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The EDT Method

The EDT method was designed to provide a practica, science-based
approach for developing and implementing watershed plans. The
method provides decison makers with the technica information
needed to develop plans that will achieve ther gods.

The EDT method consists of three components.

« Conceptual Framework - a way of organizing informaion to
describe a watershed ecosystem in order to apply scientific
principles to the understanding of that ecosystem

o Analytical Model - a tool used to andyze environmentd
information and draw conclusons about the ecosystem

« Step-by-Step Procedure - a procedure that explans how to apply
the conceptud framework and andyticd modd to develop plans
that achieve godls.

Conceptual Framework

We begin our discusson of the conceptua framework by introducing
the principles that form the foundation for the framework and then
describing its function. Then we take a close look at the centrd
components of the framework--environmenta attributes and
biologicd  performance.

Framework  Principles

There is an emerging theme in the literature that cals for fish and
wildlife management that is both rational and consistent with an
ecosystem approach (Nehlsen et a. 1991, Lee 1993; Lichatowich et d.
1995; Williams et d. 1997).

By rational management, we mean a science-based approach to
management based on a system of logic (raionde) that explains how
intended actions will be transferred into desired outcomes.
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Ecosystem (or watershed) approach refers to the growing redlization
that management actions should be made in a haoligtic context that
considers interrelationships within the watershed (Smenstad et 4.
1992; Doppet e d. 1993; Williams et d. 1997). Without a holidic,
watershed context, it is difficult to prioritize actions and assess their
possble combined or cumulative effect. An ecosysem approach is
needed to address resource issues from a broader viewpoint than can
occur with @ management focus on just one or a few species (Haskell
e d. 1992; Lichatowich et d. 1995). An ecosystem gpproach to
management promotes coordinated efforts, teking into consideration
biologicd diversty and integrity leading to a baance of sustaindble
benefits to society (Angermeier 1997).

The inherent complexity of ecosystems, however, makes it difficult to
describe and evauate them. One way ded with this complexity is to
look a the ecosystem through the eyes of one or more diagnostic
species (Mobrand et d. 1997). A diagnostic species that is properly
chosen helps us make inferences about the ability of a watershed to
sudan a broad range of naturd and socid vaues. See Appendix B for
a discusson on the concept of the diagnostic species.

The conceptua framework for the EDT method was developed with an
am toward utility for sdmon management but aso with the important
god of mantaining consstency with an ecosystem approach. The
framework accomplishes this by viewing sdmon as the indicator, or
diagnostic, species for the ecosystem. The sdmon's perspective-its
perception of the environment-becomes a filtered view of the system
as a whole. Within the limitations of the sdmon’s perspective and our
ability to interpret it, this approach provides a framework for
formulating srategies for samon in the context of watershed
management.

Although the framework was designed to have sufficient dimensiond

complexity to accommodate tempord, spatid and hiologicd detal, it

is gmple in concept. Conceptud smplicity is important because unless
ideas can be communicated clearly and without ambiguity, nothing is

gained.

The usefulness of this type of framework should be measured by how
well it generates indghts into ecologicd patterns and relaionships thet
might otherwise be missed or glossed over (Bunnell 1989; Lee 1993).
As a theoreticd condruct, it is a caricature of nature againgt which to
tes and expand human experience (Water 1986).

The foundation for the conceptua framework is well described by the
following principles endorsed by the Multi-species Ecologicd Work
Group ( 1999):
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1) The abundance and productivity of fish and wildlife reflect the
conditions they experience in their ecosystems over the course of

their  lifecycle.
2) Naurd ecosystems are dynamic, evolutionary and reslient.
3) [Ecosysems are dructured hierarchicaly.

4) Ecosysems ae defined relative to specific communities of plant
and anima species.

5) Biologicd diversty accommodates environmentd  varigtion.

6) Ecosystem conditions develop primarily through naturd
ProCEsSes.

7)  Ecologicd management is adaptive and experimentd.

g) Human actions can be key factors structuring ecosystems.

Framework Function

Watersheds and ecosystems are by nature hierarchica (O’Neill et al.
1986). Concepts and terms must be consstent at al levels in the
hierarchy. Therefore, the EDT framework was designed so that
andyses made a different scalesfrom tributary watersheds to
successively larger watersheds-might be related and linked.
Ultimately, conditions within these watersheds can be linked to those

within the Ocean.

This function of the conceptua framework enables us to consider
conditions for sustainability that link al components of an extensve
and complex life history, such as that exhibited by sdmon, over
successively larger spatid scales. It is the key to our ability to assess
the cumulative effects of concurrent actions spread across the
geographic range of samon.

In its smplest form, the conceptud framework is a pathway for linking
potentiadl land use actions (or naturd events) to outcomes that may be

relevant to values such as harvest opportunity (Figure 1). It provides a
rationde for how actions and events are transferred into resource

outcomes.
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Actions Environmental Biological ) Stz:/kelholder
and Events Attributes Performance alues
and Objectives

Figure 1. The EDT framework.

The framework consists of a sequence of relaionships. The flow of
logic proceeds as follows.

o Land use actions (or a naturd event) within the ecosystem have
some effect on attributes, or conditions, of the environment. These
dtributes may be aoiotic (such as sediment loading or water
temperature) or biotic (such as increases in abundance of a
particular species by hatchery outplanting).

o These changes in environmental atributes, in turn, affect how
populations within the ecosystem perform (i.e, survive and
function).

o The resulting performance of populations creates an outcome that
has direct relevance to objectives such as those associated with

harvest and endangered species recovery.

The flow of information through these relaionships is bi-directional-
the process of planning, prioritizing, and implementing actions is a
cycle that proceeds from goads to actions repeatedly. The implications
of events and land use actions flow in the opposte direction as well.

The purpose of this type of logica condruct is to promote a better
understanding of these relaionships. Too often actions are presumed
to trandate more or less directly to objectives without a clear rationae
of how their effects flow through the ecosystem. This framework
requires explicit consideration of possble pathways. The framework
explans possble consequences in a manner congstent with existing
knowledge and information, and it requires that al assumptions
necessary to watershed planning are identified-thus it becomes a
vehicle for learning and communicating.

At the core of the framework are relationships between environmenta
atributes and biologica performance. The term biological
performance refers to the way in which a population manifests itsef in
sace and time under a given st of environmental conditions. There is
a wide array of posshle performances (Warren et d. 1979) for species
like sddmon over the range of conditions that have existed in the
Pacific Northwest. The EDT mode interprets these relationships from
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the perspective of the diagnogtic species. An understanding of the
diagnostic species concept is important to the discusson of the core
elements of the conceptua framework-environmental attributes and
biologicd performance. See Appendix B for a detaled discusson of
diagnogtic  species.

Attributes

In the conceptua framework, environmentd attributes are the link
between actions and biological performance. The environmenta
dtributes defined and used in the EDT method are those that
traditionadly appear in the literature to describe the relationship
between biologicd peformance and the environment (see Table 1).

Environmental attributes vary over time and space. For the purpose of
describing the biologica performance of the diagnostic species, we
must select gppropriate time and space scdes. This sdection is made
difficult by that fact that people typicaly view the world at different
space and time scaes (Waters 1997).

Harvest managers are concerned with short-term (e.g. annual)
vaidions in aundance and didribution of fish, often on a reldively
coarse said scae like a watershed. Habitat managers tend to focus
on a smaler spatid scde (eg. stream reach) and longer time frames
such as multiple samon generations.

If we hope to link these different perspectives, we must develop a
“telescoping” approach. We mugt be able to zoom in on detals (in
terms of space, time and life history stage) and pan out to a broader
perspective in a consistent way. To accomplish this, the conceptual
framework incorporates a hierarchic structure where actions,
dtributes, performance, and goas can be defined on a variable scae.

Biological  Performance

Biologicd performance is a centrd feature of the framework. It is
defined in terms of three eementslife history diversity, productivity,
and capacity’ as shown in Figure 2. These elements of performance are
characterigtics of the ecosystem that describe persistence, abundance,
and digribution potentid of a population.

The EDT Method

| We use the terms productivity and capacity as defined by Hilbom and Walters
(1992). Capacity is the maximum population size for one or more life history
segments.  Capacity and productivity are not independent.
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Table 1. Habitat attributes rated for all life stages, reaches and months.

Abbreviation
Attribute in model Definition

Channel  stability Chan Stability of the reach with respect to its streambed, banks, and
its channel shape and location.

Chemicas Chem Concentrations of toxic substances or the presence of toxic
conditions. Substances include chemicals and heavy metals.
Toxic conditions include low pH.

Competition  (with Comp The relative abundance of hatchery produced animals of the

hatchery fish) same species as the diagnostic species that compete with the
diagnostic species for food or space within the stream reach.

Competition (with  Compo The relative abundance of other species in the stream reach

other species) that compete with the diagnostic species for food or space.

Flow Flow Amount of stream flow and the pattern and extent of flow
fluctuations within the stream reach.

Food Food Amount, diversity, and availability of food that can support
the diagnostic species.

Habitat diversity Hab The extent of habitat complexity within a stream reach.

Harvest Harv Harvest of the diagnostic species by humans. Here, this
applies only to poaching.

Key Hebitat KeyHa The primary habitat type used during a life stage.

Nutrient load Nutr The concentration of dissolved nutrients due to natural or
man-induced causes.

Obstructions Obst Physical structures that impede movement of the diagnostic
species within a stream reach, such as dams, waterfals, or
other structures.

Oxygen Oy Mean concentration of dissolved oxygen in the stream reach’s
key habitat used by the diagnostic species.

Pathogens Path The abundance, concentration, or effect of pathogens in the
stream reach. For example, the presence of a fish hatchery or
large numbers of livestock along the reach could cause
unusually high concentrations of pathogens.

Predation Pred The relative abundance of predators that feed upon the
diagnostic species.

Riparian  condition  Rip The state of the vegetation component of the narrow strip of
land bordering the stream where vegetation species occur that
are dependent on the stream or its adjacent water table.

Sdlinity Ain Concentration of sdts within the reach (if applicable).

Sediment  load Sedi The amount of sediment present in, or passing through, the
stream reach. This only applies to fine sediment.

Temperature Temp Water temperature in the stream reach. Density-independent
surviva is affected by rapid fluctuations, or by prolonged
conditions near the extremes of tolerance.

Withdrawals Wdrwl Water withdrawals from the stream reach.

The EDT Method
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Life history
diversity

Productivity Capacity
Figure 2. Elements of biological performance.

The performance of indicator species, from a broader ecosystem
perspective, may aso reflect the potentid for species diversity. This
conceptualization of performance provides a dructure for applying
biological rules that affect the survival characteristics of populations.
We use exiding theory to link each of these elements to environmenta

conditions.

In population dynamics, change is determined by four processes. hirth,
death, immigration, and emigration. These processes ae regulated
through  density-independent and density-dependent mechanisms.
These mechanisms are dffected differently by environmenta
conditions (Moussali and Hilborn 1986). As we examine some of
these differences, it is important to aso remember that population
responses are a result of interactions between the two mechanisms.

A dengty-independent process is one in which the rate of response is
not affected by population densty; dthough in the case of mortdity,
the number of deaths goes up as population Size increases. In contrast,
a dengty-dependent process is one in which the rate of response varies
according to populaion density due to competition for limited food
and space resources, the number of deaths aso goes up as population
Sze increases.

The combination of these two processes results in the total mortality
rate of a population & any given sze. The effect of density-dependent
mortdity is low a low population densties, whereas the density-
independent mortality rate is constant across al population dengties. It
IS important to note that the dengty-independent mortdity rate
regulates the rate of loss that a populaion can sudtain; it is the
determinant, for example, of the rate of harvest that a population can
sugtain.

The identification of these two digtinct mechanisms, dengty-
independent and dengity-dependent, is useful in explaining the way in
which various environmenta conditions affect population

S e — I
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performance. Habitat or environmenta quality tends to affect densty-
independent processes (Moussdli and Hilbom 1986). A deterioration
in habitat quality will therefore tend to increase dengty-independent
mortaity. For example, sedimentation of a sdmon spawning bed will
tend to operaie in a dengty-independent manner, causing an increase
in mortdity rate a al populaion szes. In this case, the quaity of the
spawning bed is determined by the amount of fine sediment passing

through, or entrained by, the subdirate.

In contrast, habitat quantity tends to affect density-dependent
processes (Moussalli and Hilborn 1986). The amount of habitat
avalable becomes incressingly important as population dengties
increase (i.e, as competition for limited resources increases). In a
padle example to the one above, the quantity of spawning beds
avalable to a sdmon population could be expected to contribute to the
mortality of eggs as spawner densities increase to the point where
some spawners dig ther nedts a the same gtes as dightly earlier
spawners. In this case, superimpostion of nests causes mortality to
egos dready deposted. But a very low spawner dengties, the chance
of superimpostion is very smal.

These mechanisms of densty independence and dependence operate
within the three elements that comprise performance. The mechanisms
explan how changes in the qudity and quantity attributes of the
environment affect hiologicd performance. We next take a closer look
a each of the three elements of that performance life history diversity,

productivity, and capacity.

Life History Diversity

This element represents the multitude of pathways through space and
time avalable to, and used by, a species in completing its life cycle. A
sdmon life history condsts of a favorable spatia-tempora distribution
of a chan of habitats to enable its continuity (Thompson 1959). The
life history encompasses many more or less distinct developmentd life
dages, each having its own set of environmenta requirements (Bjornn
and Resr 1991). Species like sdmon often exhibit a variety of life
hisory patterns as a result of their adaptability to a heterogeneous and
fluctuating environment. These life history patterns can be correlated
with environmentd varidbles on a spatid-tempord bass (Wevers
1993; Lichatowich and Mobrand 1995).

Populations that can sustain a wide variety of life history patterns are
likely to be more reslient to the influences of environmentd change.
Diverse life higtory patterns dampen the risk of extinction or reduced
production in fluctuating environments (den Boer 1968). Not dl life
hisory patterns will be affected uniformly by naturd or man-caused
perturbations. Thus a loss of life history diversty is an indication of
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declining hedth of a population (Lichatowich and Mobrand 1995) and
perhaps its  environment.

The life higtory diversties of existing naurd sdmon populations can
be described by the range of distributions and pathways that are used
successfully by these populations. A pathway can be conceptualized as
a trace -or trgectory- in space and time avalable to members of a

population (Figure 3).

4Headwaters ] s I',;E,",',::- p
G | |
] | l
]
g | !
' I |
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: L
| I !
[ | l
R I !
" Ly !
g [ :
e

Ocean
Time ey
Figure 3. The concept of a life history trajectory across the “space-time

landscape.”

We use the term life history pattern to mean a collection of Smilar
pathways. A successful life history pattern is one tha is brought to
closuresome individuds following the pattern survive through Al
life stages and return to their natal spawning ground (Sinclar 1988). A
sudtainable life history pattern is one that remains successful over the
range of prevaling environmentd and man-induced mortdlity

conditions.

Productivity

This element of performance represents the density-independent
reproductive rate (or success) of a life history pattern over an entire
life cycle. It is probably the mogt criticdl measure of the reslience of a
life history pattern. It determines the rate of loss that can be sustained.
Productivity can be likened to how far a rubber band can be stretched

before  breaking.
Surprisingly little atention has been given to the subject of samon

productivity within the literature (Hankin - and Hedey 1986; Moussdli
and Hilbom 1986). Hakin and Hedey (1986) suggest that biologists
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have devoted a disproportionate amount of effort to estimating habitat
carrying capacity; greater need exists, they assert, to better understand
productivity, especidly as stocks decline.

The term is widely used in ecologica and fisheries literature where its
meaning varies greatly. Classcd ecologicd usage usudly relates to
trophic  productivity. In the fisheries literature, it sometimes refers to
total stock size.

The term productivity as applied in the EDT framework, follows
precisdly the recommendations of Moussdli and Hilbom (1986) and
Hilbom and Walters (1992). It refers to densty-independent survival,
as wel as to what is often cdled the basc biologicd productivity of a
population (i.e, the average number of eggs per surviving adult).

Productivity of samon populations conssts of distinct components
(Figure 4), each of which can havea sgnificant effect on the overdl
vdue. The two maor components are reproductive potentid and
density-independent  survival.  Reproductive potentia  is the totd
number of eggs per adult spawner. This term is further divided into
two sub-components. average fecundity of femaes and average sex
ratio of the spawning populaion. Dengty-independent survivd is dso
divided into subcomponents. freshwater and marine.

Productivity
| |
Reproductive Density-Independent
Potential Survival
1 N
| | | |
Fecundity Sex Ratio Freshwater Marine

Figure 4. Components of productivity.

An important property of productivity is that its components are
multiplicative. From a drictly productivity-based perspective there is
no bottleneck--no single limiting factor,

Capacity

There is clealy some upper limit to the number of organisms that an
environment can support due to finite amounts of space, food, or other
needed resources (Ricklefs 1973). Capacity is the eement of
performance that determines the effect of this upper limit on surviva
and digribution. It is the parameter that regulates the density-

dependent  population  responses.
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Superficialy, the concept of capacity seems simple and easly
envisoned. A room can hold only so many people; a tract of land can
grow only so much wheat; a fish pond can be stocked with only so
many fish. But the concept applied to an ecosystem is more elusive,
paticulally as it relates to species with complex life histories like
sdmon (Frissdl et d. 1997).

There have been numerous attempts to quantify or characterize the
capacity of natura sdmon sysems (Bums 1971, Marshal 1980;
NPPC 1991, Nickelson et d. 1993; Beechie et d. 1994). Mogt of these
efforts are based on a capacity concept that focuses on a single life
dage in isolation of others, as set forth by Bums (1971):

“ Carrying capacity is defined as the greatest weight of fishes

that a stream can naturally support during the period of least

available habitat...The stream’s carrying capacity limits the

number and weight of salmonid smolts ultimately produced. "

Following the leed of Moussdi and Hilbom, we generdize and
broaden the notion of capacity. We are most interested in the capacity
over the full sdmon life cycle. This cumulative population maximum
is a function of both the productivities and capecities of al component
life higory segments (Moussadi and Hilbom 1986).

The model uses an expression for cumulative capecity derived from a
Beverton-Holt  multistage ~ spawner-production  relationship  (Beverton
and Holt 1957). This paticular production function has both intuitive
and mathematica apped. It provides a logicd and reasonable Sructure
for framing interactions of densty-independent and -dependent
processes under various environmenta conditions. Moussai  and
Hilbom (1986) postulate that other standard production functions have
gmilar  characteridtics.

The capacity for a populaion must be conddered over the entire life
cycle of the anima. To exclusively consider capacity a the close of an
intermediate life stage ignores the effects of subsequent stages on
population survival. While cumulative productivity is the same no
matter where we define the beginning and end of a complete life cycle,
cumuletive capacity does depend on this choice.

A logicd reference point dong the timeine of life history, for defining
the unit of capacity for sdmon populations, is at reproduction. For
sdmon, spawning is the point where one generation ends and another
begins. It is the point of minimum abundance in the life cycle and,
therefore, represents the total amount of genetic materiadl passed from
one generation to the next. This point dong the life cycle is dso most
representative of the values ascribed to sdmon populaions by society
over the long term. It is adult samon, and not juveniles, that relate
most directly to societdl vaues such as harvest. An interesting and
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important concluson that emerges from this full life-cycle perspective
is that a population may be close to capacity (in the cumulative sense)
without a sngle component life stage being fully seeded. Thus

diagnoses indicating that habitat is under-seeded or fully seeded,
unless andyzed from a full life-cycle perspective, can be very
mideading. We refer the interested reader to the EDT Primer (Legdle
et a. 1996) for further discussion of the concept of capacity as used in
the mode.

Analytical Model

The andyticd modd is the tool used to andyze environmenta
information and draw conclusions about the ecosysem. The model
computes biological performance based on environmenta attributes
(Figure 5).

Analytical Model
Actions Environmental Biological = Sta\lk;tgfef
ond Events Atributes Performance and Obijectives

Figure 5. The analytical model in the context of the conceptual
framework.

The modd incorporates an environmental attributes database and a set
of mathematical agorithms that compute productivity and capacity
parameters (Figure 6). The andyticd model is a scientific rather than a
datisticd modd-an  important  digtinction.

Statisticd models are based on correlations between actions and
outcomes. They do not atempt to explain why; they sSmply predict the
future based on past observations. Statisticd models adlow estimation
of confidence limits and other datistica properties of the predictions.
They are limited, however, to our range of experience.

Scientific models-such asthe EDT analytical model-are, on the
other hand, based on knowledge and assumptions about how natura
systems work. Scientific models do datempt to explan reationships
and therefore are more appropriate to andyze the consequences of
broad combinations of actions that extend beyond our experience.

The EDT Method S August 1999



The Ecosystem Diagnosis and Treatment (EDT) model

INPUT

PROCESSING STORED DATA

Geographic
Data and Info.

Spatial network
‘routed reaches"

—

f

Life history by species ——— 8 —L

‘Benchmarks”
(optimal survival

[

Biological

conditi
Data and Info. nditions by

species-life stage)

{

\

'Biological Rules’
(survival response to
devlatlons from the
optimum by species-
life  stage)--‘Training
the Data Translator

Identification of
population components
by location and time of
spawning

Population
Structure

PROCESSING STORED DATA
1 / /
Trajectory J Trajectory Table
generator '\the History Pathways
]‘ l
Trajectory
‘Computations | |
/ 7
Survival Data Table
Survival Landscape

“Data

Translator®

i

Performance Table

(

Categorical
conclusions

Environmental
Attributes by baseline
scenarlo (current and
historic), reach, and

season

about

Environmental
Data and info

Scenario
generator

Alternative

—»( Strategy/Action lerarﬂ——-

Definitions

Figure6. Overview of the EDT analytical approach.

b

\

Trajectory
"integration®

Trajectory  Profiles

-

Population Table
Population  Performance

{Sensitivity ~ Analysls:
Wary key assumptions

Output
Reports




Page 14

Scientific models are not in themselves hypotheses that can be
tested with data. They generate hypotheses that might be tested
through observations. Vaidation of a scientific mode means
edablisning its applicability and utility to the problem a hand.
The sandard the scientific model should achieve is whether it
better meets this purpose than dternative models. Therefore,
the way to chalenge a scientific mode is to propose a better
one. Without a scientific model, we have no scientific bass for
andyzing a problenThe EDT andyticd mode provides
quaitative indghts and understanding about how naturd events
and human actions affect biologica performance. This,
according to Hilbom and Mangd (1997), is the ided use of
models. The EDT andyss is based on a habitat, life history
approach. The habitat is described in terms of survivd
conditions aong the pathways (waterways) that the fish utilize
from birth to death. By habitat, in this context, we mean dl
conditions within the environment of the fish that affect its
behavior and survivd (i.e, harvest, dams, ocean conditions).
The EDT mode computes survivorship of populaions aong
the life history pathways across the habitat. The EDT model
input consists of habitat ratings and life history pathways, the
output is abundance, productivity, life history diversty, and
digribution of fish populations.

The agorithms used to caculate population parameters are
based on the Beveton-Holt  survival function (after Beverton

and Holt 1957). In Appendix B, we derive some of the key
reldionships used in the modd.

Biological Rating of Environmental Attributes

The EDT Method

Environmental atribute ratings are derived from observed
environmentd  conditions based on information and knowledge
from the scientific literature or from experts in the field of
habitat and fish biology. The model captures this knowledge as
a st of hiological rules.

The most efficient way to generate environmenta attribute
ratings is to apply the rules directly to observed data. This data
trandation may aso be accomplished through a manual
process, where the ratings are supplied by a panel of experts
familiar with the watershed and with the biology of the
diagnogtic species. Biologists summarize data and reports and
then rate habitat, by reach and month, for each of the
dtributes-relative to benchmark conditions by life stage. The
manual data trandation process has educationad vaue for the
participants.

August 1999
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Trajectory Generation and Sampling

The EDT Method

Pacific sdmon species are able to survive in a wide range of
habitat typesfrom Alaska to Cdifornia; and they are able to
cope with dynamic variations in environmenta conditions over
time. An important component of thelr survival drategy is
diversity of life history. However wide this diversity of life
higory might be, there are limitations imposed by the hiology
of the species. We refer to these limits as the genetic

boundaries of the species. As the environment within a
watershed varies, the range of life history diversty avalable to
the species enables it to cope with these variaions.

Not dl trgectories within the genetic boundaries are used with
equa frequency. Within the genetic boundaries, the frequency
of use is patly a function of habitat conditions and partly a
reflection of the opportunistic nature of the species.

We do not know how quickly- or to what extent-trajectories
adapt to the habitat, but we believe that the relaionship
between life higtory diversty and habitat is important to the
survivd of the species. The andyticd modd includes a
mechanism for addressng our limited understanding of these

relaionships. As a darting point, we suggest a process for
generating and subsampling trgectories that produces results
that are consistent with what we do know.

The process conssts of the following steps:

1) Define the sating point of each trgjectory as the moment
of spawning.

2) Start trgjectories a uniform time and space intervals
within assumed historic ranges for the watershed.

3) ldentify a set of broad life history patterns (e, three
patterns for fal chinook).

4)  Identify, for each life history pattern, windows in time
and space through which trgjectories must pass (eg., a
time window for entering the river mouth).

5) ldentify biologica limits for travel speed and life stage
durations.

6) Generate a large number of trgectories a random, subject
to above the condraints (this creates a pool of
trgectories).
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7)  Sub-sample the trgectory pool in proportion to those
frequencies, to the extent tha we have a priori
information about the frequency of life history patterns
(independent of habitat conditions).

8) Include a least one trgectory originating from each reach
in the sub-sample.

9) Use the same sample of trgectories when comparing
different  scenarios.

10) Ted the sengtivity to the sample, as time and resources
dlow, by resampling from the pool.

Benchmarks

The EDT method associates survival with habitat. The
productivity and capacity vaues derived in the EDT process
ae characterigics of the environment by time and location as
interpreted through the eyes of salmon by species and life stage
(Mobrand et d. 1997). It is a shaping of surviva conditions
over time and space, as sdmon might experience them in
completing their life cycle. The shaping of surviva is done
with reference to a defined set of benchmark conditions.

From the literature, we can identify habitat requirements by life
stage for the species. We can take it a step further and describe
optima conditions and the expected survivd and dengty limits
by life sage. When viewed a a fine enough time scae, this
information tends to be generic (i.e, not Ste specific). The
EDT process defines the reference benchmarks in terms of
these optimal conditions. Thus benchmark descriptions of
habitat conditions, associated productivities, and  maximum
densties by life stage are obtained from the literature

describing conditions that are as good as it gets.

The systematic shaping of surviva conditions is intended to
assure that productivity and capacity values for each life
history segment dong a trgectory are () bounded by the
biologicd limits of the species; (b) scaled consistently across
time, space, and life stage; and (€) scaled consistently with the
benchmark  values.

L . __ I
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Step-by-Step Procedure

The step-by-step EDT procedure tells you how to apply the
conceptud  framework and andyticd model to develop
watershed plans that lead to achievement of gods.

The procedure conssts of five steps:
1) Identification of goads and values
2) Diagnosis

3
4
5) Adaptive implementation of preferred dternaives

) Identification of trestment aternatives
) Andyss of treatment dternatives

These steps were designed to provide technica support to a
dructured decision-making process. We will discuss each of
these steps below.

Identification of Goals and Values

Watershed gods for fish resources are derived from socid,
cultural, politicdl and legal congderations in a policy
environment. The EDT process does not presume agreement on
dl vaues and gods it only requires that potentid goas and
vaues be identified.

These gods and vaues provide the currency whereby the
outcomes of dternatives are described. The EDT andysis
clarifies which gods are technicdly compatible and which are
in conflict. The andyds of dternatives will highlight trade-off
options associated with each dternative.

The EDT technicad andyss enables us to provide policy
makers with sets of dternative action plans (treatments) that
meet as many of a thelr dated gods as possible When not Al
goas can be met concurrently, we can determine what the trade
off options are.

Diagnosis
Through diagnosis we determine why certain watershed gods
are not being met. We accomplish this, in part, by comparing
the three dtates of the watershed: the Petient, the Template, and
the Benchmark. This type of watershed evauation was

P — T ———————————————— N A S
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developed by Lichatowich et d. (1995). It is cdled a Patient-
Template Analysis (PTA).

The Patient refers to the current state of the watershed. The
Patient condition is based on the best and most current
environmental data and information available.

The Template refers to a hypothetical potential state where
conditions are as good as they can be within the watershed. The
Template is sometimes approximated with a reconstruction of
historic conditions. The Template is intended to capture the
unique characteristics and limitations of the watershed due to
its combination of climate, geography, geomorphology, and
history. Sedell and Luchessa (1982), Langston (1995), and
Wissmar (1997) argue the importance of historical information

to our understanding of the environment today and in the
future.

The Benchmark refers to the hypothetical state where

conditions are as good as they can be anywhere for the

diagnostic species. Benchmark values serve as a known
reference point drawn from the literature.

The purpose of the PTA is to make statements about the
samon performance potential supported by an explicit set of
assumptions and consistent with the available information
about the watershed. The PTA describes salmon performance
for the Patient and Template in terms of productivity, capacity,
and life history diversiy.

The PTA highlights the differences between present and
potentia conditions within the watershed from the salmon's
perspective. It explains those differences through a set of
environmental  attributes that describe the environment as it
affects samon performance. We can then use this comparison
to formulate a diagnosis- an assessment of current conditions
(for samon) relative to the potential.

There are four steps in the PTA:

1. System organization, definition, and scale.

The watershed-population system is organized within a Spdtid-
tempora grid consistent with the range of life histories for
samon. Spatidly, the watershed is partitioned into stream
reaches. Stream reach boundaries and time scales are defined
so that within a reach-time sratum we can assume that
environmental  attributes  affecting salmon survival  are
relatively  constant.

August 1999
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2. Information compilation.

Information is assembled and summarized to describe Patient
and Template conditions in the watershed. The purpose of this
dep is to identify the best avalable information and make it
avalable for the data trandation step that follows. This step
bascaly produces a waershed andyss. Information is
obtained from many and diverse sources such as published and
unpublished studies, habitat surveys, environmental databases,
environmental  monitoring programs, aerid and ground leve
photographs, and maps. When a thorough watershed anaysis
has been completed before, it can be an excelent information
source. Both historic and current conditions need to be
captured in this compiletion.

3. Data translation.

The data and information assembled must now be trandated
into the input format required by the modd. This step converts
environmenta data into ratings that specify the reative effects
of each environmentd dtribute on life stage survival for the
species. This step is done by applying a set of biological rules
that relates surviva to environmenta attributes. Once this step
is completed, the basdine dataset for the Patient and Template
IS ready to be andyzed.

4. Life history analysis.

The find gep in the PTA is to evduate the Patient and
Template habitat data from a sdmon life history perspective.
The andyss consds of three parts: 1) Definition of life history
patterns and sdection of sample trgectories;, 2) Assumptions
about population genetics, age dructure, fecundity, and marine
aurvival; 3) Computation and display of performance measures.

[dentification of Alternatives

After the diagnoss, it is time to identify potentid actions to
achieve watershed gods. Candidate actions are tailored to
solve problems that were identified in the diagnoss.

Basn plans are comprehensive, long-term plans for entire
watersheds-they consst of suites of actions designed to meet
watershed goas. One of the man benefits of the EDT method
is that it alows us to build diverse suites of actions and andyze
their cumulative effects.

The andyticd model contains a library of generic drategy and
event blocks as darting points for defining watershed-specific
actions from which dternative future basn plans can be huilt.
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Analysis of Treatment Alternatives

Following the identification of candidate actions, an andyss of
trade-offs is performed to compare benefits and risks of
individual or suites of actions. Benefits and risks are expressed
relative to gods and vaues. In the andyss of trestment
dternatives, we want to know what the trade-offs among the
dtendives are. One dterndive may have a high likelihood of
achieving some of the goas while other gods are at risk.

The andyticd modd can be used to compare multiple
dternatives with respect to the benefits and risks to
productivity, capacity, and life history diversty of the
diagnostic  species.

All aspects of naturd resource management involve
uncertainty. Conceptudization of ecological relaionships and
functions, diagnogtic anayses, and selection of trestments
incorporate  assumptions that create  uncertainty-and
uncertainty poses risk.

Adaptive Implementation of Preferred Alternatives

Our understanding of ecosystems, and the responses of those
sysems to intervention, is inevitably incomplete. Our ability to
measure progress toward management goas accuraiely and
timey is limited. Adaptive management, supported by the EDT
method, provides the means to proceed with implementation
while managing and containing risks due to uncertainties.

Because of uncertainty, it iS necessary to incorporate in the
implementation of watershed plans flexibility so that
unsuccessful  strategies and unatainable objectives can be
replaced with more suitable ones. We aso need, however,
gability and accountability to ensure that sound strategic
decisons ae made tha lead toward achievement of long-term

resource goals.
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Appendix A
Analytical Approach

The Basic Survival

We use the conventiona method of moment gpproach to
edimate parameters. Statistical properties of these egtimators
are not discussed here we refer the interested reader to the
generd literature on the subject. Based on prdiminary
smulations, we hypothesize that the modd produces
reasonable results for populaions which follow the Ricker
production function as well.

Model

A fundamentd assumption of the mode is tha the life history
of a sdmon gspecies can be partitioned into segments within
which a@) habitat conditions are relatively uniform, and b) the
survival response is congtant and predictable.

Segments that meet these conditions are defined in terms of
space (e.g. stream reach), life stage (eg. egg incubation), and
time (eg. month). The mode further assumes that, within each
segment, survival is adequately described by a two-parameter,
Beverton-Holt  survivd  function:

(Equation 1)

where P is productivity (low density reproductive success) and
C is carrying capacity for the “uniform” life segment. N is the
number of individuas dive a the beginning of the segment.

The Multistage Recursion Formula

The EDT Method

Moussdi and Hilbom (1986) showed that if survivd in a
sequence of life stage segments dong the life history is ether
dengty independent or follows a Beverton-Holt surviva
function, then so does the full sequence. They showed further
that “cumulative’” productivity and capacity for a sequence of
N segments with productivities p; and ¢; can be computed as:
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N
P, =HP,~, (Equation  2)
i=1
and
P .
Cy ===, (Equation  3)
Zﬂ
i=l C.’
which leads to the useful recursion:
c, =P Equati
N _—l——p—, (Equetion 4)
4 2N
Nl Cn

If the N segments comprise the entire life cycle, we can now,
for example, predict the equilibrium abundance, Neq, from:

Neq = C,(1-1/P,), (Equation 5)

We refer to a sequence of uniform life history segments that
begins and ends with the spawning life dtage as a life history
trgectory. In the next section we tak about how productivity
and capacity vaues for trgectories are used to caculate
parameters for a population in a watershed.

Estimating Population Productivity from Life History Trajectories.

Our objective is to find the parameters of the Beverton-Holt
production function that best describe survival characteristics
of a defined population within a watershed. Suppose that we
know the productivity values, P,'s, for dl life history
trjectories within the genetic boundaries? of the species. If we
dso know the relative frequency of use, W, of each trgectory,
then we suggest that a reasonable estimator of the populaion
productivity P is given hy:

> W,
SW,

It seems reasonable that, in the long term, the frequency of use
of the different trgectory pathways would be related to both

P= (Equétion 6)

2 gy genetic boundaries we mean the range of life history patterns, i.e, spawning time, life stage
durations, travels speeds, etc., observed for the species.

The EDT Method August 7999



Page 27

quaity and quantity of habitat avalable The equilibrium
population sze, which can be caculated for each trgectory, is
a function of both. The mode in fact assumes that the weights

( W ) are proportiond to the equilibrium population size
(Equation 5) of each trgectory, in other words:

W, o Neg, = C,(l—%) ) (Equation 7)

where C, is the capacity for trgectory ¢. The populaion
productivity parameter is thus egtimated from the trgectory

productivities and capacities by:

i gc,(P,—l)
3e[-4)

In practice, the estimate is, of course, based on a sample of
trgjectories. The question of how this sample is derived is
discussed in a later section. The weighting procedure for
edimating productivity reduces the sengtivity to the sampling
scheme. We next look a the estimator for population capacity.

P (Equation 8)

Estimating Population Capacity from Life History Trajectories

The capacity, C,, associated with a sngle life history trgectory
assumes that the length of the spawning reach is one meter. For
every meter of potentiad spawning habitat we can estimate the
capacity for trgectories associated with that particular Stream
segment, m, by smply computing therr average:

C,. = Average(C,,) (Equation 9)

and the population capacity for a watershed can be edtimated as
the sum of dl C, for al non-overlapping meter segments. If
the digribution of potentid trgectories is uniform throughout
the watershed, then the population capacity parameter for the
watershed can be estimated as the average trgectory capacity,
Cavg, multiplied by the length of spawning habitat in meters, M.

C=C,M, (Equation 10)
Note that the stream width and the quantity and quality of

habitat within the meter band are included in the trgectory
capacity, C,. The modd egtimates capacity from a sampling of
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trgectories. The esimate of C is sendtive to the sampling
procedure.

Life History Diversity from Trajectories.

Let us assume that there exidts a set of life history trgectories,
{ te T }, tha meets the condition that they are consistent with
the genetic limitations of the modeled species. If the
productivity, P, for trgectory t is greater than one, then
spawners that choose this trajectory will make a pogtive
contribution to the next generation (i.e, more than one
offspring will return to spawn). If, on the other hand, P, is less
than one, the net contribution of those spawners will be a
population loss. We define trgjectories where P, is greater than
one as udtanable. We define the percentage of dl trgectories
within T that are sustainable as the Life History Diversty
Index, D.

= (#teT:F 21) . (Equation 11)
(#teT)

The computations so far have been based on the assumption

that we can edimate the cumulaive (i.e. full life cycle)

productivity, P, and capacity, C,, for a life history trgectory.

Next we describe how the model estimates these trgectory

parameters.

Estimating Trajectory Productivity and Capacity from Habitat

Ratings
A life history trgectory conssts of a sequence of segments,
like beads in a chain. Each segment condsts of one time, space
and life stage stratum. Within each segment we assume that
environmenta  conditions and the induced biologica responses
are constant. Each segment thus meets the conditions of the
basc survivd model described above.

The computation of productivity and capecity for a trgectory
requires two man seps fird, the computation of productivities
and capacities for each segment; and second, combining the
segment parameters into full life cycle or cumulative vaues.
We will describe the second step firdt.

Assume that trajectory ¢ can be partitioned into &' uniform
segments, and let p,; and ¢,; be the productivity and capecity
parameters for segment i of trgectory ¢ From Equations 2 and
3 we have:
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N
I =HP,,,~, (Equation 12)
and
£ .
C, = N p (Equation  13)
24
i=l C
where
R,=Yp, (Equation 14)

=

Now the question remains. how, do we edimate the segment p's
and ¢'s? We are now looking a a uniform stream reach, over a
time period when no ggnificant change in habitat conditions
occurs, and we are considering one fixed life stage. The
productivity parameter for the segment is the low-density
survival over the duration of the segment. We assume that this
density independent survival parameter is drictly a function of
the quality of habitat perceived by the given species and life
dage. Specificdly, the productivity is given by:

Pt,i = 7., (Equation 15)

[N B

where b, is a “benchmark” (reference) productivity value for

the life dtage obtained from the literature adjusted for the

duration of the current trgjectory segment®. The benchmark
vaues represent optima surviva conditions for the species.

The factor r,; is a relative productivity multiplier that adjusts

the benchmark value to the habitat quaity conditions of
segment t,i. This multiplier is computed from:

=[Ja-h, 14*, (Equation  16)
a
where &, is a rding for hebitet quelity afribute a The modd

captures hebitat qudity in tems of 18 such dtributes Each is
gven a raing bawean 0 ad 4, whare 0 implies no efedt (no

3 Appendix A includes a set of agorithms used in the model to adjust
productivity and capacity values for the varying durations of the trgectory
segments. Note that while the habitat data have discrete (monthly or
weekly) time steps, the trajectory durations are continuous variables. A
trgjectory segment may last a fraction of a week or many weeks.
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contribution to the multiplier) and 4 implies a lethd effect
(multiplier  becomes  zero).

The capacity parameter for the trgectory segment is computed
from reach width, percent of key habitat (within the reach), a
food quantity rating, segment productivity, and benchmark
productivity and densty for the life stage. The cdculation is
iterative. Firg the weekly benchmark density at the beginning
of the segment is back caculated, correcting for change in sze
of fish during the life stage (the model includes a size vs.
dengty function). Segment capacity is then calculated as the
cumulative capecity for the segment duration using Equation 3
above, including a multiplicative adjusment for percent of key
habitat, reach width and food factor (see Appendix A for
details).

Data Translation

Biologica attribute ratings (A, above) are derived from

observed environmental  conditions based on the accumulation
of information and knowledge avalable from the scientific
literature and or from experts in the field of habitat and fish
biology. The model captures this knowledge in the form of a
set of hiological rules. The mogt efficient way to generate
biologica attribute ratings is to apply the rules directly to
observed data Earlier versons of the EDT, accomplished the
data trandation through a “manua” process, where the ratings
were supplied by a pand of experts familiar with the watershed
and with the biology of the diagnogtic species. Biologists
would summarize data and reports and then rate habitat, by
reach and month, for each of the attributes - reative to
benchmark conditions by life stage. The “manud” data
trandation process has educationd vaue for the participants.

S e R T
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Appendix B
Diagnostic Species

Watershed management actions should be built on, or be
consstent  with, ecosystem-directed dtrategies that promote or
maintan ecologicaly hedthy watersheds. A management
drategy based on an ecosystem perspective provides a
scientific bass for evauating, coordinating, and prioritizing
watershed actions in a condstent manner. An ecosystem
drategy is holigtic; it recognizes that biotic and abiotic
components of a watershed are interconnected. Hence, it must
consider the long-term and collective consequences of many
activities throughout a watershed.

An ecologicdly hedthy watershed may be defined as one
cgpable of supporting and maintaining a baanced, integrated,
adaptive biologicd sysem having the full range of eements
and processes expected in the naturd habitat of the region
(Angetmeler and Kar 1993). This definition of ecologica
hedth underscores the importance of planning that considers
the entire biotic community and emphasizes sustainability.

A primary management god is to ensure the sustainability of
vaued renewable natura resources. The most important
chalenge facing environmenta management is to foster a
baance between short-term human needs and ecosystem
sudainability (Ruckelshaus 1989; Lee et d. 1992).

Sudtainability is defined as the process of change in which the
continued exploitation or protection of resources, the direction
of investment in land and weater, and associated indtitutiond
changes are consstent with future as well as present objectives
for perpetuating environmental quaities and socioeconomic
functions of ecosystems (WCED 1987). Human communities
generdly desre that resource-based values and objectives
associated with the water and land of a watershed be
sudainable, even within the context of watersheds that have
undergone mgor changes to accommodate human needs.

The concept of sustainability must aso recognize that
ecosystems are condtantly evolving. The management concern
we rase when we worry about sustainability is the direction
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and rate of this evolution. All vaued naturd resources may not
be concurrently sustainable in dl watersheds.

Certan species or populations that are dependent on the
relative gstability of ecological processes over a large portion of
a watershed can be used to help diagnose conditions for
sudainability. The shift toward ecosystem management that
has occurred in recent years is a move away from a
conventional, single-species agpproach to a whole system,
multi-species framework (Grumbine 1994). This shift poses a
problem: How do we assess the condition of ecosystems, given
their inherent complexity? The use of appropriately sdlected
indicator or diagnostic species provides a way of coping with
this complexity (Soule 1987, Kar 1992, Lee 1993).

Instead of trying to understand al dimensons of an ecologicad
whole, the use of indicator organisms that are sengtive to an
important cross-section of those dimensions gives needed focus
for an assessment (Lee 1993). Implicit in this concept is the
assumption that a species that is sengtive to a wide variety of
ecosystem conditions is useful as a pulse on the system.

Desired conditions for the entire ecosystem may be achieved
through actions guided by the needs of populaions tha fill
representative  (umbrella species) or key (keystone species)
functiona roles within the ecosystem (Waker 1995). This
aoproach may currently be the most effective way to achieve
ecosystem sudtainability (Olver et d. 1995, Waker 1995). The
EDT method uses the term diagnostic species to emphasize
that it is a device to ad in diagnosng and treating watershed
conditions.

Migratory sdmonid species, like sdmon, are highly suited as
diagnostic species. Their freshwater life history depends upon
dreams, the arterid system of the watershed. Streams are
generdly regarded as a good reflection of overal watershed
condition snce water drains downhill, bringing with it
characteristics created by conditions upstream. Samonids are
sengtive to these characteristics (Bjomn and Reiser 1991).
Because fish are often primary determinants of ecosystem
dructure (Brooks and Dodson 1965; McQueen e d. 1986),
conditions shaping thelr survivability and life history are
important to that structure.

Certain sdmonid species (eg., chinook, coho, and steelhead)
utilize extensive portions of the watershed, from the mouth of
the river to the headwaters of many of its connected branches.
To complete their life cycles individuas of these species
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experience the condition of the river from the spawning
grounds, often located high in the watershed, to the estuary.

Hence the completion of their life cycle depends upon the
connectivity of the stream network over various life stages
(Lichatowich and Mobrand 1995). These life stages, which can
number seven or more (eg., prespawning, spawning,
incubation, colonization, active rearing, inactive, and juvenile
migration), have different habitat requirements (Bjomn and
Reiser 1991); therefore, sustainable life history patterns require
the existence of diverse habitats.

Migratory sdmonids have another important, unique role-
they connect ecosystems through their extensve migrations.
For example, chinook that spawned historicdly in the upper
Cispus subbasn (as in Yelowjacket Creek) utilized not just
this stream, but the lower Cispus, the mainstem Cowlitz River,
and the Columbia River before moving into the Pecific Ocean.
There, they traveled extensvely for severa years prior to the
return to their natad stream. The concept of ecosystem
management  ultimately must recognize tha watersheds (or
ecosystems) are not isolaied (Maser and Sedell 1994);
conditions in one can have profound implications for the
sudtainability of resources in another. Moreover, sadmon are
among the few species that cycle nutrients between al these
environments (Kline et d. 1993; Bilby e d. 1995; Willson and

Haupka 1995).

The potentid magnitude of nutrient cycling by sdmon and its
role in ecosysem function have long been acknowledged
(Juday e d. 1932; Donddson 1967); but, in generd, ther
importance has received scant atention by scientists (Willson
and Haupka 1995). Recent findings suggest that nutrient
cycling may be very important to the structure and gtability of
some watersheds, supporting the conclusion that sdmon should
be conddered a keystone species in these systems (Bilby et d.
1995). A keystone species is one that plays a criticad role in
mantaining the biologicd integrity of the ecosysem to which
it and many other species belong; the loss of such species leads
to cascading changes in ecosystem dructure (Paine 1969; Paine

1995).

This potentid keystone role is seen in the importance that
anadromous samonids have had higtoricaly, and continue to
have in many aress, as critica nutrient sources to numerous
species (Willson  and Haupka 1995). The enormous influx of
biomass to freshwater systems that can occur through
anadromous adult sdlmonids and their progeny can be heavily
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exploited by mammad, bird, and fish species, affecting the
digribution, survival, and reproduction of these non-samon

Species.

The findings by Bilby et d. (1995), and their on-going work,
provide evidence tha the capacity of sdmon streams to support
fish may be progressively declining due to reductions in
nutrient loading caused by diminishing numbers of spawning
sdmon.

In addition to serving as indicators of the quaity of watersheds,
sdmon species symbolize the vitdity of the Pacific Northwest
to human communities (Jay and Matsen 1994). Sdmon are
integral to the heritage and present-day vaues of people
throughout the region. In a sense, they are an icon of the

quality of life in the area
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