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Abstract. Vocalizations are used by several vertebrates as communication mechanism. Anurans have many 
forms of vocalizations, such as advertisement calls, aggressive calls, and defensive calls. We herein describe 
two types of vocalizations (advertisement and aggressive calls) of Hypsiboas caingua, and the aggressive call of 
H. prasinus. The advertisement call of H. caingua showed a harmonic structure, and the dominant frequency 
averaged 3425.1 Hz. A harmonic structure was also observed in the aggressive call of H. caingua, whose 
dominant frequency averaged 3386.3 Hz. The aggressive call of the H. prasinus had a multipulsed structure, 
and the dominant frequency averaged 1699.3 Hz. Twenty-seven species of the Hypsiboas pulchellus group had 
some temporal or spectral parameter of their advertisement calls described. Bioacoustics have been employed 
as a useful tool for systematics and taxonomy. Vocalizations might indicate much of the difference among 
closely related anuran species and have been proven to be a reliable dataset to distinction among species and 
higher taxonomic ranks. Comparing the calls of H. caingua and H. prasinus with other species, we observe that 
advertisement calls within the Hypsiboas pulchellus group are well differentiated, which reinforces the identity 
of the group’s comprising taxa. 
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Introduction 
 
Vocalization is used by many animal species as 
communication mechanisms at both intraspecific 
and interspecific levels (Ruxton et al. 2004, Krebs 
& Davies 2004). In anurans, acoustic signals are 
most conspicuous during the reproductive period, 
being that the advertisement calls are species spe-
cific and, therefore, considered as a pre-zygotic 
mechanism of reproductive isolation (Duellman & 
Trueb 1994). Aggressive calls are also common in 
anurans, used by conspecific males in different so-
cial contexts, such as the maintenance of territory 
and spacing between males (Caldart et al. 2011). 

Bioacoustic studies have generated important 
information for taxonomy and phylogeny studies, 
assisting in the identification and description of 
cryptic species (Simões et al. 2008, Juncá et al. 
2012, Carvalho & Giaretta 2013a, b). Bioacoustics 
have increasingly been employed as part of differ-
ential diagnoses between species, and may also 
support the correct designation of species that are 
often misidentified due to their similar morphol-
ogy (Conte et al. 2009, Carvalho & Giaretta 2013a, 
Faria et al. 2013). 

The Hypsiboas pulchellus group comprises 37 
recognized taxa (Caramaschi et al. 2004, Carnaval 
& Peixoto 2004, Faivovich et al. 2004, 2005, Garcia 
et al. 2007, Antunes et al. 2008, Garcia et al. 2008, 
Kwet 2008, Caramaschi et al. 2010). This group is 
characterized by presenting a moderately robust 
body, short snout that is rounded with the top of 
the head flat; males have hypertrophied muscles 
in the forearm, and a well-developed pre-pollex. 
The species of the group are also characterized by 
a light-colored upper lip stripe and dark-colored 
dorsolateral line (Duellman et al. 1997). Consider-
ing that some hylid species do not have their vo-
calizations described in detail, herein we describe 
the advertisement and aggressive calls of Hypsi-
boas caingua, and the aggressive call of Hypsiboas 
prasinus, and make interspecific comparisons with 
other species of the H. pulchellus group. In addi-
tion, we provide new distributional records for H. 
caingua. 
 
 
Material and methods 
 
Field work was conducted between October 2012 and 
February 2013. Advertisement and aggressive calls of 
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Hypsiboas caingua were recorded from one male at the Re-
serva Biológica das Perobas (11°15’25”S, 46°56’42”W), 
Municipality of Cianorte; four males at the Parque 
Estadual do Cerrado (24°10’56.9”S, 49°41’31.4” W), Mu-
nicipality of Jaguariaíva, and two males in the Municipal-
ity of Sengés (24°09’21.9” S, 49°30’57.4” W), Paraná state, 
southern Brazil (Fig. 1). The individual of Hypsiboas prasi-
nus was recorded at the same locality of H. caingua (Par-
que Estadual do Cerrado). Vocalizations were obtained 
from 1800h until 0000h, recorded using a Marantz PMD 
222 recorder set at a sampling rate of 44.1 kHz and a 16-
bit resolution (WAVE file format), coupled with a Senn-
heiser ME66 microphone positioned at about 50 cm from 
the calling anuran. After each recording session, the 
snout-vent length (SVL) of the individuals recorded were 
measured with a digital caliper (accurate to 0.05 mm). Air 
temperature and relative humidity were measured with a 
digital thermo-hygrometer with internal and external 
sensor (Digital-Thermo) (precision to ± 1oC and ± 3% 
RH). 

 
 

 
 

Figure 1. Map showed the distribution of Hypsiboas caigua 
(dots), type locality (squares) and new records from 

Paraná state (star). 
 
 

We analyzed five advertisement calls from each in-
dividual of H. caingua (N = 35 calls analyzed), eight ag-
gressive calls from four males of H. cainga; and one ag-
gressive call from one male of H. prasinus. We measured  
nine temporal parameters in the oscillogram: call dura-
tion (ms), number of notes per call, note duration (ms), 
number of pulses per call, pulse duration (ms), interval 
between notes (ms), interval between pulses (ms), interval 
between calls (s), and call rate (minute). The “call” pa-

rameter was considered as a set of sounds constituted by 
either a single note (simple call) or a series of identical or 
group of different notes (composite call) emitted in de-
fined period of time; the “note” parameter was consid-
ered a temporally uninterrupted sound element compos-
ing the call and could be made up of a pulses series; the 
“pulse” parameter was considered sounds of short dura-
tion (up to 0.05 ms) produced by a single energy impulses 
released in the temporal spectrum of a note (for more de-
tails see Martins & Jim 2003). We obtained call rate by a 
cross-multiplication, adding up the amount of calls re-
corded and multiplying for 60 seconds, then, dividing the 
result by total number of seconds of recording. Funda-
mental frequency refers to the lower harmonic in the fre-
quency spectrum, while dominant frequency refer to the 
value of greatest sound energy in a given note or call (re-
sulting from the resonating of the greater fundamental 
frequency or one of its harmonics) (Martins & Jim 2003, 
Duellman & Trueb 1994). Harmonic call was a call with 
waveform periodicities that are integral multiple of the 
fundamental frequency (Gerhardt 1998). We analyzed the 
spectral parameter of dominant frequency (Hz) in the 
spectrograms. Bioacoustic terminology follows Wells 
(2007). 

We analyzed the calls on a personal computer using 
the software Raven Pro, version 1.5, 64-bit version (Cor-
nell Lab of Ornithology Research Program Bioacoustics 
Workstation, 2012). Raven Pro settings: window size = 
256 samples; window type = Hann; overlap = 50%; DFT 
size = 256 samples, grid spacing = 188 Hz. Sound figures 
were obtained using the Seewave version 1.6.4 package 
(Sueur et al. 2008) of the R platform, version 2.15.1, 64-bit 
version (R Development Core Team 2012). Seewave set-
tings: window name (Fourier transform window) = Han-
ning; window length = 256 samples; overlap = 90%. 
Voucher specimens and recordings are housed in the 
Coleção Zoológica da Universidade Federal de Goiás 
(Hypsiboas caingua: ZUFG 7299; ZUFG 7301), and 
Fonoteca da Universidade Federal de Goiás (Hypsiboas 
caingua: FUFG 1480; FUFG 1481; FUFG 1482; FUFG 1483; 
FUFG 1484; and Hypsiboas prasinus: FUFG 1485) respec-
tively. 

 
 

Results 
 
Males of Hypsiboas caingua were found calling 
perched on grasses, scrubs and cattail above the 
water, at an average height of 50.4 ± 37.1 cm 
(range: 29 – 100 cm; N = 7), calling about 3 meters 
from each other. Average snout-vent length of the 
males recorded was 33.5 ± 2.1 mm (range = 29.4 – 
35.5; N = 7). Air temperature ranged from 16.8 to 
21.6 ° C (X = 19.2 ± 3.0 ºC; N = 7). The first records 
of H. caingua for the municipalities of Maringá, 
Jaguariaíva and Sengés, Paraná state, Brazil, ex-
tending its distribution approximately 495 km 
northwestward from the type locality (Carrizo  
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1990). 
We observed two distinct vocalizations for 

males of H. caingua: advertisement and aggressive 
calls. The advertisement call (Fig. 2) is composed 
of one type of non-pulsed note emitted alone or in 
series of up to four notes. Call duration averaged 
404.8 ± 245.6 ms (range = 110.4 – 928.0 ms; N = 39 
calls), and the number of notes per call averaged 
2.1 ± 0.9 (range = 1 – 4; N = 39 calls); note duration 
averaged 120.2 ± 11.2 ms (range = 97.8 ± 143.4 ms; 
N = 39 calls). The interval between the calls 
ranged from 1.5 to 118.7 s (X = 14.0 ± 20.8 s; N = 
35), the interval between the notes ranged from 
149 to 241 ms (X = 150.8 ± 91.7; N = 27 calls), and 
the repetition rate was 4.1 ± 3.2 calls per minute 
(range = 1.1 – 10.8; N = 7 males). The advertise-
ment call (Fig. 2) had a harmonic structure, rang-
ing from two to four harmonics (N = 39 calls). The 
first harmonic frequency peaked from 3234 to 3843 
Hz (X = 3425.1 ± 170.1 Hz; N = 39 calls), the sec-
ond harmonic frequency peaked from 6356 to 7510 
Hz (X = 6739.8 ± 322.1 Hz; N = 39 calls), and the 
third and fourth harmonics frequency peaked 
from 8201 to 11412 Hz (X = 9824.2 ± 1698.3 Hz; N 
= 39 calls) and from 12566 to 15986 Hz (X = 
13746.6 ± 1000.8 Hz; N = 19 calls), respectively. 
Dominant frequency coincided with the funda-
mental frequency and varied from 3234 to 3843 Hz 
(X = 3425.1 ± 170.1 Hz; N = 39 calls). 

Only four males of H. caingua emitted aggres-
sive call, composed of one type of multipulsed 
note. Call duration (Fig. 3) averaged 519.2 ± 119.5 
ms (range = 410.8 – 716.2 ms; N = 8 calls). The 
number of pulses per call averaged 34 ± 8.4 (range 
= 19 – 44; N = 8 calls); pulse duration averaged 7.7 
± 1.9 ms (range = 3 – 14 ms; N = 80 pulses). The in-
terval between pulses averaged 16.0 ± 15.7 ms 
(range = 2 – 59 ms; N = 78 pulses), and the repeti-
tion rate was 1.6 ± 1.1 (range = 0.8 – 3.2; N = 4 
males) per minute. This type of call had also a 
harmonic structure (harmonics issued with low 
energy) and the harmonic frequency peaked from 
3187.5 to 3562.5 Hz (X = 3281.25 ± 187.5 Hz; N = 8 
calls). The dominant frequency varied from 3234 
to 3609 Hz (X = 3386.4 ± 198.5 Hz; N = 8 calls). 

Only one male of H. prasinus emitted an ag-
gressive call. Aggressive call (Fig. 4) was com-
posed of one type of multipulsed note (39 pulses); 
call duration was 464 ms; pulse duration averaged 
13.2 ± 1.3 ms (range = 11 – 15 ms; N = 10 pulses). 
There was no interval between pulses (Fig. 4). 
Dominant frequency was 1,699.3 Hz. For compari-
son among calls of the species of Hypsiboas pulchel- 

lus group, see Table 1. 
 
 
Discussion 
 
Twenty-seven species of the Hypsiboas pulchellus 
group have at least one temporal and/or spectral 
parameter of their advertisement calls described 
(Table 1). Regarding the advertisement calls 
among the species of the H. pulchellus group, H. 
caingua emitted its call in note series, whereas 
some other species emitted isolated notes (H. cu-
rupi - Garcia et al. 2007, H. ericae - Garcia & 
Haddad  2008, H. callipleura - Köhler et al. 2010, H. 
balzani - Köhler et al. 2010, and H. polytaenius - 
Pinheiro et al. 2012; see Table 1 for more details). 
The individuals of H. caingua emitted calls at ir-
regular intervals, similar to those issued by H. 
goianus (Guimarães et al. 2001). 

The aggressive call of H. caingua differs from 
its advertisement call by having a longer duration 
(410.8 – 716.2 ms) and a higher number of pulses 
(19 – 44 pulses/note); it is emitted as a single note, 
whereas the advertisement call has more than one 
note per call (Table 1; Figs 2 and 3). The mean 
number of pulses in aggressive calls of H. caingua 
is different from those emitted by H. ericae (Garcia 
& Haddad 2008) and H. beckeri (Acioli & Toledo 
2008). The dominant frequency is different from H. 
beckeri (Acioli & Toledo 2008) and H. polytaenius 
(Pinheiro et al. 2012). The aggressive call can be 
emitted when there are many males calling in a 
chorus and/or when males are calling near to each 
other (e.g. Bastos & Haddad 2002, Toledo & 
Haddad 2005, Bastos et al. 2011). In general, ag-
gressive calls have a higher pulse rate than adver-
tisement calls for H. caingua, which is typical for 
South American hylid species (e.g. Garcia & 
Haddad 2008, Antunes et al. 2008) (Table 2). Re-
garding the type locality of H. caingua (Carrizo 
1990), these new records extend its distribution in 
the Paraná state, and fill the gap in its distribution. 

The aggressive call of H. prasinus differs from 
the aggressive call of H. caingua, especially in rela-
tion to its lower dominant frequency. However, 
these calls are similar in both the average duration 
and the number of pulses. The aggressive call of 
H. prasinus differs from the average aggressive call 
duration of H. caipora (Antunes et al. 2008) and H. 
bischoffi (Pombal 2010). Also, it differs from agres-
sive call of H. ericae in its number of pulses (Garcia 
& Haddad 2008). 

Spectral parameters (e.g. dominant frequency) 
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Figure 2. Advertisement call of Hypsiboas caingua from Municipality of Jaguariaíva, Paraná state. Above: 
spectrogram showing one call with two notes; below: oscillogram. (Air temperature = 16.9ºC; Air hu-
midity = 69%; SVL = 35.6 mm).   Voucher specimen: ZUFG 7299. Voucher recording: FUFG 1481. 

 
 

 

 

Figure 3. Aggressive call of Hypsiboas caingua from Municipality of Jaguariaíva, Paraná state. Above: 
spectrogram showing one call with note and pulse structures; below: oscillogram. (Air temperature = 
16.9ºC; Air humidity = 69%; SVL = 35.6 mm). Voucher specimen: ZUFG 7299. Unvouchered recording. 
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Figure 4. Aggressive call of Hypsiboas prasinus from Municipality of Jaguariaíva, Paraná state. Above: 
spectrogram showing one call with note and pulse structures; below: oscillogram. (Air temperature = 
16.7ºC; Air humidity = 81%; SVL = 46.5 mm). Uncouchered specimen Voucher recording: FUFG 1485. 

 
 

Table 2. Territorial/Aggressive call of species of the Hypsiboas pulchellus group. C.D. = Call Duration; N.D. = 
Note Duration; N.C. = Notes per Call; P.R. = Pulse Rate; D.F. = Dominant Frequency; C.R = Call Rate; S = Call 
structure; H = Harmonic; P = Pulsatile. Species in gray have more than one description. 
 

Species C.D (ms) N.D. (ms) N. C. 
P.N. 

(pulses/seg.) 
D.F. (Hz) 

C.R. 
(calls/sec.) 

S 

Hypsiboas caipora 
(Antunes et al. 2008) 

31.5 – 42.4 
(36.6 ± 4.5) 

– – – 2,070 – 2,420 – – 

Hypsiboas beckeri 
(Acioli & Toledo 2008) 

10 – 30 
(20 ± 0.0) 

– – 1 – 4 
(2.2 ± 0.9) 

6,460 – 7,320 – P 

Hypsiboas bischoffi 
(Pombal 2010) 

1260 – – 21 1,700 – 2,000 – P 

Hypsiboas caingua* 410 – 716 
(525 ± 119) 

410 – 716 
(525 ± 119) 

1 19 – 44 3,234 – 3,609 1.57 P 

Hypsiboas ericae 
(Garcia & Haddad 2008) 

103.6 – 560.3 
(239.3 ± 138.4) 

– 1 2 – 11 2,120 – 3,540 3.2 P 

Hypsiboas goianus 
(Guimarães et al. 2001) 

110 – 470 
(242 ± 58) 

10 – 60 
(20 ± 10) 

1 – 10 
(5 ± 1) 

– 3,019.7 – 3,451 – P 

Hypsiboas goianus 
(Menin et al. 2004) 

150 – 270 
(213.7 ± 49.2) 

20 – 45 
(33.12 ± 6.8) 

3 – 5 
(4 ± 1) 

– 2,230 – 3,900 – P 

Hypsiboas polytaenius 
(Pinheiro et al. 2012) 

47 – 1168 
(520 ± 220) 

4 – 24 
(15 ± 3) 

2 – 11 
(6.0 ± 1.9) 

– 5,067.5 – 7,731.3 – P 

Hypsiboas semigutatus 
(Garcia et al. 2007) 

101.3 – 605 
(401.6 ± 168.6) 

– – 14 – 27 1,820 – 3,440 – P 

Hypsiboas prasinus* 464 464 1 39 1,699 – P 
 

*Described in this study 
 
 

are the most reliable feature to differentiate closely 
related frog species. They are static calling pro-

prieties and are associated with female choice for 
conspecific partners (Geradt 1991, Wells 2007). 
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However, temporal parameters (e.g. call duration, 
pulse rate) can indicate differences among some 
groups of closely related frog species (see Padial et 
al. 2007, 2008, Brown & Twomey 2009, Padial & 
De La Riva 2009; Gambale et al. 2014). Therefore, 
they may also be used as characters for distin-
guishing among clades and may suggest a case of 
independent evolution (see Köhler et al. 2010). In 
H caingua, for example, the frequency parameters 
are similar to those of H. botumirim, but the call 
duration is diferent. Advertisement calls within 
the Hypsiboas pulchellus group are well-
differentiated, which can reinforce the identity of 
the anuran species in this group (Márquez et al. 
2005). According to Köhler et al. (2010), basal spe-
cies of the H. pulchellus group emit pulsed calls. 

The knowledge about the vocal repertoire of 
species is very important because the anurans emit 
different types of calls in distinct social contexts 
(Gambale et al. 2014). The advertisement call, for 
example, is relevant for mate recognition, contrib-
uting to premating isolation among sympatric 
species (e.g. Duellman & Pyles 1983, Amézquita et 
al. 2006, Carvalho & Giaretta 2013b) and allows 
comparisons at both intraspecific and interspecific 
levels (Pröhl et al. 2007, Kaefer & Lima 2012). The 
advertisement call is the most often call type emit-
ted, and consequently more frequently described 
(e.g. Morais & Kwet 2012, Roberto & Ávila 2013, 
Teixeira et al. 2013). Comparing different call de-
scriptions, we found some discrepancies among 
different acoustic definitions and terminology of 
the ‘advertisement call’ for a particular species, as 
was observed for H. marianitae (e.g. duration note 
and number of notes), H. pulchellus (e.g. duration 
note and number of notes), and H. semigutatus (e.g. 
duration of note and number of pulses). This 
could be due to many factors, such as differences 
between populations living in different conditions, 
different species, differences in the way in which 
recordings are obtained and analyzed, and the ref-
erence used for the description of the advertise-
ment call (see discussion in De la Riva et al. 1997). 

Comparison of advertisement calls represent 
an alternative way of determining differences and 
affinities based on a quantifiable parameter (Car-
valho & Giaretta 2013a, b). However, to make this 
possible, it is necessary that the descriptions of the 
calls become more common and clear. The most 
common and serious problems with respect to call 
descriptions are not always associated with the 
reference from which a study is based on (assum-
ing that these references are good cited), but the 

lack of rigorous methodological procedures. Fre-
quently, definitions of acoustic parameters are 
vague and the ways of measuring them (acoustic 
standards) are not explicit, making it difficult to 
compare call characteristics among species. Fur-
thermore, it is very important to develop rigorous 
surveys on describing calls, in order to assist fu-
ture comparisons among bioacoustic studies. 

In the Hypsiboas pulchellus group, we can ob-
serve that many of the advertisement calls were 
described in the last 20 years, most of them being 
after the year 2000. Furthermore, as most of the 
species in the group were reclassified after the 
year 2000, we can note that ecological and phy-
logenetic data have been evaluated together in or-
der to solve the problems regarding the classifica-
tion of the groups (Faivovich et al. 2004, 2005), 
enabling a more accurate classification. Thus, we 
can compare the vocal communication of species 
with greater fidelity. Additionally, researchers 
have been more interested in the roles of amphib-
ian vocalization in a social context. Here, we em-
phasized the importance of describing the calls of 
species, because the results can be used in associa-
tion with molecular data to improve comparisons 
in this species group. 
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