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Section | — Summary

SUMMARY

The summary is organized as follows:
Overview
Results of Fish Assessments
Results of Wildlife Assessments
Results of Integrated Fish-Wildlife Assessments

Findings Related to Scientific Uncertainty and Potential Management
Risk

Recommendations on a Research, Monitoring, and Evaluation
Program

Overview

Through the Multi-Species Framework approach, we have developed a
joint fish and wildlife scientific assessment and management framework
for the entire Columbia River Basin. This Framework encourages fish and
wildlife biologists to share common foundations for habitat databases,
population models, and a technical lexicon. This commonality will allow
the region to forecast the effects of proposed actions would have on both
fish (resident and anadromous) and wildlife populations and their
habitats, and to guide integrated assessments of aquatic and terrestrial
ecosytems.

This Multi-Species Framework is designed to help the region develop a
collective vision and approach for fish and wildlife recovery in the
Columbia River Basin. The Framework is based on a simple premise: our
actions are designed to influence environmental attributes in a manner
that changes biological performance to better meet basin management
goals. We work from a set of strategies at multiple geographic scales
(basin, province, and subbasin) that pertain to biological objectives also at
those scales, which in turn pertain to an overall vision (Figure 1.1).

A set of Scientific Principles provides the scientific foundation for this
Framework. These principles form the basis for the biological objectives,
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working hypotheses, and strategic guidelines that will provide specific
direction for program measures.

The Multi-Species Framework and associated tools can be applied over a
wide range of geographic scales and can help resource managers plan,
implement, and coordinate actions in areas as large as the entire Columbia
River Basin, or in the smallest tributary providing that reliable data on
habitats and populations are available at each scale. The Framework and
tools provide a consistency among fish and wildlife analyses across
multiple spatial scales. By this report, regional managers are provided a
powerful tool for conducting cumulative effects analysis of actions
designed to enhance fish and wildlife populations or economic
development.

The ecological information structure embedded in the Framework is
designed to describe the ecosystem at multiple levels of spatial and
biological organization. Its purpose is to identify and organize key
assumptions about the environment and about habitats for selected
species of management concern, key ecological functions (KEFs) of fish
and wildlife, and biological performance of populations being analyzed.
This structure serves to document the rationale for expectations about the
likely success of management actions to meet the goals and vision for the
basin.

The Ecosystem Diagnosis and Treatment methodology (EDT) is the
modeling approach used for determining fish population response to
proposed actions. Using EDT entails emphasizing the need for explicit
operating hypotheses on which to base management decisions. The EDT
approach supports the idea that the usefulness of adaptive management
depends upon the theoretical underpinnings of management strategies
and actions to be explicit, clearly stated, and tested. As such, the EDT
modeling approach is an explanatory-based approach that relies on
empirical data, and on expert opinion when the data are not available, in
contrast to purely statistically based approaches that rely solely on
probabilities and correlations derived from empirical data.

In the Framework, we have developed an explicit set of biological analysis
rules, or Bio-rules, to determine how changes to the environment affect
salmonid performance. The Bio-rules are based on empirical data from
research studies, general scientific literature, and expert opinion where
appropriate. The rules are what drive the EDT model results, i.e., they
produce the projections about chinook performance given implementation
of management actions. Each rule is, in essence, an assumption about
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how the environment works and how salmonid populations respond. By
documenting the rules, we document each assumption. Making the rules
explicit helps reviewers to focus on the underlying assumptions in seeking
explanations for inaccurate results, replacing poor assumptions with
better ones, and expanding our common understanding. The debate is
thus shifted away from focusing on outputs (i.e., fish numbers) to inputs
(knowledge and understanding of how the system works).

Results of Fish Assessments

Current freshwater habitat productivity (from egg to smolt) has been
reduced, to varying degrees, from its Historic Potential to Current
Potential, in all tributaries to the Columbia-Snake Rivers. Current
Potential ranges from about 25% of Historic Potential in the Columbia
Plateau province to about 60% in the Mountain Snake province.

The environmental attributes that have had the greatest effect on
freshwater habitat productivity are bed scour, fine sediment, riparian
function, maximum monthly temperature, embeddedness, turbidity, and
woody debris.

Current Potential abundances of chinook in the Columbia River Basin
range 4-17% of estimated Historic Potential abundances. This result -
suggesting a large decline since historic levels—is consistent with the
status of several chinook populations being currently listed as threatened
or endangered under the Endangered Species Act.

Chinook productivity in the Columbia River Basin has been reduced on
average to less than 20% of Historic Potential productivity. A reductionin
productivity means that chinook populations recover more slowly from
low abundance. Actions that increase productivity would reduce the time
required for chinook populations to reach recovery levels.

Reduction in chinook life history diversity ranges from 30% to 60% of the
historic, dependent on race. Life history diversity refers to the multitude
of life history pathways (temporally and spatially connected sequences
life history segments) available for the species to complete its life cycle.
The large drop in life history diversity likely makes these populations less
resilient to environmental change, thereby increasing their risk of
extinction.

By ESU, chinook abundance is currently 1-9% of Historic Potential
abundance. Across all chinook ESUs, chinook productivity and life

A Multi-Species Framework Approach for the Columbia River Basin Feb. 2002 / Page 1.3



Section | — Summary

history diversity have been reduced to 11-30% and 16-84% of Historic
Potential productivity and life history diversity, respectively.

All of the three alternatives we analyzed, regardless of their worldview
basis, would likely increase overall chinook abundance by more than
~100% from current abundance levels. Therefore, the implementation of
any of the three alternatives would likely result in a significant increase in
chinook abundance.

The results of the analysis indicate that the actions included in Alternative
2 (dam removal, moderate-to-high level of tributary improvement)
outperform all other alternatives in terms of increasing chinook
population abundance, regardless of the assumptions examined.

Alternative 2 produces the greatest benefits (i.e., increases in chinook
abundance) when it is assumed that chinook juvenile transportation is
ineffective, in-river survival rates are low, ocean nearshore survival is
high, and hatchery fish fitness and post-release survival are low.

Alternative 5 improves chinook production abundance potential to
between 114% and 216% of Current Potential. This alternative performs
best when it is assumed that transportation is relatively ineffective, in-
river juvenile survival is low, nearshore ocean survival rates are high, and
habitat restoration actions in the tributaries are effective.

Alternative 6 improves chinook performance to between 107% and 122%
of Current. Most of the chinook production increase in this alternative is a
result of improvements made in tributary habitat and hatchery fish
fitness. Thus, this result depends on the assumptions that tributary
habitats and fitness of hatchery fish most affect positively the future
abundance of chinook.

Results of Wildlife Assessments

The wildlife analysis focused on species-specific issues and on system-
level issues. To demonstrate the species-specific, we analyzed three
species: American black bear, bald eagle, and American beaver. Key
points are as follows.

We have developed a joint fish and wildlife assessment framework for the
entire Columbia River Basin that uses a common approach to databases
on habitats and species. The database is structured to also accommodate
finer scaled data for analyses of smaller geographic areas and scales than
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those included in this report. In addition, the Framework fish and wildlife
population assessment methods have the same theoretical basis.

All three alternatives that we analyze here demonstrated benefits for black
bear and some benefits for bald eagle. Negative influences on the bald
eagle habitat (as measured by a Habitat Condition Index, HCI)
outweighed the beneficial influences on bald eagle habitats. A change
map for the bald eagle illustrates where negative and beneficial influences
were detected. At the basin scale, differences between alternatives on bald
eagle and black bear were not discernable due to the very large area of the
basin in relation to the relatively small amount of change proposed and
our ability to depict species key habitat features through out the basin;
such differences will become more obvious at finer geographic scales.

Alternative 2 could provide benefits for beaver and bald eagle due to
restoration of wetland and riparian areas along reaches where dams are
removed. Efforts to restore and preserve shrub-steppe, as stipulated
under this alternative, will have little benefit for bald eagle and black bear,
which are species that are not closely associated with shrub-steppe. Of
course, it would benefit many other wildlife species that are so associated.
Tributary restoration will benefit all three wildlife species evaluated.

Alternative 5 proposes restoring connectivity of shrub steppe reserves that
would not particularly benefit, and that could have a negative influence
on key environmental correlates for, black bear and bald eagle. Increased
effort to restore tributary habitat, especially forested and riparian habitats
would benefit all three wildlife species evaluated. Benefits for the black
bear could occur more in poorer quality habitat (i.e., shrub steppe adjacent
to forested area) and as a result of decreased roading. The bear analysis
included input from the chinook analysis. For example, the actions in
some alternatives resulted in an additional 75 6-HUCs having increased
salmon carcass abundance, which is a key environmental correlate for
black bear.

Quantitative analyses for the beaver failed due to the lack of consistent
fine scale data of key habitat features across the entire basin. Nonetheless,
subbasin managers should not abandon analyses for the beaver at finer
geographic scales. Finer scale data on habitat variables such as tributary
gradient will likely be more available at the subbasin and watershed
scales.

Alternative 6 proposes less preservation along mainstem Columbia River
and less restoration in tributary habitat especially on private land. This
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will result in less benefit for all three wildlife species assessed. The
reliance on hatcheries would not benefit the 110 species of wildlife that
use salmon carcasses; in fact, de-emphasizing the natural breeding and
carcass stages of anadromous fish (especially salmon) in favor of hatchery
use may provide poorly for these 110 wildlife species.

Results of Integrated Fish-Wildlife Assessments

Ecological relationships between salmon and wildlife indicate that the
strongest associations in fresh water habitat are between 110 species of
wildlife and salmon carcasses, and between 50 species of wildlife and
salmon smolts.

Losses in ecological function of terrestrial wildlife communities may have
occurred across the basin between Historic Potential and Current Potential
conditions. These losses may be partially restored by any of the three
alternatives, which would serve to at least partially restore some of the
terrestrial environments that have declined since historic time.

Several key ecological functions (KEFs) of wildlife, such as transportation
of seeds, would be at least partially restored to Historic Potential levels of
functional redundancy (number of species with each function) by any of
the three alternatives, but other KEFs, such as primary cavity excavation,
might still decline because of continued loss of forest cover.

Findings Related to Scientific Uncertainty and Potential
Management Risk

Predictions of biological performance depend on assumptions in each
alternative, where the assumptions differ according to two different
worldviews, which we call Technology Pessimistic and Technology
Optimistic. We used this type of analysis to compare the alternatives by
providing regional decision makers with a clear assessment of the risks
and critical uncertainties embedded in each alternative and associated
worldview.

In all of the alternatives, we assumed that management actions can be
implemented as designed. This means that dams can be removed and
habitat can be improved, in some cases dramatically, on both public and
private lands. In the non-modeling world (i.e., real world) some actions
may be politically impossible or practically difficult to implement or, over
time, they may become socially unacceptable. Thus, the degree to which
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the various alternatives can be practically implemented likely vary, and
our analyses do not take this variation into account.

Alternative 2 performs better for chinook population recovery under the
Technology Pessimistic worldview and poorer under the Technology
Optimistic view. Alternative 2 is projected to produce a larger increase in
chinook abundance from current levels, than either of the other two
alternatives regardless of the worldview.

Management actions under Alternative 2 would emphasize natural over
hatchery production of fish. This emphasis poses greater weight on
assumptions regarding our ability to improve and recover natural salmon
habitat. As management actions designed to improve and recover natural
salmon habitat likely will require many decades to both implement and
reap fish survival benefits, the pay-off as to when the region could see the
run sizes depicted for the alternative may be longer than under the other
alternatives which rely more heavily on hatcheries. But there are other
issues related to natural vs. hatchery stock that extend to questions of
impacts on wildlife species that rely on adult salmon and salmon
carcasses, and the arrays of ecological functions provided by that set of
wildlife.

Because the predicted increase in chinook abundance for Alternative 2 is
greater than that for the other alternatives under all scenarios
(worldviews), there is less uncertainty associated with this alternative
regarding the production of more chinook. Under the best-case scenario,
chinook abundance may increase by as much as 381% from Current
Potential levels; worst case would be 164%.

Alternative 2 is projected to substantially increase chinook abundance,
productivity, and life-history diversity in all ESUs. Thus, there is less
uncertainty associated with this alternative with regard to recovering
listed chinook stocks.

Of the five ESUs analyzed, chinook performance increased the least in
ESU 12 and ESU 13 located in the upper Columbia River. This is
especially true with chinook productivity, which for ESU 12 is actually
reduced under Alternatives 5 and 6. These data point to the fact that
actions in all of the alternatives have been focused primarily on improving
chinook performance in the Snake River (ESUs 14 and 15). To reduce the
extinction risk for stocks originating in the upper Columbia River,
consideration could be given to implementing more actions in these ESUSs.
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We estimated that the cost of implementing Alternative 2 is $765 million a
year, and of implementing Alternative 5 and Alternative 6 $390 million
and $210 million, respectively. Thus, to reduce uncertainty of response
and recovery of chinook populations to the level shown for Alternative 2,
the region may need to spend an additional $375-555 million a year
(CH2MHill 2000).

Some of the actions included in Alternative 2 may not be internally
consistent. Alternative 2 emphasizes natural production of chinook, yet
still allows for the continuation of a large chinook hatchery production
program. Because there is still considerable debate (uncertainty) as to the
impact that hatchery fish have on wild stocks, either eliminating,
curtailing, or reforming the hatchery program could reduce this
inconsistency. In addition, at least under Alternative 2, studies should
continue to quantify the effect of hatchery stock on the long-term fitness of
native stock.

We project that implementation of Alternatives 5 and 6 will resultin a
Columbia River system heavily dependent upon hatchery production to
achieve the respective chinook performance objectives of these
alternatives. This is especially true if the Technology Optimistic
worldview more accurately represents the State of Nature. A decision to
place a large emphasis on hatchery production may pose significant risk
to natural (wild) fish through the mechanisms of competition, disease,
genetic introgression and harvest, and may sacrifice some of the wildlife
assemblages and their ecological functions associated with feeding on
mature salmon and salmon carcasses. A major assumption inherent in
both Alternative 5 and 6 is that the region can maintain a large-scale
hatchery program and also increase natural chinook abundance through
aggressive habitat measures directed at the tributaries.

All of the alternatives require a substantial increase in freshwater
productivity to increase chinook performance throughout the Columbia
River Basin. Alternative 5 requires the most improvement in freshwater
habitat, while Alternative 6 requires the least. Ata minimum, the
alternatives assume that freshwater habitat productivity can be improved
by 35% over Current Potential levels. This is a relatively large
improvement that may not be achievable because of either social
constraints or the ineffectiveness of habitat management actions, but that
lies in the purview of decision-makers, not biologists.

The preceding paragraph should not be interpreted to mean that a 35%
improvement is needed in freshwater habitat in all reaches of the
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Columbia River Basin. Instead, the correct interpretation is that the
alternatives require that we eliminate at least 35% of the identified habitat
problems. These problems may be as simple as removing a small
blockage or as complex as restoring late summer stream flows in a
tributary dewatered as a result of agricultural practices. Regardless, there
is still considerable uncertainty that this range of improvement in
freshwater habitat can be achieved. However, the exact scale of the effort,
and thus probable success, will not be known until after a diagnosis has
been completed for all of the subbasins. The diagnosis could be
performed as part of the assessment and subbasin planning phases of the
Fish and Wildlife Program.

Under the best-case scenarios, our analyses suggest that Alternatives 2, 5,
and 6 may produce 992,000, 728,000, and 755,000 chinook adults,
respectively. Under the worst-case scenarios, our analyses suggest that
Alternative 2, 5, and 6 may result in decreases in chinook production to
898,000, 652,000 and 428,000 chinook, respectively. The difference
between the best case (Alternative 2) and worst case (Alternative 6) is
approximately 564,000 adults. This defines the maximum reward possible
for choosing the right alternative and State of Nature. Because there is
much uncertainty around this estimate, it is up to resource managers to
decide whether doubling or halving the number — given our uncertainty
over these numbers - would influence their selection of one approach, or
set of actions, over another set.

We assumed each alternative would provide a different level of habitat
restoration effort (intensity), dependent on whether the habitat is located
on private or public lands. Alternative 2 places equal effort in improving
habitat on private and public lands. Alternative 5 emphasizes habitat
actions on public over private, whereas Alternative 6 requires the same
amount of effort as Alternative 5 does for public lands but significantly
less on public lands. We assumed that there is greater uncertainty about
fish response associated with an alternative that requires substantial
improvement in habitat on private lands in comparison to an alternative
that relies on actions on public lands.

We also assumed under all alternatives that hatchery fish survival can be
improved through hatchery reform initiatives and that this improvement
would result in a ~50% increase in hatchery fish survival. Studies
underway in Yakima and other basins should help determine the validity
of this assumption in the next three years.
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Recommendations on a Research, Monitoring, and
Evaluation Program

Biological objectives can be used to focus monitoring and evaluation
efforts to track progress towards basin and province goals. The biological
objectives we used in our analyses were based on an explicit set of
hypotheses as represented in the EDT model. The hypotheses (Bio-rules)
themselves are derived from a synthesis of scientific literature, research
studies, and specific analyses using statistical tools such as h-VSP being
developed by the National Marine Fisheries Service and the models
developed within PATH. The Council can use EDT to evaluate subbasin
plans for their contribution to the larger scale (province and basin) vision
and biological objectives. To develop biological objectives, EDT could be
used to describe the amount of environmental change needed within a
province or subbasin to meet the overall vision. Subbasin plans would
then detail the strategies and actions needed to make this amount of
change across the province.

Biological objectives could be based on three characterizations of the
environment: (1) the Current Potential condition, (2) the adopted resource
management program, and (3) the Historic Potential condition. The
Current and Historic Potential conditions are based on information
gathered at the 6-HUC level. The characterization of the future conditions
could be based on the increase in performance desired and the change in
guantity and quality of attributes required to achieve the desired
performance. EDT can be used to determine the amount of change from
current conditions to achieve a desired condition. Thus, EDT can be used
to help set the biological objectives for conditions in the basin by helping
to determine what is possible.

Biological objectives would be established for aquatic and terrestrial
habitat and biological performance. Candidate biological objectives
include changes in the 45 environmental modeled amounts of habitat, fish
survival rates, and modeled parameters such fish productivity, life history
diversity and abundance.

Three levels of monitoring could be included in the Framework:
implementation, effectiveness, and validation.

Implementation monitoring is used to ensure that strategies and
management actions are implemented as specified by management
guidelines.
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Effectiveness monitoring is used to determine if the rules developed for
estimating an action’s effect on habitat attributes are indeed correct. Itis
also used to determine if mid-course corrections to the management
strategies are needed due to the ineffectiveness of the strategy, changing
environmental conditions, or real-world limitations. Effectiveness
monitoring intends to confirm that the implemented action is having the
predicted effect on the targeted habitat attribute. If not, then the rule will
be changed to better fit the monitoring data.

Validation monitoring is used to confirm that as habitat attributes change,
salmon populations respond as predicted by the EDT model and other
models used in the assessment. In other words, validation monitoring
tracks trends in population performance measures that imply goals are
being achieved. Validation monitoring tests the veracity of the major
scientific assumptions underlying the assessments. This would require
statistical trend analyses of empirical data on habitats and populations.

A Scientific Advisory Board could advise on various scientific and
technical aspects of the Framework plan. These aspects are listed
individually.
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INTRODUCTION

The summary is organized as follows:
History and Background
Objectives
Toward Integrated Assessment and Management

Sections of this Report

History and Background

The Multi-Species Framework Project was intended to help foster a
regional perspective of the ecology and management of fish, wildlife, and
ecosystems of the Columbia River Basin (McConnaha 1999). The
Framework Project involved a multitude of stakeholders and managers
from throughout the region and produced a range of visions and potential
planning alternatives. Seven of the alternatives that emerged were
reassessed using the Framework approach and forecasts of their ecological
and economic impacts at the basin and province scale determined (NPPC
2000a; NPPC 2000Db).

Following the preliminary analyses and subsequent review and screening
of the input data, three of the seven alternatives were reanalyzed. This
report presents the results of this reanalysis and documents the various
databases and modeling and assessment procedures, including the
Ecosystem Diagnosis and Treatment (EDT) method, used to forecast
potential impacts.

Objectives

The Multi-Species Framework analysis presented herein aims to:

describe the process, Scientific Principles, and analysis tools that are
incorporated into the Framework,

show regional fish and wildlife managers how the Framework process
can contribute to the development of proposed actions that are
effective, based on sound science, and implemented in a biologically
sound and cost-effective manner,
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illustrate databases, methods, and models that are useful in analyzing
past, current, and future habitats and populations of fish and wildlife,
and especially in considering an ecologically integrated approach to
fish and wildlife assessment and management in the Basin,

determine the probable effectiveness of the three alternatives analyzed
to improve fish and wildlife performance in the Columbia River Basin,

provide regional decision makers with a clear assessment of the risks
and critical uncertainties embedded in each of the alternatives, and

describe the basis for a research, monitoring, and evaluation program
needed to address the critical uncertainties identified.

The primary intent of the analysis is not the selection of a preferred
alternative for implementation — that choice is a policy decision to be
made by the Northwest Power Planning Council (Council) after extensive
consultation with natural resource management agencies, Indian tribes,
industry, environmental groups, and the public. The analysis presented
in this report will, however, help guide the selection process. The
alternative ultimately selected for implementation may be among those
analyzed as part of this Multi-Species Framework Project, or it might be
one developed through another process, or the Council may choose to
combine strategies identified in some or all of the alternatives to form a
new alternative. Regardless of the particular alternative chosen, the
Scientific Principles and analysis tools developed through the Framework
process will contribute to the development of proposed actions that are
effective, based on sound population ecology and ecosystem science, and
implemented in a biologically defensible manner.

It is important to emphasize at the outset that the Framework analysis
results were designed to provide input and guidance for decisions made
at the basin and province levels. Conclusions regarding fish and wildlife
performance at the subbasin or watershed level should not be specifically
derived from the current analysis until the quality of the data is reviewed
and refined for finer scale analyses. To accomplish the daunting task of
describing some 259,000 miles of streams (over 7000 subwatershed units)
in terms of 45 attributes for each month, and the array of terrestrial
habitats throughout the basin, we relied heavily on previous efforts and
on the valued input from many organizations and scientist familiar with
the Columbia Basin. Where the attributes required were not available or of
unacceptable quality, modeling techniques were used to estimate them.
Later, data quality and resolution can be sufficiently improved in the
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subbasin assessment phase to reliably support subbasin scale analysis and
planning.

Toward Integrated Assessment and Management

Sections

One of the major themes of this report is the move toward an integrated
assessment of fish and wildlife habitats, populations, and their ecological
roles in their ecosystems. This does not remove focus on species; it
complements it. We still promote individual modeling, analysis, and
management of single species and selected populations of conservation
interest.

We provide a modeling evaluation of single species or populations of fish
(principally salmon) by using a relatively new modeling approach that
evaluates their habitat conditions across life history stages, landscapes,
and time. Some of this modeling is based on expert judgment, but it
serves to provide a basis for better understanding and depicting cause and
effect of conditions that influence fish populations. We do recognize that
cause and effect models are not fully substitutable for empirically based
statistical models, and vice versa, and both have important and
complementary roles in resource management (Kareiva and Mobrand
1999).

We also provide modeling evaluations of a few selected wildlife species to
demonstrate species-specific wildlife assessments at the basin and
province scales. We also develop a conceptual foundation and assessment
approach to a more fully integrated evaluation of fish and wildlife species
—aquatic and terrestrial ecosystems — by evaluating how habitats,
populations, and ecological roles interact among species throughout the
Basin. This integrative approach offers a new vision for how cumulative
effects assessments and resource management can more fully span and
integrate fish and wildlife systems. It also offers a framework for using
existing modeling tools (e.g., Figure 11.1).

of This Report

This Progress Report is presented in the following sections:

Section Ill. Methods

We present the scientific and conceptual framework underlying the
assessment, and details of the process used for conducting the analysis of
fish, wildlife, and integrated fish-wildlife ecological functions. After
reviewing this section, the reader should have a firm understanding of the
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Figure 1.1 Types and relations of fish and wildlife models and analyses. This figure suggests appropriate roles for
various existing modeling tools and analysis approaches, in the context of an integrated fish and wildlife, species and
community assessment. For example, the EDT modeling approach can serve to help evaluate populations and
environment relaions of species (of fish and wildlife, if the model is so parameterized), and it can also incorporate
influences of key ecological functions of fish or wildlife species as they affect habitat conditions.
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scientific foundation and the process used to produce the outcomes
described in the results and discussion section of the report.

Section 1V. Results and Discussion

We present the results of the analysis as they apply to the Framework and
to each of the three alternatives examined. We compare environmental
conditions as they exist today, as they may have existed without human
influence in the past, and as they may exist in the future under each
alternative. We present specific results on fish populations and species
(principally salmon), selected wildlife species, and on integrated
assessments of fish and wildlife populations and their ecological
functions.

Section V. Research, Monitoring, and Evaluation

We describe the fundamental concepts underlying a research, monitoring,
and evaluation program that could be developed to address critical
uncertainties. The purpose of such a program is to determine whether
biological objectives are being met over time.
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METHODS - FISH SPECIES

This section of the Methods addresses fish; it is organized as follows:
Introduction
Development of Current Potential and Historic Potential Landscapes
Development of Habitat Attributes
Development of Hatchery Attributes
Development of Harvest Attributes
Population Structure
General Chinook Life Histories
Application to the Columbia River
Chinook Population Descriptions
Analysis Method
Uncertainty and World View Assumptions
World View Assumptions
Data Quality

Introduction

The Ecosystem Diagnosis and Treatment (EDT) process is a habitat-life
history approach for evaluating potential future performance of fish and
wildlife populations (Mobrand et al. 1997). The analytical tool used in
the EDT process is an expert system—a compilation of data,
information, and knowledge into a hypothesis describing past, present,
and future performance of fish and wildlife populations. This expert
system translates environmental attribute data into population survival
parameters, thus creating a survival landscape. Population performance
across this landscape is then estimated, based on life history
characteristics of the species of interest. In this report, we detail the
methods used to model the survival landscapes and perform the
population analysis for the Multi-Species Framework coarse screening
analysis. We define variables used, identify data sources, and describe
how this data is used in the EDT model.
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Development of Current Potential and Historic Potential
Landscapes

This analysis defines and describes hypothetical future conditions, or
alternatives, with reference to two baseline conditions, Current and
Historic. The current baseline describes the average environment
available to fish and wildlife over the most recent decade. The historic
baseline is a hypothetical reconstruction of conditions prior to non-
native human influences. The terms Current Potential and Historic
Potential refer to the ability of the baseline conditions to support fish and
wildlife. This section describes the methods used to estimate baseline
environmental conditions for the coarse screening analysis.

Development of Habitat Attributes

Freshwater and marine environmental conditions are described in terms
of habitat attributes. In the following subsection we identify these
attributes and how they are estimated.

Freshwater

Tributaries and mainstem are discussed separately in the sections that
follow.

Tributaries - Columbia and Snake River Tributaries

This section defines the environmental attributes used in Columbia
River tributaries and describes the steps in translating them into the
biometrics in the population analysis. A general discussion of the
analytical framework and the data structure and terminology is found in
Appendices A and B. In brief, three levels of data are used in EDT: Level
1 or environmental input, Level 2 or environmental attributes, and Level
3 or biological performance attributes.

Summarization and completion of Level 1 environmental input data
The initial step in the data organization procedure was to summarize all
of the available Level 1 environmental input data at the 6-HUC scale. We
assembled environmental data from various data sources, including:
Interior Columbia Basin Ecosystem Management Project (ICBEMP) data,
National Wetlands Inventory (NWI) data, EPA's STORET environmental
data, StreamNet, and USGS stream flow data. Data elements that were
identified as original source data (Table I11.A.1) we summarized at the 6-
HUC scale, preparing them for translation into conclusions about Level
2 environmental attributes. A more complete description of these data
sources and how the data were summarized is found in a separate

A Multi-Species Framework Approach for the Columbia River Basin Feb. 2002 / Page I11.A-2



Table lll.LA.1 Level 1 environmental input data types and their sources (o.s. = original source data set;
derived = data derived through use of a rule, analysis of other data sets, or modeling; and assumed = by

assumption).

Type Name Description Source
Air temperature: a) average maximum, b) average
. Air temperature minimum, c) average yearly for representative wet, 0.s.
Climate
normal, and dry years
Precipitation Mean monthly precipitation 0.S.
Storage capacity Sat.'o of total storage capacity of reservoir(s) to 6-Huc o.s.
rainage area
Natural flow Mean monthly flow without water diversions and derived
regulation
Actual mean monthly flow with water diversions and .
Actual flow . derived
regulation
Streamflow| Water diversion Floyv diversion for human use (surface withdrawals for s
agriculture, domestic use, etc.)
Alkalinity Alkalinity of streamwater 0.S.
Temperature Mean monthly water temperature derived
Nutrients Mean monthly nutrient concentration index derived
Sediment Mean monthly fine sediment loading concentration index | derived
Velocity Mean monthly water velocity within the main channel derived
Soil erosion hazard Moderate or higher soil erosion hazard factor 0.S.
. Percent of 6-Huc watershed within each elevation
Elevation 0.s.
category
Drainage size Area of 6-Huc watershed 0.S.
Sinuosity Channel length to valley length derived
Physical Channelization Channel width resulting from land use 0.S.
Geography | Stream width Natural stream mean width derived
Stream gradient Average gradient of main channel of 6-Huc derived
Stream gradient for Length of stream channels within 6-Huc watershed with .
. o derived
beaver gradient <10%
Main channel length Length of main channel of 6-Huc watershed derived
Stream density Density of streams within 6-Huc watershed 0.S.
Human population Human population density 0.S.
Land use Proportion of area in each land-use group 0.S.
Land ownership Land ownership 0.S.
Pollutants Hazard index for human-related waste 0.S.
Road density of 6-Huc watershed (includes railroads,
Roads - " 0.s.
pipelines, primary and secondary roads)
Grazi Proportion of area in grazing allotments within one or
razing - 0.s.
more allotment categories
Mini Number of mining sites within each of four ecological
ining . 0.s.
Cultural mining hazard levels
Geography | Dams present List of dams with and without fish passage facilities 0.S.
Type of fish passage at each mainstem dam
Passage and survival (transported, bypass, turbine, spillway) and associated o.s.
survival rates
Mitigation hatchery Number of hatchery fish by species released monthly to os
releases mitigate for habitat loss "




Supplementation

Number of hatchery fish by species released monthly to

; 0.s.
hatchery releases supplement natural production
Age-specific harvest rates for each indicator taxon within
Harvest rate . . . 0.s.
_ marine and mainstem Columbia areas
Forest structure Forest seral stage (structure) 0.S.
. Proportion of landscape occupied by late-successional or
Late-succession forest . 0.s.
primary forest cover
Proportion of floodplain and riparian areas (within 300m
Late succession forest in| of a channel or shoreline) traversing or abutting late- 0.5
riparian area successional forest cover types (including deciduous o
gallery forests)
Biology Vegetation cover Habitat type (clustered vegetation cover) 0.S.
Fish species Total number of fish species present 0.S.
Exotic fish species Proportion of fish species that are exotic 0.S.
Adult salmon returns Average spawning population density of all anadromous os.
fish species at the 4-Huc level
Marine _mammal Population abundance index of marine mammals assumed
populations
. . Population abundance index of fish-eating waterbird
Bird populations assumed

colonies

Table N.A.1 Level 1 environmental input data types and their sources (o.s. = original source data set;
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report by Battelle Pacific NW Laboratories (in preparation) (Table
L.A.L).

Some Level 1 environmental input data were classified as derived Level 1
variables (Table I11.A.1) because they required separate calculations. For
example, several channel variables (such as channel slope and channel
length) required independent calculations with digital elevation maps in
a Geographic Information System (GIS). Tributary runoff required use of
a hydrologic model to estimate the flow coming from each of the 6-HUC
units. Other variables associated with water quantity and quality (e.g.,
flow, temperature, sediment, and nutrients) required explicit flow
routing calculations to incorporate the impact of upstream processes.

Stream channel morphometry (derived data)

Basic channel morphometry was characterized using Digital Elevation
Models (DEM), Digital Line Graphs, and GIS techniques. Average
channel length and slope of the main channel within each 6-HUC unit
was derived using a 90-meter DEM, which was the scale of data
available for the entire study domain at the time the analysis was done.:
Channel slopes from the elevation of the main channel as it leaves and
enters the 6-HUC unit were estimated, and channel lengths were
estimated by summing the lengths of the stream segments composing
the main channel and corrected for sinuosity (described below). In
headwater 6-HUC units, the slope is based on the elevation of the
highest main channel reach segment and the outlet elevation, placing
constraints on both the maximum and minimum slopes. In certain 6-
HUC units, inadequate data were available to estimate slope; in which
case, we developed similarity relationships between other 6-HUCs
based on area and elevation.

Estimates of sinuosity were needed to correct the estimates of channel
length and slope described above. Channel lengths derived as straight
lines between reach segment endpoints, as produced from the DEM, can
significantly underestimate both total channel length and slope. We
derived an approximation of sinuosity as a function of the combined
density of urban and agricultural lands and the channel’s uncorrected
estimate of slope. These land uses generally reduce sinuosity due to
channel straightening and bank hardening practices. The function is
expressed as a simple 2-dimensional lookup table, relating sinuosity to
both land use and the uncorrected channel slope. Channels with high
slopes are less likely to meander, resulting in lower sinuosity values.

1 At the time the analysis was performed, data at the 90-meter scale only were available
for the entire study domain. Since then, 30-meter data have become available for the
entire area, which could significantly increase the accuracy of the derived parameters.
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Estimates of wetted channel width were derived using Manning’s
equation, a standard hydrologic method. The equation relates wetted
width to flow, cross sectional geometry, and Manning’s roughness
coefficients. All channel cross-sections were assumed to have an
inverted equilateral triangular shape, an assumption that tends to bias
estimates on the low side. We believe that this technique, however,
compensates for the possible overestimation of production in streams
with wide shallow margins, resulting from the inclusion of all wetted
area in the estimation of fish production. This method of estimating
channel width incorporated no information about valley type—for
example, whether the channel cuts across an alluvial plain or is tightly
confined within a canyon. No reliable data were available to describe
valley type for each 6-HUC unit. As these types of data become
available, estimation of channel width using this method can be
improved. We describe derivation of flow estimates, used in estimating
width, below.

Data with temporal patterns and routed downstream (derived data)
Derivation of those environmental input data elements that are strongly
related to stream flow, took into account seasonal runoff, temperature
patterns, and flow route through the stream network. These stream
flow-related attributes are runoff, natural flow, actual flow (minus
diversions), water velocity, water temperature, fine sediment load, and
nutrient load; they are discussed below.

Runoff defines the amount of flow generated from each 6-HUC unit into
the stream network; runoff was estimated from the Distributed
Hydrologic Soils Vegetation Model (DHSVM). In this model, flow is
estimated before considering any anthropogenic activities (e.g.
irrigation). Combining runoff from each 6-HUC unit with runoff from
upstream 6-HUC units generates the estimates of natural streamflow,
without consideration for water withdrawals. Each 6-HUC is divided
into five elevation bands to estimate snowmelt where significant
elevation changes occur, and estimates of daily minimum and maximum
air temperatures and precipitation for Eastside drainages are
incorporated. For the Westside drainages, data were obtained for several
National Climate Data Center stations. Both of these records were
combined to provide a 40-year daily climate record. The DHSVM was
then used to simulate the entire 40-year record for all 6-HUC units in the
basin with a 3-hour time interval. Runoff values were aggregated to a
monthly time interval. A validation test performed with data from the
Middle Fork Flathead River produced excellent agreement with
empirical data (r2~0.90). Baseflow was assumed to be a fixed fraction of
the total annual precipitation that is specified as a parameter for the
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entire study area (a report under preparation by Battelle Pacific NW
Laboratories gives a complete description of the method).

Natural stream flow departing each 6-HUC unit (i.e., flow without
consideration of any upstream diversion or regulation) was estimated by
accumulating upstream flows and adding the 6-HUC-specific runoff on
a monthly basis, providing simple mass conserving estimates of stream
flow. This procedure could not be used to characterize extreme flow
events; however, extreme flow event should be incorporated in future
analyses. Also, recent improvements in DHSVMs should allow
refinements in estimation of base flows. Currently, the DHSVM results
are only validated for the Middle Fork Flathead River, Montana. Other
sites with clean flow data records should be used to further improve
confidence in the model's calibration.

Actual flows (i.e., flows as modified by upstream regulation and
diversion) were more difficult to estimate because data for diversions
are limited to annual values at the 4-HUC scale. The method employed
required disaggregating procedures to distribute diverted water and
water withdrawals to each of the 6-HUC units within their 4-HUC basin.
In general, flow regulation resulting from upstream reservoir operations
was simulated by extracting a fraction of each reservoir's storage
capacity from the available streamflow during certain months (storage
period) and returning it to the downstream 6-HUC units during other
months (release period).

We accounted for diversion losses using the following rules:

Irrigation return flow was based on the relative 6-HUC areas defined
as having a land use class of agriculture.

Conveyance loss return flows were distributed uniformly over all of
the 6-HUC units within their 4-HUC.

Groundwater withdrawals were prorated based on total available
base flow, including base flow from irrigation and conveyance losses.

Surface water withdrawals were prorated from each 6-HUC unit
based on the available flow, including upstream flow.

Each of the forty years of runoff data were routed using the same
diversion and regulation schedule to provide an estimate of the long-
term interannual flow variability (Battelle Pacific NW Laboratories, in
preparation).

Average water velocity within the main channel of each 6-HUC was
estimated using the Manning’s equation referred to above, based on
estimates of actual flow. Estimates of average velocity were developed
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for a specified slope, streamflow, channel cross-section geometry, and
roughness coefficient. These estimates would be improved considerably
by inclusion of valley type information, which was not available for this
analysis.

Average water temperatures were estimated using a simple temperature
model based on the conservation of energy and the temperature
equilibrium concept (Vail, 2000, pers. comm). This approach is most
applicable in areas where irrigation withdrawals occur. Water
temperature in each 6-HUC unit is estimated by adiabatic mixing of
upstream flows with flows from the specific 6-HUC; water coming from
various sources within the 6-HUC is assumed to have specific
temperatures. Once the water from both local and upstream sources is
mixed, the water is further altered by allowing it to transfer energy with
the atmosphere based on the temperature equilibrium concept. Base
flow (including irrigation return flow and conveyance losses)
contributions are assumed to enter the river at the annual average air
temperature. Surface water runoff (including irrigation) is assumed to
take on the average monthly air temperature. Snowmelt is assumed to
take on a temperature specified as a parameter. The temperature
equilibrium concept allows for surface energy exchange based on the
stream’s surface area (channel width times channel length), the stream’s
residence time (channel length divided by velocity) within the 6-HUC,
and the difference between the atmospheric and stream temperatures.
The model did not incorporate effects of shading associated with
riparian vegetation or unusually large inputs of natural groundwater;
future uses of the model would require inclusion of these effects.

In estimating sediment load, supply of sediment was treated as a
conservative, non-reactive constituent, neglecting important, but
exceptionally difficult to accurately predict, processes of sediment
deposition and re-suspension. Hence the estimation of Level 1 sediment
load should be considered a relative measure without a specific metric.2
This method assumes that the index employed behaves as a
conservative, fully-mixed tracer of actual sediment loading. The local
loading of sediment (from a 6-HUC unit) was assumed to be a function
of the surface runoff and the relative fractions of various land use classes
including urban, agriculture, range, and forest. The load from all land
use classes was assumed proportionate to the fraction of the area with a

2 Notwithstanding the difficulty of addressing deposition and resuspension, the
sediment load estimates were used to generate an initial set of conclusions about how
sediment is passed along and manifested as intragravel fine sediment, embeddedness,
and turbidity. These estimates provided an initial, yet rough, set of data for individuals
who examined the results in the coarse screening procedure.
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high soil erosion hazard potential. Additionally, the sediment from
forested lands was assumed to be proportionate to road density and the
sediment from the range land proportionate to grazing intensity. Each
land use class was given a separate sediment generation term, specified
as a parameter. The resultant sediment load index was treated as a
concentration, mixed with sources from upstream and routed
downstream in a mass conserving procedure.

We estimated nutrient load associated with urbanization and agriculture
using a similar procedure as that applied for sediment, treating nutrients
as a single, conservative, non-reactive constituent. This estimation
neglects the assimilative capacity of the stream to remove nutrients.
Hence the estimates of Level 1 nutrient load should be regarded as
relative and not tied to a specific metric. The local load of nutrients was
assumed to be a function of surface runoff, baseflow, and the relative
fractions of the land use classes urban, agriculture, and range. In
addition, the input of nutrients from range land was assumed to be
proportionate to grazing intensity. Each land use class was given a
separate nutrient generation term, specified as a parameter. The
resultant sediment load index was treated as a concentration, mixed
with sources from upstream and routed downstream in a mass
conserving procedure.

A more complete description of the methods applied to complete the
Level 1 environmental input data sets can be found in the report from
Battelle Pacific NW Laboratories (in preparation).

Translation to Level 2 environmental attributes

We translated Level 1 environmental input data into conclusions about
Level 2 environmental attributes using a set of explicit rules, or in some
cases, by summarizing directly into the categories defined by some
environmental attributes (Table I11.A.2). In the latter situation, the Level
1 data elements were the same as those defined by environmental
attributes; hence no rule was required. The categorical conclusions
defined for each environmental attribute are listed in Appendix B. The
rules used for this translation procedure are described in a report under
preparation by Battelle Pacific NW Laboratories (Table I11.A.2).

Translation to Level 3 biological performance attributes

We formulated a set of rules for translating Level 2 environmental
attributes into the survival-related values of Level 3 biological
performance attributes (Table 111.A.3) for chinook salmon (Appendix B).

We developed the rules by first identifying the specific Level 2
environmental attributes that were likely to be strongly, moderately, or
weakly associated with each of the Level 3 performance attributes, for
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Table lllLA.2 Level 2 environmental attributes. All attributes except length can be treated as categorical.

Name Definition
Alkalinity Alkalinity of water (conductivity can be used as a surrogate) (at moderate flows)
Average depth and frequency of scour on small-cobble/gravel riffles during high
flow events. Frequent indicates at least one event every 1-2 years. Particle sizes of
Bed scour substrate modified from Platts et al. (1983) based on information in Gordon et al.

(1992): gravel (0.2 to 2.9 inch diameter), small cobble (2.9 to 7 inch diameter), large
cobble (7 to 11.9 inch diameter), boulder (>11.9 inch diameter).

Benthos diversity and
production

Measure of the diversity and production of the benthos community.

Channel length

Length of the primary channel contained with the stream reach -- Note: this attribute
will not be given by categories but rather will be a point estimate. Length of channel
is given for the main channel only--multiple channels do not add length.

Channel width - month
maximum width (ft)

Average width of the wetted channel during peak flow month (average monthly
conditions). If the stream is braided or contains multiple channels, then the width
would represent the sum of the wetted widths along a transect that extends across
all channels. Note: Categories are not to be used for calculation of wetted surface
area; categories here are used to designate relative stream size.

Channel width - month
minimum width (ft)

Average width of the wetted channel. If the stream is braided or contains multiple
channels, then the width would represent the sum of the wetted widths along a
transect that extends across all channels. Note: Categories are not to be used for
calculation of wetted surface area; categories here are used to designate relative
stream size.

Confinement —
Hydromodifications

The extent that man-made structures within or adjacent to the stream channel
constrict flow (as at bridges) or restrict flow access to the stream's floodplain (due
to streamside roads, revetments, diking or levees) or the extent that the channel
has been ditched or channelized.

Confinement — natural

The extent that the valley floodplain of the reach is confined by natural features. It is
determined as the ratio between the width of the valley floodplain and the bankful
channel width. Note: this attribute addresses the natural (pristine) state of valley
confinement only.

Dissolved oxygen

Average dissolved oxygen within the water column for the specified time interval.

Embeddedness

The extent that larger cobbles or gravel are surrounded by or covered by fine
sediment.

Fine sediment

Percentage of fine sediment within pool-tailouts and riffles.

Fish community
richness

Measure of the richness of the fish community (no. of fish taxa).

Fish pathogens

The presence of pathogenic organisms (relative abundance and species present)
having potential for affecting survival of stream fishes.

Fish species
introductions

Extent of introductions of exatic fish species in the vicinity of the stream reaches
under consideration.

Flow - change in
interannual variability in
high flows

A measure of between year variation in magnitude of high flow levels and/or the
extent of change in overall high flow level during a month relative to an undisturbed
watershed of comparable size, geology, and geography (or as would have existed
in the pristine state).




Flow - changes in
interannual variability in
low flows

A measure of between year variation in the severity of low flow discharge during a
month. Variation in low flows as applied here is relative to an undisturbed
watershed of comparable size, geology, and geography (or as would have existed
in the pristine state).

Flow - Intra daily (diel)
variation

Variability in flow level during a daily period. This attribute is informative mainly for
regulated rivers or when flow patterns are influenced by storm water runoff.

Flow - intra-annual flow
pattern

The average extent of intra-annual flow variation during a month -- a measure of a
stream's "flashiness" during a season.

Gradient

Average gradient of the main channel of the reach over its entire length.

Habitat type - backwater
pools

Percentage of the wetted channel surface area comprising backwater pools.

Habitat type - beaver
ponds

Percentage of the wetted channel surface area comprising beaver ponds. Note:
these are pools located in the main or side channels, not part of off-channel habitat.

Habitat type - large
cobble/boulder riffles

Percentage of the wetted channel surface area comprising large cobble/boulder
riffles.

Habitat type - off-
channel habitat factor

A multiplier used to estimate the amount of off-channel habitat based on the wetted
surface area of the all combined in-channel habitat.

Habitat type - pool
tailouts/glides

Percentage of the wetted channel surface area comprising pool tailouts and glides.

Habitat type - primary
pools

Percentage of the wetted channel surface area comprising pools, excluding beaver
ponds.

Habitat type - small
cobble/gravel riffles

Percentage of the wetted channel surface area comprising small cobble/gravel
riffles.

Harassment

The relative extent of poaching and/or harassment of fish within the stream reach.

Hatchery fish outplants

The magnitude of hatchery fish outplants made into the drainage over the past 10
years.

Hydrologic regime -
natural

The natural flow regime within the reach of interest. Flow regime typically refers to
the seasonal pattern of flow over a year; here it is inferred by identification of flow
sources. This applies to an unregulated river or to the pre-regulation state of a
regulated river.

Hydrologic regime —
regulated

The change in the natural hydrograph caused by the operation of hydroelectric
facilities in a watershed. Definition does not take into account daily flow fluctuations
(See Flow-Intra-daily Variation attribute)

Icing

Extent (magnitude and frequency) of icing events.

Metals - in water column

The extent of dissolved heavy metals within the water column.

Metals/Pollutants - in
sediments/soils

The extent of heavy metals and miscellaneous toxic pollutants within the stream
sediments and/or soils adjacent to the stream channel.

Miscellaneous toxic
pollutants - water
column

The extent of miscellaneous toxic pollutants (other than heavy metals) within the
water column.

Nutrient enrichment

The amount of nutrient enrichment consisting of such items as ammonia, nitrogen,
phosphorous.

Obstructions to fish
migration

Obstructions to fish passage by physical barriers (not dewatered channels or
hindrances to migration caused by pollutants or lack of oxygen).




Predation risk

Level of predation risk on fish species due to presence of top level carnivores or
unusual concentrations of other fish eating species. This is a classification of per-
capita predation risk, in terms of the likelihood, magnitude and frequency of
exposure to potential predators (assuming other habitat factors are constant).

Riparian function

A measure of riparian function that has been altered within the reach.

Salmon Carcasses

Relative abundance of anadromous salmonid carcasses within watershed (e.g., 5-
HUC level) that can serve as nutrient sources for juvenile salmonid production.

Temperature - daily
maximum (by month)

Maximum water temperatures within the stream reach during a month.

Temperature - daily
minimum (by month)

Minimum water temperatures within the stream reach during a month.

Temperature - spatial
variation

The extent of water temperature variation within the reach as influenced by inputs
of groundwater.

Turbidity

The relative extent of turbidity episodes within the stream reach.

Water withdrawals

The number and relative size of water withdrawals in the stream reach.

Wood

The amount of wood within the reach. Note definition of "large wood" under
terms/clarification.

Table lllLA.2 Level 2 environmental attributes. All attributes except length can be treated as categorical.




Attribute

Definition

The effect of stream channel stability (within reach) on the relative survival or performance of

;gzir;irt]fl f[he focus species; the exter?t of channel stability is with respect to its streambed, banks, and
its channel shape and location.
The effect of toxic substances or toxic conditions on the relative survival or performance of

Chemicals the focus species. Substances include chemicals and heavy metals. Toxic conditions include
low pH.

Competition The effect of competition with hatchery produced animals on the relative survival or

(with hatchery
fish)

performance of the focus species; competition might be for food or space within the stream
reach.

Competition . . . . .
(withrz)ther The effect of competition with other species on the relative survival or performance of the
. focus species; competition might be for food or space.
species)
The effect of the amount of stream flow, or the pattern and extent of flow fluctuations, within
Flow the stream reach on the relative survival or performance of the focus species. Effects of flow
reductions or dewatering due to water withdrawals are to be included as part of this attribute.
Food The effect of the amount, diversity, and availability of food that can support the focus species
on the its relative survival or performance.
Habitat The effect of the extent of habitat complexity within a stream reach on the relative survival or
diversity performance of the focus species.
The effect of harassment, poaching, or non-directed harvest (i.e., as can occur through hook
Harassment . . .
and release) on the relative survival or performance of the focus species.
Kev habitat The relative quantity of the primary habitat type(s) utilized by the focus species during a life
y stage; quantity is expressed as percent of wetted surface area of the stream channel.
. The effect of physical structures impeding movement of the focus species on its relative
Obstructions ; oy i .
survival or performance within a stream reach; structures include dams and waterfalls.
Oxvaen The effect of the concentration of dissolved oxygen within the stream reach on the relative
Y9 survival or performance of the focus species.
The effect of pathogens within the stream reach on the relative survival or performance of
Pathogens . . : . . . .
the focus species. The life stage when infection occurs is when this effect is accounted for.
. The effect of the relative abundance of predator species on the relative survival or
Predation .
performance of the focus species.
Salinity The effect of the concentration of salts within the reach on the relative survival or

performance of the focus species.

Sediment load

The effect of the amount of the amount of fine sediment present in, or passing through, the
stream reach on the relative survival or performance of the focus species.

Temperature

The effect of water temperature with the stream reach on the relative survival or performance
of the focus species.

Withdrawals (or
entrainment)

The effect of entrainment (or injury by screens) at water withdrawal structures within the
stream reach on the relative survival or performance of the focus species. This effect does
not include dewatering due to water withdrawals, which is covered by the flow attribute.

Table lllLA.3 Level 3 biological performance attributes (biometrics). The measure of these attributes is in
relation to the relative survival or performance of the focus species by life stage. These attributes act as
"umbrella attributes," combining the effects of similar Level 2 attributes. Effects measured by these

attributes are assessed relative to fully fit individuals when present in optimal environmental conditions.
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each life stage (Appendix B). These Level 2 attributes are referred to as
the primary, secondary, and tertiary environmental attributes affecting
biological performance, respectively.

Figure 111.A.1 and Figure I11.A.2 show an example using the Level 1
attribute, sediment yield, three sediment-related Level 2 environmental
attributes, and the resulting Level 3 biological performance attribute,
fine sediment (Table I11.A.3, Figure I11.A.1).

The Level 3 biometric, fine sediment, is an estimate of the contribution of
all sources of fine sediment on survival during the egg incubation life
stage (egg deposition to fry emergence), as shown in Figure l11.A.1
above. Intragravel fine sediment is assumed to be the primary
determinant of the effect of sediment on egg survival. Sediment effects
are assumed to be increased in cases of high embeddedness or turbidity.
Embeddedness would limit percolation into the area of the egg pocket,
while high turbidity would overwhelm any gravel cleaning
accomplished by the spawner in redd construction. Thus, the Level 2
attributes, embeddedness and turbidity, are considered as secondary, or
modifying attributes.

Figure 111.A.2 also shows the contribution of all sources of fine sediment
on survival, but for the inactive life stage (overwintering). In this life
stage, embeddedness is assumed to be the primary determinant of the
effect of sediment on the survival of overwintering fingerlings (loss of
interstitial space). Sediment effects are assumed to be increased in cases
of high turbidity (secondary) due to impairment of respiration or
feeding. Intragravel fine sediment (tertiary) is assumed to further reduce
survival in this life stage due to a reduction in deeper interstitial spaces.

The rules for translating Level 2 environmental attributes into the Level
3 biological performance attributes are based on an extensive set of
translation examples put together by Chris Frissell, with further input
obtained from the Bio-rules Work Group.: We reformatted the
information from these data sets into the rule set applied here for
chinook salmon, taking into account refinements in the definitions and
index values of the Level 2 environmental attributes. The Bio-rules
should be considered still in a state of development and refinement.
Further review of the rules by regional scientists will help ensure their
adequacy and consistency with up-to-date thinking and research on the
effects of the attributes on salmonids. Moreover, we propose that a
forum be developed to routinely review and update the rule sets as a

3 The BioRules Work Group consisted of Bob Bilby, Pete Bisson, Chris Frissell, Larry
Lestelle, and Dale McCullough.
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Figure IIlLA.1 Translation of Level 2 sediment-related attributes into a single
Level 3 biometric — egqg incubation life stage (chinook).



Level 2 attributres

st Lewvel 3 Biometric
Frimary v i
Embeddedness fines on| as#ribuge SMfWﬂ{ﬂ'mw
substrate surface) W?ﬂfﬁﬁ'mrg dise o
Aulas

Fine
Turbidity (fines suspended _a——f*f_*

sediment
in weater colurmn) /
]
Intradrav el fine sediment

(fines within substratey | Seconcan andteriary
aitritwtes — modifiors

Figure II.4A.2 Translation of Level 2 sediment-related attributes
into a single Lewvel 3 hiometric — inactive {overwintering) life stage
{chinook).



Section I11.A — Methods, Fish

way of promoting learning about the effects of the ecological attributes
on fish and wildlife performance. Such a forum would help gain wider
acceptance of the application of these kinds of rule sets for assessing the
effects of environmental change on biological performance.

The full set of Bio-rules, as they are currently configured, is provided in
Appendix B. Similar rule sets are under development for bull trout,
steelhead trout, chum and coho salmon. Extending the chinook rule set
to other species is a straightforward task involving consideration of
relative sensitivities of different species to the common set of
environmental attributes based on species differences in behavior,
physiology, and size.

Mainstem — Columbia River and Snake River Habitat

Methods used for developing habitat and survival attributes for fish
utilizing the mainstem Columbia and Snake rivers are presented below
for both the Historic Potential and Current Potential.

Habitat Quality and Quantity

Biological rules do not exist for deriving mainstem habitat ratings;
therefore, we constructed the quality ratings for mainstem habitat, for
the Historic Potential and Current Potential, based on existing literature
and the professional expertise of fisheries biologists familiar with both
Columbia and Snake river systems. The biologists used the existing data
and their knowledge to rate the following biological performance
attributes for each river reach of interest:

Habitat Quality
Temperature
Predation
Competition with Hatchery Fish
Competition with Other Species
Habitat Diversity
We adjusted these ratings up or down to meet the juvenile system

survival values presented below. A summary of the ratings for all river
reaches rated is presented in Appendix C.

The quantity of both riverine and reservoir habitat presented under both
conditions were estimated from USGS Topo maps, average monthly
river flow, and reservoir size and length data presented in the CRISP 1.5
manual (Anderson et al., 1996).
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River Flow

We obtained estimates of average monthly river flow for both the
Columbia and Snake rivers under the Current Potential and Historic
Potential from streamflow model runs developed by Council staff
(Appendix D). The flow data used in modeling both conditions are
summarized graphically in Table 111.A.4 and Table I11.A.5.

Juvenile Travel Time

We assumed that the time required for subyearling and yearling chinook
to migrate through the mainstem corridor is affected by river flow
(water velocity) and habitat types present (i.e., riverine or reservoir).
Thus, juvenile migration speed is assumed to differ under the Current
Potential (primarily reservoir) and Historic Potential (riverine).

We developed subyearling and yearling chinook travel speeds for both
conditions using CRiSP Model 4. A description of the model, inherent
assumptions, formulas and inputs can be found in Zabel et al. (1997). In
addition, for the Historic Potential, we estimated water velocity by
dividing average monthly river flow by the average cross section of each
stream reach. We used travel speed and timing data in this analysis to
determine the survival conditions encountered by each juvenile as it
migrates through the mainstem Snake and Columbia rivers.

Juvenile Migration Timing

We approximated subyearling and yearling juvenile migration timings
from data developed by the Fish Passage Center (FPC 1998). These data
are summarized in Table 111.A.6 and were used in modeling both the
Current Potential and Historic Potential (Table 111.A.6).

Dam Survival (Juveniles)

Dam survival rates for juvenile salmonids are discussed below for the
Current Potential only; dams do not exist for the Historic Potential, thus
survival estimates are not needed for that condition.

The survival rate of juvenile salmonids migrating past Columbia and
Snake river hydroelectric projects is dependent on riverine conditions,
juvenile behavior, and physical facilities present at each project. We
calculated both yearling and subyearling survival rates through
spillways, turbines, and juvenile bypass systems for each project using
data presented in the NMFS (2000a). The monthly survival values used
in this analysis for both yearling and subyearling life-history patterns
are shown in Table I11.A.7 and Table 111.A.8. It should be noted that the
survival values do not include the mortality component associated with
juvenile passage through reservoirs.

Dam Survival (Adults)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Snake 37,760 | 39,610 | 48,407 | 89,043 | 107,245| 100,156 | 50,913 | 43,643 | 22,655 | 24,054 | 20,928 | 32,456
Columbia | 207,900 | 198,279 | 154,250 | 228,089 | 287,186 | 290,140 | 195,951 | 163,881 | 99,886 | 109,622 | 109,304 | 155,839
Mid-Col | 153,594 | 139,802 | 87,457 | 124,301 | 171,988 | 177,453 | 135,133 | 114,599 | 71,728 | 79,317 | 77,075 | 107,495

Table IllLA.4 Average monthly flows used in modeling the Current Potential.




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Snake 32,484 38,312 50,797 81,981 120,971 | 111,823 40,081 20,875 21,153 24,979 28,076 31,657
Columbia 82,258 93,725 117,171 | 213,915 | 415,627 | 465,011 | 251,442 | 133,313 92,277 82,123 83,077 85,051
Mid-Col 42,154 46,036 57,982 126,855 | 294,254 | 350,371 | 207,074 | 108,600 67,959 54,090 50,520 47,048

Table IIlLA.5. Average monthly flows used in modeling the Historic Potential.




Yearling 1-Apr 2-Apr May June July 1-Aug 2-Aug
Snake 0.05 0.4 0.5 0.05
Columbia 0.05 0.15 0.75 0.05
Subyearling 1-Apr 2-Apr May June July 1-Aug 2-Aug
Snake 0.02 0.65 0.25 0.08
Columbia 0.4 0.5 0.1

Table lllLA.6 Yearling and subyearling migration timing for Snake and Columbia River reaches.




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lower Granite 0.9 0.9 0.93 0.98 0.98 0.98 0.95 0.95 0.95 0.95 0.9 0.9
Little Goose 0.9 0.9 0.93 0.98 0.98 0.98 0.95 0.95 0.95 0.95 0.9 0.9
Lower Monumental 0.9 0.9 0.93 0.96 0.96 0.96 0.94 0.94 0.94 0.94 0.9 0.9
Ice Harbor 0.9 0.9 0.94 0.97 0.97 0.97 0.97 0.97 0.95 0.95 0.9 0.9
McNary 0.9 0.9 0.94 0.98 0.98 0.98 0.98 0.98 0.97 0.97 0.97 0.97
John Day 0.9 0.9 0.93 0.96 0.96 0.96 0.96 0.96 0.94 0.94 0.9 0.9
The Dalles 0.9 0.9 0.94 0.98 0.98 0.98 0.98 0.98 0.9 0.9 0.9 0.9
Bonneville 0.9 0.9 0.92 0.95 0.95 0.95 0.95 0.95 0.93 0.93 0.9 0.9
Rocky Reach 0.89 0.89 0.89 0.95 0.95 0.95 0.95 0.95 0.89 0.89 0.89 0.89
Rock Island 0.89 0.89 0.89 0.95 0.95 0.95 0.95 0.95 0.89 0.89 0.89 0.89
Wanapum 0.89 0.89 0.89 0.95 0.95 0.95 0.95 0.95 0.89 0.89 0.89 0.89
Priest Rapids 0.89 0.89 0.89 0.95 0.95 0.95 0.95 0.95 0.89 0.89 0.89 0.89
Wells 0.9 0.9 0.9 0.97 0.97 0.97 0.97 0.97 0.89 0.89 0.89 0.89

Table IllLA.7 Monthly dam survival values for yearling chinook—Current Potential.




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lower Granite 0.9 0.9 0.95 0.96 0.96 0.96 0.95 0.95 0.95 0.95 0.9 0.9
Little Goose 0.9 0.9 0.94 0.96 0.96 0.96 0.94 0.94 0.94 0.94 0.9 0.9
Lower Monumental 0.9 0.9 0.94 0.95 0.95 0.95 0.95 0.94 0.94 0.93 0.9 0.9
Ice Harbor 0.9 0.9 0.93 0.96 0.96 0.96 0.96 0.96 0.94 0.94 0.9 0.9
McNary 0.9 0.9 0.96 0.98 0.98 0.98 0.98 0.98 0.95 0.95 0.95 0.95
John Day 0.9 0.9 0.95 0.97 0.97 0.97 0.97 0.97 0.95 0.95 0.9 0.9
The Dalles 0.9 0.9 0.93 0.98 0.98 0.98 0.98 0.98 0.9 0.9 0.9 0.9
Bonneville 0.9 0.9 0.91 0.93 0.93 0.93 0.93 0.93 0.91 0.91 0.9 0.9
Rocky Reach 0.89 0.89 0.91 0.93 0.93 0.93 0.93 0.93 0.89 0.89 0.89 0.89
Rock Island 0.89 0.89 0.9 0.93 0.93 0.93 0.93 0.93 0.89 0.89 0.89 0.89
Wanapum 0.89 0.89 0.91 0.92 0.92 0.92 0.92 0.92 0.89 0.89 0.89 0.89
Priest Rapids 0.89 0.89 0.9 0.92 0.92 0.92 0.92 0.92 0.89 0.89 0.89 0.89
Wells 0.89 0.89 0.94 0.97 0.97 0.97 0.97 0.97 0.89 0.89 0.89 0.89

Table IIlLA.8 Monthly dam survival values for subyearling chinook—Current Potential.
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Adult chinook survival past each mainstem dam was assumed to
average 93 percent under the Current Potential. Thus, total adult
survival through mainstem river reaches is highly dependent on the
number of dams each adult must pass. For example, adult chinook
returning to the Salmon River would have to pass eight mainstem dames,
and thus their overall survival rate would be 60 percent (0.988 = 60
percent). In contrast, the survival rate for adults returning to the John
Day River would be approximately 80 percent because they must
migrate past only three mainstem dams.

Under the Historic Potential, adult chinook survival through the
mainstem Columbia and Snake Rivers was assumed to average 92
percent.

In-river Survival (Juveniles)

The survival rates used for modeling the Current Potential for
subyearling and yearling juveniles migrating in-river through the
hydroelectric complex were based on the range of values presented in
recently published scientific literature.

Data presented by NMFS (2000a) show that from 1993-1999 yearling
survival from Lower Granite Reservoir to the tailrace of Bonneville Dam
ranged from about 31 percent to 51 percent. This equates to a project
survival rate of approximately 86 percent to 92 percent. For modeling
the Current Potential, we assumed that yearling survival past eight
hydroelectric projects averages 36 percent (88 percent per project).

For subyearling chinook we assumed that in-river survival from the
head of Lower Granite Reservoir to the tailrace of Bonneville Dam was
29 percent. This equates to a project survival rate of ~85 percent. The
survival value only applies to active migrants. For inactive migrants, or
life history trajectories that spend more time in the reservoirs (rearing
stage), mortality increases in proportion to the time spent in the
reservoirs. Thus, overall survival varies dependent on the trajectory
examined. This approach is consistent with the data presented in a
recent NMFS document (NMFS 2000a). NMFS scientists reported that
subyearling survival varied dramatically (13-51 percent) in tests
conducted in the Snake River from 1995-1999. However, these survival
estimates included mortality from parr to the active migrant stage.

The juvenile survival rates presented above formed the basis for model
calibration with regard to overall survival through the mainstem
Columbia and Snake Rivers. Because the dam survival values were
fixed, the overall survival targets for both life histories required that
juvenile survival rates through the reservoirs be adjusted as needed,
which we achieved by modifying the habitat quality attributes for each

A Multi-Species Framework Approach for the Columbia River Basin Feb. 2002 / Page 111.A-11



Section I11.A — Methods, Fish

reservoir during the key juvenile migration periods (see Juvenile
Migration Timing). Resulting reservoir survival values for the Current
Potential are presented in Table I11.A.9 and Table 111.A.10 for yearling
and subyearling chinook, respectively. It should be noted that juvenile
survival through the reservoirs is affected by the amount of time the
juvenile spends in the reservoir and the benchmark survival value for
the specific life stage (subyearling, yearling, etc.).

We set the survival benchmarks for yearling and subyearling chinook at
97.5 percent and 35 percent, respectively. These benchmark survival
values were based on the assumption that yearlings require 14 days, and
subyearling 56 days, to migrate from natal streams to the estuary under
ideal environmental conditions. This equates to a daily survival rate of
99.8 percent (97.51/14) for yearlings and 98.1 percent (0.351/56) for
subyearlings:

For each reservoir, we calculated the daily survival rate for juvenile
chinook using the following formulas:

Daily Yearling Survival Rate = (B1/14*RSR1/30)
Daily Subyearling Survival = (B1/56*RSR1/30)
Where-

B= benchmark survival rate

RSR = Reservoir survival rate by month
Yearling and subyearling juvenile chinook survival rates used for
modeling the Historic Potential are presented in Table I11.A.11 and Table
I11.LA.12. We calculated the survival values based on mainstem habitat
guality, juvenile travel time through each reach, and the benchmark
survival values used for each life stage.

Combining the survival data in Table 111.A.11 and Table I11.A.12 results
in the survival estimates presented in Table I11.A.13 for yearling and
subyearling chinook migrating from above either Lower Granite or
Wells dam to the tailrace of Bonneville Dam.

Fish Transportation (Juveniles)

Survival associated with juvenile fish transportation is presented below
for Current Potential only; juvenile transport does not occur under the
Historic Potential.

The percent of the yearlings and subyearling collected at each of the four
lower Snake River and McNary Dam facilities is presented in Table
I11.A14. The values in Table 111.A.14 represent the percent of the juvenile
population arriving at each facility that is collected and transported to
the tailrace of Bonneville Dam.
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lower Granite 0.93 0.94 0.91 0.9 0.91 0.91 0.73 0.72 0.58 0.82 0.91 0.93
Little Goose 0.93 0.93 0.91 0.9 0.91 0.91 0.69 0.65 0.64 0.81 0.9 0.92
Lower Monumental 0.94 0.95 0.93 0.92 0.93 0.93 0.77 0.62 0.69 0.85 0.92 0.94
Ice Harbor 0.94 0.94 0.92 0.91 0.92 0.92 0.72 0.65 0.61 0.83 0.91 0.93
McNary 0.95 0.95 0.91 0.9 0.91 0.91 0.76 0.66 0.62 0.84 0.92 0.94
John Day 0.93 0.93 0.86 0.83 0.85 0.86 0.65 0.49 0.41 0.77 0.88 0.91
The Dalles 0.98 0.98 0.95 0.94 0.95 0.95 0.88 0.81 0.77 0.92 0.96 0.97
Bonneville 0.96 0.96 0.92 0.9 0.91 0.91 0.78 0.67 0.61 0.86 0.93 0.95
Rocky Reach 0.98 0.98 0.95 0.94 0.95 0.96 0.93 0.87 0.84 0.93 0.97 0.98
Rock Island 0.99 0.99 0.98 0.97 0.98 0.98 0.96 0.93 0.92 0.97 0.98 0.99
Wanapum 0.98 0.98 0.96 0.95 0.96 0.96 0.93 0.88 0.85 0.94 0.97 0.98
Priest Rapids 0.99 0.99 0.98 0.97 0.98 0.98 0.97 0.94 0.92 0.97 0.98 0.99
Wells 0.99 0.99 0.97 0.96 0.97 0.97 0.95 0.9 0.88 0.95 0.98 0.98
Hanford Reach 0.98 0.98 0.95 0.97 0.98 0.98 0.93 0.87 0.86 0.93 0.96 0.97

Table 1lI.LA.9 Reservoir survival rates for yearling chinook- Current.




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lower Granite 0.86 0.87 0.89 0.95 0.96 0.95 0.85 0.83 0.56 0.72 0.68 0.83
Little Goose 0.85 0.86 0.88 0.94 0.95 0.95 0.83 0.79 0.59 0.7 0.66 0.82
Lower Monumental 0.88 0.89 0.91 0.95 0.96 0.96 0.87 0.77 0.66 0.76 0.72 0.86
Ice Harbor 0.87 0.88 0.9 0.95 0.96 0.95 0.85 0.79 0.59 0.74 0.7 0.84
McNary 0.83 0.87 0.89 0.95 0.95 0.95 0.86 0.79 0.57 0.73 0.69 0.84
John Day 0.8 0.79 0.7 0.81 0.85 0.84 0.68 0.51 0.29 0.55 0.58 0.73
The Dalles 0.93 0.93 0.89 0.93 0.95 0.95 0.89 0.82 0.69 0.83 0.84 0.9
Bonneville 0.87 0.86 0.8 0.87 0.9 0.91 0.79 0.69 0.5 0.69 0.71 0.82
Rocky Reach 0.96 0.95 0.91 0.94 0.96 0.96 0.94 0.9 0.85 0.9 0.91 0.94
Rock Island 0.98 0.98 0.96 0.97 0.98 0.98 0.97 0.95 0.92 0.95 0.95 0.97
Wanapum 0.96 0.96 0.92 0.95 0.96 0.96 0.94 0.91 0.86 0.91 0.92 0.94
Priest Rapids 0.98 0.98 0.96 0.97 0.98 0.98 0.97 0.95 0.93 0.96 0.96 0.97
Wells 0.97 0.97 0.94 0.96 0.97 0.97 0.95 0.93 0.89 0.93 0.93 0.95
Hanford Reach 0.85 0.86 0.88 0.94 0.95 0.95 0.87 0.8 0.59 0.7 0.65 0.81

Table Ill.LA.10 Reservoir survival rates for subyearling chinook- Current Potential.




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lower Granite 0.98 0.98 0.98 0.99 0.99 0.99 0.92 0.81 0.76 0.96 0.98 0.98
Little Goose 0.98 0.98 0.98 0.99 0.99 0.99 0.9 0.75 0.84 0.96 0.98 0.98
Lower Monumental 0.98 0.99 0.98 0.99 0.99 0.99 0.92 0.79 0.89 0.97 0.98 0.98
Ice Harbor 0.98 0.99 0.98 0.99 0.99 0.99 0.9 0.74 0.81 0.97 0.98 0.98
McNary 0.97 0.97 0.96 0.98 0.99 0.99 0.91 0.74 0.76 0.95 0.97 0.97
John Day 0.94 0.95 0.93 0.96 0.98 0.98 0.86 0.63 0.58 0.91 0.94 0.94
The Dalles 0.98 0.98 0.98 0.99 0.99 0.99 0.95 0.86 0.85 0.97 0.98 0.98
Bonneville 0.97 0.97 0.96 0.97 0.99 0.99 0.92 0.76 0.73 0.94 0.97 0.97
Rocky Reach 0.98 0.98 0.97 0.99 0.99 0.99 0.98 0.93 0.91 0.97 0.98 0.98
Rock Island 0.99 0.99 0.99 0.99 1 1 0.99 0.97 0.96 0.99 0.99 0.99
Wanapum 0.98 0.98 0.98 0.99 0.99 1 0.98 0.94 0.92 0.97 0.98 0.98
Priest Rapids 0.99 0.99 0.99 0.99 1 1 0.99 0.97 0.96 0.99 0.99 0.99
Wells 0.98 0.99 0.98 0.99 1 1 0.99 0.95 0.94 0.98 0.99 0.99

Table IllLA.11 Reach survival values for yearling chinook—Historic Potential.




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lower Granite 0.94 0.95 0.96 0.98 0.98 0.98 0.94 0.84 0.82 0.91 0.93 0.94
Little Goose 0.93 0.94 0.96 0.97 0.98 0.98 0.93 0.81 0.85 0.9 0.92 0.93
Lower Monumental 0.95 0.96 0.97 0.98 0.99 0.99 0.94 0.84 0.88 0.93 0.94 0.95
Ice Harbor 0.94 0.95 0.96 0.98 0.99 0.98 0.94 0.82 0.85 0.92 0.93 0.94
McNary 0.92 0.95 0.96 0.98 0.99 0.98 0.94 0.82 0.84 0.92 0.93 0.94
John Day 0.78 0.81 0.85 0.92 0.96 0.96 0.91 0.78 0.69 0.77 0.78 0.79
The Dalles 0.92 0.93 0.95 0.97 0.99 0.99 0.97 0.92 0.89 0.92 0.92 0.93
Bonneville 0.86 0.88 0.91 0.95 0.98 0.98 0.95 0.86 0.81 0.86 0.86 0.87
Rocky Reach 0.93 0.94 0.95 0.98 0.99 0.99 0.99 0.96 0.94 0.95 0.94 0.94
Rock Island 0.96 0.97 0.97 0.99 1 1 0.99 0.98 0.97 0.97 0.97 0.97
Wanapum 0.94 0.94 0.95 0.98 0.99 0.99 0.99 0.97 0.95 0.95 0.95 0.94
Priest Rapids 0.97 0.97 0.98 0.99 1 1 0.99 0.98 0.97 0.97 0.97 0.97
Wells 0.95 0.95 0.96 0.98 0.99 0.99 0.99 0.97 0.96 0.96 0.96 0.95

Table IllLA.12 Reach survival values for subyearling chinook—Historic Potential.




Yearling Apr May Jun July Aug
Lower Granite 0.85 0.91 0.91
Wells Dam 0.85 0.92 0.93
Subyearling Apr May Jun July Aug
Lower Granite 0.84 0.55 0.19
Wells Dam 0.77 0.49 0.14

Table 11l.LA.13 Average monthly survival rates for subyearling chinook migrating from above Lower

Granite and Wells Dams to the tailrace of Bonneville Dam—Historic Potential.




Yearling Apr May Jun Jul Aug Sep
Lower Granite 39 39 39
Little Goose 61 61 61
Lower Monumental 47 47 47
McNary 0 0 5
Subyearling Apr May Jun Jul Aug Sep
Lower Granite 30 35 35 35
Little Goose 25 30 30 30
Lower Monumental 26 31 31 31
McNary 11 31 31 62

Table IllLA.14 The percent of yearling and subyearling chinook population transported at each collection
facility by month for the Current Potential (Moderate).
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We assumed 98 percent of the transported juveniles survive to the point
of release (NMFS 2000b). We also assumed survival rates of transported
Snake River yearling and subyearling chinook once released from the
barges are 50 percent and 35 percent that of juveniles migrating in-river,
respectively. We selected these values based on a review of recent
literature estimating the differential post-Bonneville Dam survival for
in-river and transported juvenile salmonids. The 50 percent value we
used for yearling chinook was based on data presented in Bouwes et al.
(1999). The subyearling value (35 percent) was based on data presented
in PATH (1999). We increased the transport survival rate for
subyearlings transported from McNary Dam to 60 percent to maintain a
transport survival benefit for subyearling chinook migrating from the
mid-Columbia River.

Marine

We present the information on the three components of the marine
environment listed below:

1. Estuary
2.  Nearshore
3. Ocean

The nearshore area was used to describe the early ocean life of juvenile
salmonids (period from ocean entry to December 31).

Because biological rules were not developed for these areas, we used
data from the literature and professional expertise to determine juvenile
survival in each component of the marine environment. These survival
rates were applied to each of the 74 salmon stocks analyzed.

For the estuary, biologists determined impacts to salmonids by
developing ratings for a subset of the biological performance attributes.
The ratings were based on USGS river flow data, river temperature
information, the results of bird predation studies conducted near the
mouth of the Columbia River (Roby et al. 1998) and marine mammal
predation studies (reviewed in Park 1993). Ratings for juveniles and
adults are summarized in Table 111.A.15a, Table 111.A.15b, and Table
I1.A.15c.

Chinook ocean survival rates used for modeling purposes beginning
with the first full year in the ocean were the same as those used by the
Pacific Salmon Commission Chinook Technical Committee. The
derivation of these rates is undocumented but are used by the CTC for
chinook cohort analysis, thus are consistent with their ocean modeling
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Current Potential

Re=ch Attrbogte Jan Feb vier Apr =10 Jun Jud Aug Sep O Moy [z W, meEn
Columbia River Estuary |Hab 1.3 1.3 1.3 1.2 1.3 1.3 1.3 1.3 13 1.3
Temp - - - - - - - - - -
Fred 20 20 20 2.2 2.3 20 20 20 20 20
CompH - 05 10 1.0 1.0 1.0 05 - - -
Compd 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 10 10
UnadjRel Prod M 076 0.7G 074 0.a2 n.Gs 0.7 0. 0.7 0rFa arFG M 072
Historic Potential
Re=zh Attribute Jan Feb Mer Apr =1 Jun Jud Fuag Sep Ot Mo Dec WY, mean
Columbia River Estuary  |Hab - - - - - - - -
Temp - - - - - - - - - -
FPred 1.8 1.8 18 1.2 1.8 1.8 1.8 1.8 18 18
CoampH - - - - - - - - - -
CompQ 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 10 10
UnadjRel Prod MA 0.86 0.36 086 055 0.&5 0.a85 0.a5 0.a85 036 036 MA 0.25
Alternative 2
Rezch Aftnbote Jz0 Feb = Apr =1 Jun Jul Aulg Sep it i [oX% Do | W, mean)
Colummbia River Estuary  |Hab 1.2 1.2 12 1.2 1.2 1.2 1.2 1.2 12 12
Temp - - - - - - - - - -
Fred 1.8 1.8 18 2.0 2.0 1.8 1.8 1.8 18 158
CoampH - 0.5 10 1.0 1.0 1.0 0.5 - - -
Compd 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 10 10
UnadjRel Prod MA 0.81 0.31 or4a 074 074 0.3 0.21 0.81 031 031 MA 0.7
Alternative 5
Re=ch Attribote J=n Feb = Apr bty Jun Jul Aun Sepn Ot Mo Oec | W, rean
Calumbia Riwer Estuary JHab 1.2 1.2 12 1.2 1.2 1.2 1.2 1.2 12 12
Temp - - - - - - - - - -
Fred 1.8 1.8 18 2.0 2.0 1.8 1.8 1.8 18 18
CompH - 0.5 10 1.0 1.0 1.0 0.5 - - -
CompQ 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 10 10
UnadjRel Prad MHA 0.21 0.21 orFa 074 074 0.7 0.2 0.21 021 021 MNA 0.7
Alternative b
Bezzh Attnbute Jan Eeb = Apr =1 Jun Jud Fuag Sep (s | Moy [ec WY, meESn
Columbia River Estuary |Hab 1.2 1.2 12 1.2 1.2 1.2 1.2 1.2 12 12
Temp - - - - - - - - - -
FPred 1.8 1.8 18 2.0 2.0 1.8 1.8 1.8 18 18
CoampH - 05 10 1.0 1.0 1.0 0.5 - - -
CompQ 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 10 10
UnadjRel Prod MHA 0.21 0.21 orFa 074 074 0.7 0.21 0.2 021 021 MNA 0.7

Table ILA.15a Juvenile subyearling biological performance attribute ratings by alternative for the Columbia River estuary
under the worldview Moderate. Mote that the weighted mean relative productivity varies by race and thus is not provided.
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Table ILA.15h Juvenile yearling hiological performance attribute ratings by alternative for the Columbia River estuary under

the worldview Moderate. Note that the weighted mean relative productivity varies by race and thus is not provided.



Current Potential

Reach Ottribaste Jan Feb Mar Lpr M=y Jun Jul 000 Sep Ot Mo Dec . MEsn
Columbia Riwer Estuary  JHab 1.2 13 12 1.2 1.3
Temp - - - - -
Pred 20 20 23 1.3 2.0
CompH - (4] 05 0.5 -
CompO - - - - -
Unadj Rel Prod MA MA 0.81 0s1 074 or4 0.81 MA, MA MA M, MA 076
Historic Potential
Reach Mitribte Jan Feb Mar Lpr My Jun Jul g Sep Oct Mo Dec . mean
Columbia River Estuary  |Hab - - - -
Temp - - - - -
Pred 1.8 14 14 1.8 1.8
CompH - - - - -
CompQ - -
Unadj Rel Prod MNA M, 0.2a 0as 0ss 0as 0.23 M MNA M M MNA 0ss
Alternative 2 _ _
Reach Mttribote Jan Feb Mar Lpr [T Jun Jul Lo Sep Ot Mow Oec . mean
Columrbia River Estuary  |Hab 1.1 11 1.1 11 11
Temp - - - - -
Pred 1.8 14 20 2.0 1.8
CompH - 05 04 0.5 -
CompO - - - -
Unadj Rel Prod MNa M, 0.a7 nDavy 0sz oaz 0.27 M MNA N M MNA 0s3
Alternative
Feach Mttriboate Jan Feb Mar Lpr [T Jun Jul B Sep Ot Mo Oec . mean
Colurrbia River Estuary  |Hab 1.1 1.1 1.1 1.1 1.1
Temp - - - - -
Pred 1.8 14 20 2.0 1.8
CompH - 05 04 0.5 -
CompO - - - - -
Unadj Rel Prod MA MA, 0.a7 oar 0az 0Daz 0.57 MA MA MA M MA 0a3
Alternative b
Feach Mttriboate Jan Feb Mar Lpr [T Jun Jul LN | Sep Ot Mow Oec . Mmean
Colurrbia Riwver Estuary  |Hab 1.1 1.1 1.1 11 11
Temp - - - - -
Pred 1.8 14 20 2.0 1.8
CompH - 05 05 0.5 -
CompO - - - - -
Unadj Rel Prod MA M, 0.a7 0ar 0az oaz 0.57 M MA MA M MA 0a3

Tahle ILA.15c Adult chinook biological performance attribute ratings by alternative for the Columhbia River estuary under the

worldview Moderate. Hote that the weighted mean relative productivity varies by race and thus is not provided.




Section I11.A — Methods, Fish

exercises. The rates are summarized by age (shown are ages for ocean
type life history) in Table I11.A.16.

We developed the nearshore/early marine survival rates based on the
unexplained residual from known estuary and marine survival rates of
the expected SAR rates for natural Columbia River chinook. Subyearling
and yearling early marine rates were 55 percent and 40 percent,
respectively.

Coarse Screening of Environmental Attributes

As noted previously, we derived the environmental attributes from
easily obtainable data for each of the five provinces. The quality of these
data varied by attribute, 6-HUC, and province; and it was determined
early in the process that the quality was sufficient for conducting an
analysis at the basin and province scales only. To help improve the
quality of this data set, fisheries biologists familiar with the stream
habitat present in each province reviewed a subset of the derived
environmental attribute data set. Specific environmental attributes
reviewed included:

1. Fine Sediment

2. Bed Scour

3. Low Flow

4. Riparian Function
5

Maximum Temperature

We selected these attributes for review based on past EDT analyses,
where ratings for these attributes have shown a relatively large effect on
salmon survival and resulting salmon performance. The biologists
reviewed each of the five attributes for the 822 6-HUCs that are used by
chinook salmon. Each biologist examined the data set and made changes
to the attributes based on available data and professional opinion. We
incorporated all of the changes in the environmental attributes proposed
by the review biologists into the final analysis; they are, therefore,
reflected in the modeling results.
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Age Ocean Survival
2 0.6
3 0.7
4 0.8
5 0.9

Table IllLA.16 Ocean survival rate by age class (chinook).



Section I11.A — Methods, Fish

Development of Hatchery Attributes

The EDT approach addresses the hatchery environment and hatchery
reared populations the same way it addresses natural habitat and wild
populations. Survival conditions in the hatchery environment are
captured in the form of biological performance attributes, and hatchery
populations are analyzed based upon the hatchery and natural
environments available to them. Obtaining input data from individual
hatchery facilities was beyond the scope of this study and we, therefore,
focused on the performance of hatchery populations after their release.

Survival of Hatchery Fish

Where studies of direct comparisons between hatchery and natural
populations in the natural environment are sparse, it is generally
assumed that post release survival of hatchery fish is less than that for
wild fish over the same life stages. This difference can be attributed to
both first generation (non-genetic) and trans-generation (genetic) factors.
Our assumptions here relied largely on the approach and conclusions
presented in RASP (1992). In Table 111.A.17, the genetic and non-genetic
factors have been combined into one survival multiplier for post release
survival. In the population analysis, we apply this additional rate of
mortality from the time of release until the end of the first year in the
ocean.

Based on experimental results with new culture practices intended to
improve survival of hatchery fish we assumed that future
supplementation programs would achieve somewhat higher survival.

Effects of Hatchery Fish on Wild Populations

In the EDT analysis, hatchery fish can affect wild/natural populations
through ecological or genetic interactions. Ecological interactions
involve competition for food and space, predation (directly or indirectly
by affecting behavior of predators), and ecological function. Genetic
interactions result from hatchery fish interbreeding with wild fish in the
natural environment.

We estimated competition effects due to hatchery fish based on
estimated densities of hatchery juveniles by stream reach over time and
on maximum densities drawn from the literature. We computed the
density of hatchery fish from time and rate of release of hatchery fish at
each facility and estimated rates of downstream movement of those fish.
Using the Beverton-Holt survival function and benchmark maximum
density parameters, we estimated the survival impacts on wild fish for
every stream reach and time period. We did not include direct and
indirect effects of predation in this analysis. We did include ecological
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Parameter 1: Multiplier on natural production based on presence of
hatchery fish
. i . . . Parameter 2: Post-release
Worldview Culture Method Percent hatchery fish spawning with naturally produced fish . i
survival of hatchery fish
> 50% 20-50% 10-20% <10%

Conventional 75% 83% 93% 100% 25%
Moderate hatchery

Supplementation 82% 88% 95% 100% 30%
hatchery

Table Ill.A.17 Relative survival parameters for hatchery produced fish and for natural populations influenced by hatchery fish
(Moderate worldview).
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effects due to nutrient enhancement from carcasses (positive increase in
survival) and due to pathogens associated with hatchery programs as
direct, site-specific inputs.

Hatchery fish access natural spawning grounds inadvertently through
straying or as a result of supplementation with the intent to augment
natural spawning. We relied on RASP (1992) for estimates of the
survival (fitness) effect on natural populations of hatchery introgression
as a function of the hatchery-natural composition of the spawning
population (see Table I11.A.17). In order to calculate the ratio of hatchery
to wild and compute the demographic contribution of hatchery
spawners to the subsequent generation, we somewhat arbitrarily
assumed that the total escapement (hatchery plus natural) to the
spawning grounds would not exceed the natural spawner capacity.

Hatchery Production
The total number of hatchery fish by species released in each alternative
and condition is presented in Table 111.A.18a, Table 111.A.18b, and Table
I1.A.18c.

Supplementation
The future alternatives all assume that some of the returning hatchery
fish will spawn with naturally produced fish in the wild (Figure I11.A.3).

Development of Harvest Attributes

We obtained the data used in this analysis to determine the rate and
location of adult harvest from the following sources:

Fisheries Regulatory Assessment Model (FRAM)
Chinook Technical Committee, Pacific Salmon Commission

Status Report, Columbia River Fish Runs and Fisheries, 1938-1997.
WDFW/ODFW

1996 All Species Review, Columbia River Fish Management Plan. US
V. Oregon, Technical Advisory Committee, 1997.

Biological Assessment, Technical Advisory Committee. 1998

For this analysis, we defined the harvest rate base period to be 1992-1996
developed harvest rates for both ocean and mainstem Columbia River
fisheries (Zones 1-6). We based the harvest rates used in this analysis on
published rates for ten Columbia River Harvest indicator stocks (Table
I11.A.18a, Table I11.A.18b, and Table I11.A.18c). The data presented in
Table 111.A.19 show the specific indicator stock that we used in setting
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Currert L0 | At 2 Alt 3 At 4 At a LR E At T
Hatche ny Felease Mumber of
Subbasin Hatch Mame Release 10 Species Stage Mumber of Fish Fizh Mumber of Fish Mumber of Fish Mumber of Fish Mumber of Fish Mumberof Fish Mumber of Fish
ELUE_MOLUMNTA IM
Hew Production
Grande Ronde Grande Ronde Supplementation Spring Chinook  “eading - - - -
Snake, Hells Canwon Snake Mainstem Supple GOv Fall Chinaok Subwearing - - 10,000,000 10,000,000
Existing Froduction [1934-1392 average release]
Grande Ronde Lao kingglass Hatchery Spring Chinook  “earing 410,000 410 no0 410000 410000 410,000 410,000
Imnaha Imnaha Pond Spring Chinook  “earling 213 640 24 000 24000 214000 214,000 214,000 -
Snake, Hellz Canwon Hell= Canyon Spring Chinook  Yearding 205,000 205 ooo 05000 205000 205,000 205,000 205,000
Toia! for P vimce ! 229,000 g29 000 29000 224,000 10,829,000 10,829,000 20:3,000
MOLUMTAIM SHAKE
Mew Production
CLEARWATER Lower Cleanuater Supple GO5 Summer Chinook  Subyweading - - 2,000,000 2,000,000
SAMON Lower Salmon Supple GOG Summer Chinook  Subywearing - - 2,000,000 2,000,000
Existing Froduction [1994-1398 average releasze]
CLEARMATER Dworshak HFH Spring Chinook  Yearing 744,000 744 000 744000 744000 44,000 744,000 -
CLEARWWATER Lochsa River Supple Spring Chinook  Yearing 176,000 176 poo 1ra 000 1v6000 176,000 176,000 176,000
CLEAFNATER Koo skiz MFH Spring Chinook  Yearing 290,000 290 poo 290000 290000 290,000 290,000 290,000
SAlMON 5F Cleannater Supple Spring Chinook  Yearing 245 000 245 poo 245000 245000 245,000 245,000 245,000
SalMoN EF Salmon R Releaze Spring Chinook  Yearing 12,000 12 pon 12000 1000 12,000 12,000 -
SALhON Sawtooth Hatchery Spring Chinook  Yearing G0,000 S0 000 f0p00 S0000 &0,000 A0,000 S0,000
SAMON Upper Salmon Supple Spring Chinook  “earling &6 ,000 A6 000 G000 A6 000 &6,000 &6 ,000 AE,000
SAlMON Rapid Riwer Hatchery Spring Chinook  Yearing 1,047,000 1,097,000 10ayn0o 1097.000 1,097,000 1,097,000 -
SALMON Pahsimero Hatchery Summer Chinook  Yearling &0,000 a0 noo gop00 20000 20,000 20,000 20,000
SALMON WizCall Hatchery 5F Salmon Summer Chinook  Yearding 46,000 46 000 446 000 46 000 46,000 46,000 46,000
Taia! for Pmvimce: 3,135,000 3,146,000 3136000 3,136,000 7,136,000 7,146,000 1,343,000
COLUMEL CASCADE
Mew Production
Calumbia, Upper hid Rodiy Reach Paol - Mew production GO0 Summer Chinook  Subywearing - 10,000 n0o0 10 ooo ooo 10,000,000 10,000,000
Existing Production [1994-1398 average releaze]
Entiat Entiat Hatchery Spring Chinook  Yearing 230,000 J30 poo 230000 30000 230,000 30,000 30,000
hdethom Chewuch Hatchery Spring Chinook  “earling 26,000 a6 ooo e 000 g6 000 26,000 26,000 86,000
hlethom hiethow Hatchery Spring Chinook  Yearing 450,000 <50 oo0 450000 450,000 50,000 <a0,000 450,000
hethom Twizp Hatchery Spring Chinook  Yearing A0,000 S0 000 fo0000 0000 A0,000 A0,000 S0,000
ienatchee Legwenworth HFH Spring Chinook  Yearing 1,500,000 1,500,000 1500000 1A00,000 1,500,000 1,500,000 1,500,000
Wenatch ea Chiwawa Satelite Hatchery Spring Chinook  “earing ¥0.000 ¥0 oo roooo Foooo ¥0.000 ¥0.000 ¥0.000
Caolumbia, Upper hid Niell Hatchery Subyearing Rel Summer Chinook  Subywearing A04.000 04 000 04000 04000 304,000 204,000 -
Calumbia, Upper hid Niell Hatchery Yearling Rel Summer Chinook  Yeading 259,000 3640 000 ARapn00 AR9000 359,000 369,000 260,000
Lake Chelan Chelan Hatchery Summer Chinook  Subweading 72,000 T2 ooo T2ooo T2noo T2.000 Ta.000 -
hlethiowm hethow Hatch ery Summer Chinook  Yeading 378,000 379 oo Frapon AFa000 379,000 374,000 37,000
Okanogan £ Similkamesn  Similkameen Hatcherny Summer Chinook  Yearing 53,000 553 000 H53000 S53 000 553,000 553,000 -
Wrengtch ea Wen atche e Oryden Pond Summer Chinook  Yearing F23,000 23 000 F23000 F23000 723,000 ¥23.000 23,000
Tol! for Pmvinoe! 4,876,000 14,276 000 14 276 000 4 276,000 14,87 ,000 14,876,000 3,947,000

Table lILA.18a Total number of hatchery fish released by race, province, and attemative.




Currert AR A otz [E] ot 4 Ljt 5 Lkt & LRt 7
Hatcheny Releaze Mumber of
Subbazn Hatch Fame Feleasze IO Specias Stage Humber of Fish Fizh Humber of Fizh Humber of Fizh Humber of Fizh Humber of Fizh Humberaf Fish Humber of Fish
ELUE MOLIMNTA IN
Mew Production
Grande Ronde Grande Rande Supplementation Spring Chinook  Yearding - - - - -
Snake, Hells Canywon Snake Mainstem Supple G607 Fall Chinaoak Subyearing - - 10,000,000 10,000,000 -
Exizting Froduction [1994-1332 average releaze
Grande Ronde Lao kingglas= Hatchery Spring Chinook  Yearing 10,000 - 10 fon 10000 410000 410,000 410,000 -
Imnaha Imnaha Pand Spring Chinook  “earding 213 640 - 214 o0 214000 214000 214,000 214,000 -
Snake, Hells Canwon Hellz Canwon Spring Chinook  Yearing 205,000 - 205 poo 205,000 205,000 204,000 205,000 205,000
Toila! for Pmovimce g243,000 - a23 000 g23000 23000 10,829,000 10,229,000 205,000
MOUMNTAIN SHAKE
Mew Production
CLEAFW AT ER Lower Cleanuater S upple GO% Summer Chinook  Subywearding - - 2,000,000 2,000,000 -
SALMON Lower Salmon Supple GO Summer Chinook  Subyeading - - 2,000,000 2,000,000 -
Exizting Froduction [1994-1338 average release]
CLEARM AT ER Oworshak MFH Spring Chinook  Yearling 44,000 - T4 noo 44000 T4 000 744,000 744,000 -
CLEAFRW AT EFR Loch=sa River Supple Spring Chinook  Yearing 176,000 - 176 poo PG00 176 000 176,000 176,000 176,000
CLEARMATER koo skia MFH Spring Chinook  Yearling 290,000 - 290 poo 290000 280000 290,000 290,000 290,000
SAlMON S5F Ceannater Supple Spring Chinook  Yearing 245 000 - 245 noo 245000 245000 245,000 245,000 245 000
SAalMON EF Zalmon R Releaze Spring Chinook  Yearing 12,000 - 12 non 12000 12000 12,000 12,000 -
SALMON Sawtooth Hatchery Spring Chinook  Yearing &0,000 - S0 000 S0000 S0.000 G0,000 G0,000 &0,000
SALMON Upper Salmon Supple Spring Chinook  Yearing &6,000 - A6 QOO 6000 A6 000 AE,000 AE,000 A6 ,000
SAMON Rapid Riwer Hatchery Spring Chinook  Yearling 1,097,000 - 1,047,000 1097000 1097000 1,087,000 1,097,000 -
SALMON Pahsimerio Hatchery Summer Chinook  Yearing 20,000 - &0 000 a0p00 0000 a0,000 a0,000 &0,000
SAMON mizCall Hatchery 5F Salmon Summer Chinook  Yearing 46,000 - 446 000 446 000 46 000 46,000 46,000 46,000
Toila! for Bmovime 3,136,000 - 3,136,000 3136000 3,146,000 7,186,000 ¥, 136,000 1,243,000
COLUMEL CASCADE
Mew Production
Columbia, Upper hdid Rody Reach Poal- Mew production GO0 Summer Chinook  Subweading - 10,000 poo 10 000 poo 10,000,000 10,000,000 -
Exizting Froduction [1994-1332 average releaze)
Entiat Entiat Hatchery Spring Chinook  Yearling 330,000 - 330 poo J30p00 J30000 330,000 330,000 330,000
hdethawm Chewuch Hatchery Spring Chinook  Yearing 26,000 - 26 non 26000 26000 26,000 26,000 26,000
hlethow hiethow Hatchery Spring Chinook  Yearling 50,000 - 450 o0oo 450000 50 000 450,000 450,000 450,000
hethiow Twisp Hatchery Spring Chinook  Yearing a0,000 - A0 000 ao0poo S00o0 S0,000 S0,000 a0,000
Mrenatch ee Leawenworth HFH Spring Chinook  Yearling 1,500,000 - 1,500,000 1 500000 1400000 1,500,000 1,500,000 1,500,000
Wenatchee Chiwawa Satelite Hatchery Spring Chinook  “earing 0,000 - 0000 roooo Foooo T0.000 T0.,000 0,000
Columbia, Upper hdid Wiell Hatchery Subve ading Rel Summer Chinook  Subweading 304,000 - 304 non 304000 04000 304,000 304,000 -
Columbia, Upper hdid Wiell Hatchery Yearling Rel Summer Chinook  Yearing 369,000 - 2469 000 249000 Fh9.000 259,000 259,000 259,000
Lake Chelan Chelan Hatchery Summer Chinook  Subyweading ¥2.000 - T2 000 F20o0 Fioon ¥2.000 72,000 -
hd=thiow hi=thow Hatchery Summer Chinook  Yearding 33,000 - 374 ooo Jrapoo v poo 379,000 379,000 374,000
Qlanogan £ Similkameen  Simillameen Hatchery Summer Chinook  Yearing f53.000 - R53 000 R53000 sS53000 63,000 63,000 -
Miengatch ee Miengtchee Oryden Pond Summer Chinook  Yeading 23,000 - 23 000 v23000 T2 000 723,000 723,000 23,000
Toila! for P ovimoe 4,876,000 - 14,876 000 14 27E 000 42 7E,000 14,876,000 14,876,000 3,347,000

Table lILA.18b Total number of hatchery fish released by race, province, and altemative.




| Currert At A1 At 2 ] Lot 4 V] Lt g Ll v
Hatche my Releaze Mumberof
Zubbasin Hatczh Mame Felea== 10 Species Stage Mumb er of Fish Fizh Mumkb er of Fish Mumb er of Fish Mumb er of Fish Mumb er of Fish Mumb er of Fish Mumkb er of Fish
LOWER COLLM BIR
Mew Production

Columbia, Lower Lower Columbia Agquacultiure Fall Chinook Subyearding - - 10,000,000 10,000,000

Existing Production (13341998 average release)
Columbia, Lawer Youngs Fiwer Hatchery Spring Chinook  Yearding 376,000 - 376,000 376,000 376,000 376,000 376,000 376,000
Columbia, Lower Klaskanine Hatchery Spring Chinocok  Yearding Y0,000 - 70,000 70,000 F0,000 F0,000 F0.000 F0,000
Cowlitz Green B Hatchery Spring Chinook  Yearing 112,000 - 11&,000 112,000 112,000 112,000 112,000 112,000
Cowlitz Cowliz R Hatchery Spring Chinook  Yearling 1,208 po0 - 1,208,000 1,205,000 1,208,000 1,205,000 1,208,000 1,208,000
kalama Fallert Creek Hatchery Spring Chinook  Yearding 463,000 - 463,000 463,000 463,000 463,000 463,000 463,000
Lewi=s MWF Lewis Riwer Spring Chinook  Yearling 513,000 - 513,000 §13.000 513,000 513,000 512,000 513,000
Lemis Lewis River Hatchery Spring Chinook  Yearing 593,000 - 593,000 G93,000 693,000 692,000 692,000 693,000
Sandy Sandy Riwer Hatchery Spring Chinook  Yearing 431,000 - 431,000 31,000 31,000 31,000 431,000 31,000
MILLAMETTE hizhenzie R Hatchery Spring Chinook  Yearling 676,000 - 676,000 676,000 676,000 676,000 676,000 676,000
WILLAMWETTE illamette Hatchery Spring Chinook  Yearling 111,000 - 111,000 111,000 111,000 111,000 111,000 111,000
WILLAMETTE Clackamas Hatche ry Spring Chinook  Yearing 50,000 - 503,000 A0 ,000 A0:3,000 S0 ,000 A0:,000 S0 ,000
WILLAMWETTE Wialalla B Hatchery Spring Chinook  Yearling 38,000 - 38,000 38,000 38,000 38,000 35,000 38,000
WILLAMETTE 5F Santiam Hatchery Spring Chinook  Yearling 610,000 - 610,000 610,000 610,000 610,000 610,000 610,000
WALLAMETTE MF Santiam Hatchery Spring Chinook  Yearling B55,000 - 55,000 £55,000 55,000 £55,000 55,000 55,000
MILLAMETTE hAF Wil lamette Hatchery Spring Chinook  Yearling 039,000 - 039,000 939,000 939,000 939,000 939,000 939,000
Columbia, Lower Youngs Bay Met Pens Fall Chinook Subryearding 710,000 s 710,000 710,000 ¥10,000 710,000 F10,000 10,000
Columbia, Lower Chinook B Hatchery (Sea Resourcas) Fall Chinook Subyearding TE4,000 - TE 4,000 T6<4,000 64,000 Y6 4,000 4,000 Th<,000
Columbia, Lower Big Creek Hatchery Fall Chinoiok Subyearling 2,270 po0 - 8,370,000 8,370,000 2,370,000 8,370,000 2,370,000 8,370,000
Cowlitz Cowliz R Hatchery Fall Chinoak Subyearling G125 000 - 6,125,000 6,125,000 125,000 6,125,000 G, 125,000 6,125,000
Cowlitz Green R Hatchery Fall Chiroak Subyearling 2,483 ooo - 2,463,000 2,463,000 2.463,000 2,463,000 2,463,000 2,463,000
Bachoman Foernathy Hatche ny Fall Chinoak Subyearling TFE.000 - TFE,000 Fra.0o0 T7a.000 Fra.oon 77,000 Fra.000
Bachoman Bochoman Hatchery Fall Chinook Subyearling 3,040,154 - 3,040,154 3,040,154 3,040,159 3,040,154 3,040,159 3,040,154
kalama Kalama Falls Hatchery Fall Chinook Subyearling 4,037 000 - 4,037,000 <403 7,000 4,037,000 <03 7,000 4,037,000 4,0% 7,000
kalama Fallert Cresk Hatchery Fall Chinoak Subyearling 1,625 000 - 1,635,000 1,635,000 1,635,000 1,635,000 1,635,000 1,635,000
Sandy Bonneville Hatchery Fall Chinook Subyearling 10,708 000 - 10,708,000 10,708,000 10,708,000 10,708,000 10,708,000 10,708,000
Wirashougal Miashougal Hatcherny Fall Chiroak Subyearling S840 ooo - 5,240,000 §,240,000 5,240,000 5,240,000 §.240,000 &,840,000
MLLAMETTE MWF Santiam Hatchery Fall Chinoak Submearling 507,000 - 507,000 S07,000 507,000 S07,000 S07,000 S07,000
Toia! for Provime 52,445 159 - 52,448,000 32,448,000 52,448,000 32,448,000 G2 448,000 EZ,446,000
Tofa! Hatokery Release Coluirbia Basin: 104,870 1549 - 112,820,000 122,680,000 102,620,000 136,680,000 146 E50,000 108,829,000
Hatche y Pmdwction abo ve Bonreville Daw 49 424 000 - B0,23 4,000 70,234,000 a0,234,000 24,234,000 24,234,000 48 283,000
Hadchey Pmodwction below Bonmeville Can 52,448 A58 - a2 448,000 52,448,000 a2 448 000 a2,448,000 G244, 000 B2, 446,000
fcrea me 0 ver cuend abowve Bomme ville——> -100% 22 42% 2% 0% TO% -6 %
fomea = o wrouwment Belbow Bonne ville——> -100% 0% 0 0% 0% 19% 19%
fvae ase over cuwent Colewbia Basin——= -100°% 1% 20% 1% 4% 44% T%

Table ILA.18c Total number of hatchery fish released by race, province, and altem ative.




Current

Columbia Up River Bright

Bonneville Pool Hatchery Fall Chinook

Ocean Age Ocean Age
1 2 3 4 1 2 3
Terminal Harvest 28% 28% 28% 28% Terminal Harvest 28 % 28% 28% 28 %
Cregond Calif (1% 1% 2% 3% Cregond Calif 1% 1% 1% 1%
" ash 0% 0% 0% 0% W"iash 2% 13% E% 1%
W A | 1% 2% A% 4% W 1% 2% 14% 15%
BC Morth 1% 1% 4% 4% BC Maorth 0% 0% 1% 0%
SE Alaska 2% 1% 10%: 17 % SE Alaska 0% 0% 0% 0%
HR B age retlrn 3% 34% 4 7% f1% HR O age retuin 30% 45% h % B3 %,
HR SEAE fishehs 2% 2% 12% 27% HR SEAE fishen/ 0% 0% 0% 0%
Snake River Fall Chinook Columbia River Summer Chinook
Ocean Age Ocean Age
1 i 3 4 1] 1 2
Terminal Harvest 28% 28% 28% 28% Terminal Harvest 2% 2% 2% 2%
Cregon Calif 0% 1% 1% 1 % I regond Calif 0% 0% 0% 0%
W ash 0% 1% 2% 4% Wash 0% 0% 0% 1%
W 1% 3% 13% 5% W | 1% 2% 7% 1%
BiC Morth 1% 1% 2% T% B Morth 2% 1% 13% A%
SE Alaska 0% 0% 5% 5% SE Alaska 1% 1% 14 % Ei'%
HFE b age retlen 24% 4% 48% B1% HA B age return fi % 5% 3% 45%
HAE SEAR fishens 0% 1% A% 10% HA SEAKR fiaheny 1% 2% 15% 20%
Oregon Tule Willamette River Spring Chinook
Ocean Age Ocean Age
1 of 3 4 1] 1 2
Terminal Hamest 28% 28% 28% 28% Terminal Harvest 7% % 7% 7%
Cregord Calif 0% 1% 0% 0% Cregoni Calif 0% 0% 0% 0%
W ash 2% 10% 5% 0% Wi gsh 1% 0% 1% 0%
W 2% 13% 14% 0% W 1% 2% 3% 3%
BiC Morth 0% 0% 3% 0% BC Morth 3% 2% % 1%
SE Alaska (% 0% (% 0% SE Alaska 3% 1% % 1%
HR 8¢ age rebirh 32 % 48% 549% 4% HR 8¢ age return 14% 18% 3% 2%
HR SEAK fshens 0% 0% 0% 0% HAE SEAK fishany 2% 4% 11% 1%
Washington Hatchery Tule Cowlitz River Spring Chinook
Ocean Age Qcean Age
1 2 3 4 1] 1 2
Terminal Harvest 28% 28% 28% 28% Terminal Harvest % % 7% %
Cregond Calif 0% 1% 1% 0% Cregoni Calif 1% 1 % 1% 0%
WWash 1% 2% E% 1% WWash 0% 2% 4% 1%
W A 1% 4% 14% 22% WY | 0% 2% 2% 4%
BiC Morth 1% 1% 4% 0% BC Morth 0% 0% 3% 2%
SE Alaska 0% 0% 5% 4% SE Alaska 0% 0% 1% 0%
HE B/ age rebirn 31 % J6% 53% B5% HR 0y age return o % 14% 23% 28%
HR SEAR fishens 0% 1% 5% 8% HA SEAE fisheny 0% 0% 2% 2%
LevAs River Wild F all Chinook Spring Chinook {Columbia Basin)
Ocean Age Ocean Age
1 2 3 4 I 1 2
Terminal Harvest 28% 28% 28% 28% Terminal Harvest 7% 7% 7% 7%
JreganCalif 0% 0% 1% 0% O redans Calif 0% 0% 0% 0%
W ash 0% 1% 2% 0% WWash 0% 0% 0% 0%
W | 0% 1% A% 0% WY 0% 0% 0% 0%
BiZ Moarth 0% 0% 3% 2% B Morth 0% 0% 0% 0%
SE Alaska 0% 0% a% H% SE Alaska 0% 0% 0% 0%
HR B¢ age relurn 29% 3% 40% 47% HR 8 age return 7% 7% 7% 7%
HR SEAE fishehs 0% 1% A% 15% HR SEAE fishen/ 0% 0% 0% 0%

Table 3.1.19 Harvest rates by location for the ten Columbia River indicator stocks.
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harvest rates for each of the 74 fish populations examined in this
analysis. The analysis does not include estimates of sport or commercial
harvest in the tributaries. Thus, the adult run sizes reported for each
province are based on the number of fish entering each tributary.

Population Structure

The EDT analytical model is based on the analysis of life history
pathways through the environment. The analytical model includes a
Trajectory Generator module that generates multiple pathways, referred
to as trajectories, through space and time. Each trajectory may vary in the
duration, rate of travel, and timing of life stages (Figure 111.A.4).

We use the term life history pattern to mean a collection of similar
trajectories (Figure 111.A.5). These trajectories share life history
behaviors, such as ocean entry timing (e.g., age at ocean entry or
seasonal timing) or migration pattern during freshwater residence (e.g.,
freshwater residence in natal stream or redistribution to non-natal
stream for “overwintering™).

Finally, the uppermost level of organization of biological performance is
the population. Trajectories are grouped into loosely defined
populations based on common geographic area and common life history
pattern (i.e., spring chinook in the Upper Yakima basin). We describe
populations based on available documentation for a basin (status
reports, harvest management units, etc).

General Chinook Life Histories

Chinook salmon exhibit a wide variety of life history patterns (Reimers
1971; reviewed by Healey 1991). At the most basic level, chinook salmon
life histories are defined by stream type and ocean type behavioral patterns
(Healey 1991, first described in Gilbert 1913). Stream type chinook
remain in freshwater for one year before migrating to sea, which is
typical of northern populations and headwater tributaries of southern
rivers. Ocean type chinook migrate to sea during their first year of life,
which is more common in coastal streams and rivers south of 56°N.

Taylor (1990a) hypothesized that age of seaward migration (stream vs.
ocean type) is environmentally modulated (temperature and
photoperiod) and shows an inheritable component to differences in
growth rate and agonistic behavior between stream and ocean type
chinook (Taylor, 1990b). Clarke et al. (1992) demonstrated an inheritable
response to photoperiod and resulting saltwater tolerance. We conclude
that, at the population level, the proportion of stream and ocean type life
history patterns should be specified in the EDT model; the environment
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Snake 37,760 | 39,610 | 48,407 | 89,043 | 107,245| 100,156 | 50,913 | 43,643 | 22,655 | 24,054 | 20,928 | 32,456
Columbia | 207,900 | 198,279 | 154,250 | 228,089 | 287,186 | 290,140 | 195,951 | 163,881 | 99,886 | 109,622 | 109,304 | 155,839
Mid-Col | 153,594 | 139,802 | 87,457 | 124,301 | 171,988 | 177,453 | 135,133 | 114,599 71,728 | 79,317 | 77,075 | 107,495

Table IllLA.4 Average monthly flows used in modeling the Current Potential.
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Figure III.A.5 Example of differences bhetween two patterns
for chinook salmon—stream and ocean type patterns as
interpreted by the EDT model.
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as described in the model is insufficient to define the frequency of these
types.

Additional variation within these life history types is common for
chinook. Reimers (1971) described four patterns for ocean type chinook
in the Sixes River. Healey (1991) expanded on the general life history
types by recognizing a tactical component to the life history model,
defining additional variation within these types as adaptations to
uncertainties in juvenile survival and productivity among habitat types.
Under this hypothesis, expression of multiple behavioral patterns is a
function of the environment. Genetically identical ocean type
populations may have a different suite of expressed life history patterns
depending upon the environment they encounter.

The EDT analysis includes variation in life history patterns within a life
history type in our analysis of chinook performance. We hypothesize
that restoration of lost life history patterns is largely a function of
reestablishing connectivity of the habitat, where fragmentation of the
habitat may be the result of physical (e.g., dams) or biological (e.g.,
temperature affected) constraints on migration or utilization.

Application to the Columbia River

Application of variation in life history patterns within the EDT analytical
model is largely a function of identifying life stage durations, migration
travel speeds, and timing windows. This section addresses the input
parameters used in the EDT model to define a set of chinook patterns.
Parameters are intended to be broad so that a pattern can be applied to
multiple locations within a basin (e.g., Hanford Reach or Snake River fall
chinook populations).

When a range of input values is applied, the Trajectory Generator
module randomly selects a value within the range. Distribution within
the range is assumed to be uniform for life stage duration and timing
windows. Thus, when river entry timing is said to extend from March to
May, trajectories will be generated across all dates. Migration rates
(travel speed) use a non-uniform distribution. We assume that a majority
(=75 percent) of the trajectories will travel in the lower 25 percent of the
range (Figure I11.A.6).

Stream Type Patterns

The suite of available patterns presented in the previous section can be
summarized as differences in duration and migration speeds, at key life
stages. For example, fry colonization (2-week period immediately
following emergence) can occur very quickly and with movement
downstream of less than 10 meters. In contrast, the life stage may extend
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Figure lIlLA.6 Use of range of migration rates to determine trajectory speed.
The range of values in this case is 0 to 30 mi/wk, the average across all
trajectories is 8.7 mi/wk.
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beyond two weeks (but less than 3 %2 weeks), and fry may colonize
locations several kilometers downstream of emergence.

We included four basic patterns for generating stream type trajectories
(Figure HLLA.7):

Resident—remain in natal stream throughout freshwater residence.

Spring Dispersal—dispersal to downstream habitat during fry
colonization followed by summer and winter rearing at the same
location.

Fall Redistribution—remain in natal stream through summer
followed by downstream redistribution in fall; movement can vary
from <1 kilometer to ~10 kilometers).

Spring-Fall Dispersal—dispersal to downstream habitat during fry
colonization; summer rearing followed by downstream
redistribution in fall) (Figure 111.A.7).

Ocean Type Patterns

The range of patterns reviewed from the Sixes River (Reimers 1971) can
be summarized as differences in spring and early summer rearing (the
range is from high rate of movement to a resident type pattern of
summer rearing). Differences in estuarine residence can be described as
rate of travel within this habitat type. Dispersal during fry colonization
is assumed to occur for all ocean type patterns (Figure I11.A.7).

The EDT analysis was limited to populations upstream of Bonneville
Dam. The distance of these populations from the estuary lead us to
conclude that rearing of subyearling chinook was largely riverine; time
spent in the estuary was constrained to 2-4 weeks. Reimers (1971)
described patterns of extended estuarine rearing (6-10 weeks), which are
more common in coastal rivers. The exception was subyearling chinook
collected early in the transportation system; these trajectories were
constrained to spend a longer period of time (4-6 weeks) in the lower
river-estuary.

Chinook Population Descriptions

We included 66 chinook populations in the analysis. Several of these
existed only in the historic conditions as they are blocked by dams or
inundated by reservoirs. Populations were not described for upstream of
Chief Joseph or Hells Canyon. Assumptions of juvenile age (life history
type), adult river timing, and spawning timing differed among
populations. Each population and key assumptions are described in
Table 111.A.20.
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Figure lIILA.7 General stream and ocean type life history patterns assumed for Columbia
Basin chinook populations upstream of Bonneville Dam. Ocean type patterns differ in
rate of travel during transient rearing.



Table 1ll.LA.20 Indicator stock used for determining harvest rates for each of the 74 fish populations modeled.

Population Name

Ecoregion

Subbasin

Harvest Indicator Stock

Asotin River Spr Chin

BLUE_MOUNTAIN

Asotin

Spring Chinook

Grande Ronde R Spr Chin

BLUE_MOUNTAIN

Grande Ronde

Spring Chinook

Grande Ronde Su/Fa

BLUE_MOUNTAIN

Grande Ronde

Columbia Summer Chinook

Imnaha River Spr Chin

BLUE_MOUNTAIN

Imnaha

Spring Chinook

Snk R-Clearwater to Hells

BLUE_MOUNTAIN

Snake, Hells Canyon

Snake Fall Chin

Misc Trib Chf J-Wan Su/Fa

COLUMBIA_CASCADE

Columbia, Upper Mid

Columbia Summer Chinook

Col R-Ch Joe to Wan Su/Fa

COLUMBIA_CASCADE

Columbia, Upper Mid

Columbia Summer Chinook

Entiat River Spr Chin

COLUMBIA_CASCADE

Entiat

Spring Chinook

Entiat River Su/Fa COLUMBIA_CASCADE |Entiat Columbia Summer Chinook
Chelan River Su/Fa COLUMBIA_CASCADE (Lake Chelan Columbia Summer Chinook
Methow River Spr Chin COLUMBIA_CASCADE [Methow Spring Chinook

Methow River Su/Fa COLUMBIA_CASCADE [Methow Columbia Summer Chinook

Okanagan River Su/Fa

COLUMBIA_CASCADE

Okanogan / Similkameen

Columbia Summer Chinook

Wenatchee River Spr Chin

COLUMBIA_CASCADE

Wenatchee

Spring Chinook

Wenatchee R Su/Fa

COLUMBIA_CASCADE

Wenatchee

Columbia Summer Chinook

Big White Salmon

COLUMBIA_GORGE

Big White Salmon

Spring Chinook

Col R-Dalles to Bonnev

COLUMBIA_GORGE

Columbia, Gorge

Columbia URB

Misc Tribs Bonnev Pool

COLUMBIA_GORGE

Columbia, Gorge

Oregon Tule

Hood River COLUMBIA_GORGE Hood Spring Chinook

Hood River COLUMBIA_GORGE Hood Oregon Tule

Klickitat River COLUMBIA_GORGE Klickitat Spring Chinook

Klickitat River Fall COLUMBIA_GORGE Klickitat Columbia URB

Wind River COLUMBIA_GORGE Wind Spring Chinook

Col R-J Day to Dalles COLUMBIA_PLATEAU |Columbia, Lower Mid Columbia URB

Misc Tribs Dalles Pool COLUMBIA_PLATEAU |Columbia, Lower Mid Oregon Tule

Misc Tribs JnDay/McNar PI COLUMBIA_PLATEAU |Columbia, Lower Mid Columbia URB

Col R- Wanap to PR Fall COLUMBIA_PLATEAU |Columbia, Lower Mid Columbia URB

Col R-Hanford Reach Fall COLUMBIA_PLATEAU |Columbia, Lower Mid Columbia URB

Col R-McNary to J Day COLUMBIA_PLATEAU |Columbia, Lower Mid Columbia URB

Misc Tribs Hanford Rch COLUMBIA_PLATEAU |Columbia, Lower Mid Columbia URB

Crab Cr Fall Chin COLUMBIA_PLATEAU |[Crab Columbia URB

Crooked R COLUMBIA_PLATEAU |DESCHUTES Spring Chinook

Warm Springs COLUMBIA_PLATEAU [DESCHUTES Spring Chinook

Squaw Creek COLUMBIA_PLATEAU [DESCHUTES Spring Chinook

Metolius River COLUMBIA_PLATEAU [DESCHUTES Spring Chinook

Ochoco River COLUMBIA_PLATEAU [DESCHUTES Spring Chinook

Crooked River Su/Fa COLUMBIA_PLATEAU [DESCHUTES Columbia Summer Chinook
Lower Deschutes R Su/Fa COLUMBIA_PLATEAU [DESCHUTES Columbia Summer Chinook
Upper Deschutes Su/Fa COLUMBIA_PLATEAU [DESCHUTES Columbia Summer Chinook
John Day abv SF COLUMBIA_PLATEAU |John Day Spring Chinook

*»**NF John Day COLUMBIA_PLATEAU |John Day Spring Chinook




MF John Day River

COLUMBIA_PLATEAU

John Day

Spring Chinook

John Day Su/Fa

COLUMBIA_PLATEAU

John Day

Columbia Summer Chinook

Snk R-Mouth to Clearwater

COLUMBIA_PLATEAU

Snake, Mainstem

Snake Fall Chin

Tucannon River Spr Chin COLUMBIA_PLATEAU |Tucannon Spring Chinook

Tucannon River COLUMBIA_PLATEAU |Tucannon Snake Fall Chin

Umatilla River COLUMBIA_PLATEAU [Umatilla Spring Chinook

Umatilla River COLUMBIA_PLATEAU [Umatilla Columbia URB

Walla Walla River COLUMBIA_PLATEAU [Walla Walla Spring Chinook

Touchet River COLUMBIA_PLATEAU [Walla Walla Spring Chinook
Walla-Walla River Fall Ch COLUMBIA_PLATEAU [Walla Walla Columbia URB

Upper Yakima Spr Chin COLUMBIA_PLATEAU |YAKIMA Spring Chinook

Naches River Spr Chin COLUMBIA_PLATEAU [YAKIMA Spring Chinook

Lower Yakima Tribs Spr Ch COLUMBIA_PLATEAU |YAKIMA Spring Chinook

Lower Yakima River Fall COLUMBIA_PLATEAU [YAKIMA Columbia URB

Toppenish R Fall COLUMBIA_PLATEAU [YAKIMA Columbia URB

NF Clearwater MOUNTAIN_SNAKE CLEARWATER Spring Chinook

MF Clearwater R MOUNTAIN_SNAKE CLEARWATER Spring Chinook

SF Clearwater R MOUNTAIN_SNAKE CLEARWATER Spring Chinook

Selway River MOUNTAIN_SNAKE CLEARWATER Spring Chinook

Lochsa River MOUNTAIN_SNAKE CLEARWATER Spring Chinook

Lower Clearwater R Summer MOUNTAIN_SNAKE CLEARWATER Columbia Summer Chinook
Headwater Salmon R Spr Ch MOUNTAIN_SNAKE SALMON Spring Chinook

Little Salmon R MOUNTAIN_SNAKE SALMON Spring Chinook

MF Salmon R MOUNTAIN_SNAKE SALMON Spring Chinook

Lemhi River MOUNTAIN_SNAKE SALMON Spring Chinook

Upper Salmon River MOUNTAIN_SNAKE SALMON Spring Chinook

Little Salmon R Summer MOUNTAIN_SNAKE SALMON Columbia Summer Chinook
SF Salmon R Summer MOUNTAIN_SNAKE SALMON Columbia Summer Chinook
Lower Salmon R Summer MOUNTAIN_SNAKE SALMON Columbia Summer Chinook
MF Salmon R Summer MOUNTAIN_SNAKE SALMON Columbia Summer Chinook
Pahsimeroi River Summer MOUNTAIN_SNAKE SALMON Columbia Summer Chinook
Upper Salmon River Summer MOUNTAIN_SNAKE SALMON Columbia Summer Chinook

Table 11I.A.20 Indicator stock used for determining harvest rates for each of the 74 fish populations modeled.
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Analysis Method

The modeling component of EDT was used to produce estimates of
chinook productivity, capacity, and diversity for both the Historic
Potential and Current Potential (Lestelle et al., 1996). A more detailed
description of the EDT Model including formulas, assumptions, and
inherent workings is included in Appendix A.

Uncertainty and World View Assumptions

The major assumptions used in modeling the three worldviews
(Technology Pessimistic, Moderate, and Technology Optimistic) are
shown in Table 111.A.21 and Table I11.A.22 below. Model runs based on
these worldviews were completed for the Historic and Current
Potentials, as well as for Alternatives 2, 5, and 6. A more detailed
discussion of the assumptions used for the Technology Pessimistic and
Technology Optimistic worldviews is offered below. Assumptions used
under the Moderate scenario are included in the tables for reader
convenience. The Moderate assumptions were discussed earlier in this
section and are, therefore, not repeated here. Dam survivals by
Alternative and worldview are shown in Appendix E.

World View Assumptions

Technology Pessimistic

The Technology Pessimistic worldview will be discussed for In-river
Transport Survival, Hatchery Fish Parameters, Habitat, and Marine.

In-river and Transport Survival

The in-river and transport survival rates used for modeling subyearling
performance were based on data developed by PATH and NMFS for fall
chinook (PATH 1999, NMFS 2000b). Based on our review of these
analyses, we set typical subyearling in-river and transport survival for
Snake River stocks at 27 percent and nine percent, respectively.
Transport survival at McNary Dam was set at 40 percent in order to
more closely match the expected in-river survival rate for both
subyearlings and yearlings that migrate from this facility to the tailrace
of Bonneville Dam. Under the Technology Pessimistic worldview, it is
assumed that in-river survival is at the low end of recent estimates and
that transport is ineffective.
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Table 1ll.LA.21 Chinook population descriptions.

Life History Assumptions

Species |Population Name Geographic Area % Ocean | % Stream | Adult River | Spawn
Type Type Entry Timing
Columbia Gorge
Wind Wind River 0% 100% |Apr—May [Sept
o § Big White
5 £ [Salmon Big White Salmon 0% 100% |Apr—May [Sept
0§ [Kiickitat Upper Klickitat River 0% 100% [Apr—May |Sept
Hood Upper Hood River 0% 100% |Apr—May [Sept
X
= § Klickitat Klickitat River below hatchery 100% 0% Aug — Sept |Oct — Nov
=
©  |Hood Hood River below forks 100% 0% Aug — Sept |Oct — Nov
Columbia Plateau
Warm Springs  |Warm Spring R (Deschutes) 0% 100% |Apr—May [Sept
Squaw Squaw Cr. (Deschutes) 0% 100% |Apr—May [Sept
Crooked Crooked R. abv Ochoco (Deschutes) 0% 100% |Apr—May [Sept
Ochoco Ochoco R. (Deschutes) 0% 100% |Apr—May [Sept
o Metolius Metolius R. (Deschutes) 0% 100% |Apr—May [Sept
S N.F. John Day [N.F. John Day River 0% 100% |Apr—May [Sept
._g M.F. John Day [M.F. John Day River 0% 100% |Apr—May [Sept
O John Day John Day R. abv S.F. 0% 100% |Apr—May [Sept
g Umatilla Upper Umatilla River 0% 100% |Apr—May [Sept
% Walla Walla Up Walla Walla R. 0% 100% |Apr—May [Sept
Tucannon Upper Tucannon R. 0% 100% |Apr—May |Sept
Touchet Touchet River 0% 100% |Apr—May [Sept
Lower Yakima [Tribs. Lower Yakima (Satus-Logy) 0% 100% |Apr—May [Sept
Upper Yakima |Yakima R. & tribs. abv Naches 0% 100% |Apr—May [Sept
Naches Naches River (Yakima) 0% 100% |Apr—May [Sept
= Lower Deschutes|Deschutes R. below Pelton-Round Butte 90% 10%  |[June — Aug |Oct
L5 [Upper
g E Deschutes Deschutes River abv Pelton-Round Butte 25% 75%  |June — Aug |Oct
g 6 Lower Crooked |[Crooked R below Ochoco 25% 75%  |June — Aug |Oct
n
John Day John Day R. mainstem and Tribs below S.F. 50% 50% |June — Aug |Oct
John Day Pool [Columbia R: John Day — McNary 100% 0% Aug — Sept |Oct - Nov
McNary Pool -
Hanford Columbia R: McNary — Priest Rapids 95% 5% Aug — Sept |Oct - Nov
X Priest Rapids
e Pool Columbia R: Priest Rapids — Wanapum 95% 5% Aug — Sept |Oct - Nov
g Lower Snake Snake R: Mouth to Clearwater River 95% 5% Aug — Sept |Oct - Nov
= Umatilla Lower Umatilla River 95% 5% Aug — Sept |Oct - Nov
w Walla Walla Lower Walla Walla River 95% 5% Aug — Sept |Oct - Nov
Tucannon Lower Tucannon River 95% 5% Aug — Sept  [Oct - Nov
Yakima Tribs Lower Yakima tribs (Toppenish) 95% 5% Aug — Sept |Oct - Nov
Lower Yakima [Yakima River below Naches 95% 5% Aug — Sept |Oct - Nov




Columbia Cascade

o [Wenatchee Wenatchee River abv Icicle Cr 0% 100% |Apr—May [Sept
€ o . . .
s g Entiat Upper Entiat River 0% 100% |Apr—May |Sept
n
O [Mmethow Upper Methow River 0% 100% |Apr—May [Sept
_ Columbia R Columbia R: Wanapum to Chief Joseph 75% 25%  |June — Aug |Oct
8 . |Wenatchee Lower Wenatchee R 75% 25%  |June — Aug |Oct
= § Entiat Lower Entiat River 75% 25%  [June —Aug |[Oct
E = |Methow Lower Methow River 75% 25%  |June — Aug |Oct
a O [Chelan Chelan R. below lake 75% 25%  |June — Aug |Oct
Okanogan Okanogan & Similkameen 75% 25% |June — Aug |Oct
Blue Mountain
?§ Asotin Asotin River 0% 100% |Apr-May [Sept
s E Grande Ronde |Grande Ronde abv Wallowa 0% 100% |Apr-May [Sept
n .
O limnaha Imnaha River 0% 100% |Apr-May [Sept
= X
€3
E £
» O |Grande Ronde |Lower Grande Ronde mainstem and tribs 50% 50% |June - Aug |Oct
=3
-
O |Snake River Snake R: Clearwater to Hells Canyon 95% 5% Aug - Sept  |Oct — Nov
Mountain Snake
MF Clearwater [M.F. Clearwater mainstem & tribs 0% 100% |Apr-May |Aug - Sept
SF Clearwater |S.F. Clearwater River 0% 100% |Apr-May |Aug - Sept
x Selwa Selway River (Clearwater 0% 100% |Apr - Ma Aug - Sept
S y y p y 9 p
o
c
g Lochsa Lochsa River (Clearwater) 0% 100% |Apr-May |Aug - Sept
o NF Clearwater [NF Clearwater abv Dworshak 0% 100% |Apr-May |Aug - Sept
g Little Salmon Upper Little Salmon R. & tribs 0% 100% |Apr-May |Aug - Sept
%) MF Salmon Upper M.F. Salmon R. & tribs 0% 100% |Apr-May |Aug - Sept
Lemhi Lemhi River (Salmon) 0% 100% |Apr-May |Aug - Sept
SF Salmon Upper SF Salmon & tribs (incl E.F.) 0% 100% |Apr-May |Aug - Sept
Upper Salmon  |E.F. Salmon R to Yankee Fork 0% 100% |Apr-May |Aug - Sept
Headwaters
Salmon Salmon River abv Yankee Fork 0% 100% |Apr-May |Aug - Sept
Lower
'é Clearwater Clearwater River & tribs below M.F. 10% 90% |June - July |Sept
= Lower Salmon  |Salmon R mainstem & tribs below Lemhi 10% 90% |June - July |Sept
6 Little Salmon Lower Little Salmon R 10% 90% |June - July |Sept
3] SF Salmon S.F Salmon River below E.F. 10% 90% |June - July |Sept
g MF Salmon Lower M.F. Salmon River 10% 90% |June - July |Sept
a Pahsimeroi Pahsimeroi River (Salmon) 10% 90% |June - July |Sept
Upper Salmon  |Salmon River mainstem (Lemhi to E.F.) 10% 90% |June - July |Sept

Table 1l1lLA.21 Chinook population descriptions.




Yearling Chinook

%Survival Snake

% Transport Survival (Columbia - McNary)

Worldview In-river Transport
Technology Pessimistic 25 25 40
Moderate 36 50 50
Technology Optimistic 51 80 80

Subyearling Chinook

%Survival Snake

% Transport Survival (Columbia —McNary)

Worldview In-river Transport
Technology Pessimistic 27 9 40
Moderate 29 35 60
Technology Optimistic 35 60 80

Table lllLA.22 Yearling and subyearling survival rate assumptions for both the in-river and transport migration

paths.
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Hatchery Fish Parameters

The post-release survival rate of hatchery fish under this worldview was
set at 10 percent and 15 percent that of naturally produced fish for
juveniles reared under conventional and supplementation type facilities,
respectively. It was also assumed that as hatchery fish abundance
increases on the spawning grounds, wild fish fitness decreases (Table
I11.LA.22). The assumption under the Technology Pessimistic worldview
being that hatchery fish have low survival and negatively affect the
fitness of wild stocks.

Habitat

The biological rules that translate environmental attributes into survival
parameters produce an estimate of relative productivity (based on
Moderate assumptions) for each 6-HUC, for each month, and for each
life stage. The assumed range of uncertainty of this estimate is shown in
Figure 111.A.8. The Technology Pessimistic worldview, assumes the
lower values in this range, reflecting a greater sensitivity to habitat
conditions that deviate from the optimal for each life stage.

Marine

Estuary survival rates for juvenile chinook were altered as described
under the habitat section above.

The nearshore survival values used for modeling subyearling and
yearling survival through this area were increased to 86 percent and 74
percent, respectively. Nearshore survival rates were changed to increase
the number of adults returning to the Columbia River under the
Technology Pessimistic worldview so that they were similar to those
produced under the Moderate and Technology Optimistic worldviews.
This step was needed to meet the assumption that each of the
worldviews produces similar numbers of fish under the Current
Potential. Therefore, the worldviews agree on how many fish are being
produced, but disagree on why (i.e., inherent assumptions vary by
worldview). In the Technology Pessimistic worldview, it is assumed that
nearshore ocean conditions have less an effect on adult run sizes than
factors such as hydro development and habitat degradation.

Ocean survival rates used for modeling this worldview were identical to
those described for the Moderate worldview.
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Technology Optimistic

The Technology Optimistic worldview will be discussed for In-River
and Transport Survival, Hatchery Fish Parameters, Hatchery, and
Marine.

In-river and Transport Survival

The yearling in-river and transport survival values used for modeling
the Technology Optimistic worldview was obtained from values
developed by the NMFS (NMFS 2000b). NMFS scientists reported that
in-river survival for yearling chinook migrating from the Lower Granite
Reservoir to the tailrace of Bonneville Dam averaged approximately 51
percent for migration years 1997 to 1999. NMFS also reported that the
“differential post-Bonneville Dam survival”, or so-called D-value,
ranged from about 78 percent to 83 percent. In this worldview it was
assumed that the post-release survival rate of transported yearling
chinook is 80 percent.

Subyearling chinook in-river and transport survival rates were set for
Snake River stocks at 35 percent and 60 percent, respectively. These
values were deemed to represent the high end of recent estimates for
these parameters. The McNary transport survival rate was set at 80
percent to match the values used for yearling chinook and to ensure a
transport survival benefit for all stocks.

Hatchery Fish Parameters

Under the Technology Optimistic worldview, the survival rates for
hatchery fish reared using conventional or supplementation type rearing
practices were set at 50 percent and 60 percent. The Technology
Optimistic worldview also assumes that hatchery fish impacts to wild
populations are less severe than assumed under the Moderate
worldview.

Habitat

The Technology Optimistic worldview, assumes the higher values in this
range, reflecting a lesser sensitivity to habitat conditions that deviate
from the optimal for each life stage (Figure I11.A.8).

Marine

Estuary survival rates for juvenile chinook were altered as described
under the habitat section above.
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The nearshore survival values used for modeling subyearling and
yearling survival through this area were reduced to 35 percent and 20
percent, respectively. Nearshore survival rates were lowered to decrease
the number of adults returning to the Columbia River under the
Technology Optimistic worldview so that they were similar to those
produced under the Moderate and Technology Pessimistic worldviews.
This step was needed to meet the assumption that each of the
worldviews produces similar numbers of fish under the Current
Potential. Thus, the worldviews agree on how many fish are being
produced, but disagree on why (i.e., inherent assumptions vary by
worldview). A major assumption under the Technology Optimistic
worldview is that poor nearshore ocean conditions are a major factor
responsible for the low adult returns observed in recent years.

Ocean survival rates were not changed under this worldview and are
therefore the same as those used for modeling the Moderate worldview.

Data Quality

The amount of effort required to accurately rate habitat quality for over
259,000 miles of terrestrial and aquatic habitat is indeed daunting. The
task becomes even more difficult given that the data needed to rate all 45
of the environmental attributes do not exist for some areas, are of poor
guality in others, were collected over varying time frames, and
assembled by multiple agencies using various methodologies. In short,
there is considerable uncertainty in the quality of the data used in this
analysis.

This problem was recognized at the start of the project but after
reviewing the available data, we deemed it sufficient for conducting an
analysis at the basin and province levels. However, data resolution is
insufficient to draw inferences about habitat and salmon performance at
the subbasin, watershed or reach level. The Council envisions that data
guality problems will be corrected to the extent possible during the
assessment phase of the Council’s program.

The data and analysis are sufficient to achieve the goal of providing
planners and biologists the tools needed to identify, analyze, and
prioritize actions to recover salmonid populations in their respective
basins. Work products or tools resulting from this process include; 1) a
future vision for the basin, 2) a set of Scientific Principles to guide
recovery actions, 3) a Conceptual Framework, 4) analysis methodology,
and 5) a draft data set for review and refinement for each subbasin of
interest in the Columbia River Basin.

A Multi-Species Framework Approach for the Columbia River Basin Feb. 2002 / Page 111.A-23



Section 111.B — Methods, Wildlife

METHODS - WILDLIFE SPECIES

This section of the Methods addresses wildlife; it is organized as follows:
Introduction
Overview of Information Used
Determining Wildlife Species Information
Determining the Wildlife-Habitat Information
Natural History of Selected Species
Major Assumptions
Basin-wide Wildlife Habitat Type Maps
Structural Conditions
Key Ecological Functions of Fish and Wildlife Species
Validation Steps

Introduction

To analyze wildlife at the broad scale of the entire Columbia River Basin
in the U.S., we used “coarse-grain” information on environmental
conditions. Analyses assess data and information on occurrence and
change in overall wildlife habitat types for each 6th field HUC
(subwatershed), summarized to larger areas of provinces and to the
Columbia Basin as a whole; this is what constitutes “coarse-grain
information.” Results of these wildlife analyses should be viewed most
appropriately at scales of provinces and the entire basin, as defined in the
Fish and Wildlife Program Scientific Foundation (Appendix L). Wildlife
analyses herein provide broad distributional patterns of habitats, potential
species occurrence, and ecological functions.

Subsequent stages of the Framework analysis will summarize results from
the 6-HUC to the subbasin level and then to the province and basin.
Accuracy at levels finer than the province level will entail using finer-
grain information on the distribution and changes in structural conditions
and specific substrates and other influential conditions (key
environmental correlates) within each wildlife habitat type and within
each subwatershed. We did not have that information available for the
current analyses.
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Our analysis provides three “snapshots” of historic, current, and future
habitat conditions. Historic conditions (in places referred to as Historic
Potential) refers to conditions in the absence of non-native human
influence, projecting back in time, approximating conditions that may
have generally occurred during the early 19th century. Maps of historic
conditions should be viewed as general patterns and not as depicting
specific conditions within watersheds. Current condition (in places also
referred to as Current Potential) is estimated using data on vegetation,
which we interpreted as wildlife habitat, collected within the last ten years
(i.e., 1995-2000). Data on current vegetation conditions, in most cases, has
not undergone formal validation but is based on spectral classification of
satellite imagery that has been related to land use/land cover types, that
in turn have been determined from point or field locations. Future
conditions refers to wildlife habitats that would stabilize over the long
term, say on the order of 50-100 years, under the management strategies
specified under each of the three planning alternatives we analyzed. L.
Vail (Appendix L) developed a screening procedure to estimate the acres
of wildlife habitat types for seven alternatives, three of which are used in
this analysis. This procedure estimated the degree that current wildlife
habitat types would shift back towards the historic wildlife habitat types
for a specific alternative. Each alternative was composed of a set of
strategies. The effectiveness and intensity of each strategy, as defined by
McConnaha, et al. (2000), were considered in combination with the land
use and land ownership for each 6-HUC. Spatial information was not
considered at a spatial scale finer than the 6-HUC. This approach was
consistent with the other elements of the Multi-Species Framework
Project. It implies that no information about adjacency of habitat types
and land ownership is known. For instance, we don’t know if forest
represents riparian or non-riparian regions. In our assessment, there is
one historic condition, one current condition, and three alternative future
conditions (one future condition for each of the three alternatives
analyzed in this report).

Comparing historic to current conditions provides some understanding of
how habitats have changed from recent land use practices. This provides
a baseline by which to compare current to future conditions under each of
the three planning alternatives we analyzed. Future potential conditions
represent a range of possible future changes and whether alternatives are
moving wildlife habitat quality and quantity toward or away from historic
habitat conditions. This process of comparing alternative performance to
current and historic performance for wildlife is similar in concept to the
fish analysis process but several details differ:

The fish analysis uses historic, current and future conditions to set
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biological objectives for specific fish habitat attributes (usually fine-scale
substrates, which we refer to as key environmental correlates, or KECs).
Because of the broad scale addressed, the wildlife analysis is not based on
key environmental correlates but rather on more general wildlife habitat
capacity summarized at the scale of the entire basin. Since the proposed
terrestrial wildlife habitat changes are relatively small in area compared to
the area of the whole basin, any change in the percentage of wildlife
habitats (that is, conversion of one wildlife habitat type to another type) is
very small (e.g., 0.01 percent), and not particularly useful for setting
biological objectives at a basin scale. When fine-scale KEC data are
available within subbasins, it will be more appropriate to set local
biological objectives for wildlife.

The fish EDT method assesses three demographic components of fish
species performance: survival, capacity and life history diversity. These
components can be combined and expressed in terms of fish population
density for any of the historical, current or future conditions. Wildlife
performance is expressed as habitat capacity. Survival, life history
diversity and density of wildlife are not explicitly assessed at the basin
level.

Fish performance expressed as density was estimated using a Beverton-
Holt model, which includes both density-independent and density-
dependent components. The density-dependent component of EDT is
based on habitat quality times area. When habitat quality is less than
optimal due to one or more management activities (i.e., mining), the
reduction of habitat quality is used to reduce population density
estimates. As such, optimal habitat conditions for a particular area are
reduced as a function of the type, the intensity and the effectiveness of
management activities. The actual population density response may or
may not meet the model projections due to a variety of factors that are not
related to habitat (e.g., hunting and toxics). Hence modeled conditions are
referred to as potential: historic potential, current potential, and future
potential. Wildlife performance, based on habitat capacity, does not
include an estimator of density but does include an estimator of habitat
quality based on the intensity and effectiveness of a management activity
(i.e., collection of strategies) and the resulting influence on the percentage
of wildlife habitat types (Vail, Appendix L).

Analyses of species’ key ecological functions are based on the Northwest
Habitat Institute’s Species Habitat Project (SHP) database. The SHP
database was initially developed for Oregon and Washington and built
upon in part from the efforts of the Interior Columbia Basin Ecosystem
Management Project (ICBEMP) to include the entire Columbia Basin in
the United States. Increasing the area of coverage for the SHP database to
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the whole basin within the United States resulted in adding 12 wildlife
species to the SHP database. We have made progress in including fish key
ecological functions into this expanded database, but this work is not
complete.

One of the fundamental features of the EDT approach is the relationship
between two dimensions: habitat attributes and population productivity
across the landscape. Population productivity, a dimension that drives
the Ricker and Beverton-Holt models, is important to fishery biologists for
setting harvest management guidelines. The implied relationship
between habitat, productivity, and fish management seems reasonable but
recent calls for an ecosystem-based approach imply that an additional
dimension of processes, beyond habitat description, may be at play. For
example, Rose (2000) cited community-level interactions, habitat
complexities, and cumulative effects as three of six issues that have
prevented fisheries managers from achieving their goal of sustainability.
Cederholm et al. (2000), in a manner similar to Rose, discussed the need
for an ecosystem approach to understand the cumulative impacts of
human development on fisheries management. These, as well as other
authors, call for new tools to assess these processes (community
interaction, habitat complexities and cumulative effects) and to provide an
additional dimension of insight to the relationship between habitat and
regaining lost fish productivity and diversity.

Schlosser and Kallemeyn (2000), on the heels of the above articles, opined
that there has been a fundamental shift in ecology toward a broader
geographic perspective that incorporates hierarchically-structured and
scale-dependent levels of variation and complexity. Their insightful
article on the spatial and temporal relationship between beaver and fish
abundance and diversity not only clearly demonstrates the importance
and roles of wildlife-generated structures in the aquatic environment, but
also documents the importance of the additional dimension of ecosystem
functions as beaver dams are built, abandoned, collapse, and rebuilt in
relation to changing hydrologies in space and time. The documented
relationships between higher fish species diversity and the collapsed
successional beaver ponds, and between higher fish abundance (lower
diversity) with intact beaver dams and the nonrandom distribution of
successional environments on the landscape, indicate that we need to
consider the third dimension of habitat analyses, species, and ecological
functions, across landscapes, to better understand and predict
relationships between habitat and fish abundance and diversity.

The Framework proposes to assess this third dimension of habitat using
the concept of key ecological functions (KEF) developed by Marcot et al.
(1997) and expanded by Marcot and Vander Heyden (2000). Analyses of
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KEFs across the landscape in the Framework hierarchical process can
provide insight to both upland and aquatic functional webs that may, as
Rose (2000) opined and Schlosser and Kallemeyen (2000) demonstrated,
improve the understanding of how habitat attributes influence fish and
wildlife sustainability.

A variety of concepts (e.g., energy flow, trophic relationships, indices of
biological productivity, Lotka and Volterra predator and prey equations,
and aggregated functional groups such as guilds) are available to
investigate fish and wildlife interaction (Powers et al. 1995, Karr 1991,
Rose 2000, and deMaynadier and Hunter 1997). These and other concepts
were reviewed and considered by the Ecological Work Group. While the
many concepts available to us offered their own unique insights into
community relationships, none of them offered the opportunity to quickly
assess and integrate the ecological functions of all species in the
community from a common database. Furthermore, none of the concepts
available to us could be readily linked to the population models (e.g.,
Beverton-Holt and Ricker) that are important to fisheries managers.

The EDT approach, which uses a Beverton-Holt hierarchical-landscape
model, offers several opportunities for community level input as Level 2
Attributes. For example, beaver ponds, predation, and community
interactions are Level 2 Attributes that relate directly to wildlife functions.
Thus our ability to quantify and rank these Level 2 Attributes for the same
landscape units (i.e., HUC 6) used by EDT will improve the quality of the
variables that drive the EDT landscape assessment.

We used two basic approaches to quantify wildlife species and
community input to EDT. Both of these approaches are closely associated
with and rely on the SHP Wildlife Habitat Relationship (WHR) database
(Johnson and O’Neil 2000). The first approach used wildlife habitat-
capacity models to assess the likelihood that specific wildlife functions,
such as beaver dams, are likely to occur in a given HUC 6. A Habitat
Condition Index (a HEP-type analysis for large landscapes) has been
developed to assess habitat condition for individual species. Output from
this methodology can be the basis for: (1) ranking EDT Level 2 Attributes
such as the presence of beaver ponds and (2) assigning a weight to a
particular species to assign a proportional contribution to a particular
ecological function. For example, a predatory species in marginal habitat
(low HCI) is not likely to be a large contributor to the piscivory function.

The second approach is to harness key ecological function (KEF) analyses
(Figure 111.B.1) to assess EDT Level 2 Attributes such as Community
Richness. For example, functional redundancy is calculated for all wildlife
species, performing a function per the WHR database, for each HUCS6.
While this analysis is currently limited to wildlife, there is ample
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opportunity for including fish and wildlife functions in this assessment
method. Fish functions for chinook and bull trout have been successfully
integrated with wildlife function in pilot analyses. Functional redundancy
is but one of several functional analyses that can be quantified in a
hierarchical analysis to examine patterns of the “functional web” of fish
and wildlife.

The wildlife analyses in this report, at the basin level, are based on wildlife
habitats assessed from coarse digital data from a variety of databases.
They are intended to be instructive and focus on the Framework vision of
a multispecies process with a salmon emphasis. We illustrate two ways
fish and wildlife can be integrated and offer a procedure to assess
functional influences (for fish and wildlife) that can stand on its own as
well as be related to salmonid models (i.e., EDT). At the basin level we
will use our analyses to question whether alternatives/strategies for
salmonid recovery will: (1) provide similar benefits for wildlife, (2) have a
negative influence on wildlife and (3) potentially influence functional
linkages between fish and wildlife (and visa versa). This initial basin
analysis is only the beginning in that it provides a Framework for similar
analyses at the province and subbasin levels of the landscape hierarchy.
As similar types of analyses are conducted at the lower hierarchical levels,
with a finer scale of data and area specific models, the lower level analyses
should be re-aggregated (Stienetz et al., 1999) at the basin level to re-assess
the basic interactive questions cited above.

To summarize, the Framework process has developed a common platform
(database, methodology and theory) for assessing fish and wildlife
populations and ecosystem function in the Columbia Basin. Several
applied examples are presented in the following report and suggestions
for database and methodological advancements are presented. In
addition, the platform provides the foundation for addressing ecosystem
goals and biological objectives at various hierarchical scales within the
basin.

Overview of Information Used

Determining Wildlife Species Information

The wildlife information that supports the Framework analysis comes
from a 4-year project that recently updates databases on wildlife-habitat
relationships in Oregon and Washington (Johnson and O’Neil 2001). We
refer to this project as the Species Habitat Project (SHP) that was initially
developed for Oregon-Washington and later expanded to include the U.S.
portion of the Columbia River Basin. The SHP data set has information on
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593 wildlife species occurring in Oregon and Washington; this data set
was modified to include an additional 12 wildlife species known to occur
in Idaho, Western Montana, Nevada, Utah or Wyoming. The initial data
set was built using 18 expert panels that specified each wildlife species’
association with habitats and ecological conditions or variables, and that
assigned confidence levels to each wildlife species for each habitat type or
structural condition. The additional 12 wildlife species we added and
their habitat and ecological relationships were determined during an
internal review. This review re-examined the SHP database for species
with similar life histories and reviewed the ICBEMP data for these 12
species. Lastly, a literature review was conducted to develop an updated
life history account for each species. The literature was also used to
support the depictions of how management activities were linked to the
key environmental correlates data. Species nomenclature follows Collins
et al. (1990), Leonard et al. (1993), and Storm and Leonard (1995) for
amphibians and reptiles; American Ornithologists’ Union (1998) for birds;
and Verts and Carraway (1998), Wilson and Reeder (1993), Jones et al.
(1992), Hall (1981), Frost and Timm (1992) and van Zyll de Jong (1984) for
mammals.

A number of primary sources were used to establish or confirm wildlife
species occurrences: Csuti et al. (1997), Verts and Carraway (1998), Ingles
(1965), Hall (1981), Bailey (1936), Gilligan et al. (1994), ODFW (1994),
Puchy and Marshall (1993), Dvornich et al. (1997), Johnson and Cassidy
(1997), Smith et al. (1997), and Brueggeman (1992). Supplemental
information also came from Alexander (1996), Aubry (1982), Aubry and
Houston (1992), Best (1988), and Bradley (1982).

The expert panels that developed the SHP data set had on hand range
maps for each species, wildlife-habitat type and distribution maps,
statewide vegetation maps, and a variety of other reference materials.
These sources of material helped the panelists to determine wildlife
species occurrence within a particular habitat type. To characterize the
degree of association a wildlife species has with its habitat, the following
categories were assigned in the SHP database:

Closely Associated - A wildlife species is widely known to depend on a
habitat or structural condition for part or all of its life history
requirements. ldentifying this association implies that the species has an
essential need for this habitat or structural condition for its maintenance
and viability. Some species may be closely associated with >1 habitat or
structural condition, where as others may be closely associated with only
one habitat or structural condition.

Generally Associated - A wildlife species exhibits a high degree of
adaptability and may be supported by a number of habitats or structural
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conditions. In other words, the habitats or structural conditions play a
supportive role for its maintenance and viability.

Present - A wildlife species demonstrates occasional use of a habitat or
structural condition. The habitat or structural condition provides
marginal support to the species for its maintenance and viability.

Finally, the expert panelists assigned an overall confidence rating to the
occurrence and activity headings for each species within each habitat type
or structural condition. The confidence ratings were denoted as high (e.g.,
many peer-review published accounts), moderate, and low (e.g., few or no
published accounts, mainly observations). By ascribing a confidence
rating, the end user gets an idea of the overall strength of the scientific
evidence.

Determining the Wildlife-Habitat Information

Wildlife-habitat type is defined by O’Neil and Johnson (2001) as a group
of vegetation cover types that is determined based on the similarity of
wildlife use. For a detailed discussion of this approach see O’Neil et al.
(1995). We used the wildlife-habitat types as defined by their approach
because these habitat types can be based on current vegetation and
therefore can be mapped, as well as modeled to represent historic and
future conditions. Wildlife-habitat types are not species-specific because
they are based on the similarity of multiple wildlife species using a suite
of vegetation types, and we assume they contain the essential needs for a
species' maintenance and viability. However, a wildlife species’ "habitat"
refers to an individual, species-specific use of a wildlife-habitat type (Hall
et al. 1997).

The wildlife habitat relationships SHP database depicts coarse-level
wildlife-habitat types, structural conditions (structural and seral stages of
vegetation), and site-specific KECs. The Framework analysis presented in
this report is based only on the coarse-level wildlife-habitat type data. As
the Framework process proceeds to the subbasin levels of analysis,
managers will be encouraged to integrate site-specific structure and KEC
data into the subbasin-scale assessment process. The hope is that
knowing the species’ relationship with its habitat type, structural
conditions and KECs will help make better predictions for species
occurrences and ecological conditions in an area. Knowing that ecological
condition is based on physical parameters should also help to identify the
key ecological functions that are operating (as well as missing) in an area.
Key ecological function information for chinook and bull trout is being
added to the array of wildlife in KEFs this data set as reported in the
results.
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Natural History of Selected Species

Black Bear

We selected 3 wildlife species for conducting and exemplifying
population and species-specific assessments: American black bear, bald
eagle, and American beaver.

Legal, Economic, and Abundance Status

The American black bear (Ursus americanus) is widely distributed within
the Columbia River Basin and is managed according to the big game or
furbearer regulations in all seven states. These regulations usually allow a
general hunting season and a controlled harvest to occur annually;
however, most states within the Columbia River Basin have spring and
fall hunting seasons. The legitimate economic value of the black bear
comes from selling hunting licenses, which in turn becomes a source of
revenue for individual states’ fish and wildlife agencies. An illegal
economic value stems from poaching black bears and selling specific body
parts (such as gall bladders) to collectors or for aphrodisiac purposes to
those who highly prize their value.

Black bears occur in 32 states within the United States (Beecham and
Rohlman 1994).

Life History Characteristics

The black bear is a year-round resident species in the Columbia River
Basin and can be found primarily associated with forested habitats that
range from sea level to 8,500 feet (2590 m) (Beecham and Rohlman 1994,
Vander Heyden 1997, Verts and Carraway 1998). Black bears are large
mammals whose size and weight show high variability depending on
food availability. Generally, adult bears range from 35 to 40 inches (89 to
102 cm) high when standing on all fours and have a length of 4 %2 to 6 feet
(1.4 to 1.9 m). An adult black bear can weigh from 125 to 600 pounds (46
to 224 kg) and males are usually larger than females. The life span of black
bears in the wild can be 20 to 25 years.

Most female bears breed at three years of age, but in one study in Idaho
the first age of breeding was noted as 5.5 years. Females usually produce
one litter with one to three cubs every two years and can be with young
any time of the year. Mating occurs in June and July and the black bear
has delayed implantation so the embryo does not begin to develop until
November or December (Verts and Carraway 1998). Typically, the black
bears den underground, in a tree cavity, or in a cave. However, they have
also been known to den on the ground or in a brush pile. Females enter
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their dens in October or early November, and most bears leave the den in
March but some females with newborn cubs may stay until April. Young
are born between mid-January to mid-February and remain with the
female until they are about 16-17 months old.

Sizes of home ranges vary with quality and area of habitat and with males
and females. In a coniferous forest on an island in southwestern
Washington, average home ranges of females were 580 acres (235 ha), and
of males 1,250 acres (506 ha). In contrast, in Idaho, home ranges of males
were 27,700 acres (11,210 ha) and of females 12,085 acres (4,890 ha) (Verts
and Carraway 1998). These two assessments may represent the extremes
in home-range size. Home range location remains relatively constant
from year to year, but bears use parts of their home ranges variably
depending on food availability among the seasons.

The black bear is an omnivore. Although the majority of its diet consists
of grasses, forbs, berries, nuts and fruits, bears do eat mammals (e.g., elk
calves), insects, carrion and fish (Jacoby et al. 1999, Berwick et al. 1986).
Food is an important element of fitness as reflected in litter size, age of
breeding, and in overwintering, i.e. maintaining fat reserves during
hibernation (Rogers 1977). Berry crop failures have been identified as
contributing to mortality of starving subadults (Jonkel and Cowan 1971,
Reynolds and Beecham 1980).

Habitat studies of black bears have shown that the most important
function of cover is to enable escape. Beecham and Rohlman (1994) noted
that bears tended to feed near cover (<250 yd or 228 m) from a forest edge
and used riparian area and stringers of timber for travel corridors as well.
Sows with cubs consistently avoided clearcuts and roads, using mature
timber significantly more than males. In Idaho, bears preferred to stay
more than 150 ft (46 m) from roads (Beecham and Rohlman 1994). Powell
et al. (1997) found that people caused a significant amount of mortality by
hunting, poaching, and road Kkills.

The black bear is an ecological generalist whose ecological roles are
important to all categories of the wildlife-habitat types where it occurs.
The black bear provides 27 categories of KEFs and in some wildlife-habitat
types is the only provider of some of these functions. For example, the
black bear is the only identified species to physically fragment standing
wood in an upland aspen forest.

Habitats Relationships

The black bear is associated with 24 of the 32 wildlife-habitat types in the
SHP database (Table I11.B.2). As habitat generalists they do not have a
close association with any one habitat type. This is further supported by
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Habitat Type Association Activities Confidence Comments
. . Generally .
Westside Lowlands Conifer-Hardwood Forest . Feeds and Breeds |High None noted
Associated
Alpine Grasslands and Shrublands Generglly Feeds and Breeds |High None noted
Associated
Westside Grasslands Present Feeds and Breeds [Moderate None noted
Ceanothus-Manzanita Shrublands Generglly Feeds and Breeds |High None noted
Associated
Unsure.Occurrence—Western Juniper and Unsure Unsure Low None noted
Mountain Mahogany woodlands
Eastside (Interior) Canyon Shrublands Generglly Feeds and Breeds |High None noted
Associated
Eastside (Interior) Grasslands Present Feeds High May feed in this h_abltat where itis
near forested habitats
May feed in this habitat where it is
Shrub-steppe Present Feeds Low near forested habitats
Dwarf Shrub-steppe Present Feeds Low May feed in this h_abltat where itis
near forested habitats
Agriculture, Pastures, and Mixed Environs Generglly Feeds High May feed in this h?bltat where itis
Associated near forested habitats
Westside Oak and Dry Douglas-fir Forest and Generglly Feeds and Breeds  |High None noted
Woodlands Associated
Urban and Mixed Environs Generglly Feeds High None noted
Associated
Herbaceous Wetlands Gener_ally Feeds High None noted
Associated
Westside Riparian-Wetlands Generglly Feeds and Breeds |High None noted
Associated
Mountain Coniferous Wetlands Gener_ally Feeds and Breeds |High None noted
Associated
Eastside (Interior) Riparian-Wetlands Generglly Feeds and Breeds |High None noted
Associated
Coastal Headlands and Islets Present Feeds Moderate None noted
Southwest Oregon Mixed Conifer-Hardwood Generglly Feeds and Breeds  |High None noted
Forest Associated
Montane Mixed Conifer Forest Gener_ally Feeds and Breeds |High None noted
Associated
Eastside (Interior) Mixed Conifer Forest Generglly Feeds and Breeds |High None noted
Associated
Lodgepole Pine Forest and Woodlands Gener_ally Feeds and Breeds |High None noted
Associated
Ponderosa Pine Forest and Woodlands Generglly Feeds and Breeds |High None noted
Associated
Upland Aspen Forest Gener_ally Feeds and Breeds |High None noted
Associated
Subalpine Parkland Generglly Feeds and Breeds |High None noted
Associated

Table 111.B.2 Wildlife-habitat types utilized by the black bear along with their activity, association, and

confidence levels.
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its “Generally Associated” status for 18 habitat types and “Present” status
for another 5 habitat types. Feeding and breeding activities in Table 111.B.2
indicate the black bear feeds and breeds in 15 habitats and only feeds in
eight habitat types. Confidence levels in determining these associations
and activities were mostly high. However, two moderate confidence
levels were noted (for coastal headlands and westside grasslands) along
with three low confidence levels (for shrub-steppe and dwarf shrub-

steppe).

Association with Salmon

Black bears are known and documented to have a strong and consistent
association with salmon when there is an abundant population of salmon.
The salmon life stages that bears associated with are spawning and when
salmon become a carcass (Cederholm et al. 2000).

Habitat Attributes Modeled

The HCI assessment method for the black bear is diagrammed to provide
an overview of the steps taken to evaluate habitat quality across the basin
(Figures I11.B.2a and I11.B.2b). The details and code for this assessment
method are outlined in Appendix F. Data were collected and analyzed for
all 6-HUC:s in the basin. Each 6-HUC is assigned an HCI score. Once the
data were collected, we analyzed only those 6-HUCs where at least 20
percent of the 6-HUC was rated Associated (i.e., Closely or Generally
Associated in Table I11.B.2). If 20 percent of the HUC was rated
associated, we determined if 80 percent of the HUC-6 was in the known
range for the black bear. If 80 percent of the HUC was in the black bear
range, we determined if 90 percent of the HUC was non-urban. If this was
the case, we then determined if 50 percent or less of the HUC was in
agriculture.

Sixth field HUCs that met the above conditions were assessed for three
components: cover, food, and human disturbance. Cover was assessed by
two variables: (1) weighted percent of the “occurrence index (Present =1,
Generally Associated = 2, Closely Associated = 3)” and (2) percent
forested habitat present in the 6 - HUC being analyzed. Food was
assessed by three variables: (1) weighted percent of wildlife habitat types
designated as “Feeding habitat” in Table 111.B.2, (2) the berry index, and
(3) presence or absence of salmon carcasses in a 6-HUC. The berry index
was developed for each wildlife-habitat type designated as “Feeds” or
“Feeds and Breeds” in Table I11.B.2. Wildlife-habitat types were given a
rank depending on the number of berry-producing plant species listed in
the habitat type descriptions in the SHP database (O’Neil et al. 2001).
Each wildlife-habitat type habitat was assigned a high, medium, or low
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rank (1.0 = high, 0.5 = medium, 0.0 = low). Human disturbance was
assessed with three variables: (1) Percent urban coverage in the HUC, (2)
percent agricultural coverage, and (3) Road density. Results from these
analyses were aggregated to determine the Habitat Condition Index
(HCI) for each 6-HUC. HCI values where then aggregated up to ecological
province and the entire basin. The detailed steps taken in the GIS portion
of the HCI analysis are presented in Appendix F.

Bald Eagle

Legal Economic, and Abundance Status

Throughout the Columbia River Basin, the bald eagle (Haliaeetus
leucocephalus) is federally listed as a threatened species under the
Endangered Species Act in all seven states. Nonetheless, because of
recovery efforts lead by the U.S. Fish and Wildlife Service in partnership
with other federal, state, tribes, and local governments, conservation
organizations, and private entities, the bald eagle is being considered for
removal from this federal designation. The delisting, a U.S. Fish and
Wildlife proposal in 1999, is related to the increase in eagle numbers
throughout their range. For example, in 1960 only 417 nesting pairs were
found in lower 48 states and today the estimate is over 5,700. Hence,
many resource biologists and managers are assessing whether or not the
bald eagle warrants special protection afforded by the Endangered Species
Act. This eagle is also protected by the federal law, Migratory Bird Treaty
Act, as well as, under individual state’s non-game laws. The bald eagle
has no legal economic value.

Life History Characteristics

The bald eagle is a year-round resident in the Columbia River Basin and
can be found along most major river courses and ranges from sea level to
8,000 feet (2438 m) (Garrett et al. 1993; Stalmaster 1987). Adults weigh
seven to 10 pounds (2.6 to 3.7 kg) with a wingspan of 6 ¥ feet (2 m). They
have been known to live more than 20 years in the wild, and the age at
first breeding is usually five years. The bald eagle builds its nest in the
tops of large live trees usually near water and nests can be up to 20 feet
wide (6 m) and weigh up to 4,000 pounds (1492 kg) (Knight et al. 1983,
Hermata 1989). Food habits vary with seasons and locations, and they do
take advantage of fish (suckers, trout, and whitefish), birds (particularly
waterfowl), salmon carcasses (especially in the fall and winter), and
mammal carrion (Stalmaster 1984 and 1994).

Bald eagles begin laying eggs from early March to early April with mean
hatching dates from mid-April to mid-May. Incubation of eggs usually
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lasts 34-36 days and they fledge one to two young per year but can fledge
three on occasion (Stalmaster 1987). Fledging occurs 10 to 14 weeks after
hatching or generally in early August. Bald eagles usually have some
fidelity with the nest sites and even though they can travel great distances
(Gerrard et al. 1978), most nest within 100 miles of where they were
originally raised (Jenkins and Jackman 1993). Bald eagles are known to
use a communal roost especially in the winter when salmon are spawning.
Up to 300 bald eagles may use a single roost site (Knight et al. 1983).

Human disturbance can affect perching, roosting, and feeding (Fraser
1985, Knight and Knight 1986). Bald eagles are more sensitive to human
activities on the river (boating or fishing) than to vehicle traffic or airplane
flight (Stalmaster and Newman 1978, Knight and Knight 1984, and
Department of Interior 1986). However, bald eagles can tolerate some
human activity where there is an abundant food supply and adequate
habitat (Stalmaster and Newman 1978; Steenhof 1978). Human activity
that occurs beyond 173 of a mile (or 500m) from a bald eagle use area
seldom disturbs the birds (Stalmaster and Newman 1978).

Habitats Relationships

The bald eagle is associated with 23 of the 32 wildlife-habitat types (Table
I11.B.1) listed for the region. Associations with wildlife habitat types in
Table 111.B.1 indicate the bald eagle is “Closely Associated” with one
habitat type, open water; “Generally Associated” with 16; and “Present”
in another eight. Feeding and breeding activities in Table I11.B.2 indicate
the eagle just breeds in nine, breeds and feeds in an additional five, and
just feeds in another 11. Confidence levels with making these
determinations are mostly high with the exception of one wildlife-habitat
type, feeding in westside grasslands, which is low.

Association with Salmon

The bald eagle has a strong and consistent relationship with salmon as a
predator on salmon. This relationship extends to three salmon life stages:
saltwater residence (when they are smolts, immature, and adults),
spawning, and carcasses. The eagle also has an indirect relationship with
salmon because they are known to feed on birds that also feed on salmon
(Cederholm et al. 2000).

Habitat Model Input

The bald eagle model, similar to the black bear model, was developed to
assess habitat quality (i.e., Habitat Condition Index) for three time
periods: historic, current and future. Input variables selected for the
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Habitat Type Association Activities Confidence Comments
Westside Lowlands Conifer-Hardwood  Generally . Could breed in this habitat where near open
. Reproduces High .
Forest Associated water habitats.
Alpine Grasslands and Shrublands Present Feeds Low Known to occu.r in sub-alpine and alpine areas
on Vancouver island, B.C.
Westside Grasslands Present Feeds Low None noted
. Could breed in this habitat where near open
Shrub-steppe Present Reproduces High water hapbitats, and if suitable nest
Dwarf Shrub-steppe Present Reproduces High Could bre(_ed In this habitat where near open
water habitats.
Desert Playa and Salt Scrub Shrublands Present Feeds High Wintering.
Agrl.cutulre, pastures, and Mixed Generglly Feeds High None noted
Environs Associated
Westside Oak and Dry Douglas-fir Generally Reproduces High Could breed in this habitat where near open
Forest and woodlands Associated P g water habitats.
Generall Feeds and could breed in this habitat where near open
urban and Mixed Environs . Y High water habitats, and if suitable nest structures
Associated Breeds .
are available.
Open Water - lakes, Rovers, and Closely‘ Feeds High None noted
streams Assocaited
Herbaceous Wetland Generglly Feeds High None noted
Associated
. L Generally Feeds and .
Westside Riparian - Wetlands Associated Breeds High None noted
Eastside (Interior) Riparian - Wetlands Generally Feeds and High None noted
P Associated Breeds g
Coastal Dunes and Beaches Present Feeds High None noted
Coastal Headlands and Islets Generglly Feeds and High None noted
Associated Breeds
Requires some sort of structure to place nest
. Generally Feeds and . . . L
Bays and Estuaries . High on, such as old pilings, if breeding is to occur
Associated Breeds o )
in this habitat.
Inland Marine Deeper waters Gener_ally Feeds High None noted
Associated
Southwest Oregon Mixed Conifer- Generally Reproduces High Could breed in this habitat where near open
Hardwood Forest Associated P g water habitats.
Marine Nearshire Gener_ally Feeds High None noted
Associated
Marine shelf Present Feeds Moderate None noted
Montane Mixed conifer Forest Generglly Reproduces High Could bregd in this habitat where near open
Associated water habitats.
Eastside (Interior) Mixed Confier Forest Generglly Reproduces High Could brqed In this habitat where near open
Associated water habitats.
Lodgepole Pine Forest and Woodlands Gener_ally Reproduces High Could bre(_ed In this habitat where near open
Associated water habitats.
Ponderosa Pine Forest and Wooldlands Generglly Reproduces High Could brqed In this habitat where near open
Associated water habitats.
Subalpine Parkland Present Feeds Low Known to occur in sub-alpine and alpine areas

on Vancouver island, B.C.

Table 111.B.1 Wildlife habitat types associated with the bald eagle along with their activity, association,

and confidence levels.
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model were based on: (1) availability of a consistent data set for all 6-
HUCs in the basin, (2) importance to bald eagle nesting, roosting, and
foraging and (3) likelihood that proposed management activities would
influence the variables. Our review of the literature (summarized above)
indicated that consistent information on nesting and roosting sites was not
available for all 6-HUCs in the basin. Consequently, nesting and roosting
sites and the influence of human disturbance on them was not included in
the model. Analyses at the subbasin level are more likely to have access to
local databases and professionals who are familiar with nest and roost
sites and human use areas.

The Habitat Condition Index for the bald eagle was developed by
evaluating generalized foraging and breeding information for the various
wildlife-habitat types in the SHP database. Habitat associations (Closely
and Generally Associated in Table I11.B.1) and habitat activities (feeds,
breeds and feeds, and breeds in Table I11.B.1) for the various wildlife
habitat types in the SHP database were the main input variables we used
to evaluate food and cover, as outlined in Figure 111.B.3. The detailed
steps taken in the GIS portion of the HCI analysis are presented in
Appendix F.

American Beaver

The American beaver was selected as a species to assess in the Multi-
Species Framework because of the association with aquatic ecosystems
and with fish diversity and abundance (Schlosser and Kallemeyn 2000).
Our HCI assessment of the American beaver included three components:
physical condition, cover, and food, similar to our assessment of black
bear and the bald eagle. The first step of the of analysis steps, data
collection, was problematic for this species. The scale of the habitat data
was too coarse and the assessment method met with failure as discussed
in the Results.

Legal, Economic, and Abundance Status

The American beaver (Castor canadensis) is widely distributed within the
Columbia River Basin and is govern by the furbearer regulations that are
in place in all seven states. The legitimate economic value of the beaver
comes to individuals who trap them and in turn sell their pelts.
Sometimes, the beaver is considered a nuisance because it can cause
erosion, blockages or flooding. Hence, landowners can have beaver
removed or relocated depending on the amount of damage being
sustained. The American beaver occurs in all 50 states (Hill 1982), and the
estimated population in the early development of North America is
60,000,000.
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Life History Characteristics

The beaver is associated primarily with forested and aquatic habitats from
sea level to 7,500 feet (2286 m) elevation (Verts and Carraway 1998).
Beavers’ size and weight show high variability depending on food
availability. Adult beavers are up to 47 inches (120 cm) long and weigh
from 47 to 83 pounds (16 to 31 kg). The lifespan of beavers in the wild can
be greater than 20 years, however few live beyond 10 years (Jenkins 1979).

Most female beavers breed at three years of age, the average number of
offspring per litter is three, and they only have one litter per year. Mating
occurs mostly in January through February and the gestation period takes
105 - 107 days. Most of the offspring are born in May and June, and the
young are weaned at two to three months and leave the natal lodge at the
end of their first or second year (Verts and Carraway 1998). Typically,
beavers build lodges on banks of streams or ponds, or burrow in banks.

Beavers usually form colonies consisting of a mated pair, their yearlings,
and offspring of the year. They have variable dispersal distances from 1.8
—13.8 miles (2.9 - 22.2 km) and dispersers of various ages averaged 5.6
miles (9.0 km) in a straight line distance (Leege 1968). Beavers are active
all year long.

A beaver colony is a single group of four to eight animals per stream
reach. A colony uses a common food supply, and maintains common
dams. An average of one to two colonies/mile of stream occur in good
habitat (Lawrence 1954; Aleksiuk 1968). Naiman et al. (1986) suggested
that beavers are “keystone” species because of their relationship to
salmonids and ability to “affect ecosystem structure and dynamics far
beyond their immediate requirement for food and space.” Removal of
beavers has been shown to fundamentally alter aquatic ecosystem
functions (Spence et al. 1996).

Habitats Relationships

The American beaver is associated with 16 of the 32 wildlife-habitat types
in the SHP database (Table 111.B.3). As an aquatic specialist it is “Closely
Associated” with four open water, wetland and riparian habitat types
(Table 111.B.3). It is “Generally Associated” with eight habitat types and
“Present” in another five habitat types. The beaver is identified to feed
and breed in four wetland habitats and in subalpine parkland where wet
meadows occur (Table I11.B.3). Confidence in these associations and
activities is mostly high. However, moderate confidence levels were noted
for agriculture, urban, and subapline parklands, along with one low level
of confidence for western juniper and mountain mahogany woodlands).
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Habitat Type Association Activities Confidence Comments

Westside Lowlands Conifer-Hardwood Forest Gene_r ally Feeds High none noted
Associated

Western Juniper and Mountain Mahogany Present Feeds Low none noted

Woodlands

Agriculture, Pastures, and Mixed Environs Present Feeds Moderate none noted

Westside Oak and Dry Douglas-fir Forest and Generally Feeds High none noted

Woodlands Associated

Urban and Mixed Environs Present Feeds Moderate none noted

Open Water - Lakes, Rivers, and Streams CIo;er Reproduces High none noted
Associated

Herbaceous Wetlands Clos_e ly Feeds and Breeds High none noted
Associated

. N Closely .

Westside Riparian-Wetlands ) Feeds and Breeds High none noted
Associated

Montane Coniferous Wetlands Gene_r ally Feeds and Breeds High none noted
Associated

. . L Closely .

Eastside (Interior) Riparian-Wetlands ) Feeds and Breeds High none noted
Associated

Southwest Oregon Mixed Conifer-Hardwood Forest Gene_r ally Feeds High none noted
Associated

Montane Mixed Conifer Forest Generally Feeds High none noted
Associated

Eastside (Interior) Mixed Conifer Forest Gene_r ally Feeds High none noted
Associated

Lodgepole Pine Forest and Woodlands Generally Feeds High none noted
Associated

Ponderosa Pine Forest and Woodlands Gene_r ally Feeds High none noted
Associated

Upland Aspen Forest Present Feeds High May use this habitat if not too far from

water.
Subalpine Parkland Present Feeds and Breeds  Moderate Known from subalpine meadows in

Mt. Rainier National Park.

Table 111.B.3 Wildlife habitat types associated with the American beaver along with their activity,

association and confidence levels.
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Association with Salmon

The beaver is not known to eat or prey on salmon. However, from a
habitat standpoint, the beaver does have a close association with salmon
because of its ability to create ponds and enhance functional processes
that are favorable for salmon (Hill 1982; Schlosser and Kallemeyn 2000).

Habitat Model Input

Input variables to the beaver HCI model included stream hydrology,
wildlife-habitat types, food, and breeding. Habitat types, food, and
breeding were assessed using information from the SHP database (Table
111.B.3). Also, the value of the agriculture habitat type was discounted in
the model even though beaver can occur in this habitat type. The stream
hydrology conditions that were assessed included monthly flow and
amount of sinuosity (meandering in a stream). A diagram of the model
outlining the steps of the analysis process is not presented for the beaver
because the site-specific stream hydrology data and fine-scale wildlife
habitat data were not available on a consistent basis across the basin.
Details of the proposed analytical method to assess beaver HCI are
summarized in Appendix F.

Major Assumptions

Basin-wide Wildlife Habitat Type Maps

Two wildlife-habitat type maps were developed for the Multi-Species
Framework process to depict historic (potential) and current conditions.
These maps served as a base for making assessments between the historic
and current conditions (Vail, Appendix L). Future (year 2100) conditions
under each alternative were also developed. Collectively, we used these
two maps and the future habitat type projection to evaluate black bear,
bald eagle, beaver, and key ecological functions of wildlife species under
historic, current, and future conditions.

Two wildlife-habitat type maps were developed for the Multi-Species
Framework process to depict historic and current conditions. These maps
served as a base for making assessments between the historic, current, and
alternative conditions for evaluating black bear, bald eagle, beaver, and
key ecological functions. Wildlife-habitat type maps are useful for
integrating concepts so that the outputs can be visually displayed.
However, there are some limitations in their use as discussed below.
Comparing two maps can show how vegetation communities can change
through time. The Interior Columbia Basin Ecosystem Management
Project and related assessments also address vegetation changes since
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early historic times, as reported by Everett et al. (1994), Hann et al. (1998),
Hessburg et al. (2000), and Huff et al. (1995).

Current Conditions

The Northwest Habitat Institute (NHI) developed a map depicting the
current distribution of the 32 wildlife habitats types, described by the SHP
project, for the Columbia River Basin in the United States. This map was
compiled from existing vegetation maps that were created for each state as
part of the National Gap Analysis Program sponsored by US Geological
Survey, Biological Resource Division (USGS/BRD). Each state’s map is
based on interpreting vegetation cover data from satellite imagery.
Vegetation maps from all or parts of seven states (Idaho, Montana,
Nevada, Oregon, Utah, Washington, and Wyoming) in the Columbia
River Basin were used by NHI to develop the wildlife habitat types map
depicting current conditions.

The primary purpose for developing the vegetation maps for the National
Gap Analysis Program was for USGS/BRD to conduct statewide
biodiversity assessments. Hence, the resolution of their vegetation maps
reflects a statewide, regional, or coarse resolution for planning. That is,
their maps can serve as an initial basis for large-scale mapping or database
investigations but they are more accurately interpreted at the statewide or
province scales, and only for some of the largest subbasins.

Hence, the current wildlife-habitat type map provides only an initial
depiction of the amounts of wildlife habitats that may exist within
watersheds, but is not of sufficient resolution for depicting the site-specific
location of habitats within each watershed. The minimum mapping unit
for the basin-wide map is 250 acres (100 ha), whereas a more appropriate
scale for within watershed assessments would be 10-75 acres (4-30 ha)
depending on land ownership and habitat patch sizes. Thus, wildlife
habitats that occur in patch sizes less than 250 acres, e.g. linear riparian
habitat, are likely underrepresented in the current map.

Further, there has been no formal validation of the basin-wide current
wildlife habitat map. Because maps are only a representation of reality
and cannot depict all the detail represented in nature, some generalization
is unavoidable. Remotely sensed maps developed from photo
interpretation or satellite imagery also contain some errors. Conducting
an accuracy assessment allows the user to know at a glance what the
overall reliability is, so that when decisions are made the accuracy of the
map can be taken into account. Because of the size of the mapping area,
time frame, and costs, no formal accuracy assessment was done.
However, the National Biodiversity Gap Analysis Program had a goal of
80 percent overall accuracy for each state’s vegetation map, and NHI
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accepted their stated validity of their map products.

Finally, because there is a desire to move towards subbasin information,
which would entail maps produced at finer resolutions than presented in
this report, accuracy assessments may be less critical or a lower priority
for the current array of map products than for later map products
produced at the subbasin scale. We do recognize the importance of
conducting accuracy assessments and that they would be critical to the
utility and acceptance of subbasin-scale maps as a tool for resource
managers. In general, accuracy assessments would entail determining the
classification error in maps by using an a priori target level of thematic
map accuracy (for subbasin mapping we would propose a per class
accuracy of 75 percent and overall map accuracy of 80 percent) and
designing the empirical assessment (number of sampling points, etc.)
based on statistical sampling procedures (Stehman, 1992).

Historic (Potential) Conditions

A historic (potential) map was developed by NHI by combining products
from two previous works: Interior Columbia Basin Ecosystem
Management Project (ICBEMP; USDA Forest Service 1997), and the
Oregon Biodiversity Project (Defenders of Wildlife 1998). These two
mapping efforts used very different methods. The ICBEMP historic data
were mostly derived from a model, whereas at least a portion of the
Oregon Biodiversity Project map was created by using surveyors’ notes
from the 1850 land survey.

NHI combined these efforts to create a wildlife habitat map that depicts
historic (potential) conditions of the Columbia River Basin in the U.S. The
result is a historic map that is a theoretical construct with a coarse (1-km
square pixel size) level of resolution designed to give a regional
perspective. This map can provide only initial approximations of the
presence and distribution of wildlife habitat types within specific
subbasins and watersheds because of the need for more detailed
information at these levels.

Because of the limitations with the historic map, no validation of this map
was done. We are unaware of any previously collected detailed
information for all the subbasins and watersheds throughout the specific
geographic areas of basin addressed in this project. Further, because there
are no recognized historical data sets that would give such a basin
perspective, validation would be difficult. Hence, the historic map best
depicts gross generalizations of gains or loses of specific wildlife habitat
types. Additionally, it can give a user an idea of what the potential may
have existed within provinces and within larger subbasins.
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Structural Conditions

Many species of wildlife are affected by both the general macrohabitat
conditions, depicted in our maps as wildlife habitat types, and by the
specific structure of vegetation. However, to accurately depict
distribution and abundance of vegetation structure would require
spatially explicit data sets at both coarse and fine levels of resolution. A
coarse level map typically has a minimum mapping unit (mmu) of about
250 acres, whereas a finer level map shows details at about a 10-acre mmu.

Because fine-level data are either not available or have not been
synthesized for all lands basin-wide, the outcomes presented here should
be used to interpret wildlife-habitat type information only at a coarse
scale. Vegetation structural conditions are best depicted at a finer level of
resolution, that is, at a stand level with a 10-to-40 acre mmu, and should
be included in future subbasin mapping efforts.

Consideration of vegetation structure can greatly influence analysis and
interpretation of wildlife-habitat relationships. We selected a few
subwatersheds (6th HUC) for which vegetation structure information was
available, and found that consideration of structural condition influenced
results of projecting wildlife species and their key ecological functions
within the area. Thus, we concluded that, at such finer scales of mapping
resolution, vegetation structure likely influences the presence and
distribution of wildlife species and thus overall ecosystem biodiversity,
productivity, and sustainability.

Key Ecological Functions of Fish and Wildlife Species

The ecological approach we adopted for the Multi-Species Framework
supplements the emphasis on coldwater fish with tools that address
ecological functions of all wildlife and eventually all fish in the Columbia
Basin. The ability to address and describe in a repeatable way ecological
functions of all vertebrates (including humans), using a common database,
is a new approach to broad-scale resource assessment presented by the
Multi-Species Framework.

The term key ecological functions (KEFs) of wildlife refers to the principal
set of ecological roles performed by each species in its ecosystem (Marcot
and Vander Heyden, 2001). KEFs refer to the main ways organisms use,
influence, and alter their biotic and abiotic environments. “Key” refers to
the main roles played by each species. Categories of KEFs can be depicted
for each species and used in multiple-species analyses of alternatives for
land management in the Columbia River Basin.

One major assumption on this analysis is that wildlife KEFs contribute to
and affect ecosystem biodiversity, productivity, and resource-use
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sustainability (BPS). Another assumption is that the parameters of BPS
describe ecosystem integrity, the maintenance or restoration of which, we
presume, can be one prime goal of ecosystem management. The purpose
of tracking wildlife KEFs, including their patterns and changes, therefore,
is to determine how management actions might affect wildlife, the biotic
functioning of ecosystems, and ecosystem BPS. It serves as a way to
measure the degree to which ecosystem management goals are met for
maintaining or restoring at least some facets of ecosystem integrity.

We measure changes in wildlife KEFs in several ways, including historic
and current patterns of, and future potential changes in: (1) the
distribution and abundance of species, based on their habitat associations,
that perform particular ecological roles (that is, that are coded for
particular KEF categories); (2) Functional redundancy of KEF categories;
and (3) The richness and diversity of KEF categories that ecological
communities can support. Functional redundancy refers to the number of
species performing a particular KEF category. As stated by Marcot and
Vander Heyden (2001), the basic premise is that functionally redundant,
rich, and diverse communities may be more resistant or resilient to
adverse disturbances (MacNally 1995, Naeem 1998, Rastetter et al. 1999)
and can more consistently support greater levels of biodiversity (Jaksic et
al., 1996 Walker 1992) than can less functionally redundant, rich, or
diverse communities.

Marcot and Vander Heyden (2001) noted that ecological implications of
functional patterns of species and communities, and their influence on
BPS, can be taken as testable hypotheses about the roles of wildlife and
how ecosystems work. They listed several key such hypotheses, with
perhaps the most important ones for the current work being:

1. Functional redundancy imparts community resilience: for a particular
function, the higher the functional redundancy, the greater ability of
the community to resist stresses put on that function.

2. The greater the functional redundancy, the more sustainable is the set
of resources that the function provides.

3. The more functionally rich and diverse a community, the greater is its
natural productivity and its native biodiversity.

Over time, such hypotheses could be tested in the context of adaptive
management by comparing performance of BPS over time or among areas
managed differently.

Collectively, the methods we used provide a means of determining the
degree to which an ecosystem is “fully functional,” by comparing historic,
current, and potential future KEF conditions. Fully functional ecosystems
are those that have the full set of historic KEF categories, and the historic
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patterns of functional redundancy for each KEF category.

Other functional aspects include determining: (1) Functional richness,
which is the number of KEF categories performed by species in a
community, (2) Total functional diversity, which is functional richness
weighted by functional redundancy (Brown 1995), analogous to species
diversity, and (3) Functional web, which is the full array of all KEFs
associated with a set of species that may be specified by some habitat
element or structure (Marcot and Vander Heyden 2001). Because many
functions can extend beyond a habitat element or structure, functions that
are supported in part by specific KECs can influence parts of the
ecosystem well beyond those KECs. For example, the ecological functions
provided by beaver extend well beyond the confines of the KEC of water
depth (Schlosser and Kallemeyn 2000).

Validation Steps

Scientific and common names and species occurrence status, by state,
were reviewed by Dick Johnson (Washington State University), B. J. Verts
(Oregon State University), Tom O’Neil (Northwest Habitat Institute), Rolf
Johnson (Washington Department of Fish and Wildlife [WDFW]), Derek
Stinson (WDFW), Kelly Bettinger (WDFW), Charlie Bruce (Oregon
Department of Fish and Wildlife [ODFW)]), Kelly McAllister (WDFW),
Bruce Mate (Oregon State University Marine Science Lab), Steven Jeffries
(WDFW), and Robin Brown (ODFW). Taxonomic order follows regional
publications or commonly accepted national books to facilitate cross-
referencing.

The Species Habitat Project (SHP) assigned five occurrence status
categories to each wildlife species in the SHP database: occurs, accidental,
introduced, reintroduced, and extirpated; the species could be listed as any
one of these categories in any state within the basin (Johnson and O’Neil
2001). Occurs means >15 documented observations, that is, they are
considered to be common species for the area. Some species listed as
“occurs” do not have 15 records in recent decades, so there are species
listed that were formerly more abundant, but now may be considered rare
(like the short-tailed albatross). This figure of 15 documented
observations was derived from its use in the states’ ornithological groups,
such as the Oregon Field Ornithologists. Accidental denotes those species
with <15 documented occurrences, or >15 records but the Columbia Basin
is not a regular part of the species’ range. Introduced denotes species that
are not native (that is, that likely did not occur before European
settlement) but that now breed in the Columbia Basin. Reintroduced
denotes native species that were eliminated from the Columbia Basin or
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reduced to such low population levels that additional individuals were
required to supplement or re-establish the species. Extirpated refers to a
native species whose originally native populations have been completely
extirpated from the Columbia Basin.

Three categories were used to describe the breeding status of the species.
Breeds is for those species with >5 documented breeding records by
separate pairs unless professionals familiar with the species believed that
breeding is probable but has not yet been documented. Non-breeder refers
to those species that occur in the state(s) but do not breed, or have <5
documented breeding records. Bred-Historically refers to those species that
used to breed in the state(s) but currently do not.

NHI did the alternative strategies analysis for the black bear and bald
eagle using basin-wide species distribution maps. NHI used data from
previous inventories or studies to validate these basin range maps. For
example, 29 years of bald eagle inventory data helped determine which 6th
HUCs should be a part of the bald eagle’s basin-wide range. With black
bear, the radio locations from a 3-year study in the Central Cascades of
Oregon helped clarify the Habitat Condition Index by comparing NHI’s
black bear distribution map with that from the study. Additionally,
species range information from lIdaho, Oregon, Western Montana, and
Washington further helped with the validation of NHI’s distribution maps
of bald eagle and black bear by comparing the maps with the Habitat
Condition Index model’s ranges. Our last review for accuracy compares
differences between species ranges in the literature with known
occurrence of suitable habitat. The databases and analyses of wildlife
KEFs were not validated; nor were the patterns of community function
resulting from our Ecological Functions Analysis. Clearly, work remains
to better quantify the ecological roles of wildlife, how those roles affect
BPS, and how management actions affect the functioning of communities.
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METHODS - ECOLOGICAL INTEGRATION

The summary is organized as follows:

Integrating Assessments of Fish and Wildlife Populations and Ecological
Functions

Influence of Habitats on Populations and Functions
Influence of Populations on Themselves

Influence of Populations on Other Populations
Influence of Populations on Habitats and KECs

Influence of Planning Alternatives and Management Activities on
Habitats

Changes through Space and Time

Integrating Assessments of Fish and Wildlife Populations and
Ecological Functions

The scientific principals of the Multi-Species Framework assessment process
call for an analysis of fish, wildlife, and their ecological functions for
evaluating alternative strategies for managing natural resources in the
Columbia Basin. The following sections present methods of the assessments
of what we are calling the Ecological Functions Analysis. The Ecological
Functions Analysis provides a method by which ecological functions of fish
and wildlife can be assessed individually and jointly.

There are many possible means by which fish and wildlife populations can
interact, and how such interactions can vary geographically and over time.
The purpose of the integrated fish-wildlife analysis is to provide a basis for
determining if and how management activities associated with basin-wide
planning alternatives significantly influence ecological interactions between
fish and wildlife, and the implications of such interactions on ecosystem
biodiversity, productivity, and sustainability.

The components of the Ecological Functions Analysis are shown in a diagram
depicting the major categories of fish-wildlife interactions that we considered
(Figure 111.C.1). This figure lists the following section headings representing
each type of interaction.
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Influence of Habitats on Populations and Functions

Integrating fish and wildlife information requires coordination of methods,
data sets, and terminology used to evaluate fish species, wildlife species, and
their ecological functions. The first step to relate terminology used by fish
and wildlife biologists is to describe habitat. Table 111.C.1 lists the KECs
(habitat elements) that are used in the SHP database to define wildlife habitat
elements. Table I11.C.2 lists EDT Level 2 Habitat Attributes for fish and
shows how the fish habitat attributes relate (i.e., crosswalk) to wildlife KECs.
This fundamental coordination of habitat language allows fish and wildlife
biologists to describe, in a common language, how management alternatives
can influence habitat.

In addition, the common language helps both wildlife and fish managers use
the SHP database that depicts which KECs are potentially influenced by
categories of strategies that collectively capture alternatives assessed in this
report. A Management Activities database in the SHP can, in future analyses,
be used by managers to help do impact assessments of management activities
on KECs for wildlife and on EDT Level 2 habitat attributes for fish. For
example, strategies that are described by a suite of standardized management
activities (in the SHP database) can be associated with changes in all KECs
(“habitat elements” in the SHP database) as depicted, to be influenced by
those activities. Then, cross-referencing which fish and wildlife species are
associated with the changed KECs and EDT habitat attributes, and knowing
the key ecological functions these species provide in the ecosystem, provides
a basis for linking alternative management strategies with ecological
functions of both fish and wildlife species.

The most fundamental interactions we assessed were the influence of habitats
and key environmental correlates (KECs) on populations of fish and wildlife
separately, that is, how fish habitats and KECs influence fish populations, and
how wildlife habitats and KECs influence wildlife populations.

Influence of Fish Habitats and KECs on Fish Populations — Use of EDT

For fish, analyzing the influence of fish habitats and KECs on fish populations
entailed use of the EDT model. This methodology is discussed more fully in
the section on Fish-Methods of this report.

Influence of Wildlife Habitats and KECs on Wildlife Populations and Functions —

Use of SHP

For wildlife, analyzing the influence of wildlife habitats and KECs on wildlife
populations entailed use of the Species Habitat Project (SHP) database to
evaluate potential presence by 61" HUC of wildlife species given the presence
of wildlife habitats and KECs. The broad-scale, basin-wide nature of the
current work, however, focused on the wildlife-habitat types, but neither
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Table lll.C.1

Number KEC

Definition

1.1.1.2 down wood

2121 predation

2.1.2.2 direct displacement
2.1.24 other

2.2.1 mountain pine beetle
222 spruce budworm recruitment
2.2.3 gypsy moth recruitment
2.3 beaver/muskrat activity
2.4 burrows

41.1 dissolved oxygen

41.2 water depth

4.1.3 dissolved solids

4.1.4 water pH

4.15 water temperature
4.1.6 water velocity

4.1.7 water turbidity

4.1.8 free water (derived from any source)
419 salinity and alkalinity
421 oxbows

4221 intermittent

4222 upper perennial

4.2.2.3 lower perennial

4231 open water zone
4.2.3.2 submerged/benthic

4.2.3.3 splash zone/periodically flooded
4.2.4.1 rocks
4.2.4.2 cobble/grave

4.2.4.3 sand/mud

4.25.1 submergent vegetation

4252 emergent vegetation

4.2.6 coarse woody debris in streams and
rivers

4.2.7 pools

4.2.8 riffles

429 runs/glides

4.2.10 overhanging vegetation

4211 waterfalls

4.2.13 seeps or springs

4.6 lakes/ponds/reservoirs weak

46.1.1 open water zone

4.6.1.2 submerged/benthic

4.6.1.3 splash zone/periodically flooded

in riparian areas direct use during overbank floods;
recruitment from riparian to channel over time; role of wood in
shaping channel structure

introduced fishes prey on juvenile salmon in freshwater (e.g.,
walleye, smallmouth bass)

competitive exclusion from foraging or reproductive habitat
(e.g., smallmouth bass in tributaries)

disease originating from introduced fishes

positive relation--down wood recruitment

positive relation--direct food source and down wood
positive relation--direct food source and down wood
positive provides habitat structure short & long term
positive provides habitat structure short & long term
positive relation--strict requirements

positive association with deeper waters

association with high-to-intermediate values

association with intermediate values
negative--requirement & association with coldest available
waters

association with intermediate values

negative--growth and survival decline as function of
concentration and duration

positive

association with high-to-intermediate values
positive--preferred habitat for rearing stages

occasional use but overall negative association
positive--frequent use

positive--heaviest use

positive seasonal heavy use

positive seasonal heavy use

positive seasonal heavy use (during peak flows)

positive association

strong positive association all life stages

generally negative association most life stages
occasional positive association

occasional positive association

positive association (cover, food supply, habitat-shaping
element)

positive association (cover, etc)

generally negative association

positive association

positive: cover, food source, indicator for complex, stable
channels

negative -- movement barriers

strong positive association in most life stages

positive association

use by some life stages

use by some life stages

use by some life stages



4.6.2.1
46.2.2
46.4.1
46.4.1
4.7.1
4721
4.7.2.2
49
5.1.3
514
53.1
53.2
5.3.3
54.2
5511

5.5.2
5.6
5.8.4
5.8.6
5.8.7
5.8.8
5.8.9
8.5
8.12.1
8.12.2
8.12.3
8.12.4
8.16
8.17
8.19.3
8.22
8.23

8.24
8.28

rocks
cobble/gravel
ponds (<2 ha)
lakes (>2 ha)
riverine wetlands
forest

non-forest
seasonal flooding
nearshore subtidal
pelagic

protected
semi-protected
partially exposed
kelp

fronts (e.g. tide rips and confluence

zones)

euphotic zone
water temperature
delta

lagoon
salt marsh
reef

tidal flat

diseases transmitted by domestic
animals
herbicides/fungicides

insecticides
pesticides

fertilizer

culverts

irrigation ditches

water pollution

bulkheads, seawalls, revetment
jetties, groins, breakwaters
water diversion structures
hatchery fish releases

use by some life stages

use by some life stages

use by juvenile rearing life stages
use by juvenile rearing life stages
use by juvenile rearing life stages
use by juvenile rearing life stages
use by juvenile rearing life stages
use by juvenile rearing life stages
use by all marine life stages

use by all marine life stages

use by all marine life stages

use by all marine life stages

use by all marine life stages

use by all marine life stages

use by all marine life stages

use by all marine life stages (visual foragers)

negative (prosper in coldest conditions)

positive association (food supply, physiological transition
zone)

positive association (food supply, physiological transition
zone)

positive association (food supply, physiological transition
zone)

positive association (food supply, physiological transition
zone)

positive association (food supply, physiological transition
zone)

negative effect of hatchery-origin fish and aquaculture
facilities

negative effect-high sensitivity to low exposures (lethal and
sublethal effects documented)

negative effect-high sensitivity to low exposures (lethal and
sublethal effects documented)

negative effect-high sensitivity to low exposures (lethal and
sublethal effects documented)

negative effect through toxicity or through eutrophication
negative -- partial or complete migration barriers

negative -- movement barriers, mortality sinks

negative -- manifold effects on survival/growth/behavior
generally negative, simplifies habitat structure

generally negative, simplifies habitat structure

negative, movement barrier population sinks

generally negative, adverse effects on growth, survival,
behavior, and genetic basis for local adaptation, and often
stimulates predation pressure

* Number codes refer to the classification system for KEFs or key ecological functions, as shown in Table 1 -

Section 3.3

** Source: C. Frissell, pers. Comm.
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Table 1ll.C.2 Management Activities linked to KECs.

FIRE MANAGEMENT

OCOow>»

Suppressing wildfire

Low to moderate intensity burns
High intensity burns

Fire (in general)

FRESHWATER WETLAND, RIPARIAN, AND AQUATIC RESOURCE MANAGEMENT

XS<CHODODVOZIrAE"IOIMUO®Y

Creating and maintaining impoundments

Controlling water levels

Creating/maintaining islands or rafts within impoundments
Draining wetlands, marshes, ponds, lakes

Increasing water supply

Decreasing water supply

Burning wetlands to maintain successional stages
Restoration of wetlands

Wetland management techniques

Flooding fields and wetlands

Removing riparian vegetation

Livestock grazing of riparian areas

Adding coarse woody debris and boulders to streams and rivers
Removing coarse woody debris from streams and rivers
Restoring/maintaining beaver populations

Retaining riparian buffer strips

Armoring banks for erosion control

Controlling sedimentation by revegetation of banks with grass-sedge-forb mixtures
Controlling water pollution

Disposing/assimilating wastewater

Dredging

Locating/constructing stream crossings

Controlling aquatic plants

Chanelization

ROAD MANAGEMENT

moowp

Road construction and obliteration

Operational aspects of road maintenance and use
Road closures

Bridges (in general)

Roads (in general)

AGRICULTURAL ACTIVITIES

CTIOMMOOWP

Applying fertilizers

Applying pesticides

Applying herbicides

Applying fungicides

Haying/mowing

Maintaining grasses and forbs within orchards, Christmas tree farms vineyards etc.
providing/maintaining vegetation along field and ditch margins

Retaining crop residue

Implementing farmland conservation programs

Irrigating



VI.

VII.

VIIL.

Altering drainage

Decreasing water supply - flow withdrawal

No-till farming/minimum till farming

Clean farming

Strip intercropping

Conversion of native habitats

Control of vertebrates considered to be agricultural pests
Providing artificial nesting sites

Agriculture (in general)

NITOTVOZZIMA

SHRUBLAND AND GRASSLAND MANAGEMENT

Mechanical vegetation management

Burning

Using herbicides

Restoration

Conversion of shrubland to native or non-native grassland
Livestock grazing

Shrubland management (in general)

Grassland management (in general)

IOTMOUO®y

LIVESTOCK MANAGEMENT

A. Livestock grazing

B. conversion of shrubland to native or non-native grassland
C. Creating or providing stockponds

D. Excluding livestock from riparian areas

FENCING

A. Fencing to control or direct wildlife access

B. Fencing to product or restore habitat

C. Fencing to excluding livestock from riparian areas

MINING ACTIVITIES

Site reclamation

Surface/strip mining and processing
Underground mining and processing
Maintaining access to abandoned subsurface mines and tunnels
Placer prospecting and mining

Mineral exploration

Sand/gravel (aggregate) and peat mining
Mining (in general)

Mining activities involving blasting

Oil and gas extraction

CTIOMMOOWP

FOREST MANAGEMENT
A. Harvest Operation Activities:

Clearcutting

Shelterwood cuts

Seed tree cuts

Group selection

Selective harvest across all tree sizes

Selective harvest of specific sizes or conditions or species
|IV|cuItura/Stand Improvement Activities:

nwoakwnhpE



XI.

Pre-commercial thinning
Commercial thinning
Pruning

Type conversion
Prescribed burning
Applying insecticides
. Forest management (in general)
ite prep/Tree Establishment Activities
Applying herbicides
Fertilizing plantation
Removing slash
Planting or seeding for reforestation
Tilling prior to planting
abitat Management Activities
Maintaining mature/old growth
Grazing livestock
Retaining medium-sized green trees
Retaining large green trees
Retaining trees with defects
Creating/maintaining edges
Retaining mast trees
Retaining forest openings
Developing/maintaining brush/slash piles
10. Retaining/providing dead/down wood
11. Retaining/creating snags
12. Retaining riparian buffers
13. Providing artificial nest sites
14. Creating/maintaining corridors
Incidental Activities:
Introducing exotic vegetation
Creating water sources
Removing hazard tries
Building skid roads and landings
rest vertebrate pest control
pecial Forest Products
Firewood cutting
Harvesting wild mushrooms
Bough collection
Special forest products (in general)

NoONDO LN

©COoNOTrWNETORWNDE

PONMNPOHOOMONE

MARINE ACTIVITIES

Iommoowmy»

Marine dredging and filling

Harbor, marina, and ferry terminal development
Residential docks in marine and freshwaters
Toxic spills in fresh and saltwater

Marine shoreline armoring

Developing underwater marine structures
Marine fisheries

Aquaculture

URBAN DEVELOPMENT

Simplifying species composition and/or structure



XII.

XII.

GMmMOOwW>

Paving

Building houses and businesses

Owning domestic animals

Urban aquatic habitat management
Landscaping and vegetation management
Water quality and stormwater management
Establishing/maintaining greenways/greenbelts

RECREATIONAL ACTIVITIES

CTIOMMOUOWm>»

Trail use and camping
Snowshoeing/snow skiing/sledding
Mountain/rock climbing

Motorized boating

Non-motorized boating

Swimming

Off-road driving

Snowmobiling

Aircraft use

Recreational developments

RIGHT-of-WAY MANAGEMENT

A.

Utility Corridors

Table 1ll.C.2 Management Activities linked to KECs.
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their structural conditions nor the presence of specific KECs. Such refinement
is left to the next step in which more spatially-refined subbasin analyses are
conducted.

To evaluate potential occurrence of ecological functions by 6t" HUC, we
linked wildlife species (predicted present based on their wildlife habitat
associations) to their KEF categories to determine which functions could be
provided. This database query listed the number of wildlife species
(functional redundancy) for each combination of KEF category and wildlife
habitat type, occurring within each 6th HUC. We used the percent of each 6t
HUC occurring in each wildlife habitat type as a weighting factor for
functional redundancy, for each KEF category, thereby calculating a 6t HUC-
wide weighted estimate of functional redundancy for each KEF category. It
was this weighted value of KEF functional redundancy that we then used for
mapping KEF functional redundancy conditions for historic, current, and
future states, and for mapping changes in such conditions among time
periods.

Although the resolution of these maps was the 6th HUC level, we strongly
suggest viewing results at larger geographic areas, such as province and
basin-wide levels. Also, at the finer, subbasin scale, incorporation of KECs
and structural conditions of wildlife habitats would greatly help refine this
functional analysis by providing a more precise description of environmental
conditions by which to predict species presence.

Influence of Fish Habitats and KECs on Wildlife Populations

A number of wildlife species are associated with aquatic and riparian habitats
and KECs that influence fish. Examples include most amphibian species,
marine and freshwater aquatic and semi-aquatic mammals (such as whales,
mink, and river otter), and many aquatic and semi-aquatic birds (such as
many shorebirds, ducks, geese, and others) that feed on aquatic
macroinvertebrates. For instance, the SHP database, in fact, lists 135 wildlife
species that associate with some type of freshwater riparian or aquatic body,
and that feed on freshwater aquatic macroinvertebrates. Other wildlife
species also influenced by fish KECs include wildlife species associated with
flowing streams, stream temperature, stream and lake substrates,
macrophytes and submergent vegetation, and other environmental factors.

The main purpose of highlighting this type of interaction is to be able to list
wildlife species potentially benefited when providing for fish habitat
conditions. Ultimately, we propose depicting habitat types, habitat
structures, and key environmental correlates jointly for fish and wildlife
under a combined classification system.
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KECs (Habitat Elements) Shared by Fish and Wildlife

Managers of natural resources in the Columbia Basin have recently been
discussing the need to incorporate fish and wildlife habitat components into a
common format for evaluation or assessment. We address this need by using
the KECs (habitat elements) as a basis to integrate our depiction of fish and
wildlife habitat components. The process of combining fish habitat attributes
into the list of wildlife KECs has been started for Chinook salmon and bull
trout. Fisheries ecologists in the EWG identified 74 KECs used by various life
history stages (Table 111.C.1). This was a pilot effort to demonstrate the
feasibility of bringing fish and wildlife habitat information together.

Proposed Framework efforts include efforts to expand this work by
identifying KECs of all resident and anadromous fish species in the Columbia
Basin by various life stages.

Once the list of KECs is expanded to include additional species of fish, then
managers will be able to evaluate management strategies using a common set
of variables for fish and wildlife. While this is seemingly a small step
forward, it allows managers to determine how proposed land management
activities, under a specific planning alternative, can affect the KECs listed in
Table I11.C.1 and thereby influence both salmon and wildlife associated with
those elements. We demonstrated this assessment approach by querying
databases listing management activities (Table 111.C.2) associated with a given
management activities or alternative strategy. We then listed KECs influenced
by those management activities, and then we identified which species of fish
and wildlife are associated with those KECs. Once knowing which species
are involved, the key ecological functions (KEFs) for fish and wildlife can be
jointly assessed. In this way, ecosystem functional diversity and functional
redundancy can be described for all vertebrate species in the basin in a
common assessment.

Influence of Populations on Themselves

In some cases, fish or wildlife populations can have an influence on
themselves. Such influence can take the form of density-dependent
demographic relations as are depicted in traditional Ricker recruitment
curves or Beverton-Holt functions. The wildlife analogue to this is found in
population models represented by logistic equations, in which changes in
population size occur as a function of population carrying capacity. Other
influences may manifest through the effects of functional roles (KEFs) on
habitat attributes and conditions, such as salmon changing the substrate
structure of spawning gravel and thereby altering the capacity of the
environment for spawning. Although we have not specifically modeled such
within-species effects, they nonetheless might prove salient in some cases,
and are worth noting.
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Influence of Populations on Other Populations

Another class of interactions between fish and wildlife populations is how
organisms can affect other species directly. Examples include predator-prey
relations and competition for resources or space.

Influence of Fish Populations on Wildlife Populations

One of the major ways that fish populations can directly influence wildlife
populations is through wildlife predation on fish, that is, as fish serving as
prey for wildlife. We analyzed this in two ways: general patterns of wildlife
predation on salmon, and wildlife species-specific use of salmon carcasses as
an example of a more in-depth type of wildlife population analysis that can
be done. The focus here is on affects on (benefits to) wildlife.

We analyzed how each of five salmon life stages serves as potential food for
wildlife species. The SHP database depicts use of salmon life stages
according to combinations of the six degrees of association (strong and
consistent, recurrent, indirect, rare, unknown, and no relationship) and the
five salmon live stages. We tallied number of wildlife species according to
combinations of association and stage. Some wildlife species may have
different degrees of association with different salmon life stages, and feed on
more than one salmon life stage.

Influence of Wildlife Populations on Fish Populations

In some cases, wildlife populations might directly affect fish (salmon)
populations through predation. Examples may include predation on rearing
and saltwater stages of salmon by Caspian terns. In many cases, actual effect
on fish population size, trends, and vital rates from such predation is
unknown and unstudied, although such effects are sometimes viewed as
important.

Recently, a comprehensive effort was undertaken to determine what wildlife
species in Oregon and Washington have a relationship with salmon. A
literature review conducted on this topic indicated a general lack of
information on the relationship between the 605 species of wildlife that occur
in the region and their use of salmon. Wildlife and fish species experts were
contacted to address this lack of published knowledge about salmon use by
wildlife. These experts were asked to address use of the five life stages of
salmon as providing direct or indirect forage for wildlife species occurring in
terrestrial, freshwater, estuarine, or marine environments. The life stages
include incubation (eggs and alevin), freshwater rearing (fry, fingerling, parr),
saltwater (smolts, immature adults, adults), spawning (adults), and carcasses.
The strength of the relationships were also identified and classified as: strong
and consistent, recurrent, indirect, rare, unknown, and no relationship. The
results from the comprehensive effort are reported in Cederholm et al. (2000).
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Future evaluation of fish and wildlife interactions will build on the
relationships documented in Cederholm et al. (2000). We anticipate that
future reports will discuss: disease transmission between fish and wildlife;
fish-fish interactions (e.g., salmon subject to predation by small mouth bass)
that could influence wildlife; fish habitat influences on wildlife; wildlife
functions that influence habitat of fish; and wildlife functions that are affected
by salmon predation.

Influence of Populations on Habitats and KECs

Another type of interaction influence is that of how the ecological roles of
organisms might alter KECs and habitat elements of other species. This
includes how fish can alter KECs for other fish, and how wildlife can alter
KEC:s for fish. Other combinations are also possible, but we considered these
as the most salient for broad-scale interpretation.

Influence of Fish Populations and KEFs on Fish Habitats and KECs

The behavior of some fish might influence the habitats and KECs of other fish
species. One example is how bottom-dwelling and —feeding fish such as carp
can roil the substrate, reducing capability of the environment to support other
organisms such as rooted submergent vegetation along with the attendant
aquatic macroinvertebrates such vegetation can support. In turn, other
invertebrate-feeding fish species may become reduced as well. Bottom

roiling can also directly change the physical texture, potentially reducing
spawning or feeding substrates for other species. Other fish-KEC interactions
also likely occur.

Influence of Wildlife Populations and KEFs on Fish Habitats and KECs

In some cases, the ecological roles of wildlife organisms can influence habitat
elements and KECs for fish. We are exploring this type of relation in greater
detail, as it may provide to be a salient basis for an integrated approach to
fish and wildlife habitat management.

One example is how some wildlife species might change the riparian and
aquatic environments, altering specific KECs for fish such as salmon. For
instance, American beaver, nutria, and several other wildlife species have the
ecological role of creating aquatic structures, such as dams and lodges, which
can alter stream flow and change stream morphology and stream substrates.
In particular such changes might serve to alter several KECs of importance to
salmon, notably degree of gravel embeddedness, temperature spatial
variation, variation in channel width, and daily variation in stream flow rates.
These are fish KECs recognized in the EDT model as of particular importance
to salmon. A number of other wildlife KEFs and relations to fish KECs can be
identified using the SHP database.
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Although our broad-scale modeling does not yet quantitatively integrate such
wildlife influences on fish KECs, our analysis sets the stage for such
consideration and analysis at finer levels of spatial resolution. To this end,
we have crafted an operational prototype of a Bayesian belief network to
exemplify how such effects can be modeled, using the example discussed
above (Figure 111.C.2).

Influence of Planning Alternatives and Management Activities on
Habitats

The major way in which management activities can influence fish and
wildlife, as considered in this report, is through their effects on fish and
wildlife habitats and KECs. Such effects can be depicted by using the SHP
databases and EDT models. For example, we listed the wildlife KECs
pertaining to species that can have major influence on fish KECs, and then
determined the set of management activity categories that could influence
such wildlife KECs. In this way, we can provide general information on
which categories of management activities might have the greatest influence
on the largest number of wildlife and fish KECs that, in turn, can have
various interaction influences.

Changes through Space and Time

Finally, all the above influences and interactions should be viewed as
potentially changing through space and time. Changes through space entails
knowing how conditions in one location directly or indirectly cause changes
in other locations, such as downstream effects of upstream changes in upland
and riparian vegetation cover. At present, our Framework analysis deals
with such effects either not at all, as with our wildlife habitat and functional
analyses, or only indirectly, as with the EDT modeling analyses.

Modeling time-dynamic changes is difficult and for this broad-scale
Framework we have focused on three time periods: the historic condition
(roughly indicating potential historic conditions), the current condition, and
future potential conditions under each of the three scenarios we explored. As
the Framework is applied to more local scales, analyses should be run to
determine some transition periods among these three major conditions as
well.
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METHODS - ADDRESSING UNCERTAINTY

This section of the Methods addresses uncertainty; it is organized as
follows:

Uncertainty and Use of a Scientific Approach
Uncertainty as Handled in this Report
Worldviews

Uncertainty and use of a Scientific Approach

The Framework utilizes two streams of science (sensu Holling 1996). The
first stream (reductionist) is a science of parts whereby specific
experiments are conducted to assess specific questions and processes that
effect specific variables and to address null hypotheses with “either/or”
outcomes. Information from this level is used (when data are available) to
describe the ecological attributes (i.e., key environmental correlates) and
change/trends in the Columbia Basin. The goal of this level of science is
to narrow (e.g., using brief time frames and small areas) the focus of the
experiments and resulting information to the point that uncertainty is
reduced to an acceptable level and that most peers will agree on the
resulting conclusions. A problem with using this focused approach
within an ecological context is that once a piece (i.e., small area within the
basin) is pulled out and studied and null hypotheses accepted or rejected,
there is a tendency to extrapolate the findings to the entire basin without
integrating findings from adjacent small areas.

The second stream of science used in the Framework is the integration of
parts (Holling 1996). Scientific evaluation at this level occurs not by
conducting specific experiments but by synthesizing information from
unplanned as well as planned interventions in the whole system or by
comparing and contrasting extreme examples. Challenges by peers are
important at each step of the process (agreement among peers is probably
the exception rather than the rule). These challenges are based on
multiple lines of evidence (versus experimental results).

The purpose for using the second stream of science in the Framework
process is to gain a basic understanding of how the ecological system
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functions and how it might respond to proposed alternatives. These are
difficult to impossible to fully analyze for the entire array of environments
in the Columbia Basin using only traditional experimental approaches.

These two streams of science relate across spatial scales (Figure 111.D.1).
The reductionist approach to science is practiced at the 6-HUC or smaller
area. At this scale, environmental attribute data are most often described
with a variance term using conventional statistical tools. Due to an initial
lack of data (much less variance of data) across the basin, analyses are (at
first) deterministic. The holistic approach of the second stream of science
integrates information across landscapes, land ownerships, and subbasins,
up to the basin or province, and synthesizes information from different
sources, experts, and studies, where available. The second stream of
science addresses questions and hypotheses that are related to patterns
across the basin or province (e.g., how much habitat enhancement is
required to improve chinook productivity at the province level by 10
percent?).

The Framework does not solely follow either stream of science. It is
conceived and designed to address questions across the hierarchical levels
simultaneously, so that knowledge of, and actions pertaining to, each level
in the hierarchy is used in context of other levels. Thus data collection and
analysis methods are coordinated with levels above and below. The
process of coordinating data, analysis rules and language across levels is
difficult. Resolving these difficulties takes time and effort to communicate.
There are many possible benefits for addressing these difficulties. The
benefits of taking an adaptive assessment approach to solve these
difficulties (as illustrated in Figure I11.D.1) are: (1) Increased system
understanding passing through to the lower levels of the hierarchy and (2)
Increased statistical rigor (i.e., attention to bias when estimating
environmental attributes and to experimental error, sensu Karl et al. 2000)
when collecting data at specific sites for testing basin-scale questions and
hypotheses.

As the Framework is implemented, uncertainty associated with
environmental parameters can be quantified and estimated as variances in
their values in specific geographic and ecological contexts. Such estimates
can be aggregated (i.e., step up the spatial hierarchy) to address
hypotheses formulated during the Framework analyses presented in this
report. Understanding of the whole system gained from the first
Framework analysis will step down to provide an understanding of how
the fuller system might function at the scale of smaller areas (6-HUCS) of
the basin. This process of increasing statistical rigor at the basin and
province scales, and increasing understanding of the system at the
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subbasin and 6-HUC scales, actually pertains to many activities that
improve learning through time. This is part of adaptive management in
the sense of Holling (1978) and Walters (1997).

Adaptive management in the Framework process addresses uncertainty
for both levels of science by: (1) Defining questions and goals, (2) Stating
working hypotheses via working models that clearly articulate
assumptions and predictions, (3) Implementing management actions and
research to address uncertainty, by devising management as science
experiments, and (4) Monitoring and interpreting the results of
management actions (Figure 111.D.2). If this process determines that
assumptions are met or addressed and world view analyses provide the
explicit comparisons that contribute to the decision making process, the
process ends with using the answers to the questions to reaffirm or revise
current management direction. If monitoring cannot or does not allow
assumptions to be adequately addressed or if worldview analyses are not
explicit, re-evaluation will be necessary and one should enter the adaptive
management evaluation process again (Figure 111.D.2). Re-evaluation
might involve collection of data to address uncertainty associated with
environmental attributes and Bio-rules, reformulating questions or
modifying worldviews or alternatives. As the Framework process started
we, as others (Karieva et al. 2000), realized data was lacking by which to
parameterize a stochastic model for the whole basin. As a consequence,
our model runs are designed to be deterministic. Results from our
deterministic analysis are not meant to appear certain. They are meant to
be the basis for formulating hypotheses about how the information from
small 6-HUCSs can be integrated to answer holistic questions.

In summary, we propose, in this Framework, that scientific uncertainty be
addressed by using an adaptive assessment and management process.
Uncertainty for both streams of science will be addressed as the
Framework is applied so that when change is detected at the local level, it
can be related to and understood in the context of the whole, evaluated,
and turned into action to evaluate management guidelines designed to
maintain or restore desirable ecosystem functions.

Uncertainty as Handled in this Report

The Ecological Work Group of the Framework determined that data were
not available by which to parameterize a stochastic model to assess the
proposed alternatives at the basin and province levels. The EDT and HCI
models were run in a deterministic mode and as such do not explicitly
address uncertainty (variability) for the first stream of science (that
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addresses local conditions. Uncertainty for the first stream of science will
be addressed by incorporating more attention to variance and explicitly
uncertainty as the Framework process moves forward. Uncertainty
associated with the second stream of science — that is, uncertainty over
how the entire system as a whole is thought to function — is addressed for
each of three Framework alternatives by use of the concept of world
views. The three Framework alternatives examined in this report describe
three different future visions (based on three different world views) for
fish and wildlife management in the Columbia River Basin. The analyses
of world views pertain to chinook issues and as such do not address
wildlife and fish/wildlife analyses conducted for the alternative analyses.
The wildlife analyses at this phase of the Framework are intended to be
illustrative of how populations and functions could be addressed at the
subbasin level.

Inherent in each of the world views is a set of assumptions about the way
the world works. Because our knowledge of these assumptions is
imperfect, there is uncertainty as to the overall fish and wildlife benefits
each alternative may provide.

Our analyses examine the elements of uncertainty and risk by evaluating
each alternative and determining the maximum benefit and risk resulting
from its implementation. Benefits and risks vary by world view.
Maximum benefit is achieved when all of the critical assumptions inherent
in the world view represent correct guesses about how the biological
systems truly operate and respond to human activities. The maximum
risk is the outcome when these same assumptions are all wrong. The
purpose of this section is to present an assessment of the uncertainty and
risks inherent in the three alternatives. We describe how the alternatives
perform under two opposing worldviews, which we refer to as
Technology Optimistic and Technology Pessimistic. We present a third
worldview, Moderate, which shows an intermediate position that reflects
likely outcomes when only a portion of the assumptions inherent in the
Technology Optimistic and Technology Pessimistic worldviews actually
represent the true State of Nature (Table I11.D.1).

In Table I11.D.2 we show how each of the alternatives should perform in
relation to the worldviews based on the assumptions inherent in each
alternative. Each of the three alternatives were analyzed under each of
these three world views, resulting in nine analysis outcomes. The range of
analysis outcomes represents, in a sense, the spread of expected results
under the various world views they represent, that is, the uncertainty of
how the world and its biological systems operate.
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Alternative 2

Alternative 5

Alternative 6

If Technology Optimistic
worldview istrue

Outcomefor Alt 2 if
“TO” istrue

Outcomefor Alt 5if
“TO” istrue

Outcomefor Alt 6if
“TO” istrue

If Moderate worldview is
true

Outcomefor Alt 2 if
“M” istrue

Outcomefor Alt 5if
“M” istrue

Outcomefor Alt 6if
“M” istrue

If Technology Pessimistic
worldview istrue

Outcomefor Alt 2 if
“TP’ istrue

Outcomefor Alt 5if
“TP’ istrue

Outcomefor Alt 6 if
“TP’ istrue

Table lll.D.1 Analysis matrix for the three worldviews.




Alternative 2 Alternative 5 Alternative 6
If Technology Optimistic Worst Case Worst Case Best Case
Worldview is true
If Moderate Worldview istrue Intermediate Intermediate Intermediate
If Technology Pessimistic Best Case Best Case Worst Case

Worldview is true

Table 1ll.D.2 Analysis performance matrix for the three alternatives by worldview.
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Alternative 2 and 5 should perform best under the Technology Pessimistic
worldview because they depend least on technology for successful
performance, and Alternative 6 should perform best under the
Technology Optimistic worldview because it depends most on technology
for successful performance, where performance refers to future size and
trend of chinook salmon populations.

However, our real interest in how we deal with uncertainty lies in how the
alternatives perform when we guess incorrectly about how the world and
its biological systems operate. For Alternatives 2 and 5, this occurs when
we implement either alternative and discover later that the Technology
Optimistic worldview was more accurate. For Alternative 6, the worst-
case scenario results when we implement the alternative and eventually
determine that the Technology Pessimistic view of the world was more
accurate. As in life, we would like to choose an option that performs well
even when we are wrong about a number of key assumptions.

In the following subsection we present the results of the worldview
analysis.

Worldviews

The results of the worldview analysis presented in this section show
chinook production potential (abundance) by alternative and worldview,
at the basin scale (Figure 111.D.3).

The data presented in 111.D.3 show that at the basin level Alternative 2
might be expected to outperform the other alternatives.

As expected, Alternative 2 performs best under the Technology
Pessimistic worldview and poorest under the Technology Optimistic
view. However, even under the worst case condition (Technology
Optimistic) Alternative 2 produces a larger increase in chinook
abundance than any other alternative (within worldviews).

Alternative 2 produces the highest benefits when it is assumed that
juvenile transportation is ineffective, in-river survival rates are low,
ocean nearshore survival is high, and hatchery fish fitness and post-
release survival are low.

Because the increase in chinook abundance for Alternative 2, under the
worst case scenario is greater than the best-case scenario for the other
alternatives, there is less risk and uncertainty associated with the
selection of this alternative (at least with regard to producing more
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chinook). Under the best-case scenario (all assumptions are true)
chinook abundance may increase by as much as 381 percent; under the
worst case, 164 percent.

The cost of implementing Alternative 2 has been estimated at ~$765
million a year. In contrast, the cost of implementing Alternative 5 and
Alternative 6 has been estimated at $390 million and $210 million,
respectively. Thus, to reduce uncertainty to the level shown for
Alternative 2, the region must pay an additional $375-$555 million a
year (CH2Mhill 2000).

Note that all of the alternatives, regardless of worldview, increase
overall chinook abundance by more than ~107 percent. Therefore, the
implementation of any of the alternatives should result in a significant
increase in chinook production over current. In the figures below we
show that some alternatives achieve the increase through actions that
emphasize natural production (Alternative 2); others through the use
of hatcheries (Alternatives 5 and 6).

Alternative 5 improves chinook production potential from 114 percent
(Technology Optimistic) to 216 percent (Technology Pessimistic). This
alternative performs best when it is assumed that transportation is
relatively ineffective, in-river juvenile survival is low, nearshore ocean
survival rates are high, and habitat restoration actions in the tributaries
are effective. In fact, Alternative 5 requires the largest increase in
freshwater habitat productivity of all the alternatives to produce the
number of chinook shown in Figure 111.D.3.

Because dams are not removed in Alternative 5, the juvenile
transportation program eliminated during the early spring and
summer could be revived if research confirmed transportation survival
benefits. This flexibility reduces the risk associated with guessing
wrong about the transportation assumption (i.e. ineffective).

Alternative 6 improves chinook performance by 107 percent
(Technology Pessimistic) to 122 percent (Technology Optimistic).
Alternative 6 is therefore relatively insensitive to the assumptions
included in the worldviews. Most of the chinook production increase
in this alternative is a result of improvements made in tributary habitat
and hatchery fish fitness.

Alternative 6 performs best when it is assumed that transportation is
effective, ocean nearshore survival is low, hatchery fish fitness is high
and habitat actions focused on the tributaries are effective in increasing
freshwater productivity. In short, Alternative 6 assumes that we have,
for the most part, mitigated for hydro impacts through transportation
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and juvenile bypass facilities, and therefore efforts should now be
focused on improving tributary habitat.

Alternative 6 relies on the least amount of improvement in freshwater
habitat productivity to achieve its objectives. Thus, there is less risk
associated with Alternative 6 in regards to meeting the habitat goals
embedded in the alternative in comparison to the others.

The transportation program could be eliminated in Alternative 6 if
research shows this program to be ineffective. This flexibility reduces
the risk of guessing incorrectly about the effectiveness of the
transportation program.

It should be noted that in all of the alternatives it is assumed that the
actions were implemented as designed. This means that dams can be
removed and habitat can be improved, in some cases dramatically on
both public and private lands. There is considerable risk that in the
non-modeling world (i.e. real world) that some actions may be
politically impossible to implement or, over time, become socially
unacceptable. Thus, attempting to implement an alternative that
requires significant social change may pose greater risk than one that
does not.

The data in Figure 111.D.3 show the percent increase over current in
chinook production potential for each of the alternatives. For clarity sake,
we also present the estimated number of adult chinook produced by
alternative and worldview in Figure 111.D.4. From the data in Figure
111.D.3 we conclude:

Total chinook production potential is less than 1,000,000 adults for all
alternatives under all worldviews.

Under their respective best case scenarios Alternatives 2, 5, and 6
produce 992,000 728,000, and 755,000 chinook adults, respectively. In
the worst case scenarios, Alternative 2, 5 and 6 chinook production
decreases to 898,000, 652,000 and 428,000 chinook, respectively. The
point to be made is that the difference between the best case
(Alternative 2) and worst case (Alternative 6) is approximately 564,000
adults. This defines the maximum reward possible for choosing the
right alternative and State of Nature. Because there is good deal of
uncertainty around this estimate, it is up to resource managers to
decide whether doubling or halving the number would have any
impact on the selection of one approach over another.

Although total chinook production may weigh heavily in the selection of a
preferred alternative, a second, and probably just as important criterion,
in the selection process is each alternative’s reliance on natural versus
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Section 111.D — Addressing Uncertainty

hatchery production to achieve its objectives. The percent of the total
chinook production that natural fish make up for each alternative is
shown in Figure 111.D.5.

The key points the reader should come away with from the data presented
in Figure 111.D.5 include:

Alternative 2 actions result in a Columbia River system that
emphasizes natural over hatchery production. The emphasis on
natural production poses some risk however as it means that
assumptions regarding our ability to improve and recover habitat
become more critical. As habitat actions will require many decades to
both implement and derive fish survival benefits, the pay-off of as to
when the region could see the run sizes depicted for the alternative
may be longer than the other alternatives which rely more heavily on
hatcheries.

The approach taken in Alternative 2 (e.g. recover mainstem habitat,
increase habitat connectivity, restore ecosystem function) is more
consistent with the Council’s Scientific Principles (Appendix I). If our
assumption is that by following these principles the region is much
more likely to improve chinook performance, then there is less risk in
selecting an approach like Alternative 2 in comparison to the others.

Some of the actions included in Alternative 2 may not be internally
consistent. The alternative emphasizes natural production yet still
allows for the continuation of a large hatchery production program.
Because there is still considerable debate (uncertainty) as to the impact
hatchery fish have on wild stocks, either eliminating or severely
curtailing the hatchery program could reduce this risk.

The implementation of Alternatives 5 and 6 result in a Columbia River
system heavily dependent on hatchery production to achieve their
respective chinook performance objectives. This is especially true if
the Technology Optimistic worldview best represents the correct State
of Nature. A decision to place a large emphasis on hatchery
production poses significant risk to natural (wild) fish through the
mechanisms of competition, disease, genetic introgression and harvest.
A major assumption, and therefore risk, inherent in both Alternative 5
and 6 is that the region can maintain a large-scale hatchery program
and increase natural chinook abundance through aggressive habitat
measures directed at the tributaries.
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The level of natural production resulting from each alternative is also
important for it has a direct effect on the regions ability to meet ESA
requirements. These effects are best seen by looking at the impacts each
alternative has on the listed ESU’s (Figure 111.D.6). It should be noted that
the data shown in Figure 111.D.6 are for the Moderate worldview only.
These results are sufficient to make the key points presented below.

Alternative 2 substantially increases chinook abundance, productivity
and life-history diversity in all ESU’s. Thus, there is less risk
associated with this alternative in regards to recovering listed chinook
stocks.

It is evident from the data in Figure I11.D.6 that each of the alternatives
provides the least amount of benefit to upper-Columbia River ESU’s
(12 and 13). This is especially true for the productivity parameter,
which for ESU 12 is actually reduced under Alternatives 5 and 6.
These data point to the fact that actions in all of the alternatives have
been focused primarily on improving chinook performance in the
Snake River (ESU’s 14 and 15). To reduce the extinction risk for stocks
originating in the Upper-Columbia River, consideration should be
given to implementing more actions in these ESU'’s.

The difference in chinook performance in Alternatives 5 and 6 indicate
that performance in some ESU’s (e.g 12 and 13) could be improved by
simply shifting habitat actions from public to private land or vice-
versa. The poor response for ESU 13 under Alternative 6 is in a large
part the result of implementing less effective (lower intensity) habitat
actions on private lands in comparison to Alternative 5. To reduce the
risk that Alternative 6 may actually reduce productivity in some ESU’s,
more thought needs to be given to where habitat actions are
implemented (public or private) and at what scale (intensity).

The large improvement in chinook abundance for ESU 14 under
Alternative 2 comes primarily from new spawning habitat created in
the Snake River and John Day pool. In contrast, the majority of the
chinook production for ESU 14 under Alternatives 5 and 6 results from
increased production in the John Day, Deschutes and Umatilla Rivers.
Alternative 2 basically assumes that dam removal will create two
populations with greater abundance than the Hanford Reach fall
chinook population. It will be difficult, if not impossible to test the
validity of this assumption without actually removing a project.
Removing a smaller dam on a tributary could possibly test this
assumption.
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To increase the performance of natural fish, each of the alternatives
includes actions that improve freshwater habitat conditions. The amount
of habitat improvement expected from each alternative is shown in Figure
1.D.7.

Key points for Figure 111.D.7 include:

All of the alternatives require a substantial increase in freshwater
productivity in order to increase chinook performance throughout the
Columbia River Basin. Alternative 5 requires the most improvement in
freshwater habitat, while Alternative 6 requires the least. Ata
minimum the alternatives assume that freshwater habitat productivity
can be improved by 35 percent. This is a relatively large improvement
that may not be achievable either as a result of social constraints or due
to the ineffectiveness of habitat actions.

The data in Figure 111.D.7 should not be interpreted as requiring a 35
percent-66 percent improvement in freshwater habitat in all reaches of
the Columbia River Basin. Instead, the correct interpretation is that the
alternatives require that we eliminate 35 percent-66 percent of the
identified habitat problems. These problems may be as simple as
removing a small blockage or as complex as restoring late summer
stream flows in a tributary dewatered as a result of agricultural
practices. Regardless, under either interpretation there is still
considerable risk that this range of improvement in freshwater habitat
cannot be achieved. However, the exact scale of the effort, and thus
probable success, will not be known until after a Diagnosis has been
completed for all of the subbasins. It is envisioned that the Diagnosis
would be performed as part of the Assessment and Subbasin Planning
phases of the Council’s Framework program.

Each of the alternatives assume a different level of habitat restoration
effort (intensity) dependent on whether this habitat is located on
private or public lands. Alternative 2 places equal effort in improving
habitat on private (2) and public lands (2). Alternative 5 emphasizes
habitat actions on public land (3) over private (2), while Alternative 6
requires the same amount of effort as Alternative 5 does for public
lands (3) but significantly less on public lands (1). It is assumed that
there is more risk associated with an alternative that requires
substantial improvement in habitat on private lands in comparison to
an alternative that relies on actions on public lands.

The Technology Optimistic worldview assumes that less habitat
improvement is needed because the quality of the habitat is better than
assumed under the other worldviews. The risk in making such an
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assumption is that regional managers may underestimate the amount
of effort (and costs) required to achieve habitat objectives.

In regards to hatcheries, the data in Figure 111.D.8 show the overall
expected adult return rate for hatchery fish by alternative and worldview.
The main points from Figure 111.D.8 include:

The adult return rates in this figure should be considered a long-term
average. There will be years when the adult return rate is higher and
years when it is lower. Thus, resource managers should not expect to
see these adult return rates in every year for every stock.

All alternatives assume that hatchery fish survival can be improved
through the use of innovative culture practices (NATURES, etc.) and
that this improvement would result in a ~50 percent increase in
hatchery fish survival. Studies underway in the Yakima and other
basins should help determine the validity of this assumption in the
next three years. For now then, there is considerable risk that these
survival benefits cannot be achieved.

The adult-return rates shown for yearlings under each of the
worldviews appear to be very high in relation to the adult return rates
observed for chinook juveniles originating from hatcheries located
higher in the Columbia River system (Berggren and Basham 2000).
There is therefore considerable risk that the adult return rates
presented for each worldview may not be achieved on a long-term
basis for upper basin stocks. It should be noted that we anticipate that
these values will decrease significantly during the Assessment Phase of
the Framework process as more information on the Pathogen attribute
is developed.

The smolt-to-adult return rates for Alternative 2 are considerably
higher than those estimated for the other alternatives under all
worldviews. This results primarily from improvements to mainstem
Columbia and Snake River habitat that reduces mortality and
decreases the amount of time required for juveniles to migrate from
natal streams to the estuary. While the direct survival benefits from
actions such as dam removal are relatively certain, increased survival
from a decrease in travel-time is not. A major assumption (risk) in
Alternative 2 is that there exists a strong flow survival relationship for
juvenile migrants.

Although smolt-to-adult return rates appear high for the Technology
Optimistic viewpoint they are consistent with this worldview
assumption that the low hatchery fish survival rates observed over the
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last 10 years reflect poor nearshore ocean survival conditions and that
these conditions though cyclical, would improve over time. To realize
the best-case scenario for Alternatives 6 requires this assumption to be
true.

The increase in subyearling hatchery fish survival under Alternative 6
in comparison to Alternative 5 for the Moderate and Technology
Optimistic worldviews reflect the effect juvenile transportation
assumptions have on model results. Alternative 6 maximizes
transportation, while in Alternative 5 it is used only when river
conditions deteriorate (high temperature, low flow). A major
assumption inherent in Alternative 6 is that for subyearling chinook,
transportation would provide significant survival benefits in
comparison to in-river migration.

For yearling hatchery chinook, Alternative 5 produces higher smolt-to-
adult return rates than Alternative 6. This is due primarily to the
transportation assumptions included in Alternative 6. Transportation
survival for yearlings is less than ~50 percent for both the Technology
Pessimistic and Moderate worldviews. In-river survival under
Alternative 5 for juveniles migrating from Lower Granite Dam to
below Bonneville Dam can be as high ~55 percent, dependent on time
of year. Thus, in-river migration provides a significant survival
advantage for upper river hatchery stocks in Alternative 5. If transport
survival is high (Technology Optimistic) then the difference in the
smolt-to-adult return rates for these alternatives narrows, but for
hatchery stocks as a whole, Alternative 5 still has a higher return rate
than Alternative 6. The point being that this uncertainty can be
reduced significantly for yearling hatchery fish by simply placing
production facilities lower in the basin where they would be less
affected by the transportation and in-river survival assumptions.

Placing hatchery facilities lower in the basin would also allow the
region to more effectively separate hatchery fish from natural fish,
thereby reducing the uncertainty associated with hatchery fish impacts
on natural (wild) stocks originating from ESUs 13-15. Such an
approach would require defining the purpose of each hatchery (i.e.
mitigation, harvest, supplementation) and then defining the areas
(provinces) where each type of facility would be allowed.
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RESULTS - FISH

This section of the Results addresses fish; it is organized as follows::
Framework
The Effect of Actions on Environmental Attributes
Biological Performance
EDT Diagnosis
EDT Model Results Validation

Future Phases of The Framework Processes—Assessment and
Subbasin Planning

Historic Potential

Columbia Basin Scale Analysis

Province Scale Analysis
Current Potential

Columbia River Basin Scale Analysis

Province Scale Analysis

ESU Scale Analysis
Alternative 2

Alternative Overview

Columbia Basin Scale Analysis

Province Scale Analysis

ESU Scale Analysis
Alternative 5

Alternative Overview

Columbia Basin Scale Analysis

Province Scale Analysis

ESU Scale Analysis
Alternative 6

Alternative Overview
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Columbia Basin Scale Analysis
Province Scale Analysis
ESU Scale Analysis

In the Framework section, we show how proposed actions atfect
environmental attributes and discuss the resulting change in biological
performance. In the section on Validation, we present data to confirm our
assumption that the EDT model results for the Current Potential provide a
reasonable estimate of fish abundance in the basin. We also present a
summary of chinook model results for the Historic Potential, the Current
Potential, and each of the three alternatives.

Framework

The Framework process was designed to help the region develop a
collective vision and approach for fish and wildlife recovery in the
Columbia River Basin. The Framework is based on the following premise:

Actions are designed to atfect environmental attributes in a
manner that changes biological performance to better meet
basin goals.

In short, the Framework provides an explicit linkage between the basin
vision, biological performance, and actions needed for achieving the
performance (Figure IV.A.1).

In this section, we use the results of the analysis to demonstrate how we
filled in the linkages connecting actions, environmental attributes, and
biological performance, with data.

The Effect of Actions on Environmental Attributes

The actions included in the analysis alternatives can be classified roughly
into what is referred to in the region as the All-Hs: habitat, hydrology,
harvest, and hatcheries. We included three of the Hs in each of the
alternatives — the amount and intensity of application for each of these
actions, however, varied by alternative. For example, Alternative 2
emphasized hydrology actions and habitat work, while Alternatives 5 and
6 relied heavily on habitat actions focused in the tributaries. The fourth H,
harvest, was set at zero tor all alternatives in order to more clearly
highlight effects of the other three Hs. The change in the environmental
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attributes described below is heavily influenced by the actions inherent in
each alternative.

The change in each of the 45 environmental attributes resulting from
implementation of the alternatives is shown in Figure IV.A.2. The values
in Figure 1V.A.2 represent the amount of change expected from the
Current Potential. The values apply only to the freshwater rearing phase
of the chinook life cycle and, thus, emphasize spawning egg incubation
and juvenile rearing conditions in the tributaries. We present model
results incorporating the marine component of the species life cycle later
in the report.

In Figure IV.A.2, data are presented in a consumer report type format
where ©indicates less than 20 percent improvement, € is 20 percent to < 40
percent improvement, and # is 40 percent or higher improvement. A close
examination of the data presented in Figure 1V.A.2 shows that there was
little change (<20 percent) in the majority of the environmental attributes
modeled.

The lack of significant change could be the result of any of the following
conditions:

The alternative did not include strategies designed to affect the
attribute.

The strategy was ineffective or had little effect on the attribute.

A problem did not exist with this attribute (i.e., no impact on fish
survival).

The quality of the data was too coarse to detect a change (especially
true for the habitat type data).

In the EDT methodology, the exact cause for a lack of change observed in
some of the environmental attributes would be determined during the
diagnosis phase of the analysis. However, we did not complete a
diagnosis for this analysis, as it was not needed for meeting the study
objectives and was not applicable for the particular analytical process
employed. We discuss this issue in more detail at the end of this section.

Of the 45 environmental attributes modeled, seven generally showed a
change of greater than 40 percent for most alternatives. These seven
attributes are:

1. bed scour

2. fine sediment
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riparian function

temperature monthly maximum
embeddedness

turbidity

N o o &~ w

woody debris

The exact percent change in the attributes from the Current Potential is
shown by alternative and province in Table IV.A.1. It should be noted that
local biologists reviewed the first four attributes listed above as part of the
coarse screening process. Thus, the quality of the data is substantially
improved for these four environmental attributes and may explain why
these attributes had the greatest effect on model results.

The data presented in Table IV.A.1 and Figure IV.A.2 demonstrate that the
actions did indeed have a large effect on many of the environmental
attributes given the assumptions (rules) inherent in the analysis. Later in
this report we will show how these changes can be used in setting
biological objectives for the basin and individual provinces.

In summary, the rationale linking actions to environmental attributes is
established and documented in this step of the analysis. What is yet to be
demonstrated is whether the change in the environmental attributes
resulted in increased biological performance.

This question is answered in the paragraphs below.

Biological Performance

The goal of changing the landscape is to increase the productivity of the
species dependent upon that landscape. In the Framework, it is assumed
that as the landscape changes, productivity also changes. In other words,
an improvement in fish habitat should result in an increase in fish survival
and eventually abundance. In the previous section we showed how the
landscape, as represented by the environmental attributes, changed under
each alternative. We now show how this change affected biological
performance.

The data in Figure IV.A.3 summarize the change in freshwater habitat
productivity assumed to occur in the Columbia River Basin with the
implementation of the three analysis alternatives!. As noted previously,
freshwater productivity consists primarily of the egg incubation and

1 The data for the Current and three alternatives are based on the Moderate set of
analysis assumptions.
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Province

BLUE MOUNTAIN

COLUMBIA CASCADE

COLUMBIA GORGE

COLUMBIA PLATEAU

MOUNTAIN SNAKE

Alternative

A2 A5 A6

A2 A5 A6

A2 A5 A6

A2 A5 A6

A2 A5 A6

Bed Scour

42 54 36

48 69 60

59 75 53

44 55 34

43 71 65

Riparian
Function

48 58 38

47 64 57

47 60 45

48 58 39

47 66 59

Wood Debris

55 65 47

57 74 70

58 72 62

56 66 46

54 76 71

Embeddedness

44 50 22

46 64 54

45 60 44

46 56 33

46 65 42

Fine Sediment

57 68 46

65 83 70

59 75 59

57 68 46

54 76 67

Turbidity

49 52 27

50 64 52

50 61 44

48 55 32

45 59 40

Temperature -
daily Maximum
(by month)

38 46 28

34 47 38

33 41 25

39 47 26

34 48 40

Table IV.A.1 Percent improvement in the key environmental attributes by province and alternative.
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Section IV.A — Results, Fish

juvenile rearing life stages. Therefore, the productivity term in Figure
IV.A.3 represents the average number of juveniles (per 1,000 eggs) that
would survive to the smolt stage with the removal of all density dependent
survival factors.

With the completion of this step of the analysis we have filled in the
linkages connecting actions, environmental attributes and biological
performance (Figure 1V.A.4). Whether the biological performance is
sufficient to meet the vision described for each alternative can only be
determined by looking at the overall increase in chinook performance
resulting from the implementation of each.

In the EDT method fish performance is described in terms of productivity,
abundance, and life history diversity. Obtaining estimates for these three
parameters requires that the complete life cycle of the species be modeled.
The results of the chinook life cycle analyses are presented in Sections C
through G.

Before we describe how chinook performance has changed in the basin
over time, and could change in the future with the implementation of each
alternative, we finish this section with a discussion regarding the
diagnosis phase of EDT.

EDT Diagnosis

The steps in a standard EDT analysis are depicted in Figure IV.A.5. In this
typical approach, the diagnosis step is completed prior to the
identification of treatments (actions)—the logic in EDT is that you cannot
identify and prioritize effective treatments until after you determine
(diagnosed) what the problems are!

In the Multi-Species Framework analysis, treatments (actions) were
constructed without the benefit of a completed diagnosis. We assumed
that the stakeholder groups submitting the alternatives had sufficient
knowledge of the basin to develop a suite of actions, or at least an
approach, that would be relatively effective at addressing basin ills—
thereby achieving their identified basin goals. This assumption is likely
correct for actions dealing with the hydroelectric system and hatcheries,
but probably less so for habitat. To be effective, habitat actions must be
precisely located on the landscape. The scale (how much) of the habitat
action is also very important in determining overall biological and cost
effectiveness.

Modeled habitat treatments were constructed at the 6-HUC scale, with the
only location criteria being whether the land was in public or private
hands. Habitat treatments were, therefore, based more on policy concerns
than on biological effectiveness. This may explain why some
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environmental attributes showed little difference between the Current
Potential and the three analysis alternatives. Habitat actions could have
been selected to address problems identified if a detailed diagnosis similar
to the one shown below for the Deschutes River, Oregon (Figure IV.A.6)
had been done first.

The data in Figure IV.A.6 show the relative change in attribute effects on
salmonid (spring chinook) survival in stream reaches of the Deschutes
River (Mobrand 1999). The data is presented in a consumer report type
format for easy interpretation. The larger and darker the circle, the bigger
the impact the attribute has on salmon survival. For example, the attribute
having the largest effect on chinook survival in the Lower Deschutes River
mainstem is pathogens.

For the Deschutes analysis, once the major problems were identified, the
next step in the diagnosis was to determine precisely where in the Lower
Deschutes River mainstem the problems occur.

Locating the problems requires examining the data at a finer scale. Figure
IV.A.7 shows the resulting attribute data by river mile for both the lower
river and key tributaries. These data indicate that the attributes of habitat
diversity, oxygen, pathogens, predation, sediment load, and temperature
had the largest effect on salmon productivity.

We can see the size of the effect the key environmental attributes are
having on salmon survival in Figure 1VV.A.8. The data show that overall
productivity in this reach has decreased from 60 percent to 39.4 percent
dependent on the life stage examined.

Once we have identified the problems and their location, the next step in
the diagnosis is to determine the increase in survival that would occur if
we could treat the problems successfully. This information is also
presented in Figure IV.A.8 and summarized here for convenience:

Potential percent change in productivity = 2.1 percent
Potential percent changein NEQ = 9.4 percent
Potential percent change in diversity = 10.7 percent

In short, the successful treatment of the problems identified would result
in about a 10 percent increase in salmon abundance in the basin.

The diagnosis is typically completed for all stream reaches analyzed in the
basin of interest. The results of the diagnosis allow us to identify the
problem, its location and effect on survival (by life stage), and the
resulting increase in survival from the elimination of the problem. In
addition, the diagnosis also provides us with the ability to prioritize
reaches for treatment. The information needed to prioritize reaches is
shown in Figure 1V.A.8 under the following headings: Productivity Rank,
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Average Abundance Rank, and Life History Diversity Rank. In this
example, the lower river received an abundance rating of 5, a diversity
rating of 11, and a productivity rating of 13. In other words, there are only
four reaches in the basin where effective treatments result in larger
increases in abundancy; 10 that see larger increases in diversity; and 12 for
productivity. Any proposed fish enhancement plan for the basin should
emphasize and prioritize treatments in the highest ranked reaches. Such
an approach would result in a program that is more effective from both a
biological and cost perspective.

The major point the reader should come away with from this discussion is
that the diagnosis is the key component required for developing effective
fish recovery and enhancement strategies in any basin. It is in the
diagnosis phase that the environmental problems are identified, ranked
according to their impact on salmon survival, and prioritized for
treatment. The diagnosis is the tool used for focusing our actions on
improving the key environmental attributes driving biological
performance in the basin. The change in these key environmental
attributes then become the biological objectives to be monitored over time
for quantifying the effectiveness of our actions.

Although a diagnosis was not performed as part of this analysis, it is
envisioned that it will be completed in the last stage of the Framework
process: subbasin planning. In the absence of a detailed diagnosis, the
discussion presented in the model results section will focus primarily on
outcomes at the basin and province scales and not at the subbasin level.

EDT Model Results Validation

As noted previously, we assumed that the data incorporated into this
analysis were sufficient for estimating fish performance at the basin and
province levels. To confirm this assumption, we compared EDT model
results of chinook production for the Current Potential (Moderate
worldview) with chinook counts at Bonneville, Priest Rapids, and Ice
Harbor Dams for the years 1988-1997 (ODFW and WDFW 1998). The
results of this comparison analysis are shown in Figures IV.A.9, IV.A.10,
and IV.A.11.

The comparison analysis shows that EDT chinook estimates for the
Current Potential fell within the 10-year range at all three projects. EDT
estimates of the number of chinook arriving at Ice Harbor Dam were at
the upper end of the dam count data. These results were deemed
reasonable given the quality of the data available for the coarse screening
analysis, the assumptions inherent in the analysis, and the fact that data
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quality will be improved as the Framework process proceeds to the next
two stages of the analysis: Assessment and Subbasin Planning.

Once we determined that the results obtained for the Current Potential
were reasonable, we used these as the basis for developing the alternatives
and calibrating the worldview model runs (Methods). It should be
emphasized that the EDT model results presented from this point forward
will not include ocean or mainstem harvest effects on adult returns unless
otherwise noted. This step was required in order to make the results for all
conditions (Historic Potential, Current Potential, and Alternatives 2, 5, and
6) comparable. This is especially true when comparing alternatives to the
Historic Potential, which represents historical conditions prior to
European influence (i.e., no or limited ocean harvest). Again, all model
results represent an estimate of chinook production with the elimination
of all human harvest effects.

Future Phases of The Framework Process—Assessment and
Subbasin Planning

The validation discussion above shows that the accuracy of EDT estimates
of chinook production varies dependent on the dam’s location in the
basin, which corresponds to different provinces (Figure IV.A.9, Figure
IV.A.10, Figure IV.A.11).

This outcome was expected and planned for in the Framework process.
The developers of the Framework envisioned that the analysis would be
undertaken in a series of steps wherein each step the quality of the data
would be improved. The steps identified were Step 1-Derived Data, Step
2—Course Screening, Step 3—-Assessment, and Step 4-Subbasin Planning
(Figure 1V.A.12). The results presented in this report are for Step-2 Course
Screening and should be treated as if the analysis were 50 percent
complete.

In the Assessment phase of the process, we envision that the data used in
this analysis will be refined at a finer geographic scale within the
subbasins. The improved data quality will provide regional managers
with an understanding of the core problems within the subbasins and
watersheds. The Assessment phase will therefore provide decision-makers
with the ability to prioritize watersheds for more detailed assessments at
the watershed scale. These more detailed assessments will be undertaken
during the Subbasin Planning phase of the analysis.

We anticipate that data quality will improve substantially during
Subbasin Planning, as biologists with local knowledge and expertise fill in
missing Level 2 attributes, confirm attribute ratings, and adjust ratings
based on site-specific data at the stream reach level. Once the data have
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been updated, biologists would then perform the diagnosis to determine
basin ills and develop the treatments needed to effectively cure these ills.

Historic Potential

Columbia Basin Scale Analysis

To determine the level of chinook production possible in the basin, we
need an estimate of the Historic Potential—the assumption being that the
basin, as a whole, cannot sustain natural production levels higher than
what occurred historically. Because there is a great deal of uncertainty
inherent in any exercise attempting to estimate fish abundance over 150
years ago, we used the assumptions present in the three worldviews to
develop a range of possible historic chinook production levels (Figures
IV.A.13 and IV.A.14).

The data in Figure IV.A.13 show that the Historical Potential production
of the basin could range from a low of 2.0 million under the Technology
Optimistic worldview to 4.6 million for the Technology Pessimistic
worldview. In general, under all worldviews total chinook production
consisted of approximately 50 percent falls, 33 percent summer/falls, and
17 percent springs.

For the historical analysis, we modeled only those stream reaches
downstream of Chief Joseph Dam (Columbia River) and Hells Canyon
Dam (Snake River) approximately 5,540 total stream miles.

Thus, the abundance estimates do not include stream reaches above these
fish blockages.

The difference between the worldview abundance estimates lies in the
assumptions inherent in each. In the Technology Pessimistic view of the
world, both freshwater and ocean habitats are assumed to be much more
productive than they are in the Technology Optimistic worldview. This
difference is important because it defines the overall production potential
of the basin, relationship between current and historic run size, and
expected improvement in chinook production possible from the
implementation of the three analysis alternatives. The Historic Potential
defines what is possible to achieve through future actions. The bigger the
difference between Historic and Current Potentials, the greater the
opportunity for improvement.

Historic Potential chinook productivity and life history diversity under
the three worldview assumptions are shown in Table IV.A.2. As you can
see from the data presented in this table, productivity is highest under the
Technology Pessimistic worldview, and lowest for the Technology
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Optimistic. Life history diversity is the same for all worldviews (i.e., 100
percent), meaning that the full range of life history patterns modeled was
possible under the Historic Potential.

Productivity is important because it is a measure of the ability of a species
to rebound when population size is reduced. The very high productivity
values shown for the Technology Pessimistic worldview indicate that
chinook populations would respond rapidly as we improve habitat
conditions throughout the basin. In contrast, the lower productivity
values associated with the Technology Optimistic worldview indicate that
fish response to similar actions would be more gradual. The time
component is important for determining how many years may be needed
to observe or directly measure the effects our actions have on chinook
performance. Future research and monitoring programs focused on
determining the effectiveness of proposed actions would therefore need to
consider the element of time in their design.

Life history diversity is important because it represents the multitude of
pathways through space and time available to, and used by, a species in
completing its life cycle. Populations that can sustain a wide variety of life
history patterns are likely to be more resilient to environmental change.
Diverse life history patterns dampen the risk of extinction or reduced
production in fluctuating environments (den Boer 1968).

The information presented in this section described a possible range of
historic chinook performance for the Columbia River Basin under
different worldviews. In the next section we describe how historic chinook
production varied in the five provinces analyzed.

Province Scale Analysis

We developed estimates of chinook Historic Potential performance for
five Columbia River Basin provinces (Figure IV.A.15). The Columbia
Gorge, Columbia Plateau, Columbia Cascade, Blue Mountains and
Mountain Snake (Figure IV.A.15) Modeling results are summarized by
province, race, and worldview in Table IV.A.3. Because the discussion
points presented above for the basin level analysis also apply at the
province level, they are not repeated here. Instead, we use the data in
Table IVV.A.3 for the Moderate worldview to quickly summarize the key
results.

A Multi-Species Framework Approach for the Columbia River Basin Feb. 2002 / Page IV.A-10



COLUMBIA RIVER BASIN PROVINCES AND SUB-BASINS

= Northwest
ﬁ Power Planning = . . s - e i .
=l ouncil g | | K 4

wrARhLErg

.....

=

, - FE .
Ao ; : : : y
F o u rmmmm————— gl
¥ s 1 ) LT
K (R e T % T s ¥ {

4

1+ Anatin 18 = Brmiat

2 = Bifg White Salman 18 - Rfuanmile 36 - Paloisa 03 - Wl

3 - Bigmingsg 20 - Ranreaad 37 - Pagillia B - Wananchss

4 - Blackiogt 21 - Grarce Rands 3R - Pend Qrailly 55 - Willamatie "

5 - Bnis 22 - Gmya 0 - Salmon 56 - Wind

& - Clark Fork 23 - Hoad ) - Sancly 57 - Yakims

7 - Ciamramber 24 - imnaba 41 - Sraks Haadwater

B - Gt [ Alars 25 - John Day 42 - Snskn Hells Canyon

8 - Cohumbia Gorge 26 - Knfarra 43 - Snakn Lower Middis 1 towercolumbia [ Blus Mountain
10 - Columbia Lower 27 - Klickitt Al - Bnaskn Mainssem : [ ] ColumbiaGorge ] Mountain Calurnbia
T st Ko Lt 8 o b Ly : : SRS ] columbiaPlstssy ] Mountain Snake
12 Gl Lipomr st oeBowly Uppwr-Chnt. = ] Ty S [ columbla Cascade [ Middle Snake

13 - Cdumbda Uipper Middls A0 - Levwils 44 - Bnalke Lipper Middle : i | H -

g Jernad FrarTa L it | i 108 I 0 inter Mountain 1 upper Snake

15 = Crab A2 - Maihainr 43 - Thzannan - EN R R

1E - Descranes 33 - Mathow &0 - Limarils [ Ocopyrigm- Worthwest Habiiat Instiusts - 06 et —

17 = Bochoman 34 - Dilcana gean:S imilkamses 51 - Wil Wikl M:;m

Figure IV.A.15 Provinces of the Columbia River ecosystem.




Technology Pessimistic Mod erate Technology Optimistic
Lbundance Uf:E Hst. Brse Hbr of Bbundanee Life Hist. Brod Hbr of Ahundanee — Life Hist Brod Mbr of
T of % of | Hawh+ | & of | Diwvers. =% Suzt. % of %of | Hamh+ | % of | Divers. | "M% [ gy, % of % of | Hawh + | % of|  Diwers.| "M% gus,
Matural Total | Hatchers | Tatgl Hatural Tatal hdex ity Papul. Hatural Total | Hatehery| Tatg) Natural Tatal nd ex Ly Papul. MHatural Total |Hatchery [ Toal Na ral Tatal hdex Tty Papul.
SPRING
BLUE_MOUNTAIN 125,726 15% 0 n'a 125,726 15 % 100 % 5418 3 22842 16 % 0 n'a 22842 16 % 100 % 264 3 0 A6 15 % o n’a 40 551 16 % 00 % 147 3
coLumBlA_CASCADE a8 e 5 % 0 n'a a2 A0 5 % 27 % 45.1 3 325821 G 0 n'a 325821 % 27 % 268 3 21723 T ] n'a 21,723 T 0% 00 % 128 3
COLUMBIA_GORGE a5 734 5 % 0 n'a a5 734 5 % 100% g2 8 < 27 4495 5% 0 n'a 27 4495 5% 1000 %% 223 L} 14 495 5% ] n'a 14,9595 5% 00 % 114 <
cCoLUmBlA_ FLATEAL 31T 49 39% 0 n'a 317 e 29% 000 %% 0.2 15 200,051 % o n'a 200,051 pe= 100 % 2r3 15 1109423 5% o n'a 110,423 36% 00 % 142 15
MOUMNTAIN_SHAKE 277732 39% 0 n'a 277 T33 29% 0004 43.5 10 184208 5% 0 n'a 124800  25% 100 % 265 10 1029495 % o n'a 12915 36% 00 % 142 10
ALL PROVINCES 15,021 100% 0 n'a S15.021  100% n'a n'a 26 522874 100% 0 n'a 28875 100% n’a n'a 245 205,117 100% o n’/a 305,118 100% n'a n'a i
SUMMERSFALL CHINOOR
E BLUE_MOUNTAIN 45 210 3% 0 n'a 45 219 3% 100 % 0.0 1 29106 3% 0 n'a 39106 3% 100 % 291 1 22 re= 2% o n'a 22 TER 3% 00 %% 174 1
E COLUMBIA_CASCADE TE1.297 S0% 0 n'a 51,297 50 % Q5% =T G 532535 51% 0 n'a 32535 51 % 0= % 2T G 354324 52% ] n'a F5a.E32d 52% 00 % 153 G
] coLumBlA_PLATEAL 29023 21% 0 n'a 219,023 21 % 100% 05 ) 219992 21% 0 n'a 219,493 21 % 100 % 288 4 129673 2% ] n'a 12 e 21% 010 %% 165 <
[ MOUMNTAIN_SHAKE A 525 Z26% 0 n'a 224 525 2E% 100% 5.0 7 28323312 25% 0 n'a e ICRC K b 25 % 100 % 2049 ¥ 162632  24% ] n'a 162 632 294% 010 %% 173 ¥
CII:I.. ALL PROVWINCES 16502774 A100% 0 nfa 1,502,774 A00% n'a n'a 12 1,089 4495 A00% 0 n'a 1,099 4495  100% n’a nta 18 GFea1F  A00% ] n'a 579 447 100% n'a n'a 12
o
‘E FALL CHINOOWK
) BLUE _MOUMNTAIN 23180 0% 0 n'a 231,530 10 % 100 % 24 1 163551  10% 0 n'a 163,564 0% 100 % 215 1 1109323 11% ] n'a 110,943 11 % 010 %% 133 1
: COLUMBIA GORGE 82,373 3% 0 n'a 82,373 3% 000 % g40.5 2 Sa0249 i 0 n'a S0 024 i 100 % 233 2 29502 3% ] n'a 394802 3% 010 % 144 2
E COLUMBIA_PLATEAL 196585 651 S6% 0 nfa 1965651 S6% Q5% 3349 e | 13938427 =6% i} n'a 1.33348427 5% 25 % 216 a 8583073 5% ] n'a SE3.073  85% 00 % 135 e |
ALL PROYWINCES 227 619 100% 0 nfa 2279614 100% n'a n'a 12 1556075 100% 0 n'a 1. 5856075 100% nsa nta 12 1,33 528 100% ] nfa 033522 100% n'a n’a 12
TOTAL CHINOORK
BLUE MOUNTAIN 405 134 0% 0 n'a 405 134 0% n'a nta 5 281618 a% 0 n'a 221618 Q%% nsa n’a 5 183,281 0% ] n'a 182,201 0 n'a n’a 5
coLUumBlIA_CASCADE ToO B55 17 % 0 n'a FEO BAE 17 % n'a n'a u| 555,165 12 % 0 n'a 55,156 12 % nsa n’a g Y6095 19% ] n'a 276 0495 19% n'a n’a g
COLUMBLA_ ORGE 128,107 3% 0 n'a 128 107 3% n'a n'a G 26520 2% 0 n'a 26520 2% nfa n'a G S2097 3% ) n'a 53,997 3% n'a n'a G
COLUMBIA_PLATEAL 2E02, 153 57 % 0 nfa 2Z2E0Z2153 57% n'a n'a 25 1.782971 S5% 0 n'a 1,./82971 S55% nsa n’a 28 1,133180 S5% ] nfa 1133180 SH6% n'a n'a 23
MOUHNTAIN_SHARKE G62,.359 194% 0 n'a G2 259 1% n'a n'a 17 442124 14 4% 0 n'a 442,121 1% n’a n'a 17 215 13% ] n'a 27 58495 13% n'a n'a 17
ALL PROYINCES 597 409 100% 0 nfa 4597410 A00% n'a n'a 55 31949292 100% 1] nfa 2, 194.3294  100% n/a na G5 2MME062 100% 1] nfa 2113083 100% n'a n’a &5

Tahle A3 Biological performance results for the Historic Potential, under the three worl dviews.




Section IV.A — Results, Fish

The key biological performance results for the Historic
Potential province analysis (under the Moderate worldview)
are as follows:

e Total historical abundance potential of chinook in the
Columbia River Basin is highest in the Columbia Plateau
(57 percent) and lowest in the Columbia Gorge (three
percent)

e The Columbia Plateau has the highest level of historical
spring chinook abundance at 39 percent, with the least
amount of production occurring in the Columbia Gorge
(six percent)

e Summer/fall chinook abundance is greatest in the
Columbia Cascade (51 percent) and lowest in the Blue
Mountain (three percent).

e Historical fall chinook abundance is highest in the
Columbia Plateau (86 percent) and lowest in the Columbia
Gorge (four percent).

e Similar to the basin analysis, productivity estimates vary
by worldview, with Technology Pessimistic producing the
highest values.

Now that we have presented what we believe to be the range of possible
Historical Potential chinook production for the basin, the next step in the
analysis is to describe what the Current Potential production of the basin
is today.

Current Potential

As was the case with the Historic Potential analysis, there is considerable
uncertainty regarding the Current Potential chinook production of the
Columbia River Basin. There are two schools of thought on this topic,
which we refer to as the Technology Pessimistic and the Technology
Optimistic worldviews. Under the first worldview, current freshwater
habitat conditions are poor in comparison to the historic conditions. The
degradation in habitat is a direct result of human impacts. The Technology
Optimistic worldview on the other hand states that the human effects on
habitat is less severe and that Historical Potential chinook production in
the basin was much lower (i.e., 2.0 million versus 4.6 million).
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Section IV.A — Results, Fish

To account for this uncertainty, we used the assumptions present in the
worldviews to estimate a range for the current production potential
(Current Potential) of the basin. In this section the results of this analysis
are presented at the basin, province, and ESU levels.

In estimating a range for the Current Potential:

1. Abundance numbers represent the number of adult
chinook surviving to the spawning life stage. Thus, any
mortality due to mainstem dam passage and pre-spawning
mortality has already been subtracted from the totals.

2. The Current Potential represents the number of adults that
can be produced under current habitat, hatchery, and
hydro conditions and operations.

3. Ocean and Columbia River mainstem fisheries have been
eliminated in all model runs. Model results are therefore an
estimate of the number of adult chinook expected to return
with the elimination of harvest. The removal of harvest
was needed in order to make a more valid comparison
between Historic Potential (no harvest) and Current
Potential.

4. The adult data presented in the tables are classitied into
two groups: natural and hatchery. The natural group

consists of both wild and hatchery tish that spawn in the
wild.

5. Life history diversity and productivity values apply only to
natural populations.

Figure IV.A.16 shows the impact of eliminating harvest on the number of
hatchery chinook adults returning to the basin. As you can see from this
figure, eliminating harvest increases the number of adults returning to the
basin, and the level of increase is dependent on the worldview. Again, in
order to make a tair comparison between the Historic Potential and
Current Potential of the basin, harvest has been eliminated from the
analysis.

Columbia River Basin Scale Analysis

Estimates ot Current Potential chinook hatchery and natural production
for the basin under each worldview are summarized in Table IV.A.4 and
shown graphically in Figure IV.A.17. The data in Figure IV.A.17 indicate
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Figure V. 4A.16 Total number of hatchery chinook salmon returning to the river,
with and without ocean and mainstem harvest.
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Figure V. A.17 Current natural, hatchery, and total chinook abundance
in the Columbia River basin by race and worldview (no harvest).
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Table M A.4 Biological performance results for the Cument Potential, under the three worl dviews.




Section IV.A — Results, Fish

that, Figure IV.A.16. Total number of hatchery chinook salmon returning
to the river, with and without ocean and mainstem harvest.

Dependent on worldview, total chinook production potential ranges from
approximately 206,000 to 340,000. Natural chinook represent between
127,000 (~62 percent) and 150,000 (~44 percent) of total production for the
Technology Pessimistic and Optimistic worldviews, respectively. For
these same worldviews hatchery fish constitute 38 percent (79,000) and 56
percent (190,000) of all chinook production, respectively. These results are
consistent with the assumptions inherent in each worldview, i.e., hatchery
fish do better under the Technology Optimistic set of assumptions than
under the Technology Pessimistic set.

In Figure 1V.A.18 we show Current Potential chinook production of the
basin relative to the Historic Potential. This comparison shows that
regardless of the worldview examined, current chinook abundance is less
than ~17 percent of Historic Potential.

Note that the Historic Potential is different for the three worldviews. The
Technology Pessimist estimates Current Potential at four percent of a
larger number, and the Technology Optimist sees it as 17 percent of a
smaller number.

These results were expected, as the analysis was undertaken in order to
develop an effective approach for recovering chinook populations whose
numbers are so low that they have been listed under the Endangered
Species Act (ESA). We present and discuss model results by ESU later in
this report.

Chinook productivity has also decreased substantially from the Historic
Potential (Table IV.A.4). For example, spring chinook productivity under
the Moderate worldview historically ranged from approximately 22 to 28,
now it ranges from three to nine dependent on province (Moderate
assumptions). The reduction in productivity means that chinook
populations would recover more slowly when population abundance is
reduced. Actions that increase productivity would therefore decrease the
amount of time required for chinook populations to meet recovery
objectives.

The life history diversity index value for summer/fall, fall, and spring
chinook have dropped from an unweighted average of about 100 percent,
to 33 percent, 37 percent and 61 percent, respectively (Table IV.A.4-
Moderate). The large drop in life history diversity makes these
populations less resilient to environmental change, thereby increasing
their risk of extinction. Actions designed to increase life history diversity
would help to reduce this extinction risk.
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Figure V. A.18 Current Potential chinook abhundance expressed as a percent of the Historic Potential
of the Columbia River Basin.
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In Table IV.A.4 the reader will also see data presented on the number of
fish populations present in the basin today. These data indicate that a
number of populations are no longer present under the Current Potential.
Under the Moderate worldview set of assumptions the number of
populations have been reduced from 65 under the Historic Potential to 48
under the Current Potential. These data do not necessarily indicate the
loss of a unique stock, but instead reflect a decrease in fish distribution
and habitat. For example, due to the construction of the Pelton Round
Butte Hydroelectric Complex (Deschutes River, OR), spring chinook no
longer have access to the Crooked River and Metolius River. Modeling
results therefore show a loss of two populations in the Deschutes River
Basin (Columbia Plateau province).

The results presented in this section show that current chinook
abundance, productivity, population numbers, and life history diversity in
the Columbia River Basin have been severely reduced in comparison to
the Historic Potential. In the section below we describe how chinook
performance has changed over time in the five provinces.

Province Scale Analysis

Modeling results for each of the five provinces are also summarized in
Table IV.A.4. Because the discussion points presented above for the basin
level analysis also apply at the province level, they are not repeated here.
Instead, we simply use the Moderate assumption data in Table IV.A.4 to
guickly summarize the key biological performance results obtained at the
province scale.

The change from historical for each of the environmental attributes
modeled is presented in Table IV.A.5. The data in Table IV.A.5 represent
the number of instances (data points) where the current value for the
attribute exceeds the historical value. For example, there were 90 instances
where the bed scour attribute was rated worse than historic conditions in
the Blue Mountain province (Table IV.A.5).

The environmental attributes affect tributary freshwater habitat
productivity?. It should be noted that the habitat environmental attributes
were not included in this table, as a change in habitat diversity may have
either positive or negative effects on chinook performance. Additionally,
you will note that there is no data for some of the attributes listed in Table

2 Because of the presence of dams in the mainstem Columbia and Snake Rivers,
mainstem habitat was treated (rated) differently than tributary habitat. Juvenile
and adult survival through the mainstem was based on NMFS and PATH
survival data, flow and juvenile travel time relationships, and predation
information.
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BLUE_ COLUMBIA_ COLUMBIA_ COLUMBIA_ MOUNTAIN_
MOUNTAIN CASCADE GORGE PLATEAU SNAKE
Current Current Current Current Current
Alkalinity
Bed scour 90 87 33 955 350
Benthos diversity and production 84 36 36 1164 312
CONFINE
ConfineHydro 552
Dissolved oxygen
Embeddedness 204 312 204 1620 708
Flow - interannual variability in high flows 4 16 2
Flow - intra-annual flow pattern-monthly variation
Flow - interannual variability in low flows 36 32 23 204 193
Fine sediment 612 564 228 2592 2580
Fish community richness
Fish pathogens
Fish species introductions
Gradient
Harvest and harassment
Hatchery fish outplants
SumOfHydroRegimeReg
Icing
Metals - in sediments/soils
Metals - in water column
Miscellaneous toxic pollutants - water column 84
Nutrient enrichment 115 43 12 662 522
Obstructions to fish migration
Predation risk
Riparian function 624 576 252 2868 2028
Salmon Carcasses
Temperature - daily maximum (by month) 157 154 44 722 555
Temperature - daily minimum (by month) 18
Temperature - spatial variation
Turbidity 241 266 126 1268 522
Wood debris 624 600 300 2640 2208

Table IV.A.5 Number of instances where Current Potential environmental attributes are degraded from the Historic Potential.

Note 1: Blank cells imply values for the Level 2 attribute did not exist or that the differences between the Current Potential and the Historic
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IV.A.5. This is due to the fact that there was no or little difference between
values for “icing” in the Current Potential and the alternatives, or that the
attribute has yet to be rated (e.g. fish pathogens).

The resulting change in tributary freshwater habitat from the Historic
Potential to the Current Potential for each province is presented in Table
IV.A.6. The freshwater productivity index values presented in the table
represent the average number of yearling juveniles (per 1,000 eggs) that
would survive to the smolt stage with the removal of all density dependent
survival factors.

The key results embedded in this table are presented below in bullet
format. Unless otherwise noted, the discussion is based on the results
presented for the Moderate worldview.

e For Historic Potential the highest quality freshwater habitat was found
in the Mountain Snake, tollowed by the Columbia Cascade, Blue
Mountain, Columbia Plateau, and Columbia Gorge.

¢ In contrast, the highest quality habitat for the Current Potential is
present in the Mountain Snake, tollowed by the Columbia Gorge,
Columbia Cascade, Blue Mountain, and finally the Columbia Plateau.

e Freshwater habitat productivity values for the provinces are currently
20 percent-60 percent of their Historic Potential.

The data in Table IV.A.6 indicate that actions tied to improving habitat
conditions in the tributaries have the potential to improve productivity
significantly.

ESU Scale Analysis

The tive Evolutionary Significant Units (ESUs) included in this analysis
are identified in Table IV.A.7. Modeling results tor each of the five ESUs
are summarized in Table IV.A.8. Because the discussion points presented
above for the basin level analysis also apply at the ESU level, they are not
repeated here. Instead, we use the data in Table IV.A.8 to quickly
summarize the key biological performance results obtained at the ESU
scale.

Difterences among ESUs in the patterns of change from Historic Potential
suggest different sensitivities and/or causes of decline among ESUs.

The historic potential abundance by ESU is shown in Figure
IV.A.19. The key biological performance results for the
Current Potential ESU analysis are as follows:
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COLUMBIA _ COLUMBIA _ COLUMBIA _ MOUNTAIN_

BLUE_ MOUNTAIN CASCADE GORGE PLATEAU SNAKE
. Historic | Current | Historic | Current | Historic | Current | Historic | Current | Historic | Current
Alternative . ) . . . . . . . .
Potential | Potential | Potential [ Potential | Potential | Potential | Potential | Potential | Potential | Potential
Tech.Pess. 160.2 50.5 142.3 64 142.2 70.4 157.1 35.1 185.1 102.7
Moderate 165.7 58.4 166.2 75.4 158 83.7 163.9 41.5 187.9 111.6
Tech.Opt. 170.7 71.5 155.8 89.5 157.3 94.2 168 52.7 189.6 123.7

Table IV.A.6 Freshwater productivity under Current Potential and Historic Potential by province.
Productivity is expressed as number of juveniles produced per 1,000 eggs.




ESU Number |General Description

ESU-11 Mid-Columbia Spring Chinook

ESU-12 Mid/Upper Columbia Summer and Fall Chinook
ESU-13 Upper Columbia Spring Chinook

ESU-14 Snake Fall Chinook

ESU-15 Snake Summer and Spring Chinook

Table IV.A.7 Identification of Columbia River Ecological
Significant Units (ESUs) included in this analysis (Source: NMFS
website at http://www.nmfs.noaa.gov).




ESU-11

ESU-12 ESU-13 ESU-14 ESU-15
Abundance 6% 9% 7% 1% 7%
Productivity 22% 30% 11% 17% 13%
Diversity 38% 44% 84% 16% 75%

Table IV.A.8 Current Potential as a percent of Historic Potential.
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Figure W.A.19 Historic Potential abundance by ESU.
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e All ESUs have been reduced to less than 10 percent of
Historic Potential abundance.

e ESU-14 has experienced the greatest loss of abundance
potential - it is currently at only one percent of Historic
Potential.

e Current Potential productivity ranges from 11 percent of
Historic Potential for ESU-13 to 30 percent for ESU-12.

e Life history diversity ranges from a high of 84 percent of
Historic Potential for ESU-13 to 16 percent for ESU-14.

Alternative 2

EDT modeling results for Alternative 2 are presented in this section.
Results are described at the basin, province, and ESU geographic scales.
We also use the Framework graph presented earlier in this report to show
the linkage between Alternative 2 actions, environmental attributes, and
biological performance.

Alternative Overview

For review purposes we have listed below the major actions included in
Alternative 2 to improve chinook performance in the basin. These actions
are as follows:

e The breeching of John Day and the four lower Snake River
hydroelectric projects.

¢ Implement hatchery supplementation program and improved hatchery
rearing techniques to increase the quantity and quality of fish
returning to the basin.

¢ A moderate improvement in freshwater tributary habitat—habitat
actions were applied with equal intensity on both public (2) and
private lands (2).

e Asis the case with all alternatives, ocean and mainstem harvest has
been eliminated in Alternative 2.

The eftect that the combined actions had on the environmental attributes
and the resulting biological performance (chinook abundance) is shown
graphically in Figure IV.A.20. The values in the environmental attributes
table represent the percent improvement over Current Potential resulting
from the implementation of the alternative. The biological performance
figure shows the percent improvement in natural chinook abundance for
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all races combined. The percent values presented by race show the
proportion that each contributed to the entire total. The reader should be
aware that the Hydro and Hatchery related environmental attributes were
not included in this chart due to space constraints. However, the change in
these attributes does have an effect on resulting biological performance for
each alternative. In a later section of this report we will identify these
attributes and show how they could be used in establishing biological
objectives for each alternative.

The increase in freshwater habitat productivity under this alternative is
shown in Table IV.A.9. The percent change in freshwater productivity
over current (Moderate) varied from 25 percent for the Mountain Snake to
~112 percent in the Columbia Plateau. For all provinces combined,
freshwater productivity increased by an average of ~61 percent. Whether
or not Alternative 2 habitat actions would actually achieve this level of
improvement would be dependent on the region’s ability to successfully
implement the actions and their eventual effectiveness.

However, the reader should note that the environmental data driving
these productivity values would be reviewed for accuracy during the
assessment and subbasin planning phases of the Framework process. The
incorporation of more accurate data may change estimates of resulting
productivity significantly.

Columbia Basin Scale Analysis

In Table IV.A.10 we present a summary of modeling results for
Alternative 2. The data in this table include information on abundance,
productivity, life history diversity, number of natural and hatchery fish,
and number of populationss.

Alternative 2 is expected to increase chinook abundance over the Current
Potential from 164 percent to 381 percent dependent on the true state-of-
nature (worldview) (Figure IV.A.21). This alternative provides the greatest
increase under the Technology Pessimistic worldview and the least
amount of change under the Technology Optimistic set of assumptions.

The percent change from current for both natural and hatchery production
for this alternative is shown in Figure 1V.A.22. The data in this figure
indicate that natural production increases from 219 percent to 494 percent,
hatchery production from 120 percent to 197 percent, dependent on
worldview.

3 Population numbers increase either when actions in the alternative allow fish
access to previously blocked habitat (extends range) or when an existing
population’s productivity value exceeds 1.0.
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BLUE_MOUNTAIN COLUMBIA CASCADE COLUMBIA_ GORGE COLUMBIA PLATEAU MOUNTAIN_SNAKE
Historic | Current Historic | Current Historic | Current Historic | Current Historic | Current
Alt Potential | Potential A2 Potential | Potential A2 Potential | Potential A2 Potential | Potential A2 Potential | Potential A2
Tech Pess 160.2 50.5 95.7 142.3 64 91.6 142.2 70.4 101.3 157.1 35.1 77.3 185.1 102.7 129.9
Mod 165.7 58.4 107.2 166.2 75.4 111.2 158 83.7 116.5 163.9 41.5 88 187.9 111.6 139.2
Tech Opt 170.7 71.5 119.8 155.8 89.5 117 157.3 94.2 126.1 168 52.7 101.9 189.6 123.7 149.5

Table IV.A.9 Freshwater productivity under Current, Historic, and alternative 2 conditions by province. Productivity is expressed as number of juveniles produced
per 1,000 eggs.
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: BLUE_ MOUNTAIN 28 621 g% 1] 0% |AEN T Q2% 2.5 1 22 Gay T 1] 0% 22 BAT 6% a6 i) 1 17900 2% 0 1, 17,420 o A0 % a7 1
= COLUMBIA GORGE 23424 G 16,307 28% 308337 LA a7 14.0 2 18,726 G a6 4699 34 55 324 14% 9% ary 2 13,662 % Z2a85 Z3% 45148 12 % 2% G5 2
COLUMBIA_PLATEAU 322788 86% 4 168 T2 364946 24% GO 11.0 a 13562 B6% AT 261 G1% 219,103 20 % T4% 20 g A0822 27 0035s TT% 2025 3% 2% 54 g
ALL PROWVIMCES Iv4938 100%  S5466  100% 433403 100% nAa n/a 11 03235 100% Q3250 100% 3970856 100% n/a n/A 11 FR2 00 100% 194980 00%  2F2e01 100% nia n'3 11
TOTAL CHIMOQO K
BLUE MOUMNTAIN T0 361 L o raG 4% TAGak 2% n/a n/a 5 59 216 10% 12 031 4 L 71896 4% n/Aa na 5 2,36 0%, 14192 2% 52 545 T% nia n'a 5
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Table VA 10 Biological performance results for Alternative 2 conditions, under the three worldviews.
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Figure IV A.21 Percent change in chinook abundance over Cument Potential for
Altemative 2, under the three worldviews.
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Figure WV.A.22 Percent change in natural and hatchery abundance for
Alternaitve 2, under the three worldviews.




Section IV.A — Results, Fish

The proportion of natural and hatchery fish produced for each worldview
is presented in Figure IV.A.23. Note that the proportion of hatchery fish
increase in the Technology Optimistic worldview due primarily to the
assumption regarding hatchery fish fitness and post-release survival.

Alternative 2 performs best when the following assumptions
about the state-of-nature are correct:

e The current juvenile transportation program is ineffective,
e Current in-river juvenile migration survival rates are low,
e Freshwater habitat degradation is high,

e Hatchery fish fitness is low, and

e Ocean survival rates are high.

The key biological performance results for the Alternative 2
province analysis are as follows:

e The largest increase over current for natural chinook
abundance potential occurs in the Blue Mountain province
(665 percent). Although all actions inherent in the alternative
affect total abundance, the majority of the increase can be
attributed to the dam removal strategy.

e Natural production increases the least in the Columbia
Cascade (139 percent). This result is not surprising as many
of the actions inherent in this alternative (e.g., dam removal)
were designed to help Snake River chinook.

e The largest increase in hatchery fish abundance occurs in the
Blue Mountain (249 percent) followed closely by the
Columbia Cascade (242 percent).

e Alternative 2 increases chinook productivity in all provinces
for all races. The largest increase in productivity occurs for
spring chinook populations in the Mountain Snake (193
percent) the lowest for fall chinook in the Columbia Plateau
(two percent)

e Life history diversity also increases in each province for all
races. The Columbia Plateau life history diversity value for
summer/fall chinook shows the greatest increase moving
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Figure V. A.23 Percent natural and hatchery chinook for Alternative 2, under the three
worldviews.




Section IV.A — Results, Fish

from a nine percent value under the Current Potential to ~66
percent.

e The number of viable populations increases from 48 under the
Current Potential to 60.

Chinook productivity under this alternative increases by the amounts
shown in Figure IV.A.24. These data indicate that average (weighted)
spring chinook productivity increases from 70 percent to 106 percent,
summer chinook from 75 percent to 157 percent, and fall chinook by six
percent to 10 percent dependent on worldview. The small increase in fall
chinook productivity results from the large intfluence the already
productive Columbia Plateau population (Hantord Reach) has on model
results. Of the ~303,000 natural fall chinook produced under this
alternative, 262,000 are produced in this province. Again, increased
productivity would improve the species” ability to rebound when
population size is reduced to low numbers.

The life history values for each race and worldview are also presented in
Table IV.A.10. Overall, spring, summer and fall chinook diversity values
increased dramatically for most provinces and worldviews. Populations
that can sustain a wide variety of life history patterns are likely to be more
resilient to environmental change, which in turn should reduce their risk
of extinction.

Under Alternative 2 the number of viable populations, in comparison to
the current, increases by 12 to 14. For example, for the Moderate
worldview spring, summer, and fall population numbers increase by five,
three, and four respectively. As was noted previously in the discussion on
Current Potential model results, the increase in viable populations
generally results from an increase in range or habitat usage as new habitat
becomes available from actions such as dam removal.

Province Scale Analysis

Modeling results for each of the five provinces are also summarized in
Table IV.A.10 by race and worldview. Because the major points presented
for the basin level analysis also apply at the province level, they are not
repeated here. Instead we use a series of tables and figures to highlight the
key biological performance results obtained at the province scale (Figure
IV.A.25 and Table IV.A.11). Unless otherwise noted, the discussion will
revolve around model results for the Moderate worldview. We will
compare worldview modeling results for this and the other alternatives
when we discuss uncertainty later in the report.
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Table VA 10 Biological performance results for Alternative 2 conditions, under the three worldviews.




Species/Province

Worldview

Spring Chinook TECH PESS MOD TECH OPT
BLUE_MOUNTAIN 280% 168% 80%
COLUMBIA CASCADE 74% 71% 46%
COLUMBIA GORGE 52% 46% 39%
COLUMBIA PLATEAU 105% 95% 59%
MOUNTAIN_SNAKE 332% 193% 90%

Summer/Fall
BLUE_MOUNTAIN 318% 164% 89%
COLUMBIA CASCADE 31% 26% 26%
COLUMBIA PLATEAU 26% 20% 57%
MOUNTAIN_SNAKE 318% 188% 96%

Fall
BLUE_MOUNTAIN 359% 189% 100%
COLUMBIA GORGE 1% 17% 43%
COLUMBIA PLATEAU 10% 2% 1%

Table IV.A.11 Percent change in natural chinook productivity over Current Potential for
Alternative 2, under the three worldviews.




Section IV.A — Results, Fish

The results presented in this section indicate that Alternative 2 increased
chinook abundance, productivity, and life history diversity substantially
in all provinces modeled. We next examine how chinook performance
changes under this alternative at the ESU level.

The key biological performance results for the Alternative 2
ESU analysis are as follows:

e All ESUs improve significantly in abundance, productivity
and life history diversity.

e ESU-15 sees the greatest improvement, recovering 31
percent of the lost abundance potential, and 27 percent of
the productivity loss.

e ESU-12 benetits less than the other ESUs under Alternative
2, with less than 10 percent recovery of abundance and
productivity losses.

ESU Scale Analysis

Modeling results for each of the five ESUs are also summarized in Table
IV.A.12. Data in this table represent the percent of chinook production loss
recovered by ESU for Alternative 2. By loss we mean the ditference
between Historic Potential and Current Potential described in the
previous section. Because the major points presented tfor the basin level
analysis also apply at the ESU level, they are not repeated here. Instead
we use a series of tables and figures to highlight the key biological
performance results obtained at the ESU scale. Unless otherwise noted, the
discussion will revolve around model results for the Moderate worldview.
We will compare worldview modeling results for this and the other
alternatives when we discuss uncertainty later in the report.

The results presented in this section indicate that Alternative 2 increases
chinook abundance, productivity, and life history diversity substantially
in all ESUs modeled.

Alternative 5

EDT modeling results for Alternative 5 are presented in this section.
Results are described at the basin, province, and ESU geographic scales.
We also use the Framework graph presented earlier in this report to show
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ESU-11 ESU-12 ESU-13 ESU-14 ESU-15
Abundance 23% 9% 13% 35% 31%
Productivity 21% 7% 9% 13% 27%
Diversity 51% 60% 74% 68% 96%

Table IV.A.12 Percent of difference between Historic and Current Potentials recovered

under Alternative 2.




Section IV.A — Results, Fish

the linkage between Alternative 5 actions, environmental attributes, and
biological performance.

Alternative Overview

For review purposes we have listed below the major actions included in
Alternative 5 to improve chinook performance in the basin. These actions
are as follows:

Eliminate juvenile transportation program during the spring and early
summer juvenile migration period.

Increase mainstem Columbia River average spring and summer flows
by as much as 12 percent.

Increase juvenile in-river survival through the addition of state-of-the-
art surface collection/bypass systems at mainstem projects and
increased spill.

Use hatchery supplementation and improved hatchery facilities and
rearing practices to increase the quantity and quality of fish returning
to the basin.

Improve freshwater habitat on both public and private lands. Habitat
actions were assigned an intensity value of 2 for private lands, and a 3
on public lands.

As is the case with all alternatives, eliminate ocean and mainstem
harvest.

The effect that the combined actions in Alternative 5 had on the
environmental attributes and natural chinook biological performance is
shown graphically in Figure IV.A.26. The values in the environmental
attributes table in this figure represent the percent improvement over
Current Potential. The biological performance chart shows the percent
improvement in natural chinook abundance for all races combined. The
percent values presented for each show the proportion that each race
contributed to the entire total.

The reader should be aware that the Hydrology and Hatchery related
environmental attributes were not included in this chart due to space
constraints. However, the change in these attributes does have an effect on
resulting biological performance for this and other alternatives. In a later
section of this report we will identify these attributes and show how they
could be used in establishing biological objectives for each alternative.

The increase in freshwater habitat productivity under this alternative is
shown in Table IV.A.14. The percent change in freshwater productivity
over current (Moderate) varied from 31 percent for the Mountain Snake to
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Figure IV A.26 Framework logic for Alternative 5. Tahle data shows the percent improvement over Current Potential for each listed attribute.
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Tabhle M A.14 Biological performance results for Alternative 5 conditions, under the three worldviews.




Section IV.A — Results, Fish

~134 percent in the Columbia Plateau. For all provinces combined,
freshwater productivity increased by an average of ~61 percent?. Whether
or not alternative 5 habitat actions would actually achieve this level of
improvement would be dependent on the region’s ability to successfully
implement the actions and their eventual effectiveness. However, the
reader should note that the environmental data driving these productivity
values would be reviewed for accuracy during the assessment and
subbasin planning phases of the Framework process. The incorporation of
more accurate data may change estimates of resulting freshwater habitat
productivity significantly.

Columbia Basin Scale Analysis

In Table IV.A.14 we present a summary of modeling results for
Alternative 5. The data in this table include information on chinook
abundance, productivity, life history diversity, number of natural and
hatchery fish, and number of populations®.

Alternative 5 is expected to increase chinook abundance over Current
Potential from 114 percent to 216 percent dependent on the worldview
examined (Figure IV.A.27). This alternative provides the greatest increase
under the Technology Pessimistic worldview and the least amount of
change under the Technology Optimistic set of assumptions.

The percent change from current for both natural and hatchery production
for this alternative is shown in Figure 1V.A.28. The data in this figure
indicate that natural production increases from 90 percent to 245 percent
and hatchery production from 133 percent to 167 percent.

The proportion of natural and hatchery fish produced for each worldview
is presented in Figure 1V.A.29. Note that the hatchery fish component
increases as the worldviews change from Technology Pessimistic to
Technology Optimistic. This increase is a direct result of the higher
hatchery post-release survival assumptions used in the Moderate and
Technology Optimistic worldviews. For example, the post-release survival
values used for hatchery fish under the Technology Pessimistic, Moderate
and Technology Optimistic worldviews are 15 percent, 30 percent and 60
percent, respectivelys.

4 This is an unweighted average for all provinces combined.

5 Population numbers increase either when actions in the alternative allow fish
access to previously blocked habitat (extends range) or when an existing
population’s productivity value exceeds 1.0.

6 These post-release survival values are for hatchery fish reared using innovative
hatchery practices.
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Figure V. A.27 Percent change in total chinook abundance over current for
Altem ative 5, under the three worldviews.
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Altemative 5, under the three worldviews.
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Figure 'V A.29 Percent natural and hatchery chinook production for Alternative 5, under the
three worldviews.



Section IV.A — Results, Fish

Chinook productivity under this alternative increases by the amounts
shown in Figure IV.A.30. These data indicate that average (weighted)
spring chinook productivity changes from 43 percent to 77 percent,
summer chinook from 32 percent to 76 percent, and fall chinook by minus
one percent to four percent depending on the worldview.

The life history values for each race and worldview are also presented in
Table IV.A.14. Overall, spring, summer and fall chinook diversity values
increased for all provinces under all worldviews. Populations that can
sustain a wide variety of life history patterns are likely to be more resilient
to environmental change, which in turn should reduce their risk of
extinction.

Under Alternative 5 the number of viable populations, in comparison to
the current, increases from 48 to 58 (Table IV.A.14-Moderate). The
majority of the population gains come from the Columbia Plateau
province.

Now that we have seen how Alternative 5 affected chinook production at
the basin level we next examine how each of the provinces fared.

Province Scale Analysis

Alternative 5 Modeling results for each of the five provinces are
summarized in Table IV.A.14 by race and worldview. Because the major
points presented for the basin level analysis also apply at the province
level, they are not repeated here. Instead we use a series of tables and
figures to highlight the key biological performance results obtained at the
province scale. Unless otherwise noted, the discussion will revolve around
model results for the Moderate worldview.

The results presented in this section indicate that Alternative 5 increased
chinook abundance, productivity, and life history diversity substantially
for most provinces and races modeled. We next examine how chinook
performance changes under this alternative at the ESU level (Figure
IV.A.31, Table IV.A.15).

ESU Scale Analysis

Modeling results for each of the five ESUs are summarized in Table
IV.A.16. Data in this table represents chinook response to the actions of
Alternative 5 as the percent of the loss recovered. By loss we mean the
difference between Historic Potential and Current Potential described in
the previous section. Because the major points presented for the basin
level analysis also apply at the ESU level, they are not repeated here.
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Tabhle M A.14 Biological performance results for Alternative 5 conditions, under the three worldviews.




Species/Province Worldview

Spring Chinook TECH PESS MOD TECH OPT
BLUE MOUNTAIN 140% 77% 20%
COLUMBIA_CASCADE 65% 57% 30%
COLUMBIA_GORGE 61% 53% 43%
COLUMBIA_PLATEAU 107% 90% 50%
MOUNTAIN_SNAKE 172% 94% 28%

Summer/Fall
BLUE MOUNTAIN 142% 60% 18%
COLUMBIA_ CASCADE 22% 16% 18%
COLUMBIA_ PLATEAU 8% 7% 62%
MOUNTAIN_SNAKE 136% 73% 21%

Fall
BLUE_MOUNTAIN 90% 32% 3%
COLUMBIA_GORGE 17% 30% 53%
COLUMBIA_PLATEAU -2% -7% -7%

Table IV.A.15 Percent change in natural chinook productivity over Current Potential
for Alternative 2, under the three worldviews.




ESU-11 ESU-12 ESU-13 ESU-14 ESU-15
Abundance 24% 5% 12% 11% 15%
Productivity 20% -1% 7% 9% 11%
Diversity 52% 63% 97% 49% 95%

Table IV.A.16 Percent of difference between Historic and Current Potentials recovered under

Alternative 5.




Section IV.A — Results, Fish

The key biological performance results for the Alternative 5
ESU analysis are as follows:

e All ESUs increase in abundance under Alternative 5.

e ESU-11 sees the greatest improvements, recovering 24
percent of abundance losses and 20 percent ot
productivity losses.

e ESU-12 improves in abundance, but decreases in
productivity. The reason for this is that as previously
unsustainable life history pathways are restored, the
mean productivity of the ESU as a whole decreases
slightly.

Alternative 6

EDT modeling results for the Alternative 6 are presented below. Results
are described at the basin, province, and ESU geographic scales. We also
use the Framework graph presented earlier in this report to show the
linkage between Alternative 6 actions, environmental attributes, and
biological performance.

Alternative Overview

For review purposes we have listed below the major actions included in
Alternative 6 to improve chinook performance in the basin. These actions
are as follows:

e Maximize juvenile transportation for both spring and summer
migrants

e Reduce spring flows; increase summer flows

¢ Eliminate spill when river conditions permit at all juvenile collector
projects
e Improve freshwater habitat on both public and private lands. Habitat

actions were assigned an intensity value of 1 for private lands, a 3 for
public lands

e Use hatchery supplementation and improved hatchery facilities and
rearing practices to increase the quality of the fish released.

e Asis the case in all alternatives, ocean and mainstem harvest was
eliminated for analysis purposes.
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Section IV.A — Results, Fish

The effect the combined actions in Alternative 6 had on the environmental
attributes and chinook biological performance is shown graphically in
Figure IV.A.32. The values in the environmental attributes table in this
figure represent the percent improvement over the Current Potential. The
biological performance chart shows the percent improvement in natural
chinook abundance for all races combined. The percent values presented
for each show the proportion each race contributed to the entire total. The
reader should be aware that the Hydro and Hatchery related
environmental attributes were not included in this chart due to space
constraints. However, the change in these attributes does have an effect on
resulting biological performance for this and other alternatives. In a later
section of this report we will identify these attributes and show how they
could be used in establishing biological objectives for each alternative.

The increase in freshwater habitat productivity under this alternative is
shown in Table IV.A.17. The percent change in freshwater productivity
over current (Moderate) varied from 26 percent for the Mountain Snake to
~82 percent in the Columbia Plateau. For all provinces combined,
freshwater productivity increased by an average of ~44 percent’.

Whether or not Alternative 6 habitat actions would actually achieve this
level of improvement would be dependent on the region’s ability to
successfully implement the actions and their eventual effectiveness.
However, the reader should note that the environmental data driving
these productivity values would be reviewed for accuracy during the
assessment and subbasin planning phases of the Framework process. The
incorporation of more Framework process incorporation of more accurate
data may change estimates of freshwater habitat productivity
significantly.

Columbia Basin Scale Analysis

In Table IV.A.18 we present a summary of modeling results for
Alternative 6. The data in this table include information on chinook
abundance, productivity, life history diversity, number of natural and
hatchery fish, and number of populationss.

Alternative 6 is expected to increase chinook abundance over current from
107 percent to 122 percent dependent on the worldview examined (Figure
IV.A.33). This alternative provides the greatest increase under the

7 This is an unweighted average for all provinces combined.

8 Population numbers increase either when actions in the alternative allow fish
access to previously blocked habitat (extends range) or when an existing
population’s productivity value exceeds 1.0.
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Figure MA.32 Framework logic for altem ative 6. Table data shows the percent improvement over Cumrent Potential for each listed attribute.
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over cument for Alternative 6, under the three wordviews.




BLUE_MOUNTAIN

COLUMBIA_CASCADE

COLUMBIA_GORGE

COLUMBIA PLATEAU

MOUNTAIN_SNAKE

Historic | Current Historic | Current Historic | Current Historic | Current Historic | Current
Alt Potential | Potential| A2 | Potential | Potential| A2 |Potential| Potential| A2 |Potential| Potential| A2 | Potential | Potential| A2
T Pess| 160.2 50.5 |50.5]| 142.3 64 94.6 142.2 70.4 |100.2| 157.1 35.1 |66.4| 185.1 102.7 |133.2
Mod 165.7 58.4 |58.4| 166.2 75.4 |113.3 158 83.7 113 163.9 415 |75.5| 187.9 111.6 141
T Opt 170.7 715 |715]| 155.8 89.5 |118.1| 157.3 942 |122.8 168 52.7 |87.8| 189.6 123.7 |150.1

Table IV.A.17 Freshwater habitat quality index values for the Historic Potential, Current Potential, and Alternative 6.
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Table A 18 Summary of EDT modeling results for Alternative 6 conditions, under the three worldviews.




Section IV.A — Results, Fish

Technology Optimistic worldview and the least amount of change under
the Technology Pessimistic set of assumptions.

The percent change from current for both natural and hatchery production
for this alternative is shown in Figure IV.A.34. The data in this figure
indicate that natural production increases from 69 percent to 89 percent
and hatchery production from 133 percent to 164 percent.

The proportion of natural and hatchery fish produced for each worldview
is presented in Figure IV.A.35. Note that the hatchery fish component
increases as the worldviews change from Technology Pessimistic to
Technology Optimistic. This increase is a direct result of the higher
hatchery post-release survival assumptions used in the Moderate and
Technology Optimistic worldviews. For example, the post-release survival
values used tfor hatchery fish under the Technology Pessimistic, Moderate
and Technology Optimistic worldviews are 15 percent, 25 percent and 60
percent, respectively®.

Alternative 6 performs best relative to the others when the
following assumption about the state-ot-nature are correct:

e The current juvenile transportation program is etfective,

e Current in-river juvenile migration survival rates are high,
e Freshwater habitat degradation is low,

e Hatchery fish fitness is high, and

e (Qcean survival rates are low.

Chinook productivity under this alternative increases by the amounts
shown in Figure IV.A.36. These data indicate that average (weighted) spring
chinook productivity changes trom 39 percent to 70 percent, summer
chinook from 18 percent to 30 percent, and fall chinook from one percent to
negative five percent, depending on worldview.

The life history values for each race and worldview are also presented in
Table IV.A.18. Overall, spring, summer and fall chinook diversity values
increased for all provinces under all worldviews. Populations that can
sustain a wide variety of lite history patterns are likely to be more resilient

9 These post-release survival values are for hatchery fish reared using innovative
hatchery practices.
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Section IV.A — Results, Fish

to environmental change, which in turn should reduce their risk of
extinction.

Under Alternative 6 the number of viable populations, in comparison to
the current, increases from 48 to 57 (Table IV.A.18). The majority of the
population gains come tfrom the Columbia Plateau province.

Now that we have seen how Alternative 6 atfected chinook production at
the basin level we next to see how each of the provinces fared.

Province Scale Analysis

Alternative 6 Modeling results for each of the tive provinces are
summarized in Table IV.A.18 by race and worldview. Because the major
points presented for the basin level analysis also apply at the province
level, they are not repeated here. Instead we use a series of tables and
figures (Figure IV.A.37 and Table IV.A.19) to highlight the key biological
performance results obtained at the province scale. Unless otherwise
noted, the discussion will revolve around model results for the Moderate
worldview. We will spend more time highlighting the ditferences in
worldviews for each alternative in the uncertainty section of this report.

The results presented in this section indicate that Alternative 6 increased
chinook abundance, productivity, and lite history diversity substantially
for most provinces and races modeled. We next examine how chinook
performance changes under this alternative at the ESU level.

ESU Scale Analysis

Modeling results for each of the tive ESUs are summarized in Table
IV.A.20. Data in this table represent the percent of chinook production loss
recovered by ESU for Alternative 6. By loss we mean the ditference
between Historic Potential and Current Potential described in the
previous section. Because the major points presented for the basin level
analysis also apply at the ESU level, they are not repeated here. Instead
we use a series of tables and figures to highlight the key biological
performance results obtained at the ESU scale. Unless otherwise noted, the
discussion will revolve around model results for the Moderate worldview.
We will compare worldview-modeling results for this and the other
alternatives when we discuss uncertainty later in the report.

The key biological performance results for the Alternative 6
ESU analysis are as follows:

e ESUs 11,14, and 15 increase in abundance and productivity
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Species/Province Worldview

Spring Chinook TECH PESS MOD TECH OPT
BLUE_MOUNTAIN 36% 51% 32%
COLUMBIA_CASCADE -9% 1% 21%
COLUMBIA_GORGE 53% 45% 37%
COLUMBIA_PLATEAU 2% 54% 36%
MOUNTAIN_SNAKE 37% 50% 37%

Summer/Fall
BLUE_MOUNTAIN -18% -7% -5%
COLUMBIA_CASCADE -20% -8% 7%
COLUMBIA_PLATEAU 10% 8% 26%
MOUNTAIN_SNAKE 10% 32% 23%

Fall
BLUE_MOUNTAIN -15% 4% 3%
COLUMBIA_GORGE 3% 11% 26%
COLUMBIA PLATEAU -16% -71% -2%

Table IV.A.19 Percent change in natural chinook productivity over Current
Potential for Alternative 6, under the three worldviews.



ESU-11 ESU-12 ESU-13 ESU-14 ESU-15
Abundance 15% 1% 4% 3% 8%
Productivity 12% -4% 0% 9% 5%
Diversity 41% 40% 70% 15% 63%

Table IV.A.20 Percent of difference between Historic and Current Potentials recovered
under Alternative 6.




Section IV.A — Results, Fish

under Alternative 6.
e [ESU-12 sees little or no improvement under Alternative 6.

e ESU-11 benefits the most among the ESUs, recovering 15
percent of lost abundance potential and 12 percent of the
productivity loss.

Relative to the other alternatives analyzed, Alternative 6 provides
relatively limited benefits under the Moderate worldview. If the
Technology Optimistic worldview better represents the true state of
nature, then Alternative 6 will compare much more favorably with the
other alternatives. There is further discussion about the consequences of
uncertainty about the true state of nature in the uncertainty section below.
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Section IV.B — Results, Wildlife

RESULTS - WILDLIFE

This section of the Results addresses wildlife; it is organized as follows:
Wildlife Species
Habitat Performance

Biological Performance

Wildlife Species

In this section, we present analysis results on selected individual wildlife
species and their habitat performance under the planning alternatives at
three time periods.

Habitat Performance

Wildlife habitat type maps are the basis for determining habitat
performance in the United States portion of the Columbia River Basin.
Two maps (Figure IV.B.1 and Figure 1V.B.2), compiled by the Northwest
Habitat Institute, illustrate historic conditions (circa 1850) and current
conditions. Habitat performance was evaluated by comparing the
amounts of various wildlife habitats for historic, current, and future (i.e.,
alternative strategies) conditions. Each of the 32 wildlife habitat types is
depicted as a colored polygon with each color representing a terrestrial,
freshwater or marine habitat type. This representation of wildlife habitat
types is the first of its kind for the U. S. portion of the basin (discussions
with Canadian biologists are proceeding to continue the mapping effort
for the whole basin). This consistent mapping effort will result in a
hierarchical analysis of the provinces, subbasins, and watersheds.

The results for habitat performance are summarized for a few of the
habitats (i.e., shrub steppe, agriculture, and eastside mixed conifer) that
illustrate great change since the 1850s. All wildlife habitats and their
value for wildlife are integrated into the Habitat Condition Indices and
Functional Analyses presented in the following sections. A summary of
these data (Table 1V.B.1) is the basis for illustrating changes between
historic, current, and alternative strategies for the basin and provinces.
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Figure IV.B.1 Historical wildlife habitat types in the Columbia Basin.
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Figure IV.B.2 Current wildlife habitat types in the Columbia Basin.



Table IV.B.1 Change results for a sample of the analysis constructed for wildlife-habitat types, specific species (bald eagle) and functional analysis
(total functional diversity, TFD, and functional redundancy, FR) are the basis for historgrams assessing the basin and provinces for historic, current
and alternative conditions.

Change Summaries

Hist-Curr | Curr-Alt2 | Curr-Alt5 | Curr-Alt6 Hist-Curr Curr-Alt2 Curr-Alt5 Curr-Alté
o Z o) Z o Z e} Z
2181z (2(5|z|2|5|z/2|€ |3
) . . s < s < 5 < S <
Province Environmental Attributes ® ® ® ®
BLUE_MOUNTAINS Shrub-steppe 186457 -284029| -218413| -214101|Yes [No No [Yes No |Yes No |Yes
Agriculture 386735 651 519 -5227|Yes [No Yes |No Yes |No No |Yes
Eastside Mixed Conifer 540809 59862 42344 41981|Yes |No Yes |No Yes |No Yes |No
Eagle HCI 71| 150 12| 66| 58| 109| 61| 63| 109| 57| 68| 108
TFD 91| 141 1| 129 103 1| 125( 107 1| 126| 106 1
FR 105| 125 3| 146| 81 6| 144| 83 6| 144| 83 6
COLUMBIA_GORGE Shrub-steppe 5933 -5131 -5349 -5340(Yes |No No |Yes No |Yes No |Yes
Agriculture 36656 -11130 -12280 -12345|Yes |No No |Yes No |Yes No |Yes
Eastside Mixed Conifer -435310 13714 15099 -16098|No  |Yes Yes [No Yes [No Yes [No
Eagle HCI 9] 30 0 17 18 4 17 18 4 17 18 4
TFD 18| 21 0| 20| 19 0| 20| 19 0| 21| 18 0
FR 8| 34 0| 30 9 0| 30 9 0| 31 8 0
INTER_MOUNTAIN Shrub-steppe -97226 -27582 -24140 -9563[No [Yes No |Yes No [Yes No [Yes
Agriculture 1076818| -448393| -499074| -498907|Yes [No No |Yes No |Yes No |Yes
Eastside Mixed Conifer 903068 209460 216245 210793|Yes |No Yes [No Yes [No Yes [No
Eagle HCI 112| 162 2| 93| 173| 10| 93| 173| 10| 91| 175 10
TFD 27| 249 0| 248| 28 0] 251| 25 0| 250| 26 0
FR 41) 235 0| 239| 37 0] 239| 37 0| 240| 36 0
MIDDLE_SNAKE Shrub-steppe 743903| -1573174| -1625847( -1577298|Yes |No No |Yes No [Yes No [Yes
Agriculture 2493738 -727601| -795871| -812187|Yes |No No [Yes No |Yes No |Yes
Eastside Mixed Conifer 623343 2074 5473 5500(Yes |No Yes |No Yes [No Yes [No
Eagle HCI 283| 368| 588 261| 351| 627| 257| 355 627 255| 356| 628
TFD 343| 855 41| 712| 483| 44| 716| 479| 44| 718| 477| 44
FR 513| 443| 283| 534| 404| 301| 533| 405| 301| 531| 407| 301
MOUNTAIN_SNAKE Shrub-steppe 677255| -489660( -512592| -512592|Yes |No No |Yes No |Yes No |Yes
Agriculture 878513| -388610| -427488| -427488|Yes |No No |Yes No |Yes No |Yes
Eastside Mixed Conifer 2103950 -12663 -14134 -14134|Yes |No No |Yes No |Yes No |Yes
Eagle HCI 364| 628 14| 372| 339| 295| 370| 341| 295| 370| 341| 295
TFD 498( 508 0| 783| 223 0| 787| 219 0| 787| 219 0
FR 485 521 0| 672| 333 1| 672| 333 1| 672| 333 1




COLUMBIA_CASCADE |Shrub-steppe 494254 -481141| -574002| -479328[Yes [No No |Yes No |Yes No |Yes
Agriculture 539476| -188290| -215364 -205802|Yes |No No |Yes No [Yes No [Yes
Eastside Mixed Conifer 223716 157674 171269 162585|Yes |No Yes [No Yes [No Yes [No
Eagle HCI 223 66| 10( 112| 171| 16| 113| 170| 16| 114| 169| 16
TFD 60| 239 0[ 208] 91 0 204] 95 0| 208 91 0
FR 46| 250 3| 245 51 3| 247 49 3| 245| 51 3
COLUMBIA_PLATEAU [Shrub-steppe -3084958 795232 952563 952563|No | Yes Yes [No Yes [No Yes [No
Agriculture 8992071| -4678675| -5134312| -5134312|Yes [No No |Yes No |Yes No |Yes
Eastside Mixed Conifer 1279241 37790 39212 39212|Yes [No Yes |No Yes [No Yes [No
Eagle HCI 780| 447| 173| 208| 847| 345| 187| 869 344| 183| 873| 344
TFD 168|1232 0[1124| 275 1|1127| 272 1|1129| 270 1
FR 763| 561| 76| 593| 725| 82| 594| 724| 82| 587| 731| 82
LOWER_COLUMBIA Shrub-steppe 0 0 0 0
Agriculture 2078113 -909365| -1017371| -1027531|Yes [No No |Yes No [Yes No [Yes
Eastside Mixed Conifer 2652 85 117 117|Yes |No Yes [No Yes [No Yes [No
Eagle HCI 115| 173 0| 84| 180| 24| 80| 184| 24| 81| 183 24
TFD 38| 250 0| 178| 110 0| 181 107 0 187 101 0
FR 122| 166 0| 183| 105 0| 186 102 0 183[ 105 0
MOUNTAIN_COLUMBIA] Shrub-steppe 262735| -218281| -223622| -217625[Yes [No No |Yes No |Yes No |Yes
Agriculture 826476| -219776| -233226| -227406(Yes |No No |Yes No |Yes No |Yes
Eastside Mixed Conifer 1408442 205176 216689 215458|Yes |No Yes |No Yes [No Yes [No
Eagle HCI 1133| 44| 61| 671| 500| 67| 673| 498 67| 669| 502| 67
TFD 451| 787 0| 929| 309 0 925| 313 0| 927 311 0
FR 429| 809 0| 940| 298 0| 937| 301 0| 939 299 0
UPPER_SNAKE Shrub-steppe -2871658 721532 876448 876448|No |Yes Yes |[No Yes [No Yes [No
Agriculture 5941645 -2964045| -3255359| -3255359|Yes |No No |Yes No |Yes No |Yes
Eastside Mixed Conifer -403624 191146 200985 200985|No |Yes Yes |No Yes [No Yes [No
Eagle HCI 837| 18| 189| 187| 658| 199| 186| 659 199 186| 659| 199
TFD 263| 776 5| 727| 313 4| 728| 312 4| 728| 312 4
FR 486( 483| 75| 565| 401| 78| 564| 402| 78| 564| 402 78
TOTAL_BASIN Shrub-steppe -3683305( -1562235| -1354954| -1147825[No |[Yes No |Yes No [Yes No [Yes
Agriculture 23250240 -10535235(-11589827(-11615880|Yes |No No |Yes No |Yes No |Yes
Eastside Mixed Conifer 6246288 864318 893299 877841|Yes |No Yes |No Yes |No Yes |No
Eagle HCI 3927|2086|1049|2071|3295(1696|2037(3330|1695(2023|3344[1695
TFD 1957|5058| 47|5058|1954| 50|5064(1948 50(5081(1931| 50
FR 2995|3627| 440|4147|2444| 471|4146(2445| 471(4136|2455| 471

TFD: Total Functional Diversity

FR: Functional Redundancy

Table IV.B.1 Change results for a sample of the analysis constructed for wildlife-habitat types, specific species (bald eagle) and functional
analysis (total functional diversity, TFD, and functional redundancy, FR) are the basis for historgrams assessing the basin and provinces for

historic, current and alternative conditions.




Section IV.B — Results, Wildlife
Historic

Columbia Basin Scale Analysis

The historic wildlife habitat type map (Figure 1V.B.1) was created to
illustrate the norm circa 1850 for the U.S. portion of the Columbia Basin.
This map provides an idea of what the historic (and future) potential for
an area might be. The historic map is coarse at 1.6 miles (1 km) resolution
compared to the finer scale current map. The coarse scale map at the basin
and the province levels can under-represent some wildlife habitat types.
For example, the historic map indicates relatively large wetland areas in
the Willamette and Snake River valleys. Narrow riparian wetlands along
small streams in headwater situations are not represented at the coarse
scale. The fact that these narrow wetlands are not shown means that they
are underrepresented in the historic map and that there is less difference
shown between historic and current conditions than likely what actually
occurred. Other wildlife habitats such as shrub steppe are less likely under
represented on the historic map and changes between historic and current
are likely more representative of actual changes.

The historic wildlife habitat types serve as a reference for wildlife
restoration across the basin. Management Activities or strategies that
change current conditions toward the historic condition are likely to
restore wildlife habitat types for native wildlife species and communities.
The historic and current maps also provide insight to ecosystem processes
that have resulted in ecosystem change. Insights into ecosystem processes
and functions are likely to help understand and guide the direction (but
not the detail) of what a future alternative might be.

General amounts of the three examples of wildlife habitat types in the
basin are represented by the grand total column in Figure IV.B.3. The
shrub-steppe habitat comprised about 28 percent, east-side mixed conifer
about 14 percent, and agriculture was nearly absent in the basin under
historic conditions. The detail of the amount of these and the other
wildlife habitat in the basin will come later in the analyses for the
subbasin assessments. The historic wildlife habitat types are most
interesting when compared to the map of current wildlife habitats (see
below).

Province Scale Analysis

The province scale analysis of wildlife habitat types was conducted for
three wildlife habitat types as an example of the type of analysis that
might be conducted to assess differences in wildlife habitat across the
basin, and as a basis for assessing change in space and time (Figure
IV.B.4). Eastside mixed conifer habitat occurs in all provinces with the
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Section IV.B — Results, Wildlife

exception of the Lower Columbia. This habitat is more common in the
Columbia Gorge, Inter Mountain, Mountain Columbia, and Mountain
Snake Provinces. Shrub steppe habitat is also present in nine of the ten
provinces. It is most common in the Columbia Plateau, Middle Snake, and
Upper Snake Provinces. The agricultural habitat type is close to zero in all
provinces.

Current

Columbia Basin Scale Analysis

Wildlife habitat types mapped for the current conditions (Figure 1V.B.2)
are depicted at a minimum mapping unit of 250 acres (100 ha). The most
notable changes from the historic map are: (1) conversion of the shrub
steppe and dwarf shrub steppe to agriculture, (2) conversion of the
Willamette and Snake River Valley wetlands and grasslands to
agriculture, and (3) conversion of eastside ponderosa pine forest to mixed
conifer forest (due to fire suppression, selective logging, and grazing).
Conversion of wetlands is detectable for large areas such as the
Willamette Valley and the VVancouver Lake area along the Lower
Columbia. These large changes give managers a perspective of the
general magnitude and location of changes that have occurred. The
minimum mapping unit of the historic map precludes an accurate
representation of the relatively narrow (i.e., less than 1,000 feet wide)
historic wetlands that occurred along many of the smaller tributaries that
were likely important to beaver and salmon in historic times. Accurate
analyses of wetland and riparian changes will have to await later analyses
at the subbasin and watershed scales.

The grand total percents of the three habitats at the basin scale indicate
shrub steppe is just over 20 percent, and eastside mixed conifer is just
under 20 percent of the basin (Figure 1V.B.3). The most dramatic change
between historic and current conditions is the increase of 23.5 million
acres of agriculture (Figure 1V.B.5). A relatively small portion of this
change came from shrub steppe wildlife habitat type. Other wildlife
habitat types such as grassland, forest and dwarf shrub steppe have also
been converted to agriculture (Hessburg et al. 2000, Huff et al. 1995).

Province Scale Analysis

Changes in shrub-steppe and eastside mixed conifer wildlife habitat types
likely are better (than wetlands) represented at the province scale. The
percent of these wildlife habitat types for current conditions (Figure
IV.B.3) in the various provinces indicates where conversions to agriculture
are the greatest. For example, about 6 percent (0.4 million acres) of the
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Figure IV.B.5 Change in acres of three wildlife-hahitat types in the U.%. portion of the Columbia Basin from historic
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150 years. A relatively small portion of this increase has come from the shrub-steppe wildlife-hahitat type.



Section IV.B — Results, Wildlife

Mountain Snake province has been converted to agriculture whereas
almost 30 percent (3.9 million acres) of the Columbia Plateau has been
converted to agriculture. Eastside mixed conifer forest conversion to
agriculture is most pronounced in the Mountain Columbia (about 45
percent). These changes are best illustrated in Figure IVV.B.6 where the
largest increases in agricultural acreage are in the Columbia Plateau and
the Mountain Snake provinces. Given the large conversions to agriculture
in these provinces, it is not surprising that this is where there was the
largest reduction in shrub steppe acres. The province analysis also
indicates shrub steppe acres did not decrease in all provinces and actually
increased in five provinces (e.g., Mountain Snake) along with agriculture.
Subbasin analyses in these provinces should address the reasons for these
increases in shrub steppe. Eastside conifer forest increases at the basin
level can be attributed to provinces on the west slope of the Rocky
Mountains (e.g., Mountain Snake) but not all provinces had increases in
this wildlife habitat type. A decrease in acres of this wildlife habitat type
occurred in the Upper Snake and Columbia Plateau.

Alternatives

Columbia Basin Scale Analysis

Wildlife habitat types estimated by Vail et al. 2001 (Figure 1V.B.7) clearly
show a loss of over 10 million acres of the agriculture wildlife habitat type
in the future under all three alternatives. Alternative 2, which addresses
dam removal, reduces the agriculture habitat slightly less than the other
two alternatives that do not propose dam removal. Alternative 6 reduces
the agriculture habitat slightly more than Alternative 5 (Table IV.B.1), a
slight increase in eastside conifer forest is approximately equal for each
alternative. The decrease in shrub steppe is slightly greater in Alternative
2 than the other two alternatives.

Province Scale Analysis

The changes in wildlife habitat types are similar for each alternative
(generally less than 10 percent difference between each alternative for
each wildlife habitat type). Given this similarity among alternatives, the
province scale analysis focuses on one alternative with the knowledge that
trends discussed apply to all alternatives. Alternative 2 shows that the
changes in the agriculture wildlife habitat type are quite different for each
province (Figure 1V.B.8). One province, Blue Mountain, showed a 651-acre
increase and the other nine provinces showed decreases. The decreases
varied from 3 to 4.6 million acres in the Upper Snake and Columbia
Plateau to about 11 thousand acres in the Columbia Gorge. The changes in
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Figure IVB.6 Change in acres of three wildlife -hahitat types in each province from historic to current conditions. These
three habhitat types are presented as examples of the changes in the many aquatic and terrestrial hahitat types in the

provinces. Most of the increase in the agriculture hahitat type has occurred in the Columiba Plateau and Upper Snake
provinces.
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Figure IVB.7 Change in acres of three wildlife-hahitat types in the U.5. portion of the Columhbia Basin from
current to alternatives 2, 5, and 6 conditions. These three hahitat types are presented as examples of the
proposed changes for all the aquatic and terrestrial (non-marine) hahitat types in the hasin. All alternatives
propose to reduce the agriculture hahitat type by 10 to 12 million acres.
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Figure IV.B.8 Change in acres of three wildlife-hahitat types in each province from current to alternative 2 conditions. These
three hahitat types are presented as examples of the proposed changes in the temestrial and aguatic (non-marine) habitat types
in the provinces. Most of the reduction in agricutire is proposed for the Columbia Plateau and Upper Snake provinces.
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shrub steppe also varied across the provinces with increases in the
Columbia Plateau and Upper Snake provinces. The largest decrease (1.6
million acres) in the shrub steppe habitat was in the Middle Snake.
Decreases in other provinces were less than half a million acres. Eastside
conifer forest increased in nine of the ten provinces. The largest gain, 209
thousand acres, was in the Inter Mountain province. One province, the
Mountain Snake, had a slight (13 thousand acre) decrease.

Biological Performance

Biological performance for the black bear and the bald eagle were assessed
using a Habitat Condition Index (HCI) to estimate capacity (see Methods).
As discussed in Methods, necessary fine-scale data on riparian and
aquatic habitats were not available for calculating an HCI for the
American beaver. HCI results for the black bear and the bald eagle were
calculated for each 6-HUC (in the range of the species) and are presented
here in three formats: HCI maps, cumulative integrated capacity curves,
and HCI change maps. 6-HUC information was aggregated at two levels
for analysis: the basin and province. Two types of presentation are
illustrated for the species level analysis. The black bear analysis is very
general, and utilizes HCI maps and cumulative integrated capacity
curves. The bald eagle analysis relies on HCI