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Environmental factors influence diverse assemblage features such as species abundances, richness, and
nestedness. Amphibians and reptiles play important roles in terrestrial ecosystems, but there is still a
lack of information about the assemblages of these animals in many regions. In this study, we aimed to
understand how environmental factors influence the anurans and lizards assemblages from Sao Gongalo
do Amarante, Ceard, Brazil. Herpetofauna samplings were performed monthly in Sao Gongalo do
Amarante from January 2008 to May 2009, excluding April 2008. We sampled animals (anurans and
lizards) using pitfall traps and active searches. The abundance and richness of lizards were positively
related to temperature and negatively related to precipitation. Anuran assemblage was not influenced by
precipitation, but its abundance was negatively influenced by temperature. Temperature generated a
nested pattern in the lizard assemblage, but precipitation did not produce this pattern in anurans. Finally,
our results reinforce the importance of environmental factors, mainly temperature, in structuring as-
semblages of anurans and lizards.

Richness
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1. Introduction

Understanding the processes that influence temporal distribu-
tions of species is an ancient goal in ecology. Many studies have
found that climatic variables such as temperature and precipitation
are commonly related to species richness and abundance over time
in ecological communities (Vasconcelos and Rossa-Feres, 2005;
Borges and Juliano, 2007; Santos et al., 2008; Winck et al., 2011).
However, this environmental influence varies spatially, reinforcing
the need to study assemblages in different regions and biomes.

Although environmental factors are commonly associated to
abundance and richness patterns in assemblages in the ecological
literature, they can also influence their composition, generating
nested patterns (Elmendorf and Harrison, 2009). Nestedness occurs
when species-poor assemblages are subsets of species occurring in
rich assemblages, and this process is traditionally evaluated at
different sites along a spatial scale (Atmar and Patterson, 1993).
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However, some recent studies have also evaluated the occurrence
of nestedness at temporal scales (Taylor and Warren, 2001;
Elmendorf and Harrison, 2009; Petsch et al., 2015), but so far, no
study has evaluated temporal patterns of nestedness in anurans
and lizards.

Amphibians and reptiles play important roles in terrestrial
ecosystems. However, these animals are suffering a strong pressure
toward their extinction due to habitat degradation and loss, inva-
sive species, and unsustainable use in the pet trade, among others
(Gibbons et al., 2000). Assemblages of amphibians and reptiles are
commonly influenced by abiotic factors, such as precipitation
(Martins and Oliveira, 1999; Marques et al., 2000; Borges and
Juliano, 2007; Hartmann et al. 2009) and temperature (Fitzgerald
et al., 1999; Winck et al., 2011), which influence many life history
traits, principally reproduction and activity patterns, in these
ectothermic animals (Cascon unpublished data; Arzabe, 1999;
Vieira et al., 2009; Winck et al., 2011).

The majority of faunal studies of the north-eastern coastal zone
of Brazil are focused on Atlantic Forest areas (e.g. Santos and
Carnaval, 2002; Camurugi et al., 2010; Buarque and Moura, 2011;
Morato et al., 2011; Silva et al., 2011, 2013; Magalhaes et al.,
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2013). The vegetation complex of the coastal zone of Ceard, which
presents ecotonal characteristics and shares species with Caatinga,
Atlantic Forest, and Cerrado (Castro et al., 2012; Borges-Leite et al.,
2014), is still poorly understood. This region has seasonal precipi-
tation, and its vegetation is characterised by open areas with a
mean height of 3.8 m, having approximately 390 plant species that
also occur in savannah and rainforest areas (Castro et al., 2012).
Although some recent studies have studied its herpetofauna
(Cascon and Borges-Nojosa, 2003; Borges-Leite et al., 2014; Roberto
et al.,, 2014a, 2014b), they were mainly focused on recording and
describing the species living in the vegetation complex of the
coastal zone of Ceard, without evaluating how the environmental
factors influence the assemblages of amphibians and reptiles.

This study aims to describe the assemblages of anurans and
lizards from an area of this vegetation complex of the coastal zone
of Cear4, focusing on understanding how precipitation and tem-
perature influence the temporal distribution (abundance, richness,
and nestedness) of both groups. Our study represents a case study
to understand how these two climatic components influence as-
semblages of anurans and reptiles from coastal regions of tropical
environments and also represents the first evaluation of temporal
nestedness in these animal groups.

2. Materials and methods

We conducted field samplings of herpetofauna in the Sao Gon-
¢alo do Amarante municipality, Ceard, Brazil, every month from
January 2008 to May 2009, excluding April 2008, when data were
not collected. The mean annual temperature in the region is 27 °C,
and the mean annual rainfall is 1026 mm, which mainly occurs
from January to May (Instituto de Pesquisa e Estratégia Economica
do Ceara — IPECE, 2013). The study area is part of the vegetation
complex of the coastal zone of Ceard, and its herpetofauna is
comprised of species commonly found in Caatinga areas nearby, as
well as having some species from Cerrado and rainforest biomes
(Borges-Leite et al., 2014). Furthermore, the herpetofauna of the
coastal region of Sdo Gongalo do Amarante is also facing a strong
disturbance owing to the installation of wind turbines as well as the
ongoing construction of a port and industrial complex in the region
since 2001, with a total planned area of 13,337 ha.

We sampled the herpetofauna in three close sites with similar
climatic characteristics that are covered by the vegetation complex
of the coastal zone: Dunas (03°32/43.9” S, 38°51'28.2” W), Fazenda
Maceié (03°30'54.9” S, 38°55'07.7” W), and Jardim Botanico
(03°34'27.1” S, 38°53’19.3” W), in order to ensure a proper evalu-
ation of species occurrence in this vegetation formation. In the
analyses, all species and individuals collected in these sites were
considered together. Fieldwork was performed by two people col-
lecting for a total of four days per month split between the three
sampled areas, and the sampling effort and sampling methods were
the same in all areas and months because the areas had similar
sizes and we wanted to ensure that the areas were equally sampled.
Animals were sampled using pitfall traps with drift fences (five
traps in each sampled area). Each trap comprised four 60L buckets
linked by a plastic fence, forming a “Y” (Cechin and Martins, 2000;
Heyer et al.,, 2001), that were opened and inspected on three
consecutive days each month (total effort = five traps x three days x
16 samplings = 240 trap-days for each area); each 24 h the buckets
were checked, and the animals were identified and released. We
also performed two kinds of active search: time-constrained
searches (visual transects) lasting 1 h along a transect of 100 m
(total effort = two people x 1 h x 16 samplings = 32 person-hours
for each area) in areas distant from the pitfall stations; and time-
unconstrained searches (total effort = two persons x 4 h (average
per day) x three days x 16 samples = 384 person-hours). Data from

time-constrained and unconstrained searches were pooled
together in our analyses.

Considering that we did not collect all sampled animals and that
captured animals were not marked, we compared the three
sampled days of each month and used the abundance data of the
day with the highest abundance of each species as our estimate of
monthly abundance for the species. For example, if we captured 10,
15, and 13 individuals of species A in a given month, the abundance
of this species for this month would be 15 because it was the
highest abundance obtained in this month. The highest abundance
is a better representation of monthly abundance of the species
because the two lowest abundances were probably a consequence
of undersampling. This same procedure was repeated for all species
in each month for both capture methods. A similar approach is
commonly used in calling studies of anurans (Vasconcelos and
Rossa-Feres, 2005) to avoid pseudoreplication problems. We sum-
med the filtered abundances (see explanation above) obtained in
pitfall traps and active searches for each species in each month to
generate an abundance matrix (species in columns and months in
rows) because these methods are complementary (Ribeiro-Janior
et al., 2008). While pitfall traps are more efficient for small and
ground animals, the active searches are able to find arboreal and
less active animals, such as snakes and some lizards (Cechin and
Martins, 2000; Mesquita et al, 2013). Animal handling and
collection were approved by the national environmental organi-
sations (see Acknowledgments). Some voucher specimens of each
species were deposited in the Colecao de Herpetologia da Uni-
versidade Federal do Ceara (CHUFC) at the Nicleo Regional de
Ofiologia da Universidade Federal do Ceara (NUROF-UFC) (see
Borges-Leite et al., 2014 for a full list of the collected specimens). In
brief, our sampling design and data are reliable according to the
recommendations of Battisti et al. (2014) because we used standard
capture methods that had temporal and spatial replicates, distrib-
uted our sampling effort considering the heterogeneity of the study
area, used different capture methods in order to capture species
with different detectabilities, and avoided pseudo-replication
problems.

We used Generalised Least Squares (GLS) analyses to assess the
influence of temperature and precipitation on the total abundance
(calculated as described in the last paragraph) and richness (total
number of species) of anurans and lizards in each month. Data
regarding total precipitation and mean temperature of each month
during the study at Sao Gongalo do Amarante were obtained from
Fundagdo Cearense de Meteorologia e Recursos Hidricos (FUN-
CEME). However, we only had temperature data from July 2008 to
May 2009. In order to account for temporal autocorrelation be-
tween the months, we included a matrix of temporal correlation in
the analysis generated using an autoregressive model. The abun-
dances of anurans and lizards were log-transformed (log(x+1)e) in
order to reach normality according to Shapiro-Wilk tests. Since we
had different sampling sizes for precipitation and temperature, we
performed a GLS analysis for each predictive variable.

We used the NODF metric (Nestedness Overlap and Decreasing
Fill; Almeida-Neto et al., 2008) to evaluate nestedness in anuran
and lizard assemblages, because this metric is better able to reliably
detect nestedness patterns when compared to other metrics. Since
we aimed to detect whether nested patterns were determined by
environmental factors (precipitation for anurans and temperature
for lizards, the main environmental factors related to temporal
patterns in these animals (Vasconcelos and Rossa-Feres, 2005;
Winck et al., 2011)), we reorganised the rows of our abundance
matrix (monthly samples) in a decreasing order of precipitation for
anurans and temperature for lizards. The abundance matrices were
converted in presence-absence matrices prior to the analyses. To
evaluate the deviation of the NODF calculated for both groups to
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values obtained for random processes independent from environ-
mental factors, we randomly reorganised the rows of both matrices
1000 times, recalculated the NODF metric for each randomised
matrix and compared the observed values to the distribution of
values obtained through the permutations (see Melo et al., 2014).

All analyses were performed using the software R ver. 3.1.2 (R
Core Team, 2013). The GLS was performed in the package nlme
(Pinheiro et al., 2015) using the function “gls”. NODF was calculated
in the package vegan (Oksanen et al., 2013) using the function
“nestednodf”.

3. Results

The 281 lizard specimens we sampled were comprised of 13
species while for the 1319 anuran specimens, there were 19 species
(see Borges-Leite et al., 2014 for a full checklist of the herpetofauna
found in the study area). Both assemblages were dominated by few
species (Fig. 1), with Adenomera hylaedactlyla, Physalaemus cuvieri,
and Elachistocleis piauiensis being the most common anurans
(Fig. 1A), and Tropidurus hispidus, Ameiva ameiva, Micrablepharus
maximiliani, and Colobosauroides cearensis the most common liz-
ards (Fig. 1B).

Precipitation had no effect on anurans, and a negative influence
on lizard abundances and richness (see Table 1 and Fig. 2). Tem-
perature had a negative effect on anuran abundance, and a positive
effect on lizard abundance and richness (see Table 1 and Fig. 2). We
did not find a nested pattern consistent with the precipitation data
for anurans (NODF = 42.10, P = 0.113; Fig. 3A), but temporal lizard
assemblages were nested due to temperature (NODF = 62.93,
P = 0.004; Fig. 3B).
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Table 1

Relationships between the assemblages of anurans and lizards and the environ-
mental descriptors (precipitation and temperature) in Sao Gongalo do Amarante, CE,
Brazil.

Assemblage Precipitation Temperature
Abundance Richness Abundance Richness
Anurans b < 0.001 b = 0.008 b= -0.59 b=-1.01
t=0.38 t = 1.65 t=-2.62 t=-1.13
P-071 P-0.12 P - 0.02 P = 0.29
Lizards b = —0.002 b = —0.006 b = 0.59 b=174
t— —-2.56 t—=-227 t—=3.79 t—643
P - 002 P = 0.04 P = 0.005 P < 0.001

4. Discussion

Assemblages of anurans and lizards were dominated by few
species. This dominance pattern has already been observed in other
anuran (Vieira et al., 2007; Maltchik et al., 2008) and lizard as-
semblages (Fitzgerald et al., 1999; Werneck et al., 2009; Ramirez-
Bautista and Cruz-Elizalde, 2013). Physalaemus cuvieri is
commonly found in Caatinga, but Adenomera hylaedactyla and
Elachistocleis piauiensis are not common (Borges-Nojosa et al.,
2010). However, A. hylaedactyla and P. cuvieri are the most com-
mon anurans found in our study area, which are also species
frequently associated with human-modified environments
(Cardoso, 1981; Haddad and Sazima, 1992; Kokubum and Giaretta,
2005), suggesting the occurrence of anthropogenic effects on the
studied anuran assemblage. Tropidurus hispidus and Ameiva ameiva
are lizards commonly found in Caatinga (Borges-Nojosa et al., 2010;
Passos et al., 2016), reinforcing the influence of this biome on the
fauna of the vegetation complex of the coastal zone of Ceara.
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Fig. 1. Abundance distribution of anurans (A) and lizards (B) in Sao Gongalo do Amarante, CE, Brazil.
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Fig. 2. Relationships between the studied assemblages (anurans and lizards) and environmental descriptors in Sao Gongalo do Amarante, CE, Brazil. Relationship between lizard
assemblage and temperature (A and C) and precipitation (B and D). Relationship between anuran abundance and temperature (E).

Positive relationships between the abundance and richness of
anurans and precipitation have been found in other studies
describing temporal assemblages of these animals (e.g. Vasconcelos
and Rossa-Feres, 2005; Borges and Juliano, 2007; Santos et al.,
2008), but the anurans from S3ao Gongalo do Amarante did not
follow this pattern. However, many studies reporting these positive
relationships are mainly focused on reproductive phenology, using
only active sampling to capture individuals and finding mainly
calling males. Since the number of vocalising males is usually
correlated to precipitation in many species (e.g. Sa et al., 2014;
Borges-Leite et al.,, 2015; Protazio et al.,, 2015), it could explain
these findings that population abundance is related to rainfall. Our
study did not have this reproductive bias because we also used
pitfall traps to capture individuals, which could explain the results
we found. Furthermore, the study area is also influenced by its
proximity to the sea and the presence of subterranean waters could
provide more adequate and humid microhabitats for anurans, thus
explaining the lack of influence of rainfall on the abundance of

these animals. The negative relationship between anuran abun-
dance and temperature may be explained by characteristics of an-
urans skin, which is highly permeable, increasing desiccation risk
(Withers et al., 1984).

Lizards depend on external environmental sources to obtain the
necessary heat to regulate their body temperatures (Pianka and
Vitt, 2003). These animals use behavioural mechanisms to adjust
their body temperature and maintain it within a range that meets
their physiological and ecological needs (Cowles and Bogert, 1944;
Huey, 1982). Thermoregulatory behaviour involves costs and
associated benefits, which reflect individual ecological and ther-
moregulatory priorities (Downes and Shine, 1998). Here, lizard
assemblages were more abundant and richer in months with high
temperatures and low precipitation. The positive effects of tem-
perature on lizard abundances and richness were expected because
these reptiles are more active in warmer climates (Winck et al.,
2011), which is mainly related to their thermoregulatory behav-
iour. Furthermore, months with high precipitation are usually
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Fig. 3. Distribution of NODF values obtained for presence-absence matrices with rows (sampling months) randomly reordered 1000 times. A) Anurans; B) Lizards. Vertical dash
lines are the NODF values obtained when the rows of the original matrices were reordered following a decreasing order of precipitation (anurans) and temperature (lizards).

cloudier, which also explains the negative relationship between
lizard assemblage and precipitation.

Precipitation was not responsible for generating nested patterns
in anurans, but temperature generated nested patterns in lizards.
These results are in accordance with our previous results where
precipitation did not influence abundance and richness of anurans,
but temperature influenced both metrics in lizards. Nested patterns
may occur when species of an assemblage are influenced by the
same environmental effect, but at different magnitudes (Elmendorf
and Harrison, 2009). Differences in activity pattern among lizard
species influence the temporal structure of their assemblage
(Fitzgerald et al., 1999), and activity patterns of lizards, in general,
are commonly influenced by temperature (Winck et al.,, 2011).
Then, differences in temperature optima may explain the nested
pattern we found for this group.

Our results reinforce the importance of environmental factors,
mainly temperature, in structuring assemblages of anurans and
lizards. Temperature influenced the temporal distribution of an-
urans and lizards from Sao Gongalo do Amarante. However, pre-
cipitation only affected the temporal distribution of lizards. We also
found that temperature generates temporal nested patterns in
lizard assemblages. To the best of our knowledge, it is the first time
that temporal nestedness has been evaluated in lizards and
anurans.
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