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Abstract.—There is a long history in fisheries biology of relating biogeographic distribution patterns
of fish to thermal conditions. The association of distribution boundaries with thermal limits reflects
the fact that temperature has a major influence on the physiology, growth, and behavior of ectothermic
animals such as fish. Approaches used to relate species distributions to thermal limits can be grouped
into four categories: air temperatures, surface water temperatures, groundwater temperatures, and
correlates of temperature such as agricultural growing season. Air temperature limits typically focus
on mean daily air temperature for the warmest month of the year and are based on the assumption that
air and water temperatures are correlated. Water temperatures limits include measures of daily mean
as well as daily maximum temperature, both averaged over periods of weeks to a month. Groundwater
temperature limits are based on the observation that groundwater integrates annual temperature
conditions and is usually within 1-2°C of the mean annual air temperature. Correlates of air or water
temperature include measures of the agricultural growing season or elevation. Biogeographic limits
can be used to infer thermal limits that can be used to model fish distribution changes following
climate change. The assumption is that fish populations will migrate pole-ward or up in elevation to
remain within suitable thermal envelopes. Several studies that have used this approach predict a
substantial loss of habitat for coldwater fishes due to climate warming. When using biogeographic
limits to model species responses to climate change, researchers should ensure that distribution patterns
reflect thermal limits rather than other limiting factors and should recognize that changes in other

factors, especially hydrological regime, also may alter fish distribution patterns in the future.

Introduction

Biogeography is the study of species distribution pat-
terns at large spatial scales (Cox and Moore 1980). Early
naturalists were interested in describing species distri-
butions and as the science of ecology developed, mere
description was replaced by the desire to identify which
environmental factors determine species distribution pat-
terns. Temperature has long been a focus of biogeo-
graphic studies because of its overwhelming influence
on the physiology of ectothermic organisms (Hutchins
1947). Because fish are ectothermic, their survival,
growth, egg development, and even competitive ability
all are temperature-dependent (Magnuson and DeStasio
1996; Taniguchi et al. 1998; King et al. 1999; Power
and van den Heuvel 1999). Hence, it was logical for
early workers to consider how temperature influenced
fish distribution patterns (Radforth 1944).

Most of the early studies involving freshwater
fishes focused on air temperature limits because of the
paucity*of temperature data for lakes and streams. For
example, Weatherley (1963) investigated the world dis-
tribution of yellow perch Perca flavescens and noted

99

that the southern margin of their distribution in the
United States corresponded with mean maximum mid-
summer air temperatures of 31°C (Figure 1). Many
other investigators reported associations between bio-
geographic distributions and air temperature isotherms
(Radforth 1944; MacCrimmon and Marshall 1968;
MacCrimmon and Campbell 1969; Shuter et al. 1980).
With the accumulation of water temperature records,
associations between fish distributions and water tem-
peratures became of interest (Eaton et al. 1995). To-
day, the interest in thermal limits to fish distributions
continues both for understanding the basic ecology of
species (Fausch et al. 1994; Rahel and Nibbelink 1999;
Welsh et al. 2001) and for predicting how fish distri-
butions may be altered by climate warming (Shuter
and Post 1990; Rahel et al. 1996; Stefan et al. 2001).
In this chapter, the types of thermal limits that have
been associated with fish species distributions are de-
scribed, an example of how thermal limits can be used
to forecast the loss of habitat for coldwater fishes in
the Rocky Mountain region is discussed, and caveats
in using biogeographic limits to model the response of
fish to climate change are discussed.
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Figure 1. Shaded area indicates the native distribution of yel-
low perch Perca flavescens in eastern North America. The
southern limit corresponds to areas where mean maximum
summer air temperatures do not exceed 31°C. Adapted from
‘Weatherley (1963).

Types of Thermal Limits Used

A large number of approaches have been used to relate
species distributions to thermal limits. They were
grouped into four categories: air temperature limits; sur-
face water temperature limits; groundwater temperature
limits, and correlates of air or water temperature such
as agricultural growing season (Table 1). However, as
noted below, there is considerable variation even within
categories.

Air temperature limits typically focus on mean
daily air temperature for the warmest month of the year
on the assumption that air and water temperatures will
be correlated. This assumption appears to be reason-
able, especially over time scales of a week or longer
and when mean daily air temperatures are less than 25°C
(Mohseni et al. 1998).

‘Water temperature limits include measures of daily
mean temperature, e.g. studies 1-3, Table 1, as well as
daily maximum temperatures both averaged over some
time period, usually a week or a month (studies 4-6,
Table 1). The focus on daily maximum temperatures
reflects the idea that it is exposure to high temperatures
that kills fish. However, it is not clear whether physi-
ological stress is related more to the mean or to the
maximum daily temperature experienced by fish. Fish
can survive daily exposures to temperatures that would
be lethal over extended periods, provided that tempera-
tures cool off at night as is often the case in streams
(Dickerson and Vinyard 1999).
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Groundwater temperatures integrate annual tem-
perature conditions and are usually within 1-2°C of the
mean annual air temperature (Meisner 1990b). Ground-
water isotherms would be expected to be correlated with
the distribution of coldwater fishes living in headwater
streams where groundwater inputs are a major source
of summer streamflows.

Correlates of air temperature such as measures of
the agricultural growing season also have been related
to the distributional limits of some fish species. These
measures integrate thermal conditions over the annual
cycle and have proven useful in the absence of water
temperature information. Scheller et al. (1999) argue
that measures of degree-week accumulations based on
water temperatures are a suitable method for delimiting
the distribution of warmwater fishes because such spe-
cies are more likely limited by the length of the grow-
ing season than lethal high or low temperatures. In moun-
tainous regions, water temperatures are correlated with
elevation and thus elevational limits have been used as
a surrogate for thermal limits (Rieman and McIntyre
1995).

The thermal limits summarized in Table 1 indicate
that the biogeographic distributions of coldwater spe-
cies across North America often are associated with ex-
cessively warm summer temperatures that cause physi-
ological stress leading to mortality. By contrast, the bio-
geographic distribution of warmwater species often is
limited by cold summer temperatures that limit growth
although some species may experience mortality at cold
temperatures, e.g. threadfin shad Dorosoma petenense
(Griffith 1978). Interestingly, there are situations where
water temperatures are too cold even for some coldwater
fish species to persist. Harig and Fausch (2002) reported
that mean daily July water temperatures greater than or
equal to 8°C were necessary for cutthroat trout
Oncorhynchus clarki populations to become established
in Rocky Mountain streams. At colder temperatures, lar-
val trout failed to grow enough during their first sum-
mer to survive overwinter.

Using Biogeographic Distributions to Infer
Thermal Limits and Model Habitat Loss for
Coldwater Fishes Following Climate Change

Keleher and Rahel (1996) used the relationship between
fish distributions and mean July air temperature to pre-
dict potential habitat loss for salmonids in the Rocky
Mountains of the United States under various climate-
warming scenarios. The first step was to develop a re-
gression relation between latitude, elevation and mean
July air temperature based on 615 meteorological sta-
tions across the Rocky Mountain region. The resultant
multiple regression equation allowed mean July air tem-
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perature to be estimated for any site based on latitude
and elevation (R* = 0.90; details in Keleher and Rahel
1996). Next, a fisheries database maintained by the
Wyoming Game and Fish Department was queried to
determine the biomass of all salmonid species at 736
sites that had been sampled by depletion-removal
electrofishing. At each of these sites, the mean July air
temperature was estimated from the regression equa-
tion. A histogram indicated that salmonids were absent
or extremely rare at 30 sites where mean July air tem-
peratures exceeded 22°C (Figure 2). This value was used
as the thermal limit for the distribution of salmonids in
the Rocky Mountain region.

Using a geographic information system, a thermal
map of the Rocky Mountain region was constructed based
on the regression equation predicting mean July air tem-
perature from latitude and elevation. The map depicted
thermal conditions by 1°C contours of mean July air tem-
perature. The area within the 22°C contour represented
the current potential geographic range for salmonids in
the Rocky Mountain region (Figure 3A). Future distribu-
tions of the coldwater fish guild were predicted for tem-
perature increases of 1-5°C by shifting the current distri-
bution by the required amount of contours. For example,
if temperatures were to increase by 3°C, the 22°C con-
tour would shift to where the 19°C contour is currently.
The area lost as a result of warming by 3°C would equal
the difference between the current 22°C and the current
19°C (Figure 3B). The extent of geographic area lost as
potential salmonid habitat was calculated for tempera-
ture increases of 1-5°C (Figure 4). Even a slight warm-
ing of 1°C would reduce the geographic area containing
suitable salmonid habitat by 17%. A common projection
is that a doubling of atmospheric carbon dioxide concen-
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Figure 2. Average salmonid biomass (kilograms per hectare)
in relation to predicted mean July air temperature. Averages
were calculated from Wyoming Game and Fish Department
data for 1°C increments of predicted mean July air tempera-
ture. From Keleher and Rahel (1996).
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Figure 3. A) Present day potential distribution of the coldwater
fish guild in the Rocky Mountain region as limited by the
22°C isocline of mean July air temperature (shaded area). B)
Future potential distribution of the coldwater fish guild (dark
shade) and habitat loss (light shade) in the Rocky Mountain
region after a 3°C increase in mean July air temperature.
There would be a 50% loss of geographic range following
such a temperature increase. From Keleher and Rahel (1996).

tration will cause air temperature increases of about 3°C
across much of the United States (Eaton and Scheller
1996). A 3°C temperature increase was predicted to cause
a 50% reduction in the geographic area containing ther-
mally-suitable habitat for salmonids in the Rocky Moun-
tain region (Figure 4).

The prediction of extensive loss of habitat for
coldwater fishes in the Rocky Mountain region agrees
with predictions from other studies (Table 2). For ex-
ample, Eaton and Scheller (1996) used an extensive
database matching fish occurrence across the United
States with stream temperature records to identify up-
per thermal limits for ten coldwater fish species. They
then used projections of stream warming following a
doubling of atmospheric CO, concentrations to estimate
how many stream locations would become too warm
for the species. On average, there was a 47% loss of
stations having thermally-suitable habitat for these
coldwater fishes. Stefan et al. (2001) modeled the re-
sponse of the coldwater fish guild in lakes across the
United States to climate change. Climate warming was
projected to reduce the number of lakes having suitable
coldwater fish habitat by up to 45%. In Japan, Nakano
etal. (1996) associated the distribution of coldwater fish
species with groundwater isotherms and used current
thermal limits to project habitat loss following climate
change. With a 3°C increase in mean annual air tem-
perature, the geographical ranges of Dolly Varden
Salvelinus malma and white-spotted char S. leucomaenis
were projected to decline by 80% and 34%, respectively.

In addition to habitat loss, fragmentation of remain-
ing populations of coldwater fishes will occur. Fragmen-
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Table 2. Projected responses of coldwater fishes to climate change. 2 x CO, refers to climate change scenarios based on a doubling

of atmospheric carbon dioxide concentrations.

Geographic region Extent of habitat loss

Thermal limit for

coldwater fish guild Reference

Rocky Mountain region
of the United States. salmonids with a 3°C increase in

summer air temperatures

Streams across the
United States

Average 47% loss of stream sites
with suitable habitat for ten
species with 2 x CO,

A 45% loss of lakes with suitable
habitat for coldwater fish guild
with 2 x CO,

Lakes across the
United States

Japanese archipelago

in mean annual air temperature

A 50% loss of the geographic range for

Geographical range of Dolly Varden
and white-spotted char reduced by 80%
and 34% respectivelyfor 3°C increase

Mean July air temperature Keleher and Rahel 1996

<22°C

Maximum weekly average
water temperature
19.8-24.3°C

Eaton and Scheller 1996

Maximum water temperature  Stefan et al. 2001

£234°C

Groundwater isotherm of Nakano et al. 1996.
8°C for Dolly Varden and

16°C for white-spotted char.

tation is detrimental because small, isolated populations
are susceptible to inbreeding and have an increased prob-
ability of extinction through environmental disturbances
such as floods or droughts. Rahel et al. (1996) explored
this issue for coldwater fishes in the North Platte River
drainage of Wyoming. The current distribution of
coldwater fishes was limited to streams with a mean daily
water temperature in July less than or equal to 21°C.
With a 3°C increase in summer water temperatures, the
4,128 km of interconnected streams that currently pro-
vide thermally-suitable habitat for coldwater fish was
projected to decline by 13% and become fragmented
into smaller and more isolated enclaves (Figure 5).
Nakano et al. (1996) predicted a similar phenomenon
for trout populations in Japan.

100 7
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Percent loss of current habitat
®

Figure 4. Percent loss of current habitat for the coldwater
fish guild in the Rocky Mountain region under climate change
scenarios of 1-5°C increases in mean July air temperature.
The numbers above each point indicate the percent of the
current geographic range that would become too warm based
on a current distribution limit of 22°C mean July air tem-
perature. Based on data from Keleher and Rahel (1996).

Considerations in Using
Biogeographic Limits to Model
Species Responses to Climate
Change.

Ensuring that Distribution Patterns Reflect
Thermal Limits Rather than Other Factors

Perhaps the major concern in using biogeographic dis-
tributions to model species responses to climate warm-
ing is to ensure that temperature and not some other
factor is primarily responsible for the observed pat-
terns. This should not be a major problem for other
abiotic factors because most of them do not produce
clinal gradients across large spatial scales. For example,
low pH, high salinity, or winter anoxia conditions are
distributed heterogeneously across the landscape
whereas thermal conditions typically follow clinal gra-
dients associated with latitude or altitude (Rahel 1984,
1986). Another factor that can confound distribution
patterns is postglacial dispersal (Mandrak and
Crossman 1992). Shuter and Post (1990) predicted that
the northern distribution of yellow perch should ex-
tend onto the Quebec peninsula based on thermal lim-
its. The absence of yellow perch was attributed to physi-
cal barriers to postglacial dispersal that have prevented
vellow perch and many other fish species from colo-
nizing this region. Thus, knowledge of postglacial dis-
persal routes and biogeographic history will aid in de-
termining factors that limit fish distributions. Distri-
bution patterns that suggest temperature limits rather
than dispersal limits include distributions that transcend
drainage divides, do not coincide with zoogeographic
barriers to range expansion, or that are associated with
similar thermal conditions in different regions (Cross
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Figure 5. Fragmentation of stream habitat for coldwater fishes
in the North Platte River upstream of Seminoe Reservoir in
Wyoming, U.S.A. based on a 3°C increase in July water tem-
peratures. At present, the entire drainage provides thermally-
suitable habitat. Stream reaches that would become too warm
for coldwater species are shown by dark lines. From Rahel et
al. (1996).

ctal. 1986). For example, Weatherley (1963) noted that
the distribution of yellow perch in Australia (where
they are introduced) corresponds to the same thermal
limit as in North America (where they are native).

Biotic interactions also may complicate biogeo-
graphic distribution patterns (Davis et al. 1998). The
distribution of coldwater fish species may be determined
by a combination of thermal tolerance and competitive
interactions with other species (Taniguchi et al. 1998).
In the Rocky Mountain region, native cutthroat trout
Oncorhynchus spp. often are restricted to headwater
reaches because of competitive displacement at lower
elevations by introduced brook trout Salvelinus fontinalis
(Fausch 1989; De Staso and Rahel 1994). Because mod-
els of cutthroat trout distribution patterns emphasize the
association of this species with high elevations (Bozek
and Hubert 1992), one might assume they are restricted
from occurring at lower elevations because of warm tem-
peratures. Historically, however, cutthroat trout occurred
at lower elevations. Thus, thermal limits inferred from
current distribution patterns would underestimate the
thermal tolerance of cutthroat trout.

RAHEL

Standardized approaches would facilitate
comparisons among studies but may not
be feasible

As indicated in Tables 1 and 2, a variety of thermal lim-
its have been used to model how fish distributions will
be affected by climate change. The lack of standardized
methods makes it difficult to compare studies, even for
the same species. Consider, for example, efforts to model
the response of brook trout to climate change (Table 3).
Each of the four studies used a different thermal limit
for brook trout distributions and different estimates of
climate warming. For studies using air temperature lim-
its, mean air temperature during the warmest month of
the year (July in the northern hemisphere) would be a
good metric because air and water temperatures are typi-
cally highly correlated over periods greater than a week
and long-term air temperature data are available for most
regions of the world. Studies using water temperature
data could utilize the daily average temperature or the
daily maximum temperature both averaged over a seven
day period during the warmest part of the year. How-
ever, as discussed earlier, it is not clear whether the av-
erage or maximum daily temperature is most critical
for fish in environments with pronounced diel tempera-
ture fluctuations.

For coldwater fishes, mean or maximum summer
temperature are associated with both upper limits to sur-
vival (Eaton and Scheller 1996) and lower limits for suf-
ficient growth (Harig and Fausch 2002). For warmwater
fishes, mean or maximum summer temperatures are as-
sociated with lower limits for growth (Shuter and Post
1990), although there may be merit in considering the
accumulation of degree-days during the growing sea-
son rather than a single thermal limit (Scheller et al.
1999). For some warmwater fishes, lethal cold tempera-
tures may be the most important determinant of distri-
bution patterns and thus winter temperature limits should
be used in modeling how these species will respond to
climate warming, e.g. threadfin shad (Griffith 1978).

Given the variability in temperature data avail-
able to researchers and the fact that different thermal
limits may be appropriate for different thermal guilds,
it seems unlikely that complete standardization of ther-
mal limits will be possible. Also, a better understand-
ing of the relative importance of average versus maxi-
mum daily temperature in determining fish distribu-
tions in streams is needed.

Shifts along air or water isotherms do not
capture local scale variation in temperatures or
species distributions

A common approach in modeling the effects of climate
change on fish distributions is to identify current thermal
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Table 3. Current thermal limits and projected responses of brook trout to climate change. 2 x CO, refers to climate change scenarios
based on a doubling of atmospheric carbon dioxide concentrations.

Geographic Region  Predicted response to climate change

Thermal limit Reference

Streams across the

United States habitat for 2 x CO,

Southeastern
United States

A 55% loss of stream sites with suitable

Significant reduction in geographic range with
a 3.8°C increase in air temperature. (Reduction

Maximum weekly average  Eaton and Scheller 1996

water temperature < 22.4°C

15°C groundwater isotherm Meisner 1990b

estimated to be 40-50% by Clark et al. 2001).

Southern Appalachian
Mountains in U.S.A.

Two streams in
Ontario, Canada
temperature.

A 24% loss of habitat for a 1.5°C increase in
summer water temperatures and more floods.

A 30 and 42% loss of stream length suitable as
habitat with a 4.1°C increase in summer air

< 19°C mean summer water Clark et al. 2001

temperature

Average weekly maximum  Meisner 1990a
summer water temperature

<24°C.

limits and then assume fish will track the latitudinal or
elevational shifts in isotherms with climate warming
(Shuter and Post 1990; Keleher and Rahel 1996; Nakano
et al. 1996). This approach assumes the entire area be-
tween isotherms is either thermally suitable or unsuit-
able as habitat for the species of interest. It also assumes
that temperatures change monotonically with changes in
latitude or elevation. But much local-scale variation in
temperature can occur as a result of local landforms,
groundwater inputs or land-use practices (Torgersen et
al. 1999; Isaak and Hubert 2001). Assessments of cli-
mate change impacts based on species shifts along air,
surface water or groundwater temperature isotherms will
not capture such local-scale variation. Instead, assess-
ments at the scale of individual streams or lakes will need
to use site-specific models of how stream or lake tem-
perature regimes will respond to climate change (Meisner
1990a; Magnuson and DeStasio 1996; Stefan et al. 2001).

Assessments based on biogeographic shifts
along isotherms do not take into account
interaction of multiple factors

Climate change is predicted to have multifaceted con-
sequences for aquatic ecosystems that extend beyond
warming (Schindler 1997). For streams in North
America, alteration of streamflow patterns is likely with
a tendency for reduced annual discharge and a shift in
peak flows from spring to winter in many areas (Hauer
et al. 1997). Such changes in hydrological regime will
interact with changes in thermal regime to influence
stream fish populations in complex ways.

Clark et al. (2001) used an individual-based mod-
eling approach to explore how temperature increases
and altered streamflow would impact rainbow trout
Oncorhynchus mykiss populations in the Appalachian
Mountains of the United States. They considered three
climate change scenarios. The first involved tempera-

ture increase only and was accomplished by increas-
ing daily stream temperatures by 2.0°C in the spring,
1.5°C in the summer and fall, and 2.5°C in the winter.
The second scenario involved temperature increases
plus altered streamflow in the form of increased win-
ter and decreased summer flows. The third scenario
added episodic high-flow events that would scour trout
redds to the temperature and streamflow changes. The
response of rainbow trout varied among the three sce-
narios of climate change (Figure 6). Temperature
change by itself caused an increase in the simulated
population because warmer spring temperatures in-
creased the development rate of eggs, which, with con-
stant mortality rates, resulted in increased egg survival.
More eggs hatching ultimately lead to higher numbers
of adult rainbow trout. However, the benefit of higher
temperatures on egg survival was offset by flow alter-
ations. Higher peak flows in winter when rainbow trout
spawn disrupted spawning activity and eliminated suit-
able spawning areas. The result was a lower number
of eggs being produced that negated the higher egg
survival due to temperature changes. When high-flow
episodes were added to the model, rainbow trout abun-
dance decreased over baseline levels because the flood
events scoured nests and caused mortality of fry. Thus,
changes in streamflow were an important factor in how
trout populations would be impacted by climate
change. Jager et al. (1999) also concluded that tem-
perature and hydrological alterations due to climate
change would interact in complex ways to influence
fish populations in a California stream.

Conclusion
Biogeographic distributions often provide insight into

thermal limits for ectotherms such as fish whose physi-
ology and reproductive success are strongly influenced
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Figure 6. Response of a simulated population of rainbow trout in the Appalachian Mountains to three climate change sce-
narios: an increase in temperature only; an increase in temperature plus higher winter streamflow; and an increase in
temperature and winter streamflow plus episodic floods. Relative to baseline conditions, temperature-only changes caused an
increased in trout population size due to better survival of eggs. This increase was negated by lower spawning success when
high winter streamflows were added to the simulation. Adding episodic floods caused the population size to decline due to

destruction of redds. Adapted from Clark et al. 2001.

by temperature. These thermal limits can be used to
project distributional changes following climate change
by assuming fish will migrate along isotherms to re-
main within a suitable thermal envelope. These distri-
butional shifts can include abandonment of areas cur-
rently occupied if future temperatures exceed physi-
ological tolerances (Rahel et al. 1996) as well as colo-
nization of new areas if previously unsuitable tempera-
ture conditions are ameliorated (Shuter and Post 1990).
This approach has been termed “forecasting from his-
torical analogy” and has been used to predict how ma-
rine fish stocks will respond to alterations in ocean tem-
peratures (Murawski 1993). In freshwaters, we should
expect to see fish distributions migrate poleward or
higher in elevation as species track suitable tempera-
tures. Areas now supporting high yields of sport or com-
mercial species may become marginal, whereas areas
at the margins of species distributions may become op-

timal (Minns and Moore 1995). Of course, such changes
in fish distributions assume species will be able to mi-
grate along watercourses to find suitable thermal habi-
tat. But such migrations may be limited by the exten-
sive damming of rivers that has occurred in North
America (Nehlsen et al. 1991; Porto et al. 1999). Also,
such a strategy is not possible for Great Plains fishes in
the United States where the east-west orientation of most
rivers and the lack of elevational relief would prevent
migrations to northern or higher elevation thermal ref-
uges (Matthews and Zimmerman 1990)

A variety of approaches have been used to identify
thermal limits including measures of air, surface water
and groundwater temperatures as well as agricultural
growing season. Although measures of water tempera-
ture are the best indication of thermal conditions expe-
rienced by fish, data are not always available and air
temperature limits have been used in many assessments
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of climate change impacts on fish populations (Tables
1, 2). Measures of summer temperature have been cor-
related with the distributions of both coldwater species
(where high summer temperatures typically limit fish
occurrence) and warmwater species (where low sum-
mer temperatures typically limit fish occurrence).

Caveats in using biogeographic limits to infer spe-
cies’ thermal limits include making sure that other abi-
otic factors, postglacial colonization, or species inter-
actions are not primarily responsible for current distri-
bution limits. Also, models based on species tracking
changes in temperature isoclines do not consider the
impacts of hydrological alterations that may accompany
climate change. Models that incorporate hydrological
alterations predict additional negative effects on
coldwater fish populations due to shifts in the timing of
floods and increased flood events (Clark et al. 2001).
However, such models require extensive parameteriza-
tion and simplifying assumptions, hence their use is lim-
ited to species for which extensive life history and physi-
ological data are available.

In conclusion, inferring thermal limits based on bio-
geographic distributions has a long history in fisheries
ecology and is a useful approach for predicting how fish
species will respond to climate change. The approach is
especially strong when combined with detailed mecha-
nistic studies that provide the physiological-underpin-
nings of why biogeographic limits are correlated with
thermal conditions for many fish species (Shuter and
Post 1990; Power and van den Heuvel 1999). Forecast-
ing from historical analogy will be especially important
for the many fish species for which absence of detailed
life history and bioenergetic data will limit the use of
other modeling approaches.
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