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ABSTRACT
Amphibians are exposed to a number of negative factors in urban areas and the influence of a 
specific variable can vary among different ecological systems. This study provides information on 
the anurofauna along an urban-rural gradient in Araçatuba, São Paulo State, Brazil. Anurans were 
sampled in 11 breeding habitats distributed throughout seven surveyed sites in urban, peri-
urban and rural areas, during six field visits between May 2011 and January 2013. We recorded 
23 species of anurans belonging to 12 genera and four families. For both urban and peri-urban 
regions, we recorded 11 species per area, the number of species in the rural area reaching 20. 
The greatest similarity in species composition found at urban and peri-urban sites showed the 
urbanization-induced impoverishment and homogenization of their anuran communities. In 
contrast, the anurofauna of the rural area was rich and diversified. Vegetation heterogeneity 
in breeding habitats and forest formations surrounding these water bodies was found to have 
a positive effect on species richness and composition and, therefore, to be an important factor 
affecting amphibian populations in water bodies in urban, peri-urban and rural areas.

Introduction

Brazil boasts the most diversified amphibian richness 
in the world (1080 species, including 1039 anurans), 
which is often related to the presence of extensive 
morphoclimatic domains formed of unique ecosystems 
that favour anuran diversification in different habitats, 
ranging from dry shrubby to moist forest habitats with 
high vegetation heterogeneity (Segalla et al. 2016; 
IUCN 2017).

Among different threats facing amphibians (Eterovick 
et al. 2005) and their preservation (e.g. da Silva, Gibbs, 
and Rossa-Feres 2011; Vasconcelos and Doro 2016) in 
Brazil, habitat loss and fragmentation rank as serious 
ones. The critical region in Brazil that has suffered most 
from the massive loss of native vegetation is the contact 
zone of two Brazilian hotspots (Mittermeier et al. 2004), 
i.e. the mesophytic semideciduous Atlantic Forest and 
Cerrado (sensu Ab’Saber 2003), located in inner areas of 
southeastern Brazil (see RAN/ICMBio 2014). This is the 
case in northwestern São Paulo State, where only 4% 

of the original vegetation has remained (SMA/IF 2005) 
in small fragments throughout pastureland, extensive 
sugarcane plantations, and urban areas (Rodrigues et al.  
2008).

Herpetologists have widely explored mostly the 
northwestern region of the São Paulo State (Rossa-
Feres et al. 2011), harbouring 37 of the 236 amphibian 
species known for the State (Rossa-Feres et al. 2011; 
Haddad et al. 2013). Most of these anuran species 
are generalist, typical of open areas and adapted to 
degraded environments (Vizotto 1967; Bernarde and 
Kokubum 1999; Vasconcelos and Rossa-Feres 2005; 
Santos, Rossa-Feres, and Casatti 2007; Prado et al. 
2008; da Silva et al. 2009; Santos et al. 2009; da Silva, 
Prado, and Rossa-Feres 2010). However, new distribu-
tion records of Pithecopus azureus (Prado et al. 2008), 
Chiasmocleis albopunctata (da Silva et al. 2009), and 
Dendropsophus melanargyreus (da Silva, Prado, and 
Rossa-Feres 2010) reported over the past few years indi-
cate the importance of continuous field work aimed to 
increase the knowledge of species distribution.
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(cerradão) (SMA/IF 2005). The local climate is hot and 
humid with well-defined wet and dry seasons, classified 
as Aw according to the Köppen system (Peel, Finlayson, 
and McMahon 2007). The mean annual temperature is 
24 °C (with the minimum average of 13 °C in June, and 
the maximum average of 32 °C in February), and the mean 
annual rainfall is 1300 mm3 (CEPAGRI 2014).

In order to better understand the distribution of species 
from water bodies, we divided the study site into three 
areas: urban (UB), peri-urban (PB) and rural (RR). UB is char-
acterized by high and PB by low density of houses and 
roads, while RR has extensive pastures, sugarcane planta-
tions, and small remnants of mesophytic semideciduous 
Atlantic Forest scattered within the agricultural landscape. 
The seven sites surveyed in these areas are referred to as 
‘survey sites’ (Figure 1). The delineation of each site was 
merely geographic, because the number, proximity and 
connectivity of water bodies differ among the survey sites 
(Figure 1, Table 1).

Anuran survey methods

We conducted six field sessions, i.e. four sessions dur-
ing the breeding season (November 2011, February and 
October 2012, and January 2013) and two sessions dur-
ing the non-breeding season (May 2011 and April 2012) 
(Vasconcelos and Rossa-Feres 2005; Vasconcelos et al. 
2011; Santos, Vasconcelos, and Haddad 2012). The num-
ber of water bodies surveyed per area is as follows: six in 
UB; three in PB, and two in RR – giving a total of 11 water 
bodies surveyed (Table 1). We used the visual and audi-
tory search methods to detect anuran species (Scott and 
Woodward 1994). Each water body was surveyed for 1 h 
by two researchers at night (from 7.00 to 12.00 pm) during 
each field session. The collected voucher specimens were 
subjected to the following procedures: 5% lidocaine anaes-
thesia, 10% formalin fixation, 70% ethanol preservation, 
storage at the Amphibian Collection of the Department 
of Zoology and Botany of the State University Paulista 
(UNESP), municipality of São José do Rio Preto, São Paulo 
State, Brazil.

Breeding habitat and landscape composition

Characteristics of breeding habitats (i.e. hydroperiod and 
plant types on the edge) and landscape (i.e. presence 
of forest remnants and urban area density [houses and 
roads]) were determined during the field sessions con-
ducted in the rainy period (November 2011, February and 
October 2012, and January 2013), which is the breeding 
season of most anuran species in the region (Provete et al. 
2011). Characteristics of breeding habitats and landscape 
were assessed visually using the following categorical vari-
ables (Table 1): The hydroperiod of breeding habitats (HP): 
1  =  permanent, 2  =  semipermanent (decrease in water 
volume over 90% of the breeding pond), 3 = long tem-
porary (lasting between 6 and 11 months), and 4 = short 

Most ecological studies of anurans in this area were 
performed in agricultural areas or natural remnants of 
original vegetation (e.g. Vasconcelos and Rossa-Feres 
2005; da Silva, Gibbs, and Rossa-Feres 2011; da Silva 
and Rossa-Feres 2011). However, anuran studies focus-
ing on urban areas in a number of Brazilian regions 
(e.g. Ferreira, Silva-Soares, and Rödder 2010; Tonini 
et al. 2011), including northwestern São Paulo State 
are still rare. As persistence of anuran populations in 
urban landscapes depends on environmental condi-
tions (Duellman and Trueb 1994), it may be affected 
by several environmental factors operating in a vari-
ety of spatial scales ranging from breeding habitats to 
entire landscapes (Pillsbury and Miller 2008). In urban 
areas, amphibians are exposed to a number of nega-
tive factors, such as loss, fragmentation and isolation 
of habitats, changes in the hydroperiod of water bodies 
(Hamer and McDonnell 2008). However, the influence 
of a specific variable can vary among ecological systems 
(Rubbo and Kiesecker 2005; Vasconcelos et al. 2009).

Vegetation structure is an important factor affecting 
anuran species composition both on regional (Parris 2004; 
Bastazini et al. 2007) and local scales (Vasconcelos et al. 
2009; Oda et al. 2016). In addition, the urbanization process 
may affect the anuran species composition in the adjacent 
breeding habitats because of alterations/losses of forest 
formations (Hamer and McDonnell 2008). Thus, the objec-
tive of this study was to investigate changes in the anuran 
composition in response to urbanization-induced changes 
in vegetation structure and landscape characteristics of the 
study area. Since aquatic habitats in urban, peri-urban and 
rural areas differ in vegetation heterogeneity (e.g. number 
of plant types at the edge) and in the structural composition 
(e.g. presence or absence of forest remnants, high/low-den-
sity of urban areas) of their surrounding landscapes, we 
hypothesized that the anuran species composition varies 
depending on the vegetation heterogeneity in the breed-
ing habitat and landscape characteristics. Specifically, we 
aimed at determining: (1) anuran species richness in the 
areas studied, (2) the relative impact of vegetation heter-
ogeneity in breeding habitats as well as that of landscape 
characteristics on the anuran species composition at the 
surveyed sites, and (3) beta diversity along with the similar-
ity of species composition among the sites surveyed.

Materials and methods

Study sites

The municipality of Araçatuba (−21.208889  S, 
−50.432778 W, 398  m. a.s.l.) is situated in northwest-
ern São Paulo State between the Aguapeí and Tietê 
Rivers, both of which are tributaries of the Paraná River 
(Figure 1). Original vegetation in the area consists of 
mesophytic semideciduous Atlantic Forest and different 
patches of Cerrado physiognomies, including open for-
mations (cerrado sensu stricto) and forest environments 
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temporary (less than 6  months). Plant types (PT) at the 
edge: 1 = predominance of creeping herbaceous vegeta-
tion; 2 = predominance of creeping and erect herbaceous 
vegetation; 3 = predominance of creeping and erect her-
baceous vegetation and shrubby vegetation, and 4 = pres-
ence of creeping and erect herbaceous vegetation, shrubby, 
and arboreal vegetation. Landscape characteristics (LC): 
1 = presence of forest remnants in urban/peri-urban area; 
2 = high-density of urban area; 3 = low-density of urban 
area, and 4 = presence of forest remnants in rural area. Both 
structural (i.e. hydroperiod) and biological characteristics 
(i.e. plant types at the edge) of the breeding habitats were 
classified as per Vasconcelos et al. (2009).

Data analysis

In order to assess the sampling effort, we built accumula-
tion curves based on the presence or absence of anuran 

species in the breeding habitats for each surveyed site. 
We used the nonparametric Jackknife 1 estimator to 
extrapolate species richness at the study site. The spe-
cies accumulation curve and the estimation of richness 
were generated using EstimateS v.9.1.0 (Colwell 2013).

We determined the relative impact of breeding habitat 
and landscape characteristics on anuran species compo-
sition at the survey sites by using a permutational multi-
variate analysis of variance (Permanova; Anderson 2001).  
Since all the aquatic habitats surveyed have a perma-
nent hydroperiod, this descriptor was not considered in 
the analysis. Thus, the plant types at the edge as well 
as the landscape composition were included as predic-
tor variables; response variables, in turn, were obtained 
from the species composition matrix. We calculated the 
Permanova significance using the main test with 1000 
permutations of residuals under the full model. The 

Figure 1.  distribution of the surveyed sites along the urban-rural gradient in the municipality of araçatuba, São Paulo State, 
southeastern Brazil. See description of the surveyed sites in Table 1. Map modified from Igc (2014). Satellite image extracted 
from google Earth (© 2016 google/landsat/copernicus). See permission information at: https://www.google.com/permissions/
geoguidelines/attr-guide.html
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with the highest number of species (n  =  10 species) 
followed by Hylidae (n  =  9), Microhylidae (n  =  3), 
and Bufonidae (n  =  1). Pseudis platensis, Chiasmocleis 
albopunctata and Dermatonotus muelleri were recorded 
in breeding habitats outside the surveyed sites (Table 2; 
Figure 2). The accumulation curve tended to stabilize and 
the estimated species richness for the study area was 20 
species (±0), similar to the richness observed (Figure 3).

Eleven species of anurans were found both in UB and 
PB, while the number of species recorded in RR was 20. 
All surveyed sites both in UB and in PB had lower species 
richness than those in RR (Table 2). Rhinella schneideri, 
Dendropsophus nanus, Leptodactylus fuscus, Leptodactylus 
aff. latrans, Leptodactylus podicipinus, and Physalaemus 
cuvieri were found at most of the surveyed sites (Figure 4).

Plant types at the edge of breeding habitats 
(Pseudo-F  =  42.02; p  =  0.001) and landscape com-
position (Pseudo-F = 29.87; p = 0.001) were strongly 
correlated with the species composition among the 
surveyed sites, with approximately 34 and 24% of the 
total variation explained by these variables, respec-
tively. Beta diversity was low in most of the pairs from 
the surveyed sites (n = 15), and only six pairs showed 
high beta diversity (Table 3). The cluster analysis 
revealed that by PT and LC, species composition at 
the surveyed sites formed two clusters (Figure 5). In 
the first cluster, a greater similarity was found between 
S05 and S04, similarity between S03 and S02 being 
even stronger. In the second cluster, S01 and S07 
showed lower similarity. The comparison of S01 and 
S07 with the remaining surveyed sites (Figure 5) also 
revealed lower similarity.

Permanova results revealed high values of Pseudo-F, 
indicating distinct, well-defined and separated clusters; 
low values indicate less defined clusters (Caliński and 
Harabasz 1974).

We determined beta diversity between the pairs from 
the surveyed sites through the Sørensen similarity index 
(Cs) (Sørensen 1948), which is one of the most effective 
presence/absence similarity measures (Southwood and 
Henderson 2000) and is accurate when used for small 
samples, minimizing the effect of sub-sampling (Soininen, 
McDonald, and Hillebrand 2007). The beta diversity 
between the pairs from the surveyed sites was considered 
high if Cs < 0.50. We proceeded with both the identification 
and comparison of similarity between potential clusters 
from the surveyed sites by using the unweighted pair group 
method with the arithmetic mean (UPGMA) with a similar-
ity matrix. By using the Cophenetic Correlation Coefficient 
(r), we also verified to what extent the resulting graph of 
cluster analysis represents the original similarity matrix. The 
value of r < 0.7 represents a very poor fit, 0.7–0.8 a poor fit, 
0.81–0.9 a good fit, and r > 0.9 a very good fit (Rohlf 2000). 
The multivariate analysis was performed using Primer 
6.0 (Clarke and Gorley 2006) and Permanova + for Primer 
(Anderson, Gorley, and Clarke 2008). Both the similarity 
analysis and the Cophenetic Correlation Coefficient were 
performed using the Past version 2.17 software (Hammer, 
Harper, and Rian 2001).

Results

We recorded 23 anuran species belonging to 12 gen-
era and four families. Leptodactylidae was the family 

Table 1. description of the surveyed sites along the urban-rural gradient in the municipality of araçatuba, São Paulo State, south-
eastern Brazil.

notes: S1 – Parque Ecológico do Baguaçú; S2 – public recreational area ‘lagoa do Miguelão’; S3 – rainwater retention pond ‘lagoa das Flores’; S4 – pond 
supplying water to domestic animals ‘lagoa da UnESP’; S5 – private recreational area ‘chácara ariane’; S6 – private recreational area ‘Rancho calamari’; S7 – 
rural properties at the border between the municipalities of araçatuba and Birigui; UB – urban area; PB – peri-urban area; RR – rural area; HP – hydroperiod; 
PT – plant types at the edge of breeding habitat; lc – landscape characteristic.

Surveyed site Area Coordinates Breeding habitat HP PT LC Description
S1 UB −21.219444 S Pedreira pond capivaras pond 

Machadinho stream Baguaçú 
River

1 4 1 The Parque Ecológico do Baguaçú covers an area of 
approximately 1 km2. It is composed of a riparian 
forest remnant located at the confluence of the 
Machadinho stream and the Baguaçú River. The 
ground inside the forest is partially covered with 
leaf litter

−50.429444 W
−21.220000 S
−50.428333 W
−21.220556 S
−50.427778 W
−21.221389 S
−50.427778 W

S2 UB −21.187500 S Miguelão pond 1 3 2 The area surrounding the public recreational area 
is characterized by high-density built-up area, 
mainly composed of houses

−50.448056 W

S3 UB −21.207778 S Flores pond 1 3 2 The area surrounding the rainwater pond is mainly 
characterized by high-density built-up area, 
mainly composed of houses

−50.460000 W

S4 PB −21.183611 S UnESP pond 1 3 3 The area surrounding the pond is characterized by 
pasture areas, and low-density built-up area−50.434722 W

S5 PB −21.237222 S chácara ariane pond 1 3 3 The surrounding area is characterized by orchards, 
extensive pastures, and low-density built-up area−50.410556 W

S6 PB −21.229167 S Rancho calamari pond 1 2 3 It is surrounded by extensive pastures and 
low-density built-up area−50.411667 W

S7 RR −21.228611 S Pond pond 1 4 4 These water bodies are located at the edge of the 
riparian forest in the agricultural landscape char-
acterized by pastures and sugarcane plantations

−50.384444 W
−21.235556 S
−50.384444 W
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of habitat loss and fragmentation on these urbanized 
areas (Gardner, Barlow, and Peres 2007). For example, the 
increase in road density and distance between breeding 
habitats affects dynamics of the amphibian metapop-
ulation by introducing barriers to dispersal routes (i.e. 
fragmentation of dispersal routes, increased distance 
between breeding habitats), eliminating or reducing 
the flow of individuals between populations (Rubbo 
and Kiesecker 2005). In this case, according to a previ-
ous study (Pillsbury and Miller 2008), anuran species 
suffer considerable impacts of the urban fragmentation 
of dispersal routes. In the study area, we found only six 
species occurring at most of the surveyed sites, which 
seems to indicate that these species may be more resil-
ient to urbanization than most of the anuran community.

Vegetation structure on both local and regional scales 
is an important factor affecting species composition 
(Scheffer et al. 2006; Werner et al. 2007; Vasconcelos et 
al. 2009). The plant type at the edge of breeding habitats 
was the main predictor correlated to the species compo-
sition at the surveyed sites along the urban-rural gradient. 
Vegetation at the edge of water bodies plays an impor-
tant role in the reproduction of anurans as it provides 
shelter for larvae and adults from predators, as well as 
for calling and oviposition sites (Vasconcelos and Rossa-
Feres 2008; Vasconcelos et al. 2009; Oda et al. 2016). The 
landscape composition surrounding the surveyed sites 
was also related to species composition. At the surveyed 
sites surrounded by forest formations, the vegetation 

Discussion

The anuran species richness recorded in this study accounts 
for 62% of the known species in the region (Provete et al. 
2011). Sometimes, local richness was found to be higher than 
respective values in neighbouring areas (e.g. Santa Fé do Sul, 
20 species; Icém, 18 species) (Santos, Rossa-Feres, and Casatti 
2007; Silva, Martins, and Rossa-Feres 2011). In comparison 
with the values found in this study, other locations in the 
region (e.g. Guararapes and Nova Itapirema) show higher 
richness (26 and 27 species, respectively) (Bernarde and 
Kokubum 1999; Vasconcelos and Rossa-Feres 2005). Even 
though the accumulation curve provided a robust estimate 
of species richness in the study area, other species may be 
found in the region, since we did not observe the presence 
of Scinax perereca, Scinax aff. similis, Elachistocleis bicolor, 
Pseudopaludicola sp. (aff falcipes I or II; see taxonomic com-
ments in Provete et al. 2011; Langone et al. 2015), reported 
by Bernarde and Kokubum (1999) in Guararapes (~23 km in 
a straight line from our study area), which suggests the pos-
sibility of new records in further field works using additional 
sampling methods and/or efforts.

Generally, low anuran species richness is more char-
acteristic of urban areas than of rural ones, as has been 
reported from other Brazilian regions (Nascimento 1991; 
Nascimento, Miranda, and Balstaedt 1994; Ávila and 
Ferreira 2004). In this study, we also found more records of 
low species richness in urban and peri-urban areas than 
in rural ones, which is associated with severe impacts 

Table 2. anuran species recorded in breeding habitats along the urban-rural gradient in the municipality of araçatuba, São Paulo 
State, southeastern Brazil.

note: (*) asterisks indicate the species collected outside sampling sites.
See descriptions of the surveyed sites in Table 1.

Species

Urban Peri-urban Rural

S01 S02 S03 S04 S05 S06 S07
Bufonidae
Rhinella schneideri (Werner, 1894) ● ● ● ● ● ● ●
Hylidae
Dendropsophus minutus (Peters, 1872) ● ● ●
Dendropsophus nanus (Boulenger, 1889) ● ● ● ● ● ●
Boana albopunctata (Spix, 1824) ● ●
Boana raniceps cope, 1862 ● ● ● ●
Pseudis platensis gallardo, 1961*
Scinax fuscomarginatus (a. lutz, 1925) ●
Scinax fuscovarius (a. lutz, 1925) ● ● ●
Scinax sp. ●
Trachycephalus typhonius (linnaeus, 1758) ● ●
leptodactylidae
Leptodactylus chaquensis ● ●
Leptodactylus fuscus (Schneider, 1799) ● ● ● ● ● ● ●
Leptodactylus labyrinthicus (Spix, 1824) ● ●
Leptodactylus aff. latrans ● ● ● ● ● ●
Leptodactylus mystacinus (Burmeister, 1861) ●
Leptodactylus podicipinus (cope, 1862) ● ● ● ● ● ●
Physalaemus cuvieri Fitzinger, 1826 ● ● ● ● ●
Physalaemus marmoratus (Reinhardt & lütken, 1862 ‘1861’) ●
Physalaemus nattereri Steindachner, 1863 ●
Pseudopaludicola cf. mystacalis ● ●
Microhylidae
Chiasmocleis albopunctata (Boettger, 1885)*
Dermatonotus muelleri (Boettger, 1885)*
Elachistocleis cesarii (Miranda Ribeiro, 1920) ●
Species richness by surveyed site 11 6 5 9 10 2 20
Species richness by area 11 11 20
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6   F. H. ODA ET AL.

Figure 2. anuran species recorded at the surveyed sites along the urban-rural gradient in the municipality of araçatuba, São Paulo 
State, southeastern Brazil. (a) Rhinella schneideri, (B) Dendropsophus minutus, (c) Dendropsophus nanus, (d) Boana albopunctata, (E) 
Boana raniceps, (F) Pseudis platensis, (g) Scinax fuscomarginatus, (H) Scinax fuscovarius, (I) Trachycephalus typhonius, (J) Leptodactylus 
chaquensis, (K) Leptodactylus fuscus, (l) Leptodactylus labyrinthicus, (M) Leptodactylus aff. latrans, (n) Leptodactylus mystacinus, (o) 
Leptodactylus podicipinus, (P) Physalaemus cuvieri, (Q) Physalaemus marmoratus, (R) Physalaemus nattereri, (S) Pseudopaludicola cf. 
mystacalis, (T) Chiasmocleis albopunctata, (U) Dermatonotus muelleri.
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species (e.g. Rhinella schneideri, Leptodactylus fuscus, 
Leptodactylus aff. latrans, L. podicipinus, and Physalaemus 
cuvieri). At these sites, the loss of vegetation cover has a 
direct effect on arboreal species as it eliminates micro-
habitats used by these species as calling sites. Therefore, 
the loss of vegetation in S2, S3 and S6 probably caused 
the loss of arboreal species, resulting in decreased spe-
cies richness and making the surveyed sites more similar 
to one another.

In fact, the low species richness recorded at both the 
urban and peri-urban sites surveyed contributed to low 
beta diversity in this study, as is indicated by the cluster 
analysis results. The cluster analysis revealed a greater 
similarity for pairs S3–S2 and S5–S4. In both S2 and S3, in 
addition to limiting factors in dispersal of amphibians, the 
sporadic removal of vegetation at the edge of water bod-
ies (F. H. Oda personal communication) was found to lead 
to the microhabitat loss and unfavourable microclimatic 
conditions, which account for lower species diversity. In 
both S5 and S4, the factors limiting dispersal decrease 
and vegetation heterogeneity moderately increases (F. H. 
Oda personal communication), resulting in higher spe-
cies diversity in comparison with that in S2 and S3. On the 
other hand, although S1 is located in the urban area and 
S7 in the rural area, the breeding habitats of these two 
surveyed sites are located at the edge of forest remnants, 
where species related to open environments and species 
associated with forest vegetation structure can be found 
(Oda et al. 2016). Thus, lower similarity between S1 and 
S7 results from the occurrence of Trachycephalus typho-
nius and Pseudopaludicola cf. mystacalis. Considering the 
fact that Trachycephalus typhonius is found in arboreal 
and in shrubby vegetation (Savage 2002; Rodrigues, 
Uetanabaro, and Lopes 2005) and Pseudopaludicola 
cf. mystacalis is found in marshy areas of ponds or in 
marshes with herbaceous vegetation (Pelinson, Garey, 
and Rossa-Feres 2016), we believe that the occurrence 
of these species is negatively affected by the habitat loss 
in both urban and peri-urban areas. This result indicates 
that the high beta diversity in rural surveyed sites is rather 
a consequence of the low species richness recorded in 
urban and peri-urban surveyed sites than a consequence 
of differences in anuran species composition, indicating 
that the nestedness component of beta diversity is the 

structure creates microhabitats and provides favourable 
microclimatic conditions for a greater number of species 
exploiting the breeding habitats (Knutson et al. 1999). 
In this study, we found that the surveyed sites with low 
vegetation heterogeneity showed a lower proportion of 
arboreal species than sites with high vegetation heter-
ogeneity. Such a situation was observed in S2, S3 and 
S6, where we found a higher proportion of terrestrial 

Figure 3.  comparison between the observed and estimated 
richness. accumulation curves were generated from 1000 
randomizations of the presence/absence records of anuran 
species in breeding habitats. The solid line with a dark green 
circle indicates observed richness; the dashed line with a light 
green circle indicates estimated richness.

Figure 4.  distribution of anuran species at the surveyed sites 
along the urban-rural gradient in the municipality of araçatuba, 
São Paulo State, southeastern Brazil. The light green square 
indicates urban surveyed sites; the medium green square peri-
urban surveyed sites; the dark green square indicates rural 
surveyed sites.

Table 3.  Similarity among the seven surveyed sites along the 
urban-rural gradient in the municipality of araçatuba, São  
Paulo State, southeastern Brazil in the anuran species composi-
tion (Sørensen coefficient).

notes: Higher similarity and low beta diversity between pairs are highlight-
ed in bold (Cs ≤ 50%). See descriptions of the surveyed sites in Table 1.

S01 S02 S03 S04 S05 S06 S07
S01 * 70.59 62.50 70 76.19 30.77 70.97
S02 * * 90.91 80 75 50 46.15
S03 * * * 71.43 66.67 57.14 40
S04 * * * * 84.21 36.36 62.07
S05 * * * * * 33.33 66.67
S06 * * * * * * 18.18
S07 * * * * * * *
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