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Thermal ecology and thermoregulatory behaviour of
Tropidurus hispidus and T. semitaeniatus in a caatinga area
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to their local, seasonal habitat.

This study assessed the thermal ecology of Tropidurus hispidus and T. semitaeniatus in a caatinga area in the state of Rio
Grande do Norte, Brazil. The mean activity body temperature of 7. semitaeniatus (35.142.0 °C) was significantly higher
than that of 7. hispidus (33.6+2.3 °C). While there was no seasonal variation in the body temperature of 7. hispidus, it was
significantly higher for 7. semitaeniatus in the wet season compared to the dry season. Substrate temperature was the best
predictor of body temperature in 7. hispidus in both seasons, whereas for 7. semitaeniatus substrate and air temperatures
were the best predictors of lizard temperature in the wet and dry season, respectively. During the dry season, both species
spent more time in the shade or under filtered sunlight. In the wet season, 7. hispidus did not prefer areas with specific light
exposures, whereas 7. semitaeniatus predominantly spent time exposed to the sun or under filtered sunlight. We conclude
that the similarity in temperature ranges during activity of 7. hispidus and T. semitaeniatus most likely reflects their common
phylogenetic origin and foraging mode, whereas the differences in thermal behaviour may be due to their particular adaptations
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INTRODUCTION

Lizards, like other ectothermal animals, depend on ex-
ternal environmental sources to obtain the necessary
heat to regulate their body temperatures (Bogert, 1959;
Huey & Slatkin, 1976; Rocha & Van Sluys, 2007). Since
ambient temperature is one of the most important physical
factors in lizard ecology, a large part of the daily activity
of various species is regulated by interactions with their
thermal environment (Rocha et al., 2009). The intensity
of activity varies across days and seasons (Huey et al.,
1977, Ribeiro et al., 2008; Kolodiuk et al., 2009, 2010),
and the body temperature changes according to daily ac-
tivity patterns (Pianka, 1973; Bergallo & Rocha, 1993;
Vitt et al., 2005).

Lizards of the genus Tropidurus are generally active
from sunrise to sunset (Van Sluys, 1992; Teixeira-Filho
et al., 1996; Hatano et al., 2001; Ribeiro et al., 2009).
Species that start activity earlier in the day and remain
active for longer periods often have lower and more vari-
able body temperatures than species with shorter activity
periods (Pianka et al., 1979; Rocha & Van Sluys, 2007).
Given that foraging behaviour is correlated with tem-
perature during activity, ambush-foraging lizards such
as Tropidurus generally tend to have lower body tem-
peratures during activity than those of active foragers
like teiid lizards (Colli & Paiva, 1997). Studies on the
thermal ecology of T. hispidus and T. semitaeniatus were
previously conducted in one caatinga area in the state of
Pernambuco (Vitt, 1995), and on 7. hispidus in the Ama-

zon forest and savanna (Vitt & Carvalho, 1995; Vitt et al.,
1996) and rocky fields in the state of Minas Gerais (Van
Sluys et al., 2004).

Although intrageneric homogeneity suggests that phy-
logeny has a role in the expression of body temperature
among species (Bogert, 1959), our initial prediction was
that 70 hispidus and T. semitaeniatus would differ in their
thermal ecology depending on the environment. In this
study, we analyse the variation in body temperature during
activity and light exposure in T. hispidus and T. semitae-
niatus in an area of the caatinga ecosystem in northeast
Brazil, where both species live in sympatry.

MATERIALS AND METHODS

Study area

The study was conducted at the Ecological Station of
the Serid6 (ESEC Serid6, 06°34'36.2"S, 37°1520.7"W,
datum: WGS84; altitude: 192 m), which encompasses
a caatinga area of 1,166.38 hectares located in the mu-
nicipality of Serra Negra do Norte, Rio Grande do Norte,
Brazil (Fig. 1). The climate is semiarid (Ab’Saber, 1974),
with a short wet season between March and May and rain-
fall ranging between 500 and 700 mm/year. Mean annual
temperatures vary from 28 °C to 30 °C, and over the course
of the year exceed 40 °C; the minimum ranges between
17 °C and 20 °C. Relative air humidity oscillates around
30-50% in the dry season, reaching 80-90% in the wet
season (Nimer, 1972). The vegetation of ESEC Serido6 is
arboreal-bushy hyperxerophilous (Varela-Freire, 2002).
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Fig. 1. Geographic location of the Ecological Station of the Seridé (black dot = ESEC Serid6) in the southwest

portion of the state of Rio Grande do Norte, Brazil.

Amidst the arboreal-bushy vegetation various rocky ex-
trusions are found that remain covered by the vegetation
during the wet season, resulting in partially shaded areas.
During the dry season they are exposed as large rocky
outcrops after leaf fall (Velloso et al., 2002).

Collection methods and data analysis

Thermal ecology. Fieldwork was conducted on monthly
excursions, each lasting three consecutive days, from
April 2007 to May 2008. The dry season lasted from July
2007 to January 2008, and the wet season was between
April and June 2007 and between February and May
2008. Mean monthly rainfall during the dry and wet sea-
son was 5.8 mm and 164.7 mm, respectively.

An area of ESEC Seridé composed of five rocky out-
crops spaced on average 20 m apart was used for data
collection. The lizards were collected from rocky surfaces
between 0700 and 1800, using air rifles. Within 30 sec-
onds after collection we measured the cloacal temperature
of the lizards, substrate temperature at the point where
they were sighted and air temperature 5 cm above the
substrate, using a temperature sensor (Instrutherm® model
S-02K) coupled to a digital thermometer (to the nearest
0.1 °C; Instrutherm® model HTR-160). Air temperature in
the sun (at 150 cm above the substrate), of rocky surfaces
in the sun and in the shade, and of ground surface temper-
ature in the sun was measured with a digital thermometer
(to the nearest 0.1 °C; Instrutherm® model HTR-160) eve-
ry subsequent hour where the lizards were collected. We
also recorded type of light exposure (sun, shade, filtered
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sunlight and cloudy light), the time of collection, sex, and
snout—vent length (SVL) measured with a manual caliper
to the nearest 0.1 mm. The classification of individuals of
T semitaeniatus into adult and juvenile categories con-
sidered females with SVL >58 mm and males with SVL
>64 mm (Vitt, 1995). For T hispidus, size ranges were de-
fined according to Ribeiro & Freire (2009), with females
having SVL >65 mm and males having SVL >68 mm.
The lizards were deposited in the Herpetological Collec-
tion of the Department of Botany, Ecology and Zoology
(CHBEZ) of the Universidade Federal do Rio Grande do
Norte.

The effects of interaction, species and seasonality on
body temperatures were tested using a two-way ANOVA
(Zar, 1999). A second two-way ANOVA with sex as one
factor and maturity as the other was conducted to deter-
mine the effects on body temperature in each species.
Interspecific and interseasonal body temperature differ-
ences as well as those between different light exposures
were tested using one-way ANOVA. In each season we
analysed the relationship of substrate and air tempera-
tures to lizard temperatures using multiple regressions
(Zar, 1999). The relationship between body temperature
and SVL for each species was assessed using simple re-
gressions. Bonferroni corrections were adopted for the
one-way ANOVA and regression analyses, resulting in
a significance level of 0.0055 (Zar, 1999). Lizard body
temperatures were also compared to a null distribution of
temperatures (cf. Hertz et al., 1993). Statistical analyses
were conducted using SPSS 13.0.
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Table 1. Mean activity body temperature for Tropidurus hispidus and T. semitaeniatus divided into types of
light exposure at ESEC Serid6, Serra Negra do Norte municipality, Rio Grande do Norte, Brazil. The numbers in

parentheses represent sample sizes.

Types of exposure

Species Sun Shade Filtered sunlight Cloudy light
Tropidurus hispidus 35.1+1.8 (13) 31.7+£2.0 (10) 34.0£1.0 (9) -
Tropidurus semitaeniatus 35.842.1 (26) 34.7+1.2 (14) 34.8+2.1 (17) 33.1£2.0 (4)

Thermoregulatory behaviour. For behavioural observa-
tions, five rocky outcrops were established surrounded
by vegetation and located around 500 m from the lizard
collection area. Observations were made from October
to December 2006 (phase I; mean monthly rainfall: 1.6
mm), October to December 2007 (phase II; mean monthly
rainfall: 1.2 mm) as part of the dry season, with the wet
season represented between April and June 2007 (phase [;
mean monthly rainfall: 68.7 mm) and April and June 2008
(phase II; mean monthly rainfall: 141.7 mm).

Given that body temperature regulation may involve
shuttling between hotter (sunny) and cooler (shaded) ar-
eas (Vitt et al., 2005), the light exposure categories for 7.
hispidus and T. semitaeniatus were recorded as sun ex-
posure time (TSu), shade exposure time (TSh), filtered
sunlight exposure time (TFs) and cloudy light exposure
time (TCI), measured in seconds of exposure. Data were
collected on three consecutive days, from 0700 to 1000
and from 1400 to 1700, divided into six intervals of one
hour each to obtain a homogeneous sample. The time
intervals above were selected based on our preliminary
observations and published data (Vitt, 1995) indicating
that they correspond to highest lizard activity. During
these intervals, 10-min focal sampling sessions were car-
ried out (Altmann, 1974), alternating the species observed
whenever possible, using a voice recorder and digital
watch. After the lizard was sighted, the observation was
initiated 5 minutes later to minimize observer interfer-
ence.

The categories for light exposure (TSu, TSh, TFs, TCI)
during thermoregulatory behaviour of 7. hispidus and
T. semitaeniatus were recorded and calculated for each
lizard using the arithmetic mean by species and season
following Vitt et al. (1996). The difference in length of
stay under the various forms of exposure during ther-
moregulatory behaviour was tested for each species using
one-way ANOVA coupled with a post-hoc Tukey-test
(Zar, 1999).

RESULTS

Thermal ecology

All lizards were collected on rocky surfaces. Factors,
species and seasonality interacted to affect the lizards’
body temperatures (£ ,,=6.870, P=0.010). The body
temperature of 7. hispidus (33.6£2.3 °C, 28.1-37.8 °C,
n=33) was significantly lower than that of 7. semitae-
niatus (35.1£2.0 °C, 29.1-38.3 °C, n=61; F,,=9.903,
P=0.002). Seasonality did not affect the body tem-
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perature of 7. hispidus, which was similar in the rainy
(33.1£2.2 °C, n=19) and dry seasons (34.1£2.5 °C, n=14;
F|,,=1.478, P=0.233), whereas for T. semitaeniatus body
temperature in the rainy season (35.8+1.7 °C, n=31) was
significantly higher than in the dry season (34.4+2.1 °C,
n=30; F, (=9.708, P=0.003). The body temperature of 7.
semitaeniatus in the wet season was significantly higher
than that of 7. hispidus (F, ,,=22.467, P=0.0001), where-
as in the dry season the body temperatures of both species
were similar (£, ,,=0.105, P=0.748). Sex and maturity did
not interact to affect the body temperature of 7. hispidus
(F,,,=0.777, P=0.385) or of T semitaeniatus (F, (=0.700,
P=0.406). There was no significant relationship between
body temperature and SVL in 7. hispidus (R*=0.004,
df=1, P=0.712), or in T. semitaeniatus (R*=0.064, df=1,
P=0.056).

The mean activity body temperatures of 7. hispidus
differed according to the light category observed imme-
diately after capture (Table 1). These differences occurred
for the sun-shade types of exposure (£, ,,=11.47, P<0.001;
Tukey-test: P=0.0001) and for shade-filtered sunlight
(F,,,=11.47, P<0.001; Tukey-test: P=0.001), when body
temperature in the shade was significantly lower in both
comparisons. For 7. semitaeniatus there was no signifi-
cant difference in body temperature (Table 1) between
any of the exposure types (F ;;=2.61, P=0.06).

In both seasons, only the interval between 0700 and
0800 had thermal means for rock in the shade above those
of rock in the sun (Fig. 2). However, until mid afternoon,
the temperature of rock in the sun rose rapidly to above
40 °C, representing the substrate with the highest tem-
peratures by the end of the day (Fig. 2). The mean activity
body temperatures of 7. hispidus and T. semitaeniatus also
varied over the day in the dry and wet seasons (Fig. 2).

Substrate temperature was higher than air tem-
perature in both seasons (wet: air=28.6+2.8 °C,
substrate=31.5+3.5 °C; F,,,=19.992, P<0.001; dry:
air=30.0+3.0 °C, substrate=32.7+£3.7 °C; F =13.452,
P<0.001), whereas substrate temperature in the wet season
was similar to the dry season (£ ,,=2.661, P=0.106).

Most body temperatures of 7. hispidus and T. semitae-
niatus were above substrate and air temperatures (Fig. 3).
In both seasons, body temperatures were related to micro-
habitat temperatures for 7. hispidus (wet: R>=0.31, df=2,
P=0.003; dry: R*=0.43, df=2, P=0.002) and 7. semitae-
niatus (wet: R*=0.34, df=2, P=0.003; dry: R>=0.50, df=2,
P<0.001). The largest B . coefficient showed that
for T. hispidus, in the wet and dry seasons, substrate
temperature was the best predictor of lizard body tem-
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Fig. 2. Mean temperature of the lizards at hourly intervals, air at 150 cm above substrate (in the sun), rocky
surface (in the sun and shade) and ground (in the sun). a and b) Tropidurus hispidus, in the dry and wet seasons,
respectively. ¢c and d) T. semitaeniatus in the dry and wet seasons.

peratures (wet: B =0.85dry:B__ . . ..=0.61). For
T. semitaeniatus, substrate temperature was also the best
predictor of lizard temperature in the wet season (B, .
=0.71); however, in the dry season, the best predictor was
air temperature (B, . = 0.63).

Thermoregulatory behaviour

We made 116 focal observations for thermoregulatory be-
haviour in phase I: 37 for T. hispidus (21 in the dry season
and 16 in the wet) and 79 for 7. semitaeniatus (38 in the
dry season and 41 in the wet). In phase II there were 68
focal samplings: 25 for 7. hispidus (13 in the dry season
and 12 in the wet) and 43 for 7. semitaeniatus (24 in the
dry season and 19 in the wet).

There were significant differences for exposure time
between sunny and shaded areas in the dry season (Ta-
ble 2) for 7. hispidus and T. semitaeniatus in phase I (Th:
F,,=8.306, P=0.0001; 75: F, ,=12.435, P<0.001) and

pHase II (Th: F3’48=10.125, Pg?).OOOl; Ts: F3,92=10.540,
P<0.001). In this season, the comparison between pairs
of exposure revealed that T hispidus and T. semitaeniatus
remained longer in cooler areas, either shade or filtered
sunlight, as opposed to sun and cloudy light (Tukey-test,
P<0.05) (Table 2). On the other hand, during the wet

season, 1. hispidus remained for similar lengths of time
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in the types of light exposure. This occurred for phase I
(F,4,=0.845, P=0.475) and 1I (F ,,=1.053, P=0.379, Ta-
ble 2). For T. semitaeniatus differences occurred between
some of the light exposure pairs in phase I (F, =2.904,
P=0.037) and II (F, ,,=12.864, P<0.001), and for all the
comparisons the longest exposure time was characterized
by the use of hotter areas such as those with direct sun ex-
posure on the rock or under filtered sunlight, as opposed

to shaded areas (Tukey-test, P<0.05) (Table 2).

DISCUSSION

The mean activity body temperatures of 7. hispidus
(33.6 °C) and T. semitaeniatus (35.1 °C) were lower than
those recorded for the species (35.9 °C and 37.1 °C, re-
spectively) by Vitt (1995) in the state of Pernambuco,
although 7. semitaeniatus again reached a higher body
temperature than 7. hispidus. The body temperature of
T. hispidus resembled a population on a rock outcrop in
the Amazon Forest (body temperature = 34.1 °C; Vitt et
al., 1996) and of another population from an area with
cooler temperatures (32.2 °C; Van Sluys et al., 2004). The
small differences in body temperatures between species
(32.2-35.9 °C for T. hispidus and 35.1-37.1 °C for T.
semitaeniatus) might reflect the thermally conservative
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Fig. 3. Distributions of body temperature (Tb) and substrate (Ts) and air (Ta) temperatures in Tropidurus hispidus
(a) and T. semitaeniatus (b) populations. Arrowheads indicate mean Tb, Ts and Ta. The cross-hatched vertical line
indicates the selected body temperature (34.4 °C) for T. hispidus measured in the laboratory by Kohlsdorf & Navas

(2006).

profile of congeneric species despite different environ-
ments (Colli & Paiva, 1997), with the subtle differences
being due to adjustments to local thermal environments.
Kiefer et al. (2005) studied ten populations of 7. forquatus
along the east coast of Brazil and also concluded that body
temperatures of different populations (ranging between
34.4 and 36.2 °C) were influenced by environmental
temperatures, while remaining within the characteristic
thermal range of the species.

As shown by Kohlsdorf & Navas (20006), tropidurid
lizards inhabiting sand dunes in the caatinga exhibit
higher body temperatures during activity (e.g. Eurolo-
phosaurus divaricatus = 38.0 °C and T psamonastes =
37.5 °C) compared to species from the rocky cerrado
(e.g. T torquatus = 33.2 °C and T itambere = 34.0 °C).
Conversely, lower mean body temperatures for Brazilian
tropidurid lizards were recorded for species from forest
habitats, such as Uranoscodon superciliosus (26.6 °C;
Howland et al., 1990), Plica plica (30.7 °C; Vitt, 1991)
and P umbra (29.1 °C; Vitt et al., 1997). According to
these studies, the lower mean body temperature is due to
a lack of opportunity for active thermoregulation, in ad-
dition to lower microhabitat temperatures. In the ESEC
Seridd, rocky outcrops are the main thermoregulation
sites for T° hispidus and T. semitaeniatus. Rocky surfaces
provide areas of sunlight favouring thermoregulatory be-
haviour (Rocha & Bergallo, 1990; Van Sluys, 1992; Vitt
et al., 1996). Evidence for active thermoregulation exists
for T. hispidus, whose body temperatures approached the
preferred temperature (34.4 °C) rather than reflecting sub-
strate and air temperatures (Kohlsdorf & Navas, 2006). In
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T semitaeniatus, although the preferred temperature has
yet to be determined, most body temperatures are well
above substrate and air temperatures, evidencing active
temperature regulation. Body temperatures of male and
female 7. hispidus and T. semitaeniatus during activity
show no significant differences, as described for Liolae-
mus lutzae (Rocha, 1995) and T. torquatus (Ribeiro et al.,
2008). Body temperatures of both lizard species showed
no significant relationship with SVL, as recorded for insu-
lar, coastal and inland populations of 7. forquatus (Rocha
et al., 2002; Kiefer et al., 2005; Ribeiro et al., 2008).
The body temperature of some Tropidurus species
inhabiting dry habitats has been shown to be positively
correlated with air and substrate temperatures (Cruz,
1998; Faria & Araujo, 2004). The body temperature of
T’ hispidus showed no seasonal variation and was mostly
influenced by substrate temperature, revealing the role of
thigmothermic behaviour in 7. Aispidus in regulating its
body temperature as previously suggested for 7. oreadicus
(Rocha & Bergallo, 1990; Faria & Aratjo, 2004) and T
itambere (Van Sluys, 1992). The lower body temperature
of T semitaeniatus in the dry season was mostly linked to
low air temperature, whereas in the wet season body tem-
perature was more related to the substrate temperature.
These relations show the seasonal alternation between he-
liothermic and thigmothermic basking for thermal control
in T semitaeniatus. Moreover, this change in thermal be-
haviour may explain the higher activity body temperature
of T. semitaeniatus in the wet season. The same seasonal
importance of these types of heat exchange was record-
ed for an inland population of 7. forquatus inhabiting a
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Table 2. Results of Tukey-tests for significant differences between Tropidurus hispidus and T. semitaeniatus for
exposure time (meanx1 SE; in seconds) in the hottest (sunny) and coolest areas (shaded) during focal animal
observations of thermoregulatory behaviour, in the dry and wet seasons of phases | and Il of the study at ESEC
Seridd, Serra Negra do Norte municipality, Rio Grande do Norte, Brazil. TSu = exposure time to the sun, TFs =
exposure time to filtered sunlight, TSh = exposure time to shade, TCl = exposure time to cloudy light.

Phases I I
Seasons Dry Wet Dry Wet
Tropidurus hispidus
TSu 62.5+28.512 144.5+57.8 37.7+£31.6? 230.8+65.6
TFs 2227445714 80.5+£37.8 192.2+66.0 137.0+46.0
TSh 266.8+£53.4%6 165.2+58.5 361.1+£73.22 100.7£53.5
TCI 34.74£25.24¢ 206.7+£70.0 - 118.7+58.7
Tropidurus semitaeniatus
TSu 58.8+15.312 122.4+30.8 84.8+23.5!2 339.0+48.2123
TFs 234.7+30.0'4 211.7435.7° 211.4+£37.7 74.6+24.3!
TSh 232.0+£38.0%¢ 79.2+25.1° 232.8+£51.0% 17.849.52
TCI 58.8+26.346 174.0+42.1 — 143.7+£55.53

Pairs of significant differences (P<0.05) for 'TSu~TFs; 2TSu-TSh; *TSu-TCl; *TFs—TCI; *TFs—TSh; ‘TSh-TCl.

rocky outcrop in the Atlantic Forest Domain (Ribeiro et
al., 2008).

A series of studies has documented seasonal variations
in body temperature for other species of lizards such as
Sceloporus occidentalis (McGinnis, 1966), S. orcutti
(Mayhew & Weintraub, 1971), Amphibolurus isolepis
(Pianka, 1971), L. lutzae (Rocha, 1995), Cnemidophorus
nativo (Menezes et al., 2000) and T forquatus (Ribeiro et
al., 2008). According to these studies, variations in body
temperatures are influenced by the distinct thermal con-
ditions of each season, and result in an acclimatization
process for each species to maintain body temperature
within the appropriate range for behavioural and ecologi-
cal performance.

In addition to phylogeny, habitat type and seasonality,
other life-history parameters such as foraging mode and
extent of activity also influence the body temperature of
lizards (Pianka, 1977; Magnusson et al., 1985; Magnus-
son, 1993). The body temperature of ambush foragers
such as Tropidurus, which normally initiate activity ear-
lier and remain active for longer periods than do active
foragers, tends to be low and variable (Magnusson et al.,
1985; Bowker et al., 1986; Cruz et al., 1998). At ESEC
Serido, T. hispidus and T. semitaeniatus were observed
active from dawn (approximately 0600) until around
1800, and their body temperatures during activity were
indeed considerably lower than those of active foraging
lizards such as the teiids Ameiva ameiva, C. abaetensis,
C. nativo and C. ocellifer (Rocha, 1994; Vitt, 1995; Men-
ezes et al., 2000; Dias & Rocha, 2004). We conclude that
the similarity in temperature ranges during activity of 7.
hispidus and T. semitaeniatus most likely reflects their
phylogenetic proximity and foraging mode, with the dif-
ferences in thermal behaviour being a result of particular
adaptations to the local seasonal habitat where they live

in sympatry.
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