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Abstract

The diet of lizards is mainly composed of arthropods. It can be affected by biotic and abiotic factors, which influence the energy 
supply provided by the composition of the animal´s diet. The richness and abundance of many arthropod species can be influenced 
by environmental seasonality, especially in the Caatinga ecoregion, due to the rainfall regimes. The present study aims to describe 
aspects of the seasonal and morphological variation in the lizard Gymnodactylus geckoides diet and their energy content. We collect-
ed 157 individuals (63 females, 68 males, and 26 juveniles) at the Catimbau National Park, Northeastern Brazil, of which 72 were 
analyzed for the dry season and 59 for the rainy season. Our data indicates Isoptera to be the most common prey in G. geckoides’s 
diet. Energy content, prey number was higher in the dry season, whereas prey volume and glycogen content increased in the rainy 
season. Proteins and lipids did not show marked differences. The present study represents the first effort to understand variations in 
G. geckoide’s trophic ecology, indicating that this specie presents a wide variation in their diet, especially when considering seasonal 
factors, revealing their needs and restrictions according to prey availability and environmental conditions.

Kurzfassung

Die Nahrungszusammensetzung von Eidechsen kann von biotischen und abiotischen Faktoren beinflusst werden und besteht groß-
teils aus Arthropoden. Die Vielfalt und Häufigkeit vieler Arthropodenarten kann durch Umweltsaisonalität beinflusst werden, ins-
besondere in Caatinga aufgrund der Niederschlagsverteilung. Die vorliegende Studie zielt darauf ab, Aspekte saisonaler und mor-
phologischer Variationen in der Ernährung der Eidechse Gymnodactylus geckoides sowie ihren energetischen Inhalt zu beschreiben, 
wobei 157 Individuen (63 Weibchen, 68 Männchen und 26 Jungtiere) im Catimbau-Nationalpark im Nordosten Brasiliens gesammelt 
wurden, 72 davon in der Trockenzeit und 59 Tiere in der Regenzeit. Unsere Daten zeigen keinen sexuellen Dimorphismus bei G. 
geckoides, wobei Isoptera die Nahrung dominierten. Unter Berücksichtigung der Ernährung und des Energiegehalts unterschieden 
sich Beutezahl, Volumen und Glykogenmenge zwischen den Jahreszeiten und zeigten während der Trocken- und Regenzeit jeweils 
höhere Werte, während Proteine und Lipide keine Unterschiede zeigten. Die vorliegende Studie stellt den ersten Versuch dar, Varia-
tionen der trophischen Ökologie von G. geckoides zu verstehen, unter Berücksichtigung des Einflusses von Saisonalität, Geschlecht 
und Morphologie sowie des energetischen Inhalts der aufgenommenen Beute. Sie weist auch auf ein hohe Variation in der Ernährung 
der untersuchten Art hin, insbesondere im Bezug auf saisonale Umgebungen, was ihre Bedürfnisse und Einschränkungen je nach 
Beuteverfügbarkeit und Umweltbedingungen aufzeigt.
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Introduction

Ecological studies on diets of lizards have contributed 
significantly to the development of several theories, in-
cluding community succession, evolutionary processes, 
behavioral patterns (Huey et al. 1983; Caughley 1985; 
Vitt and Pianka 1994), foraging and life history traits 
(Colli et al. 2003; Recoder et al. 2012), and comparative 
biology (Costa et al. 2008). Lizards display ecological 
variations influenced by seasons (Ferreira et al. 2017; 
Mamou et al. 2019), as well as variations in morphol-
ogy and behavior (Bock and von Wahlert 1965; Losos 
1990), especially neotropical lizards, revealing real 
challenges in establishing a general life history model 
(Colli et al. 2003).

Studies on energy support and trophic ecology are cru-
cial for understanding evolutionary biology, natural histo-
ry (Colli et al. 2003), and energy allocation (Franzini et al. 
2019). Moreover, the search for adequate nutrition pres-
ents a challenge for many lizard species, influencing their 
physical conditions (Cooper and Vitt 2002; Mamou et al. 
2019). This search can be influenced by biotic factors, 
including morphometric differences between females and 
males (Bolnick et al. 2002; Bolnick et al. 2003), and abi-
otic factors, including environmental changes (especially 
seasonal environments) and food availability (Díaz and 
Carrascal 1993; Martins et al. 2008; Ferreira et al. 2017). 
For neotropical lizards inhabiting the Caatinga biome 
(Vitt 1986; Jorge et al. 2020), food availability seems to 
be highly associated with unpredictable seasonality and 
precipitation levels (Nobre et al. 2008; Vasconcellos et al. 
2010a, b; Ferreira et al. 2013).

Studies concerning energy balance and stomach con-
tent, reveal available biochemical components (proteins, 
lipids, and glycogen) and are crucial for understanding 
evolutionary history traits and how ecological aspects 
could lead to dietary differences (Cooper and Vitt 2002; 
Pafilis et al. 2007). Most lizard species are predators of 
small animals, including arthropods. However, there is 
a lack of published information concerning the dietary 
habits of neotropical lizards, especially with regard to the 
biochemical components of their diet.

Gymnodactylus geckoides is endemic to the Caatinga 
(Alcântara et al. 2019), and several studies have report-
ed its dietary composition (Vitt 1995; Souza-Oliveira et 
al. 2017; Alcântara et al. 2019), a possible difference in 
diet between the sexes (Vitt 1986; Souza-Oliveira et al. 

2017) and its relationship with their morphology (Vitt 
1995; Souza-Oliveira et al. 2017). Although there are 
recent data on the diet of G. geckoides and its morphol-
ogy, information from Caatinga remains restricted to 
the populations from the Exú municipality, Pernambuco 
(Vitt 1986; Vitt 1995) and Aiuaba and Barro municipal-
ities, Ceará (Alcântara et al. 2019). Moreover, studies 
reporting energy values of ingested prey or seasonal 
variations in the diet of the species could provide help-
ful information about their energy needs and use of the 
available food resources in the environment; however, 
these remain scarce.

Recent studies have demonstrated adaptations in lizard 
feeding due to environmental seasonality and landscape 
changes, leading to variations in the number and volume 
of ingested prey (Ferreira et al. 2017; Franzini et al. 2019; 
Mamou et al. 2019). Thus, the G. geckoides diet varies 
seasonally and between sexes, depending on morpholo-
gy and prey type, number, volume, and energy values. 
Therefore, the present study aimed to describe and update 
the information on the trophic ecology of G. geckoides, 
considering a population from a Caatinga remnant in Per-
nambuco state, Northeast Brazil. We verified variations 
in the prey type, number, volume, and energy values of 
stomach contents, emphasizing seasonal, morphological, 
and sex variations.

Materials and methods
Study site

This study was performed in Catimbau National Park 
(8°24'00"S to 8°36'35"S and 37°09'30"W to 37°14'40"W), 
a protected area (PA) created by a federal decree in 2002. 
The area features conformations of the Caatinga biome, 
located at the center of Pernambuco, in the Ipanema Val-
ley, and encompasses the municipalities of Buíque, Ibi-
mirim, and Tupanatinga (Proença 2010) (Fig. 1). The PA 
area is approximately 62,300 ha and covers altitudes be-
tween 500 m to 1,000 m above sea level (ICMBio 2019). 
The climate is semiarid and strongly seasonal, with an an-
nual precipitation between 0 and 256 mm and the highest 
rainfall levels between March and July (ICMBio 2019; 
INMET 2019). The landscape includes evergreen and de-
ciduous forest, with shrubby spineless vegetation, sandy 
soils, and rock fields (Sousa et al. 2012).
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Lizards’ collection and processing

Individuals were collected by active search along a sandy 
trail approximately 300 m long. Surveys were conducted 
at hourly intervals over three days. Active searches were 
carried out during the day (from 9:00 h to 14:00 h) and at 
night (from 16:00 h to 20:00 h), with collections and ob-
servations made by a pair of observers, conducted monthly 
from September 2018 to August 2019 to record seasonal 
variations. We recorded the sex (female or male), and age 
(adult, juvenile, or sexually immature) of each individual. 
Sexual maturity was determined according to the gonad 
volume (< 0.1 mm³ for ovaries and < 1 mm³ for testicles) 
(Kolodiuk et al. 2010; Ragner et al. 2014). After capture, 
the collected individuals were weighed and subjected to a 
lethal injection of ketamine (10 mg/kg + 0.1–0.3 mg/kg). 
Due to the lack of significant variations in climatic con-
ditions (precipitation and temperature) between the years 
(from 2014 to 2019) (see Suppl. material 1), the present 
study also incorporates data from individuals that were 
previously captured in Catimbau National Park in 2014 
and curated at the Herpetological Collection of the Federal 
University of Paraíba, UFPB). The capture and euthaniza-
tion procedures were standardized for both sampling years.

After euthanization, the following morphometric vari-
ables were recorded using a digital caliper (0.01 mm): 
snout-vent length (SVL), body width (BW; at the broad-
est point), body height (BH; at the highest point), head 
height (HH; at the highest point), head width (HW; at the 
broadest point), head length (HL; from the tip of the snout 
to the anterior margin of the ear-opening), tail length (TL; 

from cloaca to the tip of tail), forelimb length (FL; from 
the forepaw-body bond to the tip of lamella), and hind-
limb length (HLL; from the hind leg body bond to the 
tip of the lamella) (Colli et al. 2003). Tail length was ex-
cluded from the analyses because most individuals had 
broken tails or signs of an earlier autotomy. After mor-
phometric measurements were recorded, we removed the 
stomach contents of all individuals through a longitudinal 
incision from the throat to the vent. The contents were an-
alyzed, and the prey was identified at the lower taxonom-
ic level possible (order). In addition, the stomach contents 
of 48 individuals were refrigerated prior to biochemical 
analyses and 83 contents were preserved in 70% alcohol.

The stomach contents were subjected to biochemical 
tests to measure the total protein, lipid, and glycogen 
proportion (Sönmez and Gülel 2008). The contents were 
macerated in 0.5 mL of sodium phosphate buffer (pH 7.2; 
0.1 mM) and centrifuged at 3,000 × g for three minutes. 
The supernatant (100 μL) was removed from the resulting 
homogenates for protein measurement and the remaining 
homogenates were centrifuged again for lipids and glyco-
gens. The Bradford method (Bradford 1976) and bovine 
serum albumin (BSA) were used as standards, with absor-
bance measured at 595 nm to determine the total protein 
quantity. Using the van Handel method (Van Handel 1985 
a, b), 200 μL of the homogenates was added to 200 μL of 
sodium sulfate and 800 μL of methanol and chloroform 
(1:1) and centrifuged at 3,000 × g for three minutes in each 
experiment. The precipitate was used for glycogen analy-
sis and the supernatant was transferred to a test tube for lip-
id analysis. Lipids were estimated spectrophotometrically 

Figure 1. Map of Pernambuco (PE) State in Brazil, location of Catimbau National Park inside the state and the municipalities that 
border the CU.
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using the sulfo-phospho-vanillin method (Hiai et al. 
1976), while glycogen content was estimated using the 
anthrone-sulfuric acid method (Hiai et al. 1976), with both 
absorbances measured at 625 nm. Stomach contents with 
results outside of their respective confidence intervals for 
protein (0.095–0.602 µg/mL), lipid (0.039–0.603 µg/mL), 
and glycogen (0.226–1.575 µg/mL) were excluded from 
the analysis (Gasco et al. 2016). The results inserted on the 
confidence intervals were converted to cal/mg, using the 
dataset established by a calorimeter. Individual collection 
and all procedures of the present study were authorized 
by the Animal Use Environmental Agency (SISBIO # 
64455-1 and SISBIO # 29550-4) and the Ethics Commit-
tee (CEUA UFRPE 123/2018).

Data analysis

The packages corrplot and caret were used for morpho-
metric analyses and the package mice for missing data 
imputation (Van Buuren and Groothuis-Oudshoorn 2011; 
Penone et al. 2014). We tested sexual dimorphism for one 
single analysis of variance (ANOVA), which was tested 
using an adjusted linear model wrapping the lowest cor-
related measurements (< 0.7), as well as their interactions 
for both groups (females and males), whereas the high-
est correlated measurements (> 0.7) were excluded from 
the analysis (Chambers et al. 1992). The less correlated 
measurements were isolated and subjected to nonmetric 
multidimensional scaling (NMDS), coupled with a PER-
MANOVA test, using vegan and ggpubr packages. This 
analysis was performed to determine distance and group 
overlap. All morphometric variables were log-trans-
formed (base 10) before analysis to obtain normality.

We recorded the length and width of the prey from the 
stomach contents using a digital calliper (0.01 mm) so 
long as it was not too fragmented. These measurements 
were used to estimate prey volume as an ellipsoid (V = 4 / 
3π [w / 2] ². [l / 2]). We calculated the frequency, numeric 
and volumetric percentages, and relative importance in-
dex (RII) for each prey category. Estimates considered 
individual stomachs (IIS = (%N + %V)/2) and pooled 
stomachs (IPS = (%N + %V+ %F)/3), where N is the nu-
meric percentage, V is the volume pooled percentage, and 
F is the occurrence frequency.

Trophic niche diversity was calculated using the stan-
dardized Levin’s index (Ba). Ba = (B−1) / (n−1), where 
(n) is the prey category and (B) represents Levin’s index 
of niche breadth: B = 1 / Σpi², where (p) is the proportion 
of each prey category (i). Ba ranges from 0 to 1, with val-
ues close to ‘1’ indicating a generalized diet and values 
close to ‘0’ specialized (Mamou et al. 2019). The index 
was used to verify the overall diet diversity and differenc-
es between seasons, with respect to the dry season (Bads) 
and the rainy season (Bars). We calculated diet overlap be-
tween females and males and dry and rainy seasons, which 
were estimated through the numeric and volumetric niche 
overlap indices (Pianka 1973) using the following formula 

in the R package spaa: OFM = OMF = ∑pMipFi/√(p2Mi) 
√(p2Fi), where pMi is the male proportion prey category i, 
and pFi is the female proportion prey category i.

We used the individual-level diet variation index (E) 
to analyze the presence and measurement of the degree 
of individual specialization (IS) (Araújo et al. 2008). This 
index is based on network theory and quantifies the aver-
age density of connections, corresponding to the average 
dissimilarity among individuals (interindividual variation 
condition). The values of E ranged from 0 (individuals 
with identical diets) to 1 (individuals with different di-
ets), sharing dietary components to different degrees. The 
lower the number of consumed items, the greater the like-
lihood that individuals will show more varied stomach 
contents (Carvalho-Rocha et al. 2018).

We tested whether individual specialization was pres-
ent for its correlation with sex and seasonal variation, 
considering prey number. Based on the PCA component 
scores, we calculated a matrix (Suppl. material 2) of pair-
wise Euclidean morphological distances among all indi-
viduals. We also calculated the PS index, where pik and 
pjk represent the proportions of item category k in the di-
ets of individuals i and j, respectively, to generate a pair-
wise diet overlap matrix among the individuals. Finally, 
the correlation between the diet overlap matrix and sea-
sonal distance matrices was tested using a simple Mantel 
test (10,000 simulations) (Araújo et al. 2007). We would 
expect a negative correlation between matrices of diet 
overlap and seasonal distances if functional seasonality 
affected individual diets, indicating that individuals col-
lected in the same season (small Euclidean distances) also 
show similar diets (high diet overlap), regardless of sex.

A network analysis was performed to describe the re-
source patterns used by each individual. First, we built an 
individual resource matrix (R), with individuals in col-
umns and resource categories in rows. Each element rij of 
R was filled with the number of ingested prey of resource 
j by individual i. From R, we depicted bipartite networks 
comprising two sets of nodes (individuals and resource cat-
egories) and lines linking each individual to each of their 
consumed resources (Pires et al. 2011). Then, we described 
resource-sharing patterns between individuals testing for 
nestedness and modularity in the individual-resource net-
works. Nestedness consists of network propriety, which 
indicates the presence of highly connected nodes and oth-
er less connected nodes that interact in most cases with 
only at highly connected subset of nodes (Guimarães et al. 
2006). Here, nestedness indicates how much of the most 
specialized diet represents a subset of the more generalized 
ones (Araújo et al. 2010; Pires et al. 2011). All analyses 
were performed using ade4, bipartite and RInSp packages.

Variations between sex and season were analyzed 
considering individual stomach content according to the 
number and volume of ingested prey (Garda et al. 2014). 
Generalized linear models (GLM) were produced using 
the number and volume of ingested prey as predictive 
models to test the variance between females and males 
and dry and rainy seasons. The GLM was used to avoid 
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differences between sampling months and, consequently, 
captured individuals (predator and prey), using DHARMa 
and readxl packages (Zuur et al. 2009). A linear regression 
test (r²) was performed using SVL as an independent vari-
able (Vitt 1995; Mesquita et al. 2015) to analyze the cor-
relation between morphology and ingested prey volume.

We also compared the energy content (proteins, lip-
ids, and glycogen) between the sexes and seasons using 
GLM analysis. Both factors (sex and season) were test-
ed, considering proteins, lipids, and glycogen as variants 
to verify differences in energy content according to their 
interactions. The factors were tested simultaneously and 
separately to verify their influence on the energy content. 
The relationship between the number and volume of prey 
and energy values was measured by a multiple regression 
test (r²) using protein, lipids, and glycogen as dependent 
variables to associate the condition of the overall stomach 
content (Mesquita et al. 2015). Statistical analyses were 
performed using the R program (v3.6.1 R Development 
Core Team 2019), and the individual resource networks 
were built in Pajek (<Networks/Pajek (uni-lj.si)>).

Results
A total of 83 individuals were collected throughout the sam-
pling months, and another 74 were obtained from scientific 
collections, giving a total sample size of 157 individuals, 
composed of 63 females (40.1%), 68 males (43.3%), and 
26 juveniles (16.5%). The average morphometric measure-
ments for both females and males are shown in Table 1, 
with the smallest reproductive individuals having 34 mm 
(SVL). The least correlated measures (HLL, HW, HL, HH, 
and BH) indicated a lack of significant variations in mor-
phology between sexes (ANOVA F2,129 = 21.86, P = 0.74). 
The NMDS analysis pooled adult individuals (females and 
males) into similar groups, revealing high overlap for all 
measures analyzed, presenting low variation between ma-
ture individuals (Fig. 2), indication lack of sexual shape 
dimorphism (MANOVA F2,129 = 1.23, P = 0.26).

The diet dataset was obtained from dissected stom-
achs of 131 individuals: 56 females (42.7%), 66 males 
(50.3%), and nine juveniles (6.9%). Ten individuals 
(7.63%) had an empty stomach. Data on 1,035 food items 
were compiled and classified into 18 different categories, 
averaging 7.90 items/stomach. The diet was mainly com-
posed of invertebrates (insects and arachnids) with oc-
casional mineral, sand, and vegetal sediments (Table 2). 
The most abundant item was Isoptera, which represent-
ed over two-thirds of the prey, almost one-third of the 
prey frequency, and half of the prey volume. Coleoptera, 
Blattodea, and Orthoptera were among the four most im-
portant categories, considering the pooled and individual 
stomach contents.

Considering the pooled stomachs described above, Isop-
tera and Coleoptera were the most significant numerically 
and volumetrically. Both indices (iis and ips) revealed that 
half of the G. geckoides diet comprised only Isoptera. In 
addition, Levi’s index indicated low trophic niche breadth 
(Ba = 0.27). Regarding seasonality, niche breadth revealed 
lower diversity of prey type ingested during the dry season 
(Bads = 0.52) than during the rainy season (Bars = 0.68). 
Diet quantity showed a high volume (0.78) and frequency 
(0.96) overlap between sexes, indicating that similar items 
were consumed by females and males, despite the niche 
breadth difference between seasons.

Table 1. Average morphometric measurements for males and 
females Gymnodactylus geckoides, sampled between Septem-
ber 2018 and August 2019 and 2014, in Catimbau National Park 
(PE). Values represent mean ± standard deviation, and range of 
variables of each body shape measured (mm).

Variables Females (n = 63) Males (n = 68)
Snout-vent length 40.03 ± 4.92 (30.95 – 47.25) 40.93 ± 2.74 (32.11 – 45.74)
Body width 8.35 ± 1.67 (5.74 – 13.3) 8.02 ± 1.01 (5.84 – 9.79)
Body height 5.71 ± 1.26 (4.06 – 8.71) 5.64 ± 0.99 (4.04 – 7.74)
Head height 4.31 ± 0.59 (3.33 – 5.44) 4.50 ± 0.75 (3.42 – 6.69)
Head width 6.18 ± 0.77 (5.02 – 8.98) 7.13 ± 0.89 (5.15 – 8.52)
Head length 10.73 ± 1.50 (8.64 – 14.44) 10.36 ± 1.59 (8.81 – 13.66)
Forelimb length 11.15 ± 2.18 (8.20 – 15.58) 11.56 ± 2.14 (8.18 – 15.94)
Hindlimb length 14.75 ± 2.42 (11.07 – 19.06) 15.12 ± 2.10 (11.24 – 18.84)

Figure 2. NDMS Analysis for females and males of Gymnodactylus geckoides in Catimbau National Park (PE), using log – trans-
formed of HLL, HW, HL, HH, BH and Jaw Width (JW) sizes. Correlation analyzes revealed negative correlation, between HLL and 
HL, and HL and BH (-0.05 and -0.14, respectively), while other measurements revealed positive correlation (from 0.11 to 0.61).
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We found low individual-level diet variation index val-
ues, indicating a similar diet between females and males, 
with lower variations during the dry season (E = 0.18) than 
during the rainy season (E = 0.27). This index, as well 
as the network analysis, indicated variation in individual 
specialization according to seasonality, with females and 
males displaying a high frequency of Isoptera ingestion 

during the dry season, and other prey types (Coleoptera, 
Araneae, Hymenoptera, and Orthoptera) being consumed 
at higher frequencies during the rainy season (Fig. 3).

Regarding individual stomachs, the GLM did not 
reveal significant variations between sexes, for both prey 
number (β ± SE = -0.038 ± 0.025, z = -1.509, p = 0.849; 
females: 0.90 ± 1.11, males:0.70 ± 0.97) and volume 

Table 2. Diet composition of the 131 Gymnodactylus geckoides captured in Catimbau National Park (PE). n = prey number; v = 
prey volume; SD = Standard deviation; f = number of stomachs which contained the prey; ips – Importance index of pooled stom-
achs; iis – Importance index of individual stomachs.

Category Pooled stomachs Individual stomachs
F f% N n% v v% ips n±SD n%±SD v±SD v%±SD iis

Arachnid
Aranae 28 11.72 36 3.48 237.55 2.77 5.99 0.27 ± 0.53 3.48 ± 0.05 1.81 ± 16.7 2.77 ± 0.19 3.13
Pseudoscorpion 3 1.26 3 0.29 3.02 0.04 0.53 0.02 ± 0.00 0.29 ± 0.00 0.02 ± 1.36 0.04 ± 0.02 0.17
Insect
Blattodea 10 4.18 11 1.06 1390.76 16.20 7.15 0.08 ± 0.32 1.06 ± 0.03 10.62 ± 323.64 16.20 ± 3.77 8.63
Coleoptera 58 24.27 82 7.83 212.88 2.48 11.53 0.63 ± 0.75 7.92 ± 0.07 1.63 ± 8.28 2.48 ± 0.10 5.20
Diptera 5 2.09 6 0.58 4.62 0.05 0.91 0.05 ± 0.45 0.58 ± 0.04 0.04 ± 0.00 0.05 ± 0.00 0.32
Hemiptera 2 0.84 5 0.48 58.30 0.68 0.67 0.04 ± 0.71 0.48 ± 0.07 0.45 ± 39.13 0.68 ± 0.46 0.58
Hymnoptera 25 10.46 45 4.35 313.58 3.65 6.15 0.34 ± 1.08 4.35 ± 0.10 2.39 ± 51.55 3.65 ± 0.62 4.00
Isoptera 66 27.62 802 77.49 4239.49 49.37 51.49 6.12 ± 12.12 77.50 ± 1.16 32.36 ± 146.13 49.37 ± 1.70 63.44
Lepdoptera 5 2.09 5 0.48 39.28 0.46 1.01 0.04 ± 0.35 0.48 ± 0.03 0.30 ± 215.99 0.46 ± 2.52 0.47
Mantodea 1 0.42 1 0.10 – – – 0.01 ± 0.00 0.10 ± 0.00 – – –
Neuroptera 1 0.42 1 0.10 107.63 1.25 0.59 0.01 ± 0.00 0.10 ± 0.00 0.82 ± 0.00 1.25 ± 0.00 0.68
Odonata 5 2.09 6 0.58 230.57 2.68 1.79 0.05 ± 0.55 0.58 ± 0.05 1.76 ± 42.69 2.69 ± 0.50 1.64
Orthopthera 15 6.28 16 1.55 1052.57 12.26 6.69 0.12 ± 0.26 1.55 ± 0.02 8.03 ± 121.17 12.26 ± 1.41 6.91
Larvae
Coleoptera 2 0.84 3 0.29 98.94 1.15 0.76 0.02 ± 0.71 0.29 ± 41.92 0.76 ± 0.07 1.15 ± 0.49 0.72
Insect larvae 6 2.51 6 0.58 129.71 1.51 1.53 0.05 ± 0.00 0.58 ± 0.00 0.99 ± 39.37 1.51 ± 0.46 1.05
Lepdoptera 5 2.09 5 0.48 463.86 5.40 2.66 0.04 ± 0.00 0.48 ± 0.00 3.54 ± 87.88 5.4 ± 1.02 2.94
Odonata 1 0.42 1 0.10 4.82 0.06 0.19 0.01 ± 0.00 0.10 ± 0.00 0.04 ± 0.00 0.06 ± 0.00 0.08
Vertebrate
Squamata 1 0.42 1 0.10 0.01 ± 0.00 0.10 ± 0.00
Total 1035

Figure 3. Qualitative individual-resource matrices and networks of Gymnodactylus geckoides, at Catimbau National Park. In the 
matrices, cells indicate a given individual in their respective groups, regarding sex (female and male) and seasonality (dry and rainy) 
(rows) consuming distinct prey types in different intensity (columns). In the networks, ellipses represent individuals, triangles repre-
sent resources and lines represent the consumption of a given resource by an individual according to seasonality.
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(β ± SE = 0.147 ± 0.378, z = 0.389, p = 0.697; females: 
1.78 ± 2.21, males:1.39 ± 2.17). Regarding seasonality, 
the GLM revealed significant variations in prey number 
(β ± SE = -0.150 ± 0.047, z = -3.205, p < 0.001; dry 
season:1.29 ± 1.14, rainy season:0.79 ± 0.69) and 
volume (β ± SE = 0.005 ± 0.002, z = 1.833, p = 0.05; dry 
season:0.76 ± 0.41, rainy season:1.02 ± 0.57). Therefore, 
both females and males had similar diet proportion, 
with a greater quantity of prey consumed during the dry 
season and a higher volume consumed during the rainy 
season. Consistent with previous studies, the capacity 
for consumption of higher prey volumes increased 
with predator morphology. However, linear regression 
revealed a weak relationship between SVL (R² = 0.03, 
F1,113 = 4.33, P = 0.03) and HW (R² = 0.05, F1,113 = 6.42, 
P < 0.01), indicating a random pattern of prey ingestion 
by G. geckoides.

Forty-eight individuals were evaluated for the biochem-
ical tests, with 24 analyzed for the dry season (14 females 
and ten males) and 24 for the rainy season (13 females and 
11 males). Regardless of season and sex, the average pro-
tein was 0.15 ± 0.07 cal/mg (n = 37; range = 0.04–0.32); 
lipids 1.92 ± 1.59 cal/mg (n = 32; range = 0.36–6.19), and 
glycogen 3.54 ± 1.95 cal/mg (n = 35; range = 1.09–7.61). 
The GLM test did not reveal significant variation in the 
amounts of protein and lipid between sexes and seasons, 
indicating similar rates of consumption between females 
and males and between dry and rainy seasons (Table 3 
and Fig. 4). A slightly higher rate was recorded for pro-
teins in females during the rainy season, whereas males 
displayed higher rates during the dry season. Regarding 
lipids, a slightly higher rate was recorded in females in 
both seasons, with higher values obtained in the dry sea-
son. In contrast, glycogen exhibited significant variance 
according to season, with greater amounts during the rainy 
season for both sexes (Table 3 and Fig. 4).

Multiple regression tests showed positive results and 
a weak correlation between nutritional substances and 
stomach content. Proteins exhibited the highest correla-
tion (45%; CI = 30.67; R² = 0.45), followed by glycogen 
(10%; CI = 5.23; R² = 0.10), and lipids (8%; CI = 0.67; 
R² = 0.08), with no significant correlation (p > 0.05). 
Regarding prey type, we investigated reference values 

for four different morphotypes (Isoptera, Orthoptera, 
Coleoptera, and Lepidoptera larvae), which were found 
individually in the stomach contents. Despite present-
ing high importance index, Isoptera yielded three–five 
times less energy in protein content, three–ten times 
less energy in lipids, and three–five times less energy 
in glycogen than other prey types consumed at a lower 
frequency (Table 4).

Table 3. GLM tests for energetical support of Proteins, Lipids 
and Glycogen in stomach content of G. geckoides, regarding 
gender (Female and Male) and season (Dry and Rainy) in Cat-
imbau National Park (PE). Tests performed with each factor 
analyzed (Sex and Season), once tested together for each com-
ponent analyzed. * Indicates significant variation (< 0.05).

Biochemical Sex (Female and Male) Season (Dry and Rainy)
Estimate 

± SE
z- value p-value Estimate 

± SE
z- value p-value

Intercept 0.119 ± 0.952 0.126 0.900 -1.206 ± 0.996 -1.210 0.226
Protein 2.003 ± 4.284 0.468 0.640 -0.334 ± 4.486 -0.075 0.940
Lipid -0.166 ± 0.210 -0.790 0.430 -0.745 ± 0.218 -0.341 0.733
Glycogen -0.111 ± 0.157 -0.711 0.477 0.416 ± 0.171 2.420 < 0.01* Table 4. Reference values of energetical support, for protein, 

lipid and glycogen, of different prey types found isolated in 
individuals stomachs of Gymnodactylus geckoides sampled in 
Catimbau National Park (PE).

Morphotype prey Protein (cal/mg) Lipid (cal/mg) Glycogen (cal/mg)
Isoptera 0.03 0.31 0.33
Orthoptera 0.12 3.43 1.31
Coleoptera (larvae) 0.09 1.14 0.81
Lepidoptera (larvae) 0.16 1.08 1.81

Figure 4. Variation of Proteins, Lipids and Glycogen regarding 
females (red boxes) and males (blue boxes) and seasons (dry 
and rainy), in stomach content of G. geckoides sampled, in Cat-
imbau National Park (PE).
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Discussion
Sexual dimorphism was absent in our study. In lizards, 
sexual dimorphism may be related to different microhab-
itats, diets, and reproduction (sexual selection and clutch 
size) (Huey and Pianka 1981; Vitt 1986; Mesquita et al. 
2015). However, since females and males displayed sim-
ilarities in the resources used (microhabitat and feeding), 
considering the gregarious distribution recorded during 
fieldwork and fixed clutch size in females (one egg), it 
is not surprising that G. geckoides lack sexual dimor-
phism. In addition, the lack of morphological variation 
between females and males indicates that both sexes are 
subjected to similar environmental adaptive pressures 
(Serrano-Cardozo et al. 2007). Individuals in the study 
population reached sexual maturity above 34 mm (SVL).

A similar diet was recorded between females and males 
of G. geckoides, with the same quantities of prey ingest-
ed. Half of the diet is comprised of a single prey type 
(Isoptera). Isoptera constitute a prominent insect order, 
mainly in semiarid biomes such as Caatinga (Vitt 1995; 
Vasconcellos et al. 2010a), displaying a high nest fre-
quency (90 nests per hectare – Caatinga) (Vasconcellos et 
al. 2010a; Souza-Oliveira et al. 2017). Because Isoptera 
are usually found in microhabitats with a high concen-
tration of organic material, such as leaf litter, shrubs, and 
fallen trunks (Colli et al. 2003; Vasconcellos et al. 2010a), 
which constitutes microhabitats likely occupied by both 
females and males of G. geckoides (Vitt 1995), it is not 
surprising that a large frequency of Isoptera is included 
in their diet. In addition, the importance of this prey type 
and their constant frequency during the year, consider-
ing that geckos are highly chemosensory (Schewnk 1993; 
Colli et al. 2003), indicate that Isoptera display a guar-
anteed feeding source for both females and males of G. 
geckoides, resulting in a high food niche overlap between 
females and males.

This lizard consumed both sedentary and active prey. 
Generally, generalist lizards adopt a mixed foraging 
strategy (ambush and active forager) (Cooper 1995; Vitt 
1995), modifying their hunting strategies according to the 
pressures imposed by the environment (Huey and Pianka 
1981; Ferreira et al. 2017), passing away with lizard spec-
imens specializing in certain food items, or displaying a 
particular foraging mode (Pough et al. 1998). Therefore, 
the present study indicates that variations in G. geckoides 
behavior could be associated with climate and landscape 
conformational changes in the Caatinga biome, with 
changes proportional to different prey types and other 
factors, such as their abundance (Huey and Pianka 1981; 
Díaz and Carrascal 1993; Ferreira et al. 2017).

The seasonal variation of the diet involved prey type, 
as well as the numbers and volume ingested. Our results 
showed individual-level diet variation patterns in G. 
geckoides, implying more similar diets among individ-
uals during the dry season than during the rainy season 
(Bolnick et al. 2002; Bolnick et al. 2003; Martins et al. 
2008). Therefore, G. geckoides tend to be more proactive 
during the dry season, seeking and establishing territory 

close to Isoptera nests. On the other hand, as long as food 
availability increases with rainfall levels, G. geckoides 
seem to display fairly static stationary behavior, often 
with a range of prey types, as well as prey number (Díaz 
and Carrascal 1993; Martins et al. 2008; Ferreira et al. 
2017). These variations in feeding habits seem to help G. 
geckoides remain adaptable to environmental seasonality, 
mainly considering prey availability (Desfilis and Font 
2002; Vasconcelos et al. 2010a, b; Ferreira et al. 2013), 
which is also suggested by the variations in niche breadth 
between seasons (Toft 1985; Ferreira et al. 2017).

Biochemical tests enabled the description of the av-
erage available protein, lipid, and glycogen, establishing 
primary nutritional values from some prey types individ-
ually. Our records of isolated prey indicated that one or 
two units of prey such as Orthoptera and Lepidoptera lar-
vae may yield the same calories as 5 to 11 units of other 
prey types such as Isoptera, reinforcing theories that there 
could be variations of energy levels provided by differ-
ent prey types ingested, as well as a particular fondness 
for energetically advantageous prey, mainly regarding an 
energy-expensive life stage (Costa et al. 2008; Souza-Ol-
iveira et al. 2017). On a progressive scale, glycogen is 
first metabolized into glucose. In the absence of circulat-
ing glucose, lipids are released for energetic metabolism, 
generating an eco-biochemical cause-and-effect cycle 
(hypercaloric prey selection generating energetic absorp-
tion, leading to more efficient and greater lizard fitness) 
(Pafilis et al. 2007). Therefore, the ingestion of energet-
ically advantageous prey seems to make available more 
energy with a lower number of prey ingested (Pafilis and 
Valakos 2004; Pafilis et al. 2007).

Our results indicated that protein and lipid levels did 
not vary significantly with seasonality. In Lepidosauria, 
some species seem to display digestion processes that 
are highly dependent on body temperature (Harwood 
1979; Pafilis and Valakos 2004), whereas other species’ 
digestion processes may be insensitive to body tempera-
ture (Zimmerman and Tracy 1989; Bedford and Cristian 
2000). Sugars constitute the most important energy com-
ponent in the diet of lizards, presenting the most direct 
energy source (Chapman 1998; Pafilis and Valakos 2004). 
According to Scocyzylas (1978) and Berne and Levy 
(1996), the higher activity of sugar-digesting enzymes in 
warmer environments could be explained by the fact that 
optimum temperature for amylase in Lepidosauria is over 
40 °C. However, since the environmental temperature 
does not display significant variation in Caatinga despite 
high seasonality, sugar digestion probably does not seem 
to be affected by body temperature in G. geckoides, main-
taining those temperatures at similar levels in both dry 
and rainy seasons (Comm. Pess. Leonardo P.C. Oitaven). 
Lipids are stable organic compounds, only slightly solu-
ble in water and require complex and time-consuming, 
emulsification and catabolic procedures (Pafilis and Va-
lakos 2004). According to Stryer (1998), many intesti-
nal enzymes, as well as lipolytic enzymes, tend to reach 
maximum activity at 42 °C, and are much more effective 
at higher temperatures. Bonded to the low variation in 
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body temperature, lipids seem to be consumed at similar 
rates in both seasons by G. geckoides, possibly used at 
a lower frequency compared to glycogen, which could 
also be applied to protein absorption (Pafilis and Valakos 
2004; Pafilis et al. 2007). Therefore, the lower glycogen 
levels recorded during the dry season are probably more 
associated with higher energy demand for the lizards due 
to feeding search (Pafilis et al. 2007).

Individuals tend to spend little energy capturing prey 
and are more selective according to the increase in prey 
availability (Díaz and Carrascal 1993). For G. geckoides, 
the energy difference seems to be offset by both prey 
number and volume ingested, with individuals able to in-
vest in greater numbers of smaller preys, ingested at high-
er frequency, as well as a smaller number of bigger preys, 
consumed at lower frequency (Vitt et al. 2001; Mamou et 
al. 2019). Therefore, the present study indicates plastici-
ty in G. geckoides’ behavior, with individuals alternating 
their hunting strategies, strongly bonded to environmen-
tal restrictions (Cooper 1994; Ferreira et al. 2017).

Taken together, the present study represents an effort 
to understand the trophic ecology, such as energy values, 
from a new perspective, presenting the prey content 
of G. geckoides. The present study also reinforces the 
importance of further studies using lizards and other 
vertebrates as models to understand their feeding 
strategies, as well as plasticity in seasonal environments. 
The lack of this information for Brazilian species hinders 
the development of functional management plans for 
biodiversity conservation.

Acknowledgements
The authors would like to thank everyone who participated 
in the sampling field, and to Programas de Ecologia de Lon-
ga Duração (PELD) coordinators, for facilitating the use of 
their base in the Catimbau area. In addition to the financial 
organ Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (CAPES), for the scholarship to this study, and to 
permissions expedition center Instituto Chico Mendes de 
Biologia (ICMBio), for granting our authorization to col-
lect individuals for the present study. G.J.B.M. and D.O.M. 
thank CNPq for his research fellowship (Pq 1D).

References
Alcantara EP, Ferreira-Silva C, Gonçalves-Sousa JG, Morais DH, Ávi-

la RW (2019) Feeding ecology, reproductive biology, and parasit-
ism of Gymnodactylus geckoides Spix, 1825 from a Caatinga area 
in Northeastern Brazil. Herpetological Conservation and Biology 
14(3): 641–647. http://hdl.handle.net/11449/196450

Araújo MS, Reis SF, Giaretta AA, Machado G, Bolnick DI (2007) 
Intrapopulation diet variation in four frogs (Leptodactylidae) of the 
Brazilian Savannah. Copeia 2007(4): 855–865. https://doi.org/10.16
43/0045-8511(2007)7[855:IDVIFF]2.0.CO;2

Araújo MS, Guimaraes Jr PR, Svanbäck R, Pinheiro A, Guimarães P, 
Reis SFD, Bolnick DI (2008) Network analysis reveals contrasting 

effects of intraspecific competition on individual vs. population di-
ets. Ecology 89(7): 1981–1993. https://doi.org/10.1890/07-0630.1

Araújo MS, Martins EG, Cruz LD, Fernandes FR, Linhares AX, Reis 
SF, Guimaraes Jr PR (2010) Nested diets: a novel pattern of individ-
ual‐level resource use. Oikos 119(1): 81–88. https://doi.org/10.1111/
j.1600-0706.2009.17624.x

Bradford MM (1976) A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of pro-
tein-dye binding. Analytical biochemistry 72(1–2): 248–254. https://
doi.org/10.1016/0003-2697(76)90527-3

Bedford GS, Christian KA (2000) Digestive efficiency in some austra-
lian Pythons. American Society of Ichthyologists and Herpetologists 
2000(3): 829–834. https://doi.org/10.1643/0045-8511(2000)000[08
29:DEISAP]2.0.CO;2

Berne RM, Levy MN (1996) Principles of physiology. Mosby-Year 
Book Inc, New York.

Bock WJ, Von Wahlert G (1965) Adaptation and the form-func-
tion complex. Evolution 19(3): 269–299. https://doi.
org/10.1111/j.1558-5646.1965.tb01720.x

Bolnick DI, Yang LH, Fordyce JA, Davis JM, Svanback R (2002) 
Measuring individual level resource specialization. Ecology 83(10): 
2936–2941. https://doi.org/10.1890/0012-9658(2002)083[2936:MI
LRS]2.0.CO;2

Bolnick DI, Svanback R, Fordyce JA, Yang LH, Davis JM, Hulsey CD, 
Forister ML (2003) The ecology of individuals: Incidence and impli-
cations of individual specialization. American Naturalist 161(2003): 
1–28. https://doi.org/10.1086/343878

Carvalho‐Rocha V, Lopes BC, Neckel‐Oliveira S (2018) Interindividual 
patterns of resource use in three subtropical Atlantic Forest frogs. 
Austral Ecology 43(2): 150–158. https://doi.org/10.1111/aec.12552

Caughley J (1985) Effect of fire on the reptile fauna of mallee. In: Grigg 
G, Shine R, Ehmann H (Eds) Biology of Australasian frogs and rep-
tiles. Royal Zoological Society of NSW and Surrey Beatty & Sons, 
Chipping Norton, NSW, 31–34.

Chambers JM, Freeny A, Heiberger RM (1992) Analysis of variance; de-
signed experiments. In: Chambers JM, Hastie TJ (Eds) Statisti cal mod-
els in S. (Pacific Grove, CA: Wadsworth & Brooks/Cole), 145–190.

Chapman RF (1998) The insects, structure, and function. Cambridge 
University Press, Cambridge, 726 pp.

Colli GR, Mesquita DO, Rodrigues PV, Kitayama K (2003) Ecolo-
gy of the gecko Gymnodactylus geckoides amarali in a Neotrop-
ical savanna. Journal of Herpetology 37(4): 694–706. https://doi.
org/10.1670/180-02A

Cooper Jr WE (1995) Foraging mode, prey chemical discrimination, 
and phylogeny in lizards. Animal Behaviour 50(4): 973–985. https://
doi.org/10.1016/0003-3472(95)80098-0

Cooper WE (1994) Chemical discrimination by tongue-flicking in liz-
ards: a review with hypotheses on its origin and its ecological and 
phylogenetic relationships. Journal of Chemical Ecology 20(2): 
439–487 https://doi.org/10.1007/BF02064449

Cooper WE, Vitt LJ (2002) Distribution, extent, and evolution of plant 
consumption by lizards. Journal of Zoology 257(4): 487–517. 
https://doi.org/10.1017/S0952836902001085 

Costa GC, Vitt LJ, Pianka ER, Mesquita DO, Colli GR (2008) Optimal 
foraging constrains macroecological patterns: body size and dietary 
niche breadth in lizards. Global Ecology and Biogeography 17(5): 
670–677. https://doi.org/10.1111/j.1466-8238.2008.00405.x

Desfilis E, Font E (2002) Efectos de la experiencia sobre el comporta-
miento depredador de los reptiles. Rev. Esp. Herpetol 2002: 79–94.

http://hdl.handle.net/11449/196450
https://doi.org/10.1643/0045-8511(2007)7%5B855:IDVIFF%5D2.0.CO;2
https://doi.org/10.1643/0045-8511(2007)7%5B855:IDVIFF%5D2.0.CO;2
https://doi.org/10.1890/07-0630.1
https://doi.org/10.1111/j.1600-0706.2009.17624.x
https://doi.org/10.1111/j.1600-0706.2009.17624.x
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1643/0045-8511(2000)000%5B0829:DEISAP%5D2.0.CO;2
https://doi.org/10.1643/0045-8511(2000)000%5B0829:DEISAP%5D2.0.CO;2
https://doi.org/10.1111/j.1558-5646.1965.tb01720.x
https://doi.org/10.1111/j.1558-5646.1965.tb01720.x
https://doi.org/10.1890/0012-9658(2002)083%5B2936:MILRS%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083%5B2936:MILRS%5D2.0.CO;2
https://doi.org/10.1086/343878
https://doi.org/10.1111/aec.12552
https://doi.org/10.1670/180-02A
https://doi.org/10.1670/180-02A
https://doi.org/10.1016/0003-3472(95)80098-0
https://doi.org/10.1016/0003-3472(95)80098-0
https://doi.org/10.1007/BF02064449
https://doi.org/10.1017/S0952836902001085
https://doi.org/10.1111/j.1466-8238.2008.00405.x


herpetozoa.pensoft.net

Leonardo P. C. Oitaven et al.: Diet condition of Gymnodactylus geckoides in Caatinga biome196

Díaz JA, Carrascal LM (1993) Variation in the effect of profitability 
on prey size selection by the lacertid lizard Psammodromus algirus. 
Oecologia 94: 23–29. https://doi.org/10.1007/BF00317296

Ferreira B (2010) A região semi – árida nordestina: utilização de da-
dos SRTM para mapeamento geomorfológico de parte dos mu-
nicípios de Jatobá Petrolândia e Tacaratu, Sub-Médio São Fran-
cisco, PE. Ciência e Natura, UFSM 32(1): 143–158. https://doi.
org/10.5902/2179460X9503

Ferreira AS, Bellini BC, Vasconcellos A (2013) Temporal variations of 
Collembola (Arthropoda: Hexapoda) in the semiarid Caatinga in 
northeastern Brazil. Zoologia (Curitiba) 30(6): 639–644. https://doi.
org/10.1590/S1984-46702013005000009

Ferreira AS, Silva AO, Conceição BM, Faria RG (2017) The diet of 
six species of lizards in an area of Caatinga, Brazil. Herpetological 
journal 27(2): 151–160.

Franzini LD, Teixeira AAM, Tavares-Bastos L, Vitt LJ, Mesquita DO 
(2019) Autecology of Kentropyx calcarata (Squamata: Teiidae) in 
a Remnant of Atlantic Forest in Eastern South America. Journal of 
Herpetology 53(3): 209–217. https://doi.org/10.1670/17-184

Garda AA, Costa GC, França FG, Giugliano LG, Leite GS, Mesquita DO, 
Vitt LJ (2012) Reproduction, body size, and diet of Polychrus acutiros-
tris (Squamata: Polychrotidae) in two contrasting environments in Bra-
zil. Herpetological Journal 46(1): 2–9. https://doi.org/10.1670/10-288

Garda AA, Medeiros PH, Lion MB, Brito MR, Vieira GH, Mesquita 
DO (2014) Autoecology of Dryadosaura nordestina (Squamata: 
Gymnophthalmidae) from Atlantic Forest fragments in northeastern 
Brazil. Zoologia (Curitiba) 31(5): 418–425. http://doi.org/10.1590/
S1984-46702014000500002

Gasco L, Henry M, Piccolo G, Marono S, Gai F, Renna M, Chatzifotis S 
(2016) Tenebrio molitor meal in diets for European sea bass (Dicen-
trarchus labrax L.) juveniles: growth performance, whole body compo-
sition and in vivo apparent digestibility. Animal Feed Science and Tech-
nology 220: 34–45. https://doi.org/10.1016/j.anifeedsci.2016.07.003

Guimarães Jr PR, Rico-Gray V, Furtado SR, Thompson JN (2006) 
Asymmetries in specialization in ant–plant mutualistic networks. 
Proceedings of the Royal Society B: Biological Sciences 273(1597): 
2041–2047. https://doi.org/10.1098/rspb.2006.3548

Harwood RH (1979) The effect of temperature on the digestive effi-
ciency of three species of lizards, Cnemidophorus tigris, Rrhonotus 
multicarinatus and Sceloporus occidentalis. Comparative Biochem-
istry and Physiology Part A: Physiology 63(3): 417–433. https://doi.
org/10.1016/0300-9629(79)90613-3

Hiai S, Oura H, Nakajima T (1976) Color reaction of some sapogenins 
and saponins with vanillin and sulfuric acid. Planta Medica 29(2): 
116–122. https://doi.org/10.1055/s-0028-1097639

Huey RB, Pianka ER (1981). Ecological consequences of foraging 
mode. Ecology 62(4): 991–999. https://doi.org/10.2307/1936998

Huey RB, Pianka ER, Schoener TW (1983) Lizard Ecology: Studies of 
a Model Organism. Harvard Univ. Press, Cambridge, MA, 501 pp. 
https://doi.org/10.4159/harvard.9780674183384

ICMBio (2019) Parque Nacional do Catimbau. Parna do Catimbau — 
Português (Brasil). www.gov.br [last acess at 12/09/2019]

INMET (2019) Instituto Nacional de Meteorologia.Inmet: Mapa de Es-
tações [last acess at 12/09/2019].

Jorge JS, Sales RF, Santos RL, Freire EM (2020) Living among thorns: 
herpetofaunal community (Anura and Squamata) associated to the 
rupicolous bromeliad Encholirium spectabile (Pitcairnioideae) in 
the Brazilian semi-arid Caatinga. Zoologia (Curitiba) 37: 1–12. 
https://doi.org/10.3897/zoologia.37.e46661

Kolodiuk MF, Ribeiro LB, Freire EMX (2010) Diet and foraging be-
havior of two species of Tropidurus (Squamata, Tropiduridae) in the 
Caatinga of northeastern Brazil. South American Journal of Herpe-
tology 5(1): 35–44. https://doi.org/10.2994/057.005.0104

Losos JB (1990) The evolution of form and function: morphology and lo-
comotor performance in west indian Anolis lizards. Evolution 44(5): 
1189–1203. https://doi.org/10.1111/j.1558-5646.1990.tb05225.x

Mamou R, Marniche F, Amroun M, Exbrayat JM, Herrel A (2019) 
Seasonal variation in diet and prey availability in the wall lizard 
Podarcis vaucheri (Boulenger, 1905) from the Djurdjura Mountains, 
northern Algeria. African Journal of Herpetology 68(1): 18–32. 
https://doi.org/10.1080/21564574.2018.1509138

Martins EG, Araújo MS, Bonato V, Reis SFD (2008) Sex and season 
affect individual‐level diet variation in the Neotropical marsupial 
Gracilinanus microtarsus (Didelphidae). Biotropica 40(1): 132–135. 
https://doi.org/10.1111/j.1744-7429.2007.00319.x

Mesquita DO, Costa GC, Figueredo AS, França FG, Garda AA, Bello 
Soares AH, Werneck FP (2015) The autecology of Anolis brasilien-
sis (Squamata, Dactyloidae) in a Neotropical Savanna. The Herpe-
tological Journal 25(2015): 233–244.

Nobre CEB, Schlindwein C, Mielke OHH (2008) The butterflies (Lep-
idoptera: Papilionoidea and Hesperioidea) of the Catimbau Na-
tional Park, Pernambuco, Brazil. Zootaxa 1751: 35–45. https://doi.
org/10.11646/ZOOTAXA.1751.1.3

Oliveira BHSD, Pessanha ALM (2013) Microhabitat use and diet of 
Anotosaura vanzolinia (Squamata: Gymnophthalmidae) in a Caat-
inga area, Brazil. Biota Neotropica 13(3): 193–198. https://doi.
org/10.1590/S1676-06032013000300022

Pafilis P, Valakos ED (2004) Temperature effect on the digestive effi-
ciency of the main organic compounds in two Mediterranean lizards. 
In: Arianoutsou M, Papanastasis I (Eds) Proceedings 10th MEDE-
COS conference, electronic edn. Mill Press, Rotterdam.

Pafilis P, Foufopoulos J, Poulakakis N, Lymberakis P, Valakos E (2007) 
Digestive performance in five Mediterranean lizard species: effects 
of temperature and insularity. Journal of Comparative Physiology B  
177: 49–60. https://doi.org/10.1007/s00360-006-0108-5

Penone C, Davidson AD, Shoemaker KT, Di Marco M, Rondinini C, 
Brooks TM, Young BE, Graham CH, Costa GC, Freckleton R (2014) 
Imputation of missing data in life-history trait datasets: which ap-
proach performs the best? Methods in Ecology and Evolution 5(9): 
961–970. https://doi.org/10.1111/2041-210X.12232

Pianka ER (1973) The structure of lizard communities. Annual Review 
of Ecology and Systematics 4(1): 53–74. https://doi.org/10.1146/an-
nurev.es.04.110173.000413

Pianka ER, Vitt LJ (2003) Lizards: windows to the evolution of di-
versity. California, USA, 333 pp. https://doi.org/10.1525/califor-
nia/9780520234017.001.0001

Pires MM, Guimarães PR, Araújo MS, Giaretta AA, Costa JCL, Reis 
SF (2011) The nested assembly of individual‐resource networks. 
Journal of Animal Ecology 80(4): 896–903. https://doi.org/10.1111/
j.1365-2656.2011.01818.x

Pough FH, Andrews RM, Cadle JE, Crump ML, Savitzky AH, Wells 
KD (1998) Herpetology. Prentice Hall, 577 pp.

Proença AL (2010) Reconhecimento Arqueológico na Região do Cat-
imbau: Prospecção Geoprocessamento e Estratigrafias no Contexto 
Arqueológico. Revista Brasileira de Geografia 27(2): 289–301.

Ragner P, França F, França R, Silva G (2014) História natural do lagarto 
Phyllopezusperiosus (Squamata: Phyllodactylidae) em um ambiente 
semi – árido no nordeste do Brasil. Revista Biociências 20(2): 5–12.

https://doi.org/10.1007/BF00317296
https://doi.org/10.5902/2179460X9503
https://doi.org/10.5902/2179460X9503
https://doi.org/10.1590/S1984-46702013005000009
https://doi.org/10.1590/S1984-46702013005000009
https://doi.org/10.1670/17-184
https://doi.org/10.1670/10-288
http://doi.org/10.1590/S1984-46702014000500002
http://doi.org/10.1590/S1984-46702014000500002
https://doi.org/10.1016/j.anifeedsci.2016.07.003
https://doi.org/10.1098/rspb.2006.3548
https://doi.org/10.1016/0300-9629(79)90613-3
https://doi.org/10.1016/0300-9629(79)90613-3
https://doi.org/10.1055/s-0028-1097639
https://doi.org/10.2307/1936998
https://doi.org/10.4159/harvard.9780674183384
https://doi.org/10.3897/zoologia.37.e46661
https://doi.org/10.2994/057.005.0104
https://doi.org/10.1111/j.1558-5646.1990.tb05225.x
https://doi.org/10.1080/21564574.2018.1509138
https://doi.org/10.1111/j.1744-7429.2007.00319.x
https://doi.org/10.11646/ZOOTAXA.1751.1.3
https://doi.org/10.11646/ZOOTAXA.1751.1.3
https://doi.org/10.1590/S1676-06032013000300022
https://doi.org/10.1590/S1676-06032013000300022
https://doi.org/10.1007/s00360-006-0108-5
https://doi.org/10.1111/2041-210X.12232
https://doi.org/10.1146/annurev.es.04.110173.000413
https://doi.org/10.1146/annurev.es.04.110173.000413
https://doi.org/10.1525/california/9780520234017.001.0001
https://doi.org/10.1525/california/9780520234017.001.0001
https://doi.org/10.1111/j.1365-2656.2011.01818.x
https://doi.org/10.1111/j.1365-2656.2011.01818.x


Herpetozoa 35: 187–197 (2022)

herpetozoa.pensoft.net

197

Recoder R, Teixeira-Junior M, Camacho A, Rodrigues MT (2012) 
Natural history of the tropical gecko Phyllopezus pollicaris (Squa-
mata, Phyllodactylidae) from a sandstoneoutcrop in Central Brazil. 
Herpetology Notes 5: 49–58.

Scoczylas R (1978) Physiology of the digestive tract. In: Gans C, Pough 
FH (Eds) Biology of the Reptilia, vol. 8. Academic, New York, 
589–717.

Schwenk K (1993) Are geckos olfactory specialists? Journal of Zoology, 
London 229(2): 289–302. https://doi.org/10.1111/j.1469-7998.1993.
tb02637.x

Serrano-Cardozo VH, Ramírez-Pinilla MP, Ortega JE, Cortes LA (2007) 
Annual reproductive activity of Gonatodes albogularis (Squamata: 
Gekkonidae) living in an anthropicarea in Santander, Colombia. 
South American Journal of Herpetology 2(1): 31–38. https://doi.org
/10.2994/1808-9798(2007)2[31:ARAOGA]2.0.CO;2

Sönmez E, Gülel A (2008) Effects of different temperatures on the total car-
bohydrate, lipid and protein amounts of the bean beetle, Acanthoscelides 
obtectus Say (Coleoptera: Bruchidae). Pakistan Journal of Biological 
Sciences 11: 1803–1808. https://doi.org/10.3923/pjbs.2008.1803.1808

Sousa AEBA, Lima DM, Lyra-Neves RM (2012) Avifauna of the Cat-
imbau National Park in the brazilian state of Pernambuco, Brazil: 
species richness and spatio-temporal variation. Brazilian Journal 
of Ornitology 20(3): 230–245. http://www.revbrasilornitol.com.br/
BJO/article/view/4906

Souza-Oliveira AF, Magalhães FDM, Garda AA (2017) Reproduction, 
diet and sexual dimorphism of Gymnodactylus geckoides Spix, 1825 
(Sauria: Squamata) from a Restinga area in northeastern Brazil. 
Journal of Natural History 51(39–40): 2355–2372. https://doi.org/1
0.1080/00222933.2017.1366572

Stryer, L (1988) Biochemistry. Freeman, New York, 195 pp.
Toft CA (1985) Resource partitioning in amphibians and reptiles. 

Copeia 1985: 1–21. https://doi.org/10.2307/1444785
Van Buuren S, Groothuis-Oudshoorn K (2011) mice: multivariate im-

putation by chained equations in R. Journal of Statistical Software 
45(3): 1–67. https://doi.org/10.18637/jss.v045.i03

Van Handel E (1985a) Rapid determination of total lipids in mosqui-
toes. Journal of the American Mosquito Control Association 1(3): 
302–304.

Van Handel E (1985b) Rapid determination of glycogen and sugars in 
mosquitoes. Journal of the American Mosquito Control Association 
1(3): 299–301.

Vasconcellos A, Bandeira AG, Moura FMS, Araújo VFP, Gusmão 
MAB, Constantino R (2010a) Termite assemblages in three habitats 
under different disturbance regimes in the semi-arid Caatinga of NE 
Brazil. Journal of Arid Environments 74(2): 298–302. https://doi.
org/10.1016/j.jaridenv.2009.07.007

Vasconcellos A, Andreazze R, Almeida AM, Araujo HF, Oliveira ES, 
Oliveira U (2010b) Seasonality of insects in the semi-arid Caatin-
ga of northeastern Brazil. RevistaBrasileira de Entomologia 54(3): 
471–476. https://doi.org/10.1590/S0085-56262010000300019

Vitt LJ (1986) Reproductive tactics of sympatric gekkonid lizards 
with a comment on the evolutionary and ecological consequenc-
es of invariant clutch size. Copeia 1986: 773–786. https://doi.
org/10.2307/1444960

Vitt LJ (1992) Diversity of reproductive strategies among Brazilian 
lizards and snakes: the significance of lineage and adaptation. 
In: Hamlett W (Ed.) Reproductive Biology of South American 
Vertebrates. Springer-Verlag, USA, 135–149. https://doi.
org/10.1007/978-1-4612-2866-0_10

Vitt LJ, Pianka ER (1994) Lizard Ecology. Princeton Univ. Press, Princ-
eton, NJ, 416 pp. https://doi.org/10.1515/9781400863945

Vitt LJ (1995) The ecology of tropical lizards in the caatinga of north-
east Brazil. Oklahoma Museum of Natural History 1: 1–29. https://
doi.org/10.2307/1446894

Vitt LJ, Sartorius SS, Avila-Pires TCS, Espósito MC (2001) Life at the 
river’s edge: ecology of Kentropyx altamazonica in Brazilian Ama-
zonia. Canadian Journal of Zoology 79(10): 1855–1865. https://doi.
org/10.1139/z01-144

Vitt LJ, Avila-Pires TCS, Zani PA, Sartorius SS, Espósito MC (2003) 
Life above ground: ecology of Anolis fuscoauratus in the Amazon 
rain forest, and comparisons with its nearest relatives. Canadian 
Journal of Zoology 81(1): 142–156. https://doi.org/10.1139/z02-230

Zimmerman LC, Tracy CR (1989) Interactions between the environ-
ment and ectothermy and herbivory in reptiles. Physiological Zoolo-
gy 62(2): 374–409. https://doi.org/10.1086/physzool.62.2.30156176

Zuur A, Ieno EN, Walker N, Saveliev AA, Smith GM (2009) Mixed effects 
models and extensions in ecology with R. In: Statistics for Biology and 
Health. Volume 2. Springer Science & Business Media, New York, 
New York, USA, 209–239. https://doi.org/10.1007/978-0-387-87458-6

Supplementary material 1
Table S1

Authors: Leonardo Oitaven, Sydnei Calado, Hilton da Costa, 
Glaucilane Cruz, Juan S. Monrós, Daniel Mesquita, Álvaro 
A. Teixeira, Valéria Teixeira, Geraldo J. de Moura

Data type: Excel file
Explanation note: Climatological variations in Catimbau 

National Park.
Copyright notice: This dataset is made available under the Open 

Database License (http://opendatacommons.org/licenses/
odbl/1.0/). The Open Database License (ODbL) is a license 
agreement intended to allow users to freely share, modify, 
and use this Dataset while maintaining this same freedom 
for others, provided that the original source and author(s) 
are credited.

Link: https://doi.org/10.3897/herpetozoa.35.e87199.suppl1

Supplementary material 2
Matrix

Authors: Leonardo Oitaven, Sydnei Calado, Hilton da Costa, 
Glaucilane Cruz, Juan S. Monrós, Daniel Mesquita, Álvaro 
A. Teixeira, Valéria Teixeira, Geraldo J. de Moura

Data type: Text file (.txt)
Explanation note: Matrix for dataset comparison.
Copyright notice: This dataset is made available under the Open 

Database License (http://opendatacommons.org/licenses/
odbl/1.0/). The Open Database License (ODbL) is a license 
agreement intended to allow users to freely share, modify, 
and use this Dataset while maintaining this same freedom 
for others, provided that the original source and author(s) 
are credited.

Link: https://doi.org/10.3897/herpetozoa.35.e87199.suppl2

https://doi.org/10.1111/j.1469-7998.1993.tb02637.x
https://doi.org/10.1111/j.1469-7998.1993.tb02637.x
https://doi.org/10.2994/1808-9798(2007)2%5B31:ARAOGA%5D2.0.CO;2
https://doi.org/10.2994/1808-9798(2007)2%5B31:ARAOGA%5D2.0.CO;2
https://doi.org/10.3923/pjbs.2008.1803.1808
http://www.revbrasilornitol.com.br/BJO/article/view/4906
http://www.revbrasilornitol.com.br/BJO/article/view/4906
https://doi.org/10.1080/00222933.2017.1366572
https://doi.org/10.1080/00222933.2017.1366572
https://doi.org/10.2307/1444785
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.1016/j.jaridenv.2009.07.007
https://doi.org/10.1016/j.jaridenv.2009.07.007
https://doi.org/10.1590/S0085-56262010000300019
https://doi.org/10.2307/1444960
https://doi.org/10.2307/1444960
https://doi.org/10.1007/978-1-4612-2866-0_10
https://doi.org/10.1007/978-1-4612-2866-0_10
https://doi.org/10.1515/9781400863945
https://doi.org/10.2307/1446894
https://doi.org/10.2307/1446894
https://doi.org/10.1139/z01-144
https://doi.org/10.1139/z01-144
https://doi.org/10.1139/z02-230
https://doi.org/10.1086/physzool.62.2.30156176
https://doi.org/10.1007/978-0-387-87458-6
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/herpetozoa.35.e87199.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/herpetozoa.35.e87199.suppl2


ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Herpetozoa

Jahr/Year: 2022

Band/Volume: 35

Autor(en)/Author(s): Diverse Autoren

Artikel/Article: Trophic ecology of Gymnodactylus geckoides Spix, 1825 (Squamata,
Phyllodactylidae) from Caatinga, Northeastern Brazil 187-197

https://www.zobodat.at/publikation_series.php?id=7269
https://www.zobodat.at/publikation_volumes.php?id=70544
https://www.zobodat.at/publikation_articles.php?id=521798

