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Habitat use, reproductive traits and social interactions in a
stream-dweller treefrog endemic to the Brazilian Cerrado
Renato C. Nali1,∗ , Cynthia P.A. Prado2
Abstract. The richest anuran fauna is found in the Neotropics, but the natural history of most species is unknown.
Bokermannohyla ibitiguara is a stream-dweller treefrog endemic to the Brazilian Cerrado and classified as “Data Deficient”
by the IUCN. Herein we describe the species’ reproductive biology. Fieldwork was conducted from August 2010 to July
2011. Reproductive activity occurred from October to June and was positively correlated with air temperature, humidity, and
monthly rainfall. Individuals were observed only in gallery forests at the margins of streams and males used various kinds
of substrates as calling sites. Males did not aggregate in specific parts of the streams and spatial distance between males was
higher in the dry season. Males and females did not differ in length, but females without mature oocytes were lighter than
males. The reproductive investment (gonad mass/body mass) of males was 0.29% and that of females was 20.26%. Female
ovaries contained a mean of 202 ± 75 mature oocytes with a mean diameter of 1.96 ± 0.16 mm. We describe, for the first
time for the genus, a complex courtship behaviour and also male-male fight and satellite behaviour. The Cerrado is probably
the most threatened savanna in the world, having been intensively modified over the last decades. Endemic species associated
to gallery forests, such as B. ibitiguara, are highly vulnerable to habitat alterations. Thus, our study provides important data
on the species’ biology, which might be useful for conservation practices, but also to investigate taxonomic and phylogenetic
relationships in this genus.
Keywords: Bokermannohyla ibitiguara, calling sites, courtship behaviour, Hylidae, temporal distribution.

Introduction
Currently, 5966 amphibian anurans are known
in the world (Frost, 2011), with the highest diversity found in the American tropics (Duellman, 1988). The greatest anuran richness, 946
species, is found in Brazil (Segalla et al., 2012),
with approximately 60% of endemism (Vasconcelos and Rossa-Feres, 2005). Despite the great
diversity in the Neotropics, approximately 35%
of the amphibians are endangered due to habitat loss or fragmentation, as well as a result
of habitat split (Becker et al., 2007; Loyola et
al., 2008), and its huge fauna is still poorly
known (Haddad and Prado, 2005; Toledo and
Batista, 2012). This combination of facts makes
the study of species’ natural history and ecology
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urgent, in order to support conservation practices.
The natural history of species is important
not only for conservation purposes but also
in phylogenetic and evolutionary contexts. For
instance, studies on anuran social interactions
may help understand sexual selection mechanisms (e.g. Wells, 1977a, 1977b; Montanarin,
Kaefer and Lima, 2011). Social interactions in
anurans include courtship behaviours of varying complexity, involving acoustic and tactile
communication (e.g. Zina and Haddad, 2007),
and aggressive behaviour, with vocal duels and
physical combats between males (e.g. Martins, Pombal-Jr and Haddad, 1998). Although
our knowledge of anuran social systems has
greatly improved over the last decades (e.g.
Wells, 1977a; Kirkpatrick and Ryan, 1991;
Ryan, 1997; Ursprung et al., 2011), our understanding is limited by the lack of detailed studies on tropical species, which account for much
of the morphological, taxonomic, behavioural,
and ecological diversity in this group (Zamudio
and Chan, 2008).
DOI:10.1163/15685381-00002836
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The genus Bokermannohyla (Faivovich et
al., 2005), within the family Hylidae, includes
29 species, distributed in central, south and
southestern Brazil (Frost, 2011). Together with
the genera Hyloscirtus, Miersiohyla, Hypsiboas
and Aplastodiscus they form the Cophomantini tribe, a well-supported clade (Faivovich et
al., 2005; D’Heursel and Haddad, 2007). Bokermannohyla ibitiguara (Cardoso, 1983) is a
stream-dweller treefrog, endemic to the Cerrado
in Southeastern Brazil. The species is currently
placed in the B. pseudopseudis group, with B.
alvarengai, B. pseudopseudis, B. saxicola, B.
oxente, and B. itapoty (Faivovich et al., 2005;
Frost, 2011). General information on its natural
history can be found in the original description
(Cardoso, 1983). It is a medium-size species,
the male advertisement call is composed of primary and secondary notes, and adults inhabit
rocky environments along small streams (Cardoso, 1983). Population status is unknown and
reproductive behaviour had never been studied
in detail, reasons used to include B. ibitiguara in
the Data Deficient category by the IUCN (Caramaschi and Eterovick, 2004).
Herein, we describe the reproductive biology
of B. ibitiguara, including habitat use patterns,
breeding period, and social behaviours, such as
a complex courtship and male-male fight, both
described for the first time for the genus Bokermannohyla. Moreover, following the reccomendation of Pimenta et al. (2005), that researchers
should concentrate efforts to study Data Defficient species to obtain information on their
population status, we believe that the results reported here will be extremely useful for conservation practices, but also to solve taxonomic and
phylogenetic questions.

Materials and methods
Study area
The study site is located within the Cerrado morphoclimatic domain. The Cerrado is the largest, most species-rich
and, probably, most threatened tropical savanna in the world
(Silva and Bates, 2002), thus it is one of the 25 most threat-
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ened hotspots on Earth (Myers et al., 2000). The topography is mountainous, with flat or rounded hills, reaching up
to 1500 m in elevation, with deep valleys and many streams
(Dietz, 1984). The region was originally covered by the Cerrado vegetation, grassland fields at higher elevations, gallery
forests in the valleys along streams, and patches of semideciduous forest (Dietz, 1984). Currently, much of the region
has been modified into pastures. The climate is markedly
seasonal, with a hot and rainy summer (October to March)
and a dry winter (April to September), with total annual
precipitation between 1300-1700 mm (Queirolo and MottaJunior, 2007).
Fieldwork was conducted at private farms in the municipality of Sacramento (19°51 S; 47°26 W), Minas Gerais
state, Southeastern Brazil. Three streams were sampled:
(i) permanent stream 1 (20°16 21.9 S; 47°04 24.5 W;
677 m elevation); (ii) temporary stream (20°13 09.9 S;
47°06 21 W; 880 m elevation), and (iii) permanent stream
2 (20°12 20.1 S; 47°07 53.6 W, 839 m elevation).
Data collection
Seventeen field expeditions yielded 190 hours of observations throughout a whole year (August 2010 to July 2011).
Two field expeditions per month were made in the rainy
season, except for March (n = 11 expeditions; 160 hours)
and one per month in the dry season (n = 6 expeditions;
30 hours), lasting about 5 hours per night. For permanent
streams 1 and 2, we sampled about 50 m in extension, with
a total of 80 and 75 hours of observations, respectively. For
the temporary stream, we sampled about 30 m, with a total
of 35 hours of observations.
Individuals were found by active search at breeding sites
guided by male vocalizations and were observed with flashlights. To reduce the interference of luminosity on the frogs’
behaviour, red lights were used (e.g. Miranda et al., 2008),
avoiding, whenever possible, to point the light focus directly toward the individuals. To examine some reproductive traits (see below), 21 adult males and eight females
were hand-captured, anesthetized with lidocaine 10%, fixed
in formalin 10%, and preserved in alcohol 70% (McDiarmid, 1994). The 29 specimens were deposited at the
CFBH (Célio F. B. Haddad) amphibian collection, Universidade Estadual Paulista, Rio Claro, São Paulo state, Brazil
(males: CFBH31743 to CFBH31763; females: CFBH31764
to CFBH31771).
Male calling sites
We evaluated male abundance in each type of substrate, such
as leaf, trunk, branch, water, hidden places, and ground. We
measured horizontal distance from the water (DFW), height
above water (HAW) and height above ground (HAG). Distance to the nearest neighbor (DNN) ranged from less than
1 m to approximately 10 m, and was registered categorically: less than 1 m; 1 to 5 m; 5 to 10 m and over 10 m.
We performed a Chi-squared test for the frequencies of less
than 5 m and more than 5 m, comparing the DNN between
the rainy season (Oct-Mar) and dry season (Apr-Sep). We
used 5 m as a threshold because it represents the approximate mid-point of the range. During the study period, we
found only nine females, thus we could not evaluate habitat
use nor distance between them.
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Temporal distribution and temporal breeding pattern

Results

The numbers of calling males and active females were registered every night. Rainfall (monthly accumulated rainfall)
and air humidity (mean monthly air humidity) were obtained from the meteorological station of the municipality of Sacramento, from the National Institute of Meteorology (INMET), distant ca. 60 km from the study sites. Air
and water temperatures were registered at each stream every night with an annalogical thermometer, from which we
calculated mean monthly air and water temperatures. Water
temperature was measured at about 10 cm depth. To verify
abiotic effects on species activity, we performed a multiple
correlation analysis, using Kendall’s rank correlation coefficient (Zar, 1999).

Male calling sites and chorus structure

Body size and reproductive traits
Body mass and snout-vent length (SVL) of 57 males were
measured in the field with a dynamometer (0.1 g) and annalogical calipers (0.05 mm), respectively. Furthermore, body
mass of eight females and SVL of nine females were also
measured in the field. Measures of 10 males collected in a
preliminary field trip were included in some of the analyses (see below). Males were recognized by the presence of
secondary sexual traits: developed prepollex, hypertrophied
forearm, and yellowish vocal sac. To verify the occurrence
of sexual size dimorphism (SSD), SVL and body mass of
males and females were log-transformed, checked for normality with Shapiro-Wilk test, and mean values were compared through a Student’s t-test (Zar, 1999).
The reproductive mode of the species was defined according to Haddad and Prado (2005). Since we did not find
any clutches in the field, mature oocytes in the ovaries of
gravid females (n = 6 females) were analyzed to obtain
information on mean mature oocyte diameter, mean ovary
mass and mean number of mature oocytes per female. Diameter of approximately 10 oocytes per female was measured under a Leica stereomicroscope with a photo capturing software (Leica Application Suite).
The reproductive investment (RI) was calculated for the
preserved specimens (males and females), as the percentage of gonad mass/body mass (Prado and Haddad, 2005).
Body and gonad mass were measured in a digital balance
(0.001 g). Although body mass of some individuals had already been measured in the field with a dynamometer, we
measured them more accurately in the lab prior to RI calculation. Males collected in a previous field trip, in January
2010, were also used (n = 10).
Social interaction observations
To study social interactions, we used the methods of
focal-animal sampling, all occurrences sampling, and sequence sampling (Altmann, 1974). Animals were recognized through natural skin marks (spots, scars, etc.; Bradfield, 2004). Males and females were differentiated in the
field by the secondary sexual traits described above.
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Males of B. ibitiguara were observed calling
only inside the gallery forests, along the streams
covered by the canopy. They were found calling
(i) from tree or shrub leaves (56.6%; n = 129),
(ii) on trunks (21.9%; n = 50), (iii) from
branches (10.1%; n = 23), (iv) inside hidden
places – among roots and leaves, under rocks
or fallen trunks – (7.5%; n = 17), (v) on
the ground (2.2%; n = 5), and (vi) partially
submersed in the water (1.8%; n = 4). When
males called perched, they could be either above
the water or above the ground: mean HAW was
1.13 ± 0.89 m (range 0-2.93 m; n = 67) and
mean HAG was 0.99 ± 0.74 m (range 0-2.93 m;
n = 136). In the last case, mean DFW was
0.67 ± 0.64 m (range 0.05-3.54 m; n = 117).
Calling males did not aggregate at specific
sites, but rather they were distributed sparsely
along the streams. Only 4.3% of males participating in the chorus were less than 1 m from
the nearest calling male, 45.7% were distant between 1 and 5 m, 19.7% between 5 and 10 m,
and 30.3% were farther than 10 m from the
nearest calling male. Comparing the frequencies between seasons, males tend to be closer
(<5 m) to each other in the rainy season, and
more distant (>5 m) in the dry season (Chisquare χ12 = 10.21, P < 0.05).
Temporal distribution and temporal breeding
pattern
Bokermannohyla ibitiguara exhibited a prolonged breeding pattern (sensu Wells, 1977a).
Considering the three water bodies sampled,
calling males of B. ibitiguara were observed
from October to June, ranging from three individuals in June to 20 in February. Adult females were found in November (n = 2), January (n = 3), February (n = 3) and April
(n = 1), at most one per night.
Maximum number of calling males per
month correlated significantly with air temperature (Kendall’s rank coefficient τ = 0.52, P <
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0.05; n = 11), relative air humidity (τ = 0.69,
P < 0.05; n = 11), and total monthly rainfall
(τ = 0.52, P < 0.05; n = 11).
Body size and reproductive traits
Average SVL and mass of males and females
are shown in table 1. Females without eggs were
significantly lighter than males (Student’s t-test
t73 = 3.09, P < 0.05), but they did not differ in
SVL (t74 = −0.12, P = 0.91).
During observation of courtship 1 and 2 (see
below), it was possible to recognize two likely
oviposition sites: (1) a basin covered by leaves
and a fallen trunk, with 10 cm in diameter and
5.5 cm deep, and (2) a cavity on the stream’s
bank, with 20 cm between the opening and the
end of the cavity. The first site is probably a natural basin. As we were unable to find clutches
in the field, as they are commonly laid in hidden
sites, we determined mean number of mature
oocytes and oocyte diameter examining gravid
females (table 1). Oocytes were black on the
animal pole and beige on the vegetative pole.
One female spawned one single egg while kept
in a plastic bag, and its diameter was 1.99 mm
inside an individual jelly capsule with a diameter of 3.4 mm. Males invested approximately
0.3% of their body mass in gonads and females
20.3% (table 1).

Courtship behaviour, male territoriality and
satellite males
We observed three sequences of courtship behaviour: courtship 1 and 2 with the same female, on 18 January, 2011 (air temperature =
21°C), and courtship 3 on 28 February, 2011 (air
temperature = 22°C). The courtship is relatively
complex, including male advertisement calls to
attract the female, one or two slaps performed
by the male on the female’s body, and female
inspection of the nest. The basic events of B.
ibitiguara courtship are summarized in fig. 1.
However, we observed some differences among
the three courtships that are described in table 2.
During courtship 2, a satellite male followed
the pair quietly. Although he was noticed by
the pair, the courtship occurred normally. After the courtship, the pair followed by the satellite male entered the oviposition site, inside a
cavity amidst the rocks. The resident male kept
calling for about five more minutes, then he
stopped calling for another 5 min. We assume
that oviposition occurred during this time. Afterwards, both the resident male and female left
the oviposition site, and the satellite male remained inside. After a while, the satellite male
began to call inside the cavity and the resident
male approached and called toward the satellite
male. Subsequently, the resident male entered
the cavity and different sounds were emitted,

Table 1. Body size and reproductive traits for individuals of Bokermannohyla ibitiguara
in the studied population. Gravid females were weighed without oocytes for female body
mass. Results are shown as mean ± SD (range; number of observations).
Females

Males

SVL (mm)

39.96 ± 2.72
(36.7-43.9; n = 9)

39.90 ± 3.75
(32.6-48.4; n = 67)

Body mass (g)

3.27 ± 1.02
(1.79-4.58; n = 8)

4.45 ± 1.23
(2.65-7.86; n = 67)

Gonad mass (g)

0.97 ± 0.36
(0.65-1.62; n = 6)

0.011 ± 0.003
(0.006-0.017; n = 21)

RI (% gonad mass/body mass)

20.26 ± 4.53
(13.98-26.73; n = 6)

0.29 ± 0.10
(0.15-0.55; n = 21)

Oocyte diameter (mm)

1.96 ± 0.16
(1.69-2.41; n = 61)

–

202 ± 75
(128-347; n = 6)

–

n oocytes per ovary
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Figure 1. Courtship in Bokermannohyla ibitiguara. (A)  calling and  observing him; (B)  approaches the  gradually;
(C)  and  stand face to face, and (D) the  slaps the  on her side, once or twice, with or without walking between them.
(E)  starts to approach his nest; (F) the  enters the nest and keeps calling to attract the , which (G) enters, probably to
inspect the nest. During the whole process, the male called regularly, except for moments C and D. We observed the male
emitting courtship call (not recorded) between moments B and C, when the female approached and faced the male.

Table 2. Characteristics of the three sequences of courtship behaviour of B. ibitiguara observed in this study.

Distance between calling
male at first sight and nest

Courtship 1

Courtship 2

Courtship 3

About 40 cm

About 150 cm

Unknown

Presence of satellite male

No

Yes

No

Beginning time and
duration

20 h 30; approximately
60 minutes

22 h 10; approximately
30 minutes

21 h; approximately
30 minutes

Number of male slaps
towards the female

1

2

2

Female inspection of
oviposition site

Yes

Unknown

No

Amplexus

No

Probably; not possible to
observe

No

Other observations

Female entered
oviposition site twice,
remaining outside for
5 minutes

At the beginning, the
female bumped into the
male, making him jump to
a lower leaf, from where
he kept calling

–
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Figure 2. Male-male fight in B. ibitiguara and the scars on the back of a male after the fight. (A) Note that both males use
their prepollical spines to cause injury, mainly in the eyes and tympanum area of the opponent. (B) The defeated male shows
several scars, mainly on its head. This figure is published in colour in the online version.

probably fight calls (R.C. Nali, unpubl. data).
After that, both males jumped out of the cavity
and fought in the water stream (fig. 2A). They
remained clasped chest to chest, using their prepollical spines to injure the opponent’s head region (e.g. eyes and the tympanum). The fight
lasted about 18 min, but for the final 6 min,
the satellite male simply subdued the resident
male, until they released one another. The satellite male won the fight and remained calling inside the cavity. He was larger (SVL = 41.6 mm)
and heavier (body mass = 5.44 g) than the resident male (38.75 mm, 4.5 g). Many scars were
visible on the resident’s head (fig. 2B).
Satellite behaviour was observed many times
during the study (n = 20 satellite males), where
non-calling males remained next to males that
were calling. In two occasions we observed
even two satellite males next to one single calling male. Average distance between satellite
and calling male was 54 ± 29 cm (range 15100 cm; n = 13). Mean SVL of satellite males
was 39.2 mm (n = 9) and mean mass was
4.32 g (n = 8); mean SVL of calling males was
39.3 mm (n = 8) and mean mass was 4.50 g
(n = 7). Satellite and calling males did not differ significantly neither in SVL (t15 = 2.13,
P = 0.95) nor in mass (t13 = 2.16, P = 0.76).

Discussion
During this study, adults of B. ibitiguara were
always found in gallery forests, associated with
the streams. Considering species in the B. pseudopseudis group, which occur predominantly in
open formations, B. oxente and B. itapoty also
have association with riparian vegetation (Lugli
and Haddad, 2006a, 2006b), but B. alvarengai
and B. saxicola seem to breed in streams without vegetation as well (Eterovick and Sazima,
2000). At our study site, even with the riparian
vegetation being fragmented in many portions
and presenting roads nearby, males were able to
use a great variety of microhabitats as calling
sites, suggesting that B. ibitiguara is, to some
extent, resistant to human alterations. However,
as the species is strongly associated with gallery
forests and streams, it is necessary to preserve
these habitats properly.
Bokermannohyla ibitiguara males used a
greater variety of microhabitats as calling sites
compared to B. nanuzae and B. saxicola,
all species in the B. pseudopseudis group
(Eterovick et al., 2010). Furthermore, these two
species were observed at shorter distances from
the water (average 0.18 and 0.32 m, respectively; Eterovick et al., 2010) than B. ibitiguara
(average 0.67 m; this study). Individuals of
Bokermannohyla sp. (gr. circumdata) were ob-
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served perched at higher sites compared to B.
ibitiguara, with an average height varying from
1.38 to 2.67 m (Eterovick et al., 2010). Microhabitat use by adult anurans may be correlated with phylogeny, but is also a plastic trait
strongly influenced by ecological factors, such
as habitat heterogeneity, microhabitat availability, climatic conditions, and competition and
predation pressures (Eterovick et al., 2010).
Calling males of B. ibitiguara tended to be
closer to each other during the rainy season
compared to the dry season. This suggests that
calling males get closer to each other only when
male density is higher (e.g. during the rainy
season). The organization of calling males in
choruses in specific parts of the water bodies
has advantages, e.g. increasing female attraction efficiency and decreasing individual exposure and predation risk (e.g. Ryan, Tuttle and
Taft, 1981; Wells, 2007). However, for B. ibitiguara, as males are extremely territorial, we
suggest that keeping a distance from each other
might be advantageous, avoiding costs associated with territorial conflicts (e.g. male wounds;
this study).
The number of calling males was positively
correlated with air humidity, air temperature,
and total rainfall. This result was expected,
since high temperatures, air humidity, and rainfall are known to strongly influence the reproductive activity of anurans (e.g. Cree, 1989;
Eterovick and Sazima, 2000; Prado, Uetanabaro
and Haddad, 2005). Bokermannohyla ibitiguara
is a typical prolonged breeder (sensu Wells,
1977a), because (i) males called over several
months (Oct-Jun), (ii) we did not observe females arriving synchronously to the reproductive site, and (iii) breeding activity did not increase significantly after heavy rains, as observed for some explosive breeders at the study
site (e.g. Scinax fuscovarius and Elachistocleis
cesarii; pers. obs.). Furthermore, we never observed any male actively searching or intercepting females.
Bokermannohyla ibitiguara showed no SSD
in SVL, as previously observed for other species
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in the B. pseudopseudis group: B. oxente (Lugli
and Haddad, 2006a), B. saxicola (Eterovick and
Sazima, 2004), and B. alvarengai (Lugli and
Haddad, 2006b). However, B. ibitiguara males
were significantly heavier than females without
mature oocytes. SSD in many taxa result from
different selective forces affecting male and female sizes (Fairbairn, 1997). In most anurans,
females are larger than males (Shine, 1979) and,
in general, the “fecundity advantage hypothesis” (Darwin, 1874) is invoked to explain the
female-biased SSD in frogs. In B. ibitiguara,
the fact that females exhibit a high reproductive
investment (see below) and that males are extremely territorial, engaging in male-male combats, could favor larger males (e.g. Shine, 1989;
Katsikaros and Shine, 1997), explaining the
male-biased SSD in mass and absence of SSD
in SVL in this species.
Females showed a high reproductive investment (RI = 20.26%), as already observed for
other anurans, such as Leptodactylus chaquensis (RI = 16%) and Physalaemus albonotatus
(RI = 16.6%; Prado and Haddad, 2005). On
the other hand, the RI of males was low (average 0.29%) compared to some other frogs (e.g.
Rhacophorus arboreus: 5.15%, Kusano, Toda
and Fukuyama, 1991; Leptodactylus chaquensis: 4.13%, Prado and Haddad, 2003). High relative testes size in anuran males is generally
associated to multi-male spawning and sperm
competition risk (Emerson, 1997; Prado and
Haddad, 2003). In contrast, low RI for males,
as observed for B. ibitiguara, might occur when
there is low risk of sperm competition, for example: (i) in species in which the female interacts with only one male during a complex
courtship and deposit eggs in a hidden place,
as observed here and previously reported for
species in the genus Leptodactylus (Prado and
Haddad, 2003), and/or (ii) in species in which
males actively defend their territories, engaging
in fights, reducing the probability of multi-male
spawning, as observed for B. ibitiguara.
Although we did not observe spawning behaviour, as individuals were hidden in rock
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crevices or under fallen trunks, we observed
likely oviposition sites during courtships. From
such observations, we suggest that B. ibitiguara
exhibits a variation of the reproductive mode 4,
depositing eggs in lotic environments, probably in natural or constructed basins in hidden
places, such as rock crevices or amidst fallen
leaves or trunks. Many species of the genus
Bokermannohyla deposit their eggs in flowing waters, which is described as reproductive
mode 2 (e.g. Bokermannohyla alvarengai, B.
nanuzae and B. sazimai; Haddad and Prado,
2005). However, other species are known to deposit their eggs in standing water, as B. luctuosa (Haddad and Sawaya, 2000), or in natural
or constructed basins in both lotic or lentic environments (modes 1 and 4, respectively; Haddad
and Prado, 2005).
The courtship in B. ibitiguara is relatively
complex, involving accoustic and tactile stimuli, during which the male guides the female
towards the nest. This is the first description
of courtship for the genus Bokermannohyla.
A similar courtship is known for other species
in the Cophomantini tribe, such as species of
Aplastodicus (Haddad and Sawaya, 2000; Hartmann, Hartmann and Haddad, 2004; Zina and
Haddad, 2007). However, the process from female arrival until her entrance into the nest
lasted much less time in B. ibitiguara compared to Aplastodiscus species: in B. ibitiguara,
the first courtship lasted about one hour, and
the other two, about 30 minutes, whereas in
Aplastodiscus the courtship can last many hours
(Haddad and Sawaya, 2000; Hartmann, Hartmann and Haddad, 2004; Zina and Haddad,
2007). Another difference is that the tactile
stimulus in B. ibitiguara, when the male reaches
the female, is similar to a slap and it is somewhat aggressive, while in Aplastodiscus there
is only one or more soft touches. Considering
aggressiveness itself, the stimulus in B. ibitiguara is more similar to the one reported for the
eleutherodactylid Diasporus diastema, where
the male bumps into the female, almost making
her fall off the perch (Ovaska and Rand, 2001).
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Nevertheless, we must be cautious with such
comparisons, because most studies describing
courtship behaviour for Cophomantini are based
on a small number of observations (e.g. Hartmann, Hartmann and Haddad, 2004; Zina and
Haddad, 2007; this study).
Female inspection of male nest has been
previously reported for other species in the
Cophomantini tribe (e.g. species of Aplastodiscus: Zina and Haddad, 2007; Hypsiboas faber:
Martins and Haddad, 1988). In B. ibitiguara,
it is possible that inspection can be decisive
for male rejection by the female, as observed
in courtship 1 (this study). However, she can
also reject the male prior to nest inspection, as
in courtship 3 (this study), when the male remained calling perched on a branch, there was
no nest inspection, and the female moved towards another male. The inspection of nests by
females suggests that males with better territories can achieve higher mating success (e.g.
Wells, 1977b), which can explain why males
of this species should put themselves at risk in
fights. Scars were commonly found in males
of B. ibitiguara, which could have been caused
by male fights, as observed once in the present
study.
Satellite male behaviour is common in anurans with prolonged breeding season (Wells,
2007). We sometimes observed that when manipulating calling males, they stopped calling
and satellites nearby started calling. This suggests that males of B. ibitiguara show plasticity in the reproductive strategies, alternating between calling and satellite behaviour, as already
observed for other hylids (Perril, Gerhardt and
Daniel, 1978; Haddad, 1991; Zina and Haddad,
2006). It was also observed that satellite males
were less aggressive than calling males when
manipulated; calling males tended to puncture
our fingers with their spines (pers. obs.). These
observations fit the concept of a more submissive behaviour of satellite males compared to
calling males (Emlen, 1976; Toledo and Haddad, 2005). However, during courtship 2, the
satellite male was agressive, larger and heavier,
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being able to defeat and take the calling male’s
territory. On average, satellite males were the
same size of calling males, as observed for
other hylids (e.g. Lance and Wells, 1993; Toledo
and Haddad, 2005; Alcantara, Lima and Bastos,
2007). Thus, satellite behaviour in B. ibitiguara
males seems to depend on social contexts rather
than on male body size.
The reproductive period of Bokermannohyla
ibitiguara lasted several months at the study site
and individuals were abundant in many streams.
Moreover, the species occurs in southeastern
Brazil, the most developed region of the country. However, besides the original description
(Cardoso, 1983), little information had previously been published on the species’ natural
history. This highlights how poor our knowledge on anuran biology is in Brazil, the world’s
richest country in anuran species (Segalla et
al., 2012). Natural history data is essential
for comprehending the reproductive strategies
and social interactions in anurans, which also
raises questions for future studies. Therefore,
researchers should concentrate efforts in studying and publishing data on basic biology, mainly
for Data Deficient species (IUCN), which will
be useful for studies focusing on other aspects,
such as ethology, ecology, genetics, and phylogeny. Moreover, natural history data might
support conservation strategies, producing more
effective results.

Acknowledgements. We would like to thank C.F.B. Haddad for permitting access to his laboratory and for the
support during part of this project, J. Somera for the
courtship drawings, INMET for providing the meteorological data, and all the colleagues that helped in the fieldwork. We are also grateful to C.F.B. Haddad, I.A. Martins, and three anonymous reviewers for the valuable suggestions on the manuscript, and also A. D’Heursel for
the help with the English. R.C. Nali is grateful to CNPq
(proc. # 130737/2010-0) and FAPESP (proc. # 2010/036566) for the fellowships, and C.P.A. Prado acknowledges
CNPq (proc. # 471106/2010-0), FAPESP (proc. # 2009/
12013-4), and PROPE/UNESP for financial support. The
authors are also grateful to Neotropical Grassland Conservancy (NGC) for the field equipments. Collection of individuals was authorized by the Chico Mendes Institute
for Biodiversity Conservation (ICMBio), under the license
# 23240-1.

345

References
Alcantara, M.B., Lima, L.P., Bastos, R.P. (2007): Breeding
activity of Scinax centralis (Anura, Hylidae) in Central
Brazil. Iheringia. Sér. Zool. 97: 406-410.
Altmann, J. (1974): Observational study of behavior: Sampling methods. Behaviour 15: 227-267.
Becker, C.G., Fonseca, C.R., Haddad, C.F.B., Batista, R.F.,
Prado, P.I. (2007): Habitat split and the global decline of
amphibians. Science 318: 1775-1777.
Bradfield, K.S. (2004): Photographic identification of individual Archey’s frogs, Leiopelma archeyi, from natural
markings. DOC Science Internal Series 191: 1-36.
Caramaschi, U., Eterovick, P.C. (2004): Bokermannohyla
ibitiguara. In: IUCN 2011. IUCN Red List of Threatened Species. Version 2011.2. www.iucnredlist.org.
Captured on February 27th , 2012.
Cardoso, A.J. (1983): Descrição e biologia de uma nova espécie de Hyla Laurenti, 1768 (Amphibia, Anura, Hylidae). Iheringia. Sér. Zool. 62: 37-45.
Cree, A. (1989): Relationship between environmental conditions and nocturnal activity of the terrestrial frog,
Leiopelma archeyi. J. Herpetol. 23: 61-68.
Darwin, C.R. (1874): The Descent of Man, and Selection in
Relation to Sex. Appleton, New York.
D’Heursel, A., Haddad, C.F.B. (2007): Anatomy of the oral
cavity of hylid larvae from the genera Aplastodiscus,
Bokermannohyla, and Hypsiboas (Amphibia, Anura):
Description and systematic implications. J. Herpetol. 41:
458-468.
Dietz, J.M. (1984): Ecology and social organization of the
maned wolf (Chrysocyon brachyurus). Sm. C. Zool.
392: 1-51.
Duellman, W.E. (1988): Patterns of species diversity in
anuran amphibians in the American Tropics. Ann. Mo.
Bot. Gard. 75: 79-104.
Emerson, S.B. (1997): Testis size variation in frogs: Testing
the alternatives. Behav. Ecol. Sociobiol. 41: 227-235.
Emlen, S.T. (1976): Lek organization and mating strategies
in the bullfrog. Behav. Ecol. Sociobiol. 1: 283-313.
Eterovick, P.A., Sazima, I. (2000): Structure of an anuran community in a montane meadow in southeastern
Brazil: Effects of seasonality, habitat, and predation.
Amphibia-Reptilia 21: 439-461.
Eterovick, P.A., Sazima, I. (2004): Anfíbios da Serra do
Cipó, Minas Gerais, Brasil. Minas Gerais, PUCMINAS.
Eterovick, P.C., Rievers, C.R., Kopp, K., Wachlevski, M.,
Franco, B.P., Dias, C.J., Barata, I.M., Ferreira, A.D.M.,
Afonso, L.G. (2010): Lack of phylogenetic signal in
the variation in anuran microhabitat use in southeastern
Brazil. Evol. Ecol. 24: 1-24.
Fairbairn, D.J. (1997): Allometry for sexual size dimorphism: Pattern and process in the coevolution of body
size in males and females. Ann. Rev. Ecol. Evol. Syst.
28: 659-687.
Faivovich, J., Haddad, C.F.B., Garcia, P.C.A., Frost, D.R.,
Campbell, J.A., Wheeler, W.C. (2005): Systematic review of the frog family Hylidae, with special reference
to Hylinae: Phylogenetic analysis and taxonomic revision. B. Am. Mus. Nat. Hist. 294: 1-240.

346
Frost, D.R. (2011): Amphibian Species of the World: An
Online Reference. Version 5.5 (31 January, 2011): http://
research.amnh.org/vz/herpetology/amphibia/, American
Museum of Natural History, New York, USA.
Hartmann, M.T., Hartmann, P.A., Haddad, C.F.B. (2004):
Visual signaling and reproductive biology in a nocturnal treefrog, genus Hyla (Anura: Hylidae). AmphibiaReptilia 25: 395-406.
Haddad, C.F.B. (1991): Satellite behavior in the Neotropical
treefrog Hyla minuta. J. Herpetol. 25: 226-229.
Haddad, C.F.B., Prado, C.P.A. (2005): Reproductive modes
in frogs and their unexpected diversity in the Atlantic
forest of Brazil. BioScience 55: 207-217.
Haddad, C.F.B., Sawaya, R.J. (2000): Reproductive modes
of Atlantic Forest hylid frogs: A general overview and
the description of a new mode. Biotropica 32: 862-871.
Katsikaros, K., Shine, R. (1997): Sexual dimorphism in the
tusked frog, Adelotus brevis (Anura: Myobatrachidae):
The roles of natural and sexual selection. Biol. J. Linn.
Soc. 60: 39-51.
Kirkpatrick, M., Ryan, M.J. (1991): The evolution of mating
preferences and the paradox of the lek. Nature 350: 3338.
Kusano, T., Toda, M., Fukuyama, K. (1991): Testes size and
breeding systems in Japanese anurans with special reference to large testes in the tree-frog, Rhacophorus arboreus (Amphibia: Rhacophoridae). Behav. Ecol. Sociobiol. 29: 27-31.
Lance, S.L., Wells, K.D. (1993): Are spring peeper satellite
males physiologically inferior to calling males? Copeia
1993: 1162-1166.
Loyola, R.D., Becker, C.G., Kubota, U., Haddad, C.F.B.,
Fonseca, C.R., Lewinsohn, T.M. (2008): Hung out to
dry: Choice of priority ecoregions for conserving threatened Neotropical anurans depends on life-history traits.
PLoS One 3: e2120.
Lugli, L., Haddad, C.F.B. (2006a): A new species of
the Bokermannohyla pseudopseudis group from central
Bahia, Brazil (Amphibia, Hylidae). Herpetologica 62:
453-465.
Lugli, L., Haddad, C.F.B. (2006b): New species of Bokermannohyla (Anura, Hylidae) from Central Bahia, Brazil.
J. Herpetol. 40: 7-15.
Martins, M., Haddad, C.F.B. (1988): Vocalizations and reproductive behaviour in the smith frog, Hyla faber Wied
(Amphibia: Hylidae). Amphibia-Reptilia 9: 49-60.
Martins, M., Pombal-Jr, J.P., Haddad, C.F.B. (1998): Escalated agressive behaviour and facultative parental care in
the nest building gladiator frog, Hyla faber. AmphibiaReptilia 19: 65-73.
McDiarmid, R.W. (1994): Preparing amphibians as scientific specimens. In: Measuring and Monitoring Biological Diversity. Standard Methods for Amphibians, p. 289297. Heyer, W.R., Donnelly, M.A., McDiarmid, R.W.,
Hayek, L.C., Foster, M.S., Eds, Smithsonian, Washington.
Miranda, D.B., Garey, M.V., Monteiro-Filho, E.L.A., Hartmann, M.T. (2008): Sinalização visual e biologia reprodutiva de Dendropsophus werneri (Anura: Hylidae) em
área de Mata Atlântica no Estado do Paraná, Brasil. Papéis Avulsos de Zoologia 48: 335-343.

R.C. Nali, C.P.A. Prado
Montanarin, A., Kaefer, I.L., Lima, A.P. (2011): Courtship
and mating behaviour of the brilliant-thighed frog Allobates femoralis from Central Amazonia: implications
for the study of a species complex. Ecol. Ethol. Evol. 23:
141-150.
Myers, N., Mittermeier, R.A., Mittermeier, C.G., Fonseca,
G.A.B., Kent, J. (2000): Biodiversity hotspots for conservation priorities. Nature 403: 853-858.
Ovaska, K., Rand, A.S. (2001): Courtship and reproductive
behavior of the frog Eleutherodactylus diastema (Anura:
Leptodactylidae) in Gamboa, Panama. J. Herpetol. 35:
44-50.
Perril, S.A., Gerhardt, H.C., Daniel, R. (1978): Sexual parasitism in the green tree frog (Hyla cinerea). Science 200:
1179-1180.
Pimenta, B.V.S., Haddad, C.F.B., Nascimento, L.B., Cruz,
C.A.G., Pombal-Jr, J.P. (2005): Comment on status and
trends of amphibian declines and extinctions worldwide.
Science 309: 1999.
Prado, C.P.A., Haddad, C.F.B. (2003): Testes size in leptodactylid frogs and occurrence of multiple spawning in
the genus Leptodactylus in Brazil. J. Herpetol. 37: 354362.
Prado, C.P.A., Haddad, C.F.B. (2005): Size-fecundity relationships and reproductive investment in female frogs in
the Pantanal, South-Western Brazil. Herpetol. J. 15: 181189.
Prado, C.P.A., Uetanabaro, M., Haddad, C.F.B. (2005):
Breeding activity patterns, reproductive modes, and
habitat use by anurans (Amphibia) in a seasonal environment in the Pantanal, Brazil. Amphibia-Reptilia 26:
211-221.
Queirolo, D., Motta-Junior, J.C. (2007): Prey availability
and diet of the maned wolf in Serra da Canastra National
Park, southeastern Brazil. Acta Theriol. 52: 391-402.
Ryan, M.J. (1997): Sexual selection and mate choice.
In: Behavioural Ecology: An Evolutionary Approach,
p. 179-202. Krebs, J.R., Davies, N.B., Eds, Blackwell,
Oxford.
Ryan, M.J., Tuttle, M.D., Taft, L.K. (1981): The costs
and benefits of frog chorusing behavior. Behav. Ecol.
Sociobiol. 8: 273-278.
Segalla, M.J., Caramaschi, U., Cruz, C.A.G., Garcia, P.C.A.,
Grant, T., Haddad, C.F.B., Langone, J. (2012): Brazilian
Amphibians – List of Species. Accessible at http://www.
sbherpetologia.org.br. Captured on May 30th , 2012.
Shine, R. (1979): Sexual selection and sexual dimorphism
in the Amphibia. Copeia 1979: 297-306.
Shine, R. (1989): Ecological causes for the evolution of
sexual dimorphism: A review of the evidence. Q. Rev.
Biol. 64: 419-461.
Silva, J.M.C., Bates, J.M. (2002): Biogeographic patterns
and conservation in the South American Cerrado: a
tropical savanna hotspot. BioScience 52: 225-234.
Toledo, L.F., Batista, R.F. (2012): Integrative study of
Brazilian anurans: Geographic distribution, size, environment, taxonomy, and conservation. Biotropica 44:
785-792.
Toledo, L.F., Haddad, C.F.B. (2005): Reproductive biology
of Scinax fuscomarginatus (Anura, Hylidae) in southeastern Brazil. J. Nat. Hist. 39: 3029-3037.

Habitat use, reproductive traits and social interactions in a stream-dweller treefrog endemic to the Brazilian Cerrado
Ursprung, E., Ringler, M., Jehle, R., Hödl, W. (2011):
Strong male/male competition allows for nonchoosy
females: High levels of polygynandry in a territorial frog
with paternal care. Mol. Ecol. 20: 1759-1771.
Vasconcelos, T.S., Rossa-Feres, D.C. (2005): Diversidade,
distribuição espacial e temporal de anfíbios anuros (Amphibia, Anura) na região noroeste do estado de São
Paulo, Brasil. Biota Neotrop. 5: 137-150.
Wells, K.D. (1977a): The social behavior of anuran amphibians. Anim. Behav. 25: 666-693.
Wells, K.D. (1977b): Territoriality and mating success in the
green frog (Rana clamitans). Ecology 58: 750-762.
Wells, K.D. (2007): The Ecology and Behavior of Amphibians. University of Chicago Press, Chicago.
Zamudio, K.R., Chan, L.M. (2008): Alternative reproductive tactics in amphibians. In: Alternative Reproductive
Tactics, p. 300-331. Oliveira, R.F., Taborsky, M., Brockmann, H.J., Eds, University of Cambridge Press, Cambridge.

347

Zar, J. (1999): Bioestatistical Analyses. Prentice Hall, New
Jersey.
Zina, J., Haddad, C.F.B. (2006): Acoustic repertoire of
Aplastodiscus arildae and A. leucopygius (Anura: Hylidae) in Serra do Japi, Brazil. South American J. Herpetol. 1: 227-236.
Zina, J., Haddad, C.F.B. (2007): Courtship behavior of
two treefrog species, Aplastodiscus arildae and A. leucopygius (Anura, Hylidae), from the Atlantic rainforest,
southeastern Brazil. Herpetol. Rev. 38: 282-285.

Submitted: January 12, 2012. Final revision received: May
30, 2012. Accepted: July 3, 2012.
Associated Editor: Sebastian Steinfartz.

