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Abstract. Species distribution and community dynamics are regulated by complex ecological interactions and environmental 
characteristics such as resource availability and seasonality. Herein, we describe spatial and temporal patterns in a Cerrado frog 
community, evaluating how body condition and climatic variables affect temporal activity and microhabitat use. The study was 
conducted at a 10,000-hectare protected area (Águas Emendadas Ecological Station, corresponding to an IUCN Ia protected area) in 
Distrito Federal, Brazil, for 12 months, from March 2016 to March 2017. We set up 36 contiguous square plots of 25 m² placed side-by-
side, forming two distinct transects, covering 900 m2 of sampling area. We recorded microhabitat variables and anuran richness and 
abundance in each plot during our samplings. All individual frogs observed within the boundaries of the plots were captured, 
measured, weighed, marked, and released. To evaluate the contribution of climatic variables to species richness and abundance, we 
performed multiple regressions with Generalized Linear Models (GLM). We evaluate the effects of microhabitat variables in the use 
of space by frogs and of climate on monthly richness, abundance, and biomass. We also tested for spatial and temporal niche overlap 
using the Pianka coefficient. We recorded 708 individuals from 14 species. The activity of most species was concentrated in wetter 
and hotter months and showed a strong relation with microhabitat variables. Temporal niche overlap was not different than expected 
by chance, whereas the spatial niche overlap was smaller than chance. We found that the species occurring in this seasonal 
environment overlapped in activity time but differed in microhabitat use. Microhabitat heterogeneity seems to be essential for the 
conservation of amphibian communities in open areas. 
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Introduction 
 
A pivotal question in community ecology is accessing the 
factors affecting the species diversity dynamics in space and 
time (Rosenzweig 1995, Afonso & Eterovick 2007, Knauth et 
al. 2019). Climate, topology, and availability of essential 
resources can determine temporal and spatial changes in 
assemblage composition and the abundance of individual 
species (Vasconcelos et al. 2010, de Souza & Eterovick 2011, 
Rojas‐Ahumada et al. 2012, Menéndez‐Guerrero et al. 2020, 
Ramalho et al. 2021). In contrast, resource partitioning is 
usually interpreted as a strategy for minimizing competition 
effects on individual fitness (Rocha et al. 2007, Duré et al. 
2009, Brandão et al. 2020). Populations can vary their 
abundance due to temporal changes in the resources supply 
or by dispersion to environments with more favorable 
conditions (Vellend 2010). Resource availability can also 
influence species' behavior, such as exhibiting greater 
aggression, interrupting their activity, or lowering their prey 
intake during periods of resource scarcity (Duellman & Trueb 
1994, Krebs & Davies 2010, Brandão et al. 2020). Adaptations 
of organisms to differences in spatial resource availability can 
lead to the occupation of similar microenvironments by some 
species, even for those of wide geographic distribution and 
with a great niche breadth (Amorim et al. 2017, Menéndez‐
Guerrero et al. 2020). 

The external fertilization, egg deposition in aquatic 
environments, the need for water for larval development, and 
the risk of desiccation in dry environments represent strong 
ecological, physiological, and behavioral constraints for 
anurans (Olalla-Tárraga et al. 2009), affecting the species 
distribution in seasonal habitats during driers periods 

(Aichinger 1987). Therefore, similar restrictions are also 
expected for anurans in the strongly seasonal Cerrado biome 
(Nimer 1989, Colli et al. 2002). However, although the 
seasonality widely affects the activity of Cerrado anurans, 
which concentrate their reproduction during rainy months 
(Gambale et al. 2014, Ferreira-Silva et al. 2016), the notable 
horizontal environmental heterogeneity in the biome allows 
the occurrence of a high richness of anurans in the biome 
(Brasileiro et al. 2005, Valdujo et al. 2012 a, b, Olalla-Tárraga 
et al. 2009, Ribeiro et al. 2020).  

Anuran communities can be described as a set of local 
populations with reproductive activities and abundances 
directly influenced by rainfall and temperature and, 
therefore, with evident intra- and interspecific overlaps in 
seasonal environments (Wells 2007). The reproductive 
strategy of anurans can be classified into two broad patterns: 
prolonged or explosive reproduction (Wells 1977, Santoro & 
Brandão 2014). In addition, amphibians have the greatest 
diversity of reproductive modes known among terrestrial 
vertebrates, with dozens of modes described (Nunes-de-
Almeida et al. 2021, Liedtke et al. 2022). The proportion of 
reproductive modes in relation to species richness in Cerrado 
is similar to those observed in anuran communities in 
Amazonia (Santoro & Brandão 2014), creating a high 
expectation regarding the selection of reproductive sites 
among different species along the horizontal dimension in 
Cerrado landscapes (Ramalho et al. 2021). Due to the putative 
competition for vocalization sites, it is still possible to 
evaluate if larger males (e.g. those bearing greater competitive 
ability) can select more efficient sites for the propagation of 
their calls (Munoz-Guerrero et al. 2007, Melo et al. 2017). 

Considering the high diversity of amphibians in the 
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Cerrado, the great horizontal complexity in the landscape 
(reflecting the diversification of vegetation physiognomies), 
and limitations in climatic conditions imposed by seasonality 
on reproductive habitats availability, it is expected that 
Cerrado anurofauna presents a marked selection of habitats 
and reproductive environments (Cardoso & Bates 2002, 
Gambale et al. 2014). Herein, we describe spatial and annual 
temporal distribution patterns in a Central Brazil anuran 
community, evaluating the effect of climatic and 
environmental variables on species richness, abundance, 
biomass, and microhabitat use. 
 
 
Material and methods 
 
Study area 
We performed the study in the “Águas Emendadas” Ecological 
Station (ESECAE; 15°33'20.8"S, 47°36'45.7"W, datum WGS 84; 960 m 
a.s.l., Fig. 1), with an area of 105.5 km2. ESECAE is a Protected Area 
corresponding to an IUCN Ia protected area, protecting several 
relevant Cerrado ecosystems, including the Lagoa Bonita, the largest 
natural lagoon in the Federal District, Brazil. Several 
phytophysiognomies occur around the Lagoa Bonita, including 
gallery forests, cerrado sensu stricto, open fields, and dirty fields 
(campo sujo, a typical phytophysiognomy of the Cerrado biome, 
characterized by a dense and continuous herbaceous layer and 
scattered bushes and small trees) (Fig. 2). There is strong 
anthropogenic pressure around the lagoon, such as croplands and 
urban settlements within the limits of ESECAE. Some fish farming 
tanks were placed along the lagoon´s margin before the creation of the 
ESECAE (in 1968) but were later abandoned (Fig. 2). The 80 ha lagoon 
is oligotrophic (Fonseca & Estrela 2015) and has 3.5 m of maximum 
depth (Brandão & Araújo 1998, Albuquerque 2008). 
 
Data sampling 
The sampling was made in two transects of 18 contiguous plots of 25 
m2 each. The first transect was set up in a flooded open field, bordered 
by an old 1-meter-wide trench now covered by vegetation (called by 
us a “stream”). In contrast, the second transect was placed in the land 

strip between two deactivated fish farming tanks, by the lagoon 
margin, and by an abandoned dirt road (Fig. 2). The transects were set 
at a minimum of 40 m from each other (Fig. 2).  

The plots along the first transect were characterized by having a 
grassy layer and some spots of exposed soil, besides some trees and 
bushes along the stream, even covering its course in some plots. In the 
second transect, the plots contained tall grasses and herbaceous 
plants, and only two plots contained a large tree, which covered these 
two plots and the water surface of one fish tank. This second transect 
also included some buriti palms (Mauritia flexuosa) placed along the 
lagoon margin, whose fallen leaves were used as shelter by several 
anurans. We chose the transects aiming to cover most of the 
microhabitats available on the site, which corresponds to common 
open habitats in the Cerrado landscape. We characterized the 
availability of microhabitats in each plot by estimating the tree 
density, the tree volume, average tree height, the percentage of the 
plot covered by herbaceous plants, the percentage of the plot covered 
by grasses, grass layer height, maximum percentage of the plot 
covered by water, maximum water depth, and the percentage of soil 
exposed in each plot. 

Fieldwork was carried out between March 2016 and March 2017. 
Sampling occurred twice a week, summing 78 sampling nights, 
always from sunset (around 18:00 h) until all frogs in the plots were 
located (i.e., we were not able to find unmarked individuals) or after 
30 minutes of continuous sampling without recording any additional 
individuals. Diurnal frogs were not detected at the site. Sampling was 
performed within the plots along the transects by three researchers 
who captured frogs by hand. The captured frogs were identified 
(species level), sexed (male, female, immature), measured using a 
caliper (to the nearest 0.01 mm), weighted with portable weighing 
scales (to the nearest 0.1 g) and individually marked by phalange 
ablation (following Donnely et al. 2011), with scissors sterilized with 
70% alcohol, to avoid pseudo-replication effects in the analyzes. After 
capture, marking, and data gathering, all individuals were released at 
the same place of capture. All phalanges were deposited in the tissue 
collection of the Laboratório de Fauna e Unidades de Conservação 
(LAFUC - UnB).  

For each individual, we recorded the plot number and described 
the conditions of the microhabitats [e.g., the substrate/perch type 
(soil, dead logs, leaves, trunks), height (using a measuring tape) in 
relation to the ground, and distance between perch and water].  

 
 

 

Figure 1. Map of Lagoa 
Bonita (Bonita Lagoon), 
showing its location in 
South America and the 
location of the study area 
(red dot) within the Águas 
Emendadas Ecological 
Station (ESECAE). 
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To determine the influence of the climatic factors on individual 
activity, we gathered air temperature and air relative humidity at the 
time of individual encounters using a thermo-hygrometer. In contrast, 
daily, weekly, and monthly rainfall, minimum and maximum 
temperature, and relative humidity were obtained from the weather 
station Águas Emendadas-A045, held by Brazilian Meteorological 
Institute (Instituto Nacional de Meteorologia - INMET) and situated 
about 7.5 km from the study area (data downloaded from 
https://tempo.inmet.gov.br/TabelaEstacoes/ 
A045). 

We estimated monthly richness (number of species for each plot 
and for both transects), total and relative abundance (considering 
species abundance in relation to total community abundance), total 
and relative density (abundance for each species by plot and by area, 
considering the summing of both transects or 900 m2), and total 
biomass (the mass of all the anurans in the plots), giving the 
importance of these data on ecosystem dynamics (Gibbons et al. 2006).  
 
Statistical analyzes 
 
Species and climate 
We used Generalized Linear Models (GLM) to verify the influence of 
climatic variables (maximum and minimum temperature, maximum 
and minimum relative air humidity, and precipitation) on anuran 
richness and abundance. We tested the normality of richness, 
abundance, biomass, and density data along the sampling period 
using the Shapiro-Wilks test (significance level of 0.05). We checked 
the effect of precipitation, temperature, and humidity on anurans 
abundance, richness, and biomass on a month-to-month basis with 
the Pearson correlation test (p > 0.05). These tests were performed in 
RStudio (RStudio 2016). 
 
Species and use of microhabitat 
We performed a principal component analysis (PCA) to evaluate the 
contribution of different microhabitat variables in each plot for habitat 
structure. We evaluated the association between microenvironment 
characteristics and species richness and abundance using Canonical 
Correspondence Analysis (CCA). In this analysis, the richness and 
abundance of the species were the response variables, and the 
characteristics of the microenvironment were the explanatory 
variables. Species with less than 10 individuals counted (excluding 
recaptures) were not analyzed to avoid spurious trends in the results. 
The response generated with the data extracted from the same site 
was visualized in a diagram, where the species and variables analyzed 
appear as points in the canonical axes, and the size and direction of 
the arrows represent how these variables are related to the abundance 
of the species (Ter Braak 1986). The CCA significance was calculated 

using a partial permutation analysis with 9999 permutations 
(Legendre & Legendre 1998, Ginocchio et al. 2017). These analyses 
were performed in RStudio (RStudio 2016). 
 
Body condition and microhabitat 
We evaluated the effect of body size on microhabitat variables 
through general linear models (GLM), using the Akaike Criterion to 
select the models that best describe the distribution of the data 
(Yamaoka et al. 1978, Spiegelhalter et al. 2014). For the use of 
microhabitat data, we produced a numerical matrix with all the 
records at the time of collection of the individuals. The transformation 
to the inclusion of the descriptive data in the matrix was done with 
the gradient classification of the site characteristics. Substrate types 
were classified as 0 for water, 1 for grasses, 2 for exposed soil, 3 for 
herbaceous vegetation, and 4 for arboreal vegetation. The exposure 
level of individuals was done by binary classification, where 0 = 
exposed; 1 = covered by some natural structure such as leaves (Kopp 
& Eterovick 2006). We also measured the height at which individuals 
were observed in relation to the ground level and the distance to the 
nearest body of water. 

We performed correlation tests (Pearson's coefficient) to verify 
the relationship between body condition and perch height for hylid 
species. Body condition was determined as the residuals of the linear 
regression between the individual snout-vent length and weight 
(Schulte-Hostedde et al. 2005). Of the six species of hylids found in the 
plots, we excluded those of very small weight due to the low precision 
in the measurement of the mass, while others were removed from 
analyses due to the low number of observations.  
 
Spatial and temporal niche overlap 
Niche overlap in microhabitat use (spatial niche) was calculated by 
species pairs using the Pianka coefficient (Pianka 1983). We measured 
the overlap in the distance of the individual from the perch to the 
water, in perch height, in individual sizes, and in the individual 
weight. We estimated the weighted average for each variable for each 
species. The overlap coefficient calculates the percentage of the 
resource used by each pair of species and is given by the formula: 
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where Ijk = the niche overlap between species j and k;  
Pij = proportion of the resource used by j; Pik = proportion of the 

Figure 2. The southern portion of 
the Lagoa Bonita (Bonita 
Lagoon), showing the 
sampling transects (1 in green 
and 2 in blue) and the main 
surrounding habitats  
(A - Gallery Forest, B - Sensu 
Stricto Cerrado, C - Open Field, 
D - Dirty Field). 
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resource used by k and i = resource. We also performed the analysis 
of niche overlap by monthly abundance (temporal niche), evaluating 
whether species are overlapping in temporal space. RA2 
randomization algorithms were used since we were sure that all the 
microhabitats were sampled, and thus, the zeros in the randomization 
should be kept. The analyses were run with the EcoSimR (Reichert 
2014), with 10,000 Monte Carlo randomizations, to obtain the 
statistical significance of the average niche overlap (Gotelli & Ellison 
2013). 
 
 
Results 
 
We recorded 702 individuals from 14 species of seven genera 
and four families, with 468 recaptures occurring in the plots 
(Table 1). The species with higher abundances were 
Physalaemus cuvieri, Boana albopunctata, and Leptodactylus 
fuscus, with relative density between 20% and 14% of all 
abundance in the community (Table 1).  
 
Climate effects on richness, abundance, and biomass 
Anuran richness, density, and biomass tended to be higher in 
the rainy months (Fig. 3A). These variables also tend to follow 
minimum temperature changes throughout the year (Fig. 3B). 
The total abundance had its peak coinciding with the greater 
precipitation peak (which occurred in November). Biomass, 
on the other hand, showed three peaks (April, June, and 
November) associated with higher temperatures and with 
peaks of reproduction or recruitment of some species, mainly 
by the reproductive explosion of Rhinella rubescens in June. In 
April, despite low rainfall, we recorded high values for 
abundance, density, and richness, mainly related to a higher 
temperature episode and the occurrence of some sporadic 
rains. The abundance, density, and biomass variables 
followed the minimum temperature (Fig. 3B), except for the 

biomass peak in June, related to Rhinella rubescens 
reproduction. In October, the beginning of the rainy season 
coincided with the increase in frog abundance, richness, and 
biomass. The richness remained similar in all rainy months 
but with some species turnover between the months. 
Nevertheless,  on  Pearson  correlation  tests, only richness 
was significant with all climatic variables (richness and 
maximum temperature r = 0.28, p = 0.03; minimum 
temperature r = 0.46, p = 0.01; maximum humidity r = 0.36, p 
= 0.02; minimum humidity r = 0.38, p = 0.03; and rain r = 0.59, 
p = 0.009).  

The GLM of the climatic variables showed that species 
richness was explained by the combination of temperature, 
humidity, and rainfall, whereas abundance was more 
influenced by rainfall and humidity (Table 2).  

 
Microhabitats use 
The PCA for the microhabitat variables showed that plots in 
the same transect grouped closely, with some degree of 
overlap between transects (Fig. 4). The PCA explained 79.05% 
of the data variation in the first two axes. The first axis of the 
PCA, which explained 50.34% of the variation, showed a 
contrast between the number, density, and height of trees 
(negative scores) against the proportion of grasses, 
proportion of herbaceous plants, and proportion of exposed 
soil (positive scores). The second component (which 
explained 28.71% of the variation) showed a contrast between 
grass height, herbaceous proportion, and proportion of 
exposed soil (negative scores) against depth and proportion 
of water (positive scores). The PCA highlighted differences in 
the vegetation structure in the transects. Transect 1 had a 
higher presence of trees and higher grasses, whereas transect 
2 had mainly low herbaceous plants, some exposed soil, and 
lower grass layer.  

 
 

Table 1. Species registered in the study site presenting its abundance, proportion of recapture, absolute density  
(# individuals per 900 m2), and relative abundance (species abundance over community abundance). 

 

TAXA Abundance 
Recapture  
proportion 

Absolute  
density 

Relative  
abundance 

Bufonidae 
  

Rhinella rubescens (Lutz, 1925) 47 0.05 0.07 0.06 
Hylidae 

    

Boana albopunctata (Spix, 1824) 97 0.11 0.14 0.14 
Boana lundii (Burmeister, 1856) 2 0.00 0.00 0.00 
Dendropsophus minutus (Peters, 1872) 11 0.01 0.02 0.01 
Dendropsophus rubicundulus (Reinhardt and Lutken, 1862) 54 0.06 0.08 0.08 
Scinax fuscomarginatus (Lutz, 1925) 46 0.05 0.06 0.06 
Scinax fuscovarius (Lutz, 1925) 69 0.08 0.10 0.10 

Leptodactylidae 
    

Leptodactylus fuscus (Schneider, 1799) 101 0.11 0.14 0.14 
Leptodactylus luctator (Steffen, 1815) 42 0.05 0.06 0.06 
Leptodactylus mystacinus (Burmeister, 1861) 3 0.00 0.00 0.00 
Physalaemus centralis Bokermann, 1962 36 0.04 0.05 0.05 
Physalaemus cuvieri Fitzinger, 1826 145 0.16 0.21 0.20 
Physalaemus nattereri (Steindachner, 1863) 15 0.02 0.02 0.03 

Microhylidae 
    

Elachistocleis cesarii (Miranda-Ribeiro, 1920) 34 
   

Total 702 
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Figure 3. Temporal variation on species richness, total anuran biomass (g), and total anuran abundance related to precipitation (mm) 
and minimum temperature (°C) during the 12-months of study. 

 
 
 

Table 2. Equally plausible models (ΔAIC < 2) using Akaike's information criterion (AIC) and ΔAIC as comparative mode, for 
the effect of climate variables (Tmax = maximum temperature, Tmin = minimum temperature, Hmax = maximum humidity, 
Hmin = minimum humidity, and Prec = precipitation) on anuran richness (ric) and abundance (ab). R² values correspond to 
the adjustment of the models. 

 

Variables AIC ΔAIC r² 

Richness 

ric ~ Tmin + Hmax + Hmin + Prec 44.7614 0 0.908 

ric ~ Tmax + Tmin + Hmax + Hmin + Prec 45.09557 0.334 0.920 

ric ~ Tmax + Hmax + Hmin + Prec 45.20627 0.445 0.905 

Abundance 

ab ~ Hmax + Prec 133.8807 0 0.670 

ab ~ Hmin + Prec 133.9004 0.020 0.669 

ab ~ Tmax + Prec 133.9867 0.106 0.667 

ab ~ Tmin + Prec 134.0059 0.125 0.666 

ab ~ Hmax + Hmin + Prec 135.6346 1.754 0.677 

ab ~ Tmax + Tmin + Prec 135.8306 1.950 0.671 

ab ~ Tmax + Hmax + Prec  135.8593 1.979 0.670 

ab ~ Tmin + Hmax + Prec  135.8621 1.981 0.670 

ab ~ Tmax + Hmin + Prec  135.8801 1.999 0.670 
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The Canonical Correspondence Analysis recovered a 
significant relationship between anuran richness, abundance, 
and biomass with microhabitat variables (p = 0.001), with 89% 
explanation for the components in the first three axes (Fig. 5). 
The species presented clear associations with the main 
characteristics of the microhabitats. Leptodactylus fuscus and 
Boana albopunctata were directly related to the presence of 
woody vegetation and vegetation related to stream pools. At 
the same time, Leptodactylus luctator and Physalaemus cuvieri 
showed a greater association with the proportion of shallow 
water coverage. The opposite was observed in Dendropsophus 
minutus, Physalaemus nattereri, Rhinella rubescens, and Scinax 
fuscomarginatus, which tend to use plots with less water 
proportion. Dendropsophus minutus, Dendropsophus 
rubicundulus, Physalaemus centralis, and Scinax fuscovarius 
were more related to the vegetation close to water and greater 
water depth. On the other hand, no clear association was 
observed for Elachistocleis cesarii. 
 
 
 

 
 

Figure 4. Principal Component Analysis (PCA) graphic showing the 
plot distribution (numbers) according to the variables. The blue 
polygon encompasses the plots in the first transect, whereas the 
green polygon corresponds to the plots in the second transect. 
Variables as follows: A = grasses average height; B = tree average 
height; C = maximum herbaceous height; D = number of trees; E = 
proportion of the plot covered by grasses; F = proportion of the 
plot exposed; G = proportion of the plot covered by water; H = 
proportion of the plot covered by herbaceous; I = water depth. 
Transects are different mainly in grass cover and high (Transect 1) 
and by having more proportion of exposed soil and water 
(Transect 2).  

 
 

Body condition and microhabitat use  
A total of 21 models were generated to explain the body 
condition and perch selection. This relationship was best 
explained by the interaction of climatic variables as random 
blocks, including the specimen distance from the water, perch 
type, and whether it was exposed or not (AIC = 9754.065, 
ΔAIC = 0). However, the model that included climatic 
variables, distance to water, and perch type was also a good 
model (AIC = 9754.646, ΔAIC = 0.58). The perch height was 

not selected in any good model, always with ΔAIC below 2 
(Burnham & Anderson 2004). 

We evaluated the effect of body quality on the selection of 
calling perches only for Boana albopunctata and Scinax 
fuscovarius (see above). We did not find a relationship 
between body condition and perch height for B. albopunctata 
(r = -0.02, p = 0.8) or S. fuscovarius (r = 0.03, p = 0.7), suggesting 
that the highest perches were not selected by calling males 
with better body condition in these two species. 
 
 

 
 

Figure 5. Canonical Correspondence Analysis (CCA) plot denoting 
the effects on species abundance and microhabitat variables for all 
plots. Environmental variables are: A = grasses average height; B 
= tree average height; C = herbaceous height; D = number of trees; 
E = proportion of the plot covered by grasses; F = proportion of the 
plot exposed; G = proportion of the plot covered by water; H = 
proportion of the plot covered by herbaceous; I = water depth. The 
species are Dendropsophus minutus (Dm); Dendropsophus 
rubicundulus (Dr); Elachistocleis cesarii (Ec); Boana albopunctata (Ba); 
Leptodactylus fuscus (Lf); Leptodactylus luctatur (Ll), Leptodactylus 
mystacinus (Lm); Physalaemus centralis (Pc); Physalaemus cuvieri 
(Pcu); Physalaemus nattereri (Pn); Rhinella rubescens (Rr); Scinax 
fuscomarginatus (Sfm); Scinax fuscovarius (Sfc). 

 
 
Spatial and temporal niche overlap 
The spatial niche overlap among species in the community 
was lower than expected at random (mean of simulated 
indexes = 0.7, observed index 0.47, p = 0.0001), suggesting 
differences in the use of spatial resources by the studied 
species in the plots. However, considering the temporal niche 
overlap analysis, the species’ temporal activity overlap is not 
different than that expected by chance (mean of simulated 
indexes = 0.52, observed index = 0.53, p = 0.54) (Fig. 6). 
 
 
 
Discussion 
 
The species recorded in our study were only some of the 
anuran communities occurring in Lagoa Bonita (Colli & 
Brandão 2008, Brandão et al. 2021), composed mainly of 
species that use the microhabitat types present in the 
transects. Further, six species occurring in Lagoa Bonita were 
not recorded in the transects (Colli & Brandão 2008, 
Vasconcelos et al. 2022). Three recorded species are endemic 
to the Cerrado biome (Boana lundii, Elachistocleis cesarii, and 
Rhinella rubescens) (Vaz-Silva et al. 2020).  
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Figure 6. Frequency of simulated niche overlap 
values for microhabitat use (A) and for temporal 
occurrence (B). Observed values are denoted by 
the red line (highlighted by the red dot).  

 
 

Cerrado anuran species are strongly affected by 
seasonality, depending on humidity and rainfall for their 
reproductive activity (Maffei et al. 2015, Ceron et al. 2020). 
However, some Cerrado species are active in the driest 
months, such as Scinax luizotavioi (Pirani et al. 2013), Rhinella 
cerradensis (Maciel et al. 2007), and Rhinella rubescens 
(Vasconcellos & Colli 2009), which showed a peak of 
abundance in April and July at our study site. Some species 
of the Rhinella marina group have adaptations to avoid 
dehydration and can move long distances, facilitating the 
encounter of females and the spawning in permanent pools 
during dry seasons (Junior & Gomes 2015, Ferreira-Silva et al. 
2016). Other frogs in the Cerrado have prolonged 
reproduction periods, like Leptodactylus mystacinus, Scinax 
fuscovarius, and Dendropsophus minutus, who are 
reproductively active throughout the year (de Carvalho et al. 
2008, Ferreira-Silva et al. 2016, Lira et al. 2020). However, the 
distribution of species activity occurring mainly in the rainy 
months is directly correlated with favorable environmental 
variables in this period and is a putative pattern for the 
Cerrado anuran communities (Santos et al. 2007, Junior & 
Gomes 2015). 

A relation between the density of predators and prey has 
already been observed (Anderson & Semlitsch 2014). Thus, 
the lower abundance of predators in Cerrado during drier 
months, such as snakes (Valle & Brites 2012), hunting spiders 
(Gasnier et al. 2002), birds (Fieker et al. 2013), and predatory 
fishes (Novaes et al. 2014), can be related to lower abundance 
of anurans (Ferreira-Silva et al. 2016). Conversely, the rainy 
months provide a greater abundance of arthropods, which 
comprise a great part of the diet of the anurans (Pinheiro et al. 
2002, Araújo et al. 2007 a, Brandão et al. 2020).  

We found anuran biomass peaks in April and June due to 
the explosive reproduction of Rhinella rubescens, a large 
species, reaching 116 mm of snout-vent length at ESECAE 
(Arantes et al. 2015). Also, there is an increase in the density 
of insects of some orders in the dry season of the Cerrado 
(Pinheiro et al. 2002, Aranda & Graciolli 2015). For a large 
species, such as Rhinella rubescens, food availability does not 

seem to affect their reproductive activity in this period. This 
may also influence selective pressure for larger individuals in 
drier environments, considering that they are eventually 
more resistant to water loss and may also accumulate more 
reserve tissue (Odum 1983, Olalla-Tárraga et al. 2009, Hoking 
& Babbitt 2013). In this way, the frog biomass distribution 
throughout the year in the community of Lagoa Bonita is an 
important factor, even during the lowest richness periods, 
since there is a concentration of anuran biomass that can be 
exploited by opportunistic predators, even in low humidity 
months in Cerrado. The presence of active frogs in Cerrado 
during the dry season suggests the presence of some 
ecological interactions for these species even in low humidity 
periods, an unexpected pattern in frog communities in 
seasonal habitats (Aichinger 1987). 

Air temperature is an important environmental filter in 
the activity of the anurans, which exhibit greater activity in 
warm temperatures but diminish its activity at very low 
temperatures (Santos et al. 2020). Amphibian richness 
followed the minimum temperature variation (Fig. 3B), an 
expected pattern for neotropical anurans (Ospina et al. 2013). 
Although the Cerrado has a marked seasonal climate, with 
varying rainfall and humidity throughout the year, maximum 
temperatures tend to be constant throughout the year. In 
contrast, the greatest temperature variation appears only in 
the minimum temperature values, often observed during the 
dry season (Coutinho 2000). However, our community 
responded to the combination of precipitation and 
temperature. 

Frog species tend to have a stronger selection for habitat 
structure in lower spatial scales (Fernandez & de Oliveira 
2017). The individuals of Rhinella rubescens were found more 
frequently in plots with less water despite the low correlation 
coefficient values along the CCA axes (Fig. 5). Rhinella 
rubescens were found throughout the sampled area, often far 
away from the water, and the typical adaptations against the 
desiccation observed in the species, such as less permeable 
skin and high retention of water in tissues (Griffis-Kyle 2016), 
can explain its habitat use. This species is found in several 
types of microhabitats and several other localities within the 
Cerrado (São-Pedro & Feio 2010, Santoro & Brandão 2014).  

Leptodactylus luctator and Physalaemus cuvieri presented a 
strong relation with the proportion of water in the plots. Most 
individuals of these species were found inside the water, a 
common behavior for these species (Ferreira-Silva et al. 2016, 
Nieva-Cocilio et al. 2020). The reproductive mode of these 
two species is characterized by the construction of floating 
nests of foam, strongly determining their use of water bodies 
(Cardoso 1980, Prado et al. 2005), and Physalaemus cuvieri 
males also call with their bodies immersed in water (Barreto 
& Andrade 1995). Wet grassy areas with shallow water are 
typically used by these species in the Cerrado.  

In general, amplectant couples of Boana albopunctata move 
from the vocalization perch to the water, where spawning 
occurs (Muniz et al. 2008). This behavior may explain why the 
calling perches used by the species are always close to the 
water. In the study plots, the woody vegetation was more 
concentrated along the stream, forming ideal perches for the 
species (Zina et al. 2006, Araújo et al. 2007 b). The choice of 
this kind of perch was detected in the canonical analysis for 
this species, which showed a strong relation between woody 
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and tall grassy vegetation.  
The individuals of Leptodactylus fuscus were associated 

with areas with the highest proportion of grasses and trees. 
The choice of places with low vegetation is common in the 
species, where males are usually calls exposed and closer to 
their subterranean chambers, where the amplexus occurs 
(Lucas et al. 2008). 

We found an inverse relationship between the presence of 
Physalaemus nattereri and the proportion of water cover since 
most individuals were detected moving between the plots. 
No individuals were found vocalizing, and we recorded 
almost only moving females, which indicates that the sample 
plots were not the areas of reproductive activity since 
reproduction usually occurs in water (Maffei et al. 2015); thus, 
our results for this species can be biased. 

The activity of Dendropsophus minutus and Scinax 
fuscomarginatus occurred almost exclusively in herbaceous 
vegetation very close to the water, with a difference in perch 
height (averages of 42 cm and 59 cm, respectively). These 
species have similar morphological characteristics (e.g., small 
size and slender body) and choose similar vocalization 
perches (Brasileiro et al. 2005, Toledo & Haddad 2005). It is 
expected that other ecological traits (such as diet) should be 
similar between these two species. 

There was a strong positive relationship between Scinax 
fuscovarius and water depth and herbaceous vegetation. 
Individuals of this species spend the daytime in the deepest 
parts of water bodies, possibly to avoid predation, since their 
color pattern camouflages them against the habitat substrate 
(Rodrigues et al. 2005). This species is found in several open 
and closed phytophysiognomies, such as dirty fields, cerrado 
sensu stricto, and gallery forests (Brasileiro et al. 2005, Benício 
& Silva 2017). 

The species showed no relation between perch height and 
body condition. This suggests the absence of competition for 
higher perches between calling males, although apparently, it 
is more advantageous given the better call propagation 
(Schwartz et al. 2016). The absence of a correlation between 
calling perch high and male body condition was found in 
other studies (Dias et al. 2013; Gondim et al. 2013). 
Furthermore, significant relationships between body size and 
calling acoustic characteristics have already been found, such 
as repetition rate, call duration, and dominant frequency 
(Ryan 1986, Vieira et al. 2016), and these characteristics may 
be more deterministic than height when choosing a calling 
perch. However, Dendropsophus jimi, a small Hylidae endemic 
to the Cerrado, showed a positive relationship between body 
condition and perch height (Mello et al. 2018), suggesting that 
more studies should evaluate this relationship and its effect 
on microhabitat use by anurans in Cerrado habitats. 

The variation of temperature, risk of predation, and 
interspecific competition can influence the cost of competition 
for perches (Zuk & Kolluru 1998, Höbel & Barta 2014) and 
should be more relevant for perch selection for the studied 
species. Hylids often have a greater amplitude of niche since 
they are adapted to the use of the vertical habitat dimension, 
the main contribution to their differentiation of the use of the 
spatial dimension (Leite-Filho et al. 2017, Moen & Wiens 
2017). This pattern in microhabitat use still suggests that all 
available space is occupied, producing low spatial overlap 
between species (Oliveira & Eterovick 2010).  

Individuals of Boana albopunctata were found calling every 
month of the year, while Scinax fuscovarius and Leptodactylus 
fuscus were found in all months but had reproductive activity 
restricted to few, wetter months (October–February; 
September–December, respectively) (Lira et al. 2020). These 
two species were found only at rest or as juveniles in the other 
months. Leptodactylus luctator was found throughout the year 
but without vocalization activity. In contrast, individuals 
with developed secondary sexual characters (e.g., sexual 
callus and hypertrophy of the anterior limbs) were found only 
in the rainy season, from October to March. Dendropsophus 
rubicundulus, Elachistocleis cesarii, Physalaemus cuvieri, and 
Scinax fuscomarginatus activity was concentrated in rainy 
months (October-April). These species present a prolonged 
breeding strategy occurring throughout the year or for more 
than five months (Wells & Schwarts 1982, Toledo et al. 2003, 
Muniz et al. 2008, Campos & Vaz-Silva 2010, Garey & da Silva 
2010). The species with explosive reproduction were Rhinella 
rubescens and Physalaemus centralis (Eterovick & Sazima 2000, 
Brasileiro & Martins 2006). This reproductive strategy is 
characterized by peaks of simultaneous reproductive activity 
by a large part of the population, generating a greater 
concentration of females in the same place and facilitating the 
exchange of gametes, as well as reducing the risk of predation 
of eggs and tadpoles (Petranka & Thomas 1995). Rhinella 
rubescens breeds from June to September between 2005 and 
2007 at ESECAE (Vasconcellos & Colli 2009) but showed an 
early reproductive explosion in 2016, between April and June. 
Individuals of Physalaemus centralis were observed vocalizing 
between October and November, with peaks of activity 
related to precipitation peaks, as already observed by 
Brasileiro and Martins (2006), with explosive activity patterns 
at the beginning of the rainy seasons (Guerra et al. 2017). 
Temperature and precipitation are environmental 
characteristics commonly related to anuran activity, and these 
characteristics dictate when explosive breeding events will 
occur (Ospina et al. 2013, Junior & Gomes 2015). 

The use of space was more important than the use of time 
for the studied community. The studied species are generalist, 
almost exclusively with prolonged reproduction, but with 
reproductive and foraging activities concentrated in the rainy 
season. Due to this aggregate distribution of activity, the 
overlap in temporal dimension affects the use of the space by 
the species, which does not occur in localities where 
precipitation is more evenly distributed (Eterovick & Ferreira 
2008, Pereira et al. 2020). Species belonging to the same genus 
may present very distinct morphological, ecological, and 
behavioral traits; for example, Leptodactylus fuscus (which is 
part of the L. fuscus group) often vocalizes exposed on the 
ground, whereas L. luctator (L. latrans group), always 
vocalizes within the water (Lucas et al. 2008, Henrique & 
Grant 2019). This partitioning in space use allows species 
coexistence since more species will be able to exploit the same 
resources but in specific portions of the resource gradient 
(Pianka 1983, Tupy et al. 2021). 

The species abundance between months presented 
random overlap, showing that the community is not 
structured along the temporal dimension. Although some 
species had their activity restricted to a few weeks and others 
were visually divided along the year, this division was not 
significant. 
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Our results showed that spatial heterogeneity is essential 

for open habitat anurans, especially in hyper-seasonal 
biomes, such as the Cerrado, where most of the reproductive 
activity of different species is concentrated during the rainy 
months. The low differentiation in resource use along the 
temporal dimension is compensated by differentiation in 
resource use along the spatial dimension. Also, the choice of 
the better vocalization perch is complex, requiring a set of 
characteristics combined between environmental and 
individual requests (Dias et al. 2017, Guerra et al. 2020). 
Therefore, our results show that putative habitat 
simplifications caused by human use of Cerrado open 
habitats can affect the richness and abundance of anurans in 
the biome.  
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