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1.0   INTRODUCTION 

This document presents the initial EDT diagnosis for planning restoration and protection of 
salmon habitat in watersheds within the Entiat River, Washington. The diagnosis is based on 
an assessment of the relative contributions of geographic areas, and the environmental 
factors operative within each, to the performance of naturally produced chinook salmon. 

Salmon survival depends on the condition of diverse habitats along the aquatic landscape. 
The quality and quantity of habitats from gravel beds in headwater streams to eel grass beds 
in nearshore marine areas can all affect the performance of salmon populations. Protecting 
or restoring these habitats in a strategic manner will require locally based solutions, suited to 
the needs of each watershed. This can only be achieved through coordinated multi-
jurisdictional efforts based on a rational process for identifying and prioritizing actions 
aimed at those factors that most affect salmon survival. 

Resource planners associated with the Entiat River have initiated such a process. They seek 
to develop a rational basis for guiding and coordinating salmon conservation and recovery 
actions within the Entiat watershed. To this end, they are applying an analytical approach 
called Ecosystem Diagnosis and Treatment (EDT)—a habitat-based procedure for relating 
environmental conditions to the performance of salmon populations. EDT captures a wide 
range of information and makes it accessible to planners, decision-makers and scientists in 
the form of a working hypothesis for salmon performance within the ecosystem. The 
Yakima Nation contracted with Mobrand Biometrics, Inc. (MBI) to apply the method in 
analyzing conditions in the Entiat watershed with respect to chinook performance and to 
derive a strategic assessment of action priorities. This document presents the preliminary 
results of these analyses.  

1.1   Project Objectives 

The project, as contracted to MBI, had two primary objectives: 

1. To complete a watershed assessment in the Entiat for the focus species, assessing 
current and historic measures of population performance relative to habitat conditions, 
and to derive strategic priorities for protection and restoration actions. 

2. To assist planners with developing sets of candidate actions for the Entiat basins—each 
action identified with respect to its strategic priority—and to analyze possible benefits 
to the focus species.  

1.2   Project Overview 

The project consists of two phases—corresponding to the two objectives: 1) watershed 
assessment and 2) analysis of action alternatives. Combined, both phases provide an overall 
set of strategic priorities for recovery and protection planning within the Entiat River. 

In the assessment phase, we characterized baseline reference conditions with regard to both 
environmental conditions and population performance measures. We structured the 
assessment to draw conclusions at basin, subbasin, and stream reach scales. We characterized 
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two baseline reference scenarios: predevelopment or historic conditions and current 
conditions. The comparison of these scenarios forms the basis of the diagnostic conclusions 
about how the basins and associated salmon performance have been altered by human 
development. The historic reference scenario also serves to define the natural limits to 
potential recovery actions within the basins. 

To perform the assessment, a team composed of people knowledgeable about the Entiat 
River assembled baseline information on habitat and human-use factors and fish life history 
patterns. For each stream reach, the team estimated a set of habitat parameters using the 
assembled data and information. Habitat parameters for the Columbia River, Columbia 
estuary and marine were obtained from the Northwest Power Planning Council’ Multi-
Species Framework Project (NWPPC, in press).  We analyzed the data sets from species-
specific life history perspectives in order to describe population performance in relation to 
habitat and human-use factors. These characterizations of the environment and resultant 
species performance constitute the working hypothesis for the ecosystem—guiding the 
strategic assessment and the near-term and long-range salmon recovery planning. 

In the final step of the assessment phase, we derived hypothesis-driven strategic priorities 
for conservation and recovery actions. These priorities identify the relative importance of 
geographic areas for protection or restoration (or both) and the associated environmental 
factors. This information is needed for both near-term and long-range action planning as 
planning committees and various stakeholders seek to identify, prioritize, implement, and 
monitor conservation and recovery actions. 

In the action analysis phase, action alternatives were posed as experimental hypotheses to be 
tested through an adaptive management program. We assisted Entiat planners and other 
basin stakeholders in prioritizing near-term conservation actions to protect and restore the 
ecosystem processes and functions that create and maintain habitat for salmonid species. 
Criteria for identifying and prioritizing action recommendations included (but were not 
limited to) the following: benefits for salmon habitat and salmon recovery, cost-
effectiveness, and technical feasibility. 

1.3   Use of the EDT Method 

Ecosystem Diagnosis and Treatment (EDT) is an analytical method relating habitat features 
and biological performance to support conservation and recovery planning (Lichatowich et 
al. 1995; Lestelle et al. 1996; Mobrand et al. 1997; Mobrand et al. 1998). It acts as an 
analytical framework that brings together information from empirical observation, local 
experts, and other models and analyses. 

EDT emphasizes the importance of a science-based approach to recovery planning. 
Fundamental to the scientific method is the use of an explicit conceptual framework within 
which information about the natural system is gathered, organized, and analyzed. A logical 
linkage between actions and events within the watershed and their effect on values and 
objectives must be presumed and explicitly addressed—a requirement of EDT. 

EDT differs from models often used in fish and wildlife management and offers important 
features that can augment conventional methods. EDT is best described as a scientific model 
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(see Hilborn and Mangel 1997). A scientific model attempts to explain the mechanisms 
behind observed phenomena to form an overall hypothesis. This contrasts with 
conventional statistical models that provide correlation-based predictions of events without 
necessarily explaining the underlying mechanism. As a scientific model, EDT constructs a 
working hypothesis of a watershed as a basis for planning and for comparison of alternative 
futures. This hypothesis provides metrics to gauge progress and testable hypotheses to refine 
knowledge. EDT helps us understand and describe the inevitable complexity of ecological 
systems in order to plan effective recovery strategies. A statistical model, on the other hand, 
seeks to reduce complexity to a small number of predictive or correlated variables. A 
scientific model like EDT provides the hypothesis while a statistical model can provide the 
test. The hypothesis is the rationale that links actions and expected outcome. 

Validation of a scientific model as a planning tool means establishing its applicability and 
utility to the problem at hand. We suggest three criteria or questions for judging the 
usefulness of such a model: 1) Does it produce results that are consistent with what we 
observe; 2) How well does it explain what we observe; and 3) Is it useful for guiding future 
actions? 

The EDT method has been widely applied throughout the Pacific Northwest in a variety of 
rivers. Most noteworthy for the Entiat assessment, EDT is being used by the NWPPC as the 
primary analytical tool to develop and assess subbasin plans in Columbia Basin. The Entiat 
assessment will complement this regional effort.  

1.4   Document Organization 

This document is organized into three sections: 

1.0 Introduction 

2.0 The EDT Method as Applied to Entiat River 
—a description of the principal parts of the EDT method as it as has been applied in 
this analysis 

3.0 The Assessment 
—the assessment of the Entiat watershed with respect to the performance of 
Chinook 

4.0 Restoration and Protection Scenarios 

Three appendices accompany this report: 

A. The EDT Analytical Model 

B. Ecological Attributes and Related Survival Factors 

C. Stream Reach Analysis for Chinook Performance 
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2.0   THE EDT METHOD AS APPLIED TO ENTIAT WATERSHED 

This chapter describes the basic components of the EDT method as it was applied in the 
Entiat analysis. A more complete description of the conceptual design and application of 
EDT can be found at http://www.edthome.org. Additional information is also provided in 
Appendix A of this document. 

The EDT method consists of three components: 

• Conceptual and Information Framework—a way of organizing information to describe a 
watershed ecosystem for analyzing biological performance 

• Analytical Model—a tool used to analyze environmental information and draw 
conclusions about the ecosystem 

• Step-by-Step Procedure—the steps followed in applying EDT; these are described as 
applied in the Entiat analysis 

2.1   Conceptual and Information Framework 

2.1.1   The Framework Concept 

The conceptual framework consists of three major elements: the vision, the set of biological 
objectives, and the strategies for moving the watershed toward the vision (Figure 2.1). The 
vision describes a set of desired future conditions with regard to biological, economic, and 
social values. In an ESA context, these desired conditions address recovery objectives for 
salmon species. The biological objectives describe the vision with respect to the 
characteristics of the environment and associated biological performance of species under 
those conditions. The strategies are those actions intended to achieve the biological 
objectives. This simple framework forms the core of the EDT method—it is the framework 
that has been adopted by the Northwest Power Planning Council for planning recovery 
actions in the Columbia Basin. 

Figure 2.1.  The EDT conceptual framework. 

This framework is the pathway for linking various potential watershed actions to desired 
outcomes. It provides the rationale for identifying how actions are transferred through the 
ecosystem into resource outcomes. The framework explains possible consequences of 
actions in a manner consistent with existing knowledge and information, and it requires that 
assumptions necessary to watershed planning be identified—thus it becomes a vehicle for 
learning and communicating. 

Actions
Ecological
attributes

Biological 
performance VisionRationale Rationale Rationale

Biological objectives
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2.1.2   Ecological Information Structure 

The Information Structure and associated data categories are defined at three levels of 
organization. Together, these can be thought of as an information pyramid in which each 
level builds on information from the lower level (Figure 2.2). As we move up the through 
the three levels, we take an increasingly organism-centered view of the ecosystem. Levels 1 
and 2 together characterize the environment, or ecosystem, as it can be described by 
different types of data (Figure 2.3). This provides the characterization of the environment 
needed to analyze biological performance for a species. The Level 3 category is a 
characterization of that same environment from a different perspective: “through the eyes of 
the focal species" (Mobrand et al. 1997). This category describes biological performance in 
relation to the state of the ecosystem described by the Level 2 ecological attributes. 

Level 1- wide range of 
data types

Level 2-Ecological 
attributes 

Level 3- Biometrics
Umbrella attributes (classes of 
attributes) - "through the eyes 
of species" - short list

 

Figure 2.2.  Data/information pyramid—information derived from supporting levels. 

The organization and flow of information begins with a wide range of environmental data 
(Level 1 data) that describe a watershed, including all of the various types of empirically 
based data available. These data include reports and unpublished data. Level 1 data exist in a 
variety of forms and pedigrees. The Level 1 information is then summarized or synthesized 
into a standardized set of attributes (Level 2 ecological attributes, see Table 2.1) that refine 
the basic description of the watershed. The Level 2 attributes are descriptors that specify 
physical and biological characteristics about the environment relevant to the derivation of 
the survival and habitat capacity factors for the specific species in Level 3. Definitions for 
Level 2 and Level 3 attributes are given in Appendix B, together with a matrix showing 
associations between the two levels. 

The Level 2 attributes represent conclusions that characterize conditions in the watershed at 
specific locations, during a particular time of year (season or month), and for an associated 
management scenario. Hence an attribute value is an assumed conclusion by site, time of 
year, and scenario. These assumptions become operating hypotheses for these attributes 
under specific scenarios. Where Level 1 data are sufficient, these Level 2 conclusions can be 
derived through simple rules. However, in many cases, experts are needed to provide 
knowledge about geographic areas and attributes where Level 1 data are incomplete. 
Regardless of the means whereby Level 2 information is derived, the characterization it 
provides can be ground-truthed and monitored over time through an adaptive process.



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.3.  Ecological Information Structure. 
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Table 2.1.  Hierarchical organization of Ecological Attributes (Level 2) by categories of 
major stream corridor features. Corresponding salmonid Survival Factors (Level 3) are 
shown associated with groups of Level 2 attributes (other associations may also be used in 
conversion rules). Associations can differ by species and life stage. See Appendix B for 
association matrices. 

Ecological Attributes (Level 2) Related Survival Factors 
(Level 3) 

  1 Hydrologic Characteristics 
1.1 Flow variation Flow - change in interannual variability in high flows 
  Flow - changes in interannual variability in low flows 
  Flow - Intra daily (diel) variation 
  Flow - intra-annual flow pattern 
  Water withdrawals 
1.2 Hydrologic regime Hydrologic regime - natural 
  Hydrologic regime - regulated 

Flow 
Withdrawals (entrainment) 
  
  
  
  
  

  2 Stream Corridor Structure 
2.1 Channel 
morphometry Channel length 
  Channel width - month maximum width 
  Channel width - month minimum width 
  Gradient 
2.2 Confinement Confinement - hydromodifications 
  Confinement - natural 
2.3 Habitat type Habitat type - backwater pools 
  Habitat type - beaver ponds 
  Habitat type - glides 
  Habitat type - large cobble/boulder riffles 
  Habitat type - off-channel habitat factor 
  Habitat type - pool tailouts 
  Habitat type - primary pools 
  Habitat type - small cobble/gravel riffles 
2.4 Obstruction Obstructions to fish migration 
2.5 Riparian and 
channel integrity Bed scour 
  Icing 
  Riparian function 
  Wood 
2.6 Sediment type Embeddedness 
  Fine sediment (intragravel) 
  Turbidity 

Channel length 
Channel stability 
Channel width 
Habitat diversity 
Key habitat 
Obstructions 
Sediment load 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  3 Water Quality 
3.1 Chemistry Alkalinity 
  Dissolved oxygen 
  Metals - in water column 
  Metals/Pollutants - in sediments/soils 
  Miscellaneous toxic pollutants - water column 
  Nutrient enrichment 
3.2 Temperature 
variation Temperature - daily maximum (by month) 
  Temperature - daily minimum (by month) 
  Temperature - spatial variation 

Chemicals (toxic substances) 
Oxygen 
Temperature 
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Ecological Attributes (Level 2) Related Survival Factors 
(Level 3) 

  4 Biological Community 
4.1 Community effects Fish community richness 
  Fish pathogens 
  Fish species introductions 
  Harassment 
  Hatchery fish outplants 
  Predation risk 
  Salmon carcasses 
4.2 Macroinvertebrates Benthos diversity and production 

Competition with hatchery fish 
Competition with other fish 
Food 
Harassment 
Pathogens 
Predation 
  
  

 

In the Entiat process, conclusions regarding Level 2 attribute conditions were derived by a 
group of natural resource-related professionals with knowledge of the watersheds of interest. 
These individuals had expertise in such disciplines as fish habitat, hydrology, 
geomorphology, water quality, and civil engineering. 

The link between Level 2 attributes and Level 3 factors is made through sets of rules. The 
rules translate the Level 2 characterization of the environment into biological performance 
by life stage for a focus species. Biological performance describes how a species reacts to 
characteristics of its environment in terms of survival (productivity) and capacity. The rules 
are defined through the Level 3 Survival Factors (Table 2.1), which act as "umbrella 
attributes" grouping Level 2 attributes together. 

A separate set of biological rules for doing the conversion from Level 2 to Level 3 has been 
derived for each species of salmon. The rules are provisional—they are currently being 
reviewed through a formal process in the region. They are a characterization of our 
understanding of the relation between the environment and salmon survival at the current 
time. We expect that the rules will be refined through the review process. Additional 
information on the rules and the review process can be found at http://www.edthome.org. 

The Level 3 Survival Factors serve as the input to the EDT model for estimating population 
response measures. These measures are the currency for formulating and comparing 
strategic priorities and sets of conservation and recovery actions. 

The remaining component that is incorporated into the Information Structure is the set of 
candidate actions to be considered for implementation. Actions—defined through 
assumptions about effectiveness, dispersal of effect, and time lag to achieve full effect—are 
evaluated by examining how they result in changes to Level 2 attributes, which in turn affect 
Level 3 factors and population performance measures. In the Entiat process, assumptions 
about action effectiveness were made with the aid of a working group of civil engineers and 
biologists. These assumptions represent objectives for the actions that can, if implemented, 
be monitored for effectiveness. 

2.2   Analytical Model 

The tools essential for applying the EDT method have been assembled into the EDT model:  
a repository of data, information, and knowledge, as well as a collection of analytical 

Table 2.1 continued.  Hierarchical organization of Ecological Attributes (Level 2). 
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procedures. It includes a database that stores and documents information about the 
geography and physical characteristics of the watersheds of interest. Also included are 
databases that describe and document the biology, life history characteristics, and 
environmental sensitivities of a set of indicator species. The EDT model includes a module 
for developing alternative future scenarios by defining action strategies and targeted 
environmental attributes. 

The EDT model makes it possible to manage the complexity and quantity of detailed 
information needed to use the EDT method. The model allows us to address tractable issues 
and problems in the context of a broad framework, which integrates a wide range of 
scientific disciplines. The model is a tool for achieving accountability: it expands the ability 
of scientists to keep track of complex relationships and opens broader horizons for 
creativity. 

The analytical tools included in the model compute the various diagnostic indicators 
described and displayed elsewhere in this document. The principal output are the parameter 
estimates of biological performance for the fish populations of interest. These parameters 
are then used by the model in deriving other diagnostics of interest, such as strategic 
priorities for conservation and recovery actions. 

We define biological performance in terms of three elements: productivity, capacity1, and life 
history diversity (Figure 2.4). These measures are characteristics of the ecosystem that 
describe persistence, abundance, and distribution potential of a population. They are the 
core performance measures used by the National Marine Fisheries Service (NMFS) as part of 
its viable population concept (see McElhany et al. 2000). Each measure is defined briefly 
below. 

Figure 2.4.  Measures of biological performance. 

Productivity.  This element represents the relative success of the species to complete its life 
cycle within the environment it experiences.2 It determines resilience to mortality pressures, 
                                                 
1 We use the terms productivity and capacity as defined by Hilborn and Walters (1992). Capacity is the 
maximum population size for one or more life history segments. Capacity and productivity are not 
independent.  
2 The productivity rate is the reproductive rate measured over a full generation that would occur at low 
population density, i.e., when competition for resources among the population is minimal. 

Life history
diversity

Productivity Capacity
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such as from fishing, dams, and further habitat degradation. Habitat quality (including water 
quality) is a major determinant of a population’s productivity. This performance element is 
especially important when efforts are being made to reverse long-term downward trends in 
population abundance. The model estimates productivity for the population of interest 
under specific management scenarios, expressed as the average number of adult progeny 
produced per parent spawner (at low population density). A life cycle productivity less than 1 
for any part of the population is, by definition, unsustainable. As population productivity 
approaches 1 (e.g., values less than 2),3 the population is clearly at risk. 

Capacity.  This element defines how large a population can grow within the environment it 
experiences, as a result of finite space and food resources. It determines the effect of this 
upper limit on abundance to survival and distribution. Habitat quantity is a major determinant 
of the environmental capacity to support population abundance. In the analysis presented 
here, we frequently refer to "abundance" rather than capacity. Here we are describing the 
equilibrium run size abundance (or average abundance under steady state conditions), which 
highly correlates with capacity. The model estimates both capacity and equilibrium 
abundance for the population of interest corresponding to specific management scenarios. 

Life History Diversity.  This element 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 the influences 
of environmental change. Thus a loss of life history diversity is an indication of declining 
health of a population (Lichatowich and Mobrand 1995) and perhaps its environment. The 
model computes an index of life history diversity as the percentage of possible life cycle 
pathways (i.e., life trajectories in space and time that members of a population might follow 
across the aquatic landscape) having a productivity greater than 1. 

The algorithms used to calculate population parameters are based on the Beverton-Holt 
survival function (after Beverton and Holt 1957). All of the estimates are made for steady 
state conditions. The derivation of some of the key relationships used in the EDT analysis 
are presented in Appendix A. 

2.3   Step-by-Step Procedure 

The EDT method consists of a series of steps (see Lestelle et al. 1996) adapted for the Entiat 
analysis. The steps are outlined below: 

1. Identification of goals and values 
2. Resource assessment (or diagnosis) 
3. Analysis of actions 
4. Considerations for monitoring and implementation 

Each step is described below. 

                                                 
3 The life cycle productivity needed to sustain a population in the face of environmental uncertainty has not 
been defined. 
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2.3.1   Identification of Goals and Values 

Watershed goals for fish resources are derived from social, cultural, political, and legal 
considerations in a policy environment. The EDT process does not presume agreement 
between the various values and goals, but it emphasizes the importance of identifying all of 
them. Goals and values provide the currency whereby projected outcomes of actions can be 
evaluated. 

Many statements regarding goals and values for salmonid resources within the boundaries of 
the Entiat watershed have been issued by various entities and agencies.  The documents 
published by these entities need to be reviewed in order to identify major themes within the 
range of statements issued. We do not suggest that these are definitive statements of goals 
and values for fish resources within the Entiat—merely that they reflect a basis for 
developing more specific and comprehensive goals with regard to salmon conservation and 
recovery actions. 

2.3.2   Resource Assessment  

During the resource assessment step we diagnosed the environmental impediments to 
achieving the goals and values associated with the salmon resources of the Entiat River. This 
step was structured to produce conclusions drawn at basin, subbasin, and stream reach 
scales. The assessment, thus, provides a comprehensive, analytically derived limiting factors 
analysis4 of each watershed, from which we formulated strategic priorities for conservation 
and restoration measures. 

The resource assessment consisted of two tasks: 1) baseline information assembly and 2) 
analysis and diagnosis. 

2.3.2.1   Baseline Information Assembly 
To perform the assessment, we assembled baseline information on habitat and human-use 
factors and fish life history patterns for the watersheds of interest and adjoining estuarine, 
nearshore, and deep water marine areas. We first structured the entirety of the relevant 
geographic areas, including marine waters, into distinct habitat reaches. We identified reaches 
on the basis of similarity of habitat features, drainage connectivity, and land use patterns 
(Table 2.2). This task required that all reaches be completely characterized by the relevant 
environmental attributes. 

A technical work group was formed for the Entiat basin for the purpose of deriving the 
Level 2 attribute conclusions for the freshwater stream reaches. Expert knowledge about 
habitat identification, habitat processes, hydrology, water quality, and fish biology was 
incorporated into the process. The work groups drew upon published and unpublished data 
and information for the basin to complete the task.   

 

                                                 
4 The term "limiting factors analysis" is widely used in the Pacific Northwest to refer to various types of 
analyses of the importance of different environmental factors to salmon performance. Often these are not 
analytically derived. Notably, the EDT method does provide an analytically derived analysis—one that 
examines the relative contributions of all factors to the loss in salmon performance. 
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Table 2.2.  Stream reaches defined in the Entiat River, Columbia River, and marine areas. 

Reach Description 
Entiat-1 Entiat-1: From Columbia River to End of slack water; Length (mi): 0.6 
Entiat-2 Entiat-2: From Slack water to Fire Station Bridge; Length (mi): 2.6 
Entiat-3 Entiat-3: From Fire Station Bridge to Roaring Creek; Length (mi): 3 
Entiat-4 Entiat-4: From Roaring Creek to J/S Bridge; Length (mi): 2.6 
Entiat-5 Entiat-5: From J/S Bridge to Mad River; Length (mi): 1.8 
Entiat-6 Entiat-6: From Mad River to Mud Creek; Length (mi): 1.2 
Entiat-7 Entiat-7: From Mud Creek to R/S Bridge; Length (mi): 2.2 
Entiat-8 Entiat-8: From R/S Bridge to Potato Creek; Length (mi): 1.2 
Entiat-9 Entiat-9: From Potato Creek to Potato Moraine; Length (mi): 0.9 
Entiat-10 Entiat-10: From Potato Moraine to Stormy Creek; Length (mi): 2.2 
Entiat-11 Entiat-11: From Stormy Creek to Preston Creek; Length (mi): 4.8 
Entiat-12 Entiat-12: From Preston Creek to Fox Creek; Length (mi): 4.7 
Entiat-13 Entiat-13: From Fox Creek to Box Canyon; Length (mi): 1.5 
Entiat-14 Box Canyon 
Entiat-15 Entiat 15: From Box Canyon to Silver Falls Creek; Length (mi): 1.7 
Entiat-16 Entiat-16: From Silver Falls Creek to Entiat Falls; Length (mi): 2.8 
Mad-1 Mad River Mouth to Tillicum Creek 
Mad-2 Tillicum Creek to Pine Flat 
Mad-3 Pine Flat to Camp 9 
Columbia R. 
mainstem 

Multiple reaches confluence with Entiat River to Columbia River estuary 
(includes dams) 

Columbia R. 
Estuary Columbia estuary (extends upstream to RM 49) 

Marine areas Multiple marine reaches (coastal zone and offshore reaches) 
 

We employed a similar process for Columbia River mainstem, Columbia estuarine, and 
marine areas on a project working for the NWPPC assessing Columbia Basin chinook using 
the EDT method. For that project, we compiled information from reports and consulted 
experts to characterize the mainstem, estuaries and marine areas with respect to the Level 3 
survival factors. A process that follows the entire ecological information structure depicted 
in Figure 2.3 is still being formulated for these areas. For the Entiat project being reported 
here, the Level 3 factors act as umbrella attributes that served the same purpose that the 
Level 2 attributes served for Entiat reaches. 

We characterized two baseline reference scenarios for the Entiat, Columbia River, and 
marine area: predevelopment, or historic, conditions and current conditions. The 
comparison of these scenarios formed the basis for diagnostic conclusions about how the 
Entiat and associated salmon performance have been altered by human development. The 
historic reference scenario also served to define the natural limits to potential recovery 
actions within the basin. 

2.3.2.2   Analysis and Diagnosis 
We analyzed the data sets from species-specific, life history perspectives using the EDT 
model to estimate population performance measures in relation to the habitat and human-
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use factors associated with each scenario. The estimates provided an approximation of the 
extent that environmental change has affected performance of these salmon populations. 
The analysis also incorporated information on harvest and genetic fitness effects, enabling us 
to estimate the portion of lost performance that is due to environmental effects. 

The objective of the diagnosis then became identifying the relative contributions of 
environmental factors to the losses in salmon performance. To accomplish this, we 
performed two types of analyses, each at a different scale of overall effect. 

The first analysis was done across geographic areas relevant to populations, where each 
geographic area typically encompasses many reaches. This analysis, called the Geographic Area 
Analysis, identified the relative importance of each area for either restoration or protection 
actions. In this case, we analyzed the effect of either restoring or further altering 
environmental conditions on population performance.  

The second analysis considered conditions within individual stream reaches and identified the 
most important factors contributing to a loss in performance corresponding to each reach. 
This analysis, called the Stream Reach Analysis (Appendix C), identified the factors (classes of 
Level 2 attributes) that, if appropriately moderated or corrected, would produce the most 
significant improvements in overall fish population performance. It identified the factors 
that should be considered in planning habitat restoration projects. 

Together, these two analyses formed the basis for identifying strategic priorities for 
conservation and restoration measures within each watershed. 

2.3.3   Analysis of Actions 

The purpose of this step in the analysis is to identify candidate actions and analyze them for 
their potential benefit to the fish populations of interest.  


