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The description of different call types emitted by male 
frogs is very important in terms of behaviour and evolu-
tion, as mating systems and sexual selection appear to be 
directly associated with male calling activity (Lea et al. 
2000, Murphy & Gerhardt 2002, Ryan & Rand 2003). 
Calling in frogs plays several roles in social organisation, 
such as recruitment of individuals to the chorus, female 
attraction, and territory and space maintenance between 
males, thus individuals of the same species may emit dif-
ferent types of call according to the social context (Wells 
2007). The advertisement call, the most common type, is 
considered a pre-zygotic isolating mechanism, preventing 
hybridisation (Haddad et al. 1994). Moreover, many spe-
cies exhibit advertisement call plasticity in that males emit 
different parts of the call in the presence of predators or fe-
males (e.g., Ryan 1985) in an attempt to resolve the conflict 
between reproductive success (i.e., female attraction) and 
predation risks.

The aggressive call may also be a plastic trait, with a male 
being able to gradually increase the number of notes in re-
sponse to an intruding male approaching his territory (e.g., 
Martins et al. 1998). In those social interactions, the in-
truder might either go away or engage in physical combats 
(e.g., Martins et al. 1998, Toledo & Haddad 2005, Gias-
son & Haddad 2006). In the latter case, fight calls are gen-
erally emitted by at least one of the males engaged in the 
combat (e.g., Martins & Haddad 1988, Bastos & Haddad 
2002, Dautel et al. 2011). Between the first sight of the in-
truding male and the fight itself, there might be graded ag-
gressive calls (sensu Wells 1988), culminating in a fight call.

Bokermannohyla ibitiguara (Cardoso, 1983) is current-
ly placed within the B. pseudopseudis species group (Faivo
vich et al. 2005, Frost 2013). It is a hylid frog endemic to 

the Brazilian Cerrado, occurring in the Serra da Canas-
tra National Park and surroundings in forest fragments in 
Minas Gerais state, southeastern Brazil (Cardoso 1983, 
Haddad et al. 1988, Nali & Prado 2012). Although the 
species is very common in its area of occurrence, its ba-
sic biology is still poorly known (see Nali & Prado 2012), 
being classified as “Data Deficient” by the IUCN (Cara-
maschi & Eterovick 2004). Males have a well-developed 
prepollex spine, establish territories along streams, and en-
gage in physical combats with other males (Nali & Prado 
2012). Their advertisement call is composed of long and 
short notes (Cardoso 1983, Carvalho et al. 2012), with 
the latter ones functioning as a territorial signal (Nali & 
Prado 2014).

On 18 January 2011, we observed a male–male fight 
(Nali & Prado 2012, Fig. 1) in a permanent stream 
(20°16’21.9’’ S, 47°04’24.5’’ W, 677 m altitude) in the mu-
nicipality of Sacramento, Minas Gerais state, southeastern 
Brazil, located ca. 100 km in a straight line from the type 
locality (Fazenda Salto, Alpinópolis, Cardoso 1983). Dur-
ing the fight, both males emitted fight calls, which were 
recorded with a Marantz Professional PMD-660 digital 
recorder with an unidirectional microphone Sennheiser 
ME66 at 16-bit resolution and 44100 Hz sampling rate. The 
analyses were performed using the software Raven Pro 1.3 
(Cornell Lab of Ornithology), 512 points resolution (FFT), 
brightness = 80, and contrast = 80. The acoustic terminolo-
gy follows Martins & Jim (2003). Both males (CFBH31756 
and CFBH31757) were collected and deposited in the Célio 
F. B. Haddad Amphibian collection, Universidade Estadual 
Paulista, Rio Claro, São Paulo state, Brazil.

Each of the males engaged in the fight emitted only one 
type of note (notes A and B, respectively, Tab. 1, Fig. 2). 
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Both notes were commonly emitted simultaneously, with-
out antiphony or any other recognizable pattern in the rep-
etition rates of both notes, precluding inference of which 
male emitted note A and which emitted note B. Note A is 
to some extent similar to the long note of the advertise-
ment call (Carvalho et al. 2012, Nali & Prado 2014), 
but note B is different from any other notes previously 
described for this species, as it sounds like a whine and 
shows no pulse structure (Fig. 2). Although the record-
ing includes the noise of running water in the background, 
we managed to isolate four notes A and four notes B in a 
segment of 10 seconds, from which we measured the fol-
lowing parameters: (1) note duration (s); (2) minimum fre-
quency (Hz); (3) maximum frequency (Hz); (4) dominant 
frequency (Hz); (5) note repetition rate (N notes/10s), and 
(6) pulse structure (Tab. 1). 

Fight calls during male agonistic interactions have been 
reported for other frog species (see below), but ours ap-
pears to be the first description of this type of call for the 
genus Bokermannohyla. The two types of notes record-
ed during the fight between B. ibitiguara males had low-
er dominant frequencies compared to the advertisement 
call (Carvalho et al. 2012, Nali & Prado 2014), similar 

to the Centrolene lynchi fight call, a centrolenid found in 
Colombia and Ecuador (Dautel et al. 2011). However, in 
the latter case, only one of the males emitted the fight call, 
whereas in B. ibitiguara calls were emitted by both males. 
Other Brazilian hylids in which fight calls are emitted by 
both males during the combat include Hypsiboas faber 
(Martins & Haddad 1988, Martins et al. 1998), Scinax 
fuscomarginatus (Toledo & Haddad 2005), S. rizibilis 
(Bastos & Haddad 2002), and Dendropsophus elegans 
(Bastos & Haddad 1995). Hypsiboas faber emitted two 
types of notes, similar to B. ibitiguara, but S. fuscomargi­
natus emitted only one type. Like B. ibitiguara, males of 
S.  fuscomarginatus and S. rizibilis emitted fight call notes 
at irregular intervals, while in H. faber, such notes were 
emitted alternately by the males. Males of the leptodactylid 
frog Physalaemus centralis emit a fight call with a similar 
pattern to that of B. ibitiguara: each type of note is emit-
ted by one male, one note similar to the advertisement call 
and the other very different (Brasileiro 1998). However, 
this fight call was not emitted when males were actually in 
physical combat, which was not observed, but rather when 
they were very close to each other (0.15 m, Brasileiro 
1998). It is known that the emission of calls during fights 

Figure 1. Males of Bokermannohyla ibitiguara engaging in a fight, municipality of Sacramento, state of Minas Gerais, 18 January 2011. 
During the fight, males emitted notes described here as a fight call.
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might attract predators guided by sound (Martins et al. 
1993) and represents an energy expenditure that could oth-
erwise be used to attract females (Kluge 1981). However, 
for the territorial treefrog B. ibitiguara, this is probably the 
final part of a gradually increasing aggressive behaviour 
(Nali & Prado 2014) that accompanies the actual combat 
action. Further studies might focus on the exact function 
of the fight call in this species.

The description of the fight call of B. ibitiguara more 
than 30 years after the species’ description is only one ex-
ample of how poor our knowledge on the basic biology of 
Brazilian anurans is. Brazil has the richest anuran fauna 
(Segalla et al. 2012), with an endemism rate that exceeds 
60% (Vasconcelos & Rossa-Feres 2005), and in the past 

decades, species descriptions have significantly increased 
(Araújo et al. 2009). On the other hand, information on 
basic biology and behaviour unfortunately does not follow 
at the same rate. It is urgently necessary that researchers fo-
cus on the basic biology of species, such as calling activity 
and behaviour, and contribute effectively to enhancing the 
knowledge of Brazil’s huge biodiversity.
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Table 1. Bioacoustic parameters of the fight calls emitted by Bokermannohyla ibitiguara males, recorded on 18 January 2011, municipal-
ity of Sacramento, Minas Gerais state, Southeastern Brazil. We analysed four notes A and four notes B in a segment of 10 seconds, and 
results are shown as mean ± standard deviation (min–max). Air temperature = 21°C, water temperature = 22°C, voucher specimens: 
CFBH31756 (SVL = 38.75 mm) and CFBH31757 (SVL = 41.6 mm); we could not determine which male emitted note A and which 
emitted note B.

Note A (individual 1) Note B (individual 2)

Note duration (s) 0.85±0.18 
(0.70–1.11)

0.35±0.03 
(0.32–0.38)

Minimum frequency (Hz) 563.0±80.2 
(477.1–667.9)

676.8±35.9 
(644.1–722.8) 

Maximum frequency (Hz) 2767.0±190.2 
(2518.9–2957.8)

1825.8±57.4 
(1758.1–1888.7)

Dominant frequency (Hz) 1248.9±469.2 
(861.3–1808.8)

1313.5±325.1 
(861.3–1636.5)

Note repetition rate (N notes/10s) 6 14
Pulse structure Groups of pulses No pulses

Figure 2. Spectrograms of the fight call notes of B. ibitiguara males. Notes A were recorded from one individual and notes B from the 
other engaged in the same fight. Voucher specimens: CFBH31756 (SVL = 38.75 mm) and CFBH31757 (SVL = 41.6 mm), FFT = 512, 
air temperature = 21°C, water temperature = 22°C.
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