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Abstract The aim of this work was to explore for the
existence of a physiological basis for the apparent
exclusion of salmonid fish from the littoral zone of
lakes in Patagonia in response to increasing water
temperature, to the benefit of the native perca (Perc-
ichthys trucha). We conducted experiments on the
thermal preferences of juvenile perca and rainbow
trout collected in three sites of Northern Patagonia.
We characterized the relationship between preferred
and acclimation temperature (PT, AT) for perca and
trout and analyzed between-sites variations in PTs.
Both species responded with increasing PT to higher
AT, but with differences in overall PT for perca from
different sites (lower PTs for fish from cooler lake). In
general, rainbow trout displayed lower PT and a
narrower range of PT than perca. Our results provide
the first comparative view of PTs of one important
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native fish and the main sport fish species of Patagonia.
Native perca may be better equipped to cope with
warmer waters than exotic rainbow trout, in agreement
with their geographic distribution. Also, perca may
have an advantage at the local level, particularly in
littoral areas of lakes, through the alleviation of
predation by and trophic competition with trout.

Keywords Preferred temperature -
Acclimation - Global warming - Patagonia

Introduction

Fish are ectothermic poikylotherms and their physiol-
ogy is greatly influenced by their thermal environment
(Abrahams, 2006). Because water temperature varies
widely in space and time, it constitutes a critical
variable limiting the geographical and seasonal distri-
bution of fishes. For this reason, the study of preferred
temperatures (PTs) provides key information to inter-
pret fish distribution, analyze the vulnerability of
different species, and generate predictions for com-
munity change (Portner & Peck, 2010). In temperate
ecosystems, not all fish species have the same optimal
temperature and may respond differentially to tem-
perature changes (Magnuson & De Stasio, 1996). As a
consequence of climate change, species extinctions
and distributional shifts are expected to occur, but data
to validate these predictions are relatively scarce
(Sinervo et al., 2010).
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Elevated water temperatures increase vulnerability
of fish to predation by sub-lethal heat shocks (Coutant,
1973; Yokum & Edsall, 1974) and reduce the avail-
ability of littoral thermal habitats (Jansen & Hesslein,
2004). For instance, salmonid fishes have been
regarded as highly vulnerable to the potential effects
of increasing temperature (Keleher & Rahel, 1996;
Carveth et al.,, 2006), through direct mortality or
physiological/ecological impairment, as compared to
other species adapted to warmer water temperatures
(Bear et al., 2007). Some of the effects reported on
reproduction in salmonids have been lack of ovulation,
atresia, and partial or total absence of spawning during
the breeding season (Pankhurst & King, 2010). In a
context of rising water temperature, fish may be
exposed to a trade-off regarding the access to different
resources necessary for survival (Matthews & Berg,
1997), having to choose between habitats providing
optimal thermal conditions and those offering better
foraging opportunities (Li et al., 1994; Spina, 2007).

Behavioral thermoregulation is an important factor
influencing the distribution of fish in heterothermal
environments (Magnuson et al., 1979). Within their
tolerance range, individual fish select certain tempera-
tures known as PT's, where their functions and metabolic
processes operate with maximum efficiency (Elliot,
1981; Schurmann et al., 1991). These preferences are
not only determined in part by the evolutionary history
of the species and the population (Golovanov, 2006), but
can also be modulated by environmental factors such as
food, light, oxygen, and the distribution of competitors
and predators (Jobling, 1996).The PTs are also modified
by the recent thermal experience of the individual
(Kelsch & Neill, 1990). Many species can tolerate
certain temperatures in a condition of slow change,
which may otherwise be lethal. This is accomplished
through biochemical compensation during a gradual
change to a new temperature, i.e., acclimation (Hill
et al., 2006). Therefore, mechanisms of acclimation
result in changes in temperature preference following
exposure to different temperatures (Kelsch & Neill,
1990). The relationship between PT and acclimation
temperature (AT) varies among fish species, and can be
positive, negative, or independent (Johnson & Kelsch,
1998). The understanding of PTs, therefore, requires
considering several components, including population
and AT.

The freshwater fish fauna of Patagonia is made up
by a small and unique group of native species and
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several exotic fishes (Pascual et al., 2007). Native
species include fishes of Gondwanan origin, marine
dispersants, and oceanic elements of local origin.
Today, perca P. trucha (Valenciennes, 1833), Patago-
nian pejerrey Odontesthes hatcheri (Eigenmann,
1909), small puyen Galaxias maculatus (Jenyns,
1842), big puyen Galaxias platei Steindachner,
1898, and peladilla Aplochiton zebra Jenyns, 1842
are common in lakes and reservoirs. Exotic fish are
mostly salmonids, with the geographically dominant
rainbow trout, Oncorhynchus mykiss (Walbaum,
1792), brown trout, Salmo trutta Linnaeus, 1758,
and brook trout, Salvelinus fontinalis (Mitchill, 1814).
Temperature appears to be an important factor in
shaping fish communities along the climatic gradient
of southern Argentina (Quirds, 1991; Cussac et al.,
2009), with some species limited in their southward
distribution by low temperatures and others limited in
their northward distribution by high temperatures
(Gongalves et al., 2010). However, knowledge about
the thermal requirements of Patagonian native fishes,
the environmental constraints to their distributions, or
their relative vulnerability to climate change is still
limited (Gomez, 1990; Ortubay et al., 1997; Gomez
et al., 2007; Cussac et al., 2009; Gongalves et al.,
2010). Meanwhile, a significant literature exists on
salmonids from elsewhere. Rainbow trout and brown
trout are the species with most restricted thermal
requirements, but can tolerate a broad range of other
physical and environmental variables (Jobling, 1996;
Hillman et al., 1999; Molony, 2001; Sauter et al.,
2001; Milaja, 2006; Ficke et al., 2007; Spina, 2007).
In any case, understanding temperature preferences
of both native and exotic fishes, may be instrumental
in explaining their distributions at the geographic scale
(Quirds, 1991; Liotta, 2006), as well as the local scale
within lakes (Aigo et al., 2008; Lattuca et al., 2008;
Aigo, 2010). An important difference between salmo-
nid and native fish species relies on the breeding
habitat, streams for salmonids, and the vegetated lake
littoral area for most of Patagonian native fishes. In
consequence, it is in the lake littoral where trophic
interactions between native fish preys and both native
and exotic predators take place (Macchi et al., 2007).
The exclusion of salmonid fish from the littoral zone
due to an increase in water temperature at lake shores
(Jansen & Hesslein, 2004) seems to have occurred in
Patagonia during the last decades, to the benefit of
perca (Aigo et al., 2008). In particular, the low
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capacity for acclimation (sensu Stillman, 2003) of
salmonids limits their resistance to large annual
temperature changes, determining their habitat choice
(Carveth et al., 2006). This is consistent with the
geographic distribution of salmonids in Patagonia with
respect to those of the native P. trucha and O. hatcheri
(Liotta, 2006), with the seasonal abundance of salmo-
nids and native species in the lake littoral (Aigo et al.,
2008; Aigo, 2010), and with the negative correlation
between the relative abundance of salmonid species
and the mean annual air temperature, throughout
Patagonia (Quirés, 1991).

In this paper, we conduct an experimental study on
the thermal preferences of juveniles of perca, one of
the most conspicuous native species in Patagonia and
juveniles of rainbow trout, the most conspicuous
exotic species, to generate a first comparative por-
trayal of their responses to temperature. In particular,
we (1) characterize the relationship between PT and
AT for perca, and rainbow trout and (2) analyze
variations in PTs responses of fish coming from
different sites.

Materials and methods

Fish collection and general experimental
framework

The Limay River watershed extends from northwest to
southeast, covering part of Northwestern Patagonia
(Argentina). The overall weather is cold temperate,
with a mean annual air temperature ranging between
14 and 9°C and surface water temperature in lakes
ranging between 6 and 22°C (Wicki & Luchini, 2002;
Baez et al., 2011). Fish were collected from three
different sites in the Limay River Watershed, two
headwater locations and one downstream location
(Table 1). The two headwater sites were located in
colder, higher, western locations within the temperate
Nothofagus forest: the Huechulafquen Lake and a
hatchery center near Bariloche city. This hatchery
(Centro de Salmonicultura Bariloche, CSB) draws
water from the Gutiérrez Stream which flows into the
Nahuel Huapi Lake. The downstream site, the Alicura
Reservoir, is located eastward, on the main-stem
Limay River, in the warmer, lower, semiarid transition
zone between the steppe and the forest. Mean
temperature is 18°C in January and 4°C in July. The

average monthly water temperature during the sum-
mer is around 20°C, with extreme values above 24°C
(Baez, 2007; Baez et al., 2011).

The two species were not available for all three
sites: juveniles of both rainbow trout and perca were
collected from Lake Huechulafquen, only rainbow
trout juveniles from the hatchery, and only perca
juveniles from Alicura (Table 1). In the Alicura
Reservoir and Huechulafquen lake sites, fish were
collected by seine nets and electrofishing (Smith-Root
Inc., Vancouver, WA, USA) from the littoral zone,
between 0.3 and 1.5 m depth during the spring and
summer of years 2006 and 2007. Water temperature
was recorded with a single measurement at the time of
fish collection (£0.1°C; Table 1). All fish were carried
alive to the laboratory (CSB, Universidad Nacional del
Comahue) and kept in aquaria with aeration and
natural photoperiod during the acclimation period
(rate = 1°C day™"). During this period (a minimum
of 10 days), they were fed with artificial food until
24 h prior to determination of thermal parameters.

Preferred temperatures

The tests of PTs were conducted at the CSB hatchery
center. Treatments consisted of certain combinations
of species and collection site (fish group), and AT
(Table 2). Between 10 and 15, individual fish were
tested for each treatment. Note that only two of the fish
groups, perca from Alicura and rainbow trout from the
CSB hatchery, were exposed to contrasting ATs
(Table 2). The other two fish groups, rainbow trout
and perca from Lake Huechulafquen, were tested for a
single AT.

The PT of individual fish was measured in a
custom-built thermal horizontal gradient tank (Fig. 1),
similar in design to that described by Bettoli et al.
(1985). The tank consisted of a covered, 4-m length
pipe made of white polyvinyl chloride (PVC) with an
inside diameter of 10 cm. A longitudinal slot through
the upper surface of the pipe allowed the fish
observation. A gradient was generated and maintained
by thermal exchange with water running through two
polypropylene tubes (diameter 1.9 cm) along the floor
of the tank, i.e., a dual, counter-current heat exchanger
with refrigerated and heated water flowing in opposite
directions. The components of the system external to
the tank were a 50 liters reservoir, a refrigeration unit
(freezer), a centrifugal pump, and a water heater
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Table 1 Geographical and environmental characteristics of the
sites of capture of juvenile fish: name, location, altitude, mean
summer air temperatures (MSAT, °C), mean summer water

(epilimnion) temperatures (MSWT, °C), water temperatures at
capture (CT, °C) and species collected from each site

Sites Latitude (°S) Longitude (°W)  Altitude® (m a.s.l.) MSAT (°C) MSWT (°C) CT (°C) Species

Alicura Reservoir 40°40' 71°00’ 698 154 20-24 18.4 P. trucha

CSB 41°07 71°25' 801 14.0 14.02 12 O. mykiss

Lake Huechulafquen 39°46/ 71°20 895 14.2 15.3 12.5 O. mykiss

P. trucha

CSB Centro de Salmonicultura Bariloche, Universidad Nacional del Comahue

* Source earth.google.com

Source MSAT, °C—www.worldclim.org; MSWT, °C—Béez et al. (2011), Baez (2007), and Shimizu et al. (1997)

Table 2 Summary of the thermal parameters determined for P. trucha and rainbow trout

Species Sites N AT (°C) Mean TL (mm) Mean W (g) PTs (°C)

O. mykiss CSB 15 21.0 63.1 2.0 14.9 (13.4-16.3)
CSB 15 9.0 64.5 2.2 13.0 (9.7-14.9)
Lake Huechulafquen 12 12.0 38.8 0.4 13.0 (11.0-15.2)

P. trucha Alicura Reservoir 12 12.6 39.5 0.6 17.8 (12.5-21.2)
Alicura Reservoir 13 21.0 32.2 0.6 21.2 (18-24.4)
Lake Huechulafquen 10 12.0 30.3 0.3 12.9 (10.9-15.9)

Species, sites, number of fish (V); acclimation temperatures (AT, °C); mean total length (TL, mm), mean body weight (W, g), and
preferred temperatures (PTs, °C; mean and range into brackets) are indicated

CSB: Centro de Salmonicultura Bariloche, Universidad Nacional del Comahue

(Fig. 1). The temperature extremes of the gradient
offered to the fish ranged between 4 and 31°C. A net
prevented fish from directly contacting the cold and
hot tubes. Compressed air was bubbled through
regularly spaced holes to ensure aeration and vertical
water mixing.

Each trial began with the introduction of a single
fish in the thermal gradient tank, in a position with
temperature close to the fish’s AT. The temperature
where the fish were located was measured with a hand-
held thermocouple probe (£0.1°C), avoiding to dis-
turb the fish, at 5-min intervals throughout the trial.
The fish were allowed to select its PT by steadying its
position within the tank for at least 10 min. Trials
lasted from 30 to 60 min, though most ended after 50
min. Our measure of PT for a given fish was the mean
value of the temperatures recorded during the trial. All
tests were performed during morning hours.

Minimum and maximum tank temperatures were
routinely recorded over the course of each trial and
adjustments in hot and cold water were made to
maintain desired gradients. The gradient was generally
consistent within trials, whereas adjustments between
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trials to stabilize the gradient were conducted as
needed by controlling the flow of cold and hot water.

Statistical analysis

We modeled PT as a function of species, AT, and site by
fitting a multiple linear regression model to the whole
dataset. PT was modeled as a linear response variable of
one continuous variable, AT, and two categorical
variables, namely species (perca or rainbow trout), and
site (Alicura Reservoir or Lake Huechulafquen for perca
and Lake Huechulafquen or CSB hatchery for rainbow
trout; Table 2). The general model was

PT = o5p + s, AT + ¢, (1)

“S” [Tt} [T9%l)

where indexes species, “p” indexes site, and “¢” is
a normal random variable with zero mean and constant
variance (standard assumption of residuals, normally
distributed and with homogeneous variance).

The significance of the response of PT to AT, and
deviations from the general response associated
to species and site of origin were analyzed through
the statistical assessment of models of varying
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complexity. To this end, a backwards stepwise model
selection process was performed, where alternative
models were assessed by likelihood ratio tests (Hil-
born & Mangel, 1997). We started by fitting the most
complex possible model, where each of the four fish
groups (two for each species) had its own PT-AT
relationship (i.e., its own o and B in Eq. (1), an eight
parameters model). We then tested alternative simpli-
fications of this model to evaluate the significance of
the relationship between PT and AT and to evaluate
differences in this relationship associated to species
and sites.

We favored a regression approach over an
ANCOVA in recognition of the fact that not all fish
groups were exposed to contrasting ATs, or to the
same ATs (Table 2). A regression approach allowed
us to measure PT responses along the gradient of AT (a
continuous variable) as a linear response function,
incorporating species and site as categorical variables.
Also, and because only one level of AT was available
in experiments with perca and rainbow trout from
Lake Huechulafquen (Table 2), we did not attempt
testing for the whole temperature response in this
species-site combinations. Rather, we incorporated

Section A

them in the general regression model to investigate
whether Lake Huechulafquen fish of each of the two
species conform to the general PT patterns displayed
by the same species from alternative sites.

Model’s fitting and selection through likelihood
ratio tests were performed on a custom-made Excel
spreadsheet (M. Pascual, Centro Nacional Patagdnico,
CONICET, Puerto Madryn, Argentina). Assumptions
of normality and homocedasticity were evaluated
through normal plots and a Kolmogorov—Smirnov test
(SPSS; Norusis, 1986).

Results
Preferred temperatures

The model fitting to the data of PT experiments with
perca and rainbow trout (Table 2) revealed a number
of patterns associated to species and site-specific
responses to AT (Table 3; Fig. 2). The most complex
model we fitted considered specific responses of PT to
AT for each of the four fish groups (Model 1 in
Table 3). We rejected a simple model which consisted

@ Springer
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Table 3 Models of varying complexity fitted to the response of PT to AT of perca and rainbow trout

Model definition

Model assessment

SSQ Parameter ~ Contrast Likelihood ratio  df P value
1. Full: different slope and intercept by species 193.51 8
and populations
2. Simplest: same slope & intercept for species 63199 2 vs. Model 1 88.77 6 0.00000
and populations
3. Slope for perca = 0 26548 6 vs. Model 1~ 23.72 2 0.00001
4. Slope for rainbow trout = 0 21980 6 vs. Model 1 9.55 2 0.00843
5. Slope rainbow trout = slope perca 21280 5 vs. Model 1 7.12 3 0.06802
6. Perca (A) = perca (H) (both slope and intercept) 305.87 6 vs. Model 1 34.34 2 0.00000
7. Rainbow trout (H) = rainbow trout (C) (both 195.01 6 vs. Model 1 0.58 2 0.74831
slope and intercept)
8. Slope rainbow trout = slope perca; rainbow 21323 4 vs. Model 1 7.28 4 0.12194

trout (H) = rainbow trout (C) (both slope and
intercept)

Species (perca and rainbow trout) and population of origin (A Alicura Reservoir; H Huechulaufquen and C CSB: Centro de
Salmonicultura Bariloche, Universidad Nacional del Comahue) are indicated

of a universal response of all groups to AT (i.e., same
slope and intercept, Model 2 in Table 3, P < 0.001),
indicating that significant heterogeneities exist among
the groups analyzed (Fig. 2).

Then, we evaluated alternative models to identify
what those significant heterogeneities were. Initially,
we rejected models with slopes equal to O for perca
(Model 3, P < 0.001) and with slopes equal to O for
rainbow trout (Model 4, P = 0.008), indicating that
PT responded positively to AT in both species (Fig. 2).
A model with the same slope for both species (same
rate of response to AT) but with different intercepts
(more than 5°C higher for perca) was not rejected at a
5% alpha level (Model 5, P = 0.068). Overall, this
first set of tests provides a strong statistical support to a
significant positive relationship between PT and AT
for both species, with similar slope for all fish groups,
but heterogeneities in the PT by species (trout PT
ranged from 9.7 to 16.3°C and perca PT from 10.9 to
24.4°C, Table 2).

We then proceeded to test for deviations from this
general pattern of fish from different sites. Site-specific
PTs were significantly different for perca (Model 6,
P < 0.001), but such differences were not significant
for rainbow trout (Model 7, P = 0.748). Because only
one level of AT was available in experiments with perca
and rainbow trout from Lake Huechulafquen (Table 2),
these last two models do not allow testing for the whole
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temperature response by site, but they do inform us
about deviations of these two groups from the general
pattern displayed by their conspecific from other sites.
In this regard, perca from Lake Huechulafquen showed
a significant preference for lower temperatures than
those from Alicura Reservoir for very similar AT,
whereas temperature preferences by rainbow trout did
not differ between sites (Table 2).

Finally, we tested a model which combines the
same slope for both species and differences in
intercepts for perca from different sites (Model 8)
and the two simplifications from the full model that
could not be rejected in individual tests (Models 5 and
7, respectively). This model was not rejected
(P = 0.122), providing the best representation of the
data (“best model”, fitted in Fig. 2). This model
indicates that both species respond in similar fashion
to AT, but with perca from Alicura Reservoir prefer-
ring significantly higher temperatures than rainbow
trout, as well as than perca from Lake Huechulafquen.
In fact, though PTs of perca and rainbow trout from
Lake Huechulafquen were not significantly different
(P = 0.178). Over the ATs of 9-21°C, rainbow trout
PTsranged from 12.5 to 14.5°C and perca PTs from 18
to 20°C; Fig. 2). It must be noted that when final
temperature preferences (FTP, Jobling, 1981) are
interpolated, FTP = 13.5°C for rainbow trout and
FTP = 20.4°C for perca are obtained (Fig. 2).
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Fig. 2 PTs as a function of AT for all fish in the experiments.
Symbols indicate species: P. trucha (circles) and O. mykiss
(triangles); and sites: Alicura Reservoir (open), Huechulafquen
Lake (gray) and CSB hatchery (black). The two lines represent
the PT-AT regression model fit (“Best” model 8 in Table 3) for
P. trucha from Alicura Reservoir (solid line) and the two O.
mykiss populations (dashed line). Intersections with Y = X gray
line indicate (arrows) the Final Temperature Preferendum
(Jobling, 1981)

Discussion

In this paper, we provide novel information on PTs of
perca and exotic rainbow trout in Patagonia. This
information constitutes the first published record for
individual species in the region, as well as a compar-
ative view among species. The PTs of perca and
rainbow trout were positively related with AT. We
found inter-specific differences in the PT values, with
perca from Alicura Reservoir preferring higher tem-
peratures than rainbow trout. Particularly, it should be
noted the great difference between the FTP (the
“temperature around which all individuals will ulti-
mately congregate, regardless of their thermal experi-
ence before being placed in the gradient” Jobling,
1981) of rainbow trout (13.5°C) and perca
(20.4°C).We also found significant differences in the
PT values between perca from different sites. This
population-specific difference in PT is consistent with
the temperature of their native environments (Table 1),
suggesting that this species may have a larger plasticity
and greater capacity for acclimation as compared to
rainbow trout. Whether this difference is the expres-
sion of phenotypic plasticity or has a genetic basis
requires further study. Nevertheless, and considering
that only one level of AT was available for one of the

A8
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D_\
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6 8 10 12 14 16 18 20 22 24 26
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Fig. 3 PTs as a function of AT for O. mykiss. Comparison data
of previous studies (open triangles) and our data (black
triangles). References: 1: Javaid & Anderson (1967), 2:
McMahon et al. (2008), 3: Kwain & McCauley, 1978, 4:
McCauley et al. (1977), Myrick & Cech (2000), 5: McCauley
et al. (1977), 6: Javaid & Anderson (1967), 7: McMahon et al.
(2008), 8: McCauley & Pond (1971), 9: McCauley et al. (1977),
10: McCauley et al. (1977), Myrick & Cech (2000); 11-13: this
paper (see Table 2)

sites, substantiating the existence of population-spe-
cific differences would require further testing. Ideally,
fish collected from several environments with con-
trasting water temperatures should be tested for
standardized levels of ATs.

The PTs registered for rainbow trout agree with
world-wide information on the thermal requirements
of salmonids (Fig. 3). In Patagonia, rainbow trout has
been a very successful invader and is today widely
distributed (Pascual et al., 2002; Macchi et al., 2008).
Simulations to test the effect of temperature on growth
efficiency of rainbow trout based on a fixed diet show
that waters 2—4°C warmer than the PTs found for
rainbow trout (12-14°C) decrease growth efficiency,
indicating that temperatures above a certain level
generate a metabolic cost that is not compensated by
consumption of a more energy-rich diet (Juncos et al.,
2011). High water temperature is known to affect
farmed rainbow trout in the region, resulting in low
survival rates at hatching and first feeding in Alicura
Reservoir (Baez et al., 2011).

Thermal requirement data provide a gateway to
analyze the risks for native species associated to an
increase of littoral water temperature. Frequently,
species live and are captured under thermal ranges that
match their PTs (Johnson & Kelsch, 1998). In this
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way, rainbow trout and perca were captured at
temperatures consistent with their PTs (Table 1).
The wide PT range of perca is in agreement with their
wide latitudinal distribution (Baigin & Ferriz, 2003;
Liotta, 2006). Percichthys has a geographically exten-
sive fossil record, extending as far north as Bolivia and
Brazil (Cione & Baez, 2007). In the fossil record,
Percichthys is associated with the Brazilic fish fauna
(Loricariidae, Corydoras, Callichthys, and Pimelod-
ella). Particulary, perca is today captured in Andean
lakes, reservoirs, and steppe shallow lakes. This
species are particularly abundant in shallow lakes,
such as the Blanca lake (Ortubay et al., 2006), where
summer air and water temperatures are high (Aigo,
2010).

These records of low PT for salmonids, together
with their low relative abundances with respect to
perca in littoral zones of Patagonian lakes (Aigo et al.,
2008; Aigo, 2010) suggest that salmonids species are
more sensitive to warming than perca. The higher
tolerance of some native species would provide them
the advantage of using warmer, shallow environments,
with important thermal fluctuations and provision of
refuge, a particularly important advantage during the
juvenile period.

A non negligible aspect of the fate of rainbow trout
populations introduced elsewhere in Patagonia is the
case of shallow lakes of Patagonian plateau. Hydro-
logical variability in Patagonia during the last 13.0 Ka
(Piovano et al., 2009) led to the formation of great
number of fishless shallow lakes. Some of these lakes
were stocked with rainbow trout and native fishes (P.
trucha and O. bonariensis) during the twentieth
century, with verified effects on the structure of
plankton communities (Reissig et al., 2006). Nowa-
days, the absence of a deep thermal refuge for
salmonid fishes suggests that appreciable changes
can be expected again in these lakes.

Conclusions

Present results constitute the first comparative view of
PT of rainbow trout and perca in Patagonia. We
propose that under warming conditions, perca would
obtain an advantage, particularly in the littoral zone of
Andean—Patagonian lakes, through the alleviation of
predation by and trophic competition with salmonids.
We identify PT as a tool for assessing the vulnerability

@ Springer

of native fish species and exotic salmonids in Patago-
nian lakes to global warming. Thus, correlative
observations of Quirds (1991), Ortubay et al. (2006),
and Aigo et al. (2008), regarding the decrease of trout
and the increase of perca relative abundances in
relation to increasing temperature would be rooted in
the thermal physiology of these species. However,
while PT patterns can give the first approximation of
the effects of increasing temperatures, we recommend
a cautious and integrated assessment with other biotic,
abiotic, ecological, and anthropogenic factors as the
primary basis for any analysis concerning the man-
agement of freshwater fish communities of Patagonia.
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