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Abstract – Smallmouth bass (Micropterus dolomieu, SMB) is a broadly distributed, economically important species
in the USA and Canada. Although previous research has suggested that projected climate warming may allow SMB
to thrive beyond their current northern distribution, little research has been devoted to the population-level effects of
climate change on warm-water fishes, including SMB. We modelled the impacts of projected climate change on
growth of stream-dwelling SMB along a north–south gradient in the central USA. Using downscaled regional
projections from three global climate models, we generated scenarios for thermal habitat change for four
populations (in Oklahoma, Missouri, Iowa and Minnesota) and used bioenergetics simulations to estimate prey
consumption and growth under future projections. Bioenergetics simulations showed that prey consumption is
expected to increase in all populations with moderate stream warming (2–3 °C). Growth potential is predicted to
increase by 3–17% if not limited by food availability with stream warming by 2060 and was most pronounced for
southern populations. For each 1 °C increase in stream temperature, SMB consumption would be expected to
increase by about 27% and growth would increase by about 6%. Due to implications for species interactions,
population performance and regulation of local fisheries, a better understanding of how SMB populations will
respond to climate change is recommended for effective management and conservation.
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Introduction

Much of the research on potential impacts of climate
change on stream fish populations has focused on
cold-water species with narrow temperature tolerances
(e.g., Keleher & Rahel 1996; Clark et al. 2001; Rieman et al. 2007). Potential impacts on broadly distributed, cool- and warm-water stream species have
received less attention, although these stream species
are very common and often play a vital role in shaping fish communities as competitors, predators or
invaders in some cases. Smallmouth bass,
Micropterus dolomieu (SMB), is a warm-water species broadly distributed throughout central and eastern
North America (across 15 states and in two Canadian

provinces) with introduced populations in many
regions beyond its native range. Smallmouth bass in
lotic systems consume fish, crayfish and other invertebrates, and they occupy an important ecological
position as top predators in stream food webs (e.g.,
Rabeni 1992; Johnson et al. 2008). Abundance of
SMB in streams has been linked to habitat characteristics at multiple scales (e.g., Dauwalter et al. 2007;
Brewer & Rabeni 2011), and stream temperature has
been identified as an important local habitat influence
(Sowa & Rabeni 1995). Smallmouth bass distribution
in lakes is expected to shift with a warming climate
(Shuter & Post 1990; Sharma et al. 2007; Sharma &
Jackson 2008), but little is known about how
predicted changes in stream temperatures will mecha-
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Climate change and smallmouth bass growth
nistically affect the performance of populations. Relationships between thermal habitat and growth of
SMB are well studied (e.g., Beamesderfer & North
1995; King et al. 1999; Dunlop & Shuter 2006) and
suggest that somatic growth is generally higher in
warmer climates, but considerable geographical variation has been observed. Previous research suggests
that warming temperatures might enhance SMB
growth and over-winter survival in northern populations, allowing them to persist in areas beyond their
current northern distributional limit (Shuter & Post
1990). Warming at the southern end of the SMB
native range may lead to decreased growth potential
as predicted for unusually warm summers in Missouri
Ozark streams (Whitledge et al. 2006).
The impacts of predicted climate change on growth
of SMB populations are important for management
and conservation due to implications for species
interactions, population performance and regulation
of local fisheries. Fish growth is highly plastic and is
influenced by temperature and other habitat conditions such as substrate characteristics and instream
cover (e.g., McClendon & Rabeni 1987; Putman
et al. 1995). Because environmental change often
impacts fish populations via effects on growth (e.g.,
King et al. 1999), fish growth has been used as an
indicator of habitat quality. For example, Munkittrick
& Dixon (1989) suggested that white sucker (Catostomus commersoni) growth was an indicator of contamination stress in aquatic ecosystems. Changes in
growth rates of fishes may result in alteration of key
demographic parameters such as fecundity, age to
reach maturity and survival of early life stages (Roff
1984; Shuter & Meisner 1992). Life-history theory
predicts that populations with slower individual
growth will display delayed maturation and reduced
reproductive investment (Pianka 1970), which have
been observed in fish populations (e.g., Trippel 1993;
Shuter et al. 2005). Shuter et al. (1980) found that
over-winter mortality of age 0 SMB was strongly size
dependent and suggested that shorter growing seasons in colder climates limit SMB distribution.
Because SMB are popular sport fish, changes in
growth and population performance could have significant social and economic implications.
Growth changes also affect predator–prey relationships (e.g., Olson 1996) and could alter the impacts
of SMB on local stream food webs. Strong interactions between SMB and their prey species have been
documented in stream communities. A predator–prey
model revealed that in the Missouri Ozarks, SMB
and rock bass (Ambloplites rupestris) consume nearly
one-third of total crayfish production (Rabeni 1992).
Non-native populations of SMB have reduced the
diversity of small-bodied native fish assemblages
through predation (Jackson 2002), and SMB have

been shown to be a greater predatory threat to native
fishes than other introduced piscivores (Johnson et al.
2008). Reduced abundance of SMB prey items has
caused trophic shifts and altered food-web structure
following SMB introduction (Vander Zanden et al.
1999). Changes in climate have been shown to influence consumption rates in other fish species, with
important impacts on population performance (e.g.,
Biro et al. 2007; McCarthy et al. 2009). Johnson
et al. (2008) suggested that warming in the Yampa
River, Colorado, might lead to increased consumptive
demand for non-native SMB, and higher predation
rates would exacerbate negative impacts on native
prey species. Therefore, changes in SMB consumption rates due to climate change may strongly affect
fish assemblage structure and trophic interactions.
Bioenergetics modelling provides a useful method
for estimating the effects of a changing thermal
regime on food consumption and the energy balance
which ultimately result in changes in growth (Hanson
et al. 1997). These models use species-specific functional relationships between temperature, energy density of prey items and growth and can be used to
predict effects of changes in temperature on growth
and consumption. Bioenergetics simulations are thus
very useful for examining potential population-level
impacts of climate change. They have been used to
predict changes in somatic growth for salmonid
populations (e.g., McCarthy et al. 2009; Beer &
Anderson 2011) and changes in consumption for
piscivorous fishes in the western USA (Petersen &
Kitchell 2001; Johnson et al. 2008) due to climate
change. Unlike correlative approaches, such as species distribution modelling, bioenergetics modelling
provides a mechanistic way of examining changes in
individual physiological performance in response to
environmental change (McCarthy et al. 2009).
The availability of extensive data on populations
across North America makes SMB an ideal species for
examining population-level impacts of climate change.
Four focal populations were chosen for this study to
provide a broad latitudinal gradient for comparing
impacts of climate change. Examining potential
impacts across the native range of SMB allowed us to
investigate whether northern and southern populations
may respond differently to changes in climate. Our
objectives were to (i) estimate potential changes in
SMB prey consumption and growth based on recently
developed regional climate change models and (ii)
examine how these projected changes differ across the
broad latitudinal gradient of the SMB native range.
Due to implications for species interactions, population
performance and regulation of local fisheries, a better
understanding of how SMB populations will respond
to climate change across a broad geographical range is
vital for management and conservation.
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Materials and methods

We chose four focal populations for this study: Upper
Mississippi River, Minnesota; Maquoketa River,
Iowa; Jacks Fork River, Missouri; and Glover River,
Oklahoma (Fig. 1). For all four populations, data
were available on growth, diet and daily stream temperatures. Descriptions of the study streams can be
found in Stewig (2009), Paragamian & Wiley (1987),
Rabeni (1992) and Balkenbush & Fisher (1999).
Climate projections

We used downscaled regional climate projections for
predicted changes in air temperature across the four
study areas from three global climate models. The
downscaled regional climate projections provided
simulated temperatures at much finer resolutions
than are yielded from global, general circulation
models (GCMs). The downscaling was performed
by Hostetler et al. (2011) using the GENMOM
(combination of the GENESIS version 3.0 atmospheric GCM and the MOM version 2.0 oceanic
GCM), ECHAM5 (from the Max Planck Institute
for Meteorology, Hamburg, Germany) and Global
Fluid Dynamics Laboratory (GFDL) GCMs for present and future climates (all under the A2 ‘business
as usual’ future emissions scenario) at high resolution (15-km). Details of the downscaling methods
are described by Hostetler et al. (2011), and details
of the three global climate models are given in
Roeckner et al. (2003), Delworth et al. (2006) and
Alder et al. (2010).

Projected changes in mean daily air temperature
were used to predict changes in stream temperature
based on relationships between air and stream
temperature for each study area. We obtained data on
daily stream temperatures from US Geological Survey
stream temperature gauges nearest to each study area
(on the same stream or nearest stream of the same
order with a temperature gauge). Correlations between
current daily air temperatures (from the nearest
National Weather Service weather station) and stream
temperatures were calculated using data for 5 years
based on availability of stream temperature gauge data
(Minnesota: 1995–1999, Iowa: 2000–2004, Missouri:
2006–2010, Oklahoma: 2000–2004). Periods of ice
cover were not included in these analyses. These
correlations were then applied to the projected air temperatures (following Pilgrim et al. 1999) to estimate
average daily stream temperatures for 1995, 2040 and
2060 for all three GCMs. Projected daily temperatures
at each time step were averaged across a 5-year period
(i.e., temperatures for the 2040 time step were an
average of 2040–2044 temperatures).
Bioenergetics simulations

We used a bioenergetics approach to predict potential
effects of changes in stream temperature on SMB
prey consumption and growth for each of the four
populations (Hanson et al. 1997). We used the Wisconsin bioenergetics model (Fish Bioenergetics 3.0;
Hanson et al. 1997), which has been widely applied
to SMB populations, including studies examining
impacts of nesting behaviour (Cooke et al. 2002),

Upper Mississippi, MN 1
Maquoketa River, IA 2
Jack’s Fork River, MO 3
Glover River, OK 4

Fig. 1. Map of locations of the four stream-dwelling SMB study populations in the central United States.
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Fig. 2. Proportional composition of diets (by weight) of SMB in
the four study areas based on published reports (see text for citations).

winter duration (Lyons 1997) and projected changes
in reservoir temperatures and prey availability
(Wuellner et al. 2010) on growth. Parameters for
SMB consumption, respiration, and egestion and
excretion were obtained from Shuter & Post (1990)
and Whitledge et al. (2003).
To run preliminary simulations based on presentday conditions, we gathered existing data on growth,
diet and stream temperatures for the four study SMB
populations. Data on annual growth (as indexed from
mean total length-at-age) and seasonal trophic
resource use came from state agency reports and
published studies of the focal populations or closest
(distance < 100 km) stream-dwelling SMB populations with data available (Minnesota: Waters et al.
1993; Stewig 2009; Iowa: Paragamian 1984; Paragamian & Wiley 1987; Jansen et al. 2008; Missouri:
Covington et al. 1983; Probst et al. 1984; Rabeni
1992; Meneau 2009; Roell & DiStefano 2010; Oklahoma: Orth et al. 1983; Stark & Zale 1991; Balkenbush & Fisher 1999; Dauwalter & Fisher 2008).
Published length-at-age data were converted to
weight (g) as needed for input in the bioenergetics
simulations using the equation for SMB developed

by Kolander et al. (1993). Reported length-at-age
varied among the four focal SMB populations along
the latitudinal gradient. For example, SMB in the
Maquoketa River, Iowa, were reported to have an
average length of 366 mm at age 5 (Paragamian
1984; Jansen et al. 2008), whereas SMB in the Upper
Mississippi, the Missouri Ozarks and eastern Oklahoma reached average lengths of 354, 296 and
330 mm, respectively, at the same age (Covington
et al. 1983; Orth et al. 1983; Balkenbush & Fisher
1999; Meneau 2009; Stewig 2009). Diets of SMB
also vary among the four populations (Fig. 2). In all
four areas, SMB consume fish, crayfish and aquatic
insects, but the relative proportions of each prey category differ. For example, SMB in the Missouri
Ozarks were reported to consume a greater proportion
of crayfish (Rabeni 1992), and SMB in the Upper
Mississippi consumed more aquatic insects than the
other three populations (unpublished data, Minnesota
Department of Natural Resources). Within populations, SMB diets are also reported to vary across seasons. For example, in SMB populations near the
Glover River, Oklahoma, Dauwalter & Fisher (2008)
found that fish were more likely to be consumed by
SMB in spring and crayfish were a more important
component of the diet in the summer. Caloric density
(Joule per gram wet weight) of the three categories of
prey items (fish, crayfish and aquatic insects) was
estimated from published values for cyprinid fishes
(3853 Jg 1 determined for fathead minnows, Whitledge et al. 2003), Procambarus crayfish (3063 Jg 1,
Eggleton & Schramm 2002) and aquatic insect larvae
(3421 Jg 1, average of values for Chironomidae,
Odonata, and Ephemeroptera; Cummins & Wuycheck 1971).
The empirical length-at-age, diet and stream temperature data for the four SMB populations were used
to run initial bioenergetics simulations representing
present-day conditions. We chose to begin the simulation year with a 300-g SMB (within the observed
size range for age-4 adult SMB in these populations)
for a 214-day growing season (April 1–October 31),
and we used the published length-at-age data and
length–weight conversions to establish the weight of
an average age-4 individual at the end of one
growing season. Using currently observed stream
temperatures, growth rates and diet composition, the
initial bioenergetics simulations provided an estimation of current consumption rates (P-value—the proportion of maximum consumption rate) for the four
populations. To determine the effects of predicted
changes in thermal habitat on prey consumption and
growth, we then used the projected stream temperatures to run bioenergetics simulations [using P-values
obtained from the initial simulations (0.7–0.8) and
assuming that prey availability and energy density
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remain constant] for the 1995, 2040 and 2060 time
steps from climate projections from the three global
climate models.
Results

Regional climate projections revealed that average air
temperatures in all four study areas are expected to
increase through 2060, with an average of 2–3 °C
increase in the two southern areas and more modest
(approximately 1 °C) warming for the northern sites.
Projections based on the three global climate models
differed in the extent of warming predicted. In the
Minnesota and Iowa study areas, the GENMOM climate model indicated that air temperatures would
increase slightly in 2040, but decrease slightly in
2060 ( 1.0 and 1.9 °C, respectively), whereas the
EH5 and GFDL model projected increases for both
future time steps in the northern sites with a net
increase of approximately 2 °C for both sites by
2060. Projections from all three models indicated that
the Missouri and Oklahoma sites are expected to
experience net air temperature increases of 2–4 °C.
Based on correlations between daily air temperatures
and stream temperatures for each study area, the
stream temperature projections we generated reflected
these patterns (Fig. 3). Air and stream temperatures
correlated strongly in the four study areas (MN
r = 0.93, IA r = 0.92, MO r = 0.93, OK r = 0.87),
and on average, an increase in 1 °C air temperature
resulted in a 0.8 °C projected increase in stream temperature. Projected net increases in stream temperature based on air temperature projections through
2060 were 0.6–1.7 °C for the northern sites with
increases up to 2.5 °C in summer months (GFDL)
and 1.6–3.4 °C for the two southern streams with
summer temperatures up to 4.2 °C warmer (GFDL).
The bioenergetics model simulations based on the
stream temperature projections from all three climate
models indicated that SMB prey consumption and
growth are expected to increase (compared with present-day conditions) with the warming predicted, if
proportion of maximum consumption (P-values of
0.7–0.8) remains unchanged, prey availability is not
limiting and prey energy densities do not change
(Fig. 4; Tables 1 and 2). The extent of potential
increases in consumption by 2060 differed along the
latitudinal gradient, with greatest increases expected
in the southern populations (Minnesota: 18.3%, Iowa:
14.6%, Missouri: 48.8%, Oklahoma: 63.9%). As with
the projected changes in consumption, simulations
showed greater increases in growth for the southern
populations. Minnesota and Iowa SMB populations
showed an increase in growth by 2060 of 4.3% and
3.2%, respectively, based on the mean of the simulations for the three global climate models. In the Mis340

souri and Oklahoma populations, simulations with
2060 temperature projections from the three models
resulted in mean growth increases of 9.0% and
17.0%, respectively. With these projected increases
in growth by 2060, annual growth of SMB (starting
the growing season at 300 g) would increase by 15,
11, 31 and 61 g compared with present-day rates in
the Minnesota, Iowa, Missouri and Oklahoma populations, respectively. For all four populations, more
pronounced increases in growth rates corresponded
with the relatively higher increases in temperature in
summer months compared with present conditions.
Across all simulations and populations, a 1 °C
increase in stream temperature would result in a 6.3%
increase in growth and a 27.4% increase in consumption (Fig. 5).
Discussion

In all four study populations, stream temperatures are
expected to warm through 2060, and SMB growth
and prey consumption are expected to increase if the
increased demand for prey items can be satisfied.
The extent of these changes differed along the latitudinal gradient, however, with greater increases in
temperatures, growth and consumption predicted for
the southern populations. Growth of SMB has been
shown to be significantly influenced by temperature
(e.g., Dunlop & Shuter 2006), and other studies have
indicated that SMB growth may be expected to
increase with warming for lake populations in the
northern parts of their range, potentially allowing for
range expansion (Shuter & Post 1990; King et al.
1999). Wuellner et al. (2010) also found that for
SMB in a Missouri River reservoir, growth was predicted to increase with projected warming temperatures due to climate change. Our predictions of
increased growth suggest that the projected moderate
warming of stream temperatures in the central USA
through 2060 will not exceed the limits of thermal
conditions capable of supporting SMB growth even
for the southern study populations of this warm-water
species. Whitledge et al. (2006) demonstrated with
bioenergetics simulations that SMB performance
would be expected to decline, however, with continued warming if stream temperatures more frequently
exceed 27 °C. Under these conditions, growth potential would decrease.
The bioenergetics modelling technique yielded
simulated impacts on SMB growth and consumption
across a latitudinal gradient based on population-specific data on growth, feeding and temperature regime.
Results of the simulations, however, should be interpreted with caution because there is uncertainty in
model parameters (Chipps & Wahl 2008). We used
the commonly applied parameters for SMB consump-
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Fig. 3. Mean monthly stream temperatures at present (based on 1995 data) and for 2040 and 2060 climate change projections for the four
study areas based on the GENMOM (A), EH5 (B) and GFDL (C) climate models. Stream temperatures were modelled based on correlations between air temperature and stream temperature for each location (MN r = 0.93, IA r = 0.92, MO r = 0.93, OK r = 0.87).
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Fig. 4. Mean growth (g) projections for 300-g SMB in the four study areas from bioenergetics simulations based on present (1995), 2040
and 2060 stream temperature projections from the GENMOM, GFDL and EH5 GCMs. Projections for future growth are based on the
assumption that current feeding rates remain the same and that prey availability is not limiting.

Simulation end weight (g)
GENMOM

EH5

GFDL

Population

Present

2040

2060

2040

2060

2040

2060

Minnesota
Iowa
Missouri
Oklahoma

356.3
359.3
344.4
358.1

360.4
365.6
349.9
363.8

338.2
329.3
380.1
403.3

365.6
368.9
358.2
381.0

381.0
386.8
372.7
418.0

384.9
386.1
365.1
410.2

394.4
395.4
372.0
435.1

Table 2. Total prey consumption (g) by SMB at the end of growing season
bioenergetics simulations (over 214 days) using projected stream
temperatures and present-day consumption rates (assuming prey
availability is not limiting) for three global climate models.
Simulated growing season total consumption (g)
GENMOM

EH5

GFDL

Population

Present

2040

2060

2040

2060

2040

2060

Minnesota
Iowa
Missouri
Oklahoma

733.4
757.8
958.6
788.3

810.4
836.3
1022.8
843.8

609.5
502.4
1422.8
1171.8

824.2
867.0
1164.7
981.8

956.7
1023.7
1386.5
1283.2

940.6
980.0
1280.7
1203.1

1028.4
1073.8
1418.9
1431.4

tion, respiration and egestion–excretion from Shuter
& Post (1990) with adjustments for adult, streamdwelling SMB proposed by Whitledge et al. (2003)
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Table 1. End weights (g) of 300-g SMB after bioenergetics simulations
(over 214-day growing season) using projected stream temperatures and
present-day consumption rates for the three global climate models.
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Fig. 5. Projected per cent changes in growth (g) and total consumption (g) of SMB at the end of a simulation growing season
versus projected net change in temperature ( °C). Each point represents projected change for one of the populations for either time
step (2040 or 2060) from one of the GCMs (GENMOM, EH5 or
GFDL).

to perform all simulations. This does not account for
interpopulation differences in these parameters that
may exist along the latitudinal gradient of the SMB
range. For example, fishes often display plasticity in
physiological tolerances as they adapt to the surrounding environments (e.g., Schaefer & Ryan 2006)
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and this may occur in smallmouth bass. For some
widespread fish species, however, variation in environmental tolerance is low among populations across
broad latitudinal gradients (e.g., Matthews 1986).
Future research on multiple stream SMB populations
examining feeding, growth and metabolism as related
to temperature in the laboratory and the field may be
needed to improve the accuracy of these simulations.
The assumption that SMB were able to feed at present-day proportions of maximum consumption also
had a substantial influence on results of our simulations. Had we simulated growth with current consumption rates (e.g., g per day of prey items) instead,
growth may have decreased if consumption could not
meet metabolic demands with warming temperatures.
Further, the air–stream temperature relationships used
to convert air temperature projections from the GCMs
to daily stream temperatures ignore other nonlinear
influences on stream thermal regimes such as
groundwater input, which provides thermal refugia
for stream-dwelling SMB (Brewer & Rabeni 2011)
particularly in the southern sites. The role of groundwater in tempering the impacts of warming air
temperatures is an important area for future research.
The approach we used allowed us to predict how
temperature changes would affect SMB growth, but
it overlooks many other factors that may influence
growth directly or indirectly (e.g., changes in habitat
and flow regime) which may occur with climate
change. Future changes in land use may be as important as changes in climate in terms of impacts on
SMB populations. Peterson & Kwak (1999) found
that with altered temperatures and flows predicted
under climate change scenarios, SMB abundance
would decline substantially in the Kankakee River,
Illinois, if current land-use practices were maintained. In simulations with historical land use and
predicted alterations in temperature and flow, SMB
populations were predicted to increase, suggesting
that land use may have an overriding influence on
stream-dwelling SMB in the Central USA. Future
research is needed to investigate potential impacts of
land-use change on SMB populations across their
native range. Nonetheless, our study does elucidate
some of the potential impacts that climate change
may have at the population level for this common
warm-water species.
The potential changes in growth predicted here
may have important implications for measures of
SMB population performance, such as fecundity,
over-winter survival of juveniles and time to reach
quality length for harvest. For example, Shuter & Post
(1990) found that SMB population viability depended
upon the ability of young of year to complete a minimum amount of growth before winter in the northern
USA and Canada. Changes in time to reach maturity

and desirable length associated with changes in
growth have practical implication for fisheries management (Beamesderfer & North 1995), and managers
may need to re-evaluate policies on length limits and
seasonal closures in the face of climate change.
Changes in population performance corresponding to
enhanced growth may also lead to changes in SMB
distribution. More favourable thermal habitat for
SMB may allow SMB to persist beyond their current
distribution following projected warming (Shuter &
Post 1990; Sharma & Jackson 2008).
The predicted increases in consumption from the
bioenergetics simulations indicate that impacts of
future climate on SMB will have important effects on
prey species. Indirect effects of stream temperature
change through altered species interactions are
expected to have substantial impacts on fish populations (e.g., Taniguchi et al. 1998; Rahel & Olden
2008). Rabeni (1992) showed that under current conditions in a Missouri Ozark stream, there is a strong
trophic linkage between SMB and crayfish, with
SMB consumption responsible for loss of a large
proportion of crayfish biomass. Predation by SMB
thus has a strong influence on crayfish population
dynamics and general energy flow. Petersen and
Kitchell (2001) showed that with an increase in
stream temperatures in the Columbia River, per
capita consumption of native salmonids by SMB and
other non-native piscivores increased, suggesting that
stream warming may cause declines in first-year salmonid survival rates due to predation. Increased
SMB predation with predicted northern range expansion due to climate change may result in the loss of
over 20,000 populations of native cyprinids in
Ontario (Jackson & Mandrak 2002). In Canadian
lakes, non-native SMB consumption altered foodweb energy pathways by reducing the abundance and
diversity of fish prey species, which led to a shift
towards a more zooplankton-based diet in native lake
trout (Vander Zanden et al. 1999). Predation by
Micropterus species indirectly impacts lower trophic
levels (i.e., small invertebrates, algae) negatively or
positively (reviewed in Jackson 2002), and thus,
stream ecosystems may experience cascading effects
of changes in SMB consumption. With projected
increases in growth rates, SMB may also experience
earlier ontogenetic shifts from smaller invertebrate
prey to crayfish and fish prey (Mittelbach & Persson
1998; Dauwalter & Fisher 2008), which would
change the seasonality of trophic interactions and
shorten the amount of time that some prey taxa are
invulnerable due to SMB gape size constraints (Olson
1996). In addition to altered predator–prey interactions, climate change may also potentially impact
competitive interactions between SMB and other species. Largemouth bass (Micropterus salmoides), for
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example, are expected to benefit from warming
stream temperatures and may increasingly compete
with SMB for resources (Zweifel et al. 1999). In
sum, impacts of projected climate change on SMB
populations may have important implications for
other species in North American streams, and climate
responses of other species may also affect SMB
populations.
Most of the prior research on potential impacts of
climate change on stream fish populations has
focused on salmonids and other species expected to
be sensitive to warming temperatures. However, very
few studies have examined impacts on species more
tolerant to warming, or on populations in streams in
the central USA. The distribution of some warmwater fish species is expected to increase with anticipated climate change scenarios (Eaton & Scheller
1996; Lyons et al. 2010), but studies examining population-level impacts on these species are scarce. We
found that across a latitudinal gradient in the USA,
stream populations of SMB are predicted to experience increased growth and consumption rates with
projected temperature increases. These projections
provide support for previous predictions that SMB
will be a ‘winner’ species in climate change scenarios
(Shuter & Post 1990; Sharma et al. 2007), and we
provide population-specific information on impacts
based on regionally downscaled climate models. The
projected increase in growth rates relies on a key
assumption that prey resource availability will not be
limiting, and prior research shows that if warming
continues beyond the extent projected through 2060,
SMB growth may be inhibited (Whitledge et al.
2006). Our results show that predicted changes in
stream temperature may affect the population performance of an economically important species, and that
these changes may have substantial implications for
species interactions and food-web dynamics. A better
understanding of how SMB populations will respond
to climate change across their broad native range is
vital for management and conservation.
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