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Autoecological parameters such as diet, age at maturity,
reproduction, and sexual dimorphism are crucial to understand
the ecology and natural history of species (STEARNS 1992, VITT

2013). Diet is determined by species ecological characteristics
through the energetic gain provided by feeding, and also by
historical factors (DOUGHTY 1997, VITT & PIANKA 2005, VITT et al.
2007b). Reproduction involves complex tradeoffs between fe-
cundity and energy costs evidenced, for example, by variations
in clutch (or litter) size and number of clutches in the same
species (VITT & CONGDON 1978, PIANKA & VITT 2003). The study
of life history parameters is crucial to understand key ecologi-
cal and evolutionary forces determining and constraining the
existence of each species (DUNHAM et al. 1988).

Squamates include over 9,700 species of amphisbaenids,
lizards, and snakes that range from animals as small as 3 cm to
over several meters long (PIANKA & VITT 2003). Over 80% of the
species are small body vertebrates (less than 20 grams). Their
diet is mostly based on invertebrates, and their reproduction
can be oviparous, viviparous, or parthenogenic (PIANKA & VITT

2003). Lizards have been important model organisms to study
the evolution of ecological and morphological traits (VITT & PIANKA

2005, LOSOS 2009), but conflicts between molecular and mor-
phological phylogenies have cast doubt on some of the tradi-
tional hypotheses of trait evolution in the group (LOSOS et al.
2012, PYRON & BURBRINK 2014). Not less important, the lack of
natural history data for most species (especially in the tropics)
still hampers the appropriate testing and formulation of evolu-
tionary hypotheses. Indeed, only 5% of squamate species have
been adequately studied for their natural history traits (VITT 2013).

Gymnophthalmidae harbors over 242 lizard species in 46
genera, restricted to the new world from Southern Mexico to
Central Argentina (VITT & CALDWELL 2013). They are small to
medium sized lizards that may be fossorial, psamophilic, terres-
trial, or aquatic, but most of them live in the leaf litter or perched
on low branches of the vegetation (PELLEGRINO et al. 2001, CASTOE

et al. 2004). They present several adaptations to fossorial and
semi-fossorial life, such as reduced limbs, elongated bodies, loss
of external ear opening and eyelids (BARROS et al. 2011, GRIZANTE et
al. 2012). In Brazil there are 84 Gymnophthalmidae species dis-
tributed in 32 genera. Dryadosaura is a monospecific genus oc-
curring in the Northeastern part of the Brazilian Atlantic Forest,
from Rio Grande do Norte to Bahia (RODRIGUES et al. 2005, CAMACHO
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& RODRIGUES 2007, DELFINO & SOEIRO 2012, DE OLIVEIRA & PESSANHA

2013). Dryadosaura nordestina Rodrigues et al., 2005 is character-
ized by individuals with short limbs and robust bodies (Fig. 1).

Little is known about the ecology and natural history of
D. nordestina, a species until recently poorly represented in her-
petological collections. Moreover, there is no data available
on reproduction and sexual dimorphism of the species, and
dietary information is scarce and based on small sample sizes
(U.G. Silva, unpubl. data). Such data is important not only for
the general understanding of the species’ ecology, but also for
its conservation and management. Based on a sample of 170
specimens we analyzed the species diet, sexual size and shape
dimorphism, and reproduction.

MATERIAL AND METHODS

We used 170 specimens (120 males and 50 females)
housed in the Coleção do Laboratório de Anfíbios e Répteis da
Universidade Federal do Rio Grande do Norte (CLAR-UFRN)
and Coleção Herpetológica da Universidade Federal da Paraíba
(CHUFPB). All individuals were collected inside Atlantic For-
est fragments in the states of Rio Grande do Norte and Paraíba.
Specimens were collected in Rio Grande do Norte with scien-
tific collecting permit issued by ICMBio (19828-4) and an ani-
mal use and care committee approved protocol (CEUA UFRN
017/2011). Specimens from Paraíba were collected by other
researchers and were loaned for the present study.

We analyzed stomach contents of 106 individuals. Speci-
mens were dissected and stomachs removed and stored in etha-
nol 70%. We identified preys to the lower taxonomic category
possible (usually order) in a stereomicroscope. Volume of prey
items was estimated using the formula of volume for an ellip-
soid: V=3/4�(Length/2)(Width/2)2.

For each prey category we calculated frequency, numeric
and volumetric percentage and an importance index based on
individual stomachs, IIS (N%+V%)/2, and on pooled stomachs,
IPS (F%+N%+V%)/3.

Sex and reproductive status were determined through
the dissection and direct observation of gonads. We measured
width and length of testis in males and of all eggs and follicles
found in females. Males were considered sexually mature when
enlarged testes and convoluted epididymis were observed. Fe-
male reproductive condition was ranked as follows: 1) non re-
productive, females with undeveloped ovarian follicles with
no difference in size among them; 2) Stage I: differentiated
follicles with slightly convoluted oviduct; 3) Stage II: well de-
veloped ovarian follicles, developed oviducts, but no eggs
present; 4) Stage III: eggs in the oviduct. Size at maturity was
estimated based on the smallest male and females (stage I) con-
sidered reproductive.

For morphometric analyses we measured 10 variables
with a digital caliper to the nearest 0.01 mm: snout-vent length
(svl), tail length (tl), tail base length (tb), body length (bl) and
width (bw), head width (hw), length (hl), and height (hh),
forelimb length (fl), and hindlimb length (hll). We used adap-
tive outlier detection with package mvoutlier (FILZMOSER et al.
2005) in R v. 3.0.2 (R DEVELOPMENT CORE TEAM 2013) to screen
the data for multivariate outliers. Six females (14%) and 14
males (12%) were removed from the analyses after being de-
tected as multivariate outliers.

To partition the morphometric variation into size and
shape, we defined Body Size as a variable resulting from the
multiplication of an isometric vector, with values of p-0.5 (where
p is the number of variables) by the n x p matrix of log10 trans-
formed morphometric data, where n is the number of observa-
tions (JOLICOEUR 1963, SOMERS 1986, ROHLF & BOOKSTEIN 1987). To

Figure 1. Adult male Dryadosaura nordestina collected in an Atlantic Forest fragment from southeastern Rio Grande do Norte State, Brazil.
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remove the effect of size of the log10 transformed variables we
used the method described by BURNABY (1966), where the n x p
matrix of log transformed data is multiplied by a symmetric
matrix, L, defined by: L = Ip – V(VTV)-1VT, where Ip is a p x p
identity matrix, V is the isometric size eigenvector defined
above, and VT is the transpose of matrix V (ROHLF & BOOKSTEIN

1987). The resulting variables represent Shape Variables.
To evaluate differences between sexes, we conducted an

ANOVA on Body Size and used a logistic regression on Shape
Variables (TABACHNICK & FIDELL 2001). We compared the full model
against a constant-only (null) model using a chi-square test of
the scaled deviance to evaluate the statistical significance of the
full model based on shape variables (CHAMBERS & HASTIE 1992,
FARAWAY 2006). We used a single term addition model selection
(CHAMBERS & HASTIE 1992) to evaluate the importance of each vari-
able in discriminating the two sexes: 1) we tested the full model
against a constant-only model; 2) the significant term with the
lowest AIC value was added to the null model; 3) step 2 was
repeated; 4) any non-significant terms were dropped from the
model; 5) steps 3 and 4 were repeated until no significant terms
could be added or no non-significant terms could be dropped
from the model. Next, we assessed the misclassification error of
the reduced model using 1000 bootstrap replications of a linear
discriminant analysis in the package ipred of R v. 3.0.2 (R DEVEL-
OPMENT CORE TEAM 2013). At last, we ranked the importance of
each variable using model averaging, retaining only models with
�AICC < 4 (CRAWLEY 2007), using the MuMIn package (BURNHAM

& ANDERSON 2002) of R v. 3.0.2 (R DEVELOPMENT CORE TEAM 2013).

RESULTS

All the 170 specimens of D. nordestina (120 males and 50
females) analyzed herein were collected in Atlantic Forest areas
of Northeastern Brazil (Paraíba and Rio Grande do Norte), and
together with literature records confirm the species range, from
Rio Grande do Norte State to central and Northern coastal re-
gions of Bahia State (Fig. 2). We recovered data from the litera-
ture for 13 localities (RODRIGUES et al. 2005, CAMACHO & RODRIGUES

2007, MOURA et al. 2010, DELFINO & SOEIRO 2012) of occurrence
and added to these 15 new localities from our data (Fig. 2).

We analyzed stomach contents of 106 lizards, 18% of
which (n = 19) were empty and 32% (n = 34) presented uni-
dentifiable (digested) material, plant matter, and sand. We iden-
tified 13 prey categories (Table I) and for pooled stomachs the
most frequent ones were Formicidae (21.3%), insect larvae and
insect eggs (together 22.5%). Ants and insect larvae presented
high numerical percentages, as did insect eggs: 20.8%, 14.0%,
and 26.4%, respectively. Volumetrically, Chilopoda (25.4%),
insect larvae (19.3%), and Dermaptera (16.1%) were the most
representative prey (Table I). By considering the relative im-
portance indexes, Formicidae and insect larvae showed the
highest values of IIS (21.38 and 17.89, respectively) and IPS
(16.2 and 16.5, respectively, Table I).

We dissected 157 animals (114 males and 43 females) and
found 18 reproductive females (42%,) two in stage III and 16 in
stage II) and 25 were not reproductive (58%, 18 adults and 7
juveniles). For males, 95 (85%) were reproductive and 19 (17%)
were juveniles. We were unable to determine the sex of two in-
dividuals, which were left out of the subsequent analyses. The
smallest reproductive female measured 40.3 mm in SVL and was
ranked as stage II, with well-developed follicles and oviducts.
The smallest reproductive male measured 31.2 mm.

Dryadosaura nordestina presents a fixed clutch size of two,
and eggs in the oviduct of the two stage III females found (n = 4
eggs) were of 9.8 ± 5.9 mm in length and 4.2 ± 0.05 mm in width.
Reproductive females appear first in February, but were more
common from May to July (Fig. 3). A few juveniles were ob-
served in May and July, but were more abundant from Septem-
ber to November, suggesting that reproduction may be occurring
from the end of the dry season to the end of the rainy season
(December to February) and hatching in July-August (Fig. 4).

We measured a total of 119 males and 50 females for the
morphometric comparisons (Table II). Males are significantly
larger than females (F1,147 = 20.69, p < 0.001; mean body sizes:
females = 2.42 ± 0.21 and males = 2.58 ± 0.18). There are also
differences between females and males regarding body shape
(�2 = 58.761, p < 0.001): model selection procedures pointed to
snout-vent length, head height, body width, body height, and
head width as the most important variables, correspondingly,
for morphometric distinction of genders (Table III). Females
are proportionally longer and have wider and higher bodies,
while bulkier heads characterize males.

Figure 2. Geographic distribution of Dryadosaura nordestina in
Northeastern Brazil based on known records from the literature
and results from the present study.
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Table I. Diet composition of Dryadosaura nordestina (N = 106) from states of Rio Grande do Norte and Paraíba, Brazil. (n) Prey number, (v) prey volume, (f)
number of stomachs containing prey item, (iis) importance index based on individual stomachs, (ips) importance index based on pooled stomachs.

Category f
Pooled stomachs

ips
individual stomachs

iis
f% n n% v v% n n% v v%

Araneae  6  7.50  7  3.93  140.17  9.13  6.85  0.14  4.36  2.75  4.51  4.44

Chilopoda  4  5.00  6  3.37  389.46  25.37  11.25  0.12  5.10  7.64  7.01  6.05

Coleoptera  5  6.25  5  2.81  68.36  4.45  4.50  0.10  8.50  1.34  8.82  8.66

Dermaptera  4  5.00  6  3.37  246.84  16.08  8.15  0.12  6.86  4.84  6.74  6.80

Formicidae  17  21.25  37  20.79  100.42  6.54  16.19  0.73  21.69  1.97  21.08  21.38

Gastropoda  1  1.25  1  0.56  1.09  0.07  0.63  0.02  0.10  0.02  0.04  0.07

Hemiptera  2  2.50  2  1.12  11.54  0.75  1.46  0.04  2.94  0.23  2.02  2.48

Isopoda  7  8.75  12  6.74  132.73  8.64  8.05  0.24  8.71  2.60  11.31  10.01

Isoptera  9  11.25  22  12.36  56.03  3.65  9.09  0.43  12.43  1.10  11.39  11.91

Insect Larvae  13  16.25  25  14.04  296.50  19.31  16.54  0.49  16.94  5.81  18.84  17.89

Insect egg  5  6.25  47  26.40  14.31  0.93  11.20  0.92  4.58  0.28  1.53  3.06

Insect parts  5  6.25  6  3.37  77.23  5.03  4.88  0.12  5.18  1.51  4.68  4.93

Worms  2  2.50  2  1.12  0.73  0.05  1.22  0.04  2.61  0.01  2.02  2.32

Figure 3. Monthly proportion of reproductive Dryadosaura
nordestina collected in Atlantic Forest fragments in Paraíba and
Rio Grande do Norte States, Brazil. Total number of specimens
available per month is indicated over each bar.

Figure 4. Monthly distribution of snout-vent lengths per month of
male and female of Dryadosaura nordestina collected in Atlantic
Forest fragments in Paraíba and Rio Grande do Norte States, Brazil.

Table II. Average morphometric measurements for male and female
Dryadosaura nordestina. Values represent mean ± standard deviation of isometric
body size and shape (size-free) variables. Raw values (mm) are in brackets.

Variables Males Females

Body size 2.56 ± 0.18 2.42 ± 0.21

Snout-vent length 0.74 ± 0.021 (45.4 ± 5.7) 0.77 ± 0.031 (42.7 ± 7.1)

Body height -0.24 ± 0.065 (4.8 ± 1.0) -0.22 ± 0.060 (4.5 ± 1.0)

Body width -0.8 ± 0.032 (6.8 ± 1.1) -0.7 ± 0.038 (6.3 ± 1.2)

Head width -0.14 ± 0.025 (6.2 ± 0.9) -0.12 ± 0.029 (5.2 ± 0.7)

Head height -0.29 ± 0.09 (4.3 ± 0.7) -0.31 ± 0.031 (3.5 ± 0.6)

Head length -0.16 ± 0.067 (5.8 ± 1.2) -0.17 ± 0.051 (5.0 ± 1.0)

Forelimb length -0.057 ± 0.043 (7.2 ± 1.2) -0.067 ± 0.035 (6.2 ± 1.0)

Hindlimb length 0.02 ± 0.03 (13.0 ± 1.7) 0.021 ± 0.044 (11.9 ± 2.1)
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DISCUSSION

Dryadosaura nordestina is found in the northeastern por-
tion of the Brazilian Atlantic Forest, from Rio Grande do Norte
state to northeastern costal Bahia state (RODRIGUES et al. 2005,
CAMACHO & RODRIGUES 2007, DELFINO & SOEIRO 2012, DE OLIVEIRA

& PESSANHA 2013). Our data confirms the geographic pattern
suggested for the species in its description (RODRIGUES et al. 2005)
and provides a considerable increase in known localities for
the species. A recent study on the herpetofauna richness and
abundance of Atlantic Forest fragments in Rio Grande do Norte
state showed that D. nordestina is the most abundant lizard
species (LION et al. 2014). Nevertheless, most sites where speci-
mens were collected are relatively recent small forest fragments,
which are known to suffer from forest edge effects and local
microhabitat change involved in lizard declines worldwide
(SINERVO et al. 2010). Hence, although widely distributed and
abundant, the species conservation status requires adequate
monitoring to evaluate population trends in these small frag-
ments within a highly fragmented landscape.

Based on dietary data available, Gymnophthalmid liz-
ards are known to be active foragers (ROCHA 1994). For example,
SANTOS et al. (2012) showed that Nothobachia ablephara Rodri-
gues, 1984 feeds mostly on sedentary or gregarious prey (e.g.,
termites and insect larvae), which are usually obtained by ac-
tive foragers. Similarly, D. nordestina ingests insect larvae, ter-
mites, and gastropods, prey items habitually consumed by
active foragers. The species furthermore presents a generalist
behavior, given that no prey item was significantly more im-
portant than others, although a slight preference for ants and
insect larvae and eggs is evident (Table I).

Some studies have demonstrated that ants and insect
larvae are of major relevance for gymnophthalmids diets. U.G.
Silva (unpubl. data) reported on the diet of D. nordestina, iden-
tifying Formicidae and Coleoptera as the most important items,
but also reporting on Isoptera, Hemiptera, Coleoptera, Formi-
cidae, and Isopoda. Our data adds Gastropoda, Dermaptera,
Chilopoda, Araneae, and insect egg and larvae as part of the
species diet. Bachia bresslaui (Amaral, 1935) (COLLI et al. 1998),
Proctoporus species (DOAN 2008), N. ablephara (SANTOS et al. 2012),
Anotosaura vanzolinia Dixon, 1974 (DE OLIVEIRA & PESSANHA 2013),

Potamites ecpleopus (Cope, 1876) and Potamites juruazensis (Ávila-
Pires & Vitt, 1998) (VITT & ÁVILA-PIRES 1998), although present-
ing ants and insect larvae in their diets, do not show volumetric
importance for those prey categories (VITT & ÁVILA-PIRES 1998).
Likewise, D. nordestina also presents a not volumetrically im-
portant high number of ants but indeed a relatively notable
volumetric importance of insect larvae.

Despite their abundance in tropical ecosystems, ants are
a relatively underutilized resource by lizards (SITES et al. 2011).
The consumption of these toxic, low energy preys was previ-
ously considered ancestral in Squamates (VITT & PIANKA 2005),
but recent phylogenic hypotheses, with Iguania appearing at
the tip of the tree rather than as part of a basal split, chal-
lenged this view (SITES et al. 2011). Within gymnophthalmids,
ant consumption is not a rule, but these prey have been shown
to be important for several species in the family, although never
dominant (DOAN 2008). Eating ants is usually a characteristic
of Tropidurid lizards and may be energetically ineffective be-
cause ants are relatively small and have a proportionally thick
cuticle, with an associated metabolic cost for toxin processing
(VITT et al. 2008). Conversely, eating ants may be advantageous
by compensating for the costs related to browsing for non-
toxic and larger prey categories, because ants are generally
encountered in agglomerations (VITT & CALDWELL 2009). The
appreciable importance of ants on D. nordestina raises two not
necessarily mutually exclusive hypotheses about its natural
history: (I) the lizard presents an intermediary foraging strat-
egy concerning sit-and-wait and active foragers and/or (II) ants
are abundant enough to increase the probability of encoun-
ters between prey and predator.

Lizard dietary shifts are probably related to evolutionary
divergences on behavior and morphology among clades (VITT

et al. 2007a). By comparing our results with several similar works
with gymnophthalmid lizards we can argue for some degree of
historical conservatism, at least regarding D. nordestina and
Ptychoglossus bicolor (Werner, 1916) (ANAYA-ROJAS et al. 2010),
Micrablepharus maximilianii (Reinhardt & Lütken, 1862), and
Vanzosaura rubricauda (Boulenger, 1902) (D.C.P.S. Aquino,
unpubl. data), Leposoma scincoides (TEIXEIRA & FONSECA 2003),
Cercosaura eigenmannii (Griffin, 1917) (VITT et al. 1998),
Alopoglossus angulatus (Linnaeus, 1758) and A. atriventis

Table III. Model selection and model averaging of shape variables as predictors of sex in Dryadosaura nordestina. The best model is the shortest based on
the manual selection of variables and the Akaike’s Information Criterion (AIC). The values for �2 represent the differences among the full and best models
compared to the null model, and p the significance of this difference. For each variable, coefficients are presented for each respective model. Asterisks indicate
significant model-averaged coefficients (p < 0.05). (svl) Snout-vent length, (bw) body width, (bh) body height, (hw) head width, (hh) head height, (hl) head
length, (fll) forelimb length, (hll) hindlimb length.

Intercept svl bw bh hw hh hl fll hll AIC �2 p

Full model  38.48  -47.23  -16.84  -15.63  15.70  17.89  -4.46 0.52 – 138.71 116.26 <0.0001

Best model  38.13  -43.85  -14.04  -13.30  17.44  19.59 – – – 135.48 114.72 <0.0001

Model-averaged coefficients  38.27*  -45.56*  -14.81  -13.75  22.07  24.09  -0.30 6.60 6.37 – – –

Relative Importance –  0.95  0.76  0.87  0.80  0.88  0.54 0.50 0.44 – – –
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Duellman, 1973 (VITT et al. 2007a), P. ecpleopus, P. juruazensis
(VITT & ÁVILA-PIRES 1998) and A. vanzolinia (DE OLIVEIRA & PESSANHA

2013). Regarding diet, the most similar species to D. nordestina
is A. vanzolinia, it’s sister species. Both feed mainly on
Formicidae, invertebrate eggs, and Isoptera (DE OLIVEIRA &
PESSANHA 2013), what supports a phylogenetic influence on the
diet of D. nordestina (and probably within Gymnophthalmidae).

Dryadosaura nordestina presents, like other gymnophthal-
mids (FITCH 1970), a fixed clutch size of two eggs. Fixed clutch
sizes may constrain individuals to produce larger eggs and mul-
tiple clutches per reproductive season (TINKLE et al. 1970), lead-
ing females to produce clutches in a fast, consecutive, and
continuous fashion (ANDREWS & RAND 1974, VITT 1986, DOUGHTY

1997, PIANKA & VITT 2003). Indeed, most reproduction of D.
nordestina occurs from May to June (when most reproductive
females and the only gravid ones were found), with most juve-
niles emerging subsequently from July through November.
Hence, although clutch size is fixed, most reproductive females
are found during the rainy season, and juveniles emerge from
the beginning to the middle of the dry season. Still, reproduc-
tive females containing developed follicles are found almost year
round, as well as juveniles, which is an evidence of prolonged
reproduction, and even though we did not find evidences for
multiple clutches per female, it seems that more than one re-
productive event could occur, and reproduction of D. nordestina
does not appear totally seasonal, which is in agreement with
the aforementioned constraint. Ptychoglossus bicolor does not
reproduce seasonally as well (RAMOS-PALLARES et al. 2010), but
additional studies are necessary to propose a pattern.

Sexual dimorphism can has many causes, such as fe-
male advantage due to the production of bigger clutches (FITCH

1981, STAMPS 1983, CAROTHERS 1984, ANDERSON & VITT 1990) to
asymmetrical investment in reproduction among sexes (FITCH

1981, VAN SLUYS 1998). Furthermore, males with bigger heads
may be sexually selected in intrasexual competition for fe-
males (VITT & COOPER 1985, ANDERSON & VITT 1990). Addition-
ally, sexual dimorphism can reduce intraspecific competition
for food (VAN SLUYS 1993, PERRY 1996). Although it is often
hard to access the precise reason for sexual size dimorphism
in a given species, intrasexual selection seems a plausible cause
for larger males in teiid species (ANDERSON & VITT 1990), and it
may also be the cause for D. nordestina and other gymnophthal-
mids. Nevertheless, even though clutch size is fixed in
gymnophthalmids, longer and wider bodies in females can
accommodate larger eggs and thus favor selection on such
morphometric variables.

Larger males are also characteristic of P. bicolor (RAMOS-
PALLARES et al. 2010) and Alexandresaurus camacan (RODRIGUES et
al. 2007), which may be indicative of intrasexual conflict to
access females. Likewise, head shape has been repeatedly re-
ported as a sexually dimorphic character in other gymnoph-
thalmids (VITT 1982). Our model selection procedure identified
snout-vent length, and both head and body height and width

as the most discriminatory variables for gender differentiation.
ANDERSON & VITT (1990) suggested that head shape is directly
related to facilitate mating because males can hold females
tightly, besides providing advantages in male-male combat.
Males with larger heads (than females) are also found in
Cercosaura schreibersii Wiegmann, 1834 (BALESTRIN et al. 2010)
and V. rubricauda (D.C.P.S. Aquino, unpubl. data).
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