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Abstract

Didributions of native sdmonid fish in the Pacific Northwest are strongly tied to temperature
conditions in their habitat. Samonid populations have declined in conjunction with thermd changes and
the loss and fragmentation of large and interconnected cold-water habitats. Temperature affects the
hedlth of not only individud fish but aso entire populations and groups of species. Temperature
changes have obvious direct effects, and dso interact with other factors to indirectly affect sdmonids.

The best way to protect existing populations and restore depleted populations isto create
temperature criteriathat explicitly consder sdmonids temperature requirements at different times and
places. Natura temperature conditions must be preserved whenever possible. Because current fish
digtributions and populations are significantly reduced from their historical numbers, protection and
restoration of their therma environment must often extend beyond the boundaries of their existing or
suitable habitat.

Attempts to set temperature criteria must balance what is known and not known about the
habitat and biologica requirements of salmonids. Full consderation of current and potentiad fish
digtribution and habitat, including thorough documentation of assumptions and knowledge gaps, is
needed in establishing and implementing temperature criteria to support hedthy (viable, productive, and
fishable) sdmonid populations.

I ntroduction

Under natura conditions, freshwater sdmonid habitat is defined by physicd and chemicd
characterigtics of the environment, including water quality, flow, geologica and topographic features of
the stream and its valey, and cover (National Research Council 1996). Common factors influencing
fish digtribution include size and accessibility of suitable habitat, connectivity between areas of suitable
habitat, biologica interactions, and “historical” factors (e.g., postglacia dispersa and geographic
barriers) (Matthews 1998). Many of these factors act directly or indirectly with temperature to
determine the digtribution of a species. Thisis epecidly true for cold-water fishes such as sdmonids.

This paper is not intended to be an exhaudtive review of the status or declinesin sdmonid
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populaions or digtributions. These are widely documented esewhere. We briefly review some
examples of declinesin salmonid populations and habitats to provide some context for these issues, but
our focusis not on declines per se. Furthermore, thisissue paper is not intended to be an exhaudtive
review of the effects of temperature on sdmonid ditributions in the Pacific Northwest (see McCullough
1999). Rather, it isintended to describe a basic framework for thinking about sdlmonid distributions
and appropriate biologica criteriato protect sdmonid populations from adverse effects of dtered
factors affecting therma regimes.

This paper describes in a question-and-answer format five main issues related to salmonid
distributions and temperature criteria

Definition of a“digtribution”
Direct effects of temperature
Indirect effects of temperature
Relevance of scae

Importance of unoccupied habitat

g~ owdNE

What isa “distribution” ?

Often, the word “digtribution” is used without reference to whet is specifically meant. Like any
other organism, samonid fishes (and temperatures) are not distributed equally across landscapes.
Within stream basins, limits to fish digtributions may be obvious, but even within continuous areas of
suitable habitat, discontinuities in distributions may arise (Angermeier et d. in press, Dunham et d. in
press).

A common example of “digribution” for animas can be found in popular bird identification and
field guides. Didtribution maps for birds often cover broad areas. In some cases, ranges of different
“races’ or recognized subspecies are digtinguished. Within these aress, it is obvious that birds do not
occur everywhere. For example, awading bird may only be found in wetland aress, though it is
broadly distributed across the continent (because wetlands are broadly distributed). Furthermore, this
bird may only be found in particular kinds of wetlands (those with sufficient cover and food to support
reproduction). Thisbird may be found in different areas, depending on the season. Birds may appear
in“unusud” habitats while migrating, or may shift habitat use from year to year, depending on dimate
(wet vs. dry years). Similar analogies gpply to sdmonid fishes. There are severd things to consider
when using the term “didtribution” for sdmonids: ontogenetic variation; life history variation; and
higtorica, contemporary, and potentia distribution.

Ontogenetic variation. “Ontogenetic variaion” refersto changesin habitat use during the life
cycleof anindividud. Here, theterm “life cycle’ refers to the sequence of events (egg - devin - parr
-~ gmolt - juvenile - adult) that must occur within an individud’ s life for successful reproduction.
|dedlly, temperature criteria established for saimonids should address spatial and tempord distribution
of therma habitats that protect dl life Sages.
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Habitat requirements vary consderably as sdmonids begin their lives as eggsin (or on) the
substrate and progress through developmenta stages to reproduction as an adult. Different life stages
may have different therma requirements (Magnuson et d. 1979; Physiology issue paper). However,
thermad requirements may aso overlap consderably among life sages. Furthermore, some life stages
are rddively insengtive to temperature whereas others (such as egg incubation) are extremely senstive

(see Physiology issue paper).

Life stage requirements may be tied to specific spatia or tempord frames. Many salmonids
life stages may use certain habitats only on a seasond or intermittent basis. For example, the timing of
migration and spawning for most speciesis strongly tied to temperature (Bjornn and Reiser 1991).

Often, assessments for salmonids focus on the distribution of areas used for pawning and early
rearing (Dunham et d. 2001). Even though the importance of spawning and rearing habitat is obvious,
other components of the life cycle may be key to viability or productivity, particularly for species with
obligate life histories. Such habitats can include migratory corridors, feeding areas, and seasond
refuges (Northcote 1997). In many species, loss or severe degradation of these habitats can cause
extinction even if pawning and rearing habitats are in good condition. An obvious exampleis extinction
of migratory salmonid populations that used spawning habitats now blocked by dams. Asof 1991, at
least 106 mgjor populations of sdlmon and steelhead on the West Coast of the United States had
become extinct, with inadequate fish passage at dams a primary cause (Nehlsen et d. 1991).

Life history variation. Lifehigtory refersto how an individua completes the life cycle.
Sdmonids may adopt a“resdent” or “migratory” life higory. Resdent fish remain very closeto ther
natal habitats throughout ther life cycle, whereas migratory fish use amuch broader range of habitat.
Each of these broad categories has its own variations. For example, spawning migrations vary by time
and location (e.g., summer vs. winter sedhead; fal vs winter chinook). Thelength of juvenile
resdencein natal areas may aso be important (e.g., “stream” vs. “ocean” type chinook).

Some species have reatively fixed life cycles and life history patterns (e.g., pink salmon, Groot
and Margolis 1991); others exhibit consderable variation or polymorphism (e.g., cutthroat trout). Most
Pacific salmon die after spawning, whereas most species of trout and char do not (iteroparous). Some
Species, subspecies, races, or populations have flexible life histories (referred to as “facultative’); others
have fixed life history patterns (referred to as“obligatory”) (Rieman and Dunham 1999). Speciesinthe
latter category may be less resstant to environmenta change.

Historical vs. contemporary vs. potential distribution. Both fish digtributions and stream
temperatures can be consdered in terms of “historica,” “contemporary,” or “potentid” distribution.
Higtorical refersto the distribution of native salmonids before European settlement. Contemporary
refersto the present digtribution of native sdmonids. Potentia refersto the digtribution of native
sdmonids we would expect if natural habitat conditions were restored to the fullest extent possible,
given the current natural capacity (Ebersole et d. 1997) of the system. In other words, potential
digtribution dlows for the possibility that physical systems have been atered such that historical
digtributions are no longer attainable. Widespread declines of salmonids observed in most aress
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(Nehlsenetd. 1991, Lee et d. 1997, Thurow et al. 1997) suggest that many streams are not currently
a their full naturdl potentid or capacity.
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A primary concern of managers is protecting or retoring fish distributions that maximize
population viability (most recently reviewed by McElhany et d. 2000). Many efforts are under way to
define thermd habitat potential using predictive physicd models (reviewed by Bartholow 2000).
Prediction of physica responsesis complex, but is much smpler than predicting biologica responses.

Restoration of the physica system (temperature, therma regime) should be considered together
with biologica requirements (viability, productivity) of aspecies. The physicd potentia of a system
congtrains what can be achieved biologicdly. There are four possible scenarios in which physicd
system potentia and biological requirements or potentia are considered:

1. System potentid atained, biologica god attained. Thisisthe best of dl worlds, where
protection to maintain existing conditions would be a prudent management option.

2. System potentid attained, biologica god not atained. Thisis a Situation where nothing can be
done to enhance the potentid of the natura system to attain abiologica god.

3. System potentia not attained, biologica god not attained. Thisis a Stuation where
enhancement of system potentia could result in abiologica benefit.

4, System potentia not atained, biologica god atained. Thisisastuation where enhancement of
system potentia could result in abiologica benefit, but the current state of the biologica system
is satifactory from aregulatory viewpoint.

It may be difficult to baance the atainment of biological gods versus physica system potentid,
but the answer is essentia to long-term viability and productivity of sdmonid populations. In redity,
these four scenarios represent extremes dong a continuum of biologica requirements and physical
system potentid. In practice, it is much easier to define physical system potentid than to define “how
much is enough?’ from abiologica perspective. Thus, it may be difficult to discern different scenarios
based on biological requirements. In practice, most management to date has focused on system
potentid.

Defining of system potential can be chdlenging. Firg, it iscriticd to redize that perspectives on
attainment of system potentid may depend on scde. For example, alocd reach of stream may be at
system potentid, but part of alarger degraded system in need of restoration. Second, it is difficult, if
not impossible, to restore dl aquatic habitats to their higtoric condition. There usudly are insufficient
datato definitively document “higtoric” conditions, but even limited information on historic habitat
conditions and fish populations can provide a useful perspective. Such determination involves finding
what is“irreversble’ (eg., remova of mgor dams and urban centers) and what can likely be
accomplished through basin management.

Examples. The historical and contemporary distributions of resdent and anadromous fish have
been documented in the Columbia River Basin (CRB) by the Interior Columbia Basin Ecosystem
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Management Project (Figures 1to 7). About 12,452 km of the 16,935 km of streamsthat origindly
were ble are now blocked (Quigley and Arbelbide 1997), including some large subbasins and
many smaller watersheds. Other factors contributing to the decline of
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COLUMBIA BASIN FALL CHINOOK DISTRIBUTION
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Figure 1.

ColumbiaBasin fall chinook distribution.
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COLUMEBIA BASIN BULLTROUT DISTRIBUTION
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Figure 2.

Columbia Basin bulltrout distribution.
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COLUMBIA BASIN SPRING CHINOOK DISTRIBUTION
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Figure 3.

Columbia Basin spring chinook distribution.
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COLUMEIA BASIN REDEAND TROUT DISTRIBUTION
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Figure4.

ColumbiaBasin redband trout distribution.
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