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Effects of food intake and hydration state on behavioral
thermoregulation and locomotor activity in the tropidurid lizard
Tropidurus catalanensis
Dylan J. Padilla Perez1,2,*, Jose E. de Carvalho1 and Carlos A. Navas1,3

ABSTRACT
Theoretical models predict that lizards adjust their body temperature
through behavioral thermoregulation as a function of food availability.
However, behavioral thermoregulation is also governed by interactions
among physiological and ecological factors other than food availability,
such as hydration state, and sometimes it can even conflict with the
locomotor activity of animals. Here, we aimed to investigate the role of
food intake and hydration state on behavioral thermoregulation and
voluntary locomotor activity in the lizard Tropidurus catalanensis. We
hypothesized that food intake can influencebehavioral thermoregulation
via an interaction with hydration state. We also hypothesized that lizards
should endeavor to spend as little time as possible to reach their
preferred body temperature to defend other physiological and/or
ecological functions. We collected lizards in the field and brought
them to the laboratory to measure the preferred temperature selected in
a thermal gradient and the total distance traveled by them in fed and
unfed conditions and with variable hydration state. Our results showed
that food consumption was the most important predictor of preferred
temperature. In contrast, either the hydration state alone or its interaction
with food consumption did not have important effects on the lizards’
thermal preference. Also, we found that the total distance traveled by
lizards was not affected by food intake and was barely affected by the
hydration state. We provide an experimental approach and a robust
analysis of the factors that influence behavioral thermoregulation and
locomotor activity in a tropical lizard.
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INTRODUCTION
Water and food availability vary widely in space and time, influencing
themaintenance of water balance and energy budget of animals, which
drives the evolution of traits required to cope with environmental
changes (Rozen-Rechels et al., 2019). Thermal shifts, for example,
have complex ecological and physiological implications for
ectothermic vertebrates. In reptiles, changes in environmental
temperature limit energetic input by constraining vital physiological

processes, such as digestion (Little and Seebacher, 2016). Therefore,
patterns of food consumption, digestion and the conversion of food
into biomass depend strongly on temperature (Angilletta, 2001;
Greenwald and Kanter, 1979; Waldschmidt et al., 1986). In this
context, thermoregulating lineages should maintain body temperatures
compatible with digestion through behavioral adjustments, including
the selection of microhabitats with appropriate thermal conditions
(Cowles and Bogert, 1944; Huey and Slatkin, 1976). However,
by selecting microhabitats with relatively high environmental
temperatures, reptiles may face a trade-off with potential water loss,
especially when free-standing water is temporally or spatially limited
in the environment, or when intraspecific competition for water
increases (Owen-Smith and Goodall, 2014; Rozen-Rechels et al.,
2019; Valeix et al., 2008). For instance, basking lizards that inhabit
open and dry areas are usually in contact with hot and dry air, which
increases their metabolic rate (Christian and Bedford, 1995), thereby
increasing the loss of pulmonary and cutaneous water, resulting in a
considerable risk of desiccation.

The interaction between temperature and water is critical for life
from the cellular level to whole-organism performance (Franks et al.,
1990). Maintaining a relatively high body temperature through
behavioral thermoregulation combined with readily available
nutrients promotes growth in some lizards (Brett, 1971; Elliott,
1982; Jonassen et al., 1999; Schuler et al., 2011). Adjusting water
balance is very important because water constitutes the solvent of
biochemical reactions, it serves as a fluid for nutritional provisioning of
cells (Chaplin, 2006) and it influences daily activity patterns, habitat
selection and locomotor activity. However, lizards do not only
thermoregulate and adjust their water balance but also evade predators,
defend territories and attract mates. When thermoregulation mediated
by food consumption conflicts with these other activities, an individual
incurs a cost of missed opportunities, also known as non-energetic
costs (Angilletta, 2009). For example, territorial lizards cannot bask
uninterruptedwhile defending their territories (Angilletta, 2009). Also,
the additional load associated with food consumption can produce
significant decrements in locomotor activity in both sexes (Davis and
DeNardo, 2007), leading to a reduced foraging ability. Thus, given
non-energetic costs, individuals should endeavor to spend as little time
as possible to reach their preferred body temperature (Angilletta,
2009). Accordingly, some lizards are able to detect differences in the
thermal quality of microhabitats so that they can select the one that
offers the faster rate of heating (Belliure and Carrascal, 2002).

Here, we investigated the effects of food intake and hydration state
on behavioral thermoregulation and voluntary locomotor activity in
the tropidurid lizard Tropidurus catalanensis. This is a tropical lizard
that shows a remarkable ability to thermoregulate behaviorally, either
by shuttling between sunny and shady spots (Piantoni et al., 2016) or
by exploiting the thermal conductance of the microhabitat (Ribeiro
et al., 2008). This lizard feeds on a variety of items ranging fromReceived 1 February 2021; Accepted 3 February 2021
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insects to other species of lizards (authors’ personal observations),
making it a convenient study system. We hypothesized that food
consumption and the hydration state interact to influence behavioral
thermoregulation. This interaction can result in two possible
outcomes: (1) if food intake grants water to the animals (e.g.
Lillywhite, 2017), then fed lizards regardless of the hydration state
would select relatively higher temperatures than unfed ones to
optimize digestion; or (2) if ingested food provides nutrients but not
enough water (e.g. Lillywhite, 2016), then dehydrated fed lizards
would select similar or relatively lower ambient temperatures than
dehydrated unfed ones. Finally, lizards should spend as little time as
possible to reach their target body temperature so they can evade a
conflict with other activities associated with locomotor activity, such
as foraging or escape behaviors. Therefore, (3) we also predict that
lizards in fed and unfed conditions would have similar locomotor
activity (see predictions in Fig. S1 for more details).

MATERIALS AND METHODS
Study species
The tropidurid lizard Tropidurus catalanensis Gudynas and Skuk
1983 is a tropical ground-dwelling, diurnal species, within the
Torquatus complex. Its distribution range includes southwestern São
Paulo and southeastern Mato Grosso do Sul, Brazil, but it reaches
northwestern Uruguay and northeastern Argentina (Kunz and Borges-
Martins, 2013). This is a small species relative to other congeners
(according to the species description, the largest male and female
within the type series had a snout–vent length, SVL, of 127.9 and
98.8 mm, respectively) and predominantly insectivorous. Individuals
typically remain active during the entire photophase. The species
inhabits open areas, mainly rocks, termite nests and logs, but has also
been observed climbing walls and trees (Bergallo and Rocha, 1993;
Kunz and Borges-Martins, 2013; Rodrigues, 1987). Rodrigues (1987)
notes that this species is a good colonizer able to expand its distribution
as a result of deforestation (at least for the Torquatus populations in the
State of São Paulo, Brazil). In the municipality of São Paulo, this
species has colonized several urban areas, including natural parks with
small streams and rocky outcrops originally covered with seasonal
forests. Regarding its thermoregulatory behavior, the South American
Tropidurus of the Torquatus group (sensu Frost et al., 2001) comprises
mainly heliothermic species, although heating strategies may change
seasonally. Ribeiro et al. (2008) showed that, during the wet season,
the substrate temperature explained the variation in lizard body
temperature better than air temperature, whereas this pattern is inverted
during the dry season.

Conditioning regime
We collected 28 lizards (14 females and 14 males) from January
to August 2018 in two different localities: the Parque Continental
and the Parque Estadual Fontes do Ipiranga, municipality of São
Paulo, Brazil. Both localities correspond to urban areas colonized
by populations of the study species. We transported the lizards to
the laboratory at the Biosciences Institute, University of São
Paulo, where they were maintained in an ambient-temperature
room with a 12 h:12 h day:night cycle. We housed the lizards
individually in plastic boxes (51×40×13 cm), with water
ad libitum and food offered according to treatment. We used a
100 W halogen lamp as a heat source in each box and all boxes
were perforated to allow ventilation and avoid overheating.
Maintenance of the animals and experiments were authorized by
the Ethics Committee on Animal Use of the Federal University of
São Paulo (CEUA/UNIFESP #5791280218) and the ICMBio
(Chico Mendes Institute #56472-3).

Description of treatments
We first weighed and measured the SVL of all lizards using a
precision measuring tape. At the beginning of the first week, we
randomly separated them into two groups of 14 individuals: in one of
these groups, lizards were regularly fed every 3 days with a diet
composed of enough cockroaches to produce ameal equivalent to 5%
of their bodymass (referred herein as to ‘fed lizards’), while lizards in
the other group did not receive any food (referred herein as to ‘unfed
lizards’). At the start of the second week, we manipulated the
hydration level of the lizards in both groups. Accordingly, we
randomly selected half of the lizards (n=7) in each group and
moderately dehydrated them by denying them access to food and
water for a period of time sufficient to reduce their body mass by at
least 10–15%. We denied regular food as lizards could probably
rehydrate through dietary intake and by producing metabolic water.
We maintained the other half of the lizards in both groups (fed and
unfed) with water ad libitum and regular food. Therefore, our
experimental design consisted of two groups, each with 14
individuals that varied in the time they were exposed to
dehydration and with different body conditions. The lizards could
not be considered a priori as ‘hydrated’ and ‘dehydrated’ because,
even if we had quantified plasma osmolality, there is no information
about the dehydration tolerance for our study species in the literature,
and it would be difficult to define the lizards’ hydration state based
solely on plasma osmolality values (see ‘Statistical analyses’, below,
for a description of the models that allowed us to handle these data).

As rates of dehydration vary between individuals, wewere unable
to standardize the dehydration period to result in an equal
percentage loss of body mass for all individuals. Unfed lizards
were dehydrated in 10 days on average and fed ones in 15 days. At
the end of the conditioning regime, we weighed the lizards again to
make sure that we accurately controlled the lizards’ body mass in
each group.

Preferred temperature selection and locomotor activity
experiments
To measure behavioral thermoregulation and locomotion of lizards,
we used a Bioseb operator-independent Thermal Gradient Test
(model TGT2-2/1). We measured the preferred ambient temperatures
selected by the lizards inside the thermogradient as a proxy for
behavioral thermoregulation. Similarly, we used the total distance
traveled by the lizards along the gradient as the operational variable
for voluntary locomotor activity. The preferred temperature selected
in the thermal gradient represents a good measure of behavioral
thermoregulation as microclimate selection is the dominant
mechanism by which lizards and other reptiles adjust their body
temperature (Cowles and Bogert, 1944). The thermogradient
comprised a rectangular enclosure made of aluminium (133×17×
14 cm), with a perforated acrylic top to allow ventilation and
observation of the lizard. We placed this device in a temperature-
controlled room set at 25°C and 50% relative humidity. We used the
software provided by the manufacturer to establish a quasilinear
thermal gradient composed of 20 temperature zones, with the coldest
temperature set at 10°C and the hottest at 40.7°C, through which the
animals were free to move in an unrestrained manner. This
temperature range was met by thermal conduction and it
corresponds to the environmental temperature that our study species
may experience yearly in São Paulo. Although tropidurids lizards are
known to be primarily heliotherms, previous studies have shown that
lizards within the torquatus group can also warm up through thermal
conduction (Ribeiro et al., 2008), making this gradient an appropriate
device to measure behavioral thermoregulation.
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We connected a video camera to the thermogradient to
continuously film the lizards. Thereby, we measured the time
spent by the lizards in each temperature zone together with the total
distance traveled along the gradient. We introduced one lizard at a
time from either the fed or the unfed group (see ‘Description of
treatments’, above) inside the gradient, then we recorded the
position of the animal every minute after the first 30–60 min to
minimize errors associated with handling. The preferred
temperature of a lizard was the weighted mean temperature among
the zones in which it spent time during 5 h of observation. It is
important to mention that all the experiments began at 09:00 h and
lizards selected from the fed group had been fed 10 min before the
beginning of the experiment. In lizards, feeding generates a
characteristic rapid increase in metabolic rate, which correlates
with body temperature. The increase in metabolic rate (i.e. specific
dynamic action) is governed by body size and meal size (for
reviews, see Andrade et al., 2005; Secor, 2009). Given the body size
of the lizards in this study and the amount of food we fed them, we
believe that by performing a 5 h experiment we were able to cover
the period between ingestion and peak metabolic rate (Brown and
Griffin, 2005). Wall and Shine (2008) showed that thermal gradient
data may sometimes be misleading. They demonstrated that the
selection of body temperature by the lizard Lialis burtonis is
influenced by the position of the gradient in which the lizards were
introduced (cold end or warm end). However, in this study, we
randomized the starting position of the lizards in the gradient (cold,
middle or hot zone of the thermogradient).

Blood sample collection and plasma osmolality
measurements
We used the individual’s plasma osmolality and body condition
index to produce a proxy for hydration state (see ‘Statistical
analyses’, below). After measuring preferred temperature and
locomotor activity, we drew approximately 0.1 ml blood from
each lizard by cardiocentesis (e.g. Tousignant and Crews, 1995;
Mendoza-Roldan et al., 2019), using a heparinized 1 ml syringe.
Total time for blood sampling was typically less than 5 min. We
immediately centrifuged blood samples at 4000 g for 3 min to
separate the plasma from blood cells. We aliquoted the plasma
(30 µl) into a separate vial and froze it at −80°C for no longer than
1 week to measure plasma osmolality. We measured the osmolality
of 3 aliquots (10 µl each) of plasma per lizard by using awater vapor
osmometer (model 5600, Wescor Inc.). We avoided collecting
blood samples from the caudal vein because lymphatic
contamination is possible by this method (Hernandez-Divers,
2006). By performing cardiocentesis, we were able to collect a
larger volume of blood and none of the lizards were injured even
when no anesthetic was used. All lizards survived and exhibited
good health after blood sampling.

Statistical analyses
Wemodeled (linear models) the preferred temperature of lizards as a
function of food intake and hydration index. Accordingly, we
adopted the preferred ambient temperature selected by the lizards as
our response variable. Similarly, we adopted food consumption
(factor) and the hydration index (continuous variable) as our
explanatory variables. We did not include sex as a predictor because
the number of males and females was the same in the two groups so
that the effect of one sex would be offset by the other. We created a
hydration index given that the manipulation of the hydration state
could alter the lizards’ bodymass and plasma osmolality. To do this,
we first calculated the body condition index proposed by Peig and

Green (2009), the scaled mass index M̂i. This index standardizes
body mass at a fixed value of a linear body measurement based on
the scaling relationship between mass and length, according to
Eqn 1:

M̂i ¼ Mi
L0
Li

� �bSMA

; ð1Þ

where Mi and Li are the body mass and SVL of individual i,
respectively; bSMA is the scaling exponent estimated by the
standardized major axis regression of lnM on lnL; L0 is an arbitrary
value of L (the arithmetic mean length for the study population in this
case); and M̂i is the predicted body mass for individual i when the
linear body measure is standardized to L0. In a variety of vertebrate
species, including small mammals, birds, reptiles and amphibians, M̂i

performed better than the ordinary least squares residual index Ri as a
predictor of variations in fat and protein reserves as well as other body
components (Peig and Green, 2009; MacCracken and Stebbings,
2012). We then performed a linear regression model of plasma
osmolality on M̂i and used the residuals as the hydration index. By
using the residuals, we could account for the effects of both the
individuals’ body condition and plasma osmolality on the preferred
ambient temperature.

We used an information-theoretic approach to evaluate model
goodness of fit. Information-theoretic criteria such as Akaike’s
information criterion (AIC) and AIC corrected for small sample size
(AICc) are not a ‘test’ in any sense, and there are no associated
concepts such as test power or P-values or α-levels (Burnham and
Anderson, 2002). Statistical hypothesis testing represents a very
different, and generally inferior, paradigm for the analysis of data in
complex settings. Therefore, we avoided the use of the word
‘significant’ in reporting our results under an information-theoretic
paradigm. In this context, we fitted a set of candidate models
(including the null model, in which preferred temperature was
described by a single parameter, the overall mean) and performed a
conditional model averaging by running the function model.avg
available in the R package MuMIn (https://CRAN.R-project.org/
package=MuMIn). Models used for inference were those with ΔAICc

values lower than 5 in relation to the best model (lowest AICc). Then,
we averaged over all models within this cutoff point (ΔAICc<5). In
addition, we estimated the relative importance of predictor variables xj
by summing the Akaikeweights across all the models in the set where
variable j occurs. Thus, the relative importance of variable j is
reflected in the sum w+( j). The larger thew+( j), the more important
variable j is, relative to the other variables. Using the w+( j), all the
variables can be ranked in their importance. Finally, the direction and
magnitude of the effect size should be based on model-averaged
parameter estimates with appropriate measures of precision.
Accordingly, the results presented in this study are the model-
averaged parameter estimates, instead of parameters calculated
directly from the raw data, which can be found in Figs S2, S3 and S4.

We used the same procedure mentioned above to model the effects
of food consumption and hydration state on the locomotor activity of
lizards. In this case, our explanatory variableswere the same as above,
but we adopted the total distance traveled by individuals in the
thermal gradient as our response variable.We fitted generalized linear
models (GLM) using a Gamma distribution given the residual
structure of our data. Finally, as a descriptive analysis, we calculated
the mean and standard deviation values for preferred temperature,
plasma osmolality and total distance traveled by lizards to provide
data to compare with those in the existing literature. For further
comparisons, we conducted an intention-to-treat (ITT) analysis
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where all lizards that were randomly selected for each group were
included in the statistical analysis and analyzed according to the
group they were originally preassigned (i.e. ‘hydrated’ and
‘dehydrated’; see ‘Description of treatments’, above), regardless of
what value of plasma osmolality we obtained from the blood samples.
This method enabled us to compare the results obtained from an
information-theoretic criterion (AIC) with those based on a null
hypothesis testing approach. This way, we were able to draw accurate
conclusions regarding the effectiveness of the approach used for the
analysis of the data. We performed all the analyses using the free
software R 4.0.2 for Mac OS (https://www.R-project.org/).

RESULTS
Effects of food intake and plasma osmolality on preferred
temperature
The lizards we used in this study ranged in SVL from 78 to 132 mm
(n=28), with a mean value of 103 mm and a standard deviation of
17.0 mm. The preferred temperature selected by fed lizards (n=14) in
the thermal gradient ranged from 29.2 to 37.3°C, with a mean±s.d. of
34.3±2.3°C. Similarly, the temperature selected by the unfed lizards
(n=14) ranged from 28.6 to 37.7°C, with a mean±s.d. value of 31.8±
2.9°C. The difference in the preferred temperature between the
experimental groups was 2.4°C. Furthermore, plasma osmolality of
fed lizards (n=14) in captivity conditions ranged from 291 to
420 mOsm kg−1, with a mean±s.d. value of 370±36.5 mOsm kg−1.
In contrast, plasma osmolality of the unfed lizards (n=14) ranged
from 332.3 to 523 mOsm kg−1, with a mean±s.d. value of 381.7±
53.8 mOsm kg−1. The difference in plasma osmolality between the
experimental groups (fed versus unfed) was 10.9 mOsm kg−1.

We found a set of three different models primarily based on food
consumption to be the most likely predictor of the preferred ambient
temperature selected by the lizards. Also, two of thesemodels showed
a slight effect of hydration index (Table 1). The probability that the
lizards’ food intake determines their preferred temperature was
relatively high (0.88) given the sum of Akaike weights (model
probabilities) of models in which this variable was included. Fed
lizards selected higher ambient temperatures than unfed ones
(Fig. 1A). In addition, the hydration index had a 0.23 probability of
affecting the lizards’ preferred temperature. We found a barely
detectable positive linear relationship between preferred temperature
and the hydration index, especially in fed lizards, but this was not
sufficient to observe an important difference in the slope for the unfed
ones (Fig. 1B), which explains the low probability that an interaction
between food consumption and hydration index affects the preferred
ambient temperature (0.06).

Effects of food intake and plasma osmolality on the total
distance traveled
The total distance traveled by fed lizards (n=14) ranged from 1.6 to
44.9 m, with a mean±s.d. of 22.3±13.7 m. In unfed lizards (n=14),
this variable ranged from 6.1 to 55.5 m, with a mean±s.d. of 25.0±
16.3 m. The difference in means between the two groups was 2.7 m.

We found that the null model, in which the total distance traveled
is described by a single parameter (the overall mean) was the most
likely model that fitted the data (Table 2). Still, the hydration index
showed a relatively slight probability of affecting the total distance
traveled by lizards (0.30). The distance traveled by lizards decreased
linearly as their hydration index increased (Fig. 2). Also, food

Table 1. Most likely models predicting the preferred temperature of lizards based on the second-order Akaike information criterion (AICc)

Model k loglik AICc ΔAICc Weight

Food consumption 3 −66.025 139.049 0.000 0.646
Hydration index+Food consumption 4 −65.992 141.723 2.674 0.170
Null model 2 −68.976 142.432 3.383 0.119
Hydration index+Food consumption+Food consumption×Hydration index 5 −65.463 143.654 4.605 0.065

A multiplication sign within a model represents an interaction term.
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Fig. 1. Preferred ambient temperature of the lizard Tropidurus catalanensis. (A) The most important predictor of preferred ambient temperature was food
intake. Dots represent model-averaged predicted values, red diamonds represent mean values and the bold horizontal lines represent median values. (B) The
lizards’ preferred temperature was barely affected by the hydration index.

4

RESEARCH ARTICLE Journal of Experimental Biology (2021) 224, jeb242199. doi:10.1242/jeb.242199

Jo
u
rn
al

o
f
Ex

p
er
im

en
ta
lB

io
lo
g
y

https://www.R-project.org/
https://www.R-project.org/


consumption was of little importance in determining the total
distance traveled (0.06).

DISCUSSION
Models of optimal thermoregulation based on energetic costs and
benefits predict that ectothermic animals that thermoregulate will
adjust their body temperature as a function of food availability (e.g.
Elliot, 1982; Huey, 1982). Accordingly, several studies have shown
that reptiles select higher body temperatures after feeding either in the
laboratory or in the field (Cowles and Bogert, 1944; Regal, 1966;
Moll and Legler, 1971; Cogger, 1974; Schall, 1977; Bradshaw et al.,
1980). Consistent with these findings, we found in this study that fed
T. catalanensis lizards preferred higher temperatures than unfed ones,
indicating that different physiological processes have different
optimal temperatures (Bustard, 1967b; Pough, 1974, 1980; Lang,
1979). The rate at which food is processed increases with temperature
but then becomes steady at some value (Hainsworth andWolf, 1978;
Huey, 1982); the higher the digestive rate, the higher the gross energy
gained per unit time. The combination of readily available food and
the capacity for the lizards to reach relatively high body temperatures
may favor growth rates by increasing the opportunities an individual
has for keeping its body temperature near mean activity temperature,
thus increasing foraging time, and, as a consequence, its rate of
digestion (Ballinger, 1977; Sinervo, 1990; Grant and Dunham,
1990), which favors higher growth rates. Contrary to our predictions,
we found a slight effect of hydration state by itself and a very low
importance of the interaction between hydration state and food

consumption. A fasting period of around 1 or 2 weeks is probably
longer than what a frequent feeder, such as our study species, may
experience in the wild. Perhaps a chronic exposure to fasting
conditions has a stronger effect on lizards’ thermal preferences than
an acute exposure to dehydration conditions.

Behavioral observations in several species of reptiles suggest that
the preferred body temperature increases during digestion (Huey,
1982; Peterson et al., 1993; Dorcas et al., 1997; Sievert and
Andreadis, 1999; Andrade et al., 2005; Secor, 2009). However,
thermal preference during post-prandial periods is highly variable
among reptile species and depends on many factors, such as the
energetic and non-energetic costs of high body temperature (Schuler
et al., 2011; Angilletta, 2009). While we found that meal
consumption drove T. catalanensis individuals to thermoregulate,
Schuler et al. (2011), found that both the mean and maximal body
temperature (33 and 35°C, respectively) were unaffected by
metabolic state in the lizard Sceloporus jarrovi. This finding
suggests that the benefits of foraging effectively, evading predators
and defending territory sometimes outweigh the energetic cost of a
high body temperature during fasting. Similarly, Van Berkel and
Clusella-Trullas (2018) showed that behavioral thermoregulation is
highly repeatable, but unaffected by digestive status in the lizard
Agama atra.

Feeding is a requisite life process that sometimes conflicts with
locomotor activity. The interactions between load carrying and
locomotor activity provide a familiar model of such trade-offs,
which benefit one process at the expense of the other (Davis and
DeNardo, 2008). In this context, the additional load associated with
the consumption of meals can alter voluntary locomotor activity,
also resulting in reduced foraging ability or increased predation risk
or both (Garland and Arnold, 1983; Huey and Hertz, 1984; Mehta,
2006). However, this trade-off is most likely to occur in species that
have the capacity to intake prey with more than 25% of their body
mass, which is not the case of the lizard T. catalanensis. Our results
support the idea mentioned above as we found in this study that the
null model was the most likely model describing the locomotor
activity in our study species. Fed lizards probably spent as little time
as possible in reaching their preferred body temperature so they
could offset the cost of missed opportunity. In this context, the fact
that the two groups exhibited the same locomotor activity probably
reflects behavioral adjustments to look for appropriate temperatures
along the gradients.

Physiological processes can have different sensitivities even when
optimal temperatures are similar (Huey, 1982). By maintaining high
body temperatures during digestion, T. catalanensis may be able to
increase its capacity to grow, as predicted by life-history theory (Brett,
1971; Elliott, 1982; Jonassen et al., 1999). At the same time, lizards
should endeavor to spend as little time as possible to reach their
preferred body temperature even when individuals are in fed or unfed
conditions to defend their capacity to perform other critical functions,
such as locomotion. Thus, we might expect a similar locomotor
activity in fed as well as in unfed lizards. Furthermore, that hydration
state may influence thermal preference has been well documented in
amphibians (Preest and Pough, 1989; Malvin and Woods, 1991;
O’Connor and Tracy, 1992), but direct evidence is still lacking for a

Table 2. Most likely models predicting the total distance traveled by lizards based on the second-order Akaike information criterion (AICc)

Model k loglik AICc ΔAICc Weight

Null model 2 −112.624 229.727 0.000 0.693
Hydration index 3 −112.418 231.835 2.108 0.241
Hydration index+Food consumption 4 −112.348 234.434 4.707 0.066
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Fig. 2. Total distance traveled by the lizard Tropidurus catalanensis. The
null model was the one with the highest probability of describing the total
distance traveled. Although the hydration index slightly affected the distance
traveled by the lizards, the importance of this variable was relatively low and so
was the weight of evidence of the models that included this variable (see
Table 2).
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similar relationship among reptiles (Ballinger et al., 1977; Mautz,
1982), especially for tropical and subtropical species. In particular,
behavioral thermoregulation in the lizard T. catalanensis was barely
affected by the individuals’ hydration state, but it was greatly affected
by food intake. Fed individuals would have better body condition
and, hence, they may be more successful at exploiting their thermal
environment than individuals with poor body condition. An ITT
analysis confirmed our conclusions, revealing unbiased results and
providing support for the use of information theory in evolutionary
physiology studies.
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Supplementary material 

 
Figure S1: Predictions of hypotheses tested in this study. (A) fed lizards 

regardless of the hydration state would select relatively higher temperatures than the 

unfed ones. (B) dehydrated fed lizards would select relatively similar or lower 

ambient temperatures than the dehydrated unfed ones. (C) lizards in fed and unfed 

conditions would have similar locomotor activity. Red diamonds represent mean 

values. 
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Figure S2: Effect of the interaction between food consumption and the  
hydration index on the preferred temperature selected by the lizards as 
predicted by our hypotheses (raw data). According to Table 1, this interaction has 

a very low probability of predicting the lizards’ preferred temperature (𝑤𝑒𝑖𝑔ℎ𝑡 =

0.065). 
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Figure S3: Effect of food intake on lizards’ locomotor activity (raw data). 
According to Table 2, only one model includes the effect of food consumption and it 

has a relatively low probability of predicting the total distance traveled by lizards 

(𝑤𝑒𝑖𝑔ℎ𝑡 = 0.066). The red diamonds represent mean values, the bold horizontal 

lines represent median values and the dots represent the raw total distance traveled 

by each lizard. 
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Figure S4: One of the premises of this study indicates that fed and unfed 
lizards should vary in the hydration state naturally and as a result of the 
treatments they were subjected to as well. This figure confirms that we met the 

condition of our premise. The red diamonds represent mean values, the bold 

horizontal lines represent median values and the dots represent the raw hydration 

index of each individual. 
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