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Abstract

Tropidurus species commonly prey on arthropods, but they may also feed on vertebrates and plant material. The liz-
ard Tropidurus oreadicus (Tropiduridae) is common in open vegetation habitats and generally has sexual dimorphism.
In this study we analyzed the diet of 7. oreadicus at Serra dos Carajds, Pard, in the north of Brazil. Snout-vent length
(SVL) and jaw width (JW) were taken for 34 lizards. There was a significant difference in SVL and in JW, with males
being larger than females. All lizards analyzed contained food in their stomachs. The diet of 7. oreadicus at Serra dos
Carajds was characterized by the consumption of a relative wide spectrum of food item categories (21 types of items),
consisting of arthropods, part of one vertebrate and plant material, which characterizes the diet of a generalist predator.
Volumetrically, the most important items in the diet of both sexes of 7. oreadicus were flowers (M = 61.7%; F = 33%)
and orthopterans (M = 1.7%; F = 3.5%). Ants were the most frequently consumed (100% for both sexes) and the most
numerous (M = 94.5%; F = 89.4%) food item. Flowers also were frequently consumed (M = 91.7%; F = 54.5%), with
their relative consumption differing significantly between sexes. There was not a significant sexual difference in prey
volume, neither in number of preys per stomach, nor in type of prey ingested. There was no relationship between lizard
jaw width and the mean volume of prey. The data showed that 7. oreadicus is a relatively generalist lizard in terms of
diet and that consumes large volumes of plant material, especially flowers of one species of genus Cassia.
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Ecologia alimentar do lagarto Tropidurus oreadicus (Tropiduridae)
na Serra dos Carajas, estado do Para, norte do Brasil

Resumo

Espécies de Tropidurus comumente predam artrépodos, mas eles também podem consumir vertebrados e material vegetal.
O lagarto Tropidurus oreadicus (Tropiduridae) ¢ comum em habitats de vegetacdo aberta e geralmente possui dimorfismo
sexual. Neste estudo, analisamos a dieta de 7. oreadicus na Serra dos Carajas, Para, Norte do Brazil. O comprimento rostro-
cloacal (CRC) e a largura da mandibula (LM) foram medidos em 34 lagartos. Houve diferenca significativa em termos do
CRC e da LM, com os machos sendo maiores do que as fémeas. Todos os lagartos continham alimento em seus estomagos.
A dietade T. oreadicus da Serra dos Carajds foi caracterizada pelo consumo de uma grande variedade de categorias de itens
alimentares (21 tipos de itens), consistindo de artrépodes, de parte de um vertebrado e de material vegetal, o que caracteriza
a dieta de um predador generalista. Volumetricamente, os itens mais importantes na dieta de ambos os sexos de T oreadicus
foram flores (M = 61,7%; F = 33%) e ortdpteros (M = 1,7%; F = 3,5%). Formigas foram os itens mais freqiientemente con-
sumidos (100% para ambos 0s sexos) € 0s mais numerosos (M =94,5%; F = 89,4%). Flores também foram freqiientemente
consumidas (M =91,7%; F = 54,5%), diferindo significativamente em consumo entre os sexos. Nao houve diferengas sexu-
ais em volume, em niimero, nem em tipos de presas ingeridas. Nao houve relacdo entre largura da mandibula dos lagartos
e amédia do volume de presas. Os dados mostraram que 7. oreadicus € um lagarto relativamente generalista em termos de
dieta e que consome grande volume de material vegetal, especialmente flores de uma espécie do género Cassia.

Palavras-chave: Tropiduridae, ecologia alimentar, Tropidurus oreadicus.

1. Introduction

The genus Tropidurus (Tropiduridae) (sensu Frost America (Rodrigues, 1987; 1988; Frost et al., 2001).
et al., 2001) consists of predominantly heliophilous liz- Data on the diet of Tropidurus species that have been
ard species (e.g. Rocha and Bergallo, 1990; Van Sluys, studied indicate that species of this genus tend to be
1992; Kiefer et al., 2005), which are usually quite generalized predators, consuming mainly arthropods,
abundant locally, occurring in open habitats in South and use the “sit and wait” strategy to catch their animal
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preys (e.g. Bergallo and Rocha, 1993; Faria and Aratjo,
2004). They also can occasionally prey on vertebrates
(e.g. Alvarez et al., 1985; Vitt et al., 1996; Cruz et al.,
1998; Faria and Aratjo, 2004; Kokubum and Lemos,
2004; Kiefer et al., 2006), including conspecifics (e.g.
Alvarez et al., 1985; Aratjo, 1987; Kiefer and Sazima,
2002; Dias and Rocha, 2004), and eat a variable amount
of plant material (e. g. Alvarez et al., 1985; Aratjo,
1987; Colli et al., 1992; Van Sluys, 1993; Vitt, 1993;
Rocha and Bergallo, 1994; Vitt et al., 1996; Cruz, 1998;
Cruz et al., 1998; Fialho et al., 2000; Rocha et al., 2002;
Faria and Aratjo, 2004).

Tropidurus oreadicus Rodrigues 1987, the subject of
this study, is a sexually dimorphic species with males
being larger than females (Aradjo, 1987; Rodrigues,
1987; Vitt, 1993). It is a lizard usually abundant in
open vegetation habitats (Colli et al., 1992), common
in Central Brazilian “Cerrado” areas and also occur-
ring in open enclaves in the Amazonian forest, south of
the Amazon River (Rodrigues, 1987). At the Serra dos
Carajas (“Canga” habitat), northern Brazil, this lizard
usually occurs in high densities and has an extensive
diurnal activity period from early morning to late after-
noon, with a decrease near midday (Rocha and Bergallo,
1990). In this habitat, T. oreadicus is found active on the
ground and, most frequently, on iron ore rocks, living
in sympatry with other lizard species such as Ameiva
ameiva Linnaeus, 1758, Tupinambis teguixin (Linnaeus,
1758), Cnemidophorus lemniscatus (Linnaeus, 1758),
Kentropyx calcarata Spix, 1825 (Teiidae), Mabuya
nigropunctata (Spix, 1825) (Scincidae), Uranoscodon
superciliosus ~ (Linnaeus, 1758)  (Tropiduridae),
Anolis nitens chrysolepis Duméril and Bibron, 1837
(Polychrotidae) and Iguana iguana (Linnaeus, 1758)
(Iguanidae) (Aradjo, 1987; Vitt, 1993).

Tropidurus oreadicus, in the Cerrado habitats of
Mato Grosso and Goids States (“Cerrado” biome), pri-
marily consume arthropods and some plant material
(Colli et al., 1992; Faria and Araujo, 2004). Information
regarding the diet of this species in Serra dos Carajés can
be found in Aratjo (1987) and Vitt (1993) however, since
neither of the studies provides data on the frequency of
each prey category, and furthermore in Aratjo’s study
(1987) the volume of individual plant categories con-
sumed (flowers, seeds, fruits) is not presented, a more
comprehensive knowledge of the diet of this species is
necessary.

In this study we analyzed the diet of Tropidurus
oreadicus at Serra dos Carajds, Pard State, in the north
of Brazil, assessing the occurrence of sexual variation in
feeding habits, especially in relation to the consumption
of plant material, and comparing the diet composition to
that of some other conspecific and congeneric sympatry
populations in other areas.

2. Material and Methods

Lizards were collected by the first author in a
“Canga” habitat in July 1988, near Serra Norte (5° 54’ S

and 49° 53’ W), at the Serra dos Carajds, Pard State,
northern Brazil. The “Canga” consists of outcropping
concretions of iron ore, typically 3 m or more thick, pro-
ducing irregular stony fields colonized predominantly
by herbaceous (open canga) and shrubby (dense canga)
vegetation (Secco and Mesquita, 1983). At Carajds,
canga fields occur as plateaus on hilltops surrounded by
Amazonian liana forest.

We collected lizards, using a noose or a rifle, while
they were active (between 07:00 AM and 06:30 PM) in
areas of exposed rocks. After collection, we fixed the
animals with 10% formalin solution and later they were
stored in 70% alcohol. Posteriorly, lizards were meas-
ured in their snout-vent length (SVL) and jaw width with
a caliper (to the nearest 0.1 mm).

Specimens were dissected and their stomach con-
tents analyzed qualitatively and quantitatively in terms
of number, volume and frequency. Animal preys were
counted and identified to the level of Order (to Family,
for ants). Unidentified arthropod remains were grouped
in a separate category (“miscellaneous”) and were con-
sidered only for volumetric analyses. Insect larvae were
pooled in a category “All larvae”. Plant items were cat-
egorized as flowers, fruits, leaves, seeds and unidentified
parts (“plant remains”). Each food item found was meas-
ured for its length and width with a caliper (to the near-
est 0.1 mm) and its respective volume (mm?) was calcu-
lated using the formula of an ovoid spheroid: V = 4/3n
(length/2) (width/2)? (Dunham, 1983). The frequency of
each prey in the diet was calculated from the proportion
of lizards in the sample that had ingested that particular
prey.

Body size (snout-vent length) differences between
males and females of T. oreadicus were tested using one-
way analysis of variance (ANOVA). To test for jaw width
differences (independent of body size) between sexes we
used an analysis of covariance (ANCOVA), with SVL
as covariate. In order to analyze the effect of body size
on prey size, we tested the relationship between the jaw
width of lizards and the mean volume of the three largest
preys using Simple Regression Analysis (Zar, 1999). To
evaluate if there was significant variation in the number
and volume of preys consumed between males and fe-
males, we realized one-way analyses of variance utiliz-
ing the mean of the three largest volumes of prey per
stomach. Differences among sexes in the proportion of
consumption of plant material, especially flowers ingest-
ed were tested using a Z test for proportions (Zar, 1999).
Descriptive statistics are presented throughout the text as
arithmetic mean * one standard deviation.

3. Results

Males of Tropidurus oreadicus from Serra dos
Carajas averaged 69.9 = 13.5 mm in SVL (range
43.4-88.4 mm; N = 12) and 14.2 £ 2.7 mm in jaw
width (range 9.6-18.0 mm) and females averaged
60.9 £ 13.7 mm in SVL (range 42.6-75.3 mm; N = 22)
and 11.8 £ 1.6 mm in jaw width (range 9.0-16.0 mm).
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The two groups differed significantly in SVL (ANOVA,
F ., =5.862; P <0.05) and in jaw width (ANCOVA,
F 5 =4707; P <0.05).

All 34 lizards analyzed contained food in their stom-
achs. The diet of 7. oreadicus in Serra dos Carajas con-
sisted of arthropods (mainly insects), but also included
plant material such as fruits, seeds, leaves and flowers
(Table 1). The stomach of one female contained one
foot of a conspecific. In terms of volume, the most im-
portant items in the diet of both sexes of 1. oreadicus
were flowers (M = 61.7%; F = 33.0%) and orthopterans
M = 1.7%; F = 3.5%). Ants (1.3%) and larvae (3.4%)
constituted the third most voluminous item in the diet,
for males and females respectively (Table 1). The most
frequently consumed food items (100% for both sexes)
and also the most numerous (M = 94.5%; F = 89.4%)
were ants. Flowers were also important in terms of fre-
quency, especially for males (M = 91.7%; F = 54.5%).
Larvae (1.9%) and seeds (2.6%) were the second most

important items in terms of number, for males and fe-
males respectively (Table 1).

There was not a significant sexual difference in prey
volume (ANOVA, F|,33 = 0.570; P = 0.456), neither in
number of prey per stomach (ANOVA, F .. = 0.006;
P=0.937), nor in the types of prey ingested (Kolmogorov-
Smirnov, D = 0.364, p = 0.08). The volume (Regression
Analysis, R = 0.098; F ,, = 0.313; p = 0.580) of preys
did not vary signiﬁcantfy with jaw width. There was no
difference between sexes in the proportion of individuals
ingesting plant material (Z = —1.5; P = 0.07). However,
when considering only the consumption of flowers,
males consumed this item more frequently than females
(Z =-2.454; P <0.05).

4. Discussion

There was significant sexual dimorphism in body
size for Tropidurus oreadicus from Serra dos Carajds,
with males being larger than females, as found in other

Table 1. Diet composition for males and females of Tropidurus oreadicus at Serra dos Carajds, Pard State, northern Brazil.
Number (N) and volume (V; in mm?®) of each food item category and proportion of stomachs with a given food item (F) are

listed with their respective percentages (%).

Food items Males (n = 12) Females (n = 22)
N (%) V (%) F (%) N (%) V (%) F (%)
ARACHNIDA
Araneae 5(0.6) 41.8 (0.2) 4(33.3) 13 (0.9) 62.8 (0.4) 10 (45.5)
Pseudoscorpiones - - - 1(0.1) 0.8 (0.01) 1(4.5)
MIRIAPODA
Chilopoda 3(0.4) 5.6 (0.003) 2 (16.7) 7(0.5) 206.8 (1.4) 4(18.2)
HEXAPODA
Orthoptera 5(0.6) 359.8 (1.7) 4(33.3) 15 (1.1) 503.4 (3.5) 10 (45.5)
Isoptera - - - 9 (0.6) 6.4 (0.04) 3(13.6)
Mantodea - - - 1(0.1) 54.0 (0.3) 1 (4.16)
Blattodea 2(0.3) 107.3 (0.5) 2 (16.7) 3(0.2) 202.9 (1.4) 3(13.6)
Hemiptera 1(0.1) 91.7 (0.4) 1(8.3) 7 (0.5) 153.0 (1.1) 4(18.2)
Homoptera 1(0.1) 2.9 (0.01) 1(8.3) 5(0.4) 41.6 (0.3) 4(18.2)
Coleoptera 8 (1.0) 11.2 (0.1) 541.7) 23 (1.6) 76.6 (0.5) 10 (45.5)
Neuroptera 1(0.1) 28.4(0.1) 1(8.3) - - -
Formicidae 740 (94.5) 287.0 (1.3) 12 (100) 1273 (89.4) 279.0 (1.9) 22 (100)
Other Hymenoptera 1(0.1) 14.0 (0.1) 1(8.3) 8 (0.6) 281.7 (2.0) 6(27.3)
Lepidoptera - - - 5(0.4) 108.5 (0.8) 3(13.6)
Diptera - - - 1(0.1) 1.3 (0.01) 14.5)
All larvae 15 (1.9) 66.7 (0.3) 541.7) 11 (0.8) 491.9 (3.4) 7 (31.8)
Miscellaneous - 6759.2 (31.0) - - 5999.5 (41.8) -
Part of vertebrates - - - 1(0.1) 175.5(1.2) 1(4.5)
PLANT FOOD
Fruits 1(0.1) 144.8 (0.7) 1(8.3) 3(0.2) 172.8 (1.2) 3(13.6)
Flowers - 134414 (61.7) 11 (91.7) - 4734.4 (33.0) 12(54.5)
Seeds - - - 37 (2.6) 120.9 (0.8) 8(36.4)
Leaves - - - 1(0.1) 5.0 (0.03) 1(4.5)
Plant remains - 432.8 (2.0) - - 668.9 (4.7) -
Total 783 21794.7 - 1424 14347.4 -
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T. oreadicus populations (Aradjo, 1987; Vitt, 1993; Faria
and Aradjo, 2004) and in other Tropidurus species (e.g.
T. hispidus (Spix, 1825): Vitt, 1993; Vitt et al., 1996; T.
itambere Rodrigues, 1987: Van Sluys, 1993; Faria and
Aratjo, 2004; T. spinulosus (Cope, 1862): Cruz, 1998; T.
torquatus (Wied, 1820): Fialho et al., 2000; Pinto et al.,
2005; T. semitaeniatus (Spix, 1825): Vitt, 1993).

All 34 lizards analyzed contained food in their
stomachs, which indicates that the population must be
in positive energy balance (see Huey et al., 2001). Sit-
and-wait lizards have a significantly lower incidence of
empty stomachs than do widely foraging lizards in South
America (Huey et al., 2001).

Our data showed that the diet of 7. oreadicus at Serra
dos Carajas was characterized by the consumption of a
relative wide spectrum of food item categories (21 types
of items), composed predominantly of invertebrates and
plant material, which characterize the diet of a generalist
predator. Males consumed fewer types of prey than fe-
males, but this difference could have been affected by the
smaller sample size of males. A similar trend for the gen-
eralist diet has been found in other studies on 7. oreadi-
cus (Aratjo, 1987; Colli et al., 1992; Vitt, 1993; Faria
and Araujo, 2004). The consumption of a wide array of
food item types, including both relatively sedentary (e.g.
larvae) and highly mobile preys (e.g. ants and spiders),
has also been found in other Tropidurus species (e.g. T.
etheridgei Cei, 1982: Cruz et al., 1998; T. itambere: Van
Sluys, 1993; Faria and Aratjo, 2004; T. spinulosus: Colli
et al., 1992; T. torquatus: Fialho et al., 2000).

Ants predominated in terms of number and frequency
in both sexes. The high proportion of ants in the diet seems
to be related to their high density in the area (Aratjo,
1987) and to the high mobility of these insects, increasing
their chance of contact with a sit-and-wait predator. Ants
are usually very important items in the diet of Tropidurus
species, a conservative character of their food niche (7.
etheridgei: Vitt, 1991; Cruz et al., 1998; T. hispidus: Vitt,
1993; Vitt et al., 1996; T. itambere: Van Sluys, 1993; T.
montanus Rodrigues, 1987: Vitt, 1991; T. oreadicus:
Colli et al., 1992; Vitt, 1993; Faria and Aradjo, 2004; T.
semitaeniatus: Vitt, 1993; T. spinulosus: Vitt, 1991; Colli
etal., 1992; Cruz, 1998; T. torquatus: Rocha and Bergallo,
1994; Fialho et al., 2000; Juliano et al., 2002).

Both sexes consumed a considerable volume of
plant material (64.4% for males and 39.7% for females),
which characterizes T. oreadicus as an omnivorous spe-
cies, since more than 10% of plant material was ingested
(Cooper and Vitt, 2002). Ingestion of plants by lizards
is often regarded as an accidental consequence of the
capture of arthropod prey when foraging on vegeta-
tion. Considering that plant parts (mainly flowers, but
also seeds, fruits and leaves) were found in 94.1% of all
lizards examined and usually in considerable amounts,
our data indicate that the ingestion was not accidental,
and that plants are indeed a common food item for 7.
oreadicus. Moreover, during fieldwork one of the au-
thors (CFDR) recorded an adult male climbing on a

shrub of Cassia sp. and feeding on its flowers. Aratjo
(1987), studying T. oreadicus in Pard, found a reason-
able proportion of plant material (18% by volume) in the
diet, especially flowers of Ipomoea carajasensis Austin,
1981 (there is no available information about the specific
volume of flowers). In another study, also in Pard, this
species consumed mostly fruits (25.3% by volume), with
flowers consumed in low quantities (1.4% by volume)
(Vitt, 1993). However, two other studies showed that this
species consumed low volumes of plant material (1.6%
in Mato Grosso State and 3.2% in Goias State) (Colli et
al., 1992; Faria and Aradjo, 2004).

Rates of consumption of plant material between males
and females were different (61.7% for males and 33.0%
for females). It has been demonstrated that for the conge-
neric 7. torquatus the consumption of plant material in-
creases with the increase of lizard size and that the larger
adult males consumed a comparatively larger amount of
plant material compared to adult females (Fialho et al.,
2000). In several species that present an ontogenetic vari-
ation in plant consumption, with a greater consumption by
larger individuals (Cooper and Vitt, 2002), the difference
in consumption of plant material between sexes may be
due to the larger body size of males in relation to that of
females (Perez-Mellado and De La Riva, 1993; Vitt et al.,
1996; Fialho et al., 2000).

The foot of T. oreadicus found in one female stomach
was probably from an adult individual. The consumption
of conspecifics has been observed in other Tropidurus
species (e. g. T. montanus: Kiefer and Sazima, 2002; T.
hygomi: Dias and Rocha, 2004; T. torquatus: Alvarez et al.,
1985; Kiefer et al., 2006) and reinforces the opportunistic
habits of these lizards, though predation is generally car-
ried out by males (Rocha et al., 2000). Although we found
only one foot in the diet of 7. oreadicus we can consider
that the adults of this species are a potential source of mor-
tality to conspecific lizards.
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