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Abstract: The Brazilian Atlantic Forest is one of the world’s most biodiverse biomes, with large numbers of endemic 
and threatened species. However, this biome has suffered extensive deforestation and habitat fragmentation, with 
a drastic reduction of its original vegetation cover. The compilation of data on the occurrence patterns of anurans 
and their natural history is important for the development of effective conservation strategies. Here, we present 
the results of a survey of the anuran fauna of Parque Estadual do Papagaio Charão (PEPC) in Rio Grande do Sul 
state, southern Brazil, providing information on species endemism, conservation status, and reproductive modes. 
We collected data on the local anurans between March 2018 and February 2019 using active searches and pitfall 
traps. We recorded 26 anuran species distributed in seven families, with eight different reproductive modes. The 
largest number of species (20) was found at the forest edge, followed by the interior of the forest and open area, 
each with 16 species. The most abundant species were Leptodactylus plaumanni (41.7% of records), Physalaemus 
cuvieri (27.1%), and P. carrizorum (16.5%). Greater species richness and abundance were recorded during the 
rainier months, while temperature influenced only the abundance of the anurans. Rhinella henseli, Rhinella icterica, 
Vitreorana uranoscopa, Aplastodiscus perviridis, Boana curupi, Boana leptolineata and Proceratophrys brauni 
are all endemic to the Atlantic Forest. Melanophryniscus devincenzii is classified as Endangered by the IUCN, 
and Proceratophrys bigibbosa as Near Threatened. Boana curupi is considered to be Endangered in Rio Grande 
do Sul state, and Vulnerable in Brazil, while V. uranoscopa is Near Threatened in Rio Grande do Sul. Our findings 
emphasize the importance of protected areas, such as the PEPC, for the maintenance of anuran populations and 
communities in the Mixed Rainforest formations of southern Brazil.
Keywords: Atlantic Forest; species list; community structure; reproductive modes; seasonality; conservation.
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Resumo: A Mata Atlântica abriga a maior biodiversidade do planeta, com elevados números de endemismos e espécies 
ameaçadas de extinção. Entretanto, esse bioma tem sofrido extensa perda e fragmentação do habitat, com redução 
drástica da sua cobertura vegetacional original. Suprir lacunas sobre a história natural e os padrões de ocorrências 
de anuros auxiliam no desenvolvimento de estratégias de conservação para esse grupo. Neste estudo apresentamos 
a anurofauna do Parque Estadual do Papagaio Charão (PEPC), no estado do Rio Grande do Sul, sul do Brasil, com 
informações sobre endemismos, status de conservação e modos reprodutivos das espécies. Nossas amostragens em 
campo ocorreram entre março de 2018 e fevereiro de 2019 e utilizamos procura ativa e pitfalls traps para a coleta dos 
anuros. Registramos 26 espécies de anuros distribuídas em sete famílias e oito modos reprodutivos. Um número maior 
de espécies foi encontrado na borda (20 espécies), seguida da floresta e área aberta (16 espécies cada). As espécies 
mais abundantes foram Leptodactylus plaumanni (41,7%), Physalaemus cuvieri (27,1%) e P. carrizorum (16,5%). 
Maior riqueza e abundância foram registradas no período com maior pluviosidade e a temperatura influenciou 
somente a abundância dos anuros. Rhinella henseli, R. icterica, Vitreorana uranoscopa, Aplastodiscus perviridis, 
Boana curupi, B. leptolineata e Proceratophrys brauni são endêmicas da Mata Atlântica. Melanophryniscus 
devincenzii está classificada como “Em perigo” e Proceratophrys bigibbosa como “Quase ameaçada” pela IUCN. 
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Introduction

The considerable biodiversity and endemism of the Brazilian 
Atlantic Forest, combined with its extensive deforestation, has resulted 
in the extensive decimation of this biome, with only 11.7% of the original 
vegetation now remaining (Ribeiro et al. 2009). Ecological processes are 
altered in human-modified landscapes due to the progressive reduction 
in the size and quality of remnant areas of natural vegetation, which 
provokes changes in both biotic and abiotic factors, such as resource 
availability and temperature (Saunders et al. 1991, Laurence 2008). 
Habitat fragmentation degrades these ecosystems continuously, reducing 
the occurrence of species, the richness of communities, and the dispersal 
of both fauna and flora (Haddad et al. 2015). In southern Brazil, the 
Mixed Rainforest is an Atlantic Forest formation characterized by the 
presence of the gymnosperm Araucaria angustifolia (Bertol.) Kuntze., 
(Oliveira-Filho et al. 2013). This forest formation has been widely 
devastated, with the remnants now surviving in protected areas, either 
in the private domain or on private land (Sonego et al. 2007) 

Anuran amphibians may be influenced directly or indirectly by 
anthropogenic impacts in a number of different ways, due in particular 
to the physiological characteristics of these animals, such as their moist 
and permeable skin, and the features of their life cycle (Wells 2007), 
with habitat loss being considered the principal factor responsible for 
the worldwide decline in anuran populations (Blaustein & Kiesecker 
2002, Whittaker et al. 2013). The principal factors contributing to this 
threat include the loss, degradation, and fragmentation of habitats, 
edge effects, and the influence of the surrounding matrix (Becker et al. 
2007, Almeida-Gomes & Rocha 2014, Schneider-Maunoury et al. 2016, 
Pfeifer et al. 2017, Ferrante et al. 2017, Ribeiro et al. 2018).

A total of 7,245 anuran amphibian species are currently recognized, 
worldwide (Frost 2020), of which, 1,093 are known to occur in Brazil 
(Segalla et al. 2019), that is, 15.1% of the total number. More than half 
(625 species or 57.2%) of Brazilian anurans are found in the Atlantic 
Forest, and most (485 or 77.6%) of these species are endemic to this 
biome (Rossa-Feres et al. 2017). The Mixed Rainforest is home to 
109 species of anurans, and 26 (24%) are endemic to this formation 
(Rossa-Feres et al. 2017).

The anuran amphibian community has been the focus of many 
studies in Brazil (e.g. Martins et al. 2014, Leivas & Hiert 2016, 
Santos-Pereira et al. 2016, Andrade et al. 2017, Ceron et al. 2017, 
Silva et al. 2018, Foerster & Conte 2018, Fiorillo et al. 2018). Surveys 
typically provide important insights into the characteristics of an anuran 
community and its populations (Rocha et al. 2003). The compilation of 
a list of the species present in a given area is an essential first step in 
the development of effective conservation measures (Toledo & Batista 
2012, Vasconcelos et al. 2014). More detailed studies, including the 
influence of environmental heterogeneity (Silva et al. 2012, Santos & 
Conte 2014) or the variation in climate, on anuran diversity (Costa et al. 

2012, Titon & Gomes 2015, Vasconcelos & Nascimento 2016), provide 
increasingly valuable insights into the ecology of anuran communities. 

In the present study, we investigate the species richness, spatial 
distribution (forest edge, interior, and open area), and the seasonal 
variation in the characteristics of an anuran community in a remnant of 
the Mixed Rainforest formation of the southern Atlantic Forest of Brazil. 

Materials and Methods

1. Study area

Our study was conducted in the Parque Estadual do Papagaio 
Charão – PEPC (27º54’49” S, 52º48’52” W, 503 m a.s.l.), located in the 
municipality of Sarandi, in northern Rio Grande do Sul state, southern 
Brazil, which is part of the Upper Uruguay physiogeographic region. 
This state park has an area of 1,000 hectares, and is representative of 
the Mixed Rainforest phytophysiognomy (SEMA 2020) of the Atlantic 
Forest biome (Figure 1). The region’s climate is subtropical humid, 
Cfa in the Köppen-Geiger classification system. The mean annual 
temperature is 19.4ºC and mean annual rainfall is 1,765 mm (Wrege 
et al. 2012).

2. Sampling methods

We collected anurans using two methods. One method was active 
searching (Crump & Scott-Jr 1994), during which at least two collectors 
surveyed transects at night (18–23h) during three consecutive days 
per month (except in June and July). For this, we used two preexisting 
transects located within the three different environments sampled – 
forest edge, interior, and open area. We searched carefully for anurans 
along each transect, examining bromeliads, the leaf litter, tree trunks, 
rocks, marshes, streams, ponds, floodplains, and other habitats. A total 
of 459 hours of active searching was conducted during the present study, 
including 144 hours in the forest edge, 180 hours in the forest interior, 
and 135 hours in the open area.

The second method was pitfall trapping using interception traps 
interconnected by drift-fences (Corn 1994). These traps were used 
in pairs, with one set being deployed at the edge of the PEPC forest 
fragment (27º54’50” S, 52º48’57” W) and the other in its interior 
(27º54’49” S, 52º49’21” W). Each set of traps consisted of two straight 
lines of 40 m in length, separated by a distance of 30 m. The two sets 
of traps were separated by a distance of at least 500 m, in an attempt 
to avoid spatial autocorrelation. Each trap line consisted of five plastic 
60-L buckets, which were buried in the ground and connected by a 60 
cm-tall drift fence. Overall, 12 buckets were deployed in each habitat 
type. We perforated the bucket bottoms to permit rainwater runoff. 
We opened the pitfall traps on four consecutive days each month for 
12 months, with a total of 48 days of sampling between March 2018, 
and February 2019, which is the equivalent of 1,152 bucket-days. 

Boana curupi é considerada “Em perigo” no estado do Rio Grande do Sul e “Vulnerável” no Brasil. Vitreorana 
uranoscopa consta como “Quase ameaçada” no Rio Grande do Sul. Nossos resultados mostram a importância de áreas 
protegidas, como o PEPC, para a manutenção das populações e comunidades de anuros da Floresta Ombrófila Mista.
Palavras-chave: Mata Atlântica; lista de espécies; estrutura da comunidade; modos reprodutivos; sazonalidade; 
conservação.
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The traps were checked daily during sampling, and when not in use, the 
traps were sealed off, to avoid the unintentional capture, and potential 
death, of terrestrial vertebrates.

We collected the abiotic data (temperature, humidity, and rainfall) 
using a thermo-hygrometer and digital pluviometer, which were installed in 
the PEPC. We deposited voucher specimens in the Amphibian Collection 
of the University of Passo Fundo, CAUPF, under permits SISBIO no. 
26826-1; SEMA/RS no. 49/2017; CEUA no. 11/2018 (Appendix 1). We 
also considered previous records of anuran species in the PEPC obtained 
by the team of the UPF Herpetology Laboratory (unpublished data).

3. Data analysis

We evaluated the sampling efficiency using a rarefaction curve, 
based on the matrix of the monthly records of anuran species (one 
sample = one day) by both active searches and the pitfall traps. We ran 
the nonparametric Bootstrap estimator in EstimateS9.0 (Colwell 2013) 
with 1,000 randomizations.

Prior to the statistical analyses, the data were tested to verify the 
satisfaction of the assumptions of normality and homoscedasticity 
of variances (Zuur et al. 2010). We used the t test to determine the 
significance of the difference in the mean species richness and abundance 
between the forest edge and interior, using only the pitfall trap data, 
to standardize the analysis. We applied a simple linear regression and 
G test (Zar 1999) to verify the possible relationship between anuran 
community parameters (species richness and abundance) and climatic 
variables (rainfall and temperature). We ran all the statistical tests in 
the BioEstat 5.3 software (Ayres et al. 2007). The correlations were 
considered significant when P ≤ 0.05. We excluded the exotic species 
Lithobates catesbeianus (Shaw 1802) from all the analyses.

The anuran nomenclature adopted in the present study was 
based on Frost (2020), and we verified the conservation status of 
the species in the International Red List of Endangered Species 
(IUCN 2020), the Brazilian Red Book of Threatened Animal Species 
(ICMBIO 2018), and the List of Endangered Anurans of the state 
of Rio Grande do Sul (Rio Grande do Sul 2014). We classified 
the reproductive modes of the anuran species as in Haddad et al. 
(2013), and defined their degree of endemism according to Rossa-
Feres et al. (2017).

Results

We recorded 26 anuran species in the PEPC, representing 14 
genera and seven families (Table 1, Figure 2). The Hylidae was 
the most diverse family, with nine species (n=9 species), followed 
by the Leptodactylidae (n=8 spp.), Odontophrynidae (n=3 spp.), 
Bufonidae (n=3 spp.), and the Brachycephalidae, Centrolenidae, and 
Microhylidae, each represented by a single species (Figure 2). We 
recorded the greatest species richness, 20 species (76.9% of the total), 
in the edge of the fragment, while we collected 16 species (61.5% of 
the total) in both the interior of the forest and the open area (Table 1). 
Three anuran species (11.5% of the total) were exclusive to both the 
forest and edge habitat, while two (7.7%) were found only in the open 
area (Figure 3). Eight anuran species (30.7%) occurred in all three 
environments, that is, the open area, and the forest edge and interior 
(Table 1). Five species (19.2%) were found in both the edge and open 
area, and four (15.3%) were recorded in both types of forest, while 
only one species (3.8%) was found in both the forest interior and the 
open area (Figure 3).

Figure 1. Location of the pitfall traps in the Parque Estadual do Papagaio Charão, in the municipality of Sarandi, Rio Grande do Sul, Brazil: 1 – forest interior; 
2 – forest edge.
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Table 1. Anuran species recorded in Parque Estadual do Papagaio Charão, in the municipality of Sarandi, Rio Grande do Sul, Brazil. Sample methods: pitfall 
trapping (PT) and active search (AS). The reproductive mode (RM) of each species is designated by a number, following the classification of Haddad et al. (2013). 
The conservation status of each species is defined according to the Brazilian (ICMBio 2018) and international (IUCN 2020) red lists. LC = Least Concern, NT = 
Near Threatened, VU = Vulnerable, EN = Endangered, and DD = Deficient Data. 1Endemic to the Atlantic Forest and 2Endemic to the Mixed Rainforest domain of 
the southern Atlantic Forest (sensu Rossa-Feres et al. 2017). 3Recorded previously. 

Species
Location Red Lists

Edge Forest Open Area Method RM Brazil IUCN 
Bufonidae        
Melanophryniscus devincenzii Klappenbach, 1968 X   PT 2 LC EN
Rhinella henseli (Lutz, 1934)1,3  X  AS 1 or 2 LC LC
Rhinella icterica (Spix, 1824)1 X X X PT/AS 1 or 2 LC LC
Brachycephalidae        
Ischnocnema henselii (Peters, 1870) X X  PT/AS 23 LC LC
Centrolenidae        
Vitreorana uranoscopa (Müller, 1924)1 X X  AS 25 LC LC
Hylidae        
Aplastodiscus perviridis (Lutz, 1950)1 X X X AS 5 LC LC
Boana curupi (Garcia, Faivovich & Haddad, 2007)1,2  X X AS 2 VU LC
Boana faber (Wied-Neuwied, 1821) X  X AS 1 or 4 LC LC
Boana leptolineata (Braun & Braun, 1977)1,2 X  X AS 1 or 2 LC LC
Dendropsophus minutus (Peters, 1872) X X X AS 1 LC LC
Dendropsophus sanborni (Schmidt, 1944) X  X AS 1 LC LC
Ololygon aromothyella (Faivovich, 2005) X X  AS 1 LC DD
Scinax fuscovarius (Lutz, 1925) X X X AS 1 LC LC
Scinax granulatus (Peters, 1871) X   AS 1 LC LC
Leptodactylidae        
Physalaemus biligonigerus (Cope, 1861)   X AS 11 LC LC
Physalaemus cuvieri Fitzinger, 1826 X X X PT/AS 11 LC LC
Physalaemus carrizorum Cardozo & Pereyra, 2018 X X X PT/AS 11 LC LC
Leptodactylus fuscus (Schneider, 1799) X   PT/AS 30 LC LC
Leptodactylus gracilis (Duméril & Bibron, 1840)3 X  X AS 30 LC LC
Leptodactylus latrans (Steffen, 1815) X  X AS 11 LC LC
Leptodactylus mystacinus (Burmeister, 1861) X X X PT/AS 30 LC LC
Leptodactylus plaumanni Ahl, 1936 X X X PT/AS 30 LC LC
Microhylidae        
Elachistocleis bicolor (Guérin-Méneville, 1838)   X AS 1 LC LC
Odontophrynidae        
Odontophrynus americanus (Duméril & Bibron, 1841) X X  PT 1 LC LC
Proceratophrys bigibbosa (Peters, 1872)  X  PT/AS 2 LC NT
Proceratophrys brauni (Kwet & Faivovich, 2001)1,2  X  PT 2 LC LC
Total richness of species 20 16 16     

Reproductive modes: (1) exotrophic eggs and tadpoles in standing water; (2) exotrophic eggs and tadpoles in running water; (4) eggs and early larval stages in natural 
or manmade pools, after flooding, exotrophic tadpoles in streams or puddles; (5) eggs and early larval stages in underground “nests”, after flooding, exotrophic tadpoles 
in streams or puddles; (11) eggs laid in floating foam nests and exotrophic tadpoles in puddles; (23) direct development of eggs on ground; (25) after hatching, the 
exotrophic tadpoles drop into running water; (30) foam nest with eggs and early larval stages in chambers built underground, after flooding, exotrophic tadpoles in 
lentic water. Adapted from Haddad et al. (2013).
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Figure 2. Anurans recorded in the Parque Estadual do Papagaio Charão, in Sarandi, Rio Grande do Sul, Brazil. (A) Rhinella henseli; (B) Leptodactylus mystacinus; 
(C) Elachistocleis bicolor; (D) Dendropsophus minutus; (E) Boana curupi; (F) Ololygon aromothyella; (G) Physalaemus biligonigerus; (H) Ischnocnema henselii; 
(I) Odontophrynus americanus; (J) Boana leptolineata; (K) Vitreorana uranoscopa; (L) Proceratophrys brauni; (M) Rhinella icterica; (N) Leptodactylus fuscus; (O) 
Leptodactylus plaumanni; (P) Aplastodiscus perviridis; (Q) Physalaemus carrizorum; (R) Proceratophrys bigibbosa; (S) Dendropsophus sanborni; (T) Melanophryniscus 
devincenzii; (U) Scinax granulatus. Photographs: A, D, E, J, K, M, N, O, P, E, R, S, T, and U by N. Zanella; B, C, G, H, and I by L. A. P. Potrich and M. Santos-Pereira.
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A total of 11 anuran species were captured in the pitfall traps, 
including nine species in the edge and nine in the interior of the forest 
(Table 1). Melanophryniscus devincenzii and Leptodactylus fuscus were 
captured exclusively in the edge traps, while Proceratophrys bigibbosa 
and Proceratophry brauni were captured only in the interior of the forest. 
The most abundant species captured in the pitfall traps (Figure 4) were 
Leptodactylus plaumanni (n=53), Physalaemus cuvieri (n=32), and 
Physalaemus carrizorum (n=21). Neither anuran species richness 
(p=0.2667) nor abundance (p=0.1320) varied significantly between 
the forest edge and the interior. Physalaemus cuvieri dominated the forest 
interior, and L. plaumanni was the most abundant species in the edge 
habitat. By contrast, some species, i.e., Leptodactylus fuscus and P. 
brauni, were recorded only once during the study (Figure 4).

The anuran species richness estimated using the Bootstrap procedure 
was 25.50 species, with 21.79 species being estimated specifically for 
the forest edge, 16.63 species for the forest interior, and 15.77 for the 
open area. The shape of the curve (Figure 5) and the predicted species 
richness indicate that sampling effort was broadly adequate for all 
three types of habitat sampled in the PEPC, with only an additional 
two species being expected from further sampling.

Figure 3. Venn Diagram of the intersection of the composition of anuran species in the three habitat types found in the Parque Estadual do Papagaio Charão, in 
Sarandi, Rio Grande do Sul, Brazil. A = Open area, B = Forest interior, and C = Forest edge.

We identified eight anuran reproductive modes in the present study 
(Table 1). The most frequent mode was mode 1, found in 11 species 
(42.3%), followed by mode 2, in seven species (26.9%), mode 11 and 
30, both recorded in four species (15.3%), with modes 4, 5, 23, and 25, 
each being found in a single anuran species (3.8%).

Seven (27%) of the anuran species recorded in the PEPC are 
endemic to the Atlantic Forest, with three (11.54%) being endemic 
to the Mixed Rainforest formation (Table 1). Melanophryniscus 
devincenzii is classified as EN (Endangered) and P. bigibbosa as NT 
(Near Threatened) by the IUCN (2020). Boana curupi is considered 
EN (Endangered) in the state of Rio Grande do Sul (Rio Grande do 
Sul 2014) and VU (Vulnerable) in Brazil (ICMBIO 2018), while 
Vitreorana uranoscopa is classified as Near Threatened in Rio Grande 
do Sul (Rio Grande do Sul 2014).

Anuran species richness did not vary significantly with temperature 
(p = 0.0653), although abundance was significantly (p < 0.0001) 
higher in the warmer months in comparison with the cooler months 
of the year. Significant correlations were found between rainfall and 
both anuran species richness (R = 0.3273, p < 0.0001, n = 42) and 
abundance (R = 0.3670, p < 0.0001, n = 42).
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Discussion

The anuran species recorded by us in the PEPC represent 0.36% of 
total anuran diversity, worldwide (Frost 2020), and 2.3% of the Brazilian 
anuran fauna (Segalla et al. 2019). We also recorded 23.8% of the species 
known to occur in the Mixed Rainforest formation of the Atlantic Forest 
biome (Rossa-Feres et al. 2017). The anuran species richness recorded 
in the study represented 94.1% of that estimated, which indicates that 
the sample area was sampled adequately.

Our findings on the anuran community of the PEPC were similar 
to those of previous studies conducted at other sites within the 
Mixed Rainforest formation of the southern Atlantic Forest biome. 
For example, Zanella et al. (2013) recorded 23 anuran species in the 
Parque Municipal de Sertão, 60 km east of the PEPC, including 20 
(76.9%) of the species recorded in the present study. Lucas & Fortes 
(2008) inventoried 29 anuran species (28 native and one exotic) in the 
Floresta National de Chapecó, 120 km north of the PEPC, including 17 

(60.7%) of the species recorded at this site. Bastiani & Lucas (2013) 
recorded 22 native species in the Parque Estadual Fritz Plaumann, in 
the municipality of Concórdia, in Santa Catarina, southern Brazil, of 
which, 14 (53.8%) were recorded in the present study. Slightly further 
afield, 152 km northwest of the PEPC, in the semideciduous seasonal 
forest of the Parque Estadual do Turvo, Iop et al. (2011) recorded 30 
anurans, including 21 of the species (70%) registered in the present 
study. This degree of homogeneity in the anuran fauna of the different 
sites is probably related to the broad phytophysiognomic similarities 
of the Atlantic Forest domain.

A predominance of hylid species is typical of the Neotropical region 
(Duellman 1999), in particular in the Atlantic Forest (e.g. Araujo & 
Almeida-Santos 2013, Santos-Pereira et al. 2016, Ceron et al. 2017). 
The family Leptodactylidae is also a prominent component of the anuran 
fauna of most Atlantic Forest sites (e.g. Conte & Rossa-Feres 2006, 
Lucas & Marocco 2011, Zanella et al. 2013). The leptodactylids are also 
a prominent group in the Pampa (e.g. Lipinski & Santos 2014, Bolzan 

Figure 4. Abundance of anurans captured between March 2018 and February 
2019 in the Parque Estadual do Papagaio Charão, in Sarandi, Rio Grande do 
Sul, Brazil, in two environments: A) the interior of the forest, and B) the edge 
of the fragment, considering only the pitfall traps data.

Figure 5. Rarefaction curves (Bootstrap estimator) of the anuran species recorded 
in the Parque Estadual do Papagaio Charão, in Sarandi, Rio Grande do Sul, Brazil, 
using active searches and pitfall traps between March 2018 and February 2019. 
A = General (all data); B = Forest interior only; C= Forest edge only.
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et al. 2016), a grassland biome in Rio Grande do Sul, and neighboring 
areas of Uruguay and Argentina. As the Mixed Rainforest is adjacent to 
grassland  (which is not the Pampa) in the PEPC (Overbeck et al. 2009, 
SEMA 2020), the composition of its anuran fauna may be influenced 
by both forest and grassland environments, which may account for the 
fact that the Hylidae and the Leptodactylidae were the most prominent 
families in the study area. This ecotonal scenario may also account 
for the presence in the PEPC of species endemic to the Atlantic Forest 
biome, i.e., Aplastodiscus perviridis, Vitreorana uranoscopa, Rhinella 
henseli, and R. icterica,  and those with associate distributions within 
to the Mixed Rainforest phytophysiognomy, that is, Boana curupi, B. 
leptolineata, and Proceratophrys brauni (Rossa-Feres et al. 2017). 
Proceratophrys brauni has also been recorded in neighboring areas of 
Paraguay, Argentina, and Uruguay (Frost 2020).

We recorded a greater species richness in edge areas in comparison 
with the forest interior and the open area. This forest edge represents the 
transition between natural habitats which, modified by fragmentation, 
results in the formation of structurally distinct types of vegetation 
(Murcia 1995). As the PEPC is located with the transition zone 
between the Mixed Rainforest and grassland, this edge habitat may be 
similar to a natural ecotone. The greater species richness found at the 
forest edge may reflect the ecology of some anurans, which reproduce 
in open areas, but forage or seek shelter within the forest (Conte & 
Rossa-Feres 2007, Lucas & Fortes 2008, Quesnelle et al. 2015). The 
intercalation of pastures and forest formations permits different patterns 
of habitat use, which favor the occurrence of species specialized for 
the exploitation of both open areas and forested areas (Crivellari et 
al. 2014). In environments with different phytophysiognomies, such 
as forest and open areas, species richness is often greatest in areas of 
ecotone (Maragno et al. 2013). Previous studies have also found greater 
species richness at the edge of forest fragments (e.g. Urbina-Cardona 
et al. 2006, Zanella et al. 2013), indicating that anuran communities 
may be favored by transitional environments. While pitfall traps were 
not deployed in open area in the present study, the number of species 
recorded in this habitat was similar to that recorded in the interior of 
fragment, although it is important to remember that the number of 
species may be underestimated in open area given that many species 
may be less detectable using the traditional visual search approach 
(Cechin & Martins 2000).

Some anurans, such as Dendropsophus minutus, P. cuvieri, A. 
perviridis, Leptodactylus mystacinus, L. plaumanni, Scinax fuscovarius, 
P. carrizorum, and R. icterica, occurred in all three of the environments 
sampled in the present study. This reflects the ecological adaptations 
of these species, which are generalists with ample geographic ranges 
(Haddad et al. 2013, Vancine et al. 2018). By contrast, Proceratophrys 
biggibosa, P. brauni and Rhinella henseli were recorded only in the 
forest interior. These Proceratophrys species inhabit mountainous 
areas in subtropical rainforest ranging in altitude from 300 m to 1200 
m a.s.l. (Kwet Di-Bernardo 1999, Kwet & Faivovich 2001), where 
they are typically found in rocky streams at the edge or in the interior 
of dense forests (Santos et al. 2009). Rhinella henseli, in turn, inhabits 
the forest and, during the breeding season, it is found in small streams, 
temporary  pools (Kwet et al. 2010, Haddad et al. 2013, Lucas et al. 
2018). Species found in both the forest and the edge (Table 1) are 
typically less demanding of habitat, allowing them to exploit different 
environments.

Leptodactylus plaumanni was recorded in all three environments, 
but was captured more frequently in the pitfall traps deployed in the 
edge of the forest. This common species is found in both forest and 
grassland (Kwet et al. 2010), and in Brazil, it is limited to the southern 
extreme of the country (de Sá et al. 2014, Frost 2020). Physalaemus 
cuvieri was the most abundant species in the interior of the forest 
fragment at PEPC, as recorded by Maragno et al. (2013). This species 
is widely distributed in South America (Frost 2020), and is typical 
of open areas (Kwet et al. 2010). The location of the PEPC within 
the Mixed Rainforest domain, which was originally formed by a 
mosaic of forest and grassland, may account for its presence in the 
forest at this site. The ecological characteristics of a species may 
often depend on its ability to adapt to a given environment (Urbina-
Cardona et al. 2006).

A majority of the anurans recorded in the PEPC present 
reproductive mode 1 (42.3%), in which the eggs are deposited in  
water, where the exotrophic tadpoles develop, or mode 2 (26.9%), 
where the eggs are deposited in lotic water, where the tadpoles 
develop. Laying eggs directly on the surface of the water (mode 1) 
is the most primitive and generalized anuran reproductive mode 
(Duellman & Trueb 1994), and a large number of studies have shown 
that this mode is the most common in most anuran communities 
(e.g. Leivas et al. 2015, Nazaretti & Conte 2015, Santos-Pereira 
et al. 2016). The diversity of reproductive modes in an anuran 
community tends to reflect the heterogeneity of the environment, 
rather than phylogenetic relationships (Duellman & Trueb 1986). 
The occurrence of eight reproductive modes in the PEPC is typical 
of Atlantic Forest anurans, given the high humidity and ample 
diversity of microhabitats found in this forest (Haddad & Prado 
2005). Areas with prolonged rains, such as the PEPC, tend to provide 
conditions for a broad range of reproductive modes, in contrast 
with more arid areas, with seasonal climates, that tend to restrict 
reproduction to more specialized modes that are more resistant to 
desiccation (Silva et al. 2012).

Vitreorana uranoscopa is a small arboreal anuran, which is listed as 
Vulnerable in Rio Grande do Sul (Rio Grande do Sul 2014). Recent 
studies have shown that the distribution of this species is expanding 
(Machado et al. 2010, 2014), with it being recorded increasingly in 
small fragments of forest (Savaris et al. 2011). At PEPC, the species 
was encountered only in the forest, including the edge. The occurrence 
of V. uranoscopa at the edge of the forest in the PEPC may be related 
to its ecological characteristics, given that it is found in the streams 
that run from the interior of the forest fragment to its edges, resulting 
in the dispersal of this anuran throughout the area. For many amphibian 
species, in fact, the presence of specific reproductive habitats may be 
the primary determinant of the occurrence of a species at a given site, 
irrespective of the other habitats available in the area (Zimmerman 
& Bierregaard 1986). Boana curupi, which is also endangered, is 
typically found in forested vegetation at the margins of shallow streams 
(Garcia et al. 2007, Iop et al. 2009, Lucas & Garcia 2011, Fontana et 
al. 2017), and in the present study, it was found vocalizing in a marsh, 
in an open area near the study forest.

In the present study, precipitation had a significant influence 
on anuran species richness and abundance in the PEPC, whereas 
temperature influenced only abundance, as observed in previous studies 
(Both et al. 2008, Conte & Rossa-Feres 2007, Santos & Conte 2014, 
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Goyannes-Araújo et al. 2015). Amphibian reproduction is influenced 
primarily by climatic factors (Duellman & Trueb 1986), and in Brazil, 
a number of studies have shown that precipitation is the principal 
factor determining anuran species richness, in addition to the diversity 
of reproductive modes (Vasconcelos et al. 2010, Maffei et al. 2011).

Lithobates catesbeianus, an exotic and invasive species, was 
recorded in all three environments surveyed in the PEPC. This 
species is considered to be one of the principal threats to native 
anurans, given its capacity to adapt to different environments and 
compete with native anurans (Rocha et al. 2011, Almeida et al. 2020), 
which often in the decline of resident populations (Both et al. 2011, 
Silva et al. 2011, Santos-Pereira & Rocha 2015). The presence of 
L. catesbianus in a protected area the size of the PEPC reflects its 
capacity to invade novel environments, which is a potential cause 
for concern over the long term.

The anuran species recorded here in the Parque Estadual do 
Papagaio Charão appear to be a reliable estimate of the diversity 
of anurans found in this protected area in Rio Grande do Sul. 
Our findings indicate that the anuran diversity of the area may be 
the result of the interface of the forest ecosystems and grassland 
environments found in the park. The presence of threatened species 
in the PEPC reinforces the importance of this protected area for the 
conservation of the anuran communities of the Atlantic Forest biome. 
This is especially important in the context of the study region, where 
the Mixed Rainforest has suffered extensive impact and loss of cover 
over the past few years.

Supplementary Material

The following online material is available for this article:
Appendix.
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