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ABSTRACT. Population dynamics of the lizard Tropidurus torquatus was studied between May 2008 and June 2009 in a rocky for-
mation in Alegrete municipality, Rio Grande do Sul state, southern Brazil. The study was carried out using the capture, marking
and recapture method, the area being randomly searched from 08:00 am to 6:00 pm. Tropidurus torquatus presented variation in
population structure throughout the study period, with maximum biomass observed in October 2008 and maximum density oc-
curring in November 2008 (reproductive season), both having a second peak in March 2009 (recruitment period). There was a
significant difference between the number of juveniles and adults recorded, since adults were present throughout the study period
while juveniles were present in the months after recruitment. The difference found between males and females may be related to a
social territorial behavior of the males. The population of Tropidurus torquatus presented a cyclic and seasonal variation in popula-
tion structure, possibly associated with the reproductive cycle of the species, with differences in the distribution of age classes and

sexual proportions throughout the year.

KEey-Worbs. Tropidurus, population structure, sex ratio, age classes, social behavior.

INTRODUCTION

The lizard genus Tropidurus comprises 21 species
distributed in four groups (spinulosus, bogerti, semi-
taeniatus, and torquatus) (Meira et al., 2007). The
torquatus group has species that are, generally, helio-
phylous, diurnal, and predominantly insectivores, and
these species have great ecological plasticity since they
occur in wide open areas with rocky outcrops, sand
dunes and savannas (Vitt and Goldberg, 1983; Ro-
drigues, 1987; Vitt, 1993; Zerbini, 1998; Frost et al.,
2001; Faria and Arauajo, 2004). Tropidurus torquatus
Wied, 1820 is popularly known as the collared lizard
and belongs to the torquatus group (Frost, 1992; Frost
et al. 2001). This species is distributed from south to
northeast Brazil, reaching the south of Bahia State. It
occurs in continental open areas, on the coast or on is-
lands and its populations are generally abundant where
itis found. In Rio Grande do Sul State, it lives on rocky
outcrops in campos formations of the Pampa Biome,
presenting diurnal habit and territorial behavior (Ro-
drigues, 1987; Rocha, 2000; Carreira ef al., 2005).

Studies with this species generally focus on eco-
logical aspects including sexual dimorphism (Pinto
et al., 2005), reproduction (Gomides et al., 2006; Wie-
derhecker et al., 2002), demography (Wiederhecker
et al., 2003), activity patterns (Hatano et al., 2001),
thermal ecology (Kiefer ef al., 2005; Kiefer et al.,
2007; Nunes et al., 2007; Ribeiro et al., 2007), and

feeding behavior (Fialho et al., 2000; Carvalho et al.,
2007). However, all these studies have been carried
out in the Central-East and Southeast regions of Brazil.

The comparison of the biology of species with
wide ranges spanning different environmental con-
ditions is important to determine adaptive biological
factors (Meira et al., 2007). Intraspecific variations of
life history strategies have shown the importance of
identifying differences of local environmental factors
and the influence of these on available ecological re-
sources, allowing one to formulate hypothesis about
the evolution of life history strategies of different
groups (Niewiarowski, 1994).

In addition, as the information on lizard ecology
increases, it is possible to identify which parameters
allow a population of a given species to occupy and
perpetuate itself over time in a specific habitat (Ball-
inger, 1983; Huey and Pianka, 1983). Population and
life history characteristics of lizards can vary among
tropical and temperate species (Rocha, 1998). The
parameters of life strategies (population size and
density, growth, mortality, reproduction) can be re-
lated to pluviosity in species occurring in tropical,
semi-arid or arid environments, while temperature
can affect species occurring in temperate environ-
ments (James and Shine, 1985; Magnusson, 1987;
Rocha, 1992; Clerke and Alford, 1993; Vitt and Zani,
1996; Verrastro and Krause, 1999; Verrastro, 2001;
Wiederhecker et al, 2002). There is an important
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phylogenetic component that shows that many lizard
genera and families keep a correspondence and con-
servativeness in terms of life histories characteristics
(Crowley, 1985; Herrel et al., 1990; Colli and Paiva,
1997; Andrews, 1998; Mesquita and Colli, 2003,
Kiefer et al., 2005). Even if a phylogenetic tendency
exists, it has been verified, in some cases, that the en-
vironment can influence the local expression of some
parameters (Pianka, 1970; Hertz ef al., 1982; Jaksic
and Schwenk, 1983; Huey et al., 1977; Adolph and
Porter, 1993; Andrews, 1998).

Mesquita et al. (2007), recorded differences in
habitat utilization among different populations of
the same species of Tropidurus, but didn’t find these
same differences between genera. This suggests that
different evolutionary lineages respond differently to
the pressure of environmental factors, and tropidur-
ids would be more affected by ecological factors than
other genera (Cruz et al. 1998).

The broad distribution of 7. torquatus along dif-
ferent areas and environments and its adaptation to
several types of open habitats such as rocky outcrops,
coastal sand dunes or gallery forest borders (Vitt and
Goldberg, 1983; Rodrigues, 1987; Vitt 1993; Zerbini
1998; Frost et al. 2001; Faria and Aratjo 2004) raises
a question about the existence of variation in popu-
lation structure of the species along its range. The
comparison of population studies encompassing sev-
eral types of habitats along the species range would
provide better data to answer this question. There are
three studies regarding the population demography of
the genus Tropidurus (T. itambere — Van-Sluys, 2000;
T’ torquatus — Wiederhecker et al., 2003; Van-Sluys
et al., 2010). Additionally, Arruda (2009) carried out
a study about reproduction and diet of a population
geographically close to the one studied herein, in the
southern extreme of Brazil. The literature allows a
comparison of population parameters in the different
regions of Brazil.

The main goal of the present study was to describe
the population dynamics of the lizard Tropidurus
torquatus (Squamata, Tropiduridae) of a population
found in the southern region of Brazil, characterized
by a temperate climate and a distinctive seasonality
of temperature.

MATERIAL AND METHODS
The study was carried out in Alegrete municipal-

ity, located in the central depression region of Rio
Grande do Sul State, southern Brazil. The climate is

classified as humid sub-temperate, with mean annual
rainfall of 1574 mm, mean annual temperature of
18.6°C (Maluf, 2000). Rainfall is distributed evenly
throughout the year and seasons are easily defined
by temperature (summer: mean minimum tempera-
ture of 21.2°C, mean maximum temperature of 33°C;
winter: mean minimum temperature of 14°C, mean
maximum temperature of 23.3°C); maximum altitude
reaches 116 m.

The study site is located at 55°24°59”W,
29°58°42”S and presents two main vegetation types:
grasslands with trees (native grasslands) and the allu-
vial deciduous seasonal forest (riparian forest) (Bold-
rini, 1997). The study area was specifically character-
ized by the presence of rocky outcrops located in a
grassland environment. It has a total area of 1.9ha,
108 m in altitude and vegetation composed mainly
by bushes and grasses. While the study was being
carried out, this area was used for silviculture (Euc-
aliptus sp), and trees were seeded closely to the rocky
outcrops, in a distance between 5-20 m.

The field work was carried out monthly between
May 2008 and June 2009, with one day of field work
each month. Individuals were captured by hand us-
ing the capture, marking and recapture method. The
area was searched randomly between 08:00 am and
06:00 pm. Each captured lizard was marked with a
field number. For each capture we recorded age class,
sex, snout-vent-length (SVL, using a Mitutoyo® cal-
iper with a precision of 0.02 mm) and mass (using
Pesola® scales of 30 g and 600 g, with precisions of
0.2 gand 0.5 g, respectively).

Age classes were divided into adults and juveniles.
Adults were identified according to the minimum re-
productive size for the species (males: SVL > 70 mm;
females: SVL > 65 mm) (Pinto ef al., 2005). Sex was
determined only for adult individuals according to
typical characteristics of each gender as indicated by
Pinto et al. (2005): males have larger heads and slen-
der bodies than females of similar body size. But the
most distinctive characteristic between males and fe-
males of this population is the coloration. Males pres-
ent colored ventral scales (yellow and black), where-
as females show a spotless ventral skin. Marking was
carried out with the amputation of the last phalanx
corresponding to a number, following a numerical
sequence (Verrastro and Krause, 1994). When speci-
mens had natural markings, these were used in indi-
vidual identification to avoid unnecessary cutting of
fingers.

Mean, maximum, and minimum values of
SVL and mass were determined using all captured



Vieira, R. C. et al.

individuals in the study area. To estimate population
size for each month, the Stochastic Methods of Jolly-
Seber (Jolly, 1965; Seber, 1965; Rocha, 1998) were
used. The density (in number of individuals/ha) was
estimated for each month dividing the population size
by the number of hectares in the study area. The bio-
mass (in grams/ha) was estimated by multiplying the
density of lizards obtained each month by the mean
weight (grams) of the lizards captured in the respec-
tive month. To test sex ratio and age proportion, a
%> (Chi-square) test was carried out (Rocha, 1998).
Recapture rate was calculated dividing the recapture
number of males, females, and juveniles by the total
recaptures obtained during the study.

REsuLTS

A total of 97 individuals were captured, with 27
recaptures of 7. torquatus during the study (48 males,
28 females, and 48 juveniles). Mean SVL of adult
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females was 88.0 £ 9.0 mm and the largest speci-
men measured 101.6 mm. Mean SVL of adult males
was 110.9 £ 11.9 mm and the largest specimen mea-
sured 130.5 mm SVL. Juveniles had a mean SVL of
46.8 = 10.4 mm, and the smallest captured individual
measured 30.6 mm SVL. Mean body mass for adult
females was 343 +80g, 62.9+18.2g for adult
males, and 7.7 +4.7 g for juveniles. The smallest
body mass recorded among juveniles was 0.25 g, for
one individual captured in February 2009.

Density and biomass (Figure 1) of the population of
T. torquatus varied markedly and similarly throughout
the study. Biomass presented its greatest values in Oc-
tober 2008 and March 2009, diminishing markedly af-
ter these months. Values of maximum density were re-
corded in November 2008 and March 2009, a period in
which density overcame population biomass. In January
2009, even with a low number of captures that included
only adults, the lowest number of population residents
and the highest body mass values were recorded. From
March a significant income of juveniles was recorded,
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FiGure 1. Annual variation in density (individuals/ha) and biomass (g/ha) in the population of Tropidurus torquatus, in the study area in
Alegrete municipality, RS, Brazil, between May/2008 and June/2009.
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FiGure 2. Distribution of SVL (snout-vent-length; mm) of Tropidurus torquatus in the study area in Alegrete municipality, RS, Brazil,
between May/2008 and June/2009 (y? = 224.01; gl = 13; p < 0.0001).
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born in the current reproductive season, modifying the
population structure (Figures 1, 2 and 3). Mean density
and biomass of the population throughout the study pe-
riod were 26.3 ind/ha and 862.8 g/ha respectively.

Distribution of age classes varied significantly
throughout the studied months (y? =224.01; gl = 13;
p <0.0001) (Figure 2). Smallest values of SVL were
recorded on February and March, and this period was
characterized by species recruitment. A considerable
increase in the number of juveniles in the population
occurred until June. However, juvenile number was
not higher than that of adults at any moment in the
study (Figure 3).

Sex ratio differences were statistically significant
(x*>=529.78; gl = 13; p <0.0001). Males were pres-
ent throughout the study, with a predominance of fe-
males only in February, April, and May (Figure 4).
In addition, males presented higher recapture rates
(Txrec = 0.74) in relation to females (Txrec = 0.19),
and juveniles (Txrec = 0.07).
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DiscussioN

Several studies have focused on spatial and tem-
poral variation in the life histories of lizards (Ball-
inger, 1983; Pilorge, 1987; Kiefer ef al., 2005; Car-
valho et al., 2007; Rocha et al, 2009). Population
studies are widely used in the detection of ecological
patterns, emphasizing the relationship between life
history of the species and the habitat where they live
(Ballinger, 1983).

The population of Tropidurus torquatus studied
at Alegrete presented a marked cyclic variation in
population structure, possibly associated to the re-
productive cycle of the species (Wiederhecker et al.,
2003). an increase in number of individuals in the
population was observed during the reproductive
season (from September to December) and after the
recruitment which becomes expressive in February
and March, followed by a strong decrease after these
months. Population studies for this species developed
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FiGure 3. Monthly variation of adults and juveniles in the population of Tropidurus torquatus, in the study area in Alegrete municipality,

RS, Brazil, between May/2008 and June/2009.
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FiGURE 4. Monthly variation of females and males in the population of Tropidurus torquatus, in the study area in Alegrete municipality, RS,

Brazil, between May/2008 and June/2009.
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in Brasilia, central Brazil (Wiederhecker et al., 2002;
Silva and Araujo, 2008) also described the occur-
rence of a similar cyclic pattern: between February
and May of each year there was an effective increase
of the population, a direct consequence of births (re-
cruitment) that occur only at this time of the year.
After May, the births diminished and the population
presented a gradual decrease until August, when the
reproductive season begins, enlarging the population
density. During spring months (September, October
and November) increasingly high values of popula-
tion size were recorded.

The population structure observed in this study
was also reported at Distrito Federal. In the begin-
ning of the year individuals with smaller body sizes
are predominant, which is explained by the presence
of hatchlings, whereas larger individuals (adults)
are found at the end of the year. The low values of
density and biomass found in January 2009 indicate
a population composed by resident adults before
the emergence of the first hatchlings. Arruda (2009)
verified that the reproductive period of this species
goes from September to December and in February
the first hatchlings are recorded. These changes can
also reflect a decrease in the permanence rate dur-
ing the reproductive season, apparently as a result
of agonistic encounters between males in this pe-
riod (Wiederhecker et al., 2002; Silva and Araujo,
2008). According to Verrastro (1991), in theory,
the loss of individuals from the population may oc-
cur due to two main reasons: 1) before reproduc-
tion — from October to the beginning of summer
— high juvenile mortality or escape of the adults
from the residency area may occur; 2) at the end
of the summer — the decrease of adults would be
related to mortality right after the reproductive pe-
riod. According to Wiederhecker ef al. (2003) most
individuals of 7. forquatus disappear after the first
reproductive season. In addition, Van-Sluys (2000)
states that the decrease in density and biomass may
also reflect the inactivity of the species. In the case
of the population of this study, even though a de-
cline is recorded in the presence of animals during
the winter, they remain active throughout the year,
thermoregulating when it is sunny. The decrease in
the population is probably more related to mortality
and/or dispersion.

Van-Sluys (2000) also indicated the occurrence of
a seasonal reproduction in the study of the population
dynamics of another species of tropidurid, Tropidurus
itambere, found in rocky formations in Valinhos (SP).
Apparently, the eggs are laid during the rainy season

and the recruitment occurs between January and
April, when there is a population increase. Tropidurus
itambere and T. torquatus are sympatric in the region
of Brasilia and have relatively similar reproductive
cycles, but they use different environments (Nogueira
et al., 2005, Nogueira et al., 2009). This reinforces
the idea that population characteristics are strongly
associated with the environmental features of the re-
gion. The cycle of increase and decrease of the popu-
lation appears to be associated with reproduction, as
it is in other species studied and, in southern Brazil,
the reproduction of 7. torquatus is correlated with the
seasonal changes of temperature and photoperiod, as
observed by Arruda (2009), and for other lizards at
these latitudes (Verrastro, 2001; Rezende-Pinto ef al.,
2009).

The mean biomass found for T torquatus
(679.68 g/ha) could be considered high when com-
pared with other lizard species (7. itambere, 570 g/ha
— Tropiduridae: Van-Sluys, 2000). The relative high
values of biomass of this population may be related
to the rare presence of other lizard species. While
there are many species of lizards in the stony Pampa
fields, this type of basaltic rock outcrop was occupied
only by T torquatus, which is abundant. This allows
a greater support gr / lizard per unit of habitat, since
there is almost no interspecific competition for re-
sources (Pianka, 1982).

Age classes varied seasonally, supporting the
data obtained by Wiederhecker et al. (2003) for this
species in central Brazil. The high number of juve-
niles in at least one period of the year is typical of
a species that presents low life span, early sexual
maturity (on the first year after birth), and short life
cycle (Bellinger, 1983; Tinkle, 1970; Pianka, 1970).
This has been verified for the majority of tropidurids
(Van-Sluys, 2000; Silva and Aratjo, 2008). In this
study, we observed the presence of young individu-
als throughout the year except for January 2009. Ar-
ruda (2009), studying the reproduction of a popula-
tion of T torquatus in the extreme south of Brazil,
observed that juveniles grew slower during the cold
season and, because of this, many did not reach sex-
ual maturity the season after they were born, unlike
the more tropical populations. The monthly distribu-
tion of the snout-vent length of the sampled individu-
als indicates the presence of adults throughout the
year, but an increase of small bodied individuals at
the beginning of each year corresponds to the recruit-
ment time of the species, which was also observed
by Arruda (2009). The difference found between age
classes as a result of the adult presence — dominants
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in all months and even more during the reproduc-
tive season (from September to December, Arruda
(2009)) and the increase of juveniles during and after
recruitment (from February to May, Arruda (2009)),
also supports that the variation in population struc-
ture of this species may be related to the reproductive
cycle.

The sex ratio found for T forquatus was differ-
ent from 1:1, males being more abundant throughout
the study. This proportion is not common for lizards,
since they normally present an equivalent sex ratio
(Rocha, 1998). However, this result may be related
to the behavior of 7. forquatus and to sampling bias:
being a territorial species (Carreira et al., 2005), it is
expected that the males take more risks to defend and
protect their territories. This statement is supported by
the analysis of recapture rates obtained in the present
study, where males presented a higher recapture rate
than females and juveniles, confirming their higher
exposure. Thus, it is possible that the sex rate would
also be 1:1 in this population of 7. torquatus, if the
adopted sampling method did not reflect the social
behavior of this species and the higher detectability
of males.

Body size, growth rates and age at first reproduc-
tion are important life history characteristics. Growth
can be influenced by environmental and genetic fac-
tors, in addition to several intrinsic and extrinsic fac-
tors known to affect growth patterns in different liz-
ard species (Ballinger, 1983; Van-Sluys, 1998). In the
present study males reached larger mean sizes than
females, reflecting the sexual dimorphism observed
for the species (Pinto ef al., 2005). Dimorphism in
body size is observed for the majority of Brazilian
lizard families (Verrastro and Krause, 1994; Silva and
Aratjo, 2008).

CONCLUSIONS

The studied population of Tropidurus torquatus
presented differences in the distribution of age class-
es and sex ratio throughout the year. However, this
cyclic and seasonal variation recorded in the popula-
tion structure may be associated to the reproductive
cycle of the species, in this case related to tempera-
ture seasonality. The parameter found is corroborated
by other studies carried out with species of the same
genus in tropical regions. In these species, the record-
ed variations in population structure were also corre-
lated to seasonality in reproduction, but in these cases
linked to the seasonality of precipitation.

REsumo

A dinamica populacional do lagarto Tropidurus
torquatus foi estudada de maio de 2008 a junho de
2009 em um afloramento rochoso no municipio de
Alegrete, RS. O estudo foi realizado através do mé-
todo de captura, marcacdo e recaptura, com a area
sendo percorrida aleatoriamente das 08hOOmin as
18h00min. Tropidurus torquatus apresentou variacao
na estrutura populacional ao longo do estudo, com a
maxima biomassa ocorrendo em outubro de 2008 e
maxima densidade ocorrendo em novembro de 2008
(estacdo reprodutiva), ambas tendo um segundo pico
em marco de 2009 (periodo de recrutamento). Ocor-
reu diferenca significativa entre o numero de adultos
e jovens registrados, sendo os adultos presentes du-
rante todos os meses, enquanto os jovens estiveram
mais presentes nos meses apos o recrutamento. A di-
ferenca encontrada entre machos e fémeas parece es-
tar relacionada ao comportamento social territorialis-
ta dos machos. A populacgdo de Tropidurus torquatus
apresentou neste estudo uma estrutura populacional
com uma variagao ciclica e sazonal, associada pos-
sivelmente ao ciclo reprodutivo da espécie, tendo
diferencas na distribui¢do das classes de idade e das
proporgdes sexuais ao longo do ano.
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