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Feeding and reproduction ecology of the lizard Tropidurus torquatus
(Squamata: Tropiduridae) in a rock outcrop area in southeastern Brazil
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ABSTRACT

This work evaluates the diet and the reproductive cycle of Tropidurus torquatus in relation to seasonality in a
rock outcrop formations in a remaining area of Atlantic Rainforest. The data indicate that the lizards feed mainly
on arthropods and plant material. The female reproductive activity varies between seasons, while males contain
spermatozoids throughout the year. The minimum body size at maturity of the individuals was larger when compared
to other population of the same species studied by other authors. The data obtained in the present study confirm
previous observations about the different patterns in diet composition and reproductive cycles of each population of
this species in different latitude and occurrence areas, and provide the first study about this theme for 7. torquatus in
rock outcrops in Atlantic Forest of Minas Gerais state.

Key words: diet, follicular cycle, reproductive ecology, seasonal changes, testicular cycle.

RESUMEN

En este estudio se evalda la dieta y el ciclo reproductivo de Tropidurus torquatus en relaciéon con la estacionalidad en en
un afloramiento rocoso de la Mata Atlantica. Los datos recogidos indican que los lagartos se alimentan principalmente
de artrépodos y materia vegetal. La actividad reproductiva de las hembras varia entre temporadas, mientras que los
machos contenia esperma durante todo el afio. El tamafo minimo de ejemplares reproductivamente activos fue mayor
en comparacion a la encontrada por otros autores para esta especie en otras localidades. Los datos obtenidos en este
estudio confirman observaciones previas sobre los diferentes patrones en composicion de dieta y ciclos reproductivos
de cada poblacion de esta especie en diferentes latitudes y areas de ocurrencia, y proporcionan el primer estudio sobre
este tema para 7. torquatus en un afloramiento rocoso de la Mata Atlantica del estado de Minas Gerais.

Palabras clave: cambios estacionales, ciclo folicular, ciclo de los testiculos, dieta, ecologia reproductiva.

INTRODUCTION mesic lowland forest, and rock outcrop

formations (Rodrigues 1987, Vitt 1993, Vitt

The Tropidurus of the torquatus group from
South America (sensu Frost et al. 2001)
comprises mainly heliophilous species, living
in open areas such as semi-arid caatingas
(shrublands), cerrados (savannas), chacos
(lowlands), restingas (coastal sand dune
habitats), savanna enclaves, clearings within

et al. 1996, Kolodiuk et al. 2009). Tropidurus
torquatus (Wied 1820) is a common species
which has a wide distribution in Brazil
(Rodrigues 1987, Frost et al. 2001). This
diurnal species is predominantly insectivorous,
and their diet composition can vary both
ontogenetically (Fialho et al. 2000) and
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seasonally (Fialho 1990, Araujo 1991). Their
diet is subject to seasonal variations due to food
availability and juveniles tend to eat less plant
material than adults (Fialho et al. 2000). In
restinga areas, their diet is basically composed
of arthropods, although larger specimens may
eat considerable amounts of plant material
(Araujo 1987, Bergallo & Rocha 1994, Teixeira
& Giovanelli 1999).

The availability and composition of
diet can interfere in reproductive cycles of
neotropical lizards (Colli et al. 1997). Some
tropidurid species in semiarid caatingas (Vitt
& Goldberg 1983) and rock outcrop formations
in southeastern Brazil (Van Sluys 1993)
were documented as clearly seasonal in their
reproduction. The reproductive activities (e.g.
sperm production, follicles increase, egg laying)
of many tropical species can decline or cease
during the dry months (Fitch 1970, 1982),
either for lack of environmental conditions
for development of embryos or scarcity of
food for adults and juveniles in this season
(Colli et al. 1997). In cerrado areas in central
Brazil, T. torquatus reproductive activity is
seasonal, apparently constrained during the
dry season by the scarcity of microhabitats
suitable for egg development (Vieira et al.
2001, Wiederhecker et al. 2002). In restinga
areas, T. torquatus reproduces almost year-
round, but the proportion of reproductive
individuals varies through the year (Van Sluys
et al. 2010). Apparently females have a more
pronounced reproductive cycle than males,
which seem to reproduce continuously (Van
Sluys et al. 2010). Male lizards apparently have
continuous spermatozoa production, but the
peak reproductive activity in males and females
is very synchronized (Wiederhecker et al.
2003).

Variations in reproductive patterns of T.
torquatus appear to be linked to different
latitudes and vegetation types in which the
species occurs (Ribeiro et al. 2008b, Kiefer et
al. 2008). The clutch size (average of two eggs)
of coastal populations of 7. torquatus (Kiefer et
al. 2008) is smaller than that from the inland
population (six eggs) in cerrado (Wiederhecker
et al. 2002). Despite being the most widely
distributed species in the genus, detailed
data on reproduction of different T. torquatus
populations are still scarce. The exceptions

are Wiederhecker et al. (2002) for cerrado and
Kiefer et al. (2008) and Van Sluys et al. (2010)
for restinga areas. Virtually nothing is known
about inland populations found in the Atlantic
Rainforest biome.

For lizards in tropical areas, whose
reproductive cycles can be both continuous
and seasonal, it is difficult to identify the
environmental factors that may be related or
limit reproductive cycles. The most probable
factors affecting reproduction in tropidurid
lizards are: rain, temperature, photoperiod,
adequate microhabitat availability and food
availability for fat storage (Van Sluys 1993,
Wiederhecker et al. 2002, 2003). Variation in
reproductive strategies among lineages has
been attributed to phylogenetic or adaptative
responses to environmental factors or
combination of both (Wiederhecker et al. 2002,
2003). The influence by environmental factors
is evident when different reproductive tactics
occur among populations of the same species
inhabiting different regions (Wiederhecker et
al. 2002, 2003). Fat storage patterns, resource
acquisition, fat body mass variation and their
relationships with reproduction are difficult to
elucidate, and a pattern for tropical species is
not evident (Vitt & Goldberg 1983).

Some reproductive parameters
of T. Torquatus, such as minimum size at
reproductive maturation (from 51.1 to 74.8 cm
for females), number of eggs (from two to six)
per nest and breeding season vary between the
different Brazilian biomes, as observed among
cerrado (Wiederhecker et al. 2002, 2003, Pinto
et al. 2005), restinga (Teixeira & Giovanelli
1999, Kiefer et al. 2008, Van Sluys et al. 2010)
and pampas (southern grasslands) (Arruda
2009). Therefore, this study aims to assess (i)
the diet composition of 7. torquatus according
to sex, evaluating the diversity, amount and
size of the consumed prey items, and (i) the
reproductive conditions of the specimens
in relation to seasonality, in an area of rock
outcrop formations in an Atlantic Rainforest
fragment located in the southeastern Brazil.
Additionally, we investigated whether the
reproductive patterns of the studied population
of T. torquatus differed from those reported
for the species in other biomes, to increase
understanding of the parameters regulating this
species’ reproductive cycle.
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METHODS

Study area

The specimens were collected in a quartzite outcrop
area (approximately 60 x 90 m) on the left bank of the
Rio do Peixe in the Toledos district, defined as a rural
area of Juiz de Fora municipality, located in the “Zona
da Mata mineira”, state of Minas Gerais in southeastern
Brazil (21°48'27.5”S; 43°35’31.7"W, altitude: 697 m).
The study area is located in the domain of the Atlantic
Rainforest, and is characterized by bush vegetation
and small sparse trees that grow inside the blocks of
quartzite rocks. The floristic composition of the place
consisted mainly of plants of the families: Apocynaceae
(Mandevilla tenuifolia), Asteraceae (Evemanthus
erithropappus), Bromeliaceae (Dyckia sp.), Leguminosae
(Centrosema coriaceum), Melastomataceae, Myrtaceae,
and Velloziaceae (Vellozia sp.) (Salimena, com. pers.
2005). According to the classification of Koéppen, the
region has Cwa climate, that is, a humid subtropical
(generically defined as “tropical de altitude”), with two
well-defined seasons, one hot and rainy (October to
April) and another mild and dry (May to September).
The average annual precipitation is 1.536 mm and the
average annual temperature is 19.4 °C. The hottest
month is February, with an average of 23.6 °C and the
coolest months are July and August, with an average of
15.8 °C (DEGEO - ICH/UFJF 2008).

Fieldwork procedures

The lizards were collected randomly with glue traps
(Victor Mouse™ glue traps) and by noosing, in the
daytime, from March 2005 to July 2007, in dry season
(n = 55) and rainy season (n = 55). We performed
bi-weekly excursions to the study area during the
indicated periods, from 08:00 — 17:00 h. The specimens
were weighed (Pesola™ [Baar, Switzerland] balance,
precision = 0.25g), snout-vent-length (SVL) and jaw
length (JL) were measured (digital caliper [Mitutoyo™,
Tokyo, Japan], precision = 0.01 mm), and then Kkilled
with sodium pentobarbital overdosis. The reproductive
organs were removed, fixed in 10 % formalin and
conserved in 70 % alcohol. Monthly air temperature,
relative humidity and precipitation averages were
obtained from the Laboratory of Climatology and
Environmental Analysis of the Federal University of Juiz
de Fora and corresponded to the study period.

Identification of diet composition and assessment of the
reproductive parameters

Dissections for stomach content analysis were
performed in the same University’s Herpetology
Laboratory. With the aid of a stereoscopic microscope,
the contents of each stomach were examined separately
in Petri dishes containing physiological solution. The
stomach contents were identified and the samples
that presented prey items in advanced digestion stage
not allowing identification were discarded. The rest
of the unknown vegetable material was recorded as
“unidentified plant material”.

The food items were quantified using the frequency
of occurrence and numerical frequency. The entire preys
were counted and measured (total length and width
in mm) with a digital caliper to estimate the stomach
content volume in mm3, through the ellipsoid formula:

v= (n w21)/6,

where v = prey volume, w = prey width and 1 = prey
length). The entire preys were measured and used
to estimate the prey’s size that was found in pieces
or missing body parts. Any preys found that could be
identified reliably was included in analyzes. The volume
of plant material identifiable and those unidentifiable
were also included in the analysis. In order to identify
the invertebrates we used the keys in Borror & DelLong
(1988) and Buzzi (2002). Prey items were identified to
the lowest taxonomic category possible (usually order
or family).

To describe the female reproductive activity, we
registered the presence and diameter of vitellogenic
follicles and the number of eggs in the oviduct
and corpora lutea. Females with developed yellow
vitellogenic follicles or with eggs in the oviduct were
considered mature adults. Females without eggs in
the oviduct or with milky-white ovarian follicles were
considered juveniles (Sodeinde & Kuku 1989) or
inactive. The fat bodies were removed and weighed for
seasonal variance analyses.

The reproductive activity of males was determined
by the presence of spermatozoids in the testes and/or
epididymides, according to Van Sluys (1993). The length
and width of the left testis of each male specimen was
measured immediately after death and dissection. Later
all the gonads were fixed in Bouin’s solution, sectioned
at 7 pm and stained in toluidine blue according to
Luna (1960). Based on the analysis of the gonads, the
animals were grouped into juvenile and adult categories.
The smallest sizes of individuals (male and female) in
reproductive condition in this population were compared
in relation to other populations from different biomes.
Voucher specimens were deposited in the Herpetological
Collection of the Zoology Department of Federal
University of Juiz de Fora.

Data analysis

Accumulation curves of prey species were plotted from
the average of 1000 randomizations with EstimateS
version 8.2.0 through the bootstrap method (Colwell
2006) for each sex and for each season, to estimate
the richness of prey and to evaluate whether sampling
of the work covered most of the prey. To analyze the
similarities of preys consumed between juvenile and
adult individuals, as well as between sexes throughout
the seasons, the Shannon diversity index and the
Evenness index were used, calculated with the Past
program (version 1.85; Hammer et al. 2001). The
Mann-Whitney U test was used to compare the average
vitellogenic follicle size and the fat body weight between
the dry and rainy seasons, as well as to compare sex
difference in SVL and JL. Spearman’s correlation was
used to test the relationship between follicle »s. animal
size and clutch size vs. animal size. We also correlated
reproductive aspects (vitellogenic follicles size, clutch
size, testis volume, fat body mass) and abiotic aspects
(temperature, humidity, precipitation). The significance
level was a = 0.05. The descriptive statistics are
expressed in the text as mean + SD.

RESULTS

A total of 55 individuals were collected in
the dry season (14 males, 25 females and 16
juveniles, for statistical purposes juveniles were
grouped into one category regardless of sex)
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and 55 in the rainy season (15 males, 31 females
and nine juveniles), totalizing to 110 individuals.

The adult males (defined by the smallest
individual who was in reproductive condition,
assessed by dissection of specimens) were
larger and heavier than adult females and
juveniles in the dry season and in the rainy
season (Table 1). Males were significantly
different from females in SVL both in the dry
(U = 3.6011; P = 0.0003) and the rainy season
(U =3.9952; P = 0.0001). The JL of adults (15.16
+ 2.75 mm; range = 11.3 — 24.4 mm; n = 85) and
juveniles (10.66 + 1:49 mm; range = 8.0 - 13.8
mm; n = 25) were significantly different (U =
6,818, P < 0.0001).

Composition of stomach contents

The accumulation curve of prey species (Fig.
1) shows that an asymptote was not reached for

either sex and in either season. Only females
and juveniles in the dry season tended to the
asymptote of the curve. The other curves
showed that greater prey richness can be
achieved.

The T. torquatus specimens in overall fed
on a variety of prey types. All lizards examined
had food in their stomachs. They fed mainly
on arthropods but differed in the relative
proportion of the different food categories
consumed. Ants were the most frequently
consumed food items. In terms of volume,
flowers were the more important food item for
adults. Animals and plant items of 28 different
categories were ingested (Table 2). The plant
material encountered consisted mainly of
Centrosema coriaceum Bentham, 1837 flowers, a
Leguminosae that is abundant in the region and
that flowers during the rainy season. A piece of
bryophyte was also found in one individual.

TABLE 1
Comparison of snout-vent length (SVL), body mass, diet diversity, evenness and volume of
Tropidurus torquatus in an area of rocky outcrops in southeastern Brazil (mean + SD).

Comparacion de los valores de longitud hocico-cloaca (LHC), peso, diversidad, uniformidad y volumen de dieta de
Tropidurus torquatus en un area de afloramientos rocosos en el sureste de Brasil (media + DE).

Dry season Rainy Season
Males Females Juveniles Males Females Juveniles
(n=14) (n =25) (n=16) (n=15) (n=31) (n=09)
SVL (mm) 98.5 £ 10.9; 84.3 £8.8; 53.5 £ 6.0; 98.7 £17.1; 783+7.2; 65.8 £4.3;
range = 86.6-127.2 range=70.5-101.3 range=42.1-67.0 range=77.9-122.6 range=69.5-93.5 range=>59.2-71.8
Body mass 35.09 + 15.4; 21.5+6.5 8.5+5.1; 36.8 +18.1; 17.1+4.7, 9.9 +2.3;
Q) range = 21.9-78.5 range = 12.0-33.4 range =2.3-15.4 range =17.0-71.4  range = 10.7-28.5 range = 6.8-12.7
Shannon
diversity 1.466 1.695 1.166 1.568 1.149 1.685
Index
Evenness 0.2548 0.3403 0.2467 0.3197 0.1752 0.599
index
vgllﬁle 1535.00 + 1980.78; 458.27 + 560.63; 149.93 + 187.04; 817.03 + 829.80; 703.46 + 960.00; 181.36 + 177.26;
(mm?) range = 116.18 - 7068.14 range = 0.0-2070.83 range = 13.6-744.93 range =43.95- 2300.56 range = 1.57 - 4653.44 range = 3.14 - 404.01
Fat body

0.543 + 0.907 0.614 + 0.414

mass (g)

0.106 = 0.025

1.140 + 0.844 0.674 + 0.306 0.311+0.145
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Fig. 1: Accumulation curve of food items recorded in stomach contents of Tropidurus torquatus in the dry sea-
son and the rainy season in an area of rocky outcrops in southeastern Brazil. Female in wet season (FW); Male
in wet season (MW); Juvenile in wet season (JW); Female in dry season (FD); Male in dry season (MD); Juveni-
le in dry season (JD).

Curva de acumulacion de los alimentos registrados en los contenidos estomacales de Tropidurus torquatus en la estacion seca y
la estacion de lluvias en un area de afloramientos rocosos en el sureste de Brasil. Hembra en la estacion humeda (FW), Macho
en la estacion humeda (MW), Juvenil en la estacion himeda (JW); Hembra en la estacién seca (FD); Macho en la estaciéon seca
(DM); Juvenil en la estacion seca (JD).

TABLE 2
Comparison of numerical frequencies (F. N.) and the frequency of occurrence (F. O.) of food
items recorded in the stomach contents of Tropidurus torquatus in an area of rocky outcrops in
southeastern Brazil. (Female = F, Male = M; Juvenile = J).
Comparacién de las frecuencias numéricas (FN.) y la frecuencia de ocurrencia (F. O.) de los alimentos registrados

en los contenidos estomacales de Tropidurus torquatus en un area de afloramientos rocosos en el sureste de Brasil.
(Hembra = F, Macho = M, Juvenil = J).

Dry Season Wet Season
F. N. (%) F. O. (%) F. N. (%) F O. (%)
Taxon F M J F M J F M J F M J
Apidae 16.26  50.6 1 40 50 18.75 2.37 6.75 5.76  19.35 53.33 33.33
Formicidae 53.17 31.7 41.65 64 57.14 100 7546 61.48 36.53 87.09 73.33 66.66
Vespidae 1.98 - - 12 - - 0.79  2.02 - 9.67 13.33 -
nglrlr?(l;noptera 6.74 243  1.57 28 28.57 31.25 4.22  6.08 13.46 29.03 20 22.22
Coleoptera larvae - 0.6 - - 7.14 - 0.52 - 1.92  6.45 - 11.11
Elateridae - - - - - - - 0.67 - - 6.66 -
Carabidae 1.19 1.21 1 8 14.28 25 0.26 2.7 - 3.22 20 -

Curculionidae - 0.6 - - 7.14 - 026 135 192 322 1333 11.11
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TABLE 2. Continuation.

Dry Season Wet Season
E N. (%) E O. (%) FE N. (%) F O. (%)
Coccinellidae 0.39 - - 4 - - B
Scarabaeidae - - 0.2 6.25 - - - - - -
Other Coleoptera 3.96 1.82 0.6 28 21.42 18.75 1.84 4.05 26.92 22,58 33.33 33.33
Odonata 079 0.6 8 7.14 - - -
Diptera 0.79 0.6 0.4 8 7.14 12.5 0.79 - - 3.22 - -
Orthoptera 1.58 - 3.5 16 56.25 211 135 192 2258 1333 11.11
Blattaria 2.77 - - 24 - 0.79 - - 9.67 - -
Araneae 0.79 0.6 0.6 4 7.14  18.75 4.74  0.67 9.61 29.03 6.66 33.33
Araneae egg sac - - - 0.26 - - 3.22 - -
Homoptera - - 0.4 12.5 - 1.35 - - 6.66 -
Lepidoptera - 0.6 - - 7.14 - - -
g:giﬁﬁ;‘;rsa 277 243 1 20 2857 1875 211  6.08 1612 20 -
Gastropoda - 0.6 - - 7.14 - 0.26 - - 3.22 - -
Heteroptera 0.39 - 0.2 4 6.25 - - - - - -
Isoptera - - 48 6.25 - - - - - -
Opiliones - 0.6 - - 7.14 - 0.26 - - 3.22 - -
Collembola - 1.21 14.28 - - -
g‘:t‘ifgliﬁed plant 555 g 20 2142 - 026 067 - 322 666 -
Flowers 0.79 1.82 - 8 21.42 - 2.63 4.05 1.92 29.03 33.33 11.11
Bryophyta - - - - 0.67 - - 6.66 -

Numerically, the most significant items
for adults in the dry season were ants and
bees, followed by plant material, beetles
and caterpillars. Juveniles consumed mainly
termites and ants. Although termites had a
more representative numerical frequency,
they had one of the lowest frequencies of
occurrence, that is, few individuals ingested
large amounts of this item. In the rainy
season, once again ants were most abundant
in the adult lizard diet, and secondarily other
Hymenoptera. Beetles, Lepidoptera caterpillars
and plant material, besides arachnids, stood
out in the diet during the most humid period of
the year. Females from dry season diet showed
the highest Shannon diversity indices, and
the highest Evenness indices were obtained
for females during the dry season (Table 1).

Concerning stomach volume, males always had
larger amounts of food (Table 1).

The lizards consumed numerically more
ants. But in terms of volume, flowers along
with other items of animal origin were more
represented in the diet in the dry season (Table
3). Juveniles, however, contained mainly ants
in their stomach volume, but also termites.
In the rainy season, the volume importance
of plant material increased even more for the
adult animals in relation to other items (Fig.
2). In this period, ants were the main volume
component of the juvenile diet and, secondarily
Coleoptera.

Reproduction and fat body cycles

The diameter of the vitellogenic follicles was
significantly correlated with the SVL in the
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TABLE 3
Proportion of volume of food items (in %) recorded in stomach contents of Tropidurus torquatus
during dry and wet seasons in an area of rocky outcrops in southeastern Brazil. Females (F), males
(M), juveniles (J).
Porcentaje del volumen de los productos alimenticios (em %) registrado en el contenido estomacal de Tropidurus

torquatus durante las estaciones secas y humedas en un area de afloramientos rocosos en el sureste de Brasil. Hembras
(F), machos (M), juveniles (J).

Dry Season Wet Season

Taxon F M J F M J
Formicidae 11.16 412 28.31 12.01 8.93 29.22
Other Hymenoptera 30.18 42.06 15.07 2.7 12.43 18.2
Blattaria 6.43 - - 21.3 - -
Coleoptera 7.45 2.25 8.72 3.1 12.11 29.2
Larvae 5.98 1.22 7.76 1.33 8.31 4.32
Odonata 0.04 0.77 - - -
Diptera 1.26 0.96 0.04 0.02 - -
Orthoptera 8.55 15.7 5.86 0.46 5.77
Araneae 0.41 2.8 1.3 6.4 1.84 1.24
Araneae egg sac - - - 6.91 - -
Homoptera - - 1.37 - 0.03 -
Lepidoptera - 0.13 - 0.77 - -
Gastropoda - 0.3 - 0.15 - -
Hemiptera 0.2 - 0.43 - - -
Isoptera - - 21.25 - - -
Opiliones - 0.04 - 0.34 - -
Collembola - 0.01 - - - -
Plant Material 28.29 45.28 - 39.04 55.87 12.02

dry season (rg = 0.775; P < 0.001; n = 25) and
in the rainy season (rg = 0.525; P < 0.001; n =
31). The size of the vitellogenic follicles was
also correlated with the SVL, irrespective of
the seasons (rg = 0.740; P < 0.001; n = 56) and
did not show significant variations between the
seasons (U = 1.260; P = 0.208; n= 56), though
there was a tendency for the size to increase
as the rainy season advances. There was no
correlation between SVL and clutch size (rg =
0.322; P = 0.333; n = 11). The average number
of eggs per individual was of 4.3 + 0.7. The

eggs (n = 45) had an average length of 20.8 *
1.2 mm and an average width of 10.2 + 0.9 mm.
Among the females that contained eggs in their
oviducts (n = 11), one was captured in May (dry
season), while all others were captured in the
rainy season. The smallest female with eggs in
the oviducts measured 69.5 mm of SVL and was
found in the rainy season. The shortest SVL for
the male specimens with spermatozoa in the
testes and epididymides was 77.9 mm. There
was no significant difference in the frequency
of males’ reproductively active and inactive



144 GOMIDES ET AL.

(A) (B)
80 80 -
mFEMALE
70 70 b
BMALE
— 60 = 60 DJUVENILE
& — &
< &
& 50 250t _
g 3
3 40 L a0t
o
w
30 30 -
20 20 t
10 I: 10
0 ‘ . I—\ o L1 0 ‘ ‘ . l—ﬂ ‘ L1
FORM  OTHER VEGETAL LARVAE OTHER FORM  OTHER VEGETAL LARVAE OTHER
HYM  MATTER ITEMS HYM  MATTER ITEMS
(C) ()]
80 - 80 r
70 70 t
S oot T 60|
e &
g £
é 50 - 3 50 T
o
D 40 | Z sl
w
30 - 30 t
20 - 20 |
B m N J_H W
wl . b
FORM OTHER VEGETAL LARVAE OTHER FORM OTHER VEGETAL LARVAE OTHER
HYM  MATTER ITEMS HYM  MATTER ITEMS

Fig. 2: Comparison between the number of food items recorded in the stomach contents of female, male and
juvenile Tropidurus torquatus in the dry season (A and B) and the rainy season (C and D) in an area of rocky
outcrops in southeastern Brazil. FORM = Formicidae; OTHER HYM = Other Hymenoptera.

Comparacion entre el numero de alimentos registrados en los contenidos estomacales de hembras, machos y juveniles de Tro-
pidurus torquatus en la estacion seca (A y B) y la estacion de lluvias (C y D) en un 4rea de afloramientos rocosos en el sureste
de Brasil. FORM = Formicidae; OTHER HYM = Otro himendpteros.
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Fig. 3: Seasonal variation of the size of the vitellogenic follicles of females and the volume of the testes of males
of Tropidurus torquatus in an area of rocky outcrops in southeastern Brazil.

Variacion estacional del tamano de los foliculos vitelogénicos de las hembras y el volumen de los testiculos de los machos de
Tropidurus torquatus en un area de afloramientos rocosos en el sureste de Brasil.
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Fig. 4: Comparison between the seasonal patterns of fat body mass in male and female Tropidurus torquatus in

an area of rocky outcrops in southeastern Brazil.

Comparacion entre los patrones estacionales de la masa del cuerpo grasa en machos y hembras de Tropidurus torquatus en un

area de afloramientos rocosos en el sureste de Brasil.

between the dry and the rainy seasons. In
both seasons, adult males were reproductively
active or beginning this activity, although the
testicular volume tended to increase as females
entered the reproductive period (Fig. 3).

The fat body weight (Table 1) did not
significantly vary between the seasons for
females (U = 0.9698; P = 0.3322; n = 56), while
for males the changes were more accentuated
(U = 1.9203; P = 0.0548; n = 29; Fig. 4). The
juveniles had a very significant variation in
their fat body mass (U = 3.876; P < 0.0001; n
= 25). The reproductive parameters (size of
vitellogenic follicles, clutch size, volume of
testes and fat body mass) were not correlated
with the environmental variables (temperature,
humidity and precipitation) (Table 4). In
other words, the increase in size of these
structures was not related to the variation of
environmental variables.

DISCUSSION
Diet composition

Our data show that the population exhibits
sexual size dimorphism, as expected for the
species, with males being significantly larger
and heavier than females (Rodrigues 1987,
Bergallo & Rocha 1993). The population

of T. torquatus at Toledos feeds mainly on
arthropods and plant material. This result
corroborates the findings reported for T.
torquatus populations in restinga areas, where
the numerical frequency of arthropods in diet
corresponded to more than 80 % of total prey
(Bergallo & Rocha 1994, Teixeira & Giovanelli
1999). In our study the volumetric stomach
content consisted mainly of plant material.
Some authors have previously described
omnivore habits for 7. torquatus (Aradjo 1987,
Van Sluys 1993, 1995), which was also observed
in this work. Based on the volume of material
consumed, our results suggest that adults focus
more on particular plants (almost all plants
consumed were Centrosema coriaceum) than
on a carnivorous diet (which was general in
relation to taxa).

Tropidurus torquatus often feeds on
arthropods, a basal condition in neotropical
lizards (Vitt et al. 2003), and this work showed
that the prey item ants had the highest
numerical frequency in the lizards’ diet.
Most of the ants eaten by the lizards were
worker ants, probably ingested while foraging.
Worker ants are often small and with lower
nutritional value for predators than alate
ants and other invertebrates (Redford &
Dorea 1984). For this reason, this prey item,
although widely consumed, probably does
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TABLE 4
Spearman’s correlation between parameters associated with reproduction of Tropidurus torquatus
and climate variables in an area of rocky outcrops in southeastern Brazil.

Correlacion de Spearman entre los parametros asociados con la reproduccion de Tropidurus torquatus y las variables
climaticas en un area de afloramientos rocosos en el sureste de Brasil.

Temperature (°C)

Humidity (%)

Precipitation (mm)

Vitellogenic follicles size

Testis volume

Male fat body mass
Female fat body mass
Juvenile fat body mass

Clutch size

rg=-0.5749; P = 0.1360
rg=-0.4048; P = 0.3198
rg=0.2874; P = 0.4900
rg =-0.3832; P = 0.3486
rg = 0.5643; P = 0.3217

rg =-0.1911; P = 0.5519

r¢=0.1317; P = 0.7578
rg=0.00; P = 1.0

rg = 0.4671; P = 0.2432

rg =-0.958; P = 0.8215

rs = 0.6156; P = 0.2689

rg = 0.2113; P = 0.5097

rs =-0.1796; P = 0.6703
rs =-0.0476; P = 0.9108
rg = 0.6347; P = 0.0908
rg =-0.3353; P = 0.4168
rg=0.7182; P = 0.1717

rg=0.1703; P = 0.5966

not provide adequate nutrition. Lizards are
able to capture the most abundant preys in
the environment (personal observation),
showing wide trophic niche with generalized
diet, reducing the hunting period, while also
they are able to perform other functions, such
as thermoregulation and territorial defense.
The sit-and-wait foraging behavior described
for this species (Araujo 1987, Van Sluys 1993,
1995, Teixeira & Giovanelli 1999, Carvalho et
al. 2007) is a strategy that occurs in opportunist
and generalist predators (Jaksic 2001).

The most diverse and uniform diet was
observed in females captured during the dry
season. The juveniles preferably consumed ants
and other insects. The volume of plant material
was very important for the adults, because this
was their main diet component in the rainy
season, the same as encountered by Fialho et
al. (2000) and Carvalho et al. (2007). These
research groups observed that the ingestion of
plant material can constitute more than 50 % of
the diet of adults, contrasting to the low amount
of material ingested by juvenile individuals.
In this work, probably the low occurrence of
flowers of Centrosema coriaceum in the stomach
contents of juvenile lizards was probably due
to an anatomical restriction to ingest these
plants, i.e., the jaw length was a limiting factor
for juvenile lizards to eat flowers or they did

not have the strength to pull flowers out. Adults
have greater mouth openings, facilitating the
ingestion of flowers. The flowers of this herb
commonly occur in the study area and measure
about 35-50 mm in length. Some specimens
were observed competing for flowers as food.

Adults, mainly males, ingested larger
volumes of plant material. The food pattern
where adults ingest mostly vegetable parts and
the juveniles consume preferentially ants and
secondarily other insects was also reported for
T. psammonastes in dunes of the Sao Francisco
River flowing through a Brazilian caatinga
(Lima & Rocha 2006) and for T. torquatus
in restinga habitats in southeastern Brazil
(Carvalho et al. 2007). According to Frost et
al. (2001) and Vitt et al. (2003), ingestion of
both ants and plants is plesiomorphic for the
Tropidurinae, occurring from basal branches
(Eurolophosaurus spp.) up to the most derived
branches (T. oreadicus and T. hispidus). Plants
are a source of water in dry environments
or dry seasons (Fialho et al. 2000, Lima &
Rocha 2006, Ribeiro et al. 2008a) and may also
represent a source of important nutrients for
growth. Juvenile lizards are unable to digest (or
swallow) plant material and therefore consume
more animal protein than vegetable protein
(Pough 1973).
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Other authors also reported the presence
of plant material in the T. torquatus stomach
content, suggesting that it is not accidental
(Bergallo & Rocha 1994, Teixeira & Giovanelli
1999). For T. torquatus in this study, the
selectivity for certain plant species in its diet
is evident, because most of the vegetable
material ingested was Centrosema coriaceum
flowers. It is a creeping herb with flowers that
can be reached from the ground by the lizards.
Flowers are easily digestible and do not require
morphological specialization or associated
intestinal flora and fauna to aid in cellulose
digestion (Cooper & Vitt 2002). This plant may
possess anthelmintic properties, as observed by
Pereira et al. (2012), because the consumption
of C. coriaceum had a negative effect on the
abundance of nematode parasite species of 7.
torquatus.

It has been observed that only the largest
lizard species that lived in warm climates
are successful as herbivores (Pough 1973).
However, small body size lizards, as some
liolaemids, that live in cold-climate are
herbivores successful (Espinoza et al. 2004;
Valdecantos et al. 2012). It is explained by a
unique combination of climatic conditions,
ecophysiological constraints and opportunities,
and phylogenetic history (Espinoza et al. 2004).
Tropidurus torquatus consumes a large volume
of plant material, so it is reasonable to speculate
that the lizards can digest and use this food
item. In environments with little availability
of arthropods, as reported by Fialho et al.
(2000), T. torquatus consumes large amounts of
vegetable material.

Lizards are able to change their foraging
strategy according to food availability (Huey &
Pianka 1981), or to some characteristics of each
habitat, varying the types of prey consumed and
their reproductive pattern, as also observed
in other Tropidurus species (Vitt 1993, Cruz
et al. 1998, Avila et al. 2008, Ribeiro & Freire
2011). Probably the plasticity of the species
is enough to change the hunting strategy
according food supply, which varies throughout
the year, as observed for two tropidurid lizards
in Brazilian caatinga (Kolodiuk et al. 2009). As
shown in Fig. 2 and Table 1, this species have
a wide food niche and adapt its diet according
to the availability of the environment. The
accumulation curve of prey species shows that
an asymptote was not reached for either sex

and in either season, showing that the species
can feed on a wide range of taxa, and is likely
to feed on almost all species it can swallow.
Basically, T. torquatus can eat wide range of
food items.

Reproductive aspects

The data on the female reproductive activity
of T. torquatus showed a difference between
the seasons, but not as noticeable in relation
to the seasonal reproduction observed by
Wiederhecker et al. (2002) in the cerrado
biome. The high frequency of reproductive
females in the rainy season, as observed by
Kiefer et al. (2008) in restinga environments,
was not observed in our study. According
to these authors, different patterns
in reproductive cycles may originate from
the different resources and microhabitats
availability for development of juvenile
individuals.

The absence of significant differences in
the fat body mass of males and females, and
in the size of the follicles between seasons in
the analyzed sample cannot be explained by
environmental factors. There was no influence
of seasonality on the fat body size in females.
Vitt & Goldberg (1983) and Ribeiro et al.
(2012) observed for T. hispidus in Brazilian
caatinga biome that fat body mass decreased
as the reproductive period advanced. Our data
for T. torquatus do not demonstrate this same
process. In relation to juveniles, according to
Wiederhecker et al. (2002), this increase in
the fat body mass can be explained by the food
abundance in the rainy season, since fat body
mass can indirectly indicate food availability.
As we found no variation in fat bodies mass
between the seasons, our data suggest that
food is not an important factor in the study area
between seasons.

Females presented reproductive conditions
at the end of the dry season and during the
rainy season (August to December), similar
to that registered for the inland populations
in the cerrado region of central Brazil (Vieira
et al. 2001, Wiederhecker et al. 2002, 2003),
not throughout the year, as reported for the
coastal region of southeastern Brazil (Teixeira
& Giovanelli 1999). These adjustments in
behavior patterns may result from acclimation
mechanism from this species that presents a
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wide geographic distribution and a range of
body temperatures in different populations
(Ribeiro et al. 2008b).

In our study, though there was no significant
difference in the size of the vitellogenic follicles
between seasons, females which effectively
had eggs in their oviducts were found from
the beginning of October to the beginning
of December, that is, in the spring and early
summer, and oviposition was more restricted to
this part of the year. The hatchling seasonality
may be an evolutionary adaptation to achieve
better offspring success, and may be influenced
by better thermal conditions (Murphy et al.
2006). We cannot say that the reproduction of
T. torquatus usually occurs in the dry season
based only on the finding of one female (size
= 88.3 mm) containing eggs in the oviducts
during the month of May. Nevertheless,
since female lizards can accumulate sperm
during many months or years in their seminal
receptacles (Ferreira & Dolder 2003Db),
delay in fertilization can occur and cause the
formation of eggs some time after copulation
or some females can reproduce more than one
occasion per season (Teixeira & Giovanelli
1999, Wiederhecker et al. 2002, 2003, Kiefer et
al. 2008). However, for Tropiduridae species,
studies on these structures are still scarce, with
reports only for T. itambere (Ferreira & Dolder
2007), which shows the female’s ability to
keep spermatozoids inside folds of the vaginal
epithelium. This fact was not investigated in the
present study, but it may also happen with 7.
torquatus.

Adult males of T. torquatus at Toledos
contained spermatozoa throughout the year and
for this reason were potentially reproductive
during the entire year, a pattern that seems to
be common for the genus (Ferreira & Dolder
2003a, Vitt & Goldberg 1983, Van Sluys 1993,
Van Sluys et al. 2010). However, during the
female reproductive period, an increase in
the cell division of germinal epithelium was
observed in males in our study. Although there
is continuous spermatozoa production, the
peak of the reproductive activity in males and
females is very synchronized (Wiederhecker
et al. 2003). The males that did not show
spermatozoids in our study were juveniles or
recent adults that had not begun to produce
gametes. According to Wiederhecker et al.
(2002), continuous spermatozoa production

guarantees the males a minimum testosterone
production along the year, which influences
agonistic encounters, since T. torquatus
is considered a highly territorial species
(Wiederhecker et al. 2002, Ribeiro et al.
2009), thus ensuring success by keeping
or conquering a good site for reproduction,
reflecting directly on this species’ reproductive
fitness.

In this study we did not find any correlations
between environmental variables and
reproductive parameters of T. torquatus.
Although Colli et al. (1997) and Wiederhecker
et al. (2002, 2003) considered that reproduction
is affected by resource availability and
environmental conditions, the relationship
between these variables is not clearly defined
for any species. In this study, it was also
difficult to correlate environmental conditions
with the reproductive processes. Many of
the differences encountered reflect different
climatic conditions of each region and T.
torquatus is found in a wide range of regions
and with different body temperatures (Bergallo
& Rocha 1993, Teixeira-Filho et al. 1996,
Gandolfi & Rocha 1998, Hatano et al. 2001,
Rocha et al. 2002, Kiefer et al. 2005, Ribeiro et
al. 2008b). Therefore, different reproductive
strategies have been observed in populations
of T. torquatus (Wiederhecker et al. 2002,
Kiefer et al. 2008). Our study site is located
near thick vegetation and beside a river, and
the T. torquatus specimens presented lower
average body temperatures than individuals
from other areas where this species occurs (see
Ribeiro et al. 2008b for the thermal ecology of
the population of this study). The minimum
reproductive size, the number of clutches per
breeding season, the number of eggs per brood,
the number of days estimated to reach sexual
maturity, and survival of T. torquatus vary
enormously between the different biomes of
Brazil as already demonstrated for the cerrado
(Wiederhecker et al. 2002, 2003, Pinto et al.
2005), restingas (Teixeira & Giovanelli 1999,
Kiefer et al. 2008), pampas sulinos (Arruda
2009) and Atlantic Rainforest (this study).
Therefore, changes in reproductive strategies
are essential to adjust the life cycle of the
species to the highly diverse environments
in which it occurs. The patterns reproductive
biology of T. torquatus is variable.
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The body temperatures may influence the
minimum reproductive size of the individuals
from this population in relation to populations
from other areas. The minimum reproductive
size of the individuals analyzed in the study
area was larger than that described by
Wiederhecker et al. (2002), who registered
reproductive males of T. torquatus with SVL
of 70 mm and females with 65 mm in cerrado.
In restingas areas, the smallest reproductive
female was 51.1 mm and the smallest
reproductive male was 49.7 mm (Van Sluys
et al. 2010). Tropidurus torquatus populations
usually have different minimum reproductive
size patterns, probably due to differences of
environmental temperatures between those
saxicolous and psammophilous populations
(see Kiefer et al. 2008) and also among
those populations from different latitude,
altitude, vegetation units or resource availability
(Wiederhecker et al. 2002, 2003).

The average number of eggs per female
in our study corroborates the findings in a
coastal area of Espirito Santo state (Teixeira
& Giovanelli 1999). The same occurs for the
average size of the eggs (Rodrigues 1987,
Bergallo & Rocha 1993, 1994), which does not
seem to be influenced by the female body size,
but the number of eggs did not match that
observed in most coastal areas, where females
usually only invested in two eggs per clutch
(Kiefer et al. 2008).

The relationship between reproductive
aspects and the environmental factors are
not yet clear. More studies are still needed
to relate the parameters that act as triggers
of reproductive processes. Our results
corroborate the observations made by Kiefer
et al. (2008) in different coastal areas, where
the patterns of each population vary according
to latitude and the area of occupation. Thus,
species with wide geographic distribution, such
as T. torquatus, may present high plasticity
and adaptability in relation to the peculiar
conditions of each region where it occurs.
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