (1990) predicted that predation rates on juvenile
salmonids could be reduced by 50% with an annual removal of 10% to 20% of northern
pikeminnow larger than 275 mm. Currently, the program achieves its goals by monetarily
rewarding anglers in exchange for catching and retaining pikeminnow larger than 228 mm (BPA
2013a).

Bonneville Power Administration implements and provides funding for the NPMP. In 1995,
NOAA Fisheries conducted a section 7 consultation under the ESA on the program and
concluded that the proposed action was not likely to jeopardize the continued existence of listed
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SR spring/summer Chinook, fall Chinook, or sockeye salmon or result in the destruction or
adverse modification of their critical habitat (NMFS 1995). NOAA Fisheries reinitiated
consultation in 1996 and 1998 as new species became listed. In each consultation, we determined
that the proposed action was not likely to jeopardize the continued existence of the listed species
of salmon and steelhead or result in the destruction or adverse modification of their designated
critical habitat. These determinations were based on the low numbers of salmon and steelhead
likely to be taken incidental to the northern pikeminnow fishery, considered in the context of the
rangewide status of each species, the environmental baseline, any cumulative effects, and the
annual net survival benefit to the listed populations.

RPA Action 43 requires implementation of the NPMP as a measure to increase the survival of
juvenile salmonids in the lower Snake and Columbia rivers. The Action Agencies are to
implement the base program with a general increase in the reward structure and number of
pikeminnow tagged annually. Additionally, annual progress reports are to include pikeminnow
exploitation rate, estimated salmonid predation rate, and results of scientific evaluations of the
effectiveness of the program (2008 BiOp). Since increased pikeminnow removal rates and
monitoring may influence salmonid survival, NOAA Fisheries is including BPA’s proposal to
continue implementing the NPMP, as described in the RPA and updated in BPA’s 2013
Supplemental Biological Assessment Northern Pikeminnow Management Program (BPA 2013),
as an element of the larger suite of research and management actions considered in this
Supplemental Opinion.

Since implementation of the NPMP in 1990, the removal goal of 10% to 20% of predatory-sized
pikeminnow has been achieved in 18 of 22 years with an estimated 4.05 million reward-sized
northern pikeminnow removed from the lower Snake and Columbia rivers. Based on a synthesis
of available information, BPA (2013a) estimates that the program has reduced juvenile salmonid
predation by 37%, equivalent to improving the survival of 3 to 5 million outmigrating smolts
annually. Exploitation (i.e., removal) rates range from 104 to 267 thousand northern pikeminnow
per year (Porter 2011). Monitoring in recent years supports NOAA’s assumption in the 2008
BiOp that mean annual predation levels would be lower than those measured prior to program
implementation (Weaver et al. 2008, 2009, 2010, 2012). Harvesting between 10% to 20% of the
predatory-sized pikeminnow over the past decade is reducing the size and age of the pikeminnow
population, thereby reducing salmonid predation (Cramer 2012).

In the 2008 BiOp analysis, NOAA Fisheries assumed that increased efforts within the NPMP
would provide an additional 1% survival benefit for listed salmonids beyond the Base Period
benefits used in the quantitative analysis. The results of scientific evaluations required under the
2008 BiOp indicates that the NPMP, as described in the 2008 RPA, is likely to provide the 1%
prospective survival benefit anticipated in NMFS (2008a) to listed Columbia basin salmonids
through 2018 (BPA 2013, Gardner et al. 2013, Weaver et al. 2012). Based on the best available
scientific information, including BPA (2013a), the program has met, and is likely to continue to
meet, the expected predator removal and smolt survival goals through 2018. This conclusion is
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drawn by extrapolation from the documented increase in the number of predator-sized
pikeminnow removed between the Base Period and the Current Period and the associated
reduction in predation rates as estimated using the predation models (Friesen and Ward 1999),
which assume that the juvenile salmon and steelhead preyed upon by northern pikeminnow
would not have been subject to mortality from other sources (including inter- and intra-specific
predation) on their route to the ocean (Porter et al. 2010). Uncertainties regarding the effects of
monitoring on juvenile salmonids and the assumption that there is not compensatory mortality™°
that reduces the benefit of pikeminnow removal will continue to be investigated (see Section
3.8).

Avian Predation

New studies of cormorant predation since the 2008/2010 BiOps are described in Appendix E and
are summarized here. The number of double-crested cormorants inhabiting colonies in the
Columbia River estuary increased from an estimated 150 pairs in the early 1980s to over 6,000
pairs in the late 1990s. Numbers increased in the early 2000s but appear to have generally
stabilized, varying between about 11,000 to 13,500 pairs during the past 10 years (Appendix
E).”” Double-crested cormorant consumption rates of juvenile salmon and steelhead increased
throughout this period as well, peaking in 2006, when double-crested cormorants are estimated
to have consumed about 13% of the interior Columbia basin juvenile steelhead and over 4% of
the juvenile yearling Chinook salmon. Juvenile subyearling Chinook salmon from the Lower
Columbia and Upper Willamette River ESUs are also consumed at relatively high rates—more
likely similar to rates estimated for steelhead than for yearling Chinook salmon assuming they
spend more time rearing in the estuary than do interior basin yearling Chinook smolts. In
contrast, SR fall Chinook salmon, which are typically larger than fall Chinook juveniles from
lower Columbia basin ESUs when they enter the estuary, are assumed to spend relatively little
time rearing as juveniles in the vicinity of the cormorant colonies. For these reasons, NOAA
Fisheries assumes that the yearling Chinook salmon estimate (—1.1%) is the most appropriate
estimate to use as a Base-to-Current adjustment for SR fall Chinook salmon.

There is new information on cormorant consumption of sockeye salmon smolts in the estuary as
well. Snake River Sockeye smolts were taken by cormorants at an estimated average annual rate
of 1.3% during 1998 to 2012 (see Appendix E).

NOAA Fisheries did not assume any compensatory mortality for predation by Caspian terns in
the estuary in the 2008 BiOp and has no clear indication that the case would be different, or
substantial, for predation by double-crested cormorants. Thus, the increasing loss of juvenile
salmon and steelhead in the estuary due to cormorant predation has likely reduced the
productivity (i.e., Recruit-per-Spawner estimates, Lambda estimates, etc.) of all Columbia River

°% Mortality that would have occurred for another reason.
>7 Initial estimates for 2013 are 15,000 pairs of birds, an increase compared to the 2003—2012 10-year estimate
(Collis 2014).
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basin populations since the 1980s and, absent human intervention, would be expected to continue
into the future.

Pinniped Predation

Pinniped Population Status

NOAA Fisheries (NMFS 2010a) previously summarized information relating to predation by
pinnipeds and its likely effect on ESA-listed salmon and steelhead adults in the lower Columbia
River (from the river’s mouth upstream to Bonneville Dam). This section evaluates new
information available since May 2010 to determine if NOAA Fisheries’ previous conclusions
regarding these effects can be reaffirmed or if the environmental baseline conditions have been
substantially altered.

Lower Columbia River and Estuary

NOAA Fisheries removed the eastern DPS of Steller sea lions from the list of Endangered and
Threatened Wildlife by a rule issued on November 4, 2013, determining the DPS to be recovered
and no longer meeting the definition of a threatened species under the ESA (78 FR 66140).

This DPS has increased from an estimated 18,040 animals in 1979 to an estimated 63,488
animals in 2009 with an overall rate of increase of 4.3% per year. Most of the overall increase in
population abundance was due to increases in the northern portion of the range in Southeast
Alaska and British Columbia, but the smaller population in the south (Oregon and California)
also increased in abundance (NMFS 2012b). Recent estimates of Steller sea lion abundance in
the Columbia River estuary are lacking, however, increasing numbers throughout the eastern
DPS indicate that numbers of Steller sea lions in the Columbia River estuary have likely also
increased in recent years.

California sea lions in the U.S. are not listed as “endangered” or “threatened” under the ESA.
Also, they are not listed as “depleted” or “strategic” under the Marine Mammal Protection Act
because the human-caused mortality is less than the calculated potential biological removal and
is considered insignificant (NMFS 2011d). The optimum sustainable population status of this
population has not been formally determined, however, continued exponential growth indicated
from the 2006 to 2008 pup counts suggests that the population is not yet at optimum sustainable
population status (Scordino 2010). California sea lion pup counts continue to rise in recent years
(Carretta et al. 2013) indicating recent management activities at FCRPS projects are not having
substantial negative impacts on overall California sea lion population growth. Recent estimates
of California sea lion abundance in the Columbia River estuary are lacking, however, increasing
numbers throughout their range indicates that numbers of California sea lions in the Columbia
River estuary have likely also increased in recent years.

The total effect of marine mammals on the productivity and abundance of Columbia River basin
ESA-listed salmon populations is still uncertain, but it is clear that adult Chinook salmon
contribute considerably to the diets of pinnipeds in the lower Columbia River and estuary. A
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two-year study conducted by Rub et al. (2012a, 2012b) produced initial estimates of mortality
attributed to pinnipeds, and unknown sources, for adult spring/summer Chinook salmon from
Rice Island (river kilometer®® [RKM] 45; river mile [RM] 28) to Bonneville Dam. Adult
spring/summer Chinook salmon were collected, PIT tagged, and released back to the Columbia
River estuary. Using genetic stock identification, it was determined that 174 PIT-tagged fish in
2010 and 445 PIT-tagged fish in 2011 were destined for tributaries above Bonneville Dam. After
accounting for estimated gear harvest mortality, survival from release to Bonneville was
estimated at 0.88 in 2010 (Rub et al. 2012a) and 0.85 in 2011 (Rub et al. 2012b). These estimates
are inclusive of pinniped predation at the Bonneville Dam tailrace. Since adult spring/summer
Chinook survival below RKM 45 (RM 28) was not accounted for in this study, this estimate may
be biased high as an estimate of survival from river mouth to Bonneville Dam. Based on spring
Chinook returns to Bonneville, these estimates suggest a minimum of 33,300 in 2010 and 29,500
in 2011 adult spring Chinook salmon were removed by pinnipeds or other unknown factors in
the Columbia River estuary and Bonneville Dam tailrace.

The pinniped abundance, distribution, and diet composition information currently available is
insufficient to accurately assess the Base-to-Current impact of California sea lions and Steller sea
lions on listed salmonids in the lower Columbia River and estuary. Recent information clearly
indicates region-wide numbers of California sea lions and Steller sea lions are increasing, and
predation from the estuary to Bonneville Dam is substantial. It seems probable that a
proportional increase in the number of California and Steller sea lions residing in the lower
Columbia River is occurring, and thus, the overall consumption of salmon and steelhead
(especially spring Chinook salmon and winter steelhead), eulachon, and green sturgeon in the
lower river and estuary is increasing as well. This should minimize future losses beyond those
estimated by Rub et al. (2012a, 2012b) to natural-origin interior basin spring Chinook salmon
ESUs and winter steelhead populations upstream of Bonneville Dam.

Bonneville Dam Tailrace and Upstream

The earliest returning spring Chinook salmon are most affected by pinniped predation (Naughton
et al. 2011; Keefer et al. 2012). While they are the best information available, generic salmonid
consumption estimates do not take into account these disproportionate impacts to specific
populations within ESUs.>® Further research may be necessary to evaluate if more intensive
management strategies are required to protect these endangered ESUs. The proportion of fish
with injuries too severe to migrate up the fish ladder to the observation window is still unknown;
however, recent research indicates pinniped injuries on fish observed at Bonneville Dam do not
consistently reduce adult survival to interior basin spawning tributaries (Naughton et al. 2011).

Standardized efforts to observe and document pinniped presence and predation have occurred in
the immediate vicinity of Bonneville Dam since 2002. Stansell et al. (2011, 2013) summarize the

> Conversion: 1 km = 0.621371 mile
%% Spring Chinook and steelhead returning to the Hood, Big White Salmon, and Wind River subbasins in the upper
gorge are also vulnerable to pinniped predation at the fish ladder entrances at Bonneville Dam.
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recent information regarding the abundance of California sea lions and Steller sea lions in the
tailrace of Bonneville Dam and their estimated consumption of salmonids. Minimum estimated
numbers of California sea lions from years 2010-2012 were 89, 54, and 39 respectively.
Minimum estimated number of Steller sea lions from years 2010-2012 were 75, 89, and 73
respectively. Minimum estimated numbers of Harbor seals from years 2010-2012 was 2, 1, and
0 respectively (Stansell et al. 2012). In 2013, 45 California sea lions and 77 individual Steller sea
lions were observed up to May 2 (Stansell et al. 2013). These numbers are indicative of the
recent annual trend of increasing numbers of Steller sea lions and decreasing numbers of
California sea lions in the Bonneville Dam tailrace.

The estimated percentage of the adult salmonid run consumed from January 1 through May 31 in
the Bonneville Dam tailrace has declined steadily in recent years from a high of 4.7% in 2007 to
a low of 1.4% in 2012 (Stansell et al. 2012). The estimated percentage of adult salmonids
consumed at the tailrace in 2010 and 2011 is 2.4% and 1.8% respectively. Preliminary estimates
from 2013 indicate a continuing trend of declining numbers of California sea lions observed and
fewer salmonids consumed (Stansell et al. 2013). Increased intensive hazing efforts in
combination with lethal removal have coincided with these recent annual California sea lion
declines and reduced salmon consumption.

The annual trend of proportionally fewer adult salmonids consumed has been observed despite
numbers of Steller sea lions observed at the tailrace remaining relatively stable. Decreased
impacts to salmonids are expected because a large portion of Steller sea lion diet at Bonneville
Dam consists of white sturgeon. Potential explanations for this include: higher flow years, later
spring Chinook runs, cleptoparasitism,® intense hazing, and lethal removal of California sea
lions (Stansell et al. 2012). Limited monitoring indicates that Steller sea lions arrive at
Bonneville Dam at increasingly earlier dates from October through May, which could negatively
affect populations of winter steelhead migrating past Bonneville Dam during this period, and
chum salmon spawning in November and December downstream of Bonneville Dam.

Between 2008 and 2010, 40 California sea lions were removed (30 lethal removals and 10
relocations; Carretta et al. 2013). In 2011, no California sea lions were euthanized at Bonneville
Dam (Stansell et al. 2011). In 2012, Oregon and Washington’s request for lethal removal
authority of California sea lions under Section 120 of the Marine Mammal Protection Act was
granted. The authorization allows the states to remove up to 93 California sea lions a year. In
2012, one California sea lion was relocated and 11 were euthanized (Stansell et al. 2012). The
states removed four California sea lions in 2013 (Stansell et al. 2013). From the available
information, it appears the California sea lion removal program is contributing to the reduction in
California sea lion abundance and associated predation on salmonids in the Bonneville Dam
tailrace.

5 A form of feeding in which one animal takes prey or other food from another that has caught or collected the food.
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Multiple California sea lions have been identified upstream of Bonneville Dam. In April of 2011,
a California sea lion was confirmed to have passed through the navigation lock (Stansell et al.
2012). This California sea lion was identified at The Dalles Dam and has resided in the
Bonneville pool for multiple years. Several reports of other sea lions being observed in the
Bonneville pool have been made, and it is likely that up to four California sea lions are currently
upstream of Bonneville Dam. Efforts to remove pinnipeds from the Bonneville pool via trapping
have been initiated (Stansell et al. 2013). The proportion of adult salmonids consumed by
pinnipeds upstream of Bonneville Dam is currently unknown. Pinnipeds have been observed
feeding on kelt®' steelhead in the Bonneville forebay during winter months (Stansell et al. 2012).
Pinniped predation upstream of Bonneville Dam should be eliminated through California sea lion
removal by the states. If California sea lion removal upstream of Bonneville Dam is not
successful, modification to project operations will be considered to reduce delay and impacts to
downstream migrating steelhead ESUs.

2.2.4.2 Review of 2008 BiOp’s Base-to-Current Estimates for Predation

Northern Pikeminnow Predation

As noted in Section 2.2.4.1, based on the best available scientific information, including BPA
(2013a), the Northern Pikeminnow Management Program has met, and is likely to continue to
meet, the expected predator removal and smolt survival goals through 2018. Thus, no adjustment
of the Base-to-Current estimates used in the 2008 BiOp are needed.

Avian Predation

Following issuance of the 2008 BiOp, NOAA Fisheries found that a Base-to-Current adjustment
was needed to capture the relative effect of the substantially increased double-crested cormorant
populations in the estuary on the current (and, if no corrective action is taken, on the prospective)
productivity of salmon and steelhead populations and ESUs/DPSs. Using annual smolt
population, cormorant population, and smolt consumption estimates, NOAA Fisheries recently
estimated the average losses of smolts during the Base (1983-2002) and Current (2003—-2009)
periods that resulted from double-crested cormorant predation in the estuary. Comparing these
two indices (Current rate/Base rate) provides an estimate of the “gap” or negative multiplier
indicating the average relative impact of these cormorants on current salmon and steelhead
productivity (see Appendix E). NOAA Fisheries currently estimates that steelhead (-3.6%,
multiplier of 0.964 = 0.935/0.971 [Current/Base]) have been the most affected by double-crested
cormorant colonies in the estuary between the Base and Current periods. Estimates for impacts to
yearling Chinook salmon are substantially lower (—1.1%, multiplier of 0.989 = 0.978/0.988).

Based on the size of smolts when they reach Bonneville Dam, we assume that juvenile SR fall
Chinook salmon spend relatively little time rearing in the lower estuary in the vicinity of

8! Steelhead that have spawned but may survive to spawn again, unlike most other anadromous fish.
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cormorant colonies. These fish are typically substantially larger than fall Chinook juveniles from
lower Columbia basin ESUs when they enter the estuary and more likely to be ocean-ready. For

these reasons, NOAA Fisheries uses the estimate of predation rates for yearling Chinook salmon
[—1.1%, multiplier of 0.989] as the Base-to-Current adjustment for SR fall Chinook salmon.

Juvenile subyearling Chinook salmon from the lower Columbia and Willamette River ESUs are
likely to rear in shallow water areas within the estuary for many weeks or months, increasing
their period of exposure to avian predators. We assume that the higher estimated predation rates
for steelhead apply to these fish rather than the rates we estimate for yearling Chinook salmon.

Pinniped Predation
The 2008 SCA, Appendix G, did not include an estimate of changes in sea lion predation below
Bonneville Dam in the Base-to-Current calculations.

Adult losses of spring Chinook and winter steelhead have been substantially reduced as the
number of California sea lions has decreased substantially in the tailrace of Bonneville Dam as a
result of lethal removal activities there. Thus, for populations and ESUs/DPSs returning to natal
spawning areas upstream of Bonneville Dam, there has likely been an increase in survival (and
correspondingly to productivity) in recent years. If current trends continue, survival rates may be
less affected by pinnipeds in this area than was expected in the Base-to-Current assessment in the
2008 SCA (0.986 instead of 0.970). Similarly, populations of winter steelhead upstream of
Bonneville dam may also be less affected than 2008 SCA estimates (0.964 instead of 0.924)

Overall, more information is needed to determine the specific effect of pinniped predators on
ESA-listed species that are migrating through the lower Columbia River and estuary. However,
given the available information concerning overall increases in coastwide pinniped populations,
NOAA Fisheries deems it likely that average adult losses in this reach due to pinnipeds are
increasing slightly.

These factors, taken together, would suggest that losses of adult interior Columbia basin spring
Chinook ESUs and winter steelhead populations migrating upstream of Bonneville Dam as a
result of pinniped predation are equivalent to, or possibly even less than NOAA Fisheries’
estimates in the 2008 SCA. Thus, for SR spring/summer and UCR spring Chinook salmon and
populations of LCR winter-run steelhead residing upstream of Bonneville Dam, NOAA Fisheries
will continue to rely on the Base-to-Current estimates in the 2008 BiOp, rather than adjust them
upwards based on the new Bonneville Dam data.

In contrast, Chinook salmon and steelhead ESUs from the lower Columbia River or Willamette
River are likely experiencing slightly increasing losses of adults as pinniped populations increase
in the lower Columbia River and estuary, and NOAA Fisheries will qualitatively assume that
Base-to-Current impacts have increased slightly.
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2.2.4.3 Predation Effects on Critical Habitat under the Environmental Baseline

In the 2008 BiOp, we reviewed the effects of predation on the PCEs of critical habitat (see the
2008 BiOp, Sections 8.2.3.3 for SR fall Chinook salmon, 8.3.3.3 for SR spring/summer Chinook
salmon, 8.4.3.7 for SR sockeye salmon, 3.5.3.3 for SR steelhead, etc.). These conditions have not
significantly changed and thus remain relevant for this consultation. Effects on the PCE for safe
passage in juvenile and adult migration corridors include:

Pinniped predation on spring Chinook and winter steelhead in the estuary and in
the tailrace at Bonneville Dam

Habitat changes in the estuary that contributed to increased numbers of avian
predators

Scarcity of cover in mainstem reservoirs that has increased the vulnerability of
smolts in the juvenile migration corridor to piscivorous fishes (e.g., native
pikeminnows and non-native smallmouth bass) and birds (Caspian terns and
double-crested cormorants)

The safe passage of juvenile salmon and steelhead in the estuary improved beginning in 1999
when Caspian terns were relocated from Rice to East Sand Island, but the numbers of double-
crested cormorants has grown since that time (see above). The hazing and lethal removal of
certain individually identified California sea lions that prey on adult spring-run Chinook and
winter steelhead in the tailrace of Bonneville Dam has improved the functioning of safe passage
in the adult migration corridor.

For the most part, predation effects on proposed critical habitat for LCR coho salmon are
identical to those for other Columbia basin salmon and steelhead in the mainstem migration
corridor below The Dalles Dam. Specifically, the functioning of safe passage for juvenile
migration is limited by fish and bird predation. Coho adults return to the lower Columbia during
summer when California sea lions are in coastal areas.
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2.2.5 Hatchery Effects

2.2.5.1 New Hatchery Environmental Baseline Effects

Most of the new hatchery actions affecting listed species are elements of the RPA, so are
discussed in Section 3 of this Supplemental Opinion. New information regarding the 2008 SCA
Appendix I assessment of effects of hatchery actions that occurred prior to the 2008 BiOp is
discussed below in Section 2.2.5.2. This section discusses new hatchery actions in the action area
that are not part of the RPA.

NOAA Fisheries completed an ESA consultation in 2013 for issuance of permits for hatchery
programs in the Wenatchee River basin that are funded by Chelan County Public Utility District
(PUD) and Grant County PUD. These hatchery programs are not part of the RPA. The hatchery
programs release steelhead into the Chiwawa River, the mainstem of the Wenatchee River, and
Nason Creek; and they release spring Chinook salmon into the Chiwawa River, Nason Creek,
and White River. These programs reduce short-term extinction risk for Wenatchee River
steelhead and spring Chinook salmon populations. As a result of ESA consultation, these
programs will reduce the proportion of hatchery-origin fish on the spawning grounds, which will
increase the integrated productivity of the Wenatchee steelhead and spring Chinook salmon
populations. Grant County PUD will discontinue their White River spring Chinook hatchery
program in 2016.

In the ESA consultation on PUD-funded hatchery programs in the Wenatchee River, we
considered whether effects on other salmonid species in the mainstem Columbia River, the
estuary, and the ocean should be included in the analysis. The potential concern was a
relationship between hatchery production and density dependent interactions affecting the
growth and survival of other ESUs and DPSs from the Snake, Middle Columbia, Lower
Columbia, and Upper Willamette subbasins. However, NMFS determined that, based on best
available science, it was not possible to establish any meaningful causal connection between
hatchery production on the scale anticipated in the proposed programs and any such effects
(NMFS 2013f). Therefore, we assume that the consultations on the PUD programs in the
Wenatchee River do not affect the environmental baseline for Snake, Middle Columbia, Lower
Columbia, and Upper Willamette salmon and steelhead.

2.2.5.2 Review of the 2008 BiOp’s Base-to-Current Estimates for Hatchery
Programs

In the 2008 BiOp, most benefits and risks from past and present hatchery practices were
embedded in the environmental baseline. However, because estimates of productivity and
extinction risk in the 2008 BiOp were based on the performance of populations during a 20-year
Base Period that ended in most cases with the 1999 brood year (with adults returning through
2003-2006, depending on the population), the Environmental Baseline had to be adjusted to
account for the effects of hatchery reform actions for which empirical data had not yet been

2014 FCRPS Supplemental Biological Opinion | NOAA Fisheries | January 17, 2014



206 | New Information

gathered or did not yet exist. For example, the Base Period did not fully reflect the effects of
hatchery reform actions taken in the latter portion of the Base Period or after the Base Period
(e.g., elimination of an out-of-basin broodstock in the Upper Grande Ronde). The Stier and
Hinrichsen (2008) methodology was used to make Base-to-Current adjustments in survival from
completed hatchery reform actions. Survival adjustments were based on changes in the
productivity of the entire naturally spawning population, which includes hatchery-origin fish
when they spawn naturally. Therefore, hatchery management actions that improved the
productivity of hatchery-origin fish spawning naturally affected the Base-to-Current adjustment.
This methodology is described in Appendix I of the 2008 SCA.

In the 2008 BiOp, Base-to-Current adjustments for hatchery reform actions were only applied to
populations in the UCR steelhead DPS and SR spring/summer Chinook in the Grande Ronde
MPG (Table 2.2-2). NOAA Fisheries must determine whether there is new information that
reveals a change in the Environmental Baseline that would affect the conclusions made in the
2008 BiOp. Therefore, NOAA Fisheries updated the data used in the Stier and Hinrichsen (2008)
methodology to see if it affected the 2008 BiOp’s Base-to-Current integrated productivity
increase (See 2008 BiOp, Appendix F: 2013 Update to Hatchery Effects in the Environmental
Baseline).

After reviewing assumptions in developing the Base-to-Current multipliers for the 2008 BiOp,
NOAA Fisheries has determined that hatchery effects in the environmental baseline represent
greater improvements from Base Period survival for most populations in the upper Columbia
steelhead DPS and for some populations in the Grande Ronde MPG of the SR spring/summer
Chinook salmon ESU (Table 2.2-2). The only exceptions would be (1) the Minam and Weneha
spring/summer Chinook salmon populations, which had an increased number of strays in recent
years, reducing integrated productivity below what was anticipated in the 2008 BiOp, and (2) the
Entiat steelhead population, which falls within the range anticipated in the 2008 BiOp.
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Table 2.2-2. Comparison of the Base-to-Current Integrated Productivity Increases (Appendix F: Update to Hatchery
Effects in the Environmental Baseline).

I 2013 Supplemental
2008 BiOp’s Base-to BiOp’s Base-to-

ESU/DPS Population P?ot::lr;irt‘itv::lﬁg::?::e Current Integrated
as a Ratio’ Productivity Ir:ncrease
as a Ratio
Snake River spring/summer Chinook salmon
Upper Grande Ronde 121 1.29
Spring/Summer Chinook Salmon ) )
Lostine River Spring/Summer
Chinook Salmon 1.03 1.1
Catherine Creek Spring/Summer
Chinook Salmon 1.20 1.31
Minam River Spring/Summer
Chinook Salmon 1.22 1.16
Wenaha River Spring/Summer
Chinook Salmon 1.39 1.36
Upper Columbia River steelhead
Wenatchee River Steelhead 1.60 1.78
. . 0.82 (low)
Entiat River Steelhead 1.30 (high) 0.93
. 1.17 (low)

Methow River Steelhead 155 (high) 1.84

. 1.34 (low) 1.42 (low)
Okanogan River Steelhead 1.88 (high) 1.87 (high)

'Integrated productivity refers to the productivity resulting from the combination of both natural-origin and hatchery-origin spawners
and is identical to R/S productivity described in the 2008 BiOp, Section 7.1.1.2.
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2.2.6 Harvest effects

2.2.6.1 New Harvest Environmental Baseline Effects

The 2008 SCA’s Environmental Baseline Section 5.6, incorporated by reference into the 2008
BiOp’s Chapter 5, described historical and ongoing harvest actions affecting listed species. By
2002, the overall exploitation rate on LCR tule Chinook was reduced to 49%. By 2008, at the
time of the SCA, the exploitation rate limit was 41%. The 2010 Supplemental BiOp described an
additional 3% reduction in the exploitation rate for LCR tule Chinook to 38%. The exploitation
rate limit was further reduced in 2011 to 37%. Recently, NOAA Fisheries completed a new
biological opinion regarding the harvest of LCR Chinook salmon that approved an abundance-
based framework allowing the total annual exploitation rate to vary between 30% and 41%
depending on the preseason forecast of Lower River Hatchery Chinook salmon (NMFS 2012c¢).
Thus, risks to the LCR Chinook salmon ESU associated with harvest are reduced compared to
our assumptions in the 2008 and 2010 BiOps.

New terminal harvest agreements since the 2010 Supplemental BiOp are also relevant to the
environmental baseline and are described in the remainder of this section.

State and tribal fisheries in the Snake River basin are ongoing, and have occurred both prior to
and since the ESA listing. Though not all fisheries in the basin have gone through a formal ESA
review, ESA-listed fish have been exposed to these ongoing fisheries, which are therefore part of
the environmental baseline. In the past, fisheries targeting SR spring/summer Chinook salmon
and steelhead focused on the large numbers of hatchery-origin fish, but some harvest also has
occurred in natural production areas where the tribes have continued their traditional fishing
practices.

There is little historical tribal harvest information for SR spring/summer Chinook salmon and
steelhead in the Snake River basin, although documentation of the magnitude of impacts on
natural-origin fish has improved significantly in recent years. The abundance-based management
frameworks that both the states and tribes developed and implemented over the last 10 to 15
years for spring/summer Chinook salmon, for example, provide a more formal construct for
managing fisheries in the Snake River basin. In terms of impacts on natural-origin fish, the
fishing patterns that NOAA Fisheries considered in the 2008/2010 BiOps continue to emphasize
fisheries in areas of high hatchery-origin abundance (i.e., limiting fisheries impacts on natural-
origin populations that are relatively depressed).

In 2011, NOAA Fisheries completed consultation on a Fisheries Management and Evaluation
Plan (FMEP) for SR steelhead in southeast Washington tributaries submitted by the WDFW
(NMEFS 2011e), and on an FMEP for SR spring/summer Chinook salmon for the Salmon River
basin (NMFS 2011f) submitted by the Idaho Department of Fish and Game (IDFG). Washington
Department of Fish and Wildlife’s FMEP provides ESA coverage for fisheries that have been
ongoing as part of the environmental baseline. The IDFG’s FMEP improves fishery management
compared to the environmental baseline in the 2008 BiOp by the inclusion of additional
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abundance-based management frameworks that emphasize recreational fisheries in areas with
high numbers of hatchery-origin fish as described above. The IDFG’s FMEP now also uses a
natural-origin “population aggregate” approach to shaping their more terminal area fisheries. The
ESA take resulting from the implementation of SR spring/summer Chinook salmon fisheries is
apportioned by population proportional to its respective contribution to the natural-origin
aggregate abundance affected by each of IDFG’s fisheries in the Salmon River basin. Ultimately,
population-specific ESA take limits constrain fisheries by area and time.

In 2013, NOAA Fisheries completed consultation on a Tribal Resource Management Plan
submitted by the Shoshone-Bannock Tribes for spring/summer Chinook salmon fisheries in the
Salmon River basin (NMFS 2013g), most of which are ongoing and were thus part of the
environmental baseline in the 2008 BiOp. The Shoshone-Bannock Tribes’ Tribal Resource
Management Plan uses generic abundance-based harvest frameworks applied to each of the
affected populations separately. Table 2.2-3 presents the abundance-based schedule to be used
for natural-origin populations; Table 2.2-4 presents the abundance-based schedule to be used for
populations with active integrated supplementation hatchery programs. Both schedules are used
to calculate total allowable ESA take by population; and to account for ESA take by IDFG’s
fisheries and any other fisheries that may be considered in the future (i.e., Nez Perce Tribes
Salmon Basin Tribal Resource Management Plan, which is currently under development). Table
2.2-5 presents Critical Abundance and Minimum Abundance Thresholds to be used in
conjunction with Table 2.2-3 and Table 2.2-4.

Although there has been no recorded catch of sockeye salmon in the fishery since monitoring
began in 1979, the Shoshone-Bannock Tribe proposed a harvest rate limit of 1% of the Lower
Granite Dam escapement number in recognition of the fact that some sockeye could be caught
incidental to the fishery in the future (NMFS 2013g).

In 2013, NOAA Fisheries also completed consultation on a package of spring/summer Chinook
salmon fishery proposals for the Grande Ronde and Imnaha rivers (NMFS 2013h), most of
which are ongoing and thus were part of the environmental baseline in the 2008 BiOp. Grande
Ronde/Imnaha spring/summer Chinook salmon fisheries are now managed according to a
population-specific abundance-based schedule (Table 2.2-6). Table 2.2-6 is used to calculate
total allowable ESA take by population accounting for ESA take of all fisheries in the basins.
Table 2.2-6 presents Critical Abundance and Minimum Abundance Thresholds to be used in
conjunction with Table 2.2-7.
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Table 2.2-3. Harvest rate for natural-origin populations of SR spring/summer Chinook salmon in the Middle Fork
Salmon, South Fork Salmon, or the Upper Salmon MPGs.

Percent of Minimum Abundance Threshold Harvest Rate
0-30% 1%
30.1-50% 3%
50.1-75% 5%
75.1-108% 8%
>108.1% 8% + 35% of the margin

Table 2.2-4. Harvest rate for supplemented populations of SR spring/summer Chinook salmon in the Middle Fork
Salmon, South Fork Salmon, or the Upper Salmon MPGs.

Percent of Minimum Abundance Threshold Harvest Rate
0-30% 1%
30.1-50% 4%
50.1-75% 9%
75.1-108% 12%
>108.1% 12% + 42% of the margin
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Table 2.2-5. List of the natural fish populations, Critical Abundance Thresholds, and Minimum Abundance Thresholds
for the Middle Fork Salmon, South Fork Salmon, and the Upper Salmon MPGs.

Critical
Abundance Threshold Minimum Abundance Threshold
Name (adults/year) (adults/year)
South Fork Salmon MPG
Little Salmon River 225 750
South Fork Salmon River 300 1,000
Secesh River 225 750
East Fork South Fork Salmon River 300 1,000
Middle Fork Salmon MPG
Chamberlain Creek 225 750
Middle Fork Lower Main 150 500
Big Creek 300 1,000
Camas Creek 150 500
Loon Creek 150 500
Middle Fork Upper Main 225 750
Sulphur Creek 150 500
Bear Valley Creek 225 750
Marsh Creek 150 500
Upper Salmon MPG
Panther Creek 150 500
North Fork Salmon River 150 500
Lemhi River 300 1,000
Salmon River Lower Main 300 2,000
Pahsimeroi River 300 500
East Fork Salmon River 300 1,000
Yankee Fork Salmon River 150 500
Valley Creek 150 500
Salmon River Upper Main 300 1,000
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Table 2.2-6. Harvest rate for natural-origin populations of SR spring/summer Chinook salmon in the Grande

Ronde/Imnaha MPG.

Total collective natural-origin

Fishery Scenario Expected return of natural-origin fish mortality
A Below Critical Threshold 1%
B _I(Err]irtiecsar:otlodl\(/mi‘r:_;lm Abundance A + 11% of margin above A
C MAT to 1.5X MAT B + 22% of margin above B
D 1.5X MAT to 2X MAT C + 25% of margin above C
E Greater than 2X MAT D + 40% of margin above D

" For Looking glass Creek, fisheries will be managed more liberally under fishery scenarios A and B: A = 10% total harvest (tribal

8% and sport 2%); B = A + 16% of margin above critical (tribal 12% and sport 4%).

Table 2.2-7. List of the natural fish populations, Critical Abundance Thresholds, and Minimum Abundance Thresholds
for the Grande Ronde/Imnaha MPG

Critical Thresholds

Minimum Abundance Thresholds

Population (adults/year) (MAT) (adults/year)
Wallowa/Lostine 300 1000
Catherine/Indian’ 300 1000
Upper Grande Ronde R 300 1000
Wenaha R 225 750
Minam R 225 750
Looking glass Cr 150 500

"When fisheries target only the Catherine Creek portion of the Catherine/Indian Population, then the fisheries will be managed
based on a Critical Threshold of 225 with a MAT of 750 as for an Intermediate-sized population.
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2.2.6.2 Review of the 2008 BiOp’s Base-to-Current Estimates for Harvest

The harvest-related Base-to-Current multipliers in the 2008 BiOp did not explicitly incorporate
tributary harvest into the calculations (2008 SCA, Appendix G), but implicitly assumed that
effects on listed species of ongoing tributary harvest practices would be equivalent to those that
occurred during the Base Period. Because of the abundance-based nature of the harvest
frameworks described above and the mainstem harvest schedule described in the 2008 BiOp,
average fishery-related mortality rates for SR spring/summer Chinook salmon populations could
be higher or lower when compared with Base Period fishing mortality rates, depending on run
size. That is, in years of low natural-origin abundance, allowable population-specific ESA take
limits will be lower than during the Base Period, and in years of high natural-origin abundance,
allowable population-specific ESA take limits will be higher. In spite of some recent years of
high returns, which trigger higher harvest rates, over time the current status of the affected
populations favors the lower range of harvest rates; therefore, NOAA Fisheries continues to rely
upon the 2008 BiOp’s harvest Base-to-Current survival changes for SR spring/summer Chinook.

Additionally, because average fishery-related mortality rates for SR steelhead populations have
not changed compared with the baseline, NOAA Fisheries continues to rely upon the 2008
BiOp’s harvest Base-to-Current survival changes for SR steelhead.
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2.2.7 Climate and Climate Change Effects

This factor, while included in the 2008 BiOp’s environmental baseline section, is discussed
under rangewide status in Section 2.1.4 of this Supplemental Opinion because of its importance
both within and outside of the action area.
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2.2.8 Overall Relevance of New Environmental Baseline Information to
the 2008/2010 BiOps’ Analyses

Sections 2.2.2 through 2.2.7 of this Supplemental Opinion described new information relevant to
the environmental baseline. In general, new information indicates that effects of most factors
influencing the environmental baseline remain similar to those considered in the 2008 BiOp and
that NOAA Fisheries should continue to rely on most of the Base-to-Current survival estimates
in the 2008 BiOp for the quantitative analysis applied to six interior Columbia basin species.
However, effects of some factors influencing the environmental baseline, particularly avian
predation and hatchery effects, differ in a manner that could affect the overall analysis of effects
of the action for some species. The overall relevance, which takes into account a responsive
change in RPA implementation, is analyzed in more detail in Section 3.11.

2.2.8.1 Summary of New Environmental Baseline Information

Hydrosystem Effects (Section 2.2.1)

All FCRPS hydrosystem effects subsequent to issuing the 2008 BiOp are included in the
description of RPA implementation (Section 3.3). The description of pre-RPA hydro effects has
not changed. A new hydro effect that was not included in the 2008 BiOp is completion of
consultation on the Odessa Groundwater Replacement Project, which could slightly reduce the
availability of suitable spawning habitat for early spawning CR chum salmon.

Tributary Habitat Effects (Section 2.2.2)

Most of the recent tributary habitat effects relevant to the FCRPS action area are included in the
description of RPA implementation (Section 3.1). The description of pre-RPA tributary habitat
effects has not changed.

Estuary Habitat Effects (Section 2.2.3)
Most of the recent estuary habitat effects are included in the description of RPA implementation
(Section 3.1). The description of pre-RPA estuary habitat effects has not changed.

Avian Predation Effects (Section 2.2.4)

As previously described in the 2010 Supplemental BiOp, the 2008 BiOp implicitly assumed that
the average Base Period cormorant predation rate would remain unchanged. New information
indicates that the average cormorant predation rate has been higher, and therefore survival lower,
than that occurring in the 2008 BiOp Base Period for some species. The higher cormorant impact
mainly applies to steelhead, but results in a small change for Chinook. The increased predation
may also apply to SR sockeye salmon, but there are no Base Period estimates for comparison.

Most of the recent tern predation effects are included in the description of RPA implementation
(Section 3.5). The description of pre-RPA tern predation effects has not changed.
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Marine Mammal Predation Effects (Section 2.2.4)

There appears to have been increased marine mammal predation in the estuary, relative to that
occurring during the Base Period, as inferred from an increasing predator population. However,
marine mammal predation at Bonneville Dam has been lower than that estimated in the 2008
BiOp. The combination of these two effects results in no change in the 2008 BiOp’s description
of effects of marine mammal predation on the environmental baseline.

Hatchery Effects (Section 2.2.5)

All Action Agency-funded hatchery effects subsequent to issuing the 2008 BiOp are included in
the description of RPA implementation (Section 3.4).

A new hatchery effect that was not included in the 2008 BiOp is issuance of new permits for
PUD-funded hatchery programs for spring Chinook salmon and steelhead in the Wenatchee
River basin. The description of pre-RPA hatchery effects has not changed. This action will
reduce the proportion of hatchery-origin spawners in Wenatchee River and its tributaries and
should improve genetic diversity and productivity of UCR spring Chinook and steelhead.

New estimates are available for the effects of some pre-RPA hatchery actions influencing the
environmental baseline. New estimates from those in the 2008 BiOp of the fraction of natural-
origin spawners or effectiveness of hatchery-origin spawners lead to estimates of higher
productivity for some populations of SR spring/summer Chinook and UCR steelhead and lower
productivity for two populations of SR spring/summer Chinook.

Harvest Effects (Section 2.2.6)

A new LCR Chinook harvest management plan will result in approximately 3% lower harvest
rates than described in the 2008 BiOp for some populations. New terminal harvest agreements
for Snake River tributaries will result in sliding scale harvest for SR spring/summer Chinook that
is reduced from historical harvest at low run sizes but can increase above historical harvest rates
at higher run sizes approaching ICTRT recovery thresholds. Because of the small size of the
tributary fisheries and the current status of this species, the management plan should result in no
significant change from overall harvest expectations for this species. The new agreements do not
change historical harvest patterns of SR steelhead and SR sockeye salmon.

Mainstem harvest rates continue to be implemented as described in the 2008 BiOp, including use
of abundance-based sliding scales. Recent harvest rates may be above or below the Base Period
harvest rates, depending upon adult returns, but over time the average described in the 2008
BiOp remains relevant.

Climate and Climate Change Effects (Section 2.2.7)

This factor, while included in the 2008 BiOp’s Environmental Baseline section, is discussed
under rangewide status in Section 2.1.4 of this Supplemental Opinion because of its importance
both inside and outside of the action area.
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2.2.8.2 Summary of Base-to-Current Survival Estimates For Six Interior Columbia
Basin Species

As described above, because we have concluded in Section 2.1.1.7 that the underlying Base
Period status of each species has not changed with the inclusion of additional years of
demographic data—and because all years of RPA implementation are included in effects of the
RPA (rather than in the environmental baseline)—NOAA Fisheries did not recalculate Base-to-
Current multipliers to reflect time periods that differed from those in the 2008 BiOp analysis.

NOAA Fisheries evaluated the reliability of 2008 BiOp of Base-to-Current survival change
estimates primarily by reviewing relevant life-stage specific survival information as in the 2008
BiOp. Some draft Supplemental Opinion commenters suggested that validity of these Base-to-
Current changes should be evaluated through changes in the 2008 BiOp’s indicator metrics,
which reflect population changes throughout the entire life cycle. As described in Section
2.1.1.4.1, evidence of Base-to-Current changes is unlikely to be detectable in the indicator
metrics at this time. This is in part because of the lag (up to 3 to 4 years) in completing all adult
returns for a particular brood year that has been affected by a life-stage survival change (Section
2.1.1.4.1). As described in Section 2.1.1.4.2, the most recently completed brood year that is
currently available is 2005, 2006, or 2007, depending upon species and population. This means
that the “current” management practices in place at the time the 2008 BiOp was prepared will
only be partially reflected in the most recent indicator metrics. Additionally, a sufficient number
of new observations needs to accumulate to change the indicator metrics, which are calculated
from all observations, including 20 years or more of Base Period observations. Finally,
background variation in other survival factors may mask or artificially enhance the effects of the
current and prospective management actions. For these reasons, we rely primarily on evidence
indicating survival changes in particular life stages (in some cases, treated as “performance
standards”) to evaluate the effectiveness of actions and the likelihood of achieving expected
changes in BiOp metrics.

Hydrosystem Base-to-Current Estimates (Section 2.2.1)

Juvenile survival changes associated with hydropower improvements represented the most
significant Base-to-Current change estimated in the 2008 BiOp for SR spring/summer Chinook
(20% out of total 21% estimated survival change for most populations) and UCR spring Chinook
(25% to 43% out of 28% to 47% total change, depending upon population). Hydro improvements
were less important for other species.®* Hydro survival can be empirically estimated (e.g., see
Figure 2.1-1 and Section 3.3) and also estimated through modeling to show the expected effects
of a given operation under a variety of hydrological conditions. The empirical hydro survival
estimates in Section 3.3 reflect both Base-to-Current changes and effects of the first few years of

62 Base-to-Current survival improvements were 8% to 25% for UCR steelhead, but these were lower than the
survival changes estimated for hatchery actions. Because hydro survival could not be estimated for SR fall Chinook,
no Base-to-Current survival change was included. The Base-to-Current hydro estimate for SR steelhead was a
reduction in survival.
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RPA implementation. Review of available information indicates that the 2008 BiOp estimates of
hydro Base-to-Current survival changes remain reliable for this Supplemental Opinion.

Tributary Habitat Base-to-Current Estimates (Section 2.2.2)

The 2008 BiOp included Base-to-Current survival improvements for environmental baseline
actions affecting specific populations of all species except SR fall Chinook. Most of the
estimated improvements were small, but a few were between 4% and 8%. Unlike hydro and
harvest, estimates of survival improvements associated with tributary habitat projects in the
environmental baseline are estimated using available scientific literature and expert panels, as
described in Section 3.1.1. In Section 3.1, NOAA Fisheries finds this methodology the best
available for assessing the effects of actions occurring across the Columbia River basin and
affecting multiple ESUs and DPSs. The expert panel process has not modified the original
estimates of effects of 2000-2006 environmental baseline projects, so NOAA Fisheries continues
to rely upon the tributary habitat Base-to-Current estimates included in the 2008 BiOp.

Estuary Habitat Base-to-Current Estimates (Section 2.2.3)

The 2008 BiOp included very low estimates (less than 1%) of Base-to-Current survival changes
resulting from estuary habitat environmental baseline actions implemented between 2000 and
2006. Like tributary habitat actions, these estimates are not direct, but rely on review of available
literature and an expert process. As described in Section 3.2, the methodology used to estimate
survival changes associated with estuary habitat projects has changed since 2008. However,
because the 2008 BiOp estimates are extremely low, it is unlikely that recalculation by a new
expert group would result in discernable changes. Therefore, NOAA Fisheries continues to rely
on the estuary Base-to-Current survival estimates in the 2008 BiOp.

Avian Predation Base-to-Current Estimates (Section 2.2.4)

As described above, the 2008 BiOp did not describe a Base-to-Current change for cormorants,
but the population has increased since the Base Period. Fredricks (2013) estimated new Base-to-
Current multipliers for SR, UCR, and MCR steelhead (-3.6%, multiplier of 0.964) and for SR
spring/summer Chinook, SR fall Chinook, and UCR spring Chinook (—1.1%, multiplier of
0.989).

The 2008 BiOp included a Base-to-Current multiplier for reduced tern predation on SR fall
Chinook of 0.989. This estimate was based on the size of smolts when they reach Bonneville
Dam and the use of yearling Chinook salmon as a more appropriate surrogate for estimating
predation rates for SR fall Chinook salmon.
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Pinniped Predation Base-to-Current Estimates (Section 2.2.4)

The 2008 BiOp determined that Base-to-Current survival of SR spring/summer Chinook and
UCR spring Chinook would continue to be reduced by 3% (multiplier of 0.97) as a result of
increasing numbers of marine mammals at Bonneville Dam. As described above, predation at
Bonneville Dam has been less than anticipated in the 2008 BiOp, but marine mammal predation
in the lower Columbia River and estuary has been greater. The analysis in Section 2.2.4.2
concludes that the quantitative estimate of lower predation mortality at Bonneville Dam is
balanced by the qualitative estimate of increasing predation in the estuary. Therefore, NOAA
Fisheries continues to rely on the marine mammal predation Base-to-Current survival estimates
in the 2008 BiOp.

Hatchery Base-to-Current Estimates (Section 2.2.5)

The 2008 BiOp determined that current hatchery management actions in the environmental
baseline had increased productivity, compared to the Base Period, of five populations of SR
spring/summer Chinook in the Grande Ronde MPG and all four populations of UCR steelhead.
New estimates from those in the 2008 BiOp of the fraction of natural-origin spawners or
effectiveness of hatchery-origin spawners lead to estimates of higher Base-to-Current survival
multipliers than estimated in the 2008 BiOp for three populations of Grande Ronde/Imnaha MPG
SR spring/summer Chinook and for three populations of UCR steelhead:

Snake River spring/summer Chinook, Grande Ronde/Imnaha MPG
¢ Catherine Creek (+10%)
¢ Upper Grande Ronde (+6%)
0 Lostine (+8%)
Upper Columbia River steelhead
0 Wenatchee (+11%)
0 Methow (+19-57%)
0 Okanogan (+6%)

Base-to-Current survival multipliers are reduced for two populations of Grande Ronde/Imnaha
MPG SR spring/summer Chinook:
¢ Minam (-5%)

¢ Wenaha (-2%)

Some comments on the draft Supplemental Opinion criticized the methods NOAA Fisheries used
to calculate changes in productivity resulting from hatchery management actions. We continue to
support the methods and address the comments in Section 2.1.1.4.1 Returns-Per-Spawner.
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Harvest Base-to-Current Estimates (Section 2.2.6)

Harvest reductions represent the most significant Base-to-Current change estimated for SR fall
Chinook (9% out of total 12% overall) and it is also important for all spring Chinook and
steelhead populations (4%). Like hydro effects, harvest rates can be empirically estimated and
compared to the 2008 BiOp estimates. Because the expected harvest rates are set on a sliding
scale such that they are high when abundance is high (as in several recent years) and low
otherwise, they fluctuate relative to the average expectations described in the 2008 BiOp. Over
time the average is likely to be as expected in the 2008 BiOp.

Relevance of New Environmental Baseline Information for Lower Columbia Basin Species
Effects of the new environmental baseline information on lower Columbia basin salmon and
steelhead, especially with respect to conditions or activities in the mainstem below The Dalles
Dam and in the estuary and plume, are similar to those described above for interior ESUs and
DPSs. However, there are some differential effects as well. The Odessa Groundwater
Replacement Project (Section 2.2.1.1) is expected to reduce, very slightly, the availability of
suitable spawning habitat for early (i.e., October) spawning chum salmon in shallow mainstem
areas used by the Lower Gorge and Washougal populations. Avian predation rates on fish from
lower Columbia and upper Willamette populations may be higher than those on fish from interior
populations based on the amount of time spent rearing in the lower Columbia River. Our recent
biological opinion (NMFS 2012c) on the harvest of LCR Chinook salmon approved an
abundance based framework that allows the total annual exploitation rate to vary between 30%
and 41%, further reducing risks to the LCR Chinook salmon ESU under the environmental
baseline compared to our assumptions in the 2008 and 2010 opinions.

Relevance of New Environmental Baseline Information for Designated Critical Habitat

In general, the conditions identified in the 2008 BiOp that limit the functioning of designated
critical habitat for Columbia basin salmonids still continue today. Effects on PCEs of critical
habitat recently proposed for LCR coho salmon are identical to those for other Columbia basin
salmon and steelhead in the migration corridor below The Dalles Dam and in tributaries to the
lower Columbia used by LCR Chinook and coho salmon and LCR steelhead for spawning and
rearing.
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2.3 Cumulative Effects

In the 2008 BiOp, NOAA Fisheries described information provided by the states of Oregon,
Washington, and Idaho on ongoing, future, or expected projects that were reasonably certain to
occur and that were expected to benefit recovery efforts in the interior Columbia basin (see list in
Chapter 17, USACE et al. 2007b). All of those actions were either completed or ongoing and
were thus part of the environmental baseline, or were reasonably certain to occur and therefore
qualified as cumulative effects. They address the protection of adequately functioning habitat
and the restoration of degraded fish habitat including improvements to instream flows, water
quality, fish passage and access, and watershed or floodplain conditions that affect downstream
habitat. Significant actions and programs include growth management programs (planning and
regulation); a variety of stream and riparian habitat projects; watershed planning and
implementation; acquisition of water rights for instream purposes and sensitive areas; instream
flow rules; stormwater and discharge regulation; Total Maximum Daily Load implementation to
achieve water quality standards; and hydraulic project permitting. Responsible entities include
cities, counties, and various state agencies. NOAA Fisheries determined that many of these
actions would have positive effects on the viability (abundance, productivity, spatial structure,
and/or diversity) of listed salmon and steelhead populations and the functioning of PCEs in
designated critical habitat. Therefore, these activities were likely to have cumulative effects that
will significantly improve conditions for the species considered in that consultation.

NOAA Fisheries also noted that some types of human activities that contribute to cumulative
effects are expected to have negative effects on populations and PCEs, many of which were
activities that occurred in the recent past and were an effect of the environmental baseline.
NOAA Fisheries considered these to be reasonably certain to occur in the future because they
occurred frequently in the recent past—especially if authorizations or permits had not yet
expired. Within the freshwater portion of the action area for the Prospective Actions, non-
Federal actions were likely to include human population growth, water withdrawals (i.e., those
pursuant to senior state water rights), and land use practices. In coastal waters within the action
area, state, tribal, and local government actions were likely to be in the form of fishing permits.
Private activities are likely to be continuing commercial and sport fisheries, which have some
incidental catch of listed species, and resource extraction. All of these activities can contaminate
local or larger areas of the coastal ocean with hydrocarbon-based materials.

All of these factors are still ongoing to some extent and likely to continue in the future, although
the continuing level of activity depends on whether there are economic, administrative, and legal
impediments (or in the case of contaminants, safeguards). We are not aware of any non-Federal
actions that change our expectations for cumulative effects, whether beneficial or adverse.
Therefore, NOAA Fisheries finds that the analysis of cumulative effects in the 2008 BiOp is still
accurate for this Supplemental Opinion.
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3 RPA Implementation for Salmon and Steelhead

In this section, NOAA Fisheries reviews the progress made in implementing the RPA to date, the
certainty regarding the effects of remaining RPA action implementation through 2018, and new
information regarding effectiveness of RPA actions, with a particular emphasis on habitat
mitigation measures, as directed by the Remand Order. We compare this information with
expectations in the 2008 BiOp to determine if the findings and analyses in the 2008 BiOp
continue to be supported by best available science and information.

This review of RPA implementation serves two functions as described in Section 1.1. The first is
to address the 2011 court remand order, which requires a more detailed implementation plan for
habitat mitigation projects for the 2014 through 2018 period. In this section, NOAA Fisheries
evaluates the habitat mitigation projects the Action Agencies have now identified in the 2013 CE
and the 2014-2018 Implementation Plan (BPA et al. 2014; hereafter 2014-2018 IP) for
implementation in 2014 through 2018. Based upon this review, NOAA Fisheries addresses the
following questions in Sections 3.1 and 3.2:

Whether the effects of the habitat RPA actions, including those from the newly
developed projects, are reasonably certain to occur

Whether the projects the Action Agencies have identified for implementation after
2014, when added to projects implemented since 2007, are likely to achieve the
RPA’s Habitat Quality Improvement objectives set forth in RPA Action 35, Table
5, and the associated survival improvements for listed salmonids in tributary
habitat, as well as the estuary survival improvements objectives set forth in RPA
Actions 36 and 37

Whether the methodology used by the Action Agencies to determine the efficacy
of the habitat actions uses the best science available

The second purpose of this section is to support NOAA Fisheries’ evaluation of the current
validity of the ESA analysis contained in the 2008/2010 BiOps. To do so NOAA Fisheries
considers:

Whether there is new data concerning the status of the listed species, changes to
the environmental baseline, and cumulative effects. NOAA Fisheries also
considers the information about effectiveness of the RPA’s implementation to
date. These determinations are informed by the current development of the RPA’s
Research, Monitoring, and Evaluation (RME) program

Whether the Action Agencies have implemented the RPA as intended, or whether
any significant discrepancies deviate from the effects expected to result from the
RPA actions
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As described in Section 1.2, effects of the action are added to the environmental baseline and
cumulative effects and viewed in the context of the status of the species and of critical habitat.
These aggregated effects are discussed in Section 4, Conclusions for Salmon and Steelhead.
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3.1 Tributary Habitat RPA Actions

The 2008 BiOp includes two RPA Actions to improve tributary habitat. Both require the Action
Agencies to provide funding and technical assistance to implement actions designed to improve
the quality and quantity of spawning and rearing habitat for specific populations of Snake River
and Upper Columbia River Chinook and steelhead and Middle Columbia steelhead. RPA Action
34 required that specific habitat improvement actions incorporated into the 2008 BiOp be
implemented during 2007 to 2009. RPA Action 35 requires implementation of habitat
improvement actions during 2010 to 2018. Table 5 of RPA Action 35 includes performance
standards for 56 salmon and steelhead populations.®® These performance standards identify
specific habitat quality improvements (HQIs), which correspond to survival improvements, that
the Action Agencies are responsible for meeting for the 56 populations. RPA Action 35 also
includes specific direction to the Action Agencies on identification of habitat improvement
actions; use of expert panels to evaluate change in habitat function resulting from habitat
improvement actions; the use of replacement actions if necessary based on new information or
actions that prove infeasible to implement; and the reporting of implementation progress.

Other RPA Actions in the 2008 BiOp require the Action Agencies to ensure comprehensive
monitoring and evaluation to assess tributary habitat program progress and effectiveness. RPA
Actions 56 and 57 direct them to develop and implement a program to monitor and evaluate
tributary habitat conditions, limiting factors, and habitat-improvement action effectiveness. RPA
Action 50 requires them to conduct corresponding fish population monitoring designed to help
establish relationships between habitat improvement actions and fish population responses. RPA
Action 71 requires the Action Agencies to coordinate RME activities with appropriate entities;
RPA Action 72 requires them to ensure the use of appropriate data management systems; and
RPA Action 73 requires them to monitor action implementation and maintain an implementation
tracking system using specified metrics (2008 BiOp, Appendix, Reasonable and Prudent
Alternative Table).

In the 2008 BiOp, NOAA Fisheries determined that the approach the Action Agencies used to
estimate benefits of habitat improvement actions and the corresponding survival improvements
used the best science available for assessing the effects of actions occurring across the diverse
watersheds of the Columbia River basin, affecting a variety of listed salmonid ESUs/DPSs, and
that could consistently be applied over the Columbia River basin (2008 BiOp, Section 7.2.2). We
also determined that the identified survival improvements were likely to be realized (2008 BiOp,
Section 7.2.2), and incorporated those expectations into the aggregate analysis in the 2008 BiOp
(e.g., 2008 BiOp, Table 8.3.5-1 for SR spring/summer Chinook).

% In this section, NOAA Fisheries uses the term “performance standard” to describe the population habitat quality
improvement, and associated survival improvement, commitments identified in RPA Action 35 Table 5 of the 2008
BiOp. In their 2013 CE and 2014-2018 IP, the Action Agencies generally refer simply to “habitat quality
improvements,” or “HQIs.” The Action Agencies calculated HQIs for actions evaluated by expert panels using the
Collaboration Habitat Workgroup method described in Appendix C of the 2007 CA and summarized below in
Section 3.1.1.7.

2014 FCRPS Supplemental Biological Opinion | NOAA Fisheries | January 17, 2014



228 | RPA Implementation

In Section 2.2.3 of the 2010 Supplemental BiOp, NOAA Fisheries reviewed new scientific
information regarding the best methods for achieving the benefits needed from tributary habitat
improvement. Through our review, we found that the information supported the Action
Agencies’ approach to implementing the tributary habitat program. We concluded that the
tributary habitat RPA actions sufficiently addressed factors that had limited the functioning and
conservation value of spawning and rearing habitat and would increase the survival of the
affected populations to meet the BiOp RPA objectives.

In this Supplemental Opinion, we update our review of scientific information on the best
methods for achieving the survival benefits needed from tributary habitat improvement and
conclude that the information supports the Action Agencies’ approach to implementing the
tributary habitat program. We also review the Action Agencies’ method and implementation of
the program to date and conclude it represents the best science available for assessing the effects
of actions occurring across the diverse watersheds of the Columbia River basin, affecting a
variety of listed salmonid ESUs/DPSs, and that could consistently be applied over the Columbia
River basin.

Section 3.1.1 below discusses the scientific foundation of and analytical methods used in the
tributary habitat program. Section 3.1.2 discusses implementation and effects of the program.
Sections 3.1.2.1 and 3.1.2.2 describe implementation of the program and effects on the interior
Columbia ESUs and DPSs generally. Sections 3.1.2.3 through 3.1.2.7 describe the effects of the
program individually on SR spring/summer Chinook salmon, UCR Chinook salmon, SR
steelhead, UCR steelhead, and MCR steelhead. We conclude that, overall, the tributary habitat
program established under RPA Actions 34 and 35 is directing resources to actions that
sufficiently address the limiting factors identified as most significant through a process based on
sound science and technical input, and that it is reasonably certain that the performance standards
in RPA Action 35, Table 5, will be met.
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3.1.1 Tributary Habitat Analytical Methods

This section begins with a brief introduction to the tributary habitat program analytical methods.
Sections 3.1.1.2, 3.1.1.3, and 3.1.1.4 then summarize the scientific foundation of the tributary
habitat program—our knowledge of basic relationships between fish and their habitat and what
the scientific literature tells us about how changes in fish habitat affect fish populations. We
conclude that there is a strong basis for our expectation that tributary habitat improvement
actions such as those carried out to implement the RPA, which are designed to decrease the
impact of “limiting factors” (or habitat constraints on fish survival), are likely to improve fish
population status to meet the BiOp RPA objectives. In Section 3.1.1.4, we summarize a review
of the information available from the monitoring and evaluation program associated with the
RPA’s tributary habitat improvement program. Although available data are preliminary, they
appear to support our expectation that the RPA habitat actions will result in increased fish
population abundance and productivity.

In Sections 3.1.1.5 through 3.1.1.8 we review the rationale for the methods the Action Agencies
used to predict changes in tributary habitat condition and fish survival resulting from
implementation of RPA Actions 34 and 35. In Section 3.1.1.5 we review the feasibility of
reaching the survival improvements identified in RPA Action 35, Table 5. In Section 3.1.1.6 we
describe the method and rationale the Action Agencies use to estimate changes in tributary
habitat function expected from implementing tributary habitat improvement actions. We first
describe the use of expert opinion in conservation biology, and then briefly describe the method
the Action Agencies use for determining changes in tributary habitat function as a result of
implementing improvement actions. We also reference alternative methods considered and the
rationale for selecting the methods currently applied. In Section 3.1.1.7 we describe the method
and rationale the Action Agencies use to estimate changes in population survival resulting from
the estimated changes in tributary habitat function. In 3.1.1.8 we describe the evolution of the
analytical methods, including refinements in methods and procedures since the 2008 BiOp was
completed and additional refinements anticipated through 2018.
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3.1.1.1 Introduction to Tributary Habitat Analytical Methods

The fundamental logic of the tributary habitat analytical approach is that by identifying the
factors limiting habitat function, and by implementing actions that alleviate those limiting
factors, habitat function will improve, and, ultimately, the freshwater survival of salmon and
steelhead will improve as well (see Figure 3.1-1).

Figure 3.1-1. Fundamental logic of and primary inputs for tributary habitat analytical methods
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The technical foundation of the tributary habitat program established under RPA Actions 34 and
35 1s a method for estimating (1) the changes in tributary habitat function likely to result from
implementation of tributary habitat improvement actions and (2) the corresponding change in
fish survival that is likely to occur as the productive capacity of habitat changes. The approach
relies on identifying the factors that limit the productivity of salmon and steelhead tributary
habitat; identifying actions that would reduce the magnitude of those limiting factors, thereby
improving the quality and function of the habitat; using expert judgment to estimate the change
in habitat function as a result of implementing those actions; and then using an empirically based
model to estimate the overall change in habitat function and a corresponding change in egg-to-
smolt survival that would result from that change in habitat function. A monitoring and
evaluation program is in place to track the effects of the tributary habitat program and to provide
input for the adaptive management framework within which the Action Agencies implement the
program. As new data and tools become available to inform estimates of habitat benefits of
actions and resulting changes in survival, the Action Agencies will continue to incorporate them
into the program, in compliance with RPA Action 35 (2008 BiOp, RPA Action 35a).

The Action Agencies have used two applications of the general approach described above. One
method, referred to as the “Appendix E method,” was first used by NOAA Fisheries in the 2004
BiOp (NMFS 2004) to estimate benefits of tributary habitat improvements (2004 BiOp,
Appendix E). This approach used qualitative ratings (i.e., low, medium, high) and approximate
ranges of survival improvements associated with each qualitative category (e.g., “low” was
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approximately a 1% survival change) to provide approximate survival improvements associated
with tributary habitat improvement actions. In their 2007 Comprehensive Analysis (USACE et
al. 2007b), the Action Agencies (sometimes in consultation with local experts, although not
through a formal expert panel process) used the Appendix E method to estimate benefits of
tributary habitat improvement actions for a subset of populations (see 2007 CA Appendix C,
Attachment C-1, Tables 1-5). Populations evaluated using the Appendix E method generally had
relatively small HQI performance standards and little influence on the life-cycle analysis in the
CA’s Appendix A (2007 CA, Appendix A). In addition, implementation of most tributary habitat
improvement actions for these populations was underway at the time the 2008 BiOp was
finalized and was expected to be complete by 2009.

For most populations, however, in their 2007 CA the Action Agencies used an updated method
(see 2007 CA, Appendix C, Attachment C-1, Tables 1-5). In their 2007 CA, the Action Agencies
applied the updated method to the populations with the “greatest needs” and most relevance to
the life-cycle analysis in the CA’s Appendix A (2007 CA, Appendix C, Section 1.2; 2007 CA,
Appendix C, Annex 1, Section 2.2; the Action Agencies refer to these as “priority
populations”).** Subsequently, they have applied the updated method to all populations with the
exception of middle Columbia steelhead populations (see 2013 CE, Section 2, Table 35), since
those populations all had small habitat improvement commitments and actions projected to
achieve the commitments generally had been implemented by 2009.%

The updated method relies on both empirical data and expert opinion. It is summarized below in
Section 3.1.1.6 and more fully in Appendix C of the 2007 CA (Appendix C, Attachment C-1 and
Annexes 1-3) and in Appendix C of Milstein et al. (2013). The method was developed by the
Remand Collaboration Habitat Workgroup (CHW). The CHW was convened in 2006 at the
request of the Policy Work Group formed as part of the court-ordered remand of NOAA
Fisheries’ 2004 FCRPS Biological Opinion. Members of the CHW represented the states, tribes,
and Federal agencies (including NOAA Fisheries) involved in the remand collaboration process
and were selected for their technical expertise. The group met regularly in 2006 to review and
update the “Appendix E” method NOAA Fisheries used to estimate the potential improvement
from tributary habitat mitigation actions in the 2004 FCRPS Biological Opinion. In developing
its method, the CHW considered multiple approaches, additional analyses, and information from
recovery plans and other efforts that had become available after the 2004 FCRPS BiOp was
issued (2007 CA, Appendix C, Attachment C-1, and Annexes 1-3, CA).

% In the Action Agencies’ 2007 CA, the populations designated “priority populations,” and also referred to as
“populations of greatest need,” were those for which the life-cycle analysis in the CA indicated that the specified
tributary habitat survival improvements were needed to produce increased adult R/S to the spawning grounds (i.e., to
achieve productivity metrics of R/S >1). The returns-per-spawner metric was only one of a number of metrics that
the Action Agencies considered to evaluate population-level status. In the CA, the Action Agencies then made a
qualitative determination of the likelihood of survival and recovery at the ESU level. This determination was based
on both quantitative and qualitative population-level considerations.

5 The Action Agencies have continued to implement habitat improvement actions for these populations to further
reduce risk.
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Ultimately, the group developed methods based upon both expert opinion and review of
scientific information, such as known egg-to-smolt survival relationships for Chinook salmon
and steelhead, that could be applied consistently to all populations. Given the lack of adequate
quantitative data for many populations across the basin, it was not feasible to apply more formal
models and quantitative approaches across all populations. However, the CHW recommended
that where relevant model results or empirical data were available, panels should consider them
in developing estimates of habitat function and action effects (2007 CA, Appendix C, Annexes
1-2).

3.1.1.2 Scientific Basis of Tributary Habitat Program

The tributary habitat program relies on the relationship between fish and their habitat, and on our
understanding of how tributary habitat restoration actions affect habitat quantity, quality, and
function, and ultimately egg-to-smolt survival. There is a strong relationship between freshwater
habitat quantity and quality and salmon and steelhead survival and productivity in freshwater—
and this relationship is fundamental to the persistence of salmon and steelhead over time (Roni et
al. 2013a). Habitat quantity and quality requirements for Pacific salmonids by life stage and
species have been well documented in scientific literature. Roni et al. (2013a) summarize these
requirements for adult upstream migration and spawning, egg-to-fry survival, and juvenile
rearing in freshwater.

It is also well documented that anthropogenic activities can reduce habitat quantity or degrade
habitat quality, and that these changes in turn can adversely affect salmonid populations. Habitat
loss or isolation has greatly reduced the amount of salmon habitat available in the Columbia
basin as a result of blockages to fish migration, disconnection of river and floodplain habitats
through the construction of levees or bank revetments, and filling of floodplain channels through
the conversion of lands to agricultural or residential and urban uses. By reducing habitat
capacity, such actions can result in decreased abundance of, and other deleterious effects on,
salmon populations. Similarly, human actions such as logging, development, mining, road
building, and agriculture can degrade habitat quality through various mechanisms. For example,
road building increases sediment supply, and increased sediment can reduce egg-to-fry survival;
removal of riparian vegetation can reduce in-channel stream structure needed for spawning and
rearing, and increase water temperature. Reduced stream flow, as a result of water withdrawals
can lead to reduced survival and productivity (Roni et al. 2013a).

In reviewing available scientific information regarding the best methods for achieving the
benefits needed from tributary habitat improvement, we looked at several lines of evidence,
including the literature on the physical and biological effectiveness of restoration actions in the
Columbia River basin as well as in other parts of the Pacific Northwest or the world, correlation
analyses, and preliminary results from the intensively monitored watersheds® (IMWs) underway

6 See Section 3.1.1.4 Overview of Research, Monitoring, and Evaluation Program for more information about
intensively monitored watersheds.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



RPA Implementation | 3.1 Tributary Habitat | 233

within the Columbia River basin to evaluate the effects of different actions on limiting factors
and on salmon and steelhead survival.

To understand how habitat affects fish, it is helpful to know something about the biological
structure of salmon and steelhead ESUs and DPSs and the range of habitats they occupy. Each
ESU or DPS consists of multiple independent populations that spawn in different watersheds
throughout the ESU/DPS range. Additionally, within an ESU or DPS, independent populations
are organized into larger groups known as MPGs. Major population groups are groups of
populations that share similarities within the ESU or DPS. They are defined on the basis of
genetic, geographic (hydrographic), and habitat considerations (ICTRT 2005).%

3.1.1.3 Scientific Basis of Tributary Habitat Program: Effects of Habitat
Restoration

The outcomes of habitat restoration are well documented and support the basis of the tributary
habitat program. Numerous studies have been published on the physical and biological
effectiveness of restoration actions in the Pacific Northwest and elsewhere. Roni et al. (2002,
2008, 2013a) have reviewed over 400 papers or readily available technical reports on the
effectiveness of habitat restoration actions, including 61 studies published since 2008. The
majority of published evaluations of habitat improvement are from North America (70%), with
most studies from the western United States and Canada (Roni et al. 2013a). In cases where
papers examine restoration efforts outside of the Columbia River basin and the Pacific
Northwest, the techniques used are similar to those used in the Columbia River basin, and in
many cases focus on salmonid fishes (Roni et al. 2013a). The results of these evaluations are
summarized below.

In addition, several long-term studies are underway within the Columbia River basin, including
several IMWs being implemented under the BiOp, to evaluate the effects of different habitat
restoration actions on limiting factors and on salmon and steelhead survival. These efforts are,
however, relatively early in the implementation process, and only preliminary information on the
effects of actions on survival and productivity is available at this time (see Section 3.1.1.4 below
for discussion of preliminary results).

3.1.1.3.1 Effects at Stream Reach Scale

Tributary habitat restoration actions have been well documented to provide benefits to fish at the
stream reach scale.®® Roni et al. (2013a) summarized conclusions from the literature on the
effects of the types of restoration actions used in the BiOp RPA Actions 34 and 35 tributary
habitat program. They found that many studies have reported improvements in physical habitat,

%7 The ESA Section 7(a)(2) standards are applied at the ESU or DPS level, and not at the MPG or population level.
% The term “stream reach” refers to a length of stream between two points. Reaches can be defined for various
purposes. For instance, a reach can refer to a length of stream treated with a particular habitat improvement action,
such as placement of boulders and large wood to improve instream structure. This is contrasted with a watershed,
which refers to the drainage area of a stream or stream system (http://water.usgs.gov/wsc/glossary.html#D).
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particularly at a stream reach scale, for various restoration techniques. While fewer studies have
focused on quantifying biological responses, Roni et al. (2013a) found that studies have shown
reach-scale increases in fish abundance, size, or growth in response to passage improvements,
placement of instream structures, and reconnection of tributary and floodplain habitat.

Some types of actions have been shown to have relatively immediate benefits. Removal of
barriers or installation of fish passage has consistently been reported as effective for increasing
fish numbers. Most studies evaluating the effectiveness of placement of instream structures such
as logs, logjams, cover structure, or boulders and gravel (to increase pool area, habitat
complexity, and spawning habitat) have also shown increased abundance of juvenile salmonids
after treatment.® Studies of off-channel and floodplain habitat restoration have also consistently
shown rapid recolonization of newly accessible habitats by salmonids and other fishes and, in
some cases, have shown improved overwinter survival. Fish rearing in floodplain habitats
created or reconnected following levee removal or setbacks often have higher growth rates than
those in the mainstem. The literature has also shown that increases in base stream flow lead to
increases in fish and macroinvertebrate production, with responses most dramatic in stream
reaches that were previously dewatered or too warm to support fish due to water withdrawals
(Roni et al. 2013a). For example, while data are not published, ongoing studies in the Lembhi
River show increased spawner and juvenile fish numbers following restoration of instream flows
in tributaries (Roni et al. 2013a). Studies have also shown rapid recolonization of stream habitats
modified by reintroduced beaver. Recent studies have also shown that “beaver support
structures,” such as those constructed on Bridge Creek in the John Day watershed, can lead to
construction of beaver dams and aggradation of incised channels (Pollock et al. 2012 and
DeVries et al. 2012, cited in Roni et al. 2013a). Unpublished evidence from Bridge Creek also
indicates improvements in juvenile steelhead abundance and survival following placement of
beaver enhancement structures (Roni et al. 2013a).

Most monitoring of screening projects is compliance monitoring rather than effectiveness
monitoring, focusing on whether installing or upgrading screens has reduced entrainment of fish
into irrigation or water withdrawal systems. A modeling study in the Lemhi basin, however,
suggests that the screening of most diversions encountered by Chinook salmon in that basin has
potentially reduced mortality due to entrainment from 71.1% to 1.9% (Walters et al. 2012, cited
in Roni et al. 2013a).

Riparian treatments and restoration of the riparian zone, including riparian planting, fencing, and
removal of invasive species, lead to increased shade and bank stability, reduced fine sediment
and water temperature, and improved water quality and are often critical to the success of other
project types (e.g., projects to restore instream structure or floodplain function). Their effects,
however, are less direct or occur over a longer term. Monitoring of riparian planting has focused

% The lack of a response or small decrease in abundance reported in some studies is large because watershed
processes (e.g., sediment, water quality, etc.) were not addressed, monitoring had not occurred long enough to show
results, or the treatments resulted in little change in physical habitat (Roni et al. 2013a).
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on survival of plantings and has included monitoring of several BPA-funded projects, which
generally has shown relatively high survival rates of plantings and increases in shade in the first
few years following planting. Few studies have examined the response of instream habitat or fish
to riparian planting or thinning, in part because of the long period between planting and change
in channel conditions or delivery of large wood. A few short-term studies have examined the
response of fish or other instream biota to various riparian treatments and have produced variable
results; however, response in the project area may be limited since most riparian treatments
influence reach-scale conditions and processes while in-channel conditions are generally more
affected by upstream or watershed-scale features (Roni et al. 2013a).

Similar to riparian planting, studies examining the removal of invasive vegetation have focused
on the short-term response of vegetation changes. Roni et al. (2013a) found no published studies
that examined the effects on channel conditions or fish and aquatic biota. They note that the
success of projects to remove invasive species is highly dependent on the species in question,
local site conditions, and follow-up maintenance.

The effectiveness of riparian fencing to exclude livestock and of rest-rotation grazing (in which
livestock are excluded from certain areas for specific periods) has been the subject of several
studies. Improvements in riparian vegetation, bank erosion, channel width, depth, width to depth
ratios, and fine sediment levels have been well documented in most, particularly for complete
livestock exclusion. Fish response to rest-rotation grazing systems has been highly variable
(Roni et al. 2013a).

Efforts to reduce sediment delivery to streams fall into two major categories: road restoration or
modifications and agricultural treatments to reduce sediment. Most evaluations of road
treatments have focused on physical monitoring of landslides, fine sediment, and runoff. Little
monitoring has been done to examine fish or other biota response to road treatments. Likewise,
while the impacts of agricultural practices on streams and water quality have been well
documented, relatively little information exists on the effectiveness of different agricultural
practices in reducing fine sediment and improving salmon habitat (Roni et al. 2013a).

Studies examining changes in salmon or steelhead survival are much less numerous, in part
because directly measuring survival is complex. Of the nearly 400 studies that Roni et al.
(2013a) examined, 19 reported on changes in survival, rather than changes in fish numbers,
density, size, or growth. The studies that document survival benefits focused on treatments that
create or reconnect ponds or side channels and improve instream habitat. Of the 19 studies that
Roni et al. (2013a) evaluated, about 13 suggested that survival improved post-restoration or was
equivalent to that found in high-quality reference sites. Roni et al. (2013a) concluded that, in
general, it appears that floodplain creation or reconnection leads to survival rates for coho and
Chinook salmon that are equivalent to that found in natural floodplain habitats. They note that
several researchers have determined that placement of large wood and instream structures can
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lead to increased survival for salmon and trout (Roni et al. 2013a).”° Roni et al. (2013a) also note
that studies have found that improvement of spawning habitat through the addition of gravel or
of gravel retention structures appears to lead to some improvements in egg-to-fry survival for
salmon and trout.

3.1.1.3.2 Effects at Watershed or Population Scale

Establishing relationships between habitat improvement and fish response at the watershed or
population scale is also complex. For example, if there are 20 stream reaches in a watershed and
only two are treated with restoration actions, the overall signal in the watershed would likely still
be dominated by the untreated reaches. This makes detecting a change difficult, and researchers
must look for situations where they can treat enough of a watershed to measure an effect. For this
reason, completed population-scale assessments of the effectiveness of restoration actions are
rare, although this scale is most meaningful for understanding relationships between habitat
improvement and fish population response. The simplest such studies are of barrier removals,
and a number of studies show dramatic population-level responses to re-opening access to large
amounts of habitat (Roni et al. 2013a). These studies clearly indicate that where habitat capacity
has been reduced, restoring lost capacity results in relatively large and rapid population increases
(Roni et al. 2013a). Most of the evidence for increases resulting from restoring lost capacity
comes from areas where downstream survivals are sufficient to allow for replacement (i.e., for
spawner-to-recruit ratios of at least 1:1) on average over a period of years. In the Columbia River
basin, for some ESUs and DPSs, this is not necessarily the case, and achieving “large and rapid”
population increases from restoring capacity may also require improving survivals in other life
stages.

Of studies looking at other types of restoration actions, Roni et al. (2013a) consider Solazzi et al.
(2000) the most robust to date. Solazzi et al. (2000) demonstrated that creation of winter rearing
habitat increased winter survival for coho salmon as well as the number of smolts leaving the
stream in spring. In these experiments, construction of wood-formed pools and excavated
alcoves increased winter rearing area by roughly 700%, and overwinter survival and number of
smolts increased by about 200%.

For another study in the Strait of Juan de Fuca IMW in northwestern Washington, although the
population abundance analyses have not yet been completed, early results show that increased
pool area due to restoration activities may have increased coho salmon survival in the treated
watershed (Roni et al. unpublished, cited in Roni et al. 2013a).”"

7 Most of the evidence on which this conclusion is based was for coho salmon.

' As noted above (Section 3.1.1.3), several long-term studies are underway within the Columbia River basin,
including several IMWs being implemented under the BiOp, to evaluate the effects of different habitat restoration
actions on limiting factors and on salmon and steelhead survival. These efforts are relatively early in the
implementation process, and only preliminary information on the effects of actions on survival and productivity is
available at this time (see Section 3.1.1.4).
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3.1.1.3.3 Correlation Analyses

Correlation analyses are another way to examine relationships between habitat quality and fish
abundance. These analyses do not prove cause and effect, but they do provide associations and
linkages that are helpful in evaluating whether multiple habitat improvements gain enough
cumulative influence to have a positive effect on entire populations or species. The results of
these analyses demonstrate that protected lands, high-quality stream habitat, and habitat
improvement actions such as those proceeding under the 2008 BiOp are associated with
significantly higher juvenile fish survival (BPA and USBR 2013a).

Paulsen and Fisher (2001, cited in BPA and USBR 2013a) compared the survival of fish from 20
different watersheds, each with different land-use characteristics, to evaluate relationships
between the parr-to-smolt survival of wild SR spring/summer Chinook salmon and two indices
of land use: mean road density and land use classifications such as agricultural or wilderness.
The study found that fish from areas of reduced human development survived at a higher rate
than those from areas of more intensive land use.

In another correlation analysis, Paulsen and Fisher (2005, cited in BPA and USBR 2013a) found
that habitat improvements accounted for significantly higher survival for fish from areas with the
most actions. This evidence emerged from the analysis of data from 33 wild juvenile fish tagging
sites in the Snake River basin. The study compared the proportion of fish from each site that
survived to reach Lower Granite Dam, the first dam they would pass on their migration to the
ocean. Paulsen and Fisher correlated survival with numbers of the kind of habitat improvements
they considered most likely to affect juvenile salmon survival. The analysis showed that juvenile
fish from areas with large numbers of habitat actions survived at as much as 20% higher rates
compared with those from areas with fewer actions. The authors concluded that if the
relationship between habitat and fish survival was indeed causal, substantial increases in juvenile
survival rates might be feasible for many of the stocks considered in the analysis (BPA and
USBR 2013a).

In 2011, Paulsen and Fisher updated their 2005 analysis with new data through 2009 and found
that the same relationships held true. They also expanded the analysis to detect relationships
between habitat improvements and the number of juvenile fish that survive to return as adults.
They found that the influence of habitat improvements carried through to adulthood, and that fish
from areas with the most habitat actions survived their downstream migration and years at sea
and returned as adults at a higher rate than those from areas with fewer actions (Paulsen and
Fisher, unpublished manuscript, 2011, cited in BPA and USBR 2013a). The results of this study
indicate that large numbers of habitat improvements such as those underway through the BiOp
may benefit salmon not only in their early life as juveniles, but also through their return to
spawning streams as adults (BPA and USBR 2013a).

Other correlations appeared to explain the relationship between habitat actions and increased
survival. Relatively higher numbers of habitat actions were associated with larger juvenile fish,
suggesting that fish rearing in streams with more habitat improvements grow faster and begin
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their migration downstream earlier. Larger fish that begin the trip to the ocean sooner were, in
turn, more likely to survive their trip down the river and their years in the ocean to return as
adults (Paulsen and Fisher, unpublished manuscript, 2011, cited in BPA and USBR 2013a).

Other analyses (McHugh et al. 2004; Budy and Schaller 2007, cited in BPA and USBR 2013a)
modeled the potential for habitat improvements to benefit Snake River salmon populations. Budy
and Schaller (2007) found potential for an average 104% potential increase in total life cycle
survival from tributary habitat improvements, but concluded that was not enough—in the
absence of survival increases in other parts of the life cycle—to ensure the viability of most
populations. They noted that the analysis considered only physical factors associated with stream
degradation that influence temperature and substrate, excluding factors such as irrigation
diversions and exotic species. Still, the finding underscores the purpose of the All-H, life-cycle
approach to salmon protection that includes major improvements and performance standards at
dams. The authors noted that all populations are at risk of habitat degradation and that access to
adequate habitat has likely kept some populations from going extinct. They suggested that
similar modeling could help focus habitat actions on populations where they will make the most
difference.

Another analysis by Roni et al. (2010, cited in BPA and USBR 2013a) used results from
evaluations of habitat actions in western Washington and Oregon to predict how different
concentrations of restoration actions would affect juvenile coho salmon and steelhead in the
Puget Sound basin. The results generally agreed with other estimates of how habitat
improvements increased fish numbers. Simulations by Roni et al. showed that habitat restoration
across a watershed could considerably increase juvenile fish numbers, which is generally
consistent with the findings of Paulsen and Fisher (2005). Roni et al. concluded that about 20%
of floodplain and in-channel habitat would have to be restored to produce a 25% increase in
juvenile fish—the minimum increase considered detectable under most monitoring programs—
and that additional habitat improvements would provide greater certainty of a detectable increase
in fish numbers.

3.1.1.4 Preliminary Results from the RPA Tributary Habitat Monitoring Program

Although large-scale studies and reviews have provided evidence for the benefits of habitat
improvement, they have consistently called for more detailed and long-term research to further
our understanding of the mechanics of fish—habitat relationships and, in turn, to better inform and
guide the planning and execution of future habitat improvement actions (BPA and USBR 2013a).
Under the 2008 BiOp and the FCRPS AMIP (adopted as part of the 2008 BiOp and its 2010
Supplement, see Section 1.1), the Action Agencies are implementing an extensive tributary
habitat monitoring program (under RPA Actions 56 and 57), paired with fish population status
monitoring (under RPA Action 50), to define the benefits of habitat improvements (2008/2010
BiOps, AMIP). This RME program is part of an adaptive management approach designed to
inform and shape future habitat actions so they deliver increasingly meaningful and cost-
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effective results (BPA and USBR 2013a). The program is described briefly below (and in more
detail in the 2013 CE, BPA 2013b, and BPA and USBR 2013a). While data from the program
are still preliminary, the habitat status and trend data and paired fish status monitoring results
have added to our knowledge regarding important relationships between habitat treatments and
effects on fish.

3.1.1.4.1 Overview of the Tributary Habitat Research, Monitoring, and Evaluation Program
Monitoring to evaluate fish response to the aggregate effects of multiple habitat actions at the
watershed or population scale is underway through the use of IMWs that undergo detailed
monitoring and tracking of adult and juvenile fish. Intensively monitored watersheds may test
specific hypotheses through before-after—control-impact experiments, which monitor stream
reaches before and after habitat-improvement actions are implemented, so that results between
reaches with improvements and reaches without improvements can be compared (Bilby et al.
2004). The use of comparisons can help researchers more clearly gauge the benefits of habitat
improvements. Researchers examine and analyze the data for evidence of the most important
habitat variables, for the details of how improvement actions can reshape those variables, and for
how future actions might influence fish populations.

Under the BiOp’s Integrated Status and Effectiveness Monitoring Program (ISEMP), IMWs are
underway in the Wenatchee, Entiat, Methow, John Day, and Lemhi rivers. Additional data is
supplied by monitoring conducted under the BiOp using CHaMP, which monitors habitat
conditions at hundreds of sites across the Columbia basin and is strategically paired with
population status monitoring (BPA and USBR 2013a; BPA 2013b). In addition to the ISEMP
and CHaMP programs, three IMWs funded by NOAA Fisheries to support the BiOp are
underway in Asotin Creek, the Upper Middle Fork John Day River, and the Potlatch River. A
number of other IMWs or similar, watershed-level action-effectiveness monitoring projects,
funded by state and other funding sources, are underway in the Columbia basin and in Puget
Sound and coastal watersheds. Information from all of these sources can be used to inform
implementation of the BiOp.

Such programs must have robust experimental design, including data of sufficient size, duration,
and spatial scale and resolution, to detect change despite environmental variation (i.e., the
designs must have sufficient statistical power). Otherwise, for example, a positive change in
habitat could result in an increase in juvenile abundance, but could go undetected without an
adequate level of accuracy and precision in estimating fish abundance. For this reason, adult and
juvenile status and trend monitoring (under RPA Action 50) in IMWs, and in additional
watersheds being monitored under the CHaMP, has been a key element in pairing “fish in/fish
out” numbers with the overall status of habitat in a watershed.

Habitat status and trends monitoring, paired with adult and juvenile status and trend monitoring,
will be maintained and expanded to continue to support RPA RME requirements (see additional
discussion in Section 3.1.1.8.3). Habitat status and trends monitoring sites paired with fish
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monitoring will be distributed across the Columbia basin such that at least one population per
MPG is monitored for both habitat and fish abundance. The intent is to obtain sufficient data to
calibrate mathematical models simulating the overall effects of habitat improvement on changes
in habitat condition and, in turn, the effects of changes in habitat condition on fish abundance
and productivity within each MPG and each ESU or DPS within the interior Columbia basin.
The models would provide information on change in habitat and fish population status for many
of the watersheds where RPA Action 35, Table 5, identified major habitat quality improvement
(and corresponding survival improvement) needs. Over time, these data would augment the
analytical approaches used to evaluate changes in habitat condition and fish population response
by providing quantitative data for specific watersheds and for extrapolation to other
watersheds.”? The information would also help detect trends in habitat condition over broader
geographic scales, including effects of climate change.

In addition to monitoring designed to detect changes at the watershed and fish population level,
research and monitoring of specific actions (under RPA Action 73) or limited reaches is also
under way. Such efforts operate under more controlled conditions with fewer variables and can
more clearly expose the relationships between actions and results. The monitoring can take
different forms, from basic implementation monitoring that determines whether actions have
been completed properly and are functioning as anticipated, to experiments that compare the
results of specific habitat actions to control areas that are left alone (BPA and USBR 2013a).

3.1.1.4.2 Preliminary Results

Data from the 2008 BiOp RME program are preliminary but appear to be supportive of the
working hypothesis that implementation of tributary habitat improvement actions under RPA
Actions 34 and 35 is contributing to improvements in fish population abundance and
productivity. Example results are noted below. For a more extensive summary of preliminary
results, see BPA and USBR (2013a):

In the Entiat River, an IMW is being used to assess whether engineered log
structures added to streams, channels, and other habitat improvements increase
habitat complexity and diversity enough to produce a population-level increase in
salmon abundance or productivity. Preliminary findings include increased
numbers of pools and greater densities of juvenile Chinook and steelhead in pools
created by the log structures during early summer (Dretke et al. 2012, cited in
BPA and USBR 2013a).

The Methow River IMW design focuses on how actions influence habitat over a
watershed scale to increase available food supply to salmonids. The design
strategy uses models to guide the planning of field work as well as to support
analysis. The effects of habitat actions on fish growth rates and survival will be

"2 For a more detailed discussion of methods currently used to evaluate changes in habitat and fish population
response, see the 2007 CA, Appendix C, and Sections 3.1.1.6 and 3.1.1.7 below.
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placed in the context of a full life-cycle model (USBR 2013). An analysis of
recent smolts-per-redd data indicates that freshwater habitat is limiting juvenile
salmon. Two monitoring studies conducted under the RPA have shown positive
trends in fish abundance as a result of habitat improvement actions. An extensive
monitoring effort in Beaver Creek (Weigel et al. 2013) after a fish barrier was
removed has demonstrated recolonization by wild steelhead spawners above the
barrier. Monitoring of a levee removal and side channel reconstruction project at
Elbow Coulee in the Twisp River shows an increased abundance of listed spring
Chinook and steelhead (Crandall 2009; Kozakiewicz 2013a, 2013b). Results of
these and other actions will be analyzed for watershed-level effects.

In the Upper Middle Fork John Day watershed, steelhead spawner abundance
increased in the treatment area from 2008 to 2011 (primary actions included re-
meandering and placement of wood revetments to provide bank stability and
reduce sediment loading) compared to abundance in the South Fork of the John
Day, which is the control watershed (Abraham and Curry 2012). Further
monitoring may more clearly indicate whether the increases result from the
restoration actions.

Habitat in the Bridge Creek watershed in the John Day subbasin has been
degraded by erosion, channel incision, development, and other factors, resulting
in higher water temperatures and loss of spawning and rearing habitat. Studies
have shown that stabilizing a large proportion of beaver dams in the watershed
has led to positive results for habitat and for fish. Relatively rapid changes in the
stream channel and riparian vegetation considered favorable for fish have been
documented since the dams were stabilized. Deposition increased in the treated
reaches as the incised streambed began to recover and the stream began to regain
access to its floodplain. The depth, frequency, and percentage of pools increased
compared to the untreated control area, indicating that water velocity in the creek
was slowing and that the stream channel was evolving into more complex and
favorable habitat for fish. Fish populations also showed changes, with steelhead
abundance in the treated reaches steadily rising above that in the control reaches
in the years following the treatment. Fish survival also improved: steelhead
survival had been higher in the control area preceding the treatment, but after
treatment, survival in the treated reaches was higher than in the control area. The
area and timing of the fish response suggests that the improvements in survival
and abundance were the result of habitat improvements (Bouwes 2012).

Yakama Nation biologists have conducted habitat surveys in the Klickitat River
watershed using a new rapid aquatic-habitat survey methodology to provide
information on status and trends in habitat conditions and to monitor the
effectiveness of habitat projects. Habitat surveys in the upper Klickitat River
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focused on reaches with planned habitat improvements; pre-project surveys were
completed in two reaches, and post-project surveys were also completed in one of
those two reaches. In the reach with both pre- and post-project data, habitat
complexity increased, pool frequency more than tripled, residual pool depths
increased slightly, density of large wood not in log-jams remained similar, and
large-wood jams more than doubled from pre-to post-project (Zendt et al. 2013).

Overall, these site-specific and large-scale studies are confirming the scientific basis for
protecting and improving habitat to promote salmon and steelhead survival and abundance. The
evidence comes not from a single study but rather from the increasing weight of the literature,
supported by preliminary data from monitoring at various spatial scales, and emerging results of
experimental studies in the Columbia River basin. The preliminary results from the RME
program also provide confidence that the program can detect and gauge improvements in habitat
conditions and fish populations.

Research is establishing relationships between habitat quality and fish survival and is identifying
the factors that most influence juvenile salmon and steelhead productivity. An understanding of
those relationships, combined with detailed watershed and population assessments, is helping
biologists and managers target the most critical habitat issues and more accurately estimate the
benefits for fish. This in turn is helping the Action Agencies better focus the location, types, and
distribution of tributary habitat improvement actions to achieve greater benefits. The above
information supplements the information summarized in the 2007 CA, Appendix C, and in the
2008 and 2010 BiOps, and further supports the efficacy of the tributary habitat program.

3.1.1.5 Feasibility of Achieving Survival Improvements

In addition to describing the theoretical and empirical support for the RPA tributary habitat
program in the 2008 and 2010 BiOps, NOAA Fisheries discussed the feasibility of meeting the
specific HQI performance standards, and their associated survival improvements, identified in
Table 5 of RPA Action 35, noting that the performance standards were within the range of
potential survival benefits identified in already completed or developing recovery plans (2008
BiOp, Section 7.2.2).

The Action Agencies have further demonstrated the feasibility of meeting the HQI performance
standards by estimating the benefits of habitat improvement actions implemented through 2011
or identified for implementation through 2018. Their analysis, using results from expert panel
evaluations and other methods developed through the collaborative BiOp remand process,
indicates that implementation of actions through 2011 was sufficient to meet or exceed the HQI
performance standards for 35 of the 56 populations in Table 5 of RPA Action 35.”"* For the

3 The HQI performance standards for these populations were generally small (less than 5%), with the exception of
the Lemhi spring Chinook, Pahsimeroi spring Chinook, and Pahsimeroi steelhead populations.
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remaining 21 populations, the Action Agencies worked with local partners to identify actions for
implementation through 2018. In 2012 they convened expert panels to evaluate the changes in
limiting factors that implementation of these actions would be projected to achieve. Using the
methods described below (see Sections 3.1.1.6 and 3.1.1.7; also see Section 3.1.2.2 for more
detail on the Action Agencies’ 2012 process), the Action Agencies converted the expert panel
results to the HQI and associated survival improvement expected from implementation of those
actions.” Their analysis indicates that implementation of the actions evaluated would meet or
exceed the HQI performance standard for all but one population in Table 5 of RPA Action 35.
For the one exception, the Catherine Creek spring Chinook salmon population, the Action
Agencies have outlined a strategy for selecting additional actions that is reasonably certain to
achieve the HQI performance standard.

This further demonstrates that the habitat response potential exists to meet the HQI performance
standards. In addition, as discussed in Section 3.1.2.2, the Action Agencies have established
momentum in the tributary habitat program, developed institutional capacity and local
relationships, and demonstrated the ability to implement the needed actions by the end of 2018.
They have implemented actions sufficient to achieve or exceed, or that demonstrate significant
progress toward achieving, the HQI performance standards for most of the RPA Action 35, Table
5 populations. Finally, they have outlined plans for implementing the program in an adaptive
management context to achieve the HQI performance standards for all the RPA Action 35, Table
5 populations (2013 CE).

Some comments received on the draft Supplemental Opinion, indicated an expectation that the
Action Agencies and NOAA Fisheries would, by the end of 2018, be able to demonstrate
through empirical data (for example, on egg to smolt survival or fish—habitat relationships)
whether the changes in habitat function, and associated survival improvements, identified in
RPA Action 35, Table 5, had occurred. This expectation represents a misinterpretation of the
temporal considerations in this Supplemental Opinion analysis.

NOAA Fisheries’ expectations are that by 2018 the Action Agencies will have implemented
tributary habitat improvement actions that, based on analysis using the methods described below
in Sections 3.1.1.6 through 3.1.1.8, are projected to meet the RPA Action 35, Table 5, HQI
performance standards and associated survival improvements; that they will have implemented
an RME program consistent with the RPA; that they will have evaluated and incorporated, as
appropriate, data from the RME program into tributary habitat analytical methods; and that they
will have considered and utilized new tools, such as habitat assessments and life-cycle modeling,
as appropriate. Preliminary RME data, as it becomes available, will also allow the Action

™ Note that there are actually 58 “populations” listed in Table 5 of RPA Action 35; however, the Joseph Creek (OR)
and Joseph Creek (WA) populations are considered a single population, parts of which are managed by two states,
and there is no target for the Hells Canyon steelhead population—so there are 56 populations with targets.

> As also discussed below, in Section 3.1.2.2,for some actions identified and evaluated after the 2012 expert panels
had met, the Action Agencies did a preliminary evaluation of benefits; benefits for these projects will be reevaluted
by the expert panels when they are next convened.
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Agencies and NOAA Fisheries to confirm or modify assumptions and evaluate needs for
additional or alternative actions. Preliminary RME results related to action effectiveness and
fish—habitat relationships appear to be confirming that implementation of tributary habitat
improvement actions under RPA Actions 34 and 35 is contributing to improvements in fish
population abundance and productivity (see Section 3.1.1.4.2, above, and Sections 3.1.2.3.
through 3.1.2.7, below), but more data are needed to determine with statistical significance
whether changes in habitat status and trends and corresponding changes in fish production are
occurring.

To expect empirical validation of habitat quality or survival improvements by 2018 is unrealistic.
First, implementation of habitat improvement actions is not date certain, due to factors including
weather conditions, permitting delays, and the logistics of coordinating construction projects
with contractors. Habitat improvement actions will be implemented sometime before the end of
2018, but the exact date of implementation of some actions is uncertain. Also, depending on the
type of tributary habitat improvement action, there may be a lag between completion of the
action and the projected change in habitat function: for example, riparian treatments and
restoration of the riparian zone, including tree planting, fencing, and removal of invasive species,
may take years to achieve their full benefits. This will result in a lag in any corresponding
survival change for the affected life stage (i.e., egg-to-smolt survival). Even after the life-stage
survival change occurs, it may not be immediately detectable because of natural variability in
abundance and productivity. Additionally, as described above in the overview of the habitat
RME program (see Section 3.1.1.4.1), life-stage survival is not being monitored for every
population and every tributary, but rather through representative studies that will be applied to
other populations through a modeling framework. Finally, there will be an additional lag in
detection of corresponding changes in the 2008 BiOp’s life-cycle metrics for the reasons
described above in Section 2.1.1.1.17° (e.g., 3- to 5-year lag in completing brood-cycle returns
that reflect an earlier life stage survival change, the need for several years of new observations to
modify a 25-year or more average). Thus, NOAA Fisheries will use the best available estimates
of habitat benefits and survival changes (see Sections 3.1.1.6 through 3.1.1.8 below), coupled
with the RME program, to support our confidence in the effects of the tributary habitat program.

7% See Section 2.1.1.1, How are Base Period metrics adjusted to reflect survival changes? and How does NOAA
Fisheries evaluate whether the extended Base Period estimates have changed from the 2008 BiOp’s Base Period
estimates—Other considerations.
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3.1.1.6 Methods for Estimating Habitat Benefits

In this section, we describe the use of expert panels in conservation science generally and then
the use of expert panels by the Action Agencies, including the method used by the panels to
estimate benefits of tributary habitat improvement actions, the qualifications of expert panel
members, and their use of best available science and information.

In compliance with RPA Action 35 in the 2008 BiOp, the Action Agencies convened expert
panels, in collaboration with regional partners, to identify and weight the significance of
tributary habitat limiting factors and to evaluate the change in limiting factor function that would
be expected at the population scale from completed and proposed actions, using methods
consistent with the CHW recommendations. The Action Agencies worked with regional partners
to convene seven panels to evaluate actions, initially for all Table 5 populations they had
designated as priority populations, grouped in the following geographic areas:

Upper Columbia River

Lower Snake River

Lower Grande Ronde, Wallowa, and Imnaha rivers
Upper Grande Ronde River

Lower Salmon River

Upper Salmon River

Clearwater River

The expert panels also evaluated actions affecting the other RPA Action 35, Table 5 populations
that occurred in these geographic areas.”’ The Upper Columbia River expert panel addressed the
UCR spring Chinook ESU and the UCR steelhead DPS. The six other expert panels addressed
populations within the SR spring/summer Chinook ESU and the SR steelhead DPS (2013 CE,
Section 1). The panels met in 2007, 2009, and 2012, and will be convened again during the
term of the BiOp,” to collaboratively evaluate limiting factors and the changes to limiting
factors expected to result from implementation of habitat improvement actions (BPA and USBR
2013b). Panels evaluate changes to limiting factor function expected to result from actions
proposed for implementation, and then retrospectively evaluate actions once they have been
implemented to capture any changes in proposed actions or in knowledge regarding action
effects (Milstein et al. 2013, Appendix C; also see 2013 CE, Appendix D).

7 There is no expert panel in the geographic range of the MCR Steelhead DPS; HQIs and corresponding survival
improvements for populations in that DPS were evaluated using the so-called Appendix E method. In addition, the
Appendix E method was used for some populations up until 2009, when it was replaced by the CHW method (see
Section 3.1.1.1).

™ The Action Agencies convened expert panels in 2007 to evaluate actions identified in their 2007 biological
assessment (BA) for implementation in 2007-2009.

7 The dates for the next round of expert panel workshops will be determined by the Action Agencies, in
coordination with NOAA Fisheries, to ensure that recommendations for improving the panel process are adequately
addressed.
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3.1.1.6.1 Use of Expert Opinion in Conservation Science

Expert opinions are judgments used as a form of scientific evidence, in contrast to evidence
derived from direct empirical observation or to model driven extrapolation based on empirical
evidence. Expert knowledge is used widely in conservation science, particularly where data are
scarce, problems are complex, and decisions are needed in a short time frame (Martin et al.
2012).

Marcot et al. (2012) note numerous natural resource modeling, management, planning, and
impact assessment processes that have used expert opinion. Examples include evaluation of a
habitat model for elk; development of faunal distribution models; modeling of the potential
occurrence of rare species; evaluation of adaptive management options; development of
computer programs for advising on species and habitat conservation; predicting extinction
probabilities of marine fishes; evaluating effects of land use on biodiversity; and evaluating the
conservation status of rivers.

One critical step in eliciting expert opinion is the solicitation and representation of expert
knowledge in a reliable, rigorous, and unbiased fashion, especially from multiple experts. One
major approach to this involves conducting expert panels. Expert panels as a means of eliciting
expert opinion have been used extensively by natural resource and land management agencies
for a wide variety of problems, including evaluating potential effects on species viability from an
array of forest and land management planning options; determining the appropriate conservation
status for a wide variety of potentially at-risk species under the Northwest Forest Plan; and
developing a management plan for a national forest in Alaska (Marcot et al. 2012).

3.1.1.6.2 Qualifications of Expert Panel Members

Expert panel members for the FCRPS tributary habitat program are highly qualified for the task
they carry out. Membership varies by location but in general includes technical staff from
Federal natural resource agencies, tribes, state resource management agencies, salmon recovery
boards and their technical teams, soil and water conservation districts, non-profit groups, and
private consultants. They are trained in disciplines including biology, hydrology, and
engineering, and have direct knowledge of watershed processes, habitat conditions, and fish
populations in the particular area being evaluated (BPA and USBR 2013b). Many have been
involved in or are intimately familiar with habitat assessments and analysis conducted as part of
the NPCC’s subbasin planning process, NOAA Fisheries” ESA recovery planning process, other
assessment work, and RME results.

Names of attendees at expert panel meetings are posted on the website maintained by
Reclamation as a resource for the expert panels.® This includes both expert panel members and
observers, or ad hoc participants in meetings.

8 hitp://www.usbr.gov/pn/ferps/habitat/panels/meetings/index.html
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3.1.1.6.3 Method and Rationale for Biological Opinion Expert Panel Decisions

The expert panel method, which is consistent with guidance developed by the CHW, represents a
cause-and-effect chain of events that links the completion of habitat improvement actions to
changes in habitat functions. As discussed above in Section 3.1.1.3, there is a sound scientific
foundation for this cause-and-effect chain. To predict the magnitude of those changes, it is first
necessary to predict how habitat improvement actions will change habitat. To make those
predictions, the CHW developed an approach that involves using expert opinion and empirical
data when available. That recommendation was based on the fact that empirical data were not
available everywhere for use in predicting changes in habitat as a result of implementing
improvement actions (2007 CA, Appendix C, Attachment C-1).

The CHW method that the Action Agencies have adopted for predicting changes in habitat
function that will result from implementation of habitat improvement actions involves the
following steps (2007 CA, Appendix C, Attachment C-1; Milstein et al. 2013, Appendix C; 2013
CE, Appendix D, Attachment 3):

1. Identify and weight assessment units within each population. Assessment units
are subareas of a population’s freshwater habitat that share similar geography and
limiting factors. This unit of analysis is useful because it recognizes important
variation of habitat conditions within the population and makes the population-level
analysis more sensitive to and reflective of that diversity. Because some assessment
units have greater intrinsic productive potential than others, they are weighted to
reflect their influence within a population. Expert panels define and weight the
assessment units based on an intrinsic-potential analysis by the Interior Columbia
Technical Recovery Team (ICTRT 2007b, Appendix C) and other available
information, including recovery plans and subbasin plans. Expert panels can adjust
assessment unit weights based on new information. For example, in certain cases, the
expert panels adjusted relative assessment unit weight to better align with current
habitat use, so as not to overestimate the influence of some assessment units that
historically were productive but currently are underutilized.

2. Identify limiting factors. Tributary habitat limiting factors are the habitat
characteristics that negatively affect spawning, redds (nests of fish eggs), emergence
of salmon fry from eggs, summer and winter juvenile fish growth and rearing, and
smolting of salmon and steelhead in tributaries to the mainstem of the Columbia and
Snake rivers. Examples of these limiting factors are lack of instream structural
complexity, decreased water quantity, impaired side channel and wetland conditions,
and high water temperature. Limiting factors may differ in different parts of each
tributary. As part of the pre-work for the expert panels, the Action Agencies
assembled limiting factors information for each assessment unit, using recovery plans
or draft recovery plans where available, as well as NPCC subbasin plans and other
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available information. Expert panels confirmed the identification of limiting factors
for each assessment unit.

3. Identify limiting factor function. Expert panels assign numbers between zero and
one to represent limiting factor function relative to properly functioning condition in
several timeframes.®' Low values indicate relatively poorer condition; higher values
indicate conditions closer to proper function. The score that describes the current
function of a limiting factor is referred to as the “low bookend.” Two additional
values—referred to as “high bookends”— describe the potential function of each
limiting factor by 2018 (the end of the 2008 BiOp) and by 2033 (25 years after the
end of the 2008 FCRPS BiOp), assuming implementation of all technically feasible
habitat improvement actions within the term of the 2008 BiOp. The high bookends
indicate the potential for improvement in function of a limiting factor relative to its
current function (i.e., its low bookend). Consistent with the CHW recommendations,
the expert panels assigned these values based on best available information, including
model results and empirical data where available, as well as on their best professional
judgment.

4. Identify limiting factor weights. The relative influence of some limiting factors on
salmon or steelhead productivity can vary among assessment units as a function of
the particular combinations of habitat conditions. As a result, some limiting factors in
each assessment may affect salmon and steelhead productivity more than others.
Expert panels weight limiting factors to recognize the relative importance of each in
each assessment unit by assigning a weight between zero and one to each limiting
factor. The sum of all limiting factor weights for an assessment unit must equal one.
For example, an expert panel might assign a weight of 0.6 to streamflow, 0.2 to
riparian condition, and 0.2 to instream channel complexity if streamflow has a greater
relative effect on conditions for salmon and steelhead than the other two factors.

5. Evaluate changes in limiting factor status resulting from completed and planned
actions. Panels evaluate the change in each limiting factor associated with a group of
habitat actions that affect that limiting factor in each assessment unit. Consistent with
the CHW recommendations, the expert panels estimated these changes based on best
available empirical, modeling, and assessment information as well as best
professional judgment. Panels evaluate changes to limiting factors expected to result
from actions proposed for implementation and then retrospectively evaluate actions
once they have been implemented to capture any changes in proposed actions or in

81 For a discussion of the term properly functioning condition as used in implementation of the 2008 FCRPS BiOp
tributary habitat program, see Spinazola 2012.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



RPA Implementation | 3.1 Tributary Habitat | 249

knowledge regarding action effects. They estimate changes through 2018 (the end of
the 2008 BiOp) and through 2033 (25 years after the end of the 2008 FCRPS BiOp).*

In making their decisions regarding changes in limiting factor function likely to result
from habitat actions, expert panels consider synergy among actions and the need for
sequencing of actions within a watershed. They also consider the possibility that
future habitat conditions will degrade and that upstream influences may reduce
habitat treatment effectiveness. These kinds of considerations were explicitly
incorporated into guidance for the expert panels on estimating habitat improvement
potential; panels were directed to consider whether the following variables might
cause a substantially lower estimate of the degree of change for each environmental
attribute that can be expected from the entire set of actions:

Any existing estimates from recovery or subbasin plans or other sources
Context and location of actions

Extent of the actions and resulting treatment of limiting factors
Effectiveness of methods used in implementing the actions

Interdependence of limiting factors treated by the actions with other factors and
extent to which these other factors are also treated

Degree of certainty that actions will have the expected effect on limiting
factors

Risk of effects from other threats that would confound or reduce the positive
effects of the actions (Kratz 2008).

Once the expert panels have completed the steps described above, the Action Agencies use the
expert panel results to identify overall changes in habitat quality and corresponding changes in
survival (see Section 3.1.1.7 below).

%2 While expert panels estimate benefits that would accrue within these timeframes, they do not know exactly when
an action will be implemented, and timing of implementation obviously affects exactly when benefits accrue—for
instance, it is unlikely that full benefits of an action implemented in 2016 or 2017 would have accrued by 2018.
Also, as noted elsewhere in this Supplemental Opinion (see, for example, Section 3.1.1.3.1), benefits of some kinds
of actions occur relatively quickly, while for other kinds of actions benefits are less direct or occur over a longer
period. For these reasons, it is most accurate to think of the expert panels’ estimates as providing near-term and
longer-term estimates of change in limiting factor function as a result of implementation of habitat improvement
actions. Also see the discussions in Sections 2.1.1.1.1 and 3.1.1.5 regarding temporal considerations in the analysis
NOAA Fisheries uses in this Supplemental Opinion and the ability to demonstrate empirically whether habitat
function and survival changes have occurred.
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3.1.1.6.4 Use of Best Available Information in Expert Panel Decisions

Expert panel members base their decisions not only on professional expertise and personal
knowledge of habitats in the area, but also on the best available scientific information, including
data on the status of fish runs; subbasin plans developed for the NPCC’s subbasin planning
process; NOAA Fisheries’ ESA recovery plans and draft recovery plans; Reclamation’s tributary
and reach assessments; results of relevant research and monitoring; and other sources (including
modeling such as Ecosystem Diagnostic and Treatment modeling, where it has been developed
for the populations in question) (2013 CE; BPA & USBR 2013b).

To make a core set of information readily available to expert panels, the Action Agencies
developed a website® on which they made background information available to the expert
panels. Information posted includes instructions; maps and graphical tools for use in evaluating
assessment unit boundaries and in identifying and weighting limiting factors; recent monitoring
reports; and the latest scientific information on climate change, invasive species, and toxins. The
website ensures that information is uniformly available among the seven expert panels. The
website also includes meeting agendas, lists of attendees, presentations by the Action Agencies
on the expert panel process, presentations by NOAA’s NWFSC staff on the effects of habitat
actions on different salmonid life history stages, and information from meetings that the Action
Agencies held with regional, state, and tribal partners in preparation for the 2012 expert panel
workshops (2013 CE).

3.1.1.7 Methods for Estimating Survival Benefits

Once they developed a method for estimating changes in habitat condition that would result from
implementation of habitat improvement actions, the CHW needed to determine how to estimate
survival benefits associated with those proposed actions. “Survival benefits” refers to increases
in the proportion of salmon or steelhead surviving from one life stage to another, e.g., from eggs
to fry emerging from eggs, or numbers of juveniles surviving in their overwintering habitat.
These life-stage specific survival benefits can ultimately be reflected in improved productivity at
the population scale. Estimating the relationship between changes in habitat condition and
changes in survival essentially involved characterizing the “shape” of the relationship between
habitat quality (expressed in terms of percent of optimal function) and survival (2007 CA,
Appendix C, Attachment C-1).

The CHW explored a number of options, including existing life-cycle models that could be used
to guide professional judgment. After considering these options, the group decided that the most
transparent approach that could credibly be applied across populations was to use a set of
commonly used empirical relationships that characterize relationships between temperature, fine
sediment, flows, and cover for different juvenile life stages and prespawning adults. These
functions describe the relationship between specific habitat attributes and survival. Combining

8 http://www.usbr.gov/pn/ferps/habitat/panels/reference/index.html
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these functions with professional judgment, the CHW developed a method to translate changes in
habitat into survival changes (2007 CA, Appendix C, Attachment C-1).

To develop this method, the workgroup plotted the available empirical relationships, looking for
a common functional shape among them that could be used to relate survival changes to relative
change in an overall index of habitat function. The group explored several approaches to find this
shape of central tendency among the various empirical relationships. They also compared the
results using the alternative approaches with other modeling results where available. The CHW
collectively agreed that given data currently available, a linear function was the most “realistic”
and should be used to guide professional judgment (a linear relationship means that survival
would be expected to improve at the same rate as habitat quality improves). The linear
relationship provided estimates of survival changes close to Ecosystem Diagnostic and
Treatment modeling results where they were available, and fit well with published literature that
indicates that more intensive and extensive restoration actions result in greater survival benefits
(e.g., Paulsen and Fisher 2001) (2007 CA, Appendix C, Attachment C-1).

To calculate the survival improvements expected to result from implementation of a suite of
actions, the Action Agencies use the output generated by the expert panels as described above in
Section 3.1.1.6: specifically, consistent with the CHW method, they use the expert panels’
estimates of changes in limiting factor function to carry out the following steps (2007 CA,
Appendix C, Attachment C-1; Milstein et al. 2013, Appendix C; 2013 CE, Appendix D,
Attachment 3):

1. Calculate current and updated habitat function for each assessment unit and
population. The Action Agencies multiply limiting factor weight by limiting factor
status (under both current and changed conditions predicted as a result of
implementation of habitat improvement actions through 2018) and sum all limiting
factors to determine an overall habitat function for each assessment unit for both
current and updated conditions.® ® If any limiting factor in an assessment unit was
considered “lethal” (i.e., functioning at less than 20% of properly functioning
condition), the entire assessment unit was not factored in to overall population-level
habitat or survival improvements until the function of all limiting factors in the
assessment unit was above the 20% threshold. The CHW considered multiple
approaches to deriving a composite score for habitat quality and decided that this
approach was the most reasonable. The Action Agencies then sum the estimates for
all assessment units to the population level for both the current and updated habitat
condition to derive population-level habitat condition.

% See Footnote 82, above, regarding nuances related to the timing of changes in habitat function and the ability to
demonstrate empirically whether they have occurred.

% «“Updated conditions” is used here generally to refer to two separate evaluations by the expert panels: the so-called
“look back,” in which the panels evaluate actions as actually implemented and estimate the effects, and the so-called
“look forward,” in which the panels evaluate actions identified for future implementation and estimate their benefits.
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2. Calculate current and updated habitat condition (i.e., survival) for each
population. The Action Agencies then calculate current and updated habitat
condition (i.e., survival) for each population by multiplying the current and updated
habitat function for each population by the slope of the linear egg-to-smolt survival
function developed by the CHW for Chinook salmon and steelhead. The Action
Agencies refer to the resulting survival rate estimate as a “habitat quality index,” or
“habitat quality improvement,” and NOAA Fisheries incorporated the terminology
into the 2008 RPA and in this Supplemental Opinion.

3. Calculate change in population-level survival estimates. The ratio of survival
under the two habitat conditions (current and updated) represents the proportional
change in population survival expected from implementing the habitat improvement
actions. Because the functions for each species are defined as linear, the proportional
changes in habitat condition are equivalent to the proportional changes in survival for
each species. This standardized approach for translating changes in habitat quality
into survival changes eliminates the need to derive specific survival estimates for
each reach and action.

3.1.1.8 Refinements to Tributary Habitat Analytical Methods

As with any science-based analytical approach, NOAA Fisheries and the Action Agencies
intended for the methods used in the tributary habitat program to evolve through learning and
adaptive management, and based on experiences with implementation, acquisition of monitoring
data, new research findings, and improved tools and processes. The Action Agencies have
refined the expert panel process to take advantage of this learning since its inception, and these
refinements will continue. The Action Agencies have also initiated the tributary habitat
monitoring and evaluation program described above and are utilizing preliminary results. In
addition, NOAA Fisheries and the Action Agencies have reviewed relevant new research and are
in the process of developing tributary habitat components for life-cycle models. They will
continue to explore how to incorporate new research, monitoring information, and models in the
expert panel process.

Described below are refinements to date and discussion of how the Action Agencies will
continue to refine the tributary habitat program in the remaining term of the 2008 BiOp. These
refinements demonstrate that the Action Agencies are using, and will continue to use, the best
available science.
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3.1.1.8.1 Refinements to Expert Panels

The Action Agencies have made a number of refinements to the expert panel process as well as
to the process of identifying habitat improvement actions since the 2008 BiOp was completed.
These refinements are largely based on the lessons learned to date from the initial expert panel
reviews and the ongoing RME program. These refinements improve the focus of habitat
improvement actions on the limiting factors and locations that will yield the greatest habitat
quality improvement and associated survival benefit; address knowledge gaps; and improve the
rigor, transparency, consistency, and repeatability of the expert panel process.

These refinements include:

Additional tributary and reach assessments. Tributary and reach assessments
describe the geomorphic and hydraulic processes that influence the success of
potential habitat improvement actions; describe historical conditions and changes
in habitat within the tributaries or reaches covered by the assessments; establish
current conditions for comparison to post-implementation physical and biological
conditions; and identify priority areas for habitat protection and improvement
actions within the studied tributary or reach. Since 2008 the Action Agencies have
completed 20 tributary or reach assessments with input and involvement from
local scientists and other public participants (2013 CE, Section 2 and Appendix
A).¥ Several of the assessments focus on evaluating stream conditions in the
context of landscape control processes and dynamics. Others target improved
spatial mapping of key factors such as stream flows and stream temperatures
across watersheds as a function of natural and anthropogenic factors. Both types
of information are enhancing the expert panels’ understanding of existing habitat
conditions and functions, and the potential for improvement, in the studied
reaches, as well as the Action Agencies’ abilities to target habitat improvement
actions at impaired conditions within the studied tributaries or reaches.

Limiting factor pie charts. The Action Agencies developed maps showing
assessment units within each population and corresponding pie charts depicting
limiting factors for each assessment unit.”’” The maps and pie charts represent the
expert panels’ conclusions regarding limiting factors for each assessment unit
within a population and also reflect data sources such as recovery plans, available
modeling results, the ICTRT’s intrinsic potential analysis, and research. They also
demonstrate the extent to which limiting factors remain to be addressed. These
visual representations are useful in identifying potential actions and in expert
panel workshops. The Action Agencies generated pie charts for use in the 2012
expert panel workshops that documented conclusions from the 2009 expert panel
workshops. These were useful in evaluating potential impacts of actions—for

8 Examples of these assessments are available at http://www.usbr.gov/pn/programs/ferps/thp/index.html
%7 http://www.usbr.gov/pn/ferps/habitat/panels/piemaps/index.html
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example, they could be used to visualize whether an action addressed a highly
weighted limiting factor in a highly weighted assessment unit that had a high
potential for change. The Action Agencies updated the pie charts to reflect the
outcomes of the 2012 expert panel workshops, and these will be available to the
Action Agencies and their implementing partners as they plan, prioritize, and
refine actions for implementation. The NPCC plans to use the maps and pie charts
in future program reviews and to support funding recommendations (2013 CE,
Section 2 and Appendix A).

Use of RME information. The Action Agencies oversee an RME program to
evaluate the effectiveness of implemented actions, inform development of future
actions, and inform understanding of and assumptions about fish—habitat
relationships and the adequacy of tributary habitat improvement actions for
achieving HQIs and associated survival improvements. The Action Agencies
work to incorporate RME information into decision making, administrative
processes, action prioritization, and action implementation. This occurs in various
ways, depending on timing and the level of analysis or data and report
development necessary to share results and preliminary conclusions. For example,
in January 2013 monitoring results for the IMWs and elsewhere were presented at
Reclamation’s annual program meeting for the Columbia/Snake Salmon Recovery
Office. Representatives from the Action Agencies and NOAA’s NWFSC
attended. In March 2013, the Pacific Northwest Aquatic Monitoring Partnership
convened a meeting for presentation and discussion of the most recent results
from Intensively Monitored Watersheds. As this information becomes available,
the Action Agencies and other regional monitoring partners work to ensure it is
shared through professional channels. The Action Agencies endeavor to deliver
updated science and RME findings to partners and stakeholders so that they are
brought to bear on decision processes. Recently, the Action Agencies have
described preliminary RME results in a document titled “Benefits of Tributary
Habitat Improvement in the Columbia River basin; Results of Research,
Monitoring, and Evaluation, 2001-2012” (BPA and USBR 2013a). This report
will support implementation planning, expert panel processes, and action
development, prioritization, and implementation for tributary habitat
improvement actions. Results from 2007-2012 RME are also described in the
2013 CE, Sections 1-3.

Enhancing Action Agency organizational capacity. The Action Agencies have
hired staff with expertise in fish biology, geomorphology, geology, hydrology,
environmental compliance and cultural resources, and hydraulic engineering and
modeling to participate in local planning processes and other efforts to develop
products that enhance implementation of the tributary habitat program. These
staff members contribute to the planning, prioritization, and selection discourse
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that precedes action implementation, and to the evaluation of whether actions
function as intended after they are completed. These evaluations in turn contribute
to adaptive management, allowing local partners and the Action Agencies to
identify and correct for unanticipated deficiencies or make improvements to
existing and future actions (2013 CE, Section 2 and Appendix A).

Ensuring availability of information. As described above in Section 3.1.1.6.4,
the Action Agencies developed a website®® to make a core set of information
readily available to the expert panels (2013 CE, Section 2 and Appendix A).
Information posted includes instructions; assessment unit maps and limiting factor
pie charts; recent monitoring reports; and the latest scientific information on
climate change, invasive species, and toxins.

Web-accessible system to manage data sets from expert panels. To better
manage the expert panel process data sets, the Action Agencies developed and use
a web-accessible system to store and manage the material compiled, reviewed,
and analyzed through the expert panel process. This system has improved the
recording and tracking of the expert panel data sets, and it provides increased
consistency across the expert panels (2013 CE, Section 2).

Integrating expert panel and other watershed planning processes. A number
of other processes that involve watershed planning and improvement to enhance
salmon survival have been underway throughout the Columbia River basin for
over 30 years. These include the NPCC’s subbasin planning process and NOAA
Fisheries” ESA recovery planning process for salmon and steelhead. The Action
Agencies have worked with the local groups involved in those processes to
integrate FCRPS planning, prioritization, and implementation with these other
processes. This enhanced regional collaboration ensures that the expert panels
have access to information and analyses of habitat limiting factors and restoration
strategies developed through those efforts, leading to more effective and efficient
use of resources throughout the region and among these various processes (2013
CE, Section 2 and Appendix A).¥

Documentation of expert panels: For the 2012 expert panels, the Action
Agencies improved the process of documentation. For instance, note takers
attended each meeting in an effort to capture more of the expert panel rationales
for decisions than had been captured for previous expert panels. Documenting not
only the results of the expert panels evaluations but also the key considerations
behind their conclusions provides for more effective exchanges among panels and

88 hittp://www.usbr.gov/pn/fcrps/habitat/panels/reference/index.html

% For more detailed descriptions of the integration of these processes in the upper Columbia and the southeast
Washington portion of the Snake River basin, see Appendices A and B in Milstein et al. 2013; also see 2013 CE,
Appendix D, Attachments 1 and 2.
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enhances the potential for constructive feedback from outside technical reviewers.
Both of these elements are important to an effective adaptive management
approach. Notes are incorporated in the expert panel data sets (Spinazola 2013).

Scientists from NOAA’s NWFSC attended 2012 expert panel meetings and provided their
observations and recommendations on the process to the NOAA Fisheries Northwest Regional
Office. They noted that the Action Agencies and expert panel members made an effort to
standardize the criteria used to make judgments on habitat conditions and percent improvement,
although the groups varied in how detailed their descriptions were and how much documentation
they provided. The reviewers noted that, based on observing the panels’ deliberations and
conclusions and on their own knowledge of fish—habitat relationships, the panels were

conscientious and conservative about their estimates of percent habitat improvement (Roni et al.
2013b).

These NWFSC scientists also made several recommendations for continuing to improve the
expert panel process (Roni et al. 2013b). Those recommendations, along with steps the Action
Agencies have taken to address the recommendations, and NOAA Fisheries’ conclusions
regarding the need for continued refinements, are discussed below.

Recommendation: The Action Agencies need to better document and describe how the
expert panels arrive at their estimates of habitat improvements, including documentation
of the type and quality of information used to make each estimate. Defining where data
and/or professional opinion are used will help clarify the process.

Response: The Action Agencies have taken steps to facilitate consistency among expert
panels and to document panels’ conclusions. To make a consistent set of information
available to panels, they developed the website described above. They also have begun
using NOAA Fisheries’ standard terms and definitions for limiting factors (Hamm 2012).
NOAA Fisheries developed these after the 2009 expert panels had met, and the Action
Agencies converted the 2009 limiting factors to the standard terms and definitions to
provide consistency throughout the Columbia River basin for the 2012 expert panels. In
addition, in 2012, they enhanced the extent to which notes documenting the rationale for
expert panel decisions were incorporated into the database of expert panel results, and
they provided staff specifically to take notes during most of the 2012 expert panel
workshops (see Spinazola 2013).

The Action Agencies will continue the process of improving the documentation of expert
panel decisions that began in 2007 and continued in 2009 and 2012 as a means of
continuing to promote consistency, transparency, efficiency, and learning among panels.
The Action Agencies will ensure that staff familiar with salmon-habitat biology and with
the expert panel methods attend all expert panel meetings to take notes. Documentation
(in the form of summary notes) will be incorporated into the expert panel spreadsheets
and, to the extent practicable, will describe how panels considered factors such as results
of similar actions reported in published or unpublished literature; the extent of area being

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



RPA Implementation | 3.1 Tributary Habitat | 257

treated by a set of actions; the level of certainty that the benefits of an action will occur;
the time frame in which benefits will become measurable; assurances that benefits will be
maintained over time; the logical chain of reasoning that led to the final conclusions; and
the factors that weighed most heavily in the decision.

NOAA Fisheries also urges the Action Agencies to evaluate notes from previous and
future expert-panel meetings to review consistency among panels and to evaluate the
extent to which decisions are transparent and supported by available literature. Based on
this review, the Action Agencies should consider developing additional guidance or
information for the expert panels as a way to facilitate learning among panels and to
enhance consistency, rigor, and transparency of the process.

Recommendation: The limiting factors identified for each assessment unit seem
reasonable, but additional analysis confirming which factors are actually limiting each
population would be helpful in prioritizing actions.

Response: The Action Agencies note that in expert panel meetings preceding the
workshops at which the panels evaluate the benefits of habitat improvement actions, the
panels confirm which factors are most limiting, using best available information informed
by expert opinion. They note that in doing so, the panels rely upon limiting factor and
other analyses in NOAA Fisheries’ recovery plans (Puckett 2013). The Action Agencies
will continue to ensure that expert panels have access to best available information on
limiting factors and that the panels have an opportunity to confirm and, where needed,
update their limiting factor weightings and assessment of function.

Since 2008, the Action Agencies have completed 20 tributary and reach assessments (see
discussion above in Section 3.1.1.3.1) with input and involvement from local scientists
and other participants, and additional assessments are underway. Several of the
assessments focus on evaluating stream conditions in the context of landscape control
processes and dynamics. Others target improved spatial mapping of key factors such as
stream flows and stream temperatures across watersheds as a function of natural and
anthropogenic factors. The Action Agencies are also supporting the “Atlas” process in
Catherine Creek. The Atlas process integrates GIS data relative to the limiting factors in
an assessment unit to identify “biologically significant reaches.” The process builds on
the tributary and reach assessments and other available data and information and is
intended to improve the ability to identify opportunities for habitat improvement actions
that address limiting factors. The Action Agencies also expect to initiate an Atlas process
in the Upper Grande Ronde. These processes and assessments contribute to an enhanced
understanding of current habitat conditions and functions and the potential for
improvement in the studied reaches. The assessments and processes are improving the
Action Agencies’ abilities to target habitat improvement actions at impaired conditions
within the studied tributaries or reaches.
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As the Action Agencies continue to refine the tributary habitat program, they will work
with NOAA Fisheries and others to explore opportunities for developing assessments at
the appropriate scale for a population that are consistent with the approaches advocated
by NOAA Fisheries and presented in Roni et al. (2003, 2008) and Beechie et al. (2008,
2010). The Action Agencies will confer with NOAA’s NWFSC and with other technical
experts in their continuing efforts to develop assessments that incorporate best available
science. In addition, the Action Agencies will track the development of other watershed
assessments underway in the basin that are consistent with the approaches advocated by
NOAA Fisheries and presented in Roni et al. (2003, 2008) and Beechie et al. (2008,
2010), ensure that expert panels have access to such assessments, and consider such
assessments in continued development and prioritization of habitat improvement actions.
As the Action Agencies continue to implement the tributary habitat program, they will
also consider, where applicable, recommendations such as those made by the
Independence Science Advisory Board in its March 2013 Review of the 2009 Columbia
River Basin Fish and Wildlife Program (ISAB 2013b).90

Recommendation: The estimates of baseline percent function for each limiting factor
come from a variety of sources, including empirical data, other planning documents,
modeling, and professional judgment. The panels used the best data available, although
data quality varied within and among basins. Converting measures of habitat condition to
a percent of properly functioning condition requires, for the most part, best professional
judgment. The Action Agencies should provide guidelines to the expert panels on how to
determine a percent of optimal condition so that it is done consistently across populations
and expert panels.

Response: The Action Agencies note that expert panels use the best data available,
including available data from monitoring programs. They also note that there were
guidelines provided to the expert panels for estimating percent function.”’ The Action
Agencies welcome NOAA Fisheries’ participation, in collaboration with other partners,
in developing additional guidance for the next meetings of the expert panels (Puckett
2013). The Action Agencies will continue to provide guidelines for expert panels based
on best available information so that the process is more transparent, consistent, and
repeatable. The Action Agencies will confer with NOAA Fisheries on the development of
such guidance.

% In its response to comments on the draft 2013 Supplemental Opinion, NOAA Fisheries described several
significant differences between the Columbia River Basin Fish and Wildlife Program and the FCRPS RPA tributary
habitat program, as well as ways in which some comments the ISAB made regarding the Fish and Wildlife Program
do not apply to the tributary habitat program. Nevertheless, NOAA Fisheries expects that the Action Agencies will
remain abreast of evolving literature and peer reviews of relevant habitat programs, including this one, and
incorporate considerations from such new information into their implementation of the RPA tributary habitat
program.

! See, e.g., Spinazola 2012.
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At a minimum, the Action Agencies will make available to expert panel members the
2013 literature review developed by NWFSC staff (Roni et al. 2013a). NOAA Fisheries
also recommends that the Action Agencies summarize in tabular form the results reported
in the literature review to enable ease of use by the expert panels. Where possible, notes
taken at expert panel meetings will document how expert panel decisions relate to results
reported in the literature as well as where expert panel decisions are based on local data
or professional judgment.

Recommendation: In developing estimates of how limiting factor function will improve
as a result of implementing actions, the expert panels should use the range of responses
reported in the literature to bracket and help estimate restoration response.

Response: The Action Agencies note that they agree there is considerable literature on
the effectiveness of habitat improvement actions and that they anticipate continuing to
make it available to the panels via the website they maintain for that purpose (Puckett
2013). At a minimum, the Action Agencies will make available to expert panel members
the 2013 literature review developed by NWFSC staff (Roni et al. 2013a). NOAA
Fisheries also recommends that the Action Agencies summarize in tabular form the
results reported in the literature review to enable ease of use by the expert panels. Where
possible, notes taken at expert panel meetings will document how expert panel decisions
relate to the range of responses reported in the literature for a limiting factor function.

Recommendation: Expert panels should include independent scientists from outside the
basin in question to help ensure objective evaluation of habitat actions.

Response: In March 2009, the Action Agencies and NOAA Fisheries discussed the
potential for conflict of local interests affecting expert panel determinations and outlined
a series of steps to address this valid concern (see Puckett 2013). NOAA Fisheries agrees
with the Action Agencies that there is a need to balance the potential for conflict of
interest with ensuring that experts with an appropriate level of local knowledge estimate
habitat-improvement action benefits. The risk is also reduced by the relative diversity in
composition of most panels and by the public nature of the process. To the extent that
expert panel membership changes in the future, the Action Agencies will continue to
consider a need for diverse composition and for balancing the potential for conflict of
local interests with the need for panel members to be familiar with local habitat
conditions.
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3.1.1.8.2 Refinements in Methods for Predicting Survival Improvements

RPA Action 57.5 directed the Action Agencies to expand and refine models that relate habitat
actions to ecosystem function and salmon survival. The Action Agencies continue to support the
NOAA NWFSC life-cycle modeling effort, which includes the development and testing of
several habitat models in collaboration with key state and tribal scientists (2013 CE, Section 2).
No single functional model would be expected to address all needs for estimating restoration
benefits and priorities. In many cases, comparing results from two or more alternative functional
models will increase the likelihood of properly rating the potential benefits of implementing a
particular action. Models are population specific due to the unique characteristics of each
watershed and population; while extrapolating model findings from one watershed or population
to another is common, it must be done with caution (Roni et al. 2013a). Augmenting such
extrapolations with more detailed functional models reflecting the specific characteristics of the
particular watershed or population in question should improve confidence in the outcome. In
addition, reviewing the workings of more detailed functional modeling applications can provide
valuable insights into designing effective adaptive monitoring efforts that will give early
feedback on response to implementation of actions.

RPA Action 57.5 directed the Action Agencies to convene a regional technical group annually to
expand and refine models that relate habitat actions to ecosystem function and salmon survival
by incorporating research and monitoring results and other relevant information. The
NOAA/Action Agency RME Workgroup has identified general, conceptual modeling approaches
and discussed them with the ISAB and Independent Scientific Review Panel (ISRP) on multiple
occasions between 2008 and 2012 (2013 CE, Section 2).

Reclamation funded and co-sponsored a modeling workshop in February 2011 with the U.S.
Geological Survey (USGS), NWFSC, and Columbia River Inter-tribal Fish Commission. The
workshop identified a wide variety of habitat—fish models currently in use. Bonneville Power
Administration is funding work on modeling through projects in the Grande Ronde, Okanagon
Basin Monitoring and Evaluation Program, CHaMP, and ISEMP IMWs. This work is largely
designed to test current assumptions regarding functional relationships between habitat
conditions, fish life-stage productivity, or habitat capacity. The efforts are also designed to
further explore potential fish-habitat relationships and to identify relationships not currently
understood. For example, Reclamation is developing a Methow River life-cycle model and a fish
population and habitat processes mechanistic model in a system-dynamics framework.
Additional investigation of regression model approaches at the direction of the NOAA/Action
Agency RME Workgroup is ongoing. In several cases, the ongoing work to confirm or further
elucidate fish—habitat relationships in these monitoring programs is being incorporated into full
life-cycle models. The Action Agencies continue to support the NWFSC life-cycle modeling,
which includes the development and testing of several habitat models in collaboration with key
state and tribal scientists (2013 CE, Section 2).
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The Action Agencies state that collaborative development of more explicit and quantitative
models and relationships remains limited by the need for more detailed fish and habitat data. The
pilot research and monitoring projects that the Action Agencies have implemented should help to
identify appropriate fish and habitat metrics and monitoring designs for this needed information.
The ongoing implementation and collaboration of ISEMP, CHaMP, and the Reclamation
monitoring programs, in coordination with the Federal, state, and tribal collaborative habitat and
life-cycle modeling effort led by the NWFSC, should substantially advance the development and
application of habitat and fish relationships during the 2014 to 2018 implementation period
(2013 CE, Section 2).

The Action Agencies will ensure that usable results from any models that would support the
work of the next expert panels are brought to the attention of the panels. Also, if models provide
usable new information relevant to relating habitat change to change in egg-to-smolt survival, the
Action Agencies will consider how that information relates to the CHW method currently in use
and how it can be used as additional information in estimating relationships between change in
habitat and change in survival. In addition, once empirical survival estimates become available
from IMWs and other studies, they may further inform the methodology used to convert habitat
improvements into changes in survival.

3.1.1.8.3 Refinements in Tributary Habitat Research, Monitoring, and Evaluation

The RPA RME program (summarized above in Section 3.1.1.4.1) has begun to yield data,
although analysis based on the data is still preliminary. Several IMW studies are underway to
quantify population-level responses to restoration and to quantify the effects of multiple
restoration techniques throughout a watershed on salmon survival and production. Initial results
from these studies are promising; however, results will not be available for most of these studies
for 5 years or more, and results may not be directly transferable to other populations and
watersheds (Roni et al. 2013a).

Information from the RME program is needed to evaluate the effects of tributary habitat
improvement actions on habitat function and productivity and on salmon and steelhead survival.
The RME program put in place under the 2008 BiOp and the AMIP was rigorously designed to
provide statistically meaningful results on the effects of the program in a manner that could be
used in an adaptive management framework for the program. The monitoring components set
into motion in 2010 to obtain accurate spawner abundance information, juvenile migrant
information, and watershed-scale habitat status/trend information have begun to build a picture
of watershed productivity and of the way in which specific watersheds throughout the Columbia
River basin are responding to habitat restoration in terms of fish produced. In some watersheds,
such as the Lemhi River, where tributaries disconnected for a century for irrigation purposes
have been reconnected, habitat restoration actions have begun to exhibit immediate results.
Salmon and steelhead have already been documented using streams that have not been used for
100 years. When the expert panels reconvene, some watersheds will have had habitat and fish
data collected for 4 or 5 years, enough to be able to demonstrate whether habitat conditions have
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changed. As additional information is collected, the habitat improvements completed can be
better evaluated and the effects of proposed actions more specifically identified and predicted.

The information generated by the integrated tributary habitat and fish production monitoring
programs will be an important driver in future adaptive management decisions in support of
achieving BiOp objectives. In some cases sufficient information may be generated to directly
link results from fish-in and fish-out studies to changes in habitat measured in direct response to
specific actions. However, given the high level of year-to-year environmental variability in fish
density and survival, it is more likely that further insights into fish responses to particular classes
of actions will come from statistical analyses across treatment and control watersheds or
populations. It is also likely that action effects on direct measures of habitat condition will be
detectable in a relatively shorter period of time than will fish response to habitat actions. For
example, the effect of actions intended to improve summer rearing conditions (e.g., restoration of
stream structure, flow, and riparian habitat) may be more apparent in terms of their effect on
habitat conditions in a shorter time frame than their effects on fish response. The resulting
refinements in assessment of the potential effects of specific restoration actions in particular
habitat settings will feed directly into future adaptive implementation efforts.

Where little or no response is observed in fish production, adaptive management decisions will
be possible to alter the restoration strategy toward the revealed limiting factors or to reassess the
overall production capability of the watersheds. It is also anticipated that where intensive
monitoring has not been possible that the information gathered will allow for predictive models
to estimate and confirm the effectiveness of management actions and thus supplement the work
of the expert panels.

The FCRPS Adaptive Management and Implementation Plan (AMIP), which was incorporated
into the RPA by the 2010 Supplemental BiOp, required that by December 2011, the Action
Agencies would be monitoring habitat status and trends for at least one population per MPG in a
manner strategically paired with adult and juvenile abundance monitoring. To support the AMIP
requirements, the NOAA/Action Agency Tributary Habitat RME Workgroup recommended
monitoring within seven Chinook salmon MPGs and 11 steelhead MPGs (RME Workgroup
2010). Fish population and CHaMP habitat status information is now being collected for nine
Chinook salmon populations and 11 steelhead populations, which includes sampling in five of
the seven Chinook salmon MPGs and five of the 11 steelhead MPGs recommended by the RME
Workgroup.

Full implementation of the program to at least one population per MPG was deferred, primarily
due to recommendations in the ISRP’s review of IMWs, CHaMP, ISEMP, and status and trends
monitoring (ISRP 2010) and the NPCC’s subsequent recommendations in its Research,
Monitoring, and Evaluation and Artificial Production Category Review (NPCC 2011). Based on
the ISRP review of the CHaMP program, the NPCC recommended an initial focus on a subset of
CHaMP watersheds. The ISRP asked to review CHaMP after one to two years of data collection
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to see how field and data management protocols had been modified and how monitoring results
were being incorporated into establishing restoration priorities.

In addition, the Action Agencies, based in part on input from the ISRP (ISRP 2010 and 2013a),
began exploring the potential to improve collaboration with other habitat monitoring efforts to
improve sampling efficiencies and promote coordination (e.g., with the PACFISH/INFISH
Biological Opinion Effectiveness Monitoring Program). Implementing the tributary habitat RME
program in a manner that achieves the objectives laid out in the AMIP, while also ensuring use
of best available information and adaptive management, is extremely important. Decisions
regarding expansion of the program should be made within a strategic framework that considers
peer review results, efforts to coordinate programs, and lessons learned from implementation to
date. To that end, NOAA Fisheries recommends that the Action Agencies reconvene the Action
Agency/NOAA tributary habitat RME workgroup in 2014 to review and update
recommendations made by that workgroup in 2010 (see RME Workgroup 2010 ), and that they
also seek input from co-managers before making decisions about long-term implementation of
the program.

As the Action Agencies continue these efforts, they will ensure that the objectives established for
habitat status and trends monitoring in the AMIP are met, including:

Status and trend monitoring of habitat condition coupled with adult and juvenile
monitoring to allow the agencies to assess fish survival and habitat productivity
improvements expected from FCRPS actions (including monitoring of at least one
population per MPQG)

Improved modeling of the expected benefits of habitat actions

Ensuring monitoring of appropriate habitat metrics (e.g., flow and temperature)
across a diversity of ecological regions and habitat types to assess responses to
climate change

Clarifying the connections between restoration actions and freshwater survival of
salmonids
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3.1.1.9 Tributary Habitat Analytical Methods: Conclusion

The analytical approach described above uses the best available scientific information for
assessing the effects of actions occurring across the diverse watersheds of the Columbia River
basin and affecting multiple ESUs and DPSs. Best available scientific literature on the subject of
habitat restoration indicates that many habitat restoration actions can improve salmon habitat
quantity and quality over relatively short periods, both of which can be linked to improvements
in natural production of salmon. Examples include increasing instream flow, improving access to
blocked habitat, reducing mortality from entrainment at water diversion screens, placing of logs
and other structures to improve stream structure, and restoring off-channel and floodplain habitat
(see Section 3.1.1.3). Other habitat improvements, such as sediment reduction in spawning areas
and the restoration of riparian vegetation, may take decades to realize their full benefit (see
Section 3.1.1.3; Roni et al. 2013a, Beechie et al. 2003).

The best available scientific literature also supports the RPA approach of improving tributary
habitat to increase survival of salmon and steelhead at the population scale (see Section 3.1.1.3).
Preliminary results from the tributary habitat monitoring and evaluation program (see Section
3.1.1.4) provide evidence that the Action Agencies’ habitat improvements are correctly targeting
and improving degraded conditions and providing benefits to fish.

The approach used to estimate changes in habitat as a result of implementing tributary habitat
actions and the corresponding survival improvements is based on the best available scientific
information from fish and habitat experts and on general empirical relationships between habitat
quality and salmonid survival. Professional judgment by experts provided a large part of the
determination of habitat function in all locations given the limited extent of readily available
empirical data and information. Although empirical data and information provide the best insight
for determining habitat function and corresponding salmonid survival, the extent of readily
available empirical data was not adequate to make a precise determination of habitat function
and salmonid response uniformly throughout the Columbia River basin. NOAA Fisheries finds
that the approach developed and information gathered through the CHW, and subsequently
applied here, represents the best available scientific information that can be consistently applied
over the larger Columbia basin to estimate the survival response of salmonids to habitat
mitigation actions.
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Literature reviewed in the 2010 Supplemental BiOp, Section 2.2.3.1, and in this Supplemental
Opinion (see Sections 3.1.1.2 and 3.1.1.3), emphasizes the need to incorporate proper planning,
sequencing, and prioritization into decision frameworks to best achieve habitat program
objectives. This literature recommends that planners assess the natural potential of a system and
use the information to direct action location, design, and selection. Beechie et al. (2010) outlined
four principles that would ensure river restoration was guided toward sustainable actions:

Address the root causes of degradation

Be consistent with the physical and biological potential of the site
Scale actions to be commensurate with the environmental problems
Clearly articulate the expected outcomes

This approach corresponds with the approach taken in the RPA as implemented by the Action
Agencies. For instance, Reclamation’s effort to develop tributary and reach assessments is
designed to evaluate the physical processes acting on a watershed. This additional information is
an important element for prioritizing key limiting factors and actions in the context of natural
processes acting on a particular watershed.

In summary, the information reviewed above in Sections 3.1.1.2 through 3.1.1.8 supports NOAA
Fisheries’ assumptions in the 2008 BiOp that the RPA tributary habitat program will sufficiently
address factors that limit the functioning and conservation value of habitat that interior Columbia
River basin salmon and steelhead use for spawning and rearing and that implementation of

actions through 2018 is reasonably certain to achieve the survival improvements identified in
Table 5 of RPA Action 35.
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3.1.2 Effects of the RPA Tributary Habitat Program on Interior
Columbia ESUs/DPSs

As noted above, the 2008 BiOp includes two RPA actions (34 and 35) to improve tributary
habitat. Both require the Action Agencies to provide funding and technical assistance to
implement tributary habitat actions that improve the quality and quantity of spawning and
rearing habitat for specific populations of SR and UCR Chinook and steelhead and MCR
steelhead. The main goal of the program implemented under these RPA Actions is to increase
population survival by decreasing the impact of key habitat factors that limit spawning and
freshwater rearing success. Table 5 of RPA Action 35 contains specific HQI performance
standards, which correspond to survival improvements, for 56 populations of Chinook salmon
and steelhead.

The preceding section described the analytical approach upon which the tributary habitat
program is based and NOAA Fisheries’ conclusion that the program represents best available
science. The sections below describe implementation and effects of the tributary habitat program
and NOAA Fisheries’ conclusions regarding the effects of the program. Sections 3.1.2.1 and
3.1.2.2 describe effects of the program generally on multiple ESUs/DPSs.

Section 3.1.2.1 describes the Action Agencies’ implementation of, and the effects
of, RPA Action 34, implementation of which was completed in 2009.

Section 3.1.2.2 describes the Action Agencies’ implementation of, and the effects
of, RPA Action 35. This discussion includes the effects of actions implemented
through 2011 and the projected effects of specific actions identified and evaluated
for implementation through 2018. Also discussed are the Action Agencies’
institutional capacity to implement the program, and the adaptive management
framework within which they will implement the program through 2018.

Sections 3.1.2.3 through 3.1.2.7 describe in more detail the effects of
implementation of the tributary habitat program on the SR spring/summer
Chinook salmon ESU, the UCR spring Chinook salmon ESU, the SR steelhead
DPS, the UCR steelhead DPS, and the MCR steelhead DPS.

Our conclusions regarding the effects of the tributary habitat program are found in
Section 3.1.2.9.

In the 2008 and 2010 BiOps, NOAA Fisheries concluded that the RPA addressed factors limiting
the functioning and conservation value of spawning and rearing habitat sufficiently to increase
the survival of the affected populations to meet the BiOp RPA objectives (2008 BiOp, Section
7.2.2; 2010 Supplemental BiOp, Section 2.2.3). In this Supplemental Opinion, we reaffirm that
conclusion for the reasons outlined below. Our analysis of the effects of the tributary habitat
program is based on the reasonable expectation that all estimated life stage and population-
specific survival benefits estimated by the Action Agencies using the CHW process will be
realized as a result of implementing actions to improve overall habitat quality and quantity, with
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a focus on improving the function of the factors limiting fish survival. NOAA Fisheries’
confidence in this expectation is supported by the discussion above in Section 3.1.1.

3.1.2.1 Tributary Habitat Program: RPA Action 34

RPA Action 34 required implementation during 2007 to 2009 of specific actions identified in the
Action Agencies’ 2007 FCRPS Biological Assessment (USACE et al. 2007a) and incorporated
into the 2008 BiOp. The Action Agencies completed implementation of RPA Action 34 in 2009
and reported accomplishments in the FCRPS Annual Progress Reports for 2006-2007, 2008, and
2009 (USACE et al. 2008, 2009a, 2009b).°* Reporting included annual accomplishments for the
actions identified in the 2007 FCRPS Biological Assessment (USACE et al. 2007a), which
served as the 2007-2009 Implementation Plan, plus any additional actions or actions
implemented in place of those that proved infeasible (2013 CE, Section 2). The 2013 CE
(Section 3, Attachment 2, Tables 1-3) summarizes metrics by population for RPA Action 34
actions completed in the period from 2007 through 2009. Cumulatively, tributary habitat metrics
achieved from 2007 through 2009 to benefit UCR, SR, and MCR Chinook salmon and steelhead
resulted in (2013 CE, Section 2):

119,619 acre-feet of water protected

82 miles of stream habitat treated to enhance complexity

4,130 acres of riparian habitat improved for better function

15 locations with fish screens installed or addressed for fish protection
696 miles of improved access to fish habitat

The 2013 CE, Section 2, Table 35 column headed “Estimated Percentage Habitat Quality
Improvement of 2007-2009 Actions” summarizes the HQIs projected to be achieved from
implementing the specific actions incorporated into RPA Action 34 (these HQIs represent a
portion of the 2018 HQI performance standards).” As indicated in the 2013 CE, Section 2, Table
35 column headed “Habitat Quality Improvement Achieved through 2009,” actions implemented
in 2007-2009 were sufficient to meet or exceed those projections for 35 of the 56 populations in
RPA Action 35, Table 5.°* In addition, for 32 of the 56 populations, the actions implemented
through 2009 were sufficient to meet or exceed the actual 2018 HQI performance standard (2013
CE, Section 2, Table 35).

%2 Available at www.salmonrecovery.gov

% The Action Agencies developed these HQI projections using methods developed through the BiOp regional
collaboration process.

" The HQIs shown in this column represent benefits of habitat improvement actions that were completed by 2009 as
planned in 2007, planned in 2007 but completed with modifications by 2009, and completed by 2009 but not
planned in 2007. Actions planned for implementation in 2007-2009 but not implemented in that time period were
completed in a subsequent implementation cycle or, if they proved infeasible, replaced with other actions.
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3.1.2.2 Tributary Habitat Program: RPA Action 35

RPA Action 35 requires implementation during 2010 to 2018. Table 5 of RPA Action 35
includes performance standards for 56 salmon and steelhead populations. These performance
standards identify specific HQIs, which correspond to survival improvements, for 56
populations, 18 of which are designated priority populations (see CE Section 1; 2008 BiOp).
Actions projected to achieve the performance standards are to be implemented by the end of
2018. RPA Action 35 also includes specific direction to the Action Agencies on action
identification, use of expert panels to evaluate change in habitat function from implementation of
actions, and the potential use of replacement actions if necessary (2008 BiOp, Appendix,
Reasonable and Prudent Alternative Table).

The technical foundation of and analytical methods used in the tributary habitat program were
discussed in detail in Section 3.1.1. In brief, the Action Agencies, working with regional
partners, convene expert panels in areas with priority populations to estimate changes to limiting
factor function expected to result from implementation of actions developed in collaboration
with local recovery planning and watershed groups and targeted at key limiting factors (2013 CE
Sections 1 and 2). Expert panels also review actions implemented or planned for implementation
for non-priority populations in the same geographic area. Using the expert panel results and a
method developed by the CHW, the Action Agencies estimate overall habitat quality
improvement, and corresponding survival improvements, expected from implementation of
actions.

Working with local partners, the Action Agencies then fund, implement, and track hundreds of
actions. In most cases, habitat improvement actions implemented under the RPA are developed
based on NPCC subbasin plans and NOAA Fisheries’ draft and final recovery plans. They are
identified and developed with the participation of local groups, including groups that provide
local guidance for development and implementation of subbasin and recovery plans.
Complementing these processes are efforts such as the tributary and reach assessments
developed by the Action Agencies and described above in Section 3.1.1.8. The overlapping of
subbasin planning, recovery planning, tributary and reach assessments, and BiOp
implementation is intentional and facilitates coordination and efficient use of resources. (For
examples of locally based approaches to identifying and prioritizing habitat actions consistent
with subbasin and recovery plan goals and BiOp priorities in the Upper Columbia and the
Southeast Washington portion of the Snake River basin, see Appendices A and B of Milstein et
al. 2013; also see 2013 CE, Appendix D, Attachments 1 and 2.)

The NPCC’s Fish and Wildlife Program, which was designed to guide funding by BPA of
mitigation for the effects of Federal dams, provides additional review of many projects that
ultimately are implemented to support BiOp objectives and the tributary habitat program
(Milstein et al. 2013; also see 2013 CE, Appendix D). Under the NPCC’s Fish and Wildlife
Program geographic review process, the ISRP reviews projects. The NPCC then makes
recommendations regarding project implementation based on consistency with the Fish and

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



RPA Implementation | 3.1 Tributary Habitat | 269

Wildlife Program, BiOp priorities, and satisfactory science review by the ISRP. Following ISRP
review and NPCC recommendations, BPA makes multiyear funding decisions. In addition,
BPA’s “Taurus” and “Pisces” business management systems facilitate tracking of
implementation and accomplishments for BiOp and other (e.g., Fish Accord) actions, providing
additional accountability and transparency in implementation (see additional discussion in
Milstein et al. 2013, Appendix D, and 2013 CE, Appendix D, Attachment 4).95

Under the 2008 BiOp, the 2010 Supplemental BiOp, and the AMIP, the Action Agencies also are
directed to monitor action implementation and to evaluate effectiveness of actions and determine
fish population response. The monitoring program is designed to produce information on habitat
and fish response to action implementation at the watershed/population scale. In addition to
monitoring response to particular actions in specific populations, results from monitoring
habitats subject to particular action types (e.g., enhanced stream structure) across populations
should increase the statistical power to detect responses.

The Action Agencies have implemented and will continue to implement the program in an
adaptive management context, identifying and implementing improvements to refine the process
for selecting, evaluating, and sequencing implementation of tributary habitat improvement
actions (2013 CE).

3.1.2.2.1 Implementation through 2011

The tributary habitat program put in place by RPA Action 35 represents a large and complex
undertaking, a significant advance in the tributary habitat work that had been underway in the
Columbia River basin in previous decades. Overall, the Action Agencies’ implementation of the
RPA Actions 34 and 35 tributary habitat program is directing resources to actions that are
targeting the limiting factors identified as most significant through a process based on sound
science and technical input. The Action Agencies are also implementing the program in a
manner that has helped to coalesce support among local implementing partners for habitat
improvement actions focused on significant limiting factors in locations that will yield high
benefits.

The Action Agencies have made significant progress toward achieving the HQI performance
standards in Table 5 of RPA Action 35. The Action Agencies’ analysis, using the CHW method
and based on expert panel evaluations of tributary habitat improvement actions implemented
through 2011, indicates that those actions were sufficient to either meet or exceed the 2018 HQI
performance standard for 35 of the 56 populations in RPA Action 35, Table 5.%° These same
analyses also indicate that the Action Agencies have implemented actions sufficient to make
significant progress toward achieving the 2018 HQI performance standards for another 13
populations (2013 CE, Section 2).

% For publicly available components of these business management systems, see http://www.cbfish.org.
% The HQI performance standards for these populations were generally small (less than 5%), with the exception of
the Lemhi spring Chinook, Pahsimeroi spring Chinook, and Pahsimeroi steelhead populations.
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For the remaining eight populations, including some with large 2018 HQI performance
standards, the Action Agencies have made more limited progress. In one case (the Yankee Fork
spring Chinook salmon population), the Action Agencies had not completed implementation of
any actions as of 2011). The Action Agencies note instances in which limited implementation
progress through 2011 was because their efforts were directed initially at conducting assessments
to better identify limiting factors and project opportunities, developing local relationships and
support for implementation, and addressing other implementation obstacles (2013 CE, Section 2
and Appendix A).

In addition, for all populations, the Action Agencies have demonstrated the ability to achieve the
HQI performance standard (it is also possible that the HQI performance standard will be
exceeded for some additional populations). For all populations but one (Catherine Creek
Chinook salmon), the Action Agencies have demonstrated this based on (1) the identification of
specific actions that have been evaluated either by an expert panel or preliminarily by the Action
Agencies, using a method based on the 2012 expert panel results; (2) their ability to mobilize
Action Agency resources and stakeholder support to implement actions; (3) the development of
assessments and other tools to improve the focus of projects on the most significant limiting
factors and locations; and (4) the adaptive management framework within which they will
implement the tributary habitat program. For the Catherine Creek spring Chinook salmon
population, although actions identified and evaluated to date are not projected to meet the 2018
HQI performance standard, the Action Agencies have described a credible process and
demonstrated the ability to develop additional actions sufficient to meet the performance
standard (see discussion below in Section 3.1.2.3.1).

Since 2007, the Action Agencies have implemented hundreds of actions affecting 56 populations
under RPA Action 35. Cumulative metrics for RPA Actions 34 and 35 include:

Securing water rights for and protecting approximately 177,227 acre-feet of
instream water in the Columbia River basin

Improving 206 miles of instream habitat to improve channel complexity and
floodplain connectivity

Improving approximately 6,812 acres of riparian habitat and protecting almost
37,000 acres

Installing fish screens on 247 irrigation diversions

Improving access to approximately 2,053 miles of spawning and rearing habitat
(2013 CE, Section 1)

While these cumulative metrics do not demonstrate benefits to any particular population or
specifically inform the extent of improvements to habitat productivity, they do provide an
indication of the scope and scale of the program the Action Agencies have implemented to date.
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The Action Agencies’ 2013 CE, Section 3, Attachment 2, Tables 1 through 3, display summary
information on actions completed from 2007-2012. Table 1 summarizes metrics for all
completed actions by population in the 20072009 implementation period (i.e., RPA Action 34);
the 2010-2012 implementation period; and total cumulative completed metrics by population for
the implementation period of 2007—2012. Rather than being reported at the action scale (i.e., at
the scale of specific tributary habitat improvement actions implemented on the ground), metrics
are summarized in this table under BPA projects used to fund the actions. (In some cases, these
projects include a number of contracts, each with detailed work elements and associated metrics.
In essence, multiple specific “actions” are implemented on the ground under each of these
“projects.” This system allows BPA to track progress in addressing limiting factors as well as
other details related to contract administration.)

Table 1 of the 2013 CE, Section 3, Attachment 2, includes hyperlinks to BPA’s contract
management system, where BPA tracks and records planned and actual work administered under
BPA contracts. The “Pisces” and “Taurus” databases that BPA uses in its contract management
system house data for each of the specific actions identified in the 2007 Biological Assessment
(i.e., for implementation of RPA Action 34) and the 2010-2013 Implementation Plan and
managed under a BPA contract. Information available in the contract management database
includes project summaries, annual progress reports, timelines, implementation metrics, and
budget information. The work elements section displays start and end dates of project
milestones. Additional detail on projects supported or funded entirely by Reclamation and
completed in 2007-2012 is displayed in Tables 2 and 3, respectively, of the Action Agencies’
2013 CE, Section 3, Attachment 2 (2013 CE, Section 3; also see Milstein et al. 2013, Appendix
D and 2013 CE, Appendix D, Attachment 4).

All actions completed from 2007-2011 that affect a population in Table 5 of RPA Action 35
have been evaluated by an expert panel to estimate resulting changes in habitat function,’’ and
the Action Agencies have converted those habitat changes into HQIs (i.e., survival
improvements). The 2013 CE, Section 2, Table 35 shows the Action Agencies’ conclusions
regarding HQIs estimated to result from actions implemented through 2011, are shown in the
2013 CE, Section 2, Table 35, and they are summarized below in Table 3.1-1.

°7 The Middle Columbia Steelhead DPS is an exception; HQIs and corresponding survival improvements for
populations in that DPS were evaluated using the so-called Appendix E method. In addition, the Appendix E method
was used for some populations up until 2009, when it was replaced by the CHW method. See discussion in Section
3.1.1.
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Table 3.1-1. HQIls estimated from actions implemented through 2011 and projected from actions to be implemented through 2018. Numbers represent percent
changes in survival. Resulting survival multipliers included in the 2008 BiOp aggregate analysis (e.g., Table 8.3.5-1 for SR spring/summer Chinook) are calculated
as 1+(HQI/100). Bolded populations indicate priority populations from RPA Action 35 Table 5.Shaded cells indicate populations for which actions implemented
through 2011 were sufficient to meet or exceed the HQI performance standard. Populations with no asterisk were evaluated by expert panels beginning in 2007,
using the CHW method described above in Sections 3.1.1.6 and 3.1.1.7 and in the CA, Appendix C. Populations with one asterisk (*) were evaluated using the
“Appendix E” method described above in Section 3.1.1.1 and in Appendix E of the 2004 FCRPS BiOp. Populations with two asterisks (**) were evaluated using the
Appendix E method from 2007 to 2009, and have since been evaluated using the CHW method.

From RPA Action
35, Table 5

Based on Expert Panel Results

Based on Expert Panel
Results + Action Agency
Estimates for SupPIementaI
Projects

Habitat Quality
Improvement (Survival

Habitat Quality Improvement

Cumulative Habitat Quality

Improvement (Survival

Cumulative Projected Habitat
Quality Improvement (Survival

Improvement) (Survival Improvement) Improvement) projected Improvement) including
Performance Standard estimated from actions from actions to be Supplemental Actions
ESU MPG Population 2007-2018 implemented through 2011 implemented through 2018 implemented through 2018
Lower Snake Tucannon River 17 2 29 29
Catherine Creek 23 5 1 152
Grande Ronde River 2
Grande Ronde/ upper mainstem 23 4 5 23
Imnaha .
**Lostine/
Wallowa River 2 s 7 7
Imngha River 1 1 1 1
mainstem
Snake River Secesh River 1 5 6 6
Spring/Summer | South Fork Salmon
Chinook River South Fork Salmon <1 5 5 5
River Mainstem
Middle Fork Salmon Big Creek 1 0.4 4 4
iver
Lemhi River 7 28 32 32
Valley Creek 1 13 19 19
Yankee Fork 30 0 21 43?
Upper Salmon River |54 1mon River upper
mainstem above 14 5 13 142
Redfish Lake
Salmon River lower 1 3 3 3
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From RPA Action
35, Table 5

Based on Expert Panel Results

Based on Expert Panel
Results + Action Agency
Estimates for SupPIementaI
Projects

Habitat Quality
Improvement (Survival

Habitat Quality Improvement

Cumulative Habitat Quality

Improvement (Survival

Cumulative Projected Habitat
Quality Improvement (Survival

Improvement) (Survival Improvement) Improvement) projected Improvement) including
Performance Standard estimated from actions from actions to be Supplemental Actions
ESU MPG Population 2007-2018 implemented through 2011 implemented through 2018 implemented through 2018
mainstem below
Redfish Lake
East F0|_’k Salmon 1 2 6 6
River
Pahsimeroi River 41 62 70 70
Wenatchee River 3 1 5 5
Upper Columbia Upper Columbia Methow River 6 2 8 8
Spring Chinook | Below Chief Joseph
Entiat River 22 3 9 24°
Wenatchee River 4 2 6 6
Upper Columbia L_Jpper COIumbI_a Methow River 4 2 7 7
y River Below Chief - -
River Steelhead Joe Entiat River 8 3 8 8
Okanogan River 14 7 17 17
Tucannon River 5 3 47 47
Lower Snake -
Asotin Creek 4 5 5 5
Imnaha River Imnaha River <1® 1 3 3
Snake River -
Grande Ronde River
Steelhead upper mainstem 4 3 4 4
**Grande Ronde
River lower mainstem <1 0.01 0.4 0.4
Grande Ronde River tributaries
**Joseph Creek (OR) <1 0.4 1 1
*Joseph Creek (WA) 4 4 4 4
**Wallowa River <1 2 3 3
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From RPA Action
35, Table 5

Based on Expert Panel Results

Based on Expert Panel
Results + Action Agency
Estimates for SupPIementaI
Projects

Habitat Quality
Improvement (Survival

Habitat Quality Improvement

Cumulative Habitat Quality

Improvement (Survival

Cumulative Projected Habitat
Quality Improvement (Survival

Improvement) (Survival Improvement) Improvement) projected Improvement) including
Performance Standard estimated from actions from actions to be Supplemental Actions
ESU MPG Population 2007-2018 implemented through 2011 implemented through 2018 implemented through 2018
Lolo Creek 12 3 18 18
Lochsa River 16 6 8 17%
Clearwater River Selway River <1 0.01 1 1
South Fork 2
Clearwater River 14 4 13 17
South quk Salmon 1 1 5 5
River
Secesh River 6 5 6 6
Salmon River Lower Middle Fork
mainstem and
tributaries (Big, 2 0.4 3 3
Camas, and Loon
Creeks)
Lemhi River 3 23 27 27
Pahsimeroi River 9 27 37 37
East Fon_'k Salmon 2 9 4 4
River
Salmon _R|ver upper 6 4 8 8
mainstem
Hells Canyon Hells Canyon
*Yakima.River upper 4 4 4 4
mainstem
Yakima River Group *Naches River 4 4 4 4
*Toppenish 4 4 4 4
Middle Columbia *Satus Creek 4 4 4 4
Steelhead
*Deschutes River
; <1 1 1 1
Cascade Eastern Westside
Slope Tributaries | *Deschutes River
- 1 1 1 1
eastside
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From RPA Action
35, Table 5

Based on Expert Panel Results

Based on Expert Panel
Results + Action Agency
Estimates for SupPIementaI
Projects

Habitat Quality
Improvement (Survival

Habitat Quality Improvement

Cumulative Habitat Quality

Improvement (Survival

Cumulative Projected Habitat
Quality Improvement (Survival

Improvement) (Survival Improvement) Improvement) projected Improvement) including
Performance Standard estimated from actions from actions to be Supplemental Actions
ESU MPG Population 2007-2018 implemented through 2011 implemented through 2018 implemented through 2018

*Klickitat River 4 4 4 4
Flftee_n mile Creek <1 1 1 1

(winter run)
. *Umatilla River 4 4 4 4
Umatilla and Walla ™2\ 11 4 4 4 4

Walla River
*Touchet 4 4 4 4
*John Day River

lower mainstem <1 1 1 1

tributaries

*North Fork John Day
River <1 1 1 1
John Day River *John Day River <1 ’ 1 1
upper mainstem
*Middle Fork John

Day River <1 1 1 1
South Fo_rk John 1 1 1 1

Day River

' This column represents results of 2012 expert panel evaluations and, for seven populations, the Action Agencies’ estimates of benefits for “supplemental” actions identified after the
2012 expert panels were concluded. Benefits for these supplemental actions will be reevaluated by the expert panels when they next convene. See additional discussion in text below
(under “Supplemental Actions for Seven Populations”).

?Includes estimated HQI from supplemental actions. HQI for actions evaluated by expert panels, supplemental actions, and Fish Accord actions are shown separately in Section 3,
Appendices A and B of the draft 2014-2018 FCRPS BiOp Implementation Plan (BPA et al. 2014).

*RPA Action 35 Table 5 of the 2008 BiOp did not contain a performance standard for the Imnaha steelhead population. In their 2013 CE, the Action Agencies included information for
completed or planned habitat work that would benefit the Imnaha steelhead population and that had been reviewed by an expert panel since the habitat work would reduce population

and MPG risk.
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The Action Agencies’ analysis, using the CHW method and based on expert panel evaluations of
tributary habitat improvement actions implemented through 2011, indicates that those actions
were sufficient to meet or exceed the HQI performance standard for 34 of the 56 populations
with an HQI performance standard in Table 5 of RPA Action 35.% For 12 of those populations,
the analysis indicates that actions implemented through 2011 were sufficient to exceed the HQI
performance standard and, for another 22 populations, were sufficient to meet the HQI
performance standard. The HQI performance standards for these populations were generally
small (less than 5%), with the exception of Lemhi spring Chinook (7% HQI performance
standard; actions implemented through 2011 sufficient to achieve 28% HQI), Pahsimeroi spring
Chinook (41% HQI performance standard; actions implemented through 2011 sufficient to
achieve 62% HQI), and Pahsimeroi steelhead (9% HQI performance standard; actions
implemented through 2011 sufficient to achieve 27% HQI).

The Action Agencies’ analysis, using the CHW method and based on expert panel evaluations of
tributary habitat improvement actions implemented through 2011, also indicates that those
actions were sufficient to achieve >50% of the HQI performance standard for an additional seven
populations (see Table 3.1-2). The >50% benchmark is significant because the year 2011 is
roughly 50% of the 2008 BiOp implementation timeframe of 2007-2018. Therefore, having
implemented actions by 2011 sufficient to achieve >50% of the survival improvement standard is
a good indicator that the Action Agencies are on track with implementation of the tributary
habitat program for those populations and that achieving the HQI performance standard, and
associated survival improvement, for those populations is reasonably certain, where the Action
Agencies’ analysis using CHW methods and based on expert panel results also indicates that
implementation of actions through 2018 will meet the HQI performance standard.

% Note that the populations listed above in Table 3.1-1 (and in RPA Action 35 Table 5) as Joseph Creek (OR) and
Joseph Creek (WA) are considered one population (managed by two states), hence the total of 35 rather than 36
populations for which actions implemented through 2011 were sufficient to meet HQI performance standards.
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Table 3.1-2. Populations for which implementation of actions through 2011 was sufficient to achieve 250% of the HQI
performance standard.”

HQI estimated % of HQI
from actions performance
HQl implemented standard
Performance through estimated from
Standard (from 2011(based on actions
RPA Action 35 expert panel implemented
ESU/DPS Population Table 5) results) through 2011
Grande Ronde River 4% 3% 75%
Upper Mainstem
Snake River Tucannon River 5% 3% 60%
Steelhead DPS | Salmon River Upper 6% 4% 67%
Mainstem
Secesh River 6% 5% 83%
Upper Columbia | Methow River 4% 2% 50%
Steelhead DPS | okanogan River 14% 7% 50%
Wenatchee River 4% 2% 50%
'Bold = priority populations from RPA Action 35 Table 5.

In addition, the Action Agencies have made significant progress (i.e., analysis indicates that
actions implemented through 2011 were sufficient to achieve >33% of HQI performance
standard) on six other populations (see Table 3.1-3). The benchmark of >33% to define
significant progress, while somewhat subjective, is reasonable because it indicates that the
Action Agencies have demonstrated the ability to implement habitat improvement actions with
significant benefits, and, where the Action Agencies’ analysis using CHW methods and based on
expert panel results also indicates that implementation of actions through 2018 is projected to
meet the HQI performance standards, it is reasonably certain that the Action Agencies will
achieve those performance standards.
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Table 3.1-3. Populations for which implementation of actions through 2011 was sufficient to achieve 233% of the HQI

performance standard.”

HQI Performance
Standard (from

HQI estimated from

actions
implemented

through 2011

% of HQI
performance
standard estimated
from actions

RPA Action 35 (based on expert implemented

ESU/DPS Population Table 5) panel results) through 2011
Snake River Big Creek 1% 0.4% 40%
Spring/Summer
Chinook ESU Salmon River 14% 3% 36%

Upper Mainstem

above Redfish

Lake
Upper Columbia Methow River 6% 2% 33%
Spring Chinook ESU

Wenatchee River 3% 1% 33%
Snake River Lochsa River 16% 6% 38%
Steelhead DPS
Upper Columbia Entiat River 8% 3% 38%

River Steelhead
DPS

"Bold = priority populations from RPA Action 35 Table 5.

For the remaining populations in Table 5 of RPA Action 35, implementation of actions through
2011 was sufficient to achieve <33% of the HQI performance standard (see Table 3.1-4). In
some cases the Action Agencies describe circumstances that slowed or delayed progress on these
populations initially, such as the need to direct efforts initially toward conducting assessments to
better identify limiting factors and habitat improvement action opportunities; to develop local
relationships and support for implementation; or to address other implementation obstacles (2013
CE, Section 2 and Appendix A).
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Table 3.1-4. Populations for which implementation of actions through 2011 was sufficient to achieve <33% of the HQI
performance standard.”

HQI estimated from % of HQI

actions performance
HQI Performance implemented standard estimated
Standard (from through 2011 from actions
RPA Action 35 (based on expert implemented
ESU/DPS Population Table 5) panel results) through 2011
Snake River .
spring/summer ga:ﬂerlgﬁig;iik 23% 5% 22%
Chinook ESU pring
Grande Ronde
) River Upper 23% 4% 17%
Snake River Mainstem
Spring/Summer
Chinook ESU Tucannon River 17% 2% 12%
Yankee Fork 30% 0% 0%
Upper Columbia . . o o o
Spring Chinook ESU Entiat River 22% 3% 14%
Lolo Creek 12% 3% 25%
South Fork
Snake River Clearwater 14% 4% 29%
Steelhead DPS
Lower Middle Fork
Clearwater 2% 0.4% 21%

' Bold = priority populations from RPA Action 35 Table 5.

The Action Agencies also note that after evaluating results from the 2009 expert panel
workshops, they took steps to accelerate implementation of tributary habitat improvement
actions or to ensure that actions implemented yielded higher benefits in areas where progress did
not appear to be on track. For example, they completed tributary assessments for Catherine
Creek, the Yankee Fork, and the Entiat, and one or more reach assessments within each of these
areas.”” These assessments identified numerous habitat improvement action opportunities. Some
actions based on those assessments have been completed, but they were completed after the 2012
expert panel workshops, so their benefits are not reflected yet in population HQI totals (2013 CE,
Section 2 and Appendix A).

The Action Agencies note that the strategies initiated after the 2009 expert panel workshops are
continuing to accelerate progress toward meeting the HQI performance standards. The Action
Agencies continue to develop or refine adaptive management strategies to ensure that RPA
Action 35, Table 5, HQI performance standards are achieved. For the RPA priority populations
in the upper Columbia, Clearwater, Lower Snake, Grande Ronde, upper Salmon, and lower
Salmon rivers, the Action Agencies are working intensively with watershed groups, project

% For a complete list of reach assessments completed as of the summer of 2013, see the 2013 CE, Section 3,
Attachment 2, Table 4.
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sponsors, and Fish Accord partners to refine and implement high priority habitat improvement
actions to meet or exceed RPA HQI performance standards (2013 CE, Section 2 and Appendix
A).

Because of the less substantial progress through 2011 on these populations, however, NOAA
Fisheries more closely evaluated the Action Agencies’ strategies for implementation of actions
affecting these populations through 2018 (see Sections 3.1.2.3 through 3.1.2.7).

3.1.2.2.2 Identification of Actions for Implementation through 2018

The 2008 BiOp included specific actions for implementation from 2007-2009 (RPA Action 34)
and from 2010-2013 (for RPA Action 35, as outlined in the Action Agencies’ 2010-2013
FCRPS BiOp Implementation Plan). For 2014-2018, the 2008 BiOp required the Action
Agencies to commit to specific habitat quality improvement (HQI) performance standards and
associated survival improvements for certain populations, but it did not require them to identify
specific actions to achieve those improvements at the time the BiOp was issued. Instead, it relied
on a process to define actions in 3-year implementation cycles (2008 BiOp, RPA Actions 34 and
35).

In 2012, however, the Action Agencies worked with local partners to identify specific actions for
implementation through 2018 and, with regional partners, convened expert panels to evaluate
these actions. As described above, in Section 3.1.1.6, the Action Agencies use the expert panels’
estimates of changes in limiting factor function as a result of implementing actions to determine
habitat quality improvement (and associated survival improvements) at the population level.
Projected HQIs based on the 2012 expert panel evaluations are summarized in the Action
Agencies’ 2013 CE, Section 2, Table 35.

Appendix A of the 2014-2018 IP summarizes by population the actions for implementation
through 2018 that contribute to meeting or exceeding the RPA Action 35 Table 5 2018 HQI
performance standards, including limiting factors addressed and metrics expected to be achieved.
(Instead of reporting each specific action evaluated by the expert panels, the metrics for the
actions are summarized at the population level, and the table shows the projects in BPA’s
program management system under which the actions will be implemented.)'*

In their 2013 CE and 20142018 IP, the Action Agencies also lay out an adaptive management
framework (described in more detail below) within which they intend to continue to implement
the tributary habitat program through 2018. This adaptive management program includes menus
of specific actions in addition to a number of assessment tools and prioritization frameworks that
the Action Agencies will use to refine selection, design, and sequencing of habitat improvement
actions within watersheds to enhance the habitat benefits attained (2013 CE).

1% The 2014-2018 IP includes actions to be implemented in 2013, since implementation timeframes did not allow
them to be incorporated in to the 2013 CE.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



RPA Implementation | 3.1 Tributary Habitat | 281

Using the CHW method, and based on the results of the expert panels’ evaluation of actions for
implementation through 2018, the Action Agencies determined that the actions evaluated by the
expert panels, when implemented, were projected to meet or exceed the Table 5 HQI
performance standard and associated survival improvement for all but seven populations (see
2013 CE, Section 2, Table 25). These seven populations are shown below in Table 3.1-5.

Table 3.1-5. Populations not projected to meet HQI performance standards based on 2012 expert panel evaluation of
actions for implementation through 201 8.!

HQIl estimated
from actions Cumulative HQI
HQI Performance implemented projected from
Standard (from through 2011 actions
RPA Action 35 (based on expert implemented
ESU/DPS Population Table 5) panel results) through 2018
Catherine Creek 23% 5% 11%
Sngke River Grande Ronde Upper 23% 4% 5%
Spring/Summer Mainstem
Chinook ESU
Yankee Fork 30% 0% 21%
Salmon River upper 14% 5% 13%
mainstem above
Redfish Lake
Upper Columbia Entiat 22% 3% 9%
Spring Chinook
ESU
Lochsa River 16% 6% 8%
Snake River
Steelhead DPS South Fork 14% 4% 13%
Clearwater
" Bold = priority populations from RPA Action 35 Table 5.

As noted above, the Action Agencies have reviewed the specific reasons for delay in progress
toward the HQI performance standards for these populations and taken steps tailored to each
circumstance to achieve the HQI performance standards. For instance, in some areas, such as
Catherine Creek and the Yankee Fork, institutional infrastructure or institutional relationships
were inadequate to fully implement actions that had been identified previously, or barriers to
implementation needed to be addressed before efforts to deliver the Table 5 HQIs could
accelerate. The Action Agencies note that since 2007 they have improved stakeholder
engagement and support for actions that target key limiting factors and have helped to enhance
local capacity to implement those actions. Further, they note that new assessment tools and
increased understanding of limiting factors and priority reaches are providing greater assurance
that the habitat improvement actions with the potential to provide the most benefit will be
implemented in a timely manner (2013 CE, Section 2 and Appendix A).
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When the expert panels met in 2012, some NOAA Fisheries regional office staff participated on
the panels and other staff attended the meetings as observers. Staff from NOAA’s NWFSC also
attended the meetings as observers. In addition, NOAA Fisheries staff reviewed spreadsheets
assembled from the database in which the Action Agencies record the results of the expert panel
deliberations (see Spinazola 2013). These spreadsheets document the expert panels’ weighting of
assessment units, identification and weighting of limiting factors by assessment unit, their
assignment of values for current function of each limiting factors by assessment unit, and their
estimates of how the function of each limiting factor would change as a result of implementation
of actions through 2013. They also include notes documenting the expert panels’ rationale for
certain decisions, and they contain detail on specific actions evaluated that is not found in the
2014-2018 IP. NOAA Fisheries’ review was not exhaustive, nor was it a reanalysis of the expert
panels’ assessments. Rather it was a means for NOAA Fisheries staff to expand understanding of
the Action Agencies’ implementation of the tributary habitat program, spot-check information
for certain assessment units and populations, provide constructive feedback to the Action
Agencies, and, ultimately, increase NOAA Fisheries’ confidence that the Action Agencies’ were
implementing the tributary habitat program in a manner likely to achieve the RPA Action 35,
Table 5, HQI performance standards.

3.1.2.2.3 Supplemental Actions for Seven Populations

Based on the Action Agencies’ analysis, using the CHW method and the results of the expert
panels’ evaluation of tributary habitat improvement actions for implementation through 2011, the
seven populations in Table 3.1-5, above, are not projected to meet their HQI performance
standard without an increase in the pace and/or focus of action implementation. For these
populations, the Action Agencies worked with local implementing partners to identify and
evaluate supplemental tributary habitat actions. Partners included tribal partners who identified
habitat improvement actions that, if implemented, would be funded with Fish Accord funding.
For the Fish Accord partners that contributed to the list of supplemental actions, the actions
represent part of their negotiated commitment to deliver a component of the Table 5 HQI
performance standards. In some cases, these tribal partners have submitted their supplemental
actions as part of projects being reviewed under the NPCC’s geographic review process. Under
this process, projects are reviewed by the ISRP. The NPCC then makes recommendations
regarding project implementation based on consistency with the Fish and Wildlife Program,
BiOp priorities, and satisfactory science review by the ISRP. Following ISRP review and NPCC
recommendations, BPA makes multiyear funding decisions.

All the supplemental actions are informed by limiting factors analyses, tributary and reach
assessments, and other studies developed by local technical teams, tribes, or Federal agencies.
Some supplemental actions are expansions of action evaluated by the 2012 expert panels.

The supplemental actions are summarized by population in the 2014-2018 1P, Appendix B. The
appendix includes limiting factors addressed and metrics expected to be achieved. (Rather than
being reported at the specific action scale, this information is summarized under the projects that
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BPA will use to implement specific actions, and metrics for the actions are summarized at the
population scale.)

The supplemental actions will be evaluated by the expert panels when the Action Agencies next
convene them, ' but to develop an interim estimate, the Action Agencies estimated the benefits
of the supplemental habitat actions using a method based on the results from the 2012 expert
panels (2013 CE, Appendix B). The Action Agencies based their estimates of benefits on
proposed treatment types and the estimated benefit determined by the expert panels for similar
treatments. For example, if a large wood installation of a certain size or dimension was
determined by the expert panel to result in some “x”” measure of habitat improvement, the logic
followed that a supplemental large wood installation of a certain size or dimension would
likewise result in a proportional measure of “x” habitat improvement. For all but one population
(Catherine Creek spring Chinook salmon), the Action Agencies’ assessment was that
implementation of these supplemental actions would be sufficient to meet or exceed the Table 5
HQI performance standards and associated survival improvements (2013 CE, Section 2, Table
35).

Because these actions had not yet been reviewed by an expert panel, NOAA Fisheries gave
additional scrutiny to the Action Agencies’ strategies for populations for which supplemental
actions were identified. This scrutiny included discussion with Action Agency staff to ensure our
understanding of the actions and implementation strategies. Based on that additional review,
NOAA Fisheries concluded that it is reasonably certain that the HQI performance standard for
the populations for which supplemental actions were identified will be achieved (including the
Catherine Creek spring Chinook salmon population). The basis for our conclusion differed
among populations. General considerations included actions previously reviewed by expert
panels and not implemented but that the Action Agencies now are likely to implement; additional
actions that paralleled actions in particular assessment units that would proportionately increase
the benefits the expert panels had previously identified for similar actions in specific assessment
units; additional actions identified based upon results from recently completed tributary and
reach assessments; the extent to which actions targeted the most heavily weighted limiting
factors in the most heavily weighted assessment units; and the extent to which implementation
strategies appeared to be consistent with accepted watershed restoration principles (e.g., Beechie
et al. 2010, Roni et al. 2002, Roni et al. 2008). See Sections 3.1.2.3 through 3.1.2.7 for more
detailed population discussions.

"% 1t is possible that some supplemental actions will have been implemented by the time the expert panels next
convene. In that case, the expert panel would review the action as implemented. Expert panels evaluate all actions as
implemented in what is referred to as the “look back” process, which allows adjustment of benefits for actions
completed with modifications from what was originally planned, actions planned but not implemented, and actions
that were added subsequent to expert panel workshops and thus not evaluated in advance of implementation.
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3.1.2.2.4 Replacement Projects to Provide Benefits at MPG or ESU Level

RPA Action 35 also contains a provision that if actions identified for implementation prove
infeasible, in whole or in part, the Action Agencies will implement comparable replacement
projects to maintain estimated HQIs and achieve equivalent survival benefits at the population
level. If infeasible at the population level, then alternatively, RPA Action 35 provides that the
Action Agencies will find replacement projects to provide benefits at the MPG or ESU/DPS
level. The 2008 BiOp did not include a specific method for evaluating benefits of such
replacement projects at the MPG or ESU level. The Action Agencies have incorporated into their
adaptive management strategy a plan to employ replacement projects if necessary (2013 CE,
Section 2). The 2014-2018 IP, Appendix D, describes the method by which replacement projects
would be used to “credit” survival improvements.

NOAA Fisheries Northwest Regional Office staff has reviewed the method proposed by the
Action Agencies and agree that it is a reasonable approach for evaluating equivalent benefits at
the MPG or ESU level. NOAA Fisheries will evaluate any proposed use of replacement projects
to provide benefits at the MPG or ESU level on a case-by-case basis, including consideration of
the Action Agencies’ approach. Replacement projects will not be used simply to transfer survival
improvements from one population to another, or to transfer survival improvements from one
MPG to another. Rather, replacement projects could be used to evaluate overall compliance with
RPA Action 35 and to evaluate risk at the MPG level. NOAA Fisheries expects the replacement
project concept to be mobilized only as a last resort to meet Table 5 survival improvement
commitments, and before employing it, the Action Agencies will try to identify additional
projects that could be implemented to achieve population survival improvement commitments
instead of using replacement projects to provide benefit at the MPG or ESU/DPS level.

3.1.2.2.5 Increased Institutional Capacity

Since the 2008 BiOp was completed, the Action Agencies have enhanced their internal
organizational structure to operate more effectively to carry out the BiOp tributary habitat
program. They have hired staff with expertise in geomorphology, and engineering, and
implementation of habitat improvement actions. In addition, they have built relationships in
planning, implementation, monitoring, and evaluation with regional partners. These advances
have enhanced the ability of the Action Agencies and regional partners to plan, develop,
prioritize, implement, monitor, and evaluate habitat improvement actions that target the most
important factors limiting the growth and survival of anadromous fish in the locations where they
will yield the most benefit (2013 CE, Section 2 and Appendix A).

3.1.2.2.6 Adaptive Management

In their 2013 CE and 2014-2018 IP, the Action Agencies have described an adaptive
management framework within which they propose to implement the tributary habitat program.
The goal of the program is to leverage evolving technical tools, scientific research, and results
from the RME program to identify, plan, develop, and implement actions from the menus of
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actions evaluated by the expert panels, the supplemental actions developed by tribal partners, and
other action opportunities that arise through 2018 to provide the greatest benefits to salmon and
steelhead.

The adaptive management framework includes the menu of actions evaluated by the expert
panels and the menu of supplemental actions evaluated by the Action Agencies and to be
evaluated by expert panels when they next convene. It also includes a number of tools that the
Action Agencies have developed and plan to utilize. These tools are summarized above in
Section 3.1.1.8 and are described in more detail in the 2013 CE. These tools should enhance the
Action Agencies’ ability to refine the selection, scope, focus, and sequencing of implementation
of actions within a watershed to achieve higher benefits. The tools include standardized terms
and definitions for limiting factors (NOAA Fisheries developed these standard terms and they
are now in use in salmon recovery planning throughout the Columbia River basin); limiting
factor pie charts to illustrate limiting factor status by assessment unit; numerous tributary and
reach assessments that characterize geomorphic, hydraulic, and vegetation conditions and
identify opportunities for habitat improvement actions within river channels and their
floodplains; the tributary habitat monitoring program; and other efforts specific to certain
subbasins (for example, the Atlas process underway in Catherine Creek and planned for the
Upper Grande Ronde; 2013 CE, Section 2 and Appendix A; BPA and USBR 2013b; 20142018
IP).

The Action Agencies note that with the foundation for the tributary habitat program now in
place, it will be possible to accelerate the pace of designing and implementing actions that will
yield high benefits. Moreover stakeholder support has coalesced to a greater degree around
priority stream reaches and limiting factors identified through the tributary habitat program; and
new tools and better understanding of limiting factors and stream reaches provide more
assurance that the highest-value actions will be identified. They also note that the nature of
actions being designed and implemented in the program has evolved from more straightforward
actions such as those to improve access, screen diversions, or acquire water, to actions such as
those to improve stream channel complexity, which may require more information on stream
structure and function and more planning prior to implementation (2013 CE, Section 2 and
Appendix A; 2014-2018 IP, Appendix C).

The Action Agencies note that they will continue to incorporate new scientific findings regarding
climate change to inform tributary habitat improvement action selection, prioritization, and other
aspects of adaptive management by continuing to provide expert panels with any new climate
change information from NOAA Fisheries so that it can be incorporated into consideration of
habitat improvement action benefits (2013 CE, Section 2 and Appendix A; 2014-2018 1P,
Appendix C).
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3.1.2.3 Effects of Tributary Habitat Program on Snake River Spring/Summer
Chinook ESU

The SR Spring/Summer Chinook salmon ESU comprises 32 populations in five MPGs (see
population list in Table 2.1-3). Fifteen of those populations, representing all five MPGs, have an
HQI performance standard, and associated survival improvement, in RPA Action 35 Table 5 of
the 2008 BiOp.

Effects of implementing RPA Actions 34 and 35 on the 15 populations in this ESU that have an
HQI performance standard in RPA Action 35 Table 5 of the 2008 BiOp are summarized above in
Table 3.1-1 and in Section 2, Table 35, of the Action Agencies’ 2013 CE.

Based on the Action Agencies’ analysis using the CHW method, implementation of actions
through 2009 was sufficient to meet or exceed HQI performance standards for nine populations
(Lostine/Wallowa, Imnaha mainstem, Secesh, South Fork Salmon Mainstem, East Fork Salmon,
Lembhi, Pahsimeroi, Salmon River lower mainstem below Redfish Lake, and Valley Creek).
Based on the same analysis, implementation of actions through 2011 was sufficient to achieve
additional HQI gains for seven of those nine populations: the Lostine/Wallowa, Secesh, South
Fork Salmon Mainstem, Lemhi, Pahsimeroi, Salmon River lower mainstem below Redfish Lake,
and Valley Creek populations. For the Lemhi, Pahsimeroi, and Valley Creek populations, the
estimated HQI improvements are large—28%, 62%, and 13% respectively—and would
significantly exceed the performance standards.

The Action Agencies’ evaluation, using the CHW method, of actions implemented through 2011,
indicates progress toward achieving the HQI performance standard for five of the remaining six
populations (all except the Yankee Fork). For the Catherine Creek, Grande Ronde Upper
Mainstem, Tucannon, and Yankee Fork populations, however, the analysis indicates that
implementation of actions through 2011 was sufficient to achieve less than 33% of the
performance standard

The Action Agencies’ project that actions evaluated by the 2012 expert panel for implementation
through 2018 will result in additional HQIs for the nine populations estimated to meet or exceed
their performance standard based on implementation through 2009, and that in addition, the
Tucannon, a priority population, will exceed its performance standard. Some of these HQIs
projected from actions to be implemented through 2018 are substantial (and substantially higher
than the RPA HQI performance standards): for instance, 29% for the Tucannon, 32% for the
Lemhi, and 70% for the Pahsimeroi.

For the Catherine Creek, Upper Grande Ronde, Yankee Fork, and Salmon River mainstem above
Redfish Lake populations, projections based on the actions evaluated by the 2012 expert panel
for implementation through 2018 indicate that the HQI performance standard will not be met
without an increase in the pace and/or focus of action implementation. For those populations, the
Action Agencies identified supplemental actions and evaluated their effects using the method
described in the 2013 CE, Appendix B. For all but the Catherine Creek population, the Action
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Agencies’ projections, based on their evaluation of supplemental actions and the results of the
CHW method for actions evaluated by the 2012 expert panel for implementation through 2018,
are that the HQI performance standards will be achieved. For the Catherine Creek population, the
Action Agencies have outlined an adaptive management strategy consistent with achieving the
HQI performance standard for that population (2013 CE, Appendix A).

Actions'* implemented through 2011 are summarized by population in the Action
Agencies’2013 CE (2013 CE Section 3, Attachment 2, Table 1). 193 Actions for implementation
through 2018 that contribute to meeting or exceeding the RPA Action 35 Table 5 2018 HQI
performance standards are summarized by population in the 2014-2018 IP, Appendices A and B.

For populations where projections based on expert panel results indicate the 2018 performance
standards will be achieved and where the Action Agencies have made significant progress (i.e.,
implemented actions sufficient to achieve >33% of the HQI performance standard ), it is
reasonably certain the HQI performance standards will be met. That determination is based on
NOAA Fisheries’ conclusions regarding the tributary habitat analytical methods (see Section
3.1.1.8), the demonstration of significant implementation progress by the Action Agencies, and
the 2012 expert panel evaluations of the potential effects of specific actions for implementation
through 2018. NOAA Fisheries gave additional scrutiny to the Action Agencies’ strategies for
populations for which actions implemented through 2011 were sufficient to achieve < 33% of the
HQI performance standard and/or for which supplemental actions were identified. Those
populations are discussed in more detail below. Table 3.1-6 shows HQI performance standards,
estimated HQIs from actions implemented through 2011, and projected HQIs from actions to be
implemented through 2018 for these populations.

192 BPA summarizes action metrics under BPA projects used to fund the actions. Multiple specific actions are
implemented on the ground under each of these projects.

1% This table contains some populations not in RPA Action 35 table 5 because the Action Agencies have
commitments beyond the requirements of this BiOp under the Columbia Basin Fish Accords and the Northwest
Power Act that contribute to BiOp obligations (e.g., the Table 5 HQI performance standards). The Fish Accords
established the Action Agencies funding commitment to the Accord parties through 2018. The Northwest Power Act
served as a catalyst for adapting processes to convene community-based and locally led organizations around a point
of common interest. The delivery of funding to communities and Accord parties throughout the region has enhanced
implementation.

2014 FCRPS Supplemental Biological Opinion | NOAA Fisheries | January 17, 2014



288 | RPA Implementation

Table 3.1-6. Snake River spring/summer Chinook salmon populations with supplemental actions and/or <33% of HQI
performance standard estimated to be achieved based on actions implemented through 2011 ]

Cumulative
projected HQI
Cumulative HQI including
HQI estimated Projected from Supplemental
from actions actions Actions
HQI Performance implemented implemented implemented
Standard (from through 2011 through 2018 through 2018 (AA
RPA Action 35 (based on expert (based on expert estimates of
Population Table 5) panel results) panel results) benefits)
Catherine Creek 23% 5% 11% 15%
Upper Grande 23% 4% 5% 23%
Ronde
Tucannon 17% 2% 29% N/A
Yankee Fork 30% 0% 21% 43%
Salmon River upper 14% 5% 13% 14%
mainstem above
Redfish Lake
'Bold = priority populations from RPA Action 35 Table 5.

3.1.2.3.1 Catherine Creek Population

The RPA Action 35 Table 5 2018 HQI performance standard for this population is 23%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 5% habitat
quality and corresponding survival improvement. Actions evaluated by the expert panel for
implementation between 2012 and 2018 are projected to achieve an additional 6% HQI, bringing
the total to 11%. With the addition of supplemental actions evaluated preliminarily by the Action
Agencies and to be evaluated by the next expert panel, the HQI is projected to be 15%. This is
below the Table 5 HQI performance standard of 23% (2013 CE, Section 2, Table 35, and
Appendix A). To achieve the HQI performance standard, the Action Agencies propose
expanding a number of actions evaluated by the 2012 expert panel and identifying additional
actions for evaluation by the next expert panel (2013 CE Section 2, Appendix A, and 2014-2018
IP, Appendices A, B, and C).

Actions implemented in Catherine Creek through 2011 that were estimated to achieve the 5%
HQI are summarized in the Action Agencies’ 2013 CE, Section 3, Attachment 2, Table 1.
Actions have addressed low summer flows, passage barriers, lack of habitat diversity, degraded
riparian habitat, high summer water temperatures, and excess fine sediment. Habitat actions
evaluated by the expert panel for implementation from 2012 to 2018 that contribute to meeting
the RPA Action 35, Table 5, 2018 HQI performance standard for this population are summarized
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in the 2014-2018 IP, Appendix A. These actions address decreased water quantity, barriers, bed
and channel form and instream complexity, riparian condition, large wood recruitment, side
channel and floodplain conditions, sediment quantity, and temperature. The detailed fish and
habitat studies underway in the basin generally confirm the key limiting tributary habitat factors
for this population and provide a basis for prioritizing additional actions necessary to achieve the
RPA HQI performance standards.

Because the actions evaluated by the 2012 expert panel for implementation through 2018 are not
projected to reach the RPA Action 35 Table 5 HQI performance standard for this population, the
Action Agencies worked with the Confederated Tribes of the Umatilla Indian Reservation
(CTUIR), a Fish Accord partner, to identify a menu of supplemental actions (2013 CE, Appendix
A). The 2014-2018 IP, Appendix B, summarizes these supplemental actions, which include
improving flow, addressing a passage barrier, and improving complexity in 12.45 instream miles.
Based on the Action Agencies’ preliminary estimates, which the next expert panel will
reevaluate, implementation of these actions through 2018 is projected to contribute an additional
4% HQI to the RPA Action 35, Table 5, HQI performance standard for the Catherine Creek
Chinook salmon population (2013 CE, Section 2, Table 35, and Appendix B).

To achieve the additional 8% HQI needed to meet the RPA Action 35 Table 5 HQI performance
standard, the Action Agencies are working with their implementation partners both to expand the
scale and scope of actions evaluated by the 2012 expert panel and to develop additional actions.
The Action Agencies note that some actions evaluated by the expert panel in 2012 have already
been increased significantly in scope as they proceed through the development phase. They will
identify additional actions based on tributary and reach assessments and an additional assessment
tool—the Catherine Creek Atlas—that is in development. These tools will assist the Action
Agencies and their implementation partners in identifying appropriate treatment types and
locations (2013 CE, Section 2, Appendix A). The next expert panel will evaluate the
supplemental actions identified and evaluated by the Action Agencies to date as well as
additional and expanded actions identified in the interim.

The Catherine Creek population has been the focus of considerable effort by the Action Agencies
and others to evaluate limiting factors and identify priority areas for restoration. These efforts
have included tributary and reach assessments completed by Reclamation in 2012 and a fish
tracking study by ODFW (2013 CE, Appendix A). This information, which the expert panel
considered in identifying and weighting limiting factors, indicates that most existing fish
production is in assessment unit (AU) CCC3b, and that this AU and AU CCC3a (the next reach
downstream, which had significant productive habitat historically) are limited by a lack of
summer rearing habitat and flow.

Taking into account key elements from the watershed restoration principles as articulated in Roni
et al. (2002, 2008) and Beechie et al. (2008, 2010), and based on a review of previous limiting
factors assessments for the Catherine Creek population, technical feedback from regional
biologists, and initial results from the recently completed Reclamation tributary assessment, the
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Action Agencies’ intend to focus efforts initially in AU CCC3b and then downstream in AU
CCC3a. The expert panel’s deliberations indicate that to create more summer rearing habitat,
habitat improvement actions should improve the limiting factors of peripheral and transitional
habitats, floodplains, channel structure and form, temperature, water quantity, sediment, riparian
areas, and barriers (Spinazola 2013, Upper GR-Catherine Cr Chinook HABITAT FUNCTIONS
2013-18, Upper GR-Catherine Cr Chinook HABITAT ACTIONS 2013-18).

In addition, ongoing studies have highlighted relatively high juvenile mortality associated with
downstream spring out-migration through the lower Catherine Creek mainstem/lower Grande
Ronde Valley reach. Reducing mortality associated with emigration through this key reach
would benefit production from all Catherine Creek current spawning/rearing areas. In addition, it
is likely that juveniles outmigrating from the Upper Grande Ronde population would also benefit
from reduced mortality in this reach. In recent years the Action Agencies have provided funding
support and participated in studies aimed at gaining a better understanding of the factors driving
this mortality. These efforts are key steps toward implementing actions tailored to increase
outmigration survival.

The actions evaluated by the expert panel for implementation through 2018 and the supplemental
actions are appropriately targeted mainly at flow and improving stream structure in AUs CCC3a
and 3b (Spinazola 2013, Upper GR-Catherine Cr Chinook HABITAT FUNCTIONS 2013-18,
Upper GR-Catherine Cr Chinook HABITAT ACTIONS 2013-18). For example, a proposed
action in AU CCC3b would add 3 cfs to late summer flows, which would remain instream
through AU CCC3a, where water quantity is limiting. Another proposed action would treat 7 of
9 miles in the AU to improve habitat complexity and help establish more summer rearing
capacity. An action in AU CCC3a, completed in 2012 (the CC37 project), addressed side
channel and wetland conditions and channel structure and form in .75 miles (Spinazola 2013,
Upper GR-Catherine Cr Chinook HABITAT ACTIONS 2013-18). Unpublished data from the
ODFW tracking study have shown fish using log-jams that were created as part of this project.
ODFW will monitor the results of these activities in Catherine Creek and specifically reach
CC37 and the control reaches during 2013 with a National Fish and Wildlife Foundation grant
funded through Reclamation.

The Action Agencies intend to continue to use tributary and reach assessments and other best
available information (e.g., the Catherine Creek Atlas and results from the ODFW fish tracking
study) to identify habitat improvement actions focused in the assessment units and reaches with
the greatest opportunity for change and targeted at the most significant limiting factors. They
also have worked to enhance, and intend to continue working to enhance, the institutional and
administrative capacity to implement actions in Catherine Creek, and will continue to engage
with stakeholders to support the planning, development, and implementation of habitat
improvement efforts (2013 CE, Section 2, and Section 2, Appendix A). This will include work
with the Grande Ronde Model Watershed, CTUIR, Union Soil and Water Conservation District,
ODFW, and other entities to adjust the scale and scope of actions evaluated by the 2012 expert
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panel, and the supplemental actions identified in the 2014-2018 IP, and to identify additional
actions to achieve the greatest benefits (2013 CE, Section 2, Appendix A; and 2014-2018 1P,
Appendices A, B, and C).

This implementation and adaptive management strategy is sound. It proposes to focus
implementation on the highest priority limiting factors in the most important assessment units,
identified based on best available limiting factors assessments augmented by ongoing habitat
analyses, and would sequence implementation in a manner consistent with sound watershed
restoration principles. It is reasonably certain that the HQI performance standard and associated
survival improvement for this population will be achieved using this strategy.

3.1.2.3.2 Grande Ronde Upper Mainstem Population

The RPA Action 35 Table 5 2018 HQI performance standard for this population is 23%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 4% habitat
quality and corresponding survival improvement. Actions evaluated by the expert panel for
implementation between 2012 and 2018 are projected to achieve an additional 1%, bringing the
total to 5%. With the addition of supplemental actions evaluated preliminarily by the Action
Agencies, and to be evaluated by the next expert panel, the HQI is projected to be 23%, which
would meet the HQI performance standard (2013 CE Section 2, Table 35, and Appendix A).

Actions implemented through 2011 that were estimated to achieve the 4% HQI are summarized
in the Action Agencies’ 2013 CE, Section 3, Attachment 2, Tables 1 and 3. Actions have
addressed passage barriers, lack of habitat diversity, degraded riparian habitat, water
temperature, and excess fine sediment. Habitat actions evaluated by the expert panel for
implementation from 2012 to 2018 that contribute to meeting the RPA Action 35, Table 5, 2018
HQI performance standard for this population are summarized in the 2014-2018 IP, Appendix
A. These actions address factors including decreased water quantity, passage barriers, bed and
channel form, instream complexity, riparian condition, sediment quantity, large wood
recruitment, and water temperature.

Because the actions evaluated by the 2012 expert panel for implementation through 2018 are not
projected to reach the RPA Action 35 Table 5 HQI performance standard for this population, the
Action Agencies worked with the CTUIR, a Fish Accord partner, to identify a menu of
supplemental actions (2013 CE, Appendix A). These supplemental actions are summarized in the
2014-2018 IP, Appendix B, and address decreased water quantity, passage barriers, bed and
channel form and instream complexity, and riparian condition, large wood recruitment, increased
sediment quantity, and water temperature. Based on the Action Agencies’ preliminary estimates,
which the next expert panel will reevaluate, implementation of these actions through 2018 has
the potential to contribute an additional 18% HQI to the RPA Action 35 Table 5 HQI
performance standard for the Grande Ronde Upper mainstem spring Chinook salmon population,
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which would bring the total HQI to 23% and meet the RPA Action 35 Table 5 2018 HQI
performance standard (2013 CE, Section 2, Table 35).

The Grande Ronde Upper Mainstem population has been the focus of considerable effort by the
Action Agencies to provide support and resources to improve and enhance the planning,
prioritization, and implementation of habitat improvement actions and to engage and inform key
landowners and constituents (2013 CE, Appendix A). These efforts have included tributary and
reach assessments, which Reclamation currently is developing (2013 CE, Appendix A).

Some of the supplemental actions identified for implementation in the Upper Grande Ronde
mainstem involve expansion or enhancement of actions evaluated by the 2012 expert panel. The
Action Agencies worked with the CTUIR to identify opportunities to expand projects in areal
extent, size, or configuration, or to incorporate new features that would yield higher benefits.
These actions focus on riparian improvement, floodplain reconnection and reactivation,
improved instream channel complexity, flow acquisition, and changes in grazing management.
Specific actions that were expanded after the 2012 expert panel review include culvert
replacement, revetment removal, floodplain and side channel reconnection, and flow
enhancement (2013 CE, Appendix A; 2014-2018 IP, Appendix B).

These CTUIR actions will complement a supplemental action that is the anchor for the Action
Agencies’ strategy. This anchor action would restore flow and complexity in a large stream
segment that contains the majority of available Upper Grande Ronde Chinook spawning and
rearing habitat. The 2007 expert panel evaluated this action and determined that, by itself, it
would achieve or exceed the full 23% HQI performance standard. The Action Agencies
estimated a habitat quality improvement of only 18% for this anchor action, which is
conservative relative to the 2007 expert panel estimate of 23% for the same action. This anchor
action, and other potential supplemental actions, when combined with actions already
implemented and those evaluated by the expert panel for implementation through 2018, are
projected to achieve the full 23% Table 5 HQI performance standard for this population (2013
CE, Appendix A).

Actions evaluated by the 2012 expert panel and supplemental actions that will be evaluated by
the next expert panel focus appropriately on increasing and improving juvenile rearing
conditions throughout the Upper Grande Ronde River. The Action Agencies intend to use
tributary and reach assessments for the Upper Grande Ronde and other tools to identify actions
in the assessment units and reaches with the biggest opportunity for change and targeted at the
most significant limiting factors (2013 CE, Appendix A). A particularly important and useful
tool will be the Action Agencies’ “Atlas” process, which will integrate GIS data relative to the
limiting factors for each assessment unit to identify “biologically significant reaches,” and will
build on tributary and reach assessments to help identify the highest potential opportunities for
habitat improvement actions that address limiting factors.
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The Action Agencies will also continue to work with the Grande Ronde Model Watershed,
CTUIR, Union Soil and Water Conservation District, ODFW, and other entities to adjust the
scale and scope of actions evaluated by the 2012 expert panel and the supplemental actions
identified in the 2014-2018 IP to identify opportunities for greater benefits and to continue to
build stakeholder support for implementation (2013 CE, Appendix A).

This implementation and adaptive management strategy is sound. It proposes to focus
implementation on the highest priority limiting factors in the assessment units with the biggest
opportunity for change, as identified based on best available limiting factors assessments
augmented by ongoing habitat analyses, and would sequence implementation in a manner
consistent with sound watershed restoration principles. It is reasonably certain that the HQI
performance standard for this population will be met using this strategy.

3.1.2.3.3 Tucannon River Population

The RPA Action 35, Table 5, 2018 HQI performance standard for this population is 17%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 2% habitat
quality and corresponding survival improvement for this population. Actions evaluated by the
expert panel for implementation between 2012 and 2018 are projected to achieve an additional
27% HQI, bringing the total to 29% to meet or exceed the HQI performance standard for this
population (2013 CE Section 2, Table 35, and CE, Appendix A).

Actions implemented in the Tucannon through 2011 that were estimated to achieve the 2% HQI
are summarized in the Action Agencies’ 2013 CE, Section 3, Attachment 2, Table 1. Actions
have addressed screening of diversions, passage barriers, stream habitat complexity and
connectivity, high water temperatures, and degraded riparian conditions. Habitat actions
evaluated by the expert panel for implementation from 2012 to 2018 that contribute to meeting
the HQI performance standard for this population are summarized in the 2014-2018 1P,
Appendix A. These actions address decreased water quantity, bed and channel form and instream
structural complexity, riparian condition, floodplain condition, sediment quantity, and high water
temperature.

The Tucannon River is affected by historical land uses and river management. Past tillage,
logging, and grazing practices, combined with channel straightening and diking, have degraded
Chinook salmon spawning and rearing habitat. Substantial improvements over the past two
decades have not yet reversed damage to the riverine ecosystem, largely because of the
magnitude of the damage and the effort needed to restore this system (2013 CE, Appendix A;
ISRP 2013b; BPA 2013c).

Since the mid-1990s, the BPA has funded local county conservation districts and the Tucannon

Model Watershed Program to implement habitat improvement actions in the Tucannon subbasin.
(Reclamation’s work in the Tucannon involves technical assistance rather than direct funding of
actions.) Since 2007, the Action Agencies have more than doubled annual budgets to implement
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habitat improvements in the Tucannon subbasin (2013 CE, Appendix A). However, when the
2009 expert panel results indicated that implementation of actions through 2012 would achieve
less than 50% of the HQI performance standard for this population, the Action Agencies
increased their level of support for habitat improvement actions in the subbasin, and initiated the
Tucannon River Programmatic Habitat Project (2013 CE, Appendix A).

The goal of the Tucannon River Programmatic Habitat Project is to resolve legacy institutional
constraints and to restore habitat function and channel processes in the priority reaches of the
Tucannon River to improve spring Chinook salmon productivity. Specific reach-scale actions
carried out under the programmatic will be identified and prioritized based on detailed
assessment information and in a manner taking into account key elements from the watershed
restoration framework recommended by Beechie et al. 2010. Action selection criteria include
prioritization based on limiting factors identified for the Tucannon in the 2008 FCRPS BiOp
(2013 CE, Appendix A).

As part of the NPCC’s 2013 Geographic Review, the ISRP has reviewed the Tucannon River
Programmatic Habitat Project, and the NPCC has made a preliminary recommendation for
continued implementation of the project. The NPCC makes recommendations regarding project
implementation based on consistency with the Fish and Wildlife Program, BiOp priorities, and
satisfactory science review by the ISRP. Following ISRP review and NPCC recommendations,
BPA makes multiyear funding decisions. In addition, there is strong local support and leadership
for implementation of the programmatic habitat project through the Snake River Salmon
Recovery Board (2013 CE, Section 2, Appendix A). The reach-scale actions that have been
identified under this programmatic habitat project were evaluated by the 2012 expert panel.

Supplementing the Tucannon River Programmatic Habitat Project is the Lower River Tribe Fish
Accord, which will provide funding for the CTUIR to improve habitat for Tucannon Chinook
salmon. The Action Agencies will use the Tucannon Programmatic Habitat Project and the
CTUIR habitat project under the Accord Agreement to expand the pace, scale, and quality of
habitat improvement actions in the Tucannon (2013 CE, Appendix A).

The Action Agencies will continue to implement habitat improvement actions through the
programmatic approach described above, working with the Snake River Salmon Recovery
Board, CTUIR, U.S. Forest Service (USFS), WDFW, and local Soil and Water Conservation
District. A regional technical team composed of fish biologists and other natural resource
specialists with extensive field experience and knowledge of local watershed conditions reviews
actions prior to implementation, providing additional scrutiny to ensure a high likelihood of
action success (2013 CE, Appendix A).

Because the projected HQI for the Tucannon River spring Chinook salmon population is based
on the results of the 2012 expert panel evaluations, it is reasonably certain that these benefits will
be achieved upon implementation. In addition, the approach outlined in the Tucannon River
Programmatic Habitat Project to prioritize and implement habitat improvement actions is sound,
and with the institutional relationships in place among implementers in the Tucannon, it appears
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that the mechanisms and resources to implement the habitat actions are in place. It is reasonably
certain that the RPA Action 35 Table 5 2018 HQI performance standard will be achieved for this
population.

3.1.2.3.4 Yankee Fork Population

The RPA Action 35 Table 5 2018 HQI performance standard for the Yankee Fork population is
30%. As of the 2012 expert panel review, none of the potential actions identified for this
population had been implemented. As a result, the review resulted in no projected contributions
to meeting the HQI performance standard (2013 CE Section 2, Table 35). The Action Agencies
had anticipated a potential for delay in implementation for this population due to the complicated
nature of planning for habitat improvement in the Yankee Fork. For instance, an expert panel
that the Action Agencies convened in 2006 to evaluate Yankee Fork habitat improvement actions
noted that no on-the-ground action should be anticipated for five years (NOAA AR Supplement
S.31).

Actions evaluated by the expert panel for implementation between 2012 and 2018 are projected
to achieve a 21% HQI. With the addition of supplemental actions evaluated preliminarily by the
Action Agencies and to be evaluated by the next expert panel, the HQI is projected to be 43%, to
meet or exceed the HQI performance standard for this population (2013 CE Section 2, Table 35,
and CE, Appendix A).

Habitat actions evaluated by the expert panel for implementation from 2012 to 2018 that
contribute to meeting the RPA Action 35 Table 5 HQI for this population are summarized in the
2014-2018 IP, Appendix A. These actions address bed and channel form, instream complexity,
floodplain condition, large wood recruitment, and sediment quantity.

Because actions evaluated by the expert panel for implementation through 2018 are not projected
to achieve the RPA Action 35 Table 5 HQI performance standard for this population, the Action
Agencies worked with the Shoshone-Bannock Tribe and with state and other local partners to
identify a menu of supplemental actions that were based on tributary and reach assessments
(2013 CE, Section 2, Appendix A). The supplemental actions focus on increasing and improving
juvenile rearing conditions in 7 miles of the Yankee Fork by improving bed and channel form
and instream structural complexity. These supplemental actions are summarized in the 2014—
2018 IP, Appendix B.

Approximately six miles of the Yankee Fork have been drastically modified by historical
dredging operations, which altered the course of the stream and caused extensive damage to
riparian areas, instream structure, substrate, and hydrologic conditions, and which also limited
juvenile rearing habitat. Approaches to restoring this reach of the Yankee Fork have been the
subject of multiple assessments and reviews.

One review by the ISRP raised questions regarding potential toxic contamination in the area as a
result of the historical dredging and mining. A second matter to be addressed in a successful
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restoration strategy for the Yankee Fork was cultural resource conservation related to the
historical mining operations. At the present time, these issues have been resolved to a point
where action implementation is now feasible. Reclamation conducted sampling and other testing
and determined that the risk of toxic contamination was minimal. Reclamation also developed a
Mercury Detection and Response Plan. To preserve cultural resources related to historical
mining, Reclamation worked with the Idaho State Historic Preservation Office and with the
landowner to archive maps and photos of the area, preserve some historical dredge piles, and
provide interpretive signs explaining the historical mining.

In addition, Reclamation completed tributary and reach assessments that identify subwatersheds
and reaches with the best potential habitat for Chinook salmon. Based on their assessments,
Reclamation identified two habitat improvement actions that would benefit Chinook salmon and
could feasibly be implemented by 2012. The actions restore side channel habitat where it had
been destroyed by historical dredging. Both actions have been completed, but since they were
completed in 2012 and 2013, the expert panel has not yet evaluated their benefits as completed
(which would account for any changes in benefits due to differences in the projects as proposed
and as implemented; Lyon and Galloway 2013).

Reclamation has also completed the Yankee Fork Fluvial Habitat Rehabilitation Plan (Lyon and
Galloway 2013), which identifies habitat improvement actions that can be implemented through
2018. There are many actions that can be implemented that will continue to address the Yankee
Fork limiting factors noted above, as reflected in the Rehabilitation Plan and in the “upper
bookends” that the expert panel assigned to limiting factors related to juvenile rearing habitat
potential. "
based on the tributary and reach assessments and the Rehabilitation Plan. For example, some of
the actions the 2012 expert panel reviewed would reconfigure the confluence of the Yankee Fork
and West Fork to activate flow, regrade dredge tailings, open flow to the historical river channel,
maintain perennial flow, reconnect historical floodplain and wetland habitat, place wood for
cover and habitat diversity, replant riparian vegetation, and reduce the width of the existing river
channel by creating floodplain habitat. This action should increase juvenile rearing habitat,
increase high water and thermal refugia, increase adult spawning and holding habitat, and
improve access to the West Fork of the Yankee Fork (2013 CE 160-163). Supplemental actions,
which have been identified from the Rehabilitation Plan, include the same kind of actions
reviewed by the expert panel and in the same locations (Lyon and Galloway 2013; Spinazola
2013, Upper Salmon Chinook 2013-2018 HABITAT ACTIONS).

* Reclamation is working with local partners to ensure implementation of actions

The Action Agencies plan to continue to work closely with the Idaho Office of Species
Conservation, Custer County, Shoshone-Bannock Tribes, Upper Salmon Basin Watershed
Project, IDFG, USFS, Yankee Fork Interdisciplinary Team, landowners, and other responsible
individuals and agencies to adjust the scale and scope of the habitat improvement actions already
evaluated by the 2012 expert panel and the supplemental actions (2013 CE, Appendix A).

1% For upper bookends, see Spinazola 2013, Upper Salmon Chinook 2013-18 HABITAT FUNCTIONS.
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Based on the extensive assessment and planning that has been completed in the Yankee Fork, the
progress that has been made to overcome obstacles to implementation, actions completed in 2012
and 2013, and the identification of potential habitat improvement actions that address priority
limiting factors in priority reaches that have been identified based on best available limiting
factors assessments, augmented by ongoing habitat analyses and consistent with accepted
watershed restoration principles, the Action Agencies’ implementation and adaptive management
strategy is sound, and it is reasonably certain that the HQI performance standard for this
populations will be achieved.

3.1.2.3.5 Upper Salmon above Redfish Lake

The RPA Action 35 Table 5 2018 HQI performance standard for this population is 14%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 5% habitat
quality and corresponding survival improvement. Actions evaluated by the expert panel for
implementation between 2012 and 2018 are projected to achieve an additional 8% HQI, bringing
the total to 13%. With the addition of supplemental actions evaluated preliminarily by the Action
Agencies and to be evaluated by the next expert panel, the HQI is projected to be 14%, to meet
the HQI performance standard (2013 CE Section 2, Table 35, and CE, Appendix A).

Actions implemented through 2011 that were estimated to achieve the 5% HQI are summarized
in the Action Agencies’ 2013 CE, Section 3, Attachment 2, Table 1. Actions have addressed
stream flow, screening of diversions, passage barriers, and riparian and stream improvements to
decrease fine sediment and water temperature. Habitat actions evaluated by the expert panel for
implementation from 2012 to 2018 that contribute to meeting the 2018 RPA Action 35 Table 5
HQI for this population are summarized in the 2014-2018 IP, Appendix A. These actions
address factors including water quantity, passage barriers, and additional improvements to
riparian areas and roads to improve riparian condition and decrease sediment quantity and water
temperature.

Because the actions evaluated by the 2012 expert panel for implementation through 2018 are not
projected to reach the RPA Action 35 Table 5 HQI performance standard for this population, the
Action Agencies worked with multiple partners, including the Shoshone-Bannock Tribes, IDFG,
USFS, and Custer Soil and Water Conservation District to significantly expand the scope of a
habitat improvement action that the 2012 expert panel had evaluated for implementation in Pole
Creek, a major tributary to the upper Salmon River that contains important spawning and rearing
habitat (2013 CE, Section 2, Appendix A; Mazaika 2013).

Seven surface water diversions completely dewatered Pole Creek up through the 1980s. In 1982,
the points of diversion were consolidated to a single point of diversion, and since that time Pole
Creek has sustained flows through the lower reaches during all but the most severe droughts. In
2005, a minimum flow agreement for the creek was signed, and in 2007, juvenile Chinook
salmon were observed occupying lower Pole Creek for the first time in decades. In 2009, an
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adult pair of Chinook attempted to spawn in the same reach. In 2011, an interagency technical
team including the USFS, U.S. Fish and Wildlife Service, NOAA Fisheries, and the Idaho Office
of Species Conservation identified key limiting factors (e.g., flow barrier culverts, fords, and
riparian habitat degradation) in Pole Creek that are affected by both public and private land
management. The team also identified actions to address these factors. With culvert replacement,
barrier removal, riparian protection, and a key land purchase, Pole Creek will accommodate
traditional agricultural use while accelerating the ability of the stream to support salmon
(Mazaika 2013).

NOAA Fisheries agrees that by expanding the scope of this action, which includes improvements
to habitat complexity, livestock exclusion, barrier removal, and riparian restoration, it is
reasonably certain that the action would achieve an additional 1% HQI. Based on the actions
evaluated by the expert panel and the expansion of the Pole Creek project, it is reasonably certain
that the HQI performance standard for this population will be met.

3.1.2.3.6 RME Findings for Snake River Spring/Summer Chinook ESU

Research, monitoring, and evaluation, including IMWs and CHaMP sampling, are underway in
this ESU, although additional time and data are needed to determine whether changes in habitat
and subsequent changes in Chinook salmon production are occurring. Initial RME findings in the
Grande Ronde subbasin provide evidence to support the basic assumptions of the BiOp tributary
habitat program and indicate that habitat improvements are providing benefits to fish.

In the Grande Ronde River Upper Mainstem, 86 sites were sampled with the CHaMP habitat
protocol through 2012, with additional sites sampled in 2013. Findings include a positive
relationship between the volume of large wood in streams and fish density and between the
frequency of pools and fish density, although the relationship differed depending on location of
stream reach. In headwater streams, pool area and volume of woody material did not influence
fish density as expected, indicating that other factors were having a greater influence on fish
density. In lower reaches, pool area and woody debris were positively correlated with fish
density at statistically significant levels, confirming the positive relationship between large wood
or pool volume and fish density, and thus the likelihood of beneficial effects of habitat
improvements that increase large wood and pool volume (McCullough et al. 2011, cited in BPA
and USBR 2013a)

On the South Fork Salmon River, 45 sites were sampled using the CHaMP habitat protocol
through 2012, with additional sites sampled in 2013. Although more time is needed before
correlations between habitat conditions and Chinook salmon abundance, diversity, or
productivity can be established, genetic sampling and data collected from PIT-tag arrays and
adult and juvenile traps should make this possible in the near future (CHaMP 2013).

On the Tucannon River, 39 sites were sampled with the CHaMP habitat protocol through 2012,
with more sites sampled in 2013. Although more time is needed before relationships can be
established, correlation of habitat conditions with Tucannon captive broodstock Chinook salmon
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abundance and diversity should be possible in the near future due to genetic sampling and data
collected from PIT-tag arrays, adult surveys, and juvenile traps (CHaMP 2013).

In the Lemhi River IMW, the presence of two juvenile Chinook salmon in previously de-watered
Big Timber Creek was documented after Canyon Creek was reconnected to the Lembhi River in
2011. Before that, juvenile Chinook salmon had not been documented in Canyon Creek since the
1990s, and then only in the lower 300 yards, below dewatered areas to which flow has since been
returned (Bowersox and Biggs 2012).

3.1.2.3.7 Effects on Critical Habitat

As described above, implementation of RPA Actions 34 and 35 will reduce factors that have
limited the functioning and conservation value of habitat that this ESU uses for spawning and
rearing. Primary constituent elements (PCEs) expected to improve are water quality, water
quantity, cover/shelter, food, riparian vegetation, space, and safe passage/access.

Tributary habitat improvement actions will have long-term beneficial effects at the project and
subbasin scale. Adverse effects to PCEs during construction are expected to be minor, occur only
at the project scale, and persist for a short time (no more and typically less than a few weeks).
Examples of such short-term effects include sediment plumes, localized and brief chemical
contamination from machinery, and the destruction or disturbance of some existing riparian
vegetation. These impacts will be limited by the use of the practices described in NMFS (20131).
The positive effects of these projects on the functioning of PCEs (e.g., restored access, improved
water quality and hydraulic processes, restored riparian vegetation, enhanced channel structure)
will be long term.

3.1.2.4 Effects of Tributary Habitat Program on Upper Columbia River Chinook
Salmon ESU

The UCR Chinook Salmon ESU comprises three populations in one MPG (see population list in
Table 2.1-3). All three populations have an HQI performance standard in RPA Action 35 Table 5
of the 2008 BiOp.

Effects of implementing RPA Actions 34 and 35 on the three populations in this ESU, all of
which have an HQI performance standard in RPA Action 35 Table 5 of the 2008 BiOp, are
summarized above in Table 3.1-1 and in Section 2, Table 35, of the Action Agencies’ 2013 CE.

Based on their analysis using the CHW method, the Action Agencies have demonstrated
progress toward the HQI performance standard for all three populations in this ESU. For the
Methow and Wenatchee populations, the Action Agencies had made significant progress (i.e.,
actions implemented through 2011 were sufficient to achieve >33% of the HQI performance
standard), although the performance standards for these populations are relatively small (6% and
3%, respectively). For the Entiat population, the Action Agencies’ analysis, using the CHW
method, indicates that actions implemented through 2011 were sufficient to achieve less than
33% of the HQI performance standard.
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The Action Agencies project that actions evaluated by the 2012 expert panel for implementation
through 2018 will result in meeting or exceeding the RPA Action 35 Table 5 HQI performance
standards for the Methow and Wenatchee populations. For the Entiat spring Chinook salmon
population, however, projections based on the actions evaluated by the 2012 expert panel for
implementation through 2018 indicate that the HQI performance standard for that population will
not be met without an increase in the pace and/or focus of action implementation. For that
population, the Action Agencies identified supplemental actions and evaluated their effects using
the method described in the 2013 CE, Appendix B. The Action Agencies’ projections, based on
their evaluation of supplemental actions and the results of the CHW method for actions evaluated
by the 2012 expert panel for implementation through 2018, are that the HQI performance
standard for the Entiat population will be met or exceeded.

Actions implemented through 2011 are summarized by population in the Action Agencies’ 2013
CE, Section 3, Attachment 2, Table 1. Actions for implementation through 2018 that contribute
to meeting or exceeding the RPA Action 35 Table 5 2018 HQI performance standards are
summarized by population in the 2014-2018 IP, Appendices A and B.

For populations where projections based on expert panel results indicate the performance
standards will be achieved and where the Action Agencies have made significant progress (i.e.,
implementation of actions through 2011was sufficient to achieve >33% of the HQI performance
standard), it is reasonably certain that the HQI performance standard will be met. That
determination is based on NOAA Fisheries’ conclusions regarding the tributary habitat analytical
methods (see Section 3.1.1.8), the demonstration of significant implementation progress by the
Action Agencies, and the 2012 expert panel evaluations of the potential effects of specific
actions for implementation through 2018. NOAA Fisheries gave additional scrutiny to the Action
Agencies’ strategies for the Entiat population, because implementation of actions through 2011
was sufficient to achieve <33% of its HQI performance standard and because supplemental
actions were identified for that population. The Entiat population is discussed in more detail
below. Table 3.1-7 shows HQI performance standards, estimated HQIs from actions
implemented through 2011, and projected HQIs from actions to be implemented through 2018.
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Table 3.1-7. Upper Columbia River spring Chinook salmon populations with supplemental actions and/or <33% of
HQI performance standard estimated to be achieved based on actions implemented through 2011 ]

Cumulative
Projected HQI
Cumulative HQI including
HQI estimated from projected from Supplemental
actions actions Actions
HQI Performance implemented implemented implemented
Standard (from through 2011 through 2018 through 2018 (AA
RAP action 35 (based on expert (expert panel estimates of
Population Table 5) panel results) results) benefits)
Entiat River 22% 3% 9% 24%

Bold = priority populations from RPA Action 35 Table 5.

3.1.2.4.1 Entiat River Population

The RPA Action 35 Table 5 2018 HQI performance standard for this population is 22%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 3% habitat
quality and corresponding survival improvement. Actions evaluated by the expert panel for
implementation between 2012 and 2018 are projected to achieve an additional 6% HQI, bringing
the total to 9%. With the addition of supplemental actions evaluated preliminarily by the Action
Agencies and to be evaluated by the next expert panel, the HQI is projected to be 24%, which
would meet or exceed the HQI performance standard for this population (2013 CE Section 2,
Table 35, and Appendix A).

Actions implemented in the Entiat through 2011 that were estimated to achieve the 3% HQI are
summarized in the Action Agencies’ 2013 CE, Section 3 Attachment 2, Tables 1 and 3. Actions
have addressed low stream flow, screening of diversions, passage barriers, lack of stream habitat
complexity, degraded riparian condition, and excess fine sediment. Limiting factors vary by
assessment unit, but among the most significant overall are bed and channel form and instream
structural complexity (see Spinazola 2013, Upper Columbia Chinook 2013-18 HABITAT
FUNCTIONS). The Action Agencies and their local partners, using tributary and reach
assessments to identify action opportunities, have completed multiple actions addressing those
limiting factors (2013 CE, Section 2, Appendix 2, and Spinazola 2013, Upper Columbia Chinook
2019-12 HABITAT ACTIONS).

For example, in the Middle Entiat, the assessment unit with the highest intrinsic potential in the
ESU, several habitat improvement actions have been completed to place boulder clusters and
large wood and work with natural processes to create hydraulic conditions that will promote the
formation of instream structure. Similar actions have been completed in the Lower Entiat
assessment unit (which is key for maintaining a functioning migratory corridor) (Spinazola 2013,
Upper Columbia Chinook 2019-12 HABITAT ACTIONS). Preliminary monitoring has shown
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increased densities of juvenile Chinook salmon in pools created by the log structures (BPA and
USBR 2013a).

Habitat actions evaluated by the 2012 expert panel for implementation from 2012 to 2018 that
contribute to meeting the RPA Action 35 Table 5 2018 HQI for this population are summarized
in the 2014-2018 1P, Appendix A, and address screening of water diversions, passage barriers,
bed and channel form and instream habitat complexity, riparian condition, floodplain and side
channel condition, and sediment quantity. These include actions identified based on tributary and
reach assessments and that address the limiting factors of channel form and complexity, which
are among the most significant. In the Middle Entiat, for example, actions evaluated by the
expert panel would:

Treat 1 mile of stream to improve complexity by deepening backwater
channels/alcoves, creating 7 large wood structures to provide cover and resting
habitat as well as scour pool complexity, and 7 pools.

Add large wood and engineered log structures in 0.5 stream miles, remove a
bridge abutment to reconnect 20 acres of floodplain, reconnect 10 acres of
channel migration zone, and 0.9 miles of riparian area.

Add large wood and engineered log structures in 0.74 stream miles, remove 1000
feet of levee, open 2.7 acres of channel migration zone, reconnect 18.8 acres of
floodplain, and restore 1.4 miles of riparian area (Spinazola 2013, Upper
Columbia Chinook 2013-18 HABITAT ACTIONS).

Because the actions evaluated by the 2012 expert panel for implementation through 2018 are not
projected to reach the RPA Action 35 Table 5 HQI performance standard for this population, the
Action Agencies worked with the Yakama Nation, a Fish Accord partner, to develop a menu of
supplemental actions (2013 CE, Appendix A). These supplemental actions are summarized in the
2014-2018 IP, Appendix B, and include additional actions to address instream structural
complexity and floodplain condition. The supplemental actions identified by the Yakama Nation
build upon habitat improvement approaches developed by Reclamation consistent with their
reach assessments. Reclamation would design and work with local watershed partners to develop
and carry out these actions, using BPA or other funding for implementation. The Yakama
Nation’s supplemental actions would address priority limiting factors. All the actions are being
conceptualized and designed taking into account key elements from appropriate restoration
techniques, such as those recommended by Beechie et al. (2010).

The actions evaluated by the expert panel for implementation in 2013 through 2018 and the
supplemental actions identified by the Action Agencies and their partners are more targeted to
improve conditions for Chinook salmon than previous actions have been (previous actions were
developed more to benefit the Entiat steelhead population). Consistent with multiple assessments
in the Entiat, the Action Agencies are targeting implementation in the Middle Entiat as the
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highest short-term priority because of its high potential for improvement of Chinook salmon
habitat (2013 CE, Appendix A).

Actions evaluated by the expert panel for implementation through 2018 address barriers and
screens and stream complexity and riparian conditions. The expert panel weighted entrainment
and passage relatively low as limiting factors compared to instream complexity and bed and
channel form, so the expert panel results are largely driven by stream structure and complexity
(Spinazola 2013, Upper Columbia Chinook 2013-18 HABITAT FUNCTIONS and HABITAT
ACTIONS), as is the Action Agencies’ assessment of the benefits the supplemental actions. The
supplemental actions are focused heavily on the higher weighted limiting factors. While the
supplemental actions cover the Upper, Middle, and Lower Entiat, the Action Agencies
assessment of benefits for the supplemental actions is driven largely by actions addressing
instream structure in the Middle Entiat (the assessment unit with the highest intrinsic potential),
and the Action Agencies’ strategy is to focus implementation in the Middle Entiat first, then in
the Upper Entiat, and eventually the Lower Entiat (which has less potential for improvement).

Development and design of actions for implementation through 2018 will proceed with
Reclamation technical assistance and BPA funding and in conjunction with local partners,
including the Cascadia Conservation District and a regional technical team composed of fish
biologists and other natural resource specialists with extensive field experience and knowledge
of local watershed conditions who review habitat improvement actions prior to implementation,
providing additional scrutiny to ensure a high likelihood of action success (2013 CE, Appendix
A and Appendix D; Milstein et al. 2013).The Action Agencies are investing considerable effort
in the Upper Columbia to coalesce support of local stakeholders and implementers around the
FCRPS priorities and to design an implementation strategy based on priority areas and action
types that benefit spring Chinook. The implementation strategy described above and the priority
areas and action types selected are sound and being implemented consistent with sound
principles of watershed restoration, and based on best available limiting factors assessments
augmented by ongoing habitat analyses. It is reasonably certain that the HQI performance
standard for this population will be met.

3.1.2.4.2 RME Findings for Upper Columbia River Chinook Salmon ESU

Initial RME findings for intensively monitored watersheds including the Wenatchee, Entiat, and
Methow provide evidence to support the basic assumptions of the BiOp tributary habitat program
and indicate that habitat improvements are providing benefits to fish.

In the Entiat River IMW, biologists observed more juvenile Chinook salmon using pools created
by constructed log structures, apparently responding to the increased water depth around the
structures (Potter et al. 2013). Also fish in the pools remained in the area longer than fish at
control sites. Juveniles that remain in one area longer conserve energy and reduce their exposure
to predation, which can in turn increase their growth and survival.
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A report on the Methow River IMW has shown positive trends in fish abundance as a result of
habitat improvement actions. Monitoring of a levee removal and side channel reconstruction
project at Elbow Coulee in the Twisp River shows an increased abundance of listed spring
Chinook salmon in a restored floodplain environment (USBR 2013). Results of this and other
projects will eventually be analyzed for watershed-level effects.

3.1.2.4.3 Effects on Critical Habitat

As described above, implementation of RPA Actions 34 and 35 will improve factors that have
limited the functioning and conservation value of habitat that this ESU uses for spawning and
rearing. PCEs expected to improve are water quality, water quantity, cover/shelter, food, riparian
vegetation, space, and safe passage/access.

Tributary habitat improvement actions will have long-term beneficial effects at the action and
subbasin scale. Adverse effects to PCEs during construction are expected to be minor, occur only
at the action scale, and persist for a short time (no more and typically less than a few weeks).
Examples of such short-term effects include sediment plumes, localized and brief chemical
contamination from machinery, and the destruction or disturbance of some existing riparian
vegetation. These impacts will be limited by the use of the practices described in NMFS (20131).
The positive effects of these actions on the functioning of PCEs (e.g., restored access, improved
water quality and hydraulic processes, restored riparian vegetation, enhanced channel structure)
will be long-term.

3.1.2.5. Effects of Tributary Habitat Program on Snake River Steelhead DPS

The SR steelhead DPS comprises 24 populations in five MPGs (see population list in Table 2.1-
4). Seventeen of those populations have an HQI performance standard in RPA Action 35 Table 5
of the 2008 BiOp.'"

Table 3.1-1, above, and Section 2, Table 35 of the 2013 CE summarize the effects of
implementing RPA Actions 34 and 35 on the 17 populations in this DPS that have an HQI
performance standard in RPA Action 35, Table 5, of the 2008 BiOp.

Based on analysis using the CHW method, actions implemented through 2011 were sufficient to
meet or exceed HQI performance standards for 10 of these populations—the Selway, Grande
Ronde lower mainstem tributaries, Joseph Creek (OR and WA),Wallowa River, Imnaha River,
Asotin Creek, East Fork Salmon River, Lemhi River, Pahsimeroi River, and South Fork Salmon
River populations. For the Lemhi and Pahsimeroi populations, the estimated HQIs are large 23%
from actions implemented through 2011 for the Lemhi River population (well over the 3%

1% In addition, in their 2013 CE, Section 2, Table 35, the Action Agencies include HQIs for the Imnaha population,
which did not have a performance standard in RPA Action 35 Table 5 of the 2008 BiOP, but for which the Action
Agencies have implemented habitat improvement actions. Habitat quality improvements for that population were
also incorporated into Table 3.1-1 above.
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performance standard) and 27% from actions implemented through 2011 for the Pahsimeroi
population (well over the 3% performance standard).

The Action Agencies’ evaluation, using the CHW method, of actions implemented through 2011,
indicates progress toward achieving the HQI performance standard for eight of the remaining
nine populations. For four of these populations—the Grande Ronde upper mainstem, Tucannon
River, Salmon River upper mainstem, and Secesh populations—implementation of actions
through 2011 was sufficient to achieve 50% or more of the HQI performance standard.
Significant progress (33% or more of the HQI performance standard estimated to be achieved by
implementation of actions through 2011) has also been made for the Lochsa population. Progress
on the Lolo Creek, South Fork Clearwater, and Lower Middle Fork mainstem populations has
been more limited, with less than 33% of the HQI performance standard estimated to be achieved
based on assessment of actions implemented through 2011.

The Action Agencies project that actions evaluated by the 2012 expert panels for implementation
through 2018 will result in additional HQIs for several of the populations that had met or
exceeded their performance standard by 2011, most significantly for the Lemhi and Pahsimeroi
populations. The Lemhi is projected to move from 23% HQI based on actions implemented
through 2011 to 27% based on additional actions to be implemented through 2018 (with an HQI
performance standard of 3%), and the Pahsimeroi population is projected to move from 27%
based on actions implemented through 2011 to 37% based on additional actions to be
implemented through 2018 (with an HQI performance standard of 9%). In addition, the Action
Agencies project that they will meet or exceed the HQI performance standards for the Lolo
Creek, Grande Ronde Upper Mainstem, Tucannon, Lower Middle Fork Mainstem, and East Fork
Salmon populations.

For the Lochsa and South Fork Clearwater populations, however, projections based on the
actions evaluated by the 2012 expert panels for implementation through 2018 indicate that the
HQI performance standards for those populations will not be met without an increase in the pace
and/or focus of action implementation. For these populations, the Action Agencies identified
supplemental actions and evaluated their effects using the method described in the 2013 CE,
Appendix B. The Action Agencies’ projections, based on their evaluation of supplemental
actions and the results of the CHW method for actions evaluated by the 2012 expert panel for
implementation through 2018, are that they will meet or exceed the HQI performance standards.

Actions implemented through 2011 are summarized by population in the Action Agencies’ 2013
CE, Section 3, Attachment 2, Table 1. Actions for implementation through 2018 that contribute
to meeting or exceeding the RPA Action 35 Table 5 2018 HQI performance standards are
summarized by population in the 2014-2018 IP, Appendices A and B.

For populations where projections based on expert panel results indicate the performance
standards will be achieved and where the Action Agencies have made significant progress (i.e.,
implementation of actions through 2011 was sufficient to achieve >33% of the HQI performance
standard), it is reasonably certain the HQI performance standards will be met. That determination
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is based on NOAA Fisheries’ conclusions regarding the tributary habitat analytical methods (see
Section 3.1.1.8), the demonstration of significant implementation progress by the Action
Agencies, and the 2012 expert panel evaluations of the potential effects of specific actions for
implementation through 2018. NOAA Fisheries gave additional scrutiny to the Action Agencies’
strategies for populations for which implementation of actions through 2011 was sufficient to
achieve < 33% of the HQI performance standard and/or for which supplemental actions were
identified. Those populations are discussed in more detail below. Table 3.1-8 shows HQI
performance standards, estimated HQIs from actions implemented through 2011, and projected
HQIs from actions to be implemented through 2018 for these populations.

Table 3.1-8. Snake River steelhead populations with supplemental actions and/or <33% of HQI performance
standard estimated to be achieved based on actions implemented through 2011 ]

Cumulative
Cumulative projected HQI
projected HQI including
HQI estimated from projected from supplemental
actions actions actions
HQI Performance implemented implemented implemented
Standard (from through 2011 through 2018 through 2018 (AA
RPA Action 35 (based on expert (based on expert estimates of
Population Table 5) panel results) panel results) benefits)
Lochsa River 16% 6% 8% 17%
Lolo Creek 12% 3% 18% N/A
South Fork
Clearwater River 14% 4% 13% 17%
Lower Middle Fork
Mainstem 2% 0.4% 3% N/A

" Bold = priority populations from RPA Action 35 Table 5.

3.1.2.5.1 Lochsa River Population

The RPA Action 35 Table 5 HQI performance standard for this population is 16%. Based on
expert panel estimates and the CHW method for estimating survival improvements,
implementation of habitat actions through 2011 was sufficient to achieve a 6% HQI. Actions
evaluated by the expert panel for implementation between 2012 and 2018 are projected to
achieve an additional 2% HQI, bringing the total to 8%. With the addition of supplemental
actions evaluated preliminarily by the Action Agencies and to be evaluated by the next expert
panel, the HQI is projected to be 17%, which would meet or exceed the HQI performance
standard for this population (2013 CE Section 2, Table 35, and Appendix A).

The Lochsa Subbasin contains 1,180 square miles of predominately undeveloped forest land and
free-flowing streams. Past and present management activities, including road construction,
timber harvest, and subsequent infestation of noxious weed species, have degraded stream and
riparian function and other processes critical to aquatic organisms. Factors limiting the
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abundance and productivity of the Lochsa steelhead population include sediment, temperature,
loss of large wood and structural complexity, and inadequate fish. An extensive road network on
national forest land and private lands is the primary reason for degradation of riparian condition,
reduction of habitat complexity, and increase in water temperature passage (2013 CE, Appendix
A; NMFS 2011g; Ecovista 2003).

The expert panel evaluations indicate that road decommissioning, barrier removal, enhanced
stream complexity, and improved water quality could deliver benefits to steelhead (Spinazola
2013, Clearwater Steelhead 2013-18 HABITAT FUNCTIONS). Actions implemented in the
Lochsa through 2011 that are estimated to achieve the 6% HQI are summarized in the Action
Agencies 2013 CE, Section 3, Attachment 2, Table 1. Actions have included passage
improvements and riparian area and road improvements to address limiting factors of barriers,
degraded riparian conditions, poor water quality, elevated stream temperatures, and excess fine
sediments. Habitat actions evaluated by the expert panel for implementation from 2012 to 2018
that contribute to meeting the RPA HQI performance standard for this population are
summarized in the 2014-2018 IP, Appendix A. These actions include additional treatment of
barriers, improved stream complexity in 35 stream miles, and riparian area protection and
improvement and road improvements to address limiting factors of riparian condition, large
wood recruitment, sediment quantity, and high water temperature.

Because the actions evaluated by the 2012 expert panel for implementation through 2018 are not
projected to reach the RPA HQI performance standard for this population, the Action Agencies
worked with the Nez Perce tribe to identify a menu of supplemental actions (2013 CE, Appendix
A). These supplemental actions are summarized in the 2014-2018 IP, Appendix B, and include
actions to address passage barriers, instream structural complexity, riparian condition, large
wood recruitment, sediment quantity, and temperature. The actions would address 40 passage
barriers, improve complexity in 5.25 stream miles, and improve roads and riparian areas.

The Nez Perce tribe developed these actions based on habitat assessments developed by the tribe
and the USFS. Some, if not all, of the actions were proposed through the NPCC’s 2013
Geographic Categorical Review. The proposal represents a cooperative effort between the Nez
Perce Tribe Watershed Division and the USFS under the Nez Perce/Nez Perce-Clearwater
National Forest Watershed Restoration Partnership (ISRP 2013b; BPA 2013c) and the NPCC has
recommended its implementation. The NPCC makes recommendations regarding project
implementation based on consistency with the Fish and Wildlife Program, BiOp priorities, and
satisfactory science review by the ISRP. Following ISRP review and NPCC recommendations,
BPA makes multiyear funding decisions (2013 CE, Appendix A).

Riparian treatments and some of the other supplemental actions to benefit the Lochsa steelhead
population will vary in scope depending on acquisition of USFS land by the Nez Perce tribe. The
Nez Perce have proposed the acquisition of 40,000 acres. The Action Agencies based their
assessment of benefits of the supplemental actions on the acquisition of 10,000 acres of the
40,000-acre proposal. The Action Agencies assigned no habitat quality improvement benefit for
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the acquisition but only for riparian and other treatments on the acquired parcels. Based on their
assessment of the benefits of these actions using methods described in the 2013 CE, Appendix B,
the Action Agencies project that implementation of supplemental actions, in addition to those
evaluated by the expert panel, would meet or exceed the HQI performance standard for this
population (2013 CE, Section 2, Table 35, and Appendix A).

Throughout the implementation process, the Action Agencies will continue to work closely with
the Nez Perce tribe and the USFS to adjust the scale and scope of the actions evaluated by the
2012 expert panel and the supplemental actions to ensure that the HQI performance standard is
met. The actions reviewed by the expert panel and the supplemental actions target highly
weighted limiting factors with potential for improvement (based on the expert panel “high
bookends™). This implementation and adaptive management strategy is sound. It proposes to
focus implementation on priority areas and action types identified based on best available
limiting factors assessments, augmented by ongoing habitat analyses, and consistent with
accepted watershed restoration principles. It is reasonably certain that the HQI performance
standard for this population will be met.

3.1.2.5.2 Lolo Creek Population

The RPA Action 35, Table 5, 2018 HQI performance standard for this population is 12%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 3% habitat
quality and corresponding survival improvement. Actions evaluated by the expert panel for
implementation between 2012 and 2018 are projected to achieve an additional 15% HQI,
bringing the total to 18%, which would meet or exceed the HQI performance standard (2013 CE
Section 2, Table 35, and Appendix A).

Land use in the Lolo Creek watershed has included logging, mining, livestock grazing, and
recreation. Timber harvest and road construction have had substantial impacts on stream habitat
throughout the watershed, as have grazing and mining in localized areas. Extensive timber
harvest and road construction began in 1957 and continued through the 1980s, by which point
stream habitat conditions had become severely degraded. Sediment yield resulting from timber
harvest and road construction increased from 60% to 149% over natural levels. Other impacts to
stream habitat included channel impingement by roads and reduction in large woody debris
recruitment to streams caused by the removal of riparian trees. Fish habitat restoration efforts to
date in Lolo Creek have included revegetation of riparian areas, bank stabilization, and
placement of instream structures (NMFS 2011g).

Among factors limiting the Lolo Creek population are barriers, riparian condition, sediment, and
stream channel structure (NMFS 2011g; Spinazola 2013, Clearwater Steelhead 2013-18
HABITAT FUNCTIONS). The 2013 CE, Section 3, Attachment 2, Table 1, summarizes actions
implemented in Lolo Creek through 2011 that were estimated to achieve the 3% HQI are
summarized in the Action Agencies’ 2013 CE, Section 3, Attachment 2, Table 1. Actions have
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addressed limiting factors of passage barriers, stream complexity, water quality, stream
temperature, and excess fine sediment by improving passage at nine barriers, improving stream
complexity in a small linear extent of stream, and improving riparian condition and roads in 2
miles of stream (2013 CE Section 3, Attachment 2, Table 1). The 2014-2018 IP, Appendix A,
summarizes habitat actions evaluated by the expert panel for implementation from 2012 to 2018
that contribute to meeting the 2018 HQI performance standard for this population. These actions
address five additional barriers, instream complexity in a relatively small linear extent of stream
(but several time over the extent of previous actions), riparian condition, sediment quantity,
temperature, and oxygen (by improving 10 riparian acres and protecting 16 miles of riparian
area, and by improving 60 road miles).

Because the projected HQI for the Lolo Creek steelhead population is based on actions evaluated
by the expert panel, it is reasonably certain that these benefits will be achieved upon
implementation. It is also likely that these actions will be implemented because the Lolo Creek
Watershed Restoration Project, which includes some, if not all, of these actions, has gone
through the NPCC’s geographic review process and was recommended for implementation
(ISRP 2013b; BPA 2013c¢). The NPCC makes recommendations regarding projects
implementation based on consistency with the Fish and Wildlife Program, BiOp priorities, and
satisfactory science review by the ISRP. Following ISRP review and NPCC recommendations,
BPA makes multiyear funding decisions. For the reasons discussed above, it is reasonably
certain that the HQI performance standard for this population will be met.

3.1.2.5.3 South Fork Clearwater River Population

The RPA Action 35, Table 5, 2018 HQI performance standard for this population is 14%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of tributary habitat actions through 2011 was sufficient to achieve a 4% HQI and
corresponding survival improvement. Actions evaluated by the expert panel for implementation
between 2012 and 2018 are projected to achieve an additional 9% HQI, bringing the total to
13%. With the addition of supplemental actions evaluated preliminarily by the Action Agencies
and to be evaluated by the next expert panels, the HQI is projected to be 17%, which would meet
or exceed the performance standard for this population (2013 CE Section 2, Table 35, and
Appendix A) .

Primary limiting factors for the South Fork Clearwater population include reduced stream
complexity, degraded riparian condition, impaired floodplain function, access to quality
spawning and rearing habitat, and impaired water quality. Aquatic ecosystems in the Clearwater
have been altered by past management actions including road construction, timber harvest,
livestock grazing, and mining (2013 CE, Appendix A).

Actions implemented in the South Fork Clearwater through 2011 that were estimated to achieve
the 4% HQI are summarized in the Action Agencies’ 2013 CE, Section 3, Attachment 2, Table 1.
These actions have addressed passage barriers, instream habitat complexity, degraded riparian
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conditions, and excess fine sediment. The 2014-2018 IP, Appendix A, summarizes tributary
habitat actions evaluated by the expert panel for implementation from 2012 to 2018 that
contribute to meeting the 2018 HQI performance standard for this population. These actions
address passage, instream complexity, riparian condition, large wood recruitment, side channel
and wetland conditions, floodplain condition, sediment quantity, and temperature by addressing
additional barriers, improving instream complexity (in 8.1 miles), and improving riparian areas
(15 miles and 277 acres), wetlands (38 acres), and roads (180 miles).

Because the actions evaluated by the 2012 expert panel for implementation through 2018 are not
projected to reach the RPA Action 35 Table 5 HQI performance standard for this population, the
Action Agencies worked with the Nez Perce tribe to identify supplemental actions (2013 CE,
Appendix A). These supplemental actions are summarized in the 2014-2018 IP, Appendix B,
and would continue to address limiting factors of passage barriers, instream structural
complexity, riparian condition, large wood recruitment, side channel and wetland conditions,
floodplain condition, sediment quantity, and temperature by improving access to 150 miles,
improving 63 road miles, and carrying out additional stream, riparian, and wetland
improvements. Based on the Action Agencies’ preliminary estimates, which the next expert
panel will reevaluate, implementation of these actions through 2018 has the potential to
contribute an additional 4% HQI to the RPA Action 35 Table 5 performance standard for the
South Fork Clearwater population (2013 CE, Section 2, Table 35, and Appendix B).

The Nez Perce tribe identified these supplemental actions based on habitat assessments that they
developed with the USFS (USFS 1998; Ecovista 2003). Many of the supplemental actions
represent expansions in scale and scope of actions evaluated by the 2012 expert panel for this
population. Some, if not all, of these actions were proposed through the NPCC’s 2013
Geographic Categorical Review process and address primary limiting factors (ISRP 2013b; BPA
2013c). Under the NPCC’s Fish and Wildlife Program geographic review process, projects are
reviewed by the ISRP. The NPCC then makes recommendations regarding project
implementation based on consistency with the Fish and Wildlife Program, BiOp priorities, and
satisfactory science review by the ISRP. Following ISRP review and NPCC recommendations,
BPA makes multiyear funding decisions.

Throughout the implementation process, the Action Agencies will continue to work closely with
the Nez Perce tribe and the USFS to adjust the scale and scope of the actions evaluated by the
2012 expert panel and the supplemental actions to ensure they are prioritized for implementation
to address the highest-weighted limiting factors in the most important assessment units.

The Action Agencies’ analysis using the CHW method and results of the 2012 expert panel
indicated that implementation of actions through 2018 would achieve 13% of the 14% HQI
performance standard for the South Fork Clearwater steelhead population. The Action Agencies’
review of the supplemental actions developed by the Nez Perce tribe indicates that those actions
are sufficient to meet or exceed the additional 1% HQI required to meet the performance
standard. NOAA Fisheries agrees that the scale and scope of these supplemental actions, and the
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extent to which they target highly weighted limiting factors, is such that it is reasonably certain
that they would meet or exceed a 1% HQI, and that, when combined with the HQI from actions
already implemented and actions evaluated by the 2012 expert panel for implementation through
2018, it is reasonably certain that the HQI performance standard for this population will be met.

3.1.2.5.4 Lower Middle Fork Mainstem Population

The RPA Action 35, Table 5, 2018 HQI performance standard for this population is 2%. Based
on expert panel estimates and the CHW method for estimating survival improvements,
implementation of habitat actions through 2011 was sufficient to achieve a 0.4% HQI. Actions
evaluated by the expert panel for implementation between 2012 and 2018 are projected to
achieve an additional 2.6% HQI, bringing the total to 3%, which would meet or exceed the RPA
2018 HQI performance standard (2013 CE, Section 2, Table 35, and Appendix A).

Among factors limiting the Lower Middle Fork Mainstem population are sediment conditions,
barriers, and toxic water quality contaminants (Spinazola 2013, Lower Salmon Steelhead 2009-
12 HABITAT FUNCTIONS and 2013-18 HABITAT FUNCTIONS). Actions implemented
through 2011 that were estimated to achieve the 0.4% HQI are summarized in (2013 CE Section
3 Attachment2, Table 1). Actions have included improving passage at a barrier to improve access
to 2.5 stream miles and improving complexity in 0.1 instream miles. Tributary habitat actions
evaluated by the expert panel for implementation from 2012 to 2018 that contribute to meeting
the 2018 HQI performance standard for this population are summarized in the 2014-2018 1P,
Appendix A. These actions address passage and riparian and road improvements to decrease
sediment quantity and the mobilization and transport of toxic contaminants into water bodies
used by fish.

Because the projected HQI for the Lower Middle Fork Mainstem steelhead population is based
on actions evaluated by the 2012 expert panel, it is reasonably certain that these benefits will be
achieved upon implementation. In addition, the actions proposed for implementation through
2018 are in line with limiting factors that were weighted highly by the 2012 expert panel (i.e.,
sediment and barriers). It is also likely that these actions will be implemented because the project
has gone through the NPCC’s 2013 Geographic Categorical Review and been recommended for
implementation (once the NPCC has recommended projects through this process, BPA makes
multiyear funding decisions) (ISRP 2013b; BPA 2013c). It is reasonably certain that the 2018
HQI performance standard will be achieved for this population.

3.1.2.5.5 RME Findings for Snake River Steelhead DPS

Research, monitoring, and evaluation in this DPS includes intensively monitored watersheds in
Asotin Creek, the Lembhi River, and the Potlatch River; CHaMP sampling; and additional PIT tag
arrays. Additional time and data are needed to determine whether changes in habitat and
subsequent changes in steelhead production are occurring, although initial RME findings in the
Grand Ronde basin provide evidence to support the basic assumptions of the BiOp tributary
habitat program and indicate that habitat improvements are providing benefits to fish.
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Pre-treatment monitoring in the Asotin Creek IMW documented that riparian areas are degraded
but still providing significant shade but that large wood and pools number less than half the
number found in reference streams (i.e., streams considered to have properly functioning habitat)
and therefore could be limiting factors (Bennett et al. 2012). Treatments for restoration of
steelhead habitat remain to be implemented in this IMW.

In the Potlatch IMW, the IDFG has been restoring instream structure and channel diversity. As
habitat restoration activities are completed, researchers will be able to compare changes in
juvenile steelhead density and measured habitat variables within treated and untreated control
reaches (IDFG 2013).

In the Lemhi IMW, efforts are underway to document responses to restoration. Juvenile
outmigration and adult escapement of steelhead into previously de-watered Big Timber Creek
has been documented there since it was reconnected to the Lemhi River in 2011.

CHaMP habitat monitoring is underway in the Upper Grande Ronde. Eighty-six sites were
sampled with the CHaMP habitat protocol through 2012, and more sites were added in 2013.
Data collected so far indicate that the volume of large woody material in streams and the
frequency of pools positively influence fish density, although the relationships differ depending
on the stream reach. In headwater streams, for example, the pool area and volume of large wood
is not correlated with fish density as expected, indicating that other factors have a greater
influence on fish density in those reaches. In lower reaches, however, pool area and large wood
are positively correlated with fish density at statistically significant levels, confirming the
positive relationship between large wood or pool volume and fish density, and thus the
likelihood of beneficial effects of habitat improvements that increase large wood and pool
volume (McCullough et al. 2011, cited in BPA and USBR 2013a).

3.1.2.5.6 Effects on Critical Habitat

As described above, implementation of RPA Actions 34 and 35 will improve factors that have
limited the functioning and conservation value of habitat that this ESU uses for spawning and
rearing. Primary constituent elements expected to be improved are water quality, water quantity,
cover/shelter, food, riparian vegetation, space, and safe passage/access.

Tributary habitat improvement actions will have long-term beneficial effects at the action and
subbasin scale. Adverse effects to PCEs during construction are expected to be minor, occur only
at the action scale, and persist for a short time (no more than and typically less than a few
weeks). Examples of such short-term effects include sediment plumes, localized and brief
chemical contamination from machinery, and the destruction or disturbance of some existing
riparian vegetation. These impacts will be limited by the use of the practices described in NMFS
(2013h). The positive effects of these actions on the functioning of PCEs (e.g., restored access,
improved water quality and hydraulic processes, restored riparian vegetation, enhanced channel
structure) will be long term.
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3.1.2.6 Effects of Tributary Habitat Program on Upper Columbia River Steelhead
DPS

The UCR Steelhead DPS comprises four populations in one MPG (see population list in Table
2.1-4). All four of those populations have an HQI performance standard, and associated survival
improvement, in RPA Action 35, Table 5, of the 2008 BiOp, and all four are priority
populations.

Effects of implementing RPA Actions 34 and 35 on the four populations in this DPS, all of
which have an HQI performance standard in Table 5 of the 2008 BiOp, are summarized above in
Table 3.1-1 and in Section 2, Table 35, of the Action Agencies’ 2013 CE.

The Action Agencies’ evaluation, using the CHW method, of actions implemented through 2011
indicates progress toward achieving the HQI performance standard for all four populations in
this DPS. The analysis indicates that implementation of actions through 2011 was sufficient to
achieve 50% of the HQI performance standard for three of the four populations (the Methow,
Okanogan, and Wenatchee populations). For the fourth population (the Entiat River population),
the analysis indicates that the Action Agencies have made significant progress (38% of the HQI
performance standard estimated to be achieved).

The Action Agencies project that actions evaluated by the 2012 expert panel for implementation
through 2018 will result in meeting or exceeding the HQI performance standards for all four
UCR steelhead populations.

Actions implemented through 2011 are summarized by population in the Action Agencies’ 2013
CE, Section 3, Attachment 2, Table 1. Actions for implementation through 2018 that contribute
to meeting or exceeding the 2018 RPA Action 35 Table 5 HQI performance standards are
summarized by population in the 2014-2018 IP, Appendix A.

It is reasonably certain the HQI performance standards will be met for populations where
projections based on expert panel results indicate the performance standards will be achieved and
where the Action Agencies have made significant progress (i.e., implementation of actions
through 2011 was sufficient to achieve >33% of the HQI performance standard). That
determination is based on NOAA Fisheries’ conclusions regarding the tributary habitat analytical
methods (see Section 3.1.1.8), the demonstration of significant implementation progress by the
Action Agencies, and the 2012 expert panel evaluations of the potential effects of specific
actions for implementation through 2018. That is the case with all four populations in the UCR
steelhead DPS.
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3.1.2.6.1 RME Findings for Upper Columbia River Steelhead DPS

Initial RME findings for intensively monitored watersheds in the Upper Columbia steelhead DPS
provide evidence to support the basic assumptions of the BiOp tributary habitat program and
indicate that habitat improvements are providing benefits to fish.

In the Methow River, an extensive monitoring effort in Beaver Creek after a fish barrier was
removed has demonstrated the re-colonization of wild steelhead spawners above the site of the
former barrier. Monitoring of a levee removal and side channel reconstruction project at Elbow
Coulee in the Twisp River also shows an increased abundance of listed steelhead in a now highly
productive floodplain environment (USBR 2013).

In the Entiat River, restoration sites that had improved gravel conditions resulted in higher
steelhead spawner densities than were found at other sites (Potter et al. 2013).

In the Okanogan River, the Colville Tribe’s Okanogan Basin Monitoring and Evaluation
Program has developed data collection procedures and infrastructure to document and track
trends in habitat and in adult spawner and juvenile fish abundance with a goal of evaluating the
effectiveness of habitat improvement projects. Habitat data is being used to support a model that
helps scientists and managers better understand the relationships between habitat and fish and
better identify and target limiting factors. Fish population data has demonstrated an increasing
trend in abundance of returning adult summer steelhead since monitoring began under the
Okanogan Basin Monitoring and Evaluation Program (Miller et al. 2013).

3.1.2.6.2 Effects on Critical Habitat

As described above, implementation of RPA Actions 34 and 35 will address factors that have
limited the functioning and conservation value of habitat that this ESU uses for spawning and
rearing. PCEs expected to improve are water quality, water quantity, cover/shelter, food, riparian
vegetation, space, and safe passage/access.

Tributary habitat improvement actions will have long-term beneficial effects at the action and
subbasin scale. Adverse effects to PCEs during construction are expected to be minor, occur only
at the action scale, and persist for a short time (no more than and typically less than a few
weeks). Examples of such short-term effects include sediment plumes, localized and brief
chemical contamination from machinery, and the destruction or disturbance of some existing
riparian vegetation. These impacts will be limited by the use of the practices described in NMFS
(20131). The positive effects of these actions on the functioning of PCEs (e.g., restored access,
improved water quality and hydraulic processes, restored riparian vegetation, enhanced channel
structure) will be long-term.
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3.1.2.7 Effects of Tributary Habitat Program on Middle Columbia River Steelhead
DPS

The MCR steelhead DPS comprises 16 populations in four MPGs (see population list in Table
2.1-4). All 16 of those populations have an HQI performance standard in RPA Action 35, Table
5, of the 2008 BiOp.

Effects of implementing RPA Actions 34 and 35, addressing tributary habitat, on the 16
populations in this DPS, all of which have an HQI performance standard in Table 5 of the 2008
BiOp, are summarized above in Table 3.1-1 and in the 2013 CE, Section 2, Table 35. Based on
the Action Agencies’ evaluation, using the Appendix E method (2007 CA, Appendix C,
Attachment C-1), actions sufficient to meet the HQI performance standard have been
implemented for all MCR steelhead populations. The Action Agencies continue to implement
habitat improvement actions for MCR steelhead populations under the Fish Accords associated
with this BiOp and under the BPA Fish and Wildlife Program for requirements of the Northwest
Power Act.

3.1.2.7.1 RME Findings For Middle Columbia River Steelhead DPS

In the MCR steelhead DPS, IMWs are underway in the John Day MPG, and additional
monitoring is underway for other populations. For instance, in the Umatilla River, the CTUIR
are using CHaMP protocols as part of a BACI design to evaluate project effectiveness. Initial
RME initial findings provide evidence to support the basic assumptions of the BiOp tributary
habitat program and indicate that habitat improvements are providing benefits to fish.

In the John Day MPG, an IMW on the Middle Fork John Day includes 290 restoration actions
completed between the years 2000 and 2010. Results in terms of improved adult steelhead
escapement look promising, but additional years of data are needed to determine a statistically
significant increase in steelhead production. In the Bridge Creek watershed (another IMW in the
John Day subbasin), stream channel, riparian area, and steelhead population characteristics are
being monitored to assess the effectiveness of restoration actions. In 2009, 84 beaver dam
support structures were installed there, and within one 1 year of installation, fish occupied 30%
of these areas. Monitoring has also revealed that the stabilized beaver dams allow stream
processes that create increased pool habitat, floodplain reconnection, and overall improved
habitat conditions for steelhead.

3.1.2.7.2 Effects on Critical Habitat

As described above, implementation of RPA Actions 34 and 35 will improve factors that have
limited the functioning and conservation value of habitat that this ESU uses for spawning and
rearing. PCEs expected to improve are water quality, water quantity, cover/shelter, food, riparian
vegetation, space, and safe passage/access.

Tributary habitat improvement actions will have long-term beneficial effects at the action and
subbasin scale. Adverse effects to PCEs during construction are expected to be minor, occur only
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at the action scale, and persist for a short time (no more than and typically less than a few
weeks). Examples of such short-term effects include sediment plumes, localized and brief
chemical contamination from machinery, and the destruction or disturbance of some existing
riparian vegetation. These impacts will be limited by the use of the practices described in NMFS
(20131). The positive effects of these actions on the functioning of PCEs (e.g., restored access,
improved water quality and hydraulic processes, restored riparian vegetation, enhanced channel
structure) will be long-term.

3.1.2.8 Effects of Tributary Habitat Program on Snake River Sockeye Salmon ESU

Although the RPA does not require the Action Agencies to increase habitat quality or survival
for SR sockeye salmon through tributary habitat improvements, water transactions implemented
for SR spring/summer Chinook and steelhead in the mainstem Salmon River are likely to
improve the survival of adult migrant sockeye salmon returning to the Sawtooth Valley in July
and August. Examples are projects in Pole Creek, Fourth of July Creek, Alturas Lake Creek,
Beaver Creek and the Salmon River.'® The mainstem Salmon River is designated as critical
habitat for SR sockeye salmon because it is part of the migration corridor that connects the
spawning and rearing areas in the Sawtooth Valley with the ocean environment. Water
transactions that improve flows in this area during late summer are likely to improve the PCEs of
water quality, water quantity, water temperature, and water velocity in this part of the adult
migration corridor.

3.1.2.9 Summary: Effects of Tributary Habitat Program

The population-specific survival effects of implementing RPA Actions 34 and 35, for tributary
habitat, are summarized in Table 3.1-1, above, and in Table 35 of the 2013 CE. Table 3.1-1 lists
the HQI performance standard for the 56 populations included in RPA Action 35, Table 5, and
the projected HQISs as a result of implementation of tributary habitat improvement actions under
RPA Actions 34 and 35. Projected HQIs are shown based on two periods: (1) for actions
implemented through 2011 and (2) for actions identified and evaluated for implementation in
2012 through 2018. Estimates based on expert panel results are shown separately from estimates
that include the Action Agencies’ preliminary estimates of the effects of supplemental actions.'"’

To obtain these HQI estimates, the Action Agencies (1) identified a menu of actions for
implementation through 2018; (2) convened expert panels to estimate the change in function of
tributary habitat limiting factors for each population that would result from implementation of
those actions, using the method developed by the CHW; (3) converted the expert panel results
into an estimate of overall habitat quality improvement, corresponding to population survival
improvement, expected to result from implementation of habitat improvement actions, again

106 See project information at http://www.cbwtp.org/jsp/cbwtp/projects/transactions.jsp?sub_basin_id=59

197 Table 3.1-1 is a simplified version of the Action Agencies’ 2013 CE Table 35, which included information that
NOAA Fisheries did not summarize in Table 3.1-1, because the information was not relevant to NOAA Fisheries’
analysis.
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using the method developed by the CHW; and (4) identified supplemental actions for seven
populations from RPA Action 35, Table 5, that were not projected to meet their HQI
performance standard based on the suite of actions evaluated by the expert panels and made a
preliminary determination of survival benefits for those actions pending evaluation by the next
expert panels.

For populations where projections based on expert panel results indicate the performance
standards will be achieved and where the Action Agencies have made significant progress (i.e.,
implementation of actions through 2011 was sufficient to achieve >33% of the HQI performance
standard), it is reasonably certain the HQI performance standards will be met. That determination
is based on NOAA Fisheries’ conclusions regarding the tributary habitat analytical methods (see
Section 3.1.1.8), the demonstration of significant implementation progress by the Action
Agencies, and the 2012 expert panel evaluations of the potential effects of specific actions for
implementation through 2018. NOAA Fisheries gave additional scrutiny to the Action Agencies’
strategies for populations for which implementation of actions through 2011 was estimated to
achieve < 33% of the HQI performance standard and/or for which supplemental actions were
identified. Those populations are discussed in more detail above, in Sections 3.1.2.3 through
3.1.2.7. NOAA Fisheries has also determined that it is reasonably certain that the HQI
performance standards for those populations will be met.

Actions for implementation through 2018 have been identified in a significant level of detail,
including identification of populations to benefit; type of work to be accomplished; limiting
factors addressed; extent of area to be treated, volume of water protected, or other relevant
metrics; and location of work (e.g., river mile, local jurisdiction, address, or road access). (This
represents the same or greater level of detail with which specific actions for implementation from
2007 to 2013 were identified in the 2008 BiOp.)

Recent tributary habitat components of recovery plans for UCR Chinook and steelhead, MCR
steelhead, and the lower Snake River populations in Washington were an important source of
information in identifying potential actions and in providing technical information for the expert
panel reviews.

The Action Agencies have increased their capacity to implement the tributary habitat program
since 2007 through staffing additions, development of business management systems, and
development of new assessment and prioritization tools. They have also helped to build local
infrastructure; to coalesce stakeholder interests around FCRPS tributary habitat program
priorities; and to create synergy among the range of salmon and steelhead recovery and
watershed planning efforts in the interior Columbia River basin such that there is broader
institutional and stakeholder support for implementation. They have laid out credible strategies
for achieving HQI performance standards, and associated survival improvements, for all
populations. Finally, they have developed an implementation strategy and have demonstrated the
ability to implement habitat improvement actions through their record of actions implemented
through 2012 (2014-2018 IP, Appendix C; 2013 CE).
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The tributary habitat program is likely to protect and enhance SR spring/summer Chinook
salmon, UCR Chinook salmon, SR steelhead, UCR steelhead, and MCR steelhead and their
critical habitat. The habitat mitigation measures are identified in the RPA and implementation
plan; can be implemented consistent with the operation of the FCRPS; are within the Action
Agencies’ legal authority and jurisdiction and thus not subject to unenforceable implementation
by third parties; are economically and technologically feasible; and, although some of the effects
of those measures may occur later in time than their implementation, NOAA Fisheries is
confident that the habitat mitigation measures are likely to be effective and, when combined with
the remaining actions set forth in the RPA, are likely to avoid jeopardizing the continued
existence of the listed species or the destruction or adverse modification of designated critical
habitat.

The Action Agencies have outlined an adaptive management program within which to
implement the tributary habitat mitigation program that has the potential to enhance the
effectiveness of mitigation measures by incorporating the best information available at the time
of implementation. This adaptive management program is designed to utilize the best science
available throughout the mitigation program implementation by relying on sources such as data
concerning baseline conditions, monitoring data, published studies in peer reviewed literature,
expert opinion, and transparent, repeatable procedures.
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3.2 Estuary Habitat RPA Actions

In the following sections, NOAA Fisheries reviews the Action Agencies’ implementation of
RPA Actions 36 through 38, including the likelihood of achieving the survival improvements
required by the RPA for interior Columbia basin ESUs/DPSs: 9% relative survival benefit for
ocean-type and 6% relative survival benefit for stream-type juveniles. “Ocean-type
salmonids™ are fish that enter the ocean during their first year, and therefore rear to adulthood
predominantly in the ocean environment; “stream-type salmonids” rear for a year or more in
freshwater before entering the ocean (Bottom et al. 2005). Of salmonids entering the estuary,
many are ocean-type subyearlings; however, most juveniles from interior Columbia spawning
areas are stream-type fish. Juvenile SR fall Chinook are primarily ocean-type fish, but some
individuals overwinter in mainstem reservoirs and reach Bonneville as yearling (i.e., stream-
type) fish (Connor et al. 2005).

RPA Actions 58 through 61 require the Action Agencies to study juvenile salmonid growth;
prey resources; and predator species composition, abundance, and foraging rates in the
Columbia River estuary and plume We discuss the application of these studies to the estuary
habitat improvement program in Section 3.2.1.2 and findings for the plume and nearshore
ocean in Sections 2.2.3 and 3.2.4.

3.2.1 Description of the RPA Estuary Habitat Program

RPA Actions 36 and 37 require the Action Agencies to fund and implement habitat
improvement projects in the lower Columbia River estuary (LCRE) to partially offset adverse
effects to salmon from FCRPS operations. The purpose of this program is to improve the
survival of juvenile migrants during passage through and residence in the estuary and thus
increase the proportion and fitness of juvenile migrants that leave the estuary to begin their
ocean life stage. As described below, the best available scientific information indicates that
this can be accomplished by improving habitat quality and quantity in the LCRE where
habitat important for salmon has been altered from its original state by floodplain
development and flow regulation. Recent application of this science now focuses the Action
Agencies’ habitat improvement program on reconnecting large floodplain areas adjacent to
the mainstem Columbia River as the most likely means of achieving the expected survival
improvements.

The particular 9% and 6% relative survival improvement performance standards'®® for this
program were set in the 2008 BiOp based on estimates of survival increases reasonably
achievable through implementation of the Columbia River estuary management actions
described in the Columbia River Estuary ESA Recovery Plan Module for Salmon and
Steelhead (NMFS 2011h, hereafter Estuary Module). The Estuary Module is a component

1% By “performance standards,” NOAA Fisheries refers to the 9% and 6% relative survival improvements that
the Action Agencies refer to as “survival improvement targets” in their 2013 CE.
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common to all NOAA Fisheries’ recovery plans for salmon and steelhead species in the
Columbia basin that migrate through, in some cases after residing within, the estuary. The
estimated survival increases were developed with input from technical experts including
scientists at the NOAA Fisheries’ Northwest Regional Office, NOAA’s NWFSC, the Lower
Columbia Estuary Partnership (LCEP), and the Lower Columbia Fish Recovery Board. These
figures, 9% relative survival increase for ocean-type fish and 6% for stream-type fish, were
factored into the FCRPS BiOp’s quantitative analysis for the interior Columbia basin salmon
ESUs and steelhead DPSs, as well as into the qualitative analysis for other affected listed
salmonids, demonstrating how the implementation of the RPA by the FCRPS Action
Agencies would likely avoid jeopardizing listed species and adversely modifying designated
critical habitat.

3.2.1.1 Scientific Support for RPA Estuary Habitat Program Performance
Standards

The Columbia River estuary and its freshwater plume extending into the ocean constitute one
of the major stages in the life cycle of anadromous salmonids. Upriver freshwater spawning
and rearing habitat, the mainstem migration corridor, and the ocean are the other major stages
in the salmon life cycle. The estuary and plume constitute the environment in which these fish
transition to and from the saltwater environment from freshwater habitats. The estuary and
plume provide important habitat for these fish to rear, feed, avoid predators, and acclimate to
salt water or freshwater.

The estuary extends 146 river miles from the ocean to the upriver extent of tidal influence at
the base of the Bonneville Dam, and includes tidally influenced waters of its tributary rivers
including the lower Willamette, the largest river entering the estuary. Salt water intrudes up
the Columbia River as far as 28 miles, and the tides can reverse the river’s flow as far as 53
miles upriver.

The Columbia River plume is that part of the Pacific Ocean that is influenced by the
freshwater and sediment discharged at the river’s mouth, understood to provide an important
transition zone for juvenile salmon to feed and further acclimate to salt water.

Over the last 100 years the estuary and plume have undergone significant change as a result of
human development in the Columbia River basin generally and in the estuary itself. These
changes have altered the estuary’s function as habitat for salmon and steelhead (Fresh et al.
2005). Where historically there were marshes, wetlands, and side channels along the river,
providing salmon with food and refuge, currently most of these shallow water habitats have
been diked and filled for agricultural, industrial, and other uses (Figure 3.2-1). The historical
change analysis for the lower Columbia River estuary (Corbett 2013) estimates losses of 70%
for vegetated tidal wetlands and 55% for forested uplands (Section 2.2.3.1). Most of this loss
was due to the conversion of land for agriculture, but there also has been significant loss to
urban development.
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The timing and volume of river flows have changed with the construction of upstream
reservoirs in the U.S. and Canada, diversion of water for agriculture, and measures to control
river flooding. Reservoir storage and release operations have shifted flow from the spring to
the winter, altering the salmon’s migration to and use of the estuary and plume. The
elimination of over-bank flows into shallow areas of the estuary has also changed the nature
of food available for fish by significantly reducing the insects, crustaceans, and organic
material derived from the marshes, wetlands, and shallow habitats of the estuary (Bottom et
al. 2005). Where the river historically was murky with sediment washed down from above,
now dams block sediment flow and thereby increase the exposure of juvenile salmon to
predatory fish and birds.

Figure 3.2-1. Diked Areas in the Columbia River estuary (NMFS 2011h).

The factual, scientific, and policy dimensions of the estuary and plume are further discussed
in the 2008 SCA, Section 5.3; incorporated by reference into the environmental baseline
chapter of the 2008 BiOp, Chapter 5; and more recently in the Estuary Module (NMFS
2011h).

The RPA’s estuary habitat improvement program is based on the understanding that there is
significant opportunity to restore some of the lost estuarine function through habitat
improvement projects and that restoring such function will improve the survival of salmon
and steelhead, including those from the interior Columbia basin. The available science
supports this understanding. Salmon benefit from functioning floodplains and access to off-
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channel habitat in the estuary, which provide food resources for stream-type salmonids
(Diefenderfer et al. 2013; Weitkamp 2013) and rearing habitat for ocean-type fish.

Sherwood et al. (1990) summarized changes in the estuary from the historical, pre-
development condition. They found large changes in morphology caused by navigational
improvements and by diking and filling much of the wetland area. Tidal influence has
decreased by 15% and there has been a net accumulation of sediment in the lower estuary.
River flow had been significantly altered by water storage and release operations and by the
diversion of water for irrigation. Flow variability has been dampened and net discharge
slightly reduced. As a result of these factors, Sherwood et al. (1990) calculated an
approximate reduction of 85% in wetland plant production, a 15% reduction in algal
production, and a combined reduction of about 52,000 metric tons'*’/year of organic carbon
input to the estuary. The net result has been a major change in the organic matter sources
supporting the estuarine food web, including the insects and crustaceans consumed by
salmon.

Similarly, NOAA Fisheries (NMFS 2011h) describes habitat-related limiting factors in the
LCRE today as the result of changes in flow, sediment, nutrients, water quality, food sources,
and contaminants. Many potential systems are simply unavailable due to migration barriers
(Thom et al. 2013). Reduced flushing due to reduced peak flows leads to high-temperature
and low oxygen conditions and appears to limit the time salmon can benefit from some
wetland habitats during summer months. Tide gates,''’ even those with “fish friendly”
designs, improve access but are not as beneficial as more open hydraulic reconnections either
for salmon movements or for maintenance of adequate water-quality parameters. Each of
these problems creates an opportunity to improve the survival of juvenile salmon and
steelhead through habitat improvement.

1% The U.S. ton is equivalent to 2,000 pounds and the metric ton is equivalent to 2,204 pounds.

"% A tide gate is an adjustable gate that is used to prevent flooding in the area behind a dike or levee. Traditional
tide gates prevent both fish passage and tidal exchange/flushing; the latter leads to reduced dissolved oxygen
levels and elevated temperatures in the channel or area behind the dike. Modified tide gates allow fish passage
and water exchange behind the dike while still preventing flooding in upland areas.

January 17, 2014 | NOAA Fisheries | 2014 FCRPS Supplemental Biological Opinion



RPA Implementation | 3.2 Estuary Habitat | 323

3.2.1.2 RME Support for RPA Estuary Habitat Program

Research, monitoring, and evaluation supports the RPA actions that call for habitat
improvements by answering key questions:

What estuary habitat improvement activities are most likely to improve the
survival and fitness of juvenile salmon and steelhead as they enter the ocean
phase of their life cycle?

Are the actions developed and implemented pursuant to RPA Actions 36 and
37 through 2018 likely to be effective and of sufficient scope to achieve the
RPA’s biological performance standards for the estuary and plume?

The Action Agencies have detailed their RME effort under these RPA actions since 2008 in
their 2013 CE (Section 2, pp. 380—428). The Action Agencies have funded a number of major
RME projects under RPA Actions 58 through 61; some of which focus on the estuary and
some on the plume and near-coastal ocean environment. This work has generally confirmed
that estuary habitat improvement actions developed by the Action Agencies are likely to
achieve the survival benefits for juvenile salmon called for by the RPA. The RME has also
been fundamental in guiding the program to the habitat improvement projects most likely to
be effective. Key findings from this RME are summarized in the 2013 CE, Bottom et al.
(2011), Thom et al. (2013), and Diefenderfer et al. 2013. The latter work describes evidence
for the conclusion that habitat improvement activities in the estuary are likely having a
cumulative beneficial effect on juvenile salmon as they access restored shallow-water areas
and during active transit through the mainstem:

Historical reconnections: Where dikes were breached at three sites between 10
and 60 years ago, plants are now wetland species. Most other environmental
characteristics are similar to those at reference marshes in the Columbia River
estuary.

Cumulative effects of the number and spatial pattern of reconnections: Based
on a hydrodynamic model and using data from several sites in the lower Grays
River, the degree of increase in floodplain wetted area was related to distance
from the mainstem. Second, the proportion of historical channels reconnected
to the mainstem had a synergistic effect on the floodplain area inundated in
response. Third, particulate organic matter produced at one site was
transported into the channels of a nearby site, affecting the food web
encountered at the second site by migrating salmon and steelhead.

Flux of particulate organic matter to the mainstem Columbia: Based on the
same hydrodynamic model and data from the restored site in the lower Grays
River, about 52% of the mobilized particulate organic matter was transported
downstream to the Columbia River, affecting the food web encountered by
migrating salmon and steelhead in the mainstem portion of the ecosystem.
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Interior Columbia ESUs and DPSs have been detected in shallow, off-channel
habitats: SR spring/summer and fall Chinook salmon, and Mid/Upper
Columbia spring Chinook salmon were identified in these habitat areas using a
combination of PIT tag detections and genetic stock identification methods.
Sockeye salmon and steelhead also have been captured at shallow water sites,
but in very small numbers compared to Chinook salmon (Thom et al. 2013).

Landscape assessment: About 10.8 km2 or 3.1% of the restorable area in the
Columbia River estuary was reconnected to the mainstem under the Action
Agencies’ pre-RPA estuary habitat improvement program during 1996 through
2006, equivalent to a maximum potential increase in productivity of 8,529
metric tons of herbaceous plant biomass per year and 7 billion dipterans per 48
hours.

Offsite benefits to juvenile salmonids: Stomachs of Chinook salmon and
steelhead near the mouth of the estuary were substantially fuller than those of
fish exiting the hydropower system (sampled at Bonneville and John Day
dams). Although some juvenile salmon and steelhead moved through the
mainstem without entering marshes, they fed on dipteran insects and
amphipods that were likely to have been produced in shallow water areas
below Bonneville Dam.

The researchers expected the beneficial effects of tidal wetlands to increase over time as
existing habitat improvement projects mature and new ones are implemented.
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3.2.1.3 Methods for Determining Performance Standard Compliance
During the first few years of implementation, the Action Agencies created the scientific and

technical infrastructure needed for a program of this size and complexity. This included
formation of the Expert Regional Technical Group (ERTG), a procedural requirement of RPA
Action 37. The ERTG is a committee of regional scientists with strong research experience in
estuarine ecology and habitat restoration as well as fisheries biology (Table 3.2-1).

Table 3.2-1. Membership in the ERTG, which evaluates the survival benefits of estuary habitat improvement
projects as required by RPA Action 37.

OR

Inventories Project

Name Affiliation Position Expertise
NMFS, Northwest Fisheries R.esealrch F|shery Estuarine ecology, salmon
Dan Bottom . Biologist, Estuarine and . . . .
Science Center, Newport, OR early life history, fish biology
Ocean Ecology Program
T Senior Research Estuarine ecology, hydro-
Greg Hood Skagit R|yer System Scientist, Research geomorphology, botany,
Cooperative, La Connor, WA .
Department wetland restoration
. ODFW, Fish Division, Corvallis, Leader, Aquatic Fish biology, habitat
Kim Jones

restoration, LCRE ecology

Kirk Krueger

WDFW, Habitat Program,
Science Division, Olympia, WA

Senior Scientist, Salmon
and Steelhead Habitat
Inventory and
Assessment Program

Salmon biology, stream
ecology, quantitative
assessment, statistics

Ron Thom

PNNL, Marine Sciences
Laboratory, Sequim, WA

Technical Group Manager,
Coastal Ecosystem
Research

Restoration ecology, adaptive
management, estuary
ecosystem science

Based on their professional experience in restoration science, the ERTG developed a list of
guidelines to identify and prioritize projects that would result in the highest juvenile salmonid

survival benefit scores (ERTG 2010, 2011a):

A landscape scale perspective is better than a narrow site-specific perspective

Natural processes are preferred over engineered processes

A larger area is better than a smaller area and close to the mainstem is better

than farther away

Restoring remnant channels is better than excavating new ones

Using the ERTG guidelines, the Action Agencies refocused their program during 2010
through 2012 on projects that (1) reconnected large sections of the historical floodplain and
(2) improved wetland channels in tidally influenced areas located relatively near the
mainstem. They replaced some of the projects described in their 2008 and 2009
Implementation Plans with others more in line with this updated strategy (2013 CE). Section 2
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of the 2013 CE describes details of the Action Agencies’ modified project identification and
prioritization program. The ERTG’s guidelines for the types of projects most likely to
increase the survival of salmonids are similar to the ISAB's (2007b) recommended actions to
allow habitat in the estuary to adapt to the effects of climate change: remove dikes to open
backwater, slough, and other off-channel habitat. This will increase flow through these areas,
including hyporheic'"" flow to cool temperatures and create thermal refugia (see Section 8.1.3
of the 2008 FCRPS BiOp).

The primary purpose of the ERTG under the procedural requirements of RPA Action 37 was
to ensure use of the best available scientific information in estimating survival benefits for
ocean- and stream-type juvenile salmon for each estuary habitat action. The ERTG began by
reviewing the benefit scoring method used in USACE et al. (2007c), which was developed by
the Habitat Technical Subgroup (2006), an intergovernmental group convened pursuant to the
Court ordered remand for the 2004 FCRPS BiOp (hereafter the Remand Workgroup method).
NOAA Fisheries adopted this workgroup’s recommendations for the 2008 RPA as the best
available scientific information. Upon its review of the first years of employing the method,
the ERTG determined that the Remand Workgroup benefit scoring method could be made
more objective and further standardized for the sake of consistency, repeatability, and
transparency.

The benefit scoring method the ERTG developed for assessing individual habitat
improvement projects provided greater resolution of the 9% ocean-type salmonids and 6%
stream-type salmonids survival performance standards. To better allocate the relative survival
improvements required for the estuary at the management action scale, the Action Agencies
divided each percentage into five Survival Benefit Units (SBUs). Thus the performance
standard for ocean-type salmonids of 9% requires 45 SBUs. Similarly, the 6% performance
standard for stream-type fish requires 30 SBUs.

The ERTG then developed a formula called the “SBU calculator,” based on the best available
science, with which to estimate the SBUs for each estuary habitat improvement project
(ERTG 2011b; see Appendix G.1 in this document). Projects begun in 2010 were scored
using the SBU calculator with the exception of four projects that had been scored previously
using the Remand Workgroup method.''? When the ERTG compared scores across all
projects rated previously, they found that the survival benefits generated using the 2008 RPA
(or “BA”) method were slightly lower than those using the SBU calculator with its weighting
factor (ERTG 2010). Thus, the benefits estimated by the Action Agencies using the RPA’s
method for projects implemented during 2007 through 2009, before the ERTG developed its
calculator, are conservative in the sense that they likely underestimated the number of SBUs
achieved by the habitat projects implemented.

" The hyporheic zone is a region beneath and alongside a stream bed where shallow groundwater and surface
water mix.

"2 Survival Benefit Units estimated using the Remand Workgroup method are identified as “BA Final” scores in
the 2013 CE, Section 3, Attachment 4, Table 1.
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The ERTG added a weighting factor to address concerns that the survival scores generated by
the Remand Workgroup method did not accurately reflect the potential contribution to
juvenile salmon survival among the various recommended actions (ERTG 2011b; see
Appendix G.1 in this document). The weighting factor standardized the potential survival
benefits among all the different types of habitat improvement actions by calculating the
expected density of juvenile salmon per square meter based on each target goal (acres or
miles) and the ocean-type survival units (increased numbers of ocean-type fish expected when
the target goal was achieved).'" In addition, the ERTG standardized the scoring criteria for
the factors used as inputs to the SBU calculator: certainty of success,''* potential benefit for
habitat access/opportunity,''* and potential benefit for habitat capacity/quality.''® For each,
the ERTG applies a score between 1 and 5 according to very specific, documented criteria.

Finally, to ensure objectivity, transparency, and repeatability, the ERTG developed a template
that proponents must use when providing the information needed for scoring. For example,
proponents must identify the Estuary Module subaction(s) that correspond with their
restoration actions and state the number of acres or miles the project addresses for each. The
ERTG reviews the template to confirm that it incorporates the appropriate subactions and that
the associated physical measurements such as acres and miles, based on GIS mapping data,
are accurate. The ERTG then scores the project on a scale of 1 to 5 in the three areas required
by the SBU calculator—certainty of success, access, and capacity—according to the criteria
in ERTG (2010; see Appendix G.2 in this document). We provide an example of a design
template and the corresponding ERTG SBU scores for a habitat improvement project in the
North Unit of the Sauvie Island Wildlife Area in Appendix G.3.

3.2.1.3.1 New Scientific Information and the SBU Scoring Process

The results of ongoing scientific studies have a fundamental role in the ERTG scoring process
as described in BPA and USACE (2013, Role of Science and Process for the Expert Regional
Technical Group to Assign Survival Benefit units for Estuary Habitat Restoration Projects).
The ERTG developed a list of uncertainties that the Action Agencies have used to prioritize
future RME under their Columbia Estuary Ecosystem Restoration Program (CEERP; ERTG
2012a). These guide action effectiveness research and monitoring as developed in the annual
CEERP Strategy Report (BPA and USACE 2012a), and enacted as described in the annual

'3 The ERTG used the same weighting factor for ocean- and stream-type fish. A separate adjustment for benefits
to stream-type fish is made elsewhere in the calculator.

114 «“Certainty of Success” refers to an action’s expected scientific functionality and not whether it will be
implemented.

"% Habitat access/opportunity is a habitat assessment metric that “appraises the capability of juvenile salmon to
access and benefit from the habitat's capacity,” for example, tidal elevation and geomorphic features (ERTG
2010).

" Habitat capacity/quality is a habitat assessment metric involving “habitat attributes that promote juvenile
salmon production through conditions that promote foraging, growth, and growth efficiency, and/or decreased
mortality,” for example, invertebrate prey productivity, salinity, temperature, and structural characteristics
(ERTG 2010).
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CEERP Action Plan (BPA and USACE 2012b). Action effectiveness monitoring is designed
to confirm or refute the mechanisms through which estuary habitat improvements benefit
juvenile salmonids. The Action Agencies are increasing the amount of action effectiveness
monitoring for habitat improvement projects in the 2014 through 2018 period within the
framework of the Action Effectiveness Monitoring and Research (AEMR) plan as described
in the CEERP Strategy Report and the CEERP Action Plan. As well as investigating the
ERTG’s uncertainties, the action effectiveness program includes site-specific monitoring to
confirm that project objectives are met.

Although many of the key inputs to the SBU Calculator are quantitative (e.g., water surface
elevation and weighting factors based on fish densities), professional judgment is necessarily
a prominent element of the process to assign SBUs. The ERTG scores for success, habitat
access, and habitat capacity in the SBU calculator use professional judgment within a scoring
criteria framework. The ERTG method combines quantitative metrics with professional
judgment, which is applied within a documented process by a group of scientists who are
experts in the subject matter. This method for determining the efficacy of estuary habitat
actions uses the best science available.

3.2.2 Estuary Habitat Program Implementation

NOAA Fisheries divided the RPA estuary habitat program into two periods—2007 through
2009 (RPA Action 36) and 2010 through 2018 (RPA Action 37). However, the current
remand is focused on the likelihood of project implementation and the reasonable certainty of
project effectiveness from 2014-2018. The Court found the projects described in the Action
Agencies’ 2010-2013 Implementation Plan to be sufficiently developed and ordered that their
implementation continue during the remand period (US District Court 2011). Therefore, this
section will first examine the implementation of the estuary habitat improvement program for
the 2007 through 2013 time period, then the proposed implementation of projects for the 2014
through 2018 time period. Details about projects implemented or currently developed for
implementation are available in the Action Agencies’ 2013 CE. These details include project
names and locations, lead Federal agency and partner/sponsor, Estuary Module management
action, linear miles and acres of habitat restored, ocean- and stream-type SBUs, and status of
implementation.

Overall, the estuary program has evolved since the Action Agencies proposed it in their 2007
Biological Assessment based on the method developed by the Remand Workgroup. As
proposed, the Action Agencies’ estuary program was designed to address factors limiting
habitat function for salmonids in the estuary. When it adopted the Action Agencies’ proposed
estuary improvement program for the 2008 RPA, NOAA Fisheries further required that the
Action Agencies’ manage the program to meet the 9% and 6% quantitative biological
performance standards for ocean- and stream-type salmonids. This required the Action
Agencies to more specifically focus the program’