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

AMIP Adaptive Management Implementation Plan

BiOp Biological Opinion

BPA Bonneville Power Administration

BRT Biological Review Team (NOAA Fisheries)

BY brood years

CBWTP Columbia Basin Water Transactions Program

CE Comprehensive Evaluation

CEERP Columbia Estuary Ecosystem Restoration Program

CHaMP Columbia Habitat Monitoring Program

CHW Remand Collaboration Habitat Workgroup
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Corps U.S. Army Corps of Engineers

CR Columbia River
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CTUIR Confederated Tribes of the Umatilla Indian Reservation

DDT dichlorodiphenyltrichloroethane
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ENSO El Nino-Southern Oscillation

ERTG Estuary Regional Technical Group

ESA Endangered Species Act
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FERC Federal Energy Regulatory Commission

FCRPS Federal Columbia River Power System

FMEP Fisheries Management and Evaluation Plan

FPC Fish Passage Center
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IP Action Implementation Plan

ISAB Independent Scientific Advisory Board

ISEMP Integrated Status and Effectiveness Monitoring Program
ISRP Independent Scientific Review Panel

kcfs thousand cubic feet per second

lambda median population growth rate

LCFRB Lower Columbia Fish Recovery Board of the NWPCC
LCR Lower Columbia River

LCRE Lower Columbia River Estuary

LCREP Lower Columbia River Estuary Partnership

In natural logarithmic scale

MAT minimum abundance thresholds

MCR Mid-Columbia River

MPG major population group

NEPA National Environmental Policy Act

NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NPCC Northwest Power and Conservation Council
NWFSC Northwest Fisheries Science Center

ODFW Oregon Department of Fish and Wildlife

ONI Oceanic Nino Index

OSGRP Odessa Subarea Groundwater Replacement Project
P multiyear means for recent climate scenario
PCBs polychlorinated biphenyls

PCE primary constituent element

PDO Pacific Decadal Oscillation

PIT passive integrated transponder

PUD Public Utility District
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SPS Salmon Population Summary

SR Snake River

SRSRB Snake River Salmon Recovery Board
SWCD Soil and Water Conservation District
T:B ratio transported (T) and by-passed (B) fish
TDG Total Dissolved Gas

TIR transport-to-inriver

UCR Upper Columbia River

USBR U.S. Bureau of Reclamation

USEPA U.S. Environmental Protection Agency
USFS U.S. Forest Service

USFWS U.S. Fish and Wildlife Service

UWR Upper Willamette River
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WDFW Washington Department of Fish and Wildlife
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NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



24 | Abbreviations and Acronyms

This page intentionally left blank.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



Terms and Definitions | 25

Terms and Definitions

Abundance

Acre-feet

Adaptive Management

All-H

Anadromous Fish

Beverton-Holt Function

Brood cycles

Cleptoparasitism

Compensatory Mortality

Compliance Monitoring

Delisting Criteria

Dissolved Gas Level
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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 contingency 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.

This function predicts the number of progeny that will return to
spawn from a given number of parental spawners.

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

Refers to mortality that would have occurred for another reason.

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.
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Distinct population
segment (DPS)

Diversion

Diversity

Dredging

Early Warning Indicator

Effectiveness Monitoring

ESA Recovery Plan

Evolutionarily significant
unit (ESU)

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.

All the genetic and phenotypic (life history, behavioral, and
morphological) variation within a population. Variations could include
anadromy vs. 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
recovery actions: 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.
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Fall Chinook Salmon

Fish Ladder

Flood Control

Flow Augmentation

Freshet

Implementation
monitoring

Indicator

Intrinsic Productivity

Iteroparity

Kelts

Lambda

Large woody debris
(LWD)

Legacy Effects

Levees
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This salmon stock returns from the ocean in late summer and early
fall to head upriver to its spawning grounds, distinguishing it from
other stocks which migrate in different seasons.

A series of stair-step pools that enables salmon to get past the
dams. Swimming from pool to pool, salmon 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 salmon and steelhead

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

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

A variable used to forecast the value or change in the value of
another variable.

The average of adjusted recruits per spawner estimates for only
those brood years with the lowest spawner abundance levels.

The ability to reproduce more than once during a lifetime.

Steelhead that have spawned but may survive to spawn again,
unlike most other anadromous fish.

Also known as Population growth rate, or the rate at which the
number of fish in a population increases or decreases.

A general term for wood naturally occurring or artificially placed in
streams, including branches, stumps, logs, and logjams. Streams
with adequate LWD tend to have greater habitat diversity, a natural
meandering shape, and greater resistance to flooding.

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.
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Limiting Factor

Major population group
(MPG)

Management unit

Morphology

Northern Pikeminnow

Parr

Peak Flow

Persistence Probability

Photic Zone

Piscivorous

Productivity

Proposed Action

Prospective Actions

Physical, biological, or chemical features (e.g., inadequate spawning
habitat, high water temperature, insufficient prey resources)
experienced by the fish at the population, intermediate (e.g., stratum
or major population grouping), or ESU levels 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 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.

A giant 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 fish that prey on other fish for food.

A measure of a population’s ability to sustain itself or its ability to
rebound from low numbers. The terms “population growth rate” and
“population productivity” are interchangeable when referring to
measures of population production over an entire life cycle. Can be
expressed as the number of recruits (adults) per spawner or the
number of smolts per spawner.

A proposed action or set of actions

Actions from both the FCRPS Biological Assessment and Upper
Snake Biological Assessment, August 2007
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Redd

Resident Fish

Riparian area

River Reach

Runoff

Salmonid
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This is the point at which a population has become too small to
reliably reproduce itself, even though there may be a few fish
remaining. Since there is debate about the exact population level at
which this condition occurs, several possible levels (50, 30, 10, 1)
are considered. Results from short-term quasi-extinction probability
modeling are used to help assess near-term (24-year) extinction
risk.

The term refers to 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 believes 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.

Generally, a population would be deemed to be “trending toward
recovery” if average population growth rates (or productivities) are
expected to be greater than 1.0.

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.

Fish of the family Salmonidae, including salmon, trout, chars,
grayling, and whitefish. In general usage, the term usually refers to
salmon, trout, and chars.
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Significant Decline
Trigger

Smolt

Snowpack

Spatial structure

Spill

Stakeholders

Streamflow

Technical Recovery Team
(TRT)

Threats

Tule

Turbine

The Significant Decline Trigger 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 citizens with an interest in recovery
planning, or who will be affected by recovery planning and actions

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. TRTs 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.

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 An independent population of Pacific salmon or steelhead
VSP Parameters Abundance, productivity, spatial structure, and diversity. These

describe characteristics of salmonid populations that are useful in
evaluating population viability. See NOAA Technical Memorandum
NMFS-NWFSC-42, “Viable salmonid populations and the recovery
of evolutionarily significant units,” McElhany et al., June 2000.
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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 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. Corps of Engineers, U.S. Bureau of Reclamation, and the Bonneville
Power Administration). In litigation challenging the 2008 BiOp, NWF v. NMFS, the Court
ordered NOAA Fisheries to issue a new or supplemental biological opinion for the FCRPS by
2014 (U.S. District Court 2005). This supplemental biological opinion complies with that
court order.

The 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 CFR §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 designated critical
habitat for the 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.
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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. 2007b). 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, for all three assessments, an action
Implementation Plan (IP; 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 CFR 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 2009 Adaptive Management Implementation Plan (AMIP) 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 again 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, 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. NMFS, 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 doing so, 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 § 7(a)(2) purposes in this supplemental opinion
as species or habitat that may be affected by implementation of the FCRPS RPA.
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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 §7(a)(2) analysis of the 2008 BiOp remains valid, as
supplemented in 2010, and further by the additional project definition and analysis 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 § 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 Reasonable and

Prudent Alternative

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 1is 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
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predation on listed salmonids through relocation, hazing, and bounties, guided by an ongoing
research program (RPA Actions 43—49 and 66-70).

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 34-38 and 56-61).

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 39-42 and 63-65).

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 1-3 and 71-73).
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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 2008c, 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 Biological Opinion.

ESA-Listed Species by ESU ESA Listing Status ESA Critical Habitat Designa’ted?1

Interior Columbia Basin Species

Snake River (SR) fall Chinook

salmon Threatened Yes
SR spring/summer Chinook salmon Threatened Yes
SR steelhead Threatened Yes
gﬁﬁ&iﬂ;?gﬁ River (UCR) spring Endangered Yes
UCR steelhead Threatened ? 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)
Chinook salmon Threatened Yes
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.

2UCR 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).

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft




44 | New Information

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

This section presents NOAA Fisheries’ evaluation of the available scientific and commercial
data and the analyses that supplement the species status information considered for the 2008
BiOp and 2010 Supplemental BiOp for Columbia basin salmon and steelhead (Table 2.1).
NOAA Fisheries’ regional staff and its Northwest Fisheries Science Center (NWFESC') gathered
additional information relevant to the 2008 BiOp for this remand. We also considered additional
information reported by the Action Agencies in the 2013 Comprehensive Evaluation (BPA et al.
2013a, hereafter 2013 Draft CE).

Although information from regional status reviews on Snake River sockeye (SR sockeye) salmon
is provided throughout this section, the current rangewide status of this species is discussed in
detail in Section 2.1.1.6. NOAA Fisheries treats SR sockeye differently in this analysis; the
viability status of this evolutionary significant unit (ESU) cannot be quantified as for other
interior Columbia species because its persistence depends on implementation of the captive
broodstock and reintroduction program, as discussed below.

This section reviews new information to determine if the updated status of interior Columbia
basin salmonids” differs from our understanding in the 2008 BiOp and reveals effects of the
action that may affect the listed species in a manner or to an extent not previously considered.
We do this in the following manner:

= First, we review new information regarding recovery goals and the status of listed
species relative to those goals in Sections 2.1.1.1, 2.1.1.2, and 2.1.1.3. We find that
neither recovery goals nor the qualitative risk categories indicative of recovery have
changed since the 2008 BiOp and that NWFSC analyses indicate that the overall
trends for all listed interior Columbia basin species (except SR sockeye, for which
this question is not relevant, as noted above) have been stable over the last 10 years.

= We review the Base Period population-level jeopardy indicator metrics that informed
the 2008 BiOp’s jeopardy analysis in Section 2.1.1.4. 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

' The NWFSC is one of six regional science centers for NOAA Fisheries. Their work supports the conservation and
management of living marine resources and their habitats in the northeast Pacific Ocean and beyond. The NWFSC
research assists resources managers in making sound decisions that build sustainable fisheries, recover endangered
and threatened species, sustain healthy ecosystems, and reduce risks to human health.

2 0f, 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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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.

0 In Section 2.1.1.4.1 we present a review of the metrics indicative of the
survival prong of the jeopardy standard (24-year extinction risk) and the
recovery prong of the standard (three productivity metrics indicative of a
population’s ability to grow). Figures illustrate the time periods relevant to
these metrics and the steps in generating the calculations.

0 In Section 2.1.1.4.2, we describe updated population-level data that is
available for updated analyses.

0 In Section 2.1.1.4.3, we update the indicator metrics with the new years of
observations, producing estimates for an “extended Base Period.” These
new estimates also incorporate corrections to the original data analyzed in
the 2008 BiOp, as provided by the agencies that collect the monitoring
information. The corrected and extended Base Period estimates indicate
that relative to the estimates in the 2008 BiOp:

* Nearly all new estimates are within the range of uncertainty
described in the 2008 BiOp. The main exception is mean
abundance, which is higher than expected for many populations.

» Point estimates of mean abundance and the abundance trend
productivity metric have increased for most populations.

* Point estimates of 24-year extinction risk have either decreased
(i.e., there is less chance of extinction) or remained the same for
most populations.

* Point estimates of productivity based on the lambda metric are
lower for most Chinook populations but higher or equally mixed
for steelhead, depending upon hatchery assumptions.

» Point estimates based on the return-per-spawner (R/S) metric are
lower for nearly all populations.

0 In Section 2.1.1.4.4 we evaluate the significance of the extended Base
Period results relative to 2008 BiOp expectations, including a statistical
analysis of the density-dependent effects of unusually high abundances in
some years resulting in low R/S, as described in the 2008/2010 BiOps.

= In Section 2.1.1.5, 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 review projections for future
returns based on ocean indicators.
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= In Section 2.1.1.6, we review status information specifically relevant to SR sockeye
salmon.

= In Section 2.1.1.7, we review all of the available information regarding the status of
interior Columbia basin salmon and steelhead and conclude that 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.

2.1.1.1 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
Upper Columbia River (UCR) spring Chinook, UCR steelhead, and Middle Columbia River
(MCR) steelhead, as well as recovery criteria that are consistent with Interior Columbia Basin
Technical Recovery Team (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. It is our intent 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’s Appendix B.

3http://www.nwr.noaa.gov/p_rotected species/salmon_steelhead/recovery planning_and implementation/upper_colu

mbia/upper columbia spring chinook steelhead recovery plan.html

4http://www.nwr.noaa.gov/p_rotected species/salmon_steelhead/recovery planning_and implementation/middle_col

umbia/middle columbia river steelhead recovery plan.html
5

http://www.nwr.noaa.gov/protected_species/salmon_steelhead/recovery planning_and implementation/snake_river
/current _snake river recovery plan documents.html
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2.1.1.2. Five-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 (2007a) 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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most recent 5-year status review (Ford 2011). Exact definitions of each rating are found in ICTRT (2007a), and
methods of calculation and time periods over which empirical information was evaluated are in Ford (2011).

Major 1 2 T
ESU Population Pl\étlgrlr}lt;?iro?]fs Integ|r;:i1't§(d3 AIP Integrg}gEBSS/D Oversgtmgphty
Group
Upper Columbia Eastern
River Spring 3 3 — High 3 — High 3 — High Risk
. Cascades
Chinook
Upper Columbia Eastern . . . .
River Steelhead Cascades “ = bl = bl = Ll s
Cascades 2—Low 1 - Low 2 — Viable
Eastern Slope 5 1 — Moderate 4 — Moderate 1 — Maintained
2 — High 2- High Risk
John Day 5 1—Very Low 1—-Low 1 — Highly Viable
River 4 — Moderate 4 — Moderate 4 — Maintained
Middle Columbia Umatilla / 2 _ Moderate
Steelhead - - — Maintai
Walla Walla 3 1 High 3 — Moderate 3 — Maintained
1 — Viable
Yaki 4 3 — Moderate 3 — Moderate (Maintained)
axima 1 — High 1 — High 2 — Maintained
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 “ ) ?_ "#QB 1 - Moderate 4 — High Risk
Spring/Summer — Insuff. Data
Chinook . 3 - Low
Lo lel5 elS 9 9 — High 5 — Moderate 9 — High Risk
Salmon )
1 - High
U Sal 2 —Low
pper saimon 8 8 — High 2 — Moderate 8 — High Risk
River .
4 — High
Snake River Fall Mainstem and -
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 — Highly Viable
1 — Moderate 2 —Low Lo
Grande Ronde 4 . 2 — Maintained
1 — High? 2 - Moderate . .
1 _ Insuff. Dat 1 — High Risk?
Snake River — Insuft. Vata
Steelhead Imnaha 1 Moderate? Moderate Maintained?
Clearwater 5 1 — Moderate? 3 - Low 1 — Maintained?
4 - High 2 — Moderate 4 — High Risk?
5—-Low o
_ — ?
Salmon 12 v Mod.erate 6 — Moderate g MalnFalned ’
5 - High 1 - High 6 — High?

" A/P = abundance and productivity
238s/D = spatial structure and diversity
% |CTRT (2007a) A/P and SS/D risk ratings range from High (greatest risk of extinction) to Very Low (least risk of extinction).
*ICTRT (20074a) 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).

® 2 = uncertain due to lack of data, only a few years of data, or large gaps in the data series.
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2.1.1.3. U.S. Department of Commerce FY 2012 Performance and Accountability
Report

NOAA Fisheries reported to Congress on Government Performance and Results Act (GPRA)
performance measures for listed species in the Pacific Northwest as of fiscal year 2012 (Ford
2012). 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 results are very similar to those of the 2009 GPRA report, which were described in the 2010
Supplemental BiOp, Section 2.1.1.1.2. Most populations (47 out of 51) were considered stable,
with two populations decreasing and two populations increasing (Table 2.1-2). At the species
level, all interior Columbia species were considered stable except SR sockeye salmon, which
was considered “mixed.”

Table 2.1-2. Summary of 10-year abundance trend determinations from the 2012 GPRA Report (Ford 2012).

Number of Populations For Which Trend® Overall
Most Recent Could Be Determined: Species
s . . 1 n T A
Listed Species Year(s) in Trend Decreasing Stable Increasing Rating
MCR Steelhead 2008-2010 1 13 1 Stable
UCR Steelhead 2010 0 4 0 Stable
SR Spring/
pnng’ 2011 1 23 0 Stable
Summer Chinook
UCR Sprin
'~ SPring 2010 0 3 0 Stable
Chinook
SR Fall Chinook 2008/2009* 0 1 0 Stable
SR Steelhead 2010 0 3 0 Stable
SR Sockeye 2011 0 0 1 Mixed®
' 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.
4 Methodologies for estimating spawning abundance for this ESU are currently being re-evaluated. Based on past estimates of wild spawning
abundance through 2008, the trend of this ESU is stable. Updated estimates for 2009 through 2011 are generally high, indicating continued stability of
this ESU.
® The total abundance (hatchery + wild) was at recent highs in 2008-2011, and the 10-year (2002—2011) trend of sockeye counts over Lower Granite
Dam is significantly positive (slope = 1.74, P = 0.004). However, in the past the status of this ESU has been reported as “mixed,” in part because of
the degree of artificial propagation necessary to maintain the ESU. It again was designated as “mixed” in the FY 2012 report.
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2.1.1.4 Updated BiOp Metrics for Six Interior Columbia Basin Salmon and
Steelhead Species

The information and metrics presented in Sections 2.1.1.1 through 2.1.1.3 are primarily intended
to track the status of listed species relative to achievement of long-term recovery goals. The
focus of Section 2.1.1.4 is quantitative metrics indicative of the 2008 BiOp’s application of the
jeopardy standard, as described in Section 1 of this supplemental opinion 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 listed 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’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 2.1.1.2, which indicates no change in those factors since the last
status review.

The 2008 BiOp evaluated the effects of the RPA relevant to the survival and recovery prongs of
the jeopardy standard in a manner consistent with recovery planning criteria and analyses,

= first, at the individual population level;
= second, at the major population group (MPG) level; and
= finally, reaching conclusions at the species level.®

The metrics described in this section informed the 2008 BiOp’s analysis at the population level.
These metrics apply to the six interior Columbia basin species for which sufficient quantitative
information is available’. The data included in this section are the most current available and
include recent years not available for the 5-Year Status Review and 2012 GPRA report.

% Within an ESU or DPS, independent populations are organized into larger groups that share similarities, known as
MPGs. They are defined on the basis of genetic, geographic (hydrographic), and habitat considerations (ICTRT
2005). The ESA Section 7(a)(2) standards are applied at the ESU or DPS level, and not at the MPG or population
level.

7 Snake River spring/summer Chinook, SR fall Chinook, SR steelhead, UCR spring Chinook, UCR steelhead, and
UCR steelhead
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2.1.1.4.1 Review of the 2008 BiOp Indicator Metrics
The 2008 BiOp relies primarily on four population-level indicator metrics for the quantitative
portion of its analysis:

= 24-year extinction risk

= Average returns-per-spawner (R/S) productivity
= Median population growth rate (lambda)

= Abundance trends

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.

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. The narrative below describes the
metrics in more detail.

Productivity estimates in the 2008 BiOp were generally derived from 20- to 24-year periods
beginning in approximately 1980 and ending with adult returns through 2003-2006, depending
on the population. These return years correspond to completed brood cycles® from approximately
1980-2000.° The 2008 BiOp referred to these historical empirical observations as the “Base
Period” to distinguish them from projections that take into account estimated effects of current
and future actions for which empirical data have not yet been gathered or do not yet exist, and
that the 2008 BiOp referred to as “prospective” estimates. The ICTRT (2007b) used 1980 as the
start of their period of recent observations, primarily because it represented completion of the
hydropower system, and the 2008 BiOp adopted the same period. Lambda and abundance trend
estimates were based on natural-origin adult returns through 2003-2006 depending on the
population. Twenty-four year quasi-extinction risk estimates were developed at the population
level using a Base Period that began in brood year 1978 and included all subsequent years of
data available at that time.

¥ 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.

? The exact years for each population correspond to the time periods applied in the ICTRT (2007b) “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 requires a
common start date for all populations, which was set at 1980.
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For this supplemental opinion, NOAA Fisheries used new empirical information (see Section
2.1.1.4.2) to update and extend the 2008 BiOp’s Base Period using the same methods applied in
the 2008 BiOp to analyze the Base Period data. The new information, in some cases, corrects
historical estimates previously considered in the 2008 BiOp. Additionally, we extended the Base
Period from the 2008 analysis by adding several years of additional data to those previously
available. We then analyzed the data of the extended Base Period to calculate the Base Period
metrics used in the 2008 BiOp.

The various Base Period indicator metrics can be confusing so, in this section, we describe them
and other relevant information such as average abundance graphically and show how they inter-
relate. We begin with the simplest estimates and build to estimates that are more complex:

Spawners and average abundance

Biological Review Team (BRT) Abundance Trend
Lambda

Average returns-per-spawner (R/S)

Extinction Risk
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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
2.1-1 shows an example of a 2008 BiOp Base Period time series of spawners.

Tucannon Chinook
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Figure 2.1-1. Annual abundance of adult natural-origin spawners and total (including hatchery-origin) spawners for
the Tucannon River population of Snake River spring/summer Chinook. The spawner estimates include potential
spawners that were removed for hatchery broodstock. 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 (2007a) natural spawner recovery abundance
threshold of 750 fish is indicated for reference.

"% A nest constructed by female salmonids in streambed gravels where eggs are deposited and fertilization occurs.
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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 we are
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 2.1-2 shows the geometric mean for the 2008 BiOp Base Period.

Tucannon Chinook
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Figure 2.1-2. 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 limits for that mean (not shown) range 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.

' The geometric mean is a type of mean or average, which 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 (2007a) 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.
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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 (Fig. 2.1-3). In
this example, the new mean abundance is greater than that calculated in the 2008 BiOp.

Tucannon Chinook - Mean Abundance
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Figure 2.1-3. Addition of five 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 2.1-2). The 95% confidence limits (not shown) for the extended Base Period geometric mean range 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 2.1.2.2, above) and GPRA Report (Section 2.1.2.3,
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 2.1-4 displays the log-transformed natural-
origin (spawner +1) data from Figure 2.1-3; 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 that in the 2008 BiOp.

Tucannon Chinook - BRT Trend
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Figure 2.1-4. 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 the time period 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 intervals (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 limits and, because the trend
is not statistically significant, the 2012 GPRA Report described in Section 2.1.1.3 classifies this population as “stable.”

"> The GPRA Report (Ford 2012a) 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 D
(not shown) encompass a slope of 1.0, so th