Phyllomedusa 7(2):127-142, 2008
© 2008 Departamento de Ciências Biológicas - ESALQ - USP
ISSN 1519-1397

Habitat heterogeneity and use of physical and
acoustic space in anuran communities in
Southeastern Brazil
Tiago da Silveira Vasconcelos 1,2 and Denise de Cerqueira Rossa-Feres 3
1

Universidade Estadual Paulista, Programa de Pós-Graduação em Biologia Animal. R. Cristóvão Colombo, 2265, São
José do Rio Preto, 15054-000, São Paulo, Brazil. E-mail: zoologia@ig.com.br.

2

Present address: Universidade Estadual Paulista, Programa de Pós-Graduação em Ciências Biológicas – Zoologia. Av.
24A, 1515, Rio Claro, 13506-900, São Paulo, Brazil.

3

Universidade Estadual Paulista, Laboratório de Ecologia Animal, Departamento de Zoologia e Botânica. R. Cristóvão
Colombo, 2265, São José do Rio Preto, 15054-000, São Paulo, Brazil. E-mail: denise@ibilce.unesp.br.

Abstract
Habitat heterogeneity and use of physical and acoustic space in anuran
communities in Southeastern Brazil. We intended to verify if structural and
physiognomical characteristics of water bodies influence on the degree of overlap
among calling sites of 23 anurans species, if anuran species use different calling sites
in different water bodies, and if there is some relationship between the degree of
advertisement call (based on seven call features) and calling site differentiation. Then,
we determined calling sites (based in four variables) and recorded the advertisement
call for anuran species that occurred in 10 water bodies of northwestern São Paulo
State. We also determined the environmental heterogeneity (based in four
environmental descriptors) for each water body. Males of most species used similar
calling sites in each water body, probably because of the high uniformity of the
environment, as a consequence of agricultural impacts on edge vegetation of the
studied ponds. Most species (18 out of 19 species) called from different sites in the
ponds where they occurred, which can be associated with differences in horizontal
and vertical distribution of vegetation in the studied ponds. From the 19 species
analyzed, only males of Pseudopaludicola aff. saltica called in sites with the same
characteristics in different ponds. Advertisement call of Hylidae species was more
similar to each other than were Leiuperidae and Leptodactylidae among themselves.
The aquatic/terrestrial anurans (Bufonidae, Leiuperidae, Leptodactylidae and
Microhylidae) occupied similar calling sites but presented quite distinct advertisement
calls, while Hylidae species presented an inverse pattern: a high similarity on
advertisement call features but used different calling sites, which indicates a niche
complementarity between physical (calling site use) and acoustic (advertisement call)
space use.
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Introduction
In most tropical and subtropical anuran
species, breeding is characterized by the
aggregation of several species in permanent and
temporary ponds during the hot and wet period
of the year (Aichinger 1987, Duellman and
Trueb 1994). Spatial and temporal overlap of
breeding is common (Hofer et al. 2004), thus
the potential for inter-specific interactions is
high (Duellman and Trueb 1994). Differential
use of the acoustic space and calling and
oviposition sites are important mechanisms
explaining the coexistence of anuran species
(Heyer et al. 1990, Rossa-Feres and Jim 2001,
Hofer et al. 2004).
Environmental heterogeneity is an important
factor determining species richness for different
animal groups (e.g. Fraser 1998, Moreno-Rueda
and Pizarro 2007), and particularly for amphibians, a large number of breeding microhabitats
can increase species richness (Haddad 1998,
Haddad and Prado 2005). Although species tend
to use the same calling sites in different
habitats, intra-specific differences in spatial
position of calling males can occur according to
the habitat heterogeneity of the ponds
(Duellman 1997). Thus, environmental heterogeneity is an important factor determining the
number of species occurring in a given pond
(Cardoso et al. 1989). A differential use of
calling site in anuran assemblages in forested
areas (Cardoso et al. 1989, Haddad and Sazima
1992, Bertoluci and Rodrigues 2002) seems to
be due to the high environmental heterogeneity,
which offers a variety of opportunities for
differential use of space during calling activities
(Cardoso et al. 1989). In contrast, overlap of
calling site in anuran assemblages from open
areas is common (Cardoso et al. 1989, Pombal
1997, Rossa-Feres and Jim 2001), and the few
opportunities for differential use of space is
probably due to low environmental heterogeneity. In such open habitats, differences in the
spectral and temporal attributes of male
advertisement calls are the main mechanisms of

reproductive isolation among species (Hödl
1977, Duellman and Pyles 1983).
These patterns summarized in the last
paragraph (species tending to use the same
calling site in different habitats, the differential
use of calling sites in forested areas and the
overlap in open area anuran assemblages) are
mainly supported by descriptive studies (Cardoso et al. 1989, Haddad and Sazima 1992,
Duellman 1997, Pombal 1997, Bernarde and
Anjos 1999, Conte and Machado 2005) whereas
no statistical analysis were performed in order
to support this statements. Nevertheless, only
during the last decade quantitative aspects of
anuran calling sites were published (Eterovick
and Sazima 2000, Rossa-Feres and Jim 2001,
Menin et al. 2005, Santos and Rossa-Feres
2007). These quantitative studies evidenced
some exceptions to these patterns, as the
differential use of calling sites in open area
anuran assemblages (Eterovick and Sazima
2000), and also proposed different approaches
concerning the use of advertisement call as a
tool assessing how coexisting species use the
physical and acoustic space (Martins et al.
2006, Santos and Rossa-Feres 2007). On the
other hand, in our concern, no study testing
effectively the influence of environmental
heterogeneity on patterns of calling site use is
available. Thus, in this study we addressed the
following questions: 1) is the degree of overlap
among anuran species influenced by structural
and physiognomical characteristics of water
bodies? 2) do conspecifics use different calling
sites in different water bodies? 3) is there some
relationship between the degree of advertisement call and calling site differentiation?

Material and Methods
This study was carried out at 10 water
bodies (Table 1) located in pasture areas and
agricultural cultivations (sugar cane and rubber
tree), in the district of Nova Itapirema (21º04’S;
49º32’W), municipality of Nova Aliança, in the
northwestern region of São Paulo State,
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Table 1 -

PP1
PP2
PP3
PP4
TP1
TP2
TS
PS
OS
FS

Main traits of ten water bodies studied in northwestern São Paulo State, Brazil. PP1, Permanent Pond 1; PP2,
Permanent Pond 2; PP3, Permanent Pond 3; PP4, Permanent Pond 4; TP1, Temporary Pond 1; TP2, Temporary
Pond 2; TS, Temporary Swamp in open area; PS, Permanent Swamp in riparian forest; OS, Open area
Streamlet; FS, Riparian Forest Streamlet. AV, Aquatic vegetation (Cyperaceae, Nympheaceae, Pontederiaceae);
BG, Bare Ground; TH, “Taboa” (Thyphaceae); EHV, Erect Herbaceous Vegetation (e.g. Asteraceae,
Cyperaceae, Malvaceae, Onagraceae, Poaceae, Pteridophyta); SH, Shrubs (e.g. Melastomataceae, Piperaceae,
Solanaceae); SHV, Short Herbaceous Vegetation or grasses (Poaceae). The sequences of vegetation types in
the items “Interior Vegetation” and “Edge Vegetation” are in decreasing order of predominance.

Geographic coordinates

Duration

Area
(m2)

Depth
(m)

Interior
Vegetation

Edge Vegetation

21º04’41’’S, 49º32’20’’W
21º04’33’’S, 49º32’21’’W
21º04’52’’S, 49º31’09’’W
21º04’25’’S, 49º31’08’’W
21º04’40’’S, 49º32’23’’W
21º04’44’’S, 49º32’20’’W
21º04’24’’S, 49º31’08’’W
21º04’28’’S, 49º31’14’’W
21º04’43’’S, 49º32’21’’W
21º04’28’’S, 49º31’14’’W

Permanent
Permanent
Permanent
Permanent
Temporary
Temporary
Temporary
Permanent
Permanent
Permanent

580
300
166,4
800
704
32
67,5
58,5
1072,5
211,5

0,7
0,7
0,65
1,5
0,7
0,4
0,4
0,27
0,5
0,25

T, AV, EHV
AV, T, EHV
EHV
EHV
AV, EHV
T, AV, EHV
EHV, AV
EHV
–
–

SHV, EHV, SH
SHV, EHV
BG, SHV, EHV, SH
SHV, EHV, BG, SH
SHV, EHV, SH
SHV, EHV, SH
SHV, EHV, SH, BG
EHV, SH, SHV
EHV, T, AV
SH, EHV, BG

Southeastern Brazil. Here the climate is
seasonal characterized by a hot and wet season
in summer and dry winter (Cwa-Aw of Köppen)
(Barcha and Arid 1971). The onset of the rainy
season (generally from October to March) varies each year (Rossa-Feres and Jim 2001).
Eighty-five percent of the annual rainfall
accumulates during the rainy season, with the
remaining 15% falling during the dry season
(April to September) (Barcha and Arid 1971).
The original vegetation cover of Mesophitic
Semideciduous Forest (Atlantic Forest Domain)
with patches of Cerrado (Ab’Saber 2003) was
intensively deforested for agricultural activities.
Consequently, the studied region contains only
few and small fragments of original vegetation
(São Paulo 2000).
Each pond and stream were visited every
two weeks during the rainy seasons of 20012002 (October to March) and 2003-2004

(September to March), and were searched along
their perimeters, two or three times each night,
between 19:00 and 24:00 h. The calling site of
each male was characterized according to
Rossa-Feres and Jim (2001) and Santos and
Rossa-Feres (2007), in order to represent physic
features, spatial position and behavioural
characteristics of each male during the calling
activity: a) type of substrate (dry soil, moist
soil, swampy soil, floating on the water,
perched on the vegetation); b) height or depth
of calling site (relative to water surface or soil
for males that call perched on the vegetation;
depth of water column for males floating on the
water); c) distance of calling site from the
nearest edge, measured from the edge to outside
(negative values) or inside (positive values) the
pond; and d) orientation of the male in the
substrate (males calling from the soil or floating
on the water: head towards to the center or to
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the edge of the pond; males calling from
vegetation: parallel, vertical or oblique with
respect to the water suface).
Niche overlap for calling site (for each one
of 10 water bodies) was determined by the
application of similarity index of Morisita-Horn
(Krebs 1999), and a subsequent cluster analysis
(unweighed mean method, UPGMA) was
applied in the resultant matrix. In this study a
minimum value of 60% of similarity was
considered a cluster. There is no agreed-upon
rule in the literature about what minimum value
of similarity represents a cluster in a resulting
graphic from cluster analysis. However, it is
possible to verify how much the resulting
graphic represents the original similarity matrix.
Therefore, the Cophenetic Correlation
Coefficient (r) was calculated to measure the
loss of information in the similarity matrix
represented by cluster analyses (Romesburg
1984), where r ≥ 0.9 represents a very good fit,
0.9 – 0.8 represents a good fit, 0.8 – 0.7
represents a poor fit, and r < 0.7 represents a
very poor fit (Rohlf 2000). All analyses were
performed using NTSYS 2.1 software (Rohlf
2000).
In order to determine the influence of
structural and physiognomical characteristics of
water bodies on the degree of calling site
overlap, four environmental descriptors were
determined and ordered in ranks: 1) vegetation
height (HEI): 1 (0 – 30 cm), 2 (31 – 60 cm), 3
(61 – 90 cm), 4 (91 – 120 cm), 5 (above 120
cm); 2) percentage of vegetation cover on the
water surface (VC): 1 (0-30%), 2 (31-60%), and
3 (61-100%); 3) size of the water body (SIZ): 1
(up to 67.5 m2), 2 (between 67.6 m2 and 255.8
m2), 3 (between 255.9 and 704 m2) and 4 (over
than 705 m 2 ); and 4) water body duration
(DUR): 1 (temporary; until 5 months), 2
(persistent, between 5 and 12 months), and 3
(permanent). This ordination procedure in ranks
was adopted following previous studies
analyzing the influence of habitat heterogeneity
in open-area anuran assemblages (Vasconcelos
and Rossa-Feres 2005, Candeira 2007, Santos et

al. 2007), in order to reduce the minor variations of the environmental descriptors
evidenced when continuous variables are
determined, which can difficult the visualization
of a possible pattern.
The influence of structural and physiognomical characteristics of water bodies on the
degree of overlap in the calling site was verified
by Multiple Linear Regression (F: Zar 1999)
between the four environmental descriptors and
the percentage of species in each water body
with minimum overlap value of 60% in calling
site use (species that overlapped in calling site
at least with one species). This analysis was
performed separately according to the
differential use of space, for those species that
called perched on the vegetation (perching
guild: Hylidae species, except Pseudis platensis
that calls floating on the water) and those that
called on the soil or floating on the water
(aquatic/terrestrial
guild:
Bufonidae,
Leiuperidae, Leptodactylidae and Microhylidae,
which use a two-dimensional space). Spearman
correlation (rS, Triola 1999) was applied to determine whether the number of species in ponds
influenced the percentage of overlap among
perching guild and aquatic/terrestrial guild
species, separately. In both regression and
correlation analysis, statistical significance was
considered when p < 0.05.
Intra-specific variation in calling site was
investigated for species with ≥ 3 individuals
calling at each water body. Variables (height or
depth of calling site and distance from de edge)
were compared by analysis of variance
(ANOVA): non-normal distribution by KruskalWallis test (H), and Snedecor test (F) for data
with normal distributions (Zar 1999, Ayres et
al. 2003). Statistical significance was
considered when p < 0.05.
Advertisement calls were recorded with a
portable tape recorder Sony TCM-S64V, onto
K-7 tape Sony UX-Pro 60 min, using a portable
Sony microphone positioned 1.0 to 1.5 m from
the calling male. Air temperature was recorded
with a digital thermohygrometer (Tonka Tec,
Phyllomedusa - 7(2), December 2008
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model HT 100). The following call features
were determined: note duration (including
duration of different notes in calls with more
than one type of note); pulse number per note,
lower and higher band frequency, lower and
higher dominant frequency, and harmonic
number. The terminology of call features
follows Duellman and Pyles (1983), Duellman
and Trueb (1994), and Martins and Jim (2003).
Bioacoustics analysis was performed using the
software CoolEdit Pro, 2.0 version, with 22000
Hz sample frequency, option of 256 bands (FFT
– Fast Fourier Transform). The Euclidian
distance dissimilarity index (Krebs 1999) was
calculated to determine the similarity among
advertisement calls in the seven measured call
features, performed for Hylidae, Leiuperidae
and Leptodactylidae species. The Bufonidae
and Microhylidae species were not included in
this analysis because the low number of species
represented in this sampled area (one and two
species, respectively). The matrix of
dissimilarity was represented by cluster analysis
of unweighed mean method (UPGMA) and 60%
of similarity was considered as a cluster. The
Cophenetic Correlation Coefficient was also
applied to verify how cluster analysis was
representative concerning the original matrix of
dissimilarity (Rohlf 2000). The relationship
between the degree of differentiation of
advertisement call and calling site, determined
by the dissimilarity and similarity index
respectively, was verified comparing of the
composition of the clusters evidenced by these
analyses.

Results
We determined 1524 calling sites of males
from 23 species (Table 2). The overlap among
anuran species was high, because at least 50%
of species was included in the clusters at each
one of the water bodies, except the open-area
streamlet, where only two species called at
different sites (Figures 1 and 2, Table 3). Niche
overlap was not correlated with environmental

heterogeneity for both guilds analyzed (aquatic/
terrestrial guild: adjusted r2 = -0.21, F(4,5) = 0.60,
p > 0.05; maximum t = 0.80 and minimum
p = 0.42 for each environmental descriptor;
perching guild: adjusted r2 = -0.46, F(4,5) = 0.29,
p > 0.05; maximum t = 0.24 and minimum p =
0.45 for each environmental descriptor) (Table
3). Niche overlap was also not correlated with
number of species at each water body (aquatic/
terrestrial guild: rS = 0.61, p = 0.08; perching
guild: rS = -0,34; p > 0.05).
The calling site overlap was different among
guilds of species. Hylidae species were
separated in two clusters in five (PP1, PP4, TP1,
TP2 and TS) out of seven ponds with four or
more species: species that called from high
perches and those who called from lower
perches. Aquatic/terrestrial species formed only
one cluster in five (PP1, PP3, PP4, TP2 and TS)
out of this seven ponds (Figures 1 and 2). In the
remaining two ponds (PP2 and TP1), aquatic/
terrestrial species was separated in two clusters:
species that called close to the edge (Figure 1:
cluster three at PP2 and TP1) and those that
called from the deeper portions inside the ponds
(Figure 1: cluster two at PP2 and cluster four at
TP1).
The intra-specific variation in calling site
was great, because most species (18 out of 19
species) called from different sites in the ponds
where they occurred (Table 2). Males of seven
species (Hypsiboas albopunctatus, Dendropsophus elianeae, D. nanus, D. sanborni,
Leptodactylus podicipinus, Physalaemus
cuvieri, and P. marmoratus) called from
different heights and different edge distances in
different ponds (ANOVA, p < 0.05); the
remaining species differed (ANOVA, p < 0.05)
only in one of the variables (depth/height or
edge distance) of calling site (Table 2). For
most species that called on the vegetation,
individuals called from different heights in
ponds (ANOVA, p < 0.05), whereas for most
species that called on the soil or floating on
the water, individuals chose calling sites at
different distances from the water’s edge in
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Figure 1 - Similarity of calling site use among males of species that called in permanent and temporary ponds in
northwestern São Paulo State, Brazil. See Table 1 for explanation of abbreviations of names of water
bodies. Numbers indicate the clusters with similarities higher than 60%. r = Coefficient of cophenetic
correlation. Black bars represent species that called from lower perches, while gray bars indicates species
that called from higher perches. Bufonidae (Rs, Rhinella schneideri); Hylidae (De, Dendropsophus
elianeae; Dm, D. minutus; Dn, D. nanus; Ds, D. sanborni; Ha, Hypsiboas albopunctatus; Hr, H. raniceps;
Pp, Pseudis platensis; Tv, Trachicephalus venulosus; Sb, Scinax berthae; Sfm, S. fuscomarginatus; Sfv,
S. fuscovarius; Ss, Scinax aff. similis); Leiuperidae (En, Eupemphix nattereri; Pce, Physalaemus centralis;
Pcu, P. cuvieri; Pm, P. marmoratus ; Ps, Pseudopaludicola aff. saltica); Leptodactylidae (Lf,
Leptodactylus fuscus; Ll, L. labyrinthicus; Lp, L. podicipinus); Microhylidae (Eb, Elachistocleis bicolor;
Esp, Elachistocleis sp.).
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Figure 2. - Similarity of calling site use among males of species that called in swamps and streamlets in northwestern
São Paulo State, Brazil. Numbers indicate the clusters with similarity higher than 60%. Abbreviations of
species follow those in Figure 1. See Table 1 for explanation of abbreviations of names of water bodies. Black
bars represent species that called from lower perches, while gray bars indicates species that called from higher
perches. r = coefficient of cophenetic correlation.

different ponds (Table 2). Only males of
Pseudopaludicola aff. saltica maintained the
same depth and edge distance in different ponds
(ANOVA, p > 0.05) (Table 2).
The advertisement call features analyzed did
not reflect the phylogenetic relationship when
considered the more inclusive level (family),
but considering the genus level, the species of
Hylidae reflected its phylogenetic relationship,
except for Hypsiboas albopunctatus and H.
raniceps (Figure 3). On the other hand, the
congeneric species of Leptodactylidae and
Leiuperidae segregated regarding the call
features, whose advertisement calls were more
different among themselves than were for
Hylidae species (Figure 3). As shown in Figure
3, clusters were basically constituted by Hylidae
species (eight out of 12 Hylidae species), while

one species of Leptodactylidae and Leiuperidae
were clustered together with Hylidae species.
As shown in Figures 1 and 2 (similarities of
calling sites) and Figure 3 (similarity of
advertisement calls of studied species), it could
be detected an inverse relationship between
differential use of calling site and advertisement
call features, since Hylidae species tend to use
different calling sites and show higher
similarities concerning advertisement calls
features, and Leiuperidae/Leptodactylidae
species tend to occupy similar calling sites but
have more differentiated advertisement call.

Discussion
Most studies on calling sites of anurans are
descriptive, employing different methods that
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Dm

De

Eb

Esp

Rs

Species

–

–

–

Height

ED

–

ED

ED

–

Depth

–

–

ED

Height

–

1.88 ± 2.29

Depth

5.33 ± 6.35

–

–

–

–

–

–

–

–

41

19

1.89 ± 2.64

–

13.57 ± 10.91

7

–

–

–1 ± 1.41

2 ± 3.6

7

T P1

–

–

–

2.78 ± 2.07

11.75 ± 12.61

4

PP4

0.55 ± 0.85

1.11 ± 5.1

–

0.71 ± 2.63

7
71 ± 42.49

–

45
36.3 8 ± 15

0.35 ± 2.29

62
39.31 ± 26.15

2.25 ± 2.06

0.86 ± 1.98

48.4 ± 7.39

5

–

–

–

–

–

–

T P2

–0.08 ± 1.26

52.09 ± 18.77 24.05 ± 15.98 23.58 ± 17.09

11

–

–

–

–

–
–

6 ± 3.16

PP3

3.24 ± 1 .5

4

6

ED

PP2

PP1

Depth

Calling site
variables

WATER BODIES

0.87 ± 1.75

46.25 ± 29.26

4

0.35 ± 0.56

27.1 ± 18.56

10

–

–

–0.65 ± 1.35

0±0

5

–

–

TS

–

–

–

–

–

–

–

–

–

–

PS

–

–

–

–

–

–

–

–

–

–

OS

0.34 ± 0.91

62.67 ± 23.26

15

–

–

–

–

–

–

–

–

FS

Table 2 - Depth or height (in cm) and edge distance (ED, in m) of calling site of males from recorded species in ten water bodies in northwestern São Paulo
State, Brazil. Negative values of ED indicate that males called outside water body. Boldface numbers indicate sample size. Rs, Rhinella schneideri;
Esp, Elachistocleis sp.; Eb, Elachistocleis bicolor; De, Dendropsophus elianeae; Dm, D. minutus; Dn, D. nanus; Ds, D. sanborni; Ha, Hypsiboas
albopunctatus; Hr, H. raniceps; Lf, Leptodactylus fuscus; Ll, L. labyrinthicus; Lp, L. podicipinus; Pce, Physalaemus centralis; Pcu, P. cuvieri; Pm, P.
marmoratus; Ps, Pseudopaludicola aff. saltica; En, Eupemphix nattereri; Pp, Pseudis platensis; Sb, Scinax berthae; Sfm, S. fuscomarginatus; Sfv, S.
fuscovarius; Ss, Scinax aff. similis; Tv, Trachycephalus venulosus.
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Lp

Ll

Lf

Hr

Ha

Ds

Dn

Species

38

1.09 ± 1.23

ED

13

1.41 ± 1.39

2.69 ± 2.9

15

4. 1 3 ± 3 . 1 4

Depth

–

–

–

–

ED

–

Depth

ED

–2 . 5 5 ± 2 . 4 2

7
0±0

0.5 ± 1

4

Depth

3.2 ± 0.56

2.21 ± 1.94

ED

74 ± 38.31

99.64 ± 40.48

Height

5

11

–0.41 ± 0.11

0±0

3

–0.64 ± 1.07

4 ± 8.9

5

–2.48 ± 2.46

0±0

8

–

–

1.26 ± 7.88

56.29 ± 30.39

–

7.5 ± 0.71

–

93 ± 54.97

Height

–

ED

2.92 ± 2

–

–0.11 ± 0.31

41.16 ± 23.56

19

PP3

24

5.54 ± 2.61

71.6 ± 31.64

42

53.48 ± 31.19

1.92 ± 1.6

2.6 ± 1.81

30.3 ± 17.03

14

67

35.94 ± 17.13

PP2

PP1

8

ED

Height

ED

Height

Calling site
variables

Table 2 - Continued

–0.09 ± 0.77

1.14 ± 1.86

7

–

–

–3.67 ± 3.66

0±0

14

–

–

–

–

–

–

0.65 ± 1.55

28.54 ± 16. 9

13

PP4
49

T P2
22

TS

0.56 ± 1.14

2.5 ± 2. 37

21

–

–

0.29 ± 0.49

0±0

21

1.9 ± 3.35

45.95 ± 33.74

22

–

–

3.5 ± 2.59

57 ± 15.64

26

1.04 ± 1.8

0.36 ± 0.71

1.5 ± 1.91

4

–

–

–

–

–0.32 ± 2.72

160 ± 44.98

6

–

–

0.98 ± 0.5

101 ± 21.35

5

0 . 8 3 ± 4. 9 5

36

–

–

–

–

PS

–0.3 ± 1.42

1.1 ± 1.79

10

–

–

–1 . 7 1 ± 2 . 3 4

0±0

19

–

–

0.25 ± 1.38

–

–

–

–

–

–

–

–

0 . 0 3 2 ± 1 . 42

55.43 ± 23.64 42.39 ± 33.05

14

–

–

0 .31 ± 0.77

28.65 ± 22.94 51.49 ± 21.07 34.09 ± 13.12

94

T P1

WATER BODIES

–

–

–

–

–

–

–

–

–

76.5 ± 35.2

38

–

–

1.78 ± 3.18

28 ± 25.19

7

OS

–

–

–

–

–

–

–

–

0.2 ± 1.33

62.69 ± 39.6

80

–

–

–

–

FS
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Pp

En

Ps

Pm
Pfm

Pcu

Pce

Species

–

–

–

ED

Depth

ED

–

–

ED

1.92 ± 4.26

ED

Depth

2.42 ± 2.27

Depth

12

–

Depth

0.32 ± 0.63

ED

4. 1 3 ± 2 . 5 9

22.33 ± 6.84

9

0.63 ± 0.55

2.67 ± 0.58

3

0.025 ± 1.24

–

–

–

–

–

–0.43 ± 0.57

–

–

0 . 43 ± 0 . 9 6

6.15 ± 11.1

13

–

30

–

–

–0 . 1 3 ± 0 . 2 2

1.8 ± 1.3

5

–2 . 7 2 ± 3 . 0 7

0.75 ± 0.96

4

PP4

3.79 ± 1.27

31 ± 9.57

1.96 ± 1.17

31.74 ± 14.32

19

1.33 ± 1.26

11

2 4. 7 5 ± 1 2 . 0 1

8.41 ± 9.78

12

–

–

1.69 ± 0.89

1. 06 ± 1.75

23

–

–

0.21 ± 1.18

20 ± 19.15

4

8
3.12 ± 3.14

–

–

0.04 ± 0.07

3.75 ± 1.5

4

T P2

–0.74 ± 0.92

0±0

3

–0 . 5 6 ± 1 . 7 4

4.8 ± 5.67

15

T P1

WATER BODIES

0±0

4

1.5 ± 1.91

–

–

–1.88 ± 1.52

–

–

–1 . 9 6 ± 3 . 7

24
2.46 ± 1.53

10

3.6 ± 1.17

1.75 ± 2.36

Depth

–

4

–

–3.27 ± 3.52

–

5.75 ± 6.29

PP3

–

4

PP2

ED

PP1

Depth

Calling site
variables

Table 2 - Continued

–

–

0.1 ± 0.24

2.5 ± 3.78

6

–

–

–0.29 ± 0.97

8.5 ± 5.45

4

–1.72 ± 1.35

2.67 ± 1.87

9

–

–

TS

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–0 . 0 1 ± 0 . 1 1

–

–

–

–

OS

3.31 ± 2.67

36

–

–

PS

–

–

–

–

–

–

–

–

–1.68 ± 1.77

2.3 ± 2.1

23

–

–

FS
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Tv

Ss

Sfv

Sfm

Sb

Species

–

–

–

–

Height

ED

Height

ED

–

ED

–

–

–

Depth

–
–

–

–

–

–

–1 . 0 8 ± 0 . 9 7

26.67 ± 25.17

3

–3.71 ± 2.42

3.75 ± 10.61

–

–

–

–

–1.6 ± 0.92

1.06 ± 4.25

3.14 ± 1.04

0.23 ± 2.20

3
18.33 ± 2.89

7

–3.07 ± 1.34

42 ± 32.61

7

3 2.29 ± 7.57

–1.02 ± 1.62

48 ± 41.53

6

–3 ± 0 . 6 9

–1 . 6 5 ± 1 . 47

4
25 ± 50

0±0

5

0.21 ± 0.55

–

–

–

–

–

–

–0.82 ± 1.95

16

–

2.79 ± 2.53

8

13

0.43 ± 1.47

4

–

–

TS

0.21 ± 0.54

56

2.45 ± 1.53

9 2 . 5 ± 42 . 7

4

T P2

58.82 ± 31.15 47.86 ± 15.68 48.48 ± 20.37 39.75 ± 28.71 34.77 ± 15.85

22

–

–

T P1

58 ± 17.4

17

4

–

–

PP4

WATER BODIES

1.91 ± 1 .74

–

–

PP3

–

–

PP2

ED

Height

–

ED

–

–

PP1

Height

Calling site
variables

Table 2 - Continued

–

–

–

93.3 ± 92.92

3

–

–

–

–

–

–

PS

–

–

–

–

–

–

–

–

–

–

OS

–

–

–

–

–

–

–

–

–

–

FS
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Table 3 -

Percentage of overlap in calling site use and characterization of the four environmental descriptors at ten
water bodies in the northwestern São Paulo State. Brazil. HEI, height of plants inside water bodies; VC,
percentage of water surface covered by vegetation; SIZ, water body size; DUR, water body duration; N, number
of species. Abbreviations for water bodies follow those in Table 1.

make general comparisons difficult. However, it
is possible to recognize two basic patterns of
niche overlap in the calling sites of anurans.
Among species calling in ponds located in
open areas, there is high overlap (Pombal
1997, Bernarde and Anjos 1999, Rossa-Feres
and Jim 2001, Pombal and Gordo 2004), due
to the large number of species relative to the
availability of calling sites (Cardoso et al.
1989). In contrast, species in ponds located in
forested areas exhibit greater differential use
of calling sites (Cardoso et al. 1989, Haddad
and Sazima 1992, Bernarde and Anjos 1999,
Bertoluci and Rodrigues 2002, Pombal and
Gordo 2004), because of few species
competing for relatively greater numbers of
calling sites (Cardoso et al. 1989). However,
some exceptions to the pattern of great
overlap in open areas were reported by

Eterovick and Sazima (2000), Prado et al.
(2005) and Santos and Rossa-Feres (2007).
Santos and Rossa-Feres (2007) suggest that
differential use of calling sites in open areas
may be related to the unsaturation of the
anuran assemblage, since partitioning is a
consequence of low species richness in the
pond.
Since vegetal heterogeneity provides major
humidity, shelter and vocalization and
oviposition sites (Parris and McCarthy 1999,
Afonso and Eterovick 2007), it would be
expected that environmental heterogeneity (at
least vegetal descriptors, such as vegetation
height and vegetal cover) would be correlated
with degree of overlap of calling sites for both
guilds analyzed. A major number of sampling
ponds could change the statistical significance
of the regression analysis, because according to
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r = 0,89

Figure 3 - Similarity on advertisement call of species recorded in northwestern São Paulo State, Brazil. r = Coefficient
of cophenetic correlation. Hylidae (De, Dendropsophus elianeae; Dm, D. minutus; Dn, D. nanus; Ds, D.
sanborni; Ha, Hypsiboas albopunctatus; Hr, H. raniceps; Pp, Pseudis platensis; Tv, Trachycephalus venulosus;
Sb, Scinax berthae; Sfm, S. fuscomarginatus; Sfv, S. fuscovarius; Ss, Scinax aff. similis); Leiuperidae (En,
Eupemphix nattereri; Pce, Physalaemus centralis; Pcu, P. cuvieri; Pm, P. marmoratus; Ps, Pseudopaludicola
aff. saltica); Leptodactylidae (Lf, Leptodactylus fuscus; Ll, L. labyrinthicus; Lp, L. podicipinus).

Zar (1999), the only way to reduce Type I error
in statistical analysis (reject a null hypothesis
when it is in fact true) is to increase the
sampling number. On the other hand, overlap of
calling sites recorded herein could be explained
by the low environmental heterogeneity of
water bodies, because there is a significant
predominance of herbaceous vegetation in the
edges of the ponds, as a consequence of
agricultural impacts on edge vegetation. Thus,
this high homogeneity of structural complexity
of the studied ponds may have not been
sufficient to enable calling site segregation
among species. However, the tendency for

differential use of calling sites among Hylidae
species, evidenced by the formation of two
clusters (higher and lower perching species) in
five out of seven ponds with four or more species,
could be explained due to differences in the use of
a three-dimensional space (Cardoso et al. 1989).
In the current study, there is only one
species (Pseudopaludicola aff. saltica) that
established calling sites with the same depth and
edge distance in different ponds, while calling
sites of remainder species differed at least in
one of these variables. Despite the lack of a
correlation between the niche overlap among
species in each water body and the
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environmental descriptors (vegetation height,
vegetal cover percentage, size and hydroperiod), some species were apparently
influenced by vegetation height. For example,
males of Dendropsophus minutus and D.
sanborni, perched on higher sites in ponds with
higher plants (e.g. Temporary Pond 2). Menin et
al. (2005) also found differences in height and
type of substrate used for calling site by
Dendropsophus nanus in three out of four
ponds we studied (Permanent Pond 1,
Temporary Pond 1, and Temporary Pond 2).
The distribution of vegetation inside the water
bodies also seems to have influenced the
distance of calling sites from the pond’s edge.
Species that called in ponds with vegetation
restricted to the edge tended to establish their
calling sites near the edge (e.g. hylids at
Permanent Pond 3 and Physalaemus
marmoratus and Eupemphix nattereri at
Temporary Swamp). In ponds where vegetation
covered much of the water’s surface, males of
several species tended to call further from the
edge (e.g. species that called at Temporary Pond
1). According to Cardoso et al. (1989), greater
plasticity in calling site may be related to the
low availability of microhabitats around the
pond. In the current study, this low availability
of microhabitat could be a consequence of the
low environmental heterogeneity of the ponds.
In addition, species living in unstable or
disturbed environments, such as the studied site,
tend to show broad niches (Heyer and Bellin
1973). Thus, the ability among the studied
species to use multiple calling sites seems to be
a trait that enables them to survive in these
habitats, and that can also lead to high overlap
of calling sites among species.
Niche complementarity occurs when niche
differentiation among species involves several
niche dimensions, and species that occupy a similar position along one dimension tend to
differ along another dimension (Schoener 1968,
Pianka 1981). For anurans, few studies in
literature concerning niche complementarity are
available, which generally verify the

relationship among trophic and spatial niche
(Duré and Kehr 2004, Menin et al. 2005). In the
current study, the aquatic/terrestrial anurans
(Bufonidae, Leiuperidae, Leptodactylidae,
Microhylidae) exhibited high overlap in calling
site but segregated the advertisement calls,
while Hylidae species showed an inverse
pattern: a higher similarity on advertisement
call features and segregation in calling site.
These data indicate a niche complementarity
between physical (calling site use) and acoustic
(advertisement call) space use for both guilds
analyzed (aquatic/terrestrial and perching
species), as reported previously by Santos and
Rossa-Feres (2007) in another anuran
assemblage in Southeastern Brazil. Thus, niche
complementarity show a more actual picture of
resource use by coexisting species, because high
overlap along one resource dimension (e.g.
calling sites) may be accommodated by
separation along other resource dimension (e.g.
advertisement call features), which explains the
coexistence of several species in a same habitat
(Pianka 1981, Putman 1994).
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