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ABSTRACT

We analyzed the thermal ecology and activity patterns of the lizard community from the Restinga of
Jurubatiba, Rio de Janeiro, Brazil. The broadest activity was that of Tropidurus torquatus, a sit-and-
wait forager, while the active foraging teiid Cnemidophorus littoralis had the shortest activity.  The
nocturnal gekkonid Hemidactylus mabouia was found active during the day only during early morning
and late afternoon, when environmental temperatures are low. Body temperature was highest for
Cnemidophorus littoralis and lowest for the two Mabuya species. The patterns found here are discussed
and compared to those of congeneric species in other habitats in Brazil.
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RESUMO

Ecologia termal e padrões de atividade da comunidade de lagartos da restinga de
Jurubatiba, Macaé, RJ

Foram analizados a ecologia termal e os padrões de atividade da comunidade de lagartos da restinga
de Jurubatiba, Rio de Janeiro, Brasil. A espécie com atividade mais extensa foi Tropidurus torquatus,
um forrageador “senta-e-espera”, enquanto o forrageador ativo Cnemidophorus littoralis teve a atividade
mais restrita. O geconídeo noturno Hemidactylus mabouia foi encontrado ativo durante o dia apenas
no início da manhã e no final da tarde, quando as temperaturas ambientais estão baixas. A temperatura
corpórea foi mais alta para Cnemidophorus littoralis e mais baixa para as duas espécies de Mabuya. Os
padrões aqui encontrados são discutidos e comparados com os de espécies congenéricas em outros habitats
no Brasil.

Palavras-chave: ecologia termal, comunidade de lagartos, padrões de atividade, restinga.

INTRODUCTION

Differentiation in the use of the time niche by
different species of lizards within a community has
been indicated as an important factor minimizing
competition among sympatric lizards species (e.g.
Pianka, 1973). The body temperatures of active
individuals often reflect the time of activity and the
intensity of foraging reasonably well (e.g. Pianka,

1973; Bergallo & Rocha, 1993). The species which
initiates activity earlier in the day and remains active
over longer periods of time often have lower and
more variable body temperatures than species with
narrower activity periods (Pianka, 1977; Pianka et
al., 1979). Foraging behavior is also correlated with
activity temperature: active foragers, in general,
tend to have higher mean body temperatures than
sedentary predators (e.g. Bowker, 1984; Bowker
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et al., 1986; Colli & Paiva, 1997). In the restinga
of Jurubatiba, in Rio de Janeiro State, Brazil (see
below), at least eight lizard species may be found
sympatrically, four of them being relatively
common (i.e. the tropidurid Tropidurus torquatus,
the teiid Cnemidophorus littoralis, and the scincids
Mabuya agilis and M. macrorhyncha). These
species have been shown to differ in foraging
intensity in other areas where they have been
studied (Bergallo & Rocha, 1994; Teixeira-Filho
et al., 1995; Vrcibradic & Rocha, 1996) and are
expected to differ consistently in activity patterns
and active body temperatures in the restinga of
Jurubatiba.

In the present study we analyse the activity
patterns and body temperatures of the most abun-
dant lizard species in the study area, and specifically
address the following questions: i) To which extent
do the lizards of the community under study differ
in activity period and body temperature in activity?
ii ) Do the mean body temperature differ among the
sexes within species?

MATERIALS AND METHODS

Study area
The study was carried out in the restinga of

Jurubatiba, in Rio de Janeiro State, Brazil, more
precisely at an area adjacent to the Cabiúnas lagoon
(22º16’S; 41º41’W), corresponding to the open
Clusia formation (sensu Henriques et al., 1986).
The ‘restingas’ are coastal sand dune habitats co-
vered with herbaceous and shrubby vegetation,
common along the Brazilian coast (Suguio & Tes-
sler, 1984). Annual rainfall in the area averages
1,164 mm, and is markedly seasonal, with mean
monthly totals ranging from 41 mm during the
winter to 189 mm during the summer (Henriques
et al., 1986). Mean monthly temperature varies from
29.7ºC in January to 20.0ºC in July, with annual
average of 22.6ºC (Henriques et al., 1986). For a
comprehensive description of the vegetation of the
area see Henriques et al. (1986) and Araújo et al.
(1998).

Methodology
Field work was carried out during March

1999. We also utilized temperature data from
Mabuya spp. collected on earlier visits to the area
(i.e. on April 1997 and on January, September,

October and December 1998), to increase sample
sizes for those species. Data gathering for activity
patterns included both visual observations and
collecting (data for the large teiid T. merianae
included only visual records). Visual observations
were carried out during diurnal transects which
consisted of a well demarcated path (evidenced by
a trail approximately 500 m in extent in the sand
and bright orange tapes tied to the vegetation and
spaced 10 m from one another), along which obser-
vations were made by a pair of observers from
6:00 h to 19:00 h at hourly intervals during three
days. Air temperature was taken at each hourly
interval, prior to initiating the corresponding
transect. Each transect lasted approximately 30
min, and all lizards seen during each transect were
recorded and categorized according to their species.

Collections for body temperature measu-
rements were done using air rifles, rubber bands,
and a noose, in a sub-area different (but physio-
nomically indistinguishable) from that we used for
activity estimates. Lizards that were not killed
instantly were transferred to a plastic bag and killed
with ether. For each lizard collected, we recorded
the time of capture, as well as cloacal, air (1 cm
above original location of the lizard) and substrate
(i.e. soil) temperatures. Temperatures were taken
with quick-reading cloacal thermometers (shaded
bulb) to the nearest 0.2ºC, and lizard cloacal tem-
peratures were always recorded within 30 sec. of
capture. The lizards collected were fixed in 10%
formalin and placed in 70% alcohol. The collecting
site and the transect site were ca. 100 m apart.

Regression analysis was used to test for the
relationship between mean body temperature and
air temperature and substrate temperature for each
lizard species. Differences in mean body tem-
peratures among species and between sexes, for
each species, were tested using t-tests (Zar, 1984).

RESULTS

We found six lizard species in the restinga of
Jurubatiba for which we recorded activity data:
Cnemidophorus littoralis and Tupinambis merianae
(Teiidae), Hemidactylus mabouia (Gekkonidae),
Mabuya agilis and M. macrorhyncha (Scincidae),
and Tropidurus torquatus (Tropiduridae). The
gekkonid Gymnodactylus darwini and the teiid
Ameiva ameiva also occur at the area, but no acti-
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vity data could be taken for the former due to its
reclusive habits and for the latter due to its low
abundance in the area.

Periods of activity varied among species (Fig.
1). Tropidurus torquatus was active along all day
but with a bimodal activity pattern, and the other
species had more restricted and unimodal patterns
of activity (Fig. 1). The decrease in activity of T.
torquatus and the peak activity of C. littoralis
coincided with the period of highest environmental
temperatures (Fig. 1). Mabuya macrorhyncha was
mostly active during the morning, when air tem-
perature is rising gradually (Fig. 1). The predo-
minantly nocturnal gekkonid H. mabouia was
observed active during the periods 07:00-08:00 (N
= 3) and 16:00-17:00 (N = 1) (Fig. 2), basking in
the mild sun perched on bromeliad leaves. Activity
of T. merianae and M. agilis were concentrated
around midday and early afternoon and on mid- to
late afternoon, respectively (Fig. 2).

Field body temperatures of active lizards were
taken from all species except H. mabouia and T.
merianae; those species were only observed, but
could not be collected.

The mean body temperature of active Tropi-
durus torquatus was 34.8 ± 2.4ºC (N = 42), with
a range of 28.6-39.0ºC. Males and females did not
differ significantly in their mean body temperature
(t-test; t = 0.38, DF = 39, p = 0.71). The body
temperature of T. torquatus was significantly related
to air temperature (R2 = 0.44, p < 0.001, N = 42)
and to substrate temperature (R2 = 0.30, p < 0.001,
N = 38).

Cnemidophorus littoralis had a mean body
temperature of 38.6 ± 2.2ºC (N = 21), with a range
of 30.2-41.0ºC. Males and females did not differ
significantly in their mean body temperature (t-test;
t = 1.54, DF = 18, p = 0.14). The body temperature
of C. littoralis was not significantly related to either
air temperature (R2 = 0.07, p = 0.25, N = 21) or
substrate temperature (R2 = 0.003, p = 0.74, N =
20).

Mabuya macrorhyncha had a mean body
temperature of 32.7 ± 2.7ºC (N = 24) varying from
27.6ºC to 37.0ºC. The mean body temperature
differed significantly between the sexes (t-test; t =
2.09, DF = 22, p = 0.048), being higher for females
(33.8 ± 2.1ºC, N = 12) than for males (31.7 ±
3.0ºC, N = 12). Body temperature was significantly
related to air temperature (R2 = 0.60, p < 0.001,

N = 24). We did not correlate body temperature
with substrate temperature for this species due to
scarcity of data, since most specimens were perched
above ground.

The mean body temperature of Mabuya agilis
was 33.3 ± 3.2ºC (N = 6), and varied from 29.6
to 37.2ºC. The sample size of this species was too
small to test for sexual differences and for
relationships between cloacal and environmental
temperatures.

The mean body temperature differed signi-
ficantly between the two most abundant lizard
species, T. torquatus and C. littoralis  (t-test; t =
6.40, DF = 36, p < 0.001). Body temperatures did
not differ between the two Mabuya species (t-test;
t = 4.08, DF = 28, p = 0.69). The body tempe-
ratures of Mabuya spp. (pooled values for both
species) was significantly lower than those of C.
littoralis (t-test; t = 6.67, DF = 36, p < 0.001) and
T. torquatus (t-test; t = –2.58, DF = 36, p < 0.05).

DISCUSSION

All species recorded in the area are diurnal,
except the gekkonid Hemidactylus mabouia, which
is predominantly nocturnal. Most activity, for all
species, occurred from early morning to early after-
noon. The species with the broadest activity period
was T. torquatus, which began activity shortly after
sunrise and remained active until after sunset.
Similarly, extended activities have been previously
reported for this species at the restingas of Barra
de Maricá (Araújo, 1984; Teixeira-Filho et al.,
1996) and Linhares (Bergallo & Rocha, 1993) and
for other congeners in different open habitats in
Brazil (Van Sluys, 1992; Vitt et al., 1996; Vitt &
Zani, 1998). Other populations of open-habitat
congeners have somewhat shorter activity periods
(Vitt, 1993, 1995; Vitt & Carvalho, 1995), apparently
due to characteristics of their particular habitats,
related mainly to the proportional availability of
direct sunlight along the day. The characteristics
of the restinga habitat, with its low canopy and
sparse vegetation, provides sunlit conditions
throughout the day, which probably allows the
heliophillous T. torquatus to exploit the diurnal
temporal niche to its full extent in such areas (Rocha
& Bergallo, 1997, have shown that the abundance
of lizards in restinga habitats is mainly influenced
by the rate of insulation on the ground).
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Fig. 1 — (a) air temperature (in ºC, –  –) and number of active Tropidurus torquatus (N = 697; bars); (b) number of active
Cnemidophorus littoralis (N = 56); and (c) number of active Mabuya macrorhyncha (N = 11), recorded at the transects during
March 1999, at the restinga of Jurubatiba, Macaé, RJ.

The bimodal pattern of wet-season activity
of T. torquatus observed at Jurubatiba, with peaks
at mid-morning and mid-afternoon and a decrease
in activity around midday, when environmental tem-
peratures are higher, has been observed for this
species at Barra de Maricá (Araújo, 1984) and for

other Brazilian congeners in different open habitats
(Van Sluys, 1992; Vitt, 1993; Vitt & Carvalho, 1995).
Reduction of activity at the hottest periods of the day
is probably a means of avoiding extreme environmental
temperatures (in restingas, the temperature of the
exposed sand may reach 60ºC during such periods).
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Fig. 2 — (d) number of active Mabuya agilis (N = 3); (e) number of active Hemidactylus mabouia (N = 4); and (f) number
of active Tupinambis merianae (N = 3), recorded at the transects during March 1999, at the restinga of Jurubatiba, Macaé, RJ.

The activity of C. littoralis was unimodal and
relatively restricted compared to that of the tropi-
durid, being concentrated in the morning and
decreasing considerably after midday. A similar
activity pattern has been observed for this species
at Barra de Maricá (Araújo, 1984) and for other
Brazilian congeners (C. ocellifer at the ‘cerrado’

of central Brazil – Vitt, 1991 –, C. nativo at the
restinga of Linhares – Bergallo & Rocha,
1993 –, C. lemniscatus in open habitats within the
Amazonian biome – Vitt & Carvalho, 1995; Vitt et
al., 1997a), though a population of C. ocellifer at
the ‘caatinga’ of northeast Brazil apparently has
a more extended activity (Vitt, 1995).



Rev. Brasil. Biol., 61(2): 287-294

292 HATANO, F. H. et al.

The activity pattern of C. littoralis at
Jurubatiba was somehow inverse to that of T.
torquatus, with the peak of activity coinciding with
the raising in ambient temperature. This observation
agrees with the higher thermal requirements of this
teiid compared to T. torquatus (see below). A study
of Bergallo & Rocha (1993) also evidenced a more
restricted activity for C. nativo (8:30 to 15:00 h)
compared to the sympatric T. torquatus (7:00 to
18:00 h) in Linhares, but that study was conducted
during the dry season (winter) and the activity
pattern was unimodal for both species.

Although data for the two Mabuya species
were limited, they suggest that these skinks remain
active until later in the day than C. littoralis. This
may reflect their lower thermal requirements com-
pared to the teiid. These two scincid species are
known to have a relatively wide activity period in
other restinga areas of South-eastern Brazil (Vrci-
bradic & Rocha, 1995, 1996).

Data for the gekkonid H. mabouia and for the
teiid T. merianae were scant, but nevertheless
suggest that the former is diurnally active mainly
during the early morning and late afternoon, when
temperatures and insolation are mild, and that the
latter is active during the hottest hours of the day.
Data for T. merianae at the Brazilian caatinga (Vitt,
1995) and at an Atlantic rainforest area (Van Sluys
& Rocha, 1999), and for populations of its congener
T. teguixin (Vitt & Carvalho, 1995; Vitt & Zani,
1998) have also indicated a peak of activity during
midday and early afternoon, as observed in
Jurubatiba. Being active mainly during the hotter
hours of the day is probably important for these
large teiids to maximize their heat gain to meet their
high thermal requirements; a large lizard is supposed
to take relatively long to warm up, and the longer
it stays exposed to the sun, the greater is also its
risk of exposure to visually oriented predators (see
Martín & López, 1996). Hemidactylus mabouia,
though primarily nocturnal (e.g. Vitt, 1995), can
be active during the day, but usually during periods
when ambient temperatures are relatively low.

Body temperatures of the four most abundant
species differed significantly among genera (or,
rather, among families), with the teiid C. littoralis
having the highest values, the two scincids having
the lowest ones and the tropidurid T. torquatus
being intermediate. The mean body temperatures
of T. torquatus and C. littoralis at our study area

were almost equal to those of the respective cons-
pecific populations of Maricá (Teixeira-Filho et al.,
1995, 1996). The body temperatures of the two
Mabuya species were also similar to those of
conspecific populations of Maricá (Rocha & Vrci-
bradic, 1996), and to those of other Brazilian con-
geners (Vitt et al., 1997b; Vrcibradic & Rocha,
1998). The difference in mean body temperature
between male and female M. macrorhyncha is
difficult to explain, since no such difference has
been observed in a conspecific population at Barra
de Maricá (Rocha & Vrcibradic, 1996), and in other
populations of congeners in Brazil (Rocha &
Vrcibradic, 1996; Vrcibradic & Rocha, 1998); this
may be an artifact of the small sample size, since
the value of p (0.048) is very close to the minimum
value (0.05) required for considering such a
difference as significant, and thus a type II error
may have been incurred.

Most of the differences in body temperature
among species studied may be due to differences
in foraging rates, since wide active foragers tend
to be active at higher body temperatures than other
lizards.

We conclude that, in the present study, times
of activity reflected reasonably well active body
temperatures of the lizards (see Bowker, 1984),
which in turn are known to be strongly linked to
philogeny (e.g. Cooper, 1994). We cannot tell,
however, if the differential use of the time niche
among the lizard species may reduce interspecific
competition in the area. Restingas usually have
more depauperate lizard faunas than other habitats
in Brazil (see Vitt, 1991, 1995; Vitt & Zani, 1998),
which appears to be due to its recency of colo-
nization (Rocha, 2000). Thus, it is possible that
such habitats are not yet “saturated” with species
and therefore interspecific competition may not be
very intense.
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