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ABSTRACT

In this work we present a description of the advertisement call of H. jimi, the locality type, and of H.
elianeae, until now unknown in the literature. Field activities were carried out from August 1997 through
June 1999; recordings were made in two open-area environments in the Botucatu region, São Paulo State.
Vocalizations of 100 individuals (49 H. jimi and 51 H. elianeae) were recorded; nine characteristics of
the advertisement call were examined. The advertisement calls of both species consist of consecutive
series of simple notes with relatively fast repetition rates. Males of H. jimi and H. elianeae presented
two patterns of note emission: one emitted by individuals beginning vocalization activity or isolated from
the aggregate, and another emitted by males in chorus activity interacting with closely neighboring males.
A significant difference was verified in the temporal structure of the two vocalization patterns.

Key words: vocalization, advertisement call, Hylidae, Hyla jimi, Hyla elianeae.

RESUMO

Canto de anúncio de Hyla jimi e Hyla elianeae (Anura, Hylidae)
na região de Botucatu, São Paulo, Brasil

Neste trabalho apresenta-se a descrição do canto de anúncio de H. jimi, para a localidade tipo, e de
H. elianeae, ainda desconhecida da literatura. As atividades de campo foram desenvolvidas de agosto
de 1997 a junho de 1999. As gravações foram efetuadas em ambientes de área aberta na região de
Botucatu, Estado de São Paulo. Foram registradas vocalizações de 100 exemplares, 49 de H. jimi e
51 de H. elianeae; foram analisadas nove características do canto de anúncio. O canto de anúncio
de ambas as espécies consiste em uma série consecutiva de notas simples com taxa de repetição rela-
tivamente rápida. Machos de H. jimi e H. elianeae apresentaram dois padrões de emissão de notas.
Um emitido por indivíduos iniciando a atividade de vocalização ou isolado do agregado e outro emitido
por machos em atividade de coro, interagindo com machos vizinhos. Foram verificadas diferenças
significativas na estrutura temporal nos dois padrões de vocalizações.

Palavras-chave: vocalização, canto de anúncio, Hylidae, Hyla jimi, Hyla elianeae.

INTRODUCTION

Advertisement calls (sensu Wells, 1977)
contain spectral and temporal information relevant

to specific recognition (Salthe & Mecham, 1974;
Wells, 1977, 1988; Ryan, 1985; Ryan, 2001). Besides
having several roles in social organization, such as
recruiting individuals to choruses, attracting sexual



Braz. J. Biol., 64(3B): 645-654, 2004

646 MARTINS, I. A. and JIM, J.

mates (acting as efficient reproductive isolating
mechanisms), functioning in territorial behavior, and
promoting spacing of males, these calls represent
adaptations that avoid or reduce intra- or interspecific
acoustic interference (Wells, 1988; Schwartz &
Wells, 1983, 1984a; Bastos & Haddad, 1995; Grafe,
1996; Given, 1999).

In taxonomic and systematic studies, the acous-
tic characteristics of anurans have been exhaustively
used as important characters in specific diagnosis,
for species description, or for verification of phy-
logenetic relationships among groups of species
(Márquez et al., 1993; Pombal et al., 1995; Garcia
et al., 2001; Rossa-Feres & Jim, 2001; Hartmann et
al., 2002).

Advertisement calls of anurans are excellent
behavioral traits in comparative studies (Ryan, 2001).
Calls of sympatric species may be very similar except
for certain traits such as temporal parameters
(Passmore, 1981). Comparative studies of adver-
tisement calls based on quantitative and qualitative
parameters may provide relevant information for
problem-solving (Márquez et al., 1993), especially
those arising in dealing with closely related taxo-
nomic groups.

Hyla jimi, described by Napoli & Caramaschi
(1999b) for the locality type of Botucatu, State of
São Paulo, Brazil, is geographically distributed only
in cerrado formations (Napoli & Caramaschi, 1999b)
of São Paulo, Minas Gerais, and Mato Grosso do Sul
states. In the State of São Paulo, this vegetation type
occurs from the Botucatu boundaries to the north of
the state. The species found in this area belongs to
the group rubicundula (H. tritaeniata complex) that
was characterized by Napoli & Caramaschi (1998,
1999a, 1999b, 2000) and includes the following
species: Hyla rubicundula Reinhardt and Lütken,
1892; H. tritaeniata Bokermann, 1965; H.
anataliasiasi Bokermann, 1972; H. araguaya Napoli
& Caramaschi, 1998; H. cerradensis Napoli &
Caramaschi, 1998; H. cachimbo Napoli &
Caramaschi, 1999a; H. jimi Napoli & Caramaschi,
1999b; H. rhea, Napoli & Caramaschi, 1999b; and
H. elianeae, Napoli & Caramaschi, 2000.

The species H. elianeae was described by
Napoli & Caramaschi (2000) from specimens collec-
ted in Bela Vista, Mato Grosso do Sul, Brazil. The
geographical distribution of H. elianeae includes
Goiás, Mato Grosso, Mato Grosso do Sul, and São
Paulo states. A specimen was registered for Belo
Horizonte, Minas Gerais, and the species can also

occur in the Chaco area in Paraguay (Napoli &
Caramaschi, 2000).

Due to the lack of information on the charac-
teristics of the advertisement calls of the species
belonging to the group rubicundula, this work
presents the descriptions of the advertisement calls
and characteristics of vocalization behavior of H.
jimi, for the population in this locality type, and
of H. elianeae, which until now have been unknown
in the literature.

 MATERIALS AND METHODS

Field observations and recordings were made
in two open-area environments in Botucatu, São
Paulo State: Environment I, a pond of 120 x 50
m, located (22°53’08”S and 48°29’24”W) at an
860 m altitude; Environment II: a pond of 100 x
70 m, located (22°57’03”S and 48°27’36”W) at
an 810 m altitude. Jim (1980) considered this
environment a headwaters swamp inside a cerrado
formation. The two environments were charac-
terized as large, permanent ponds, with continuous
water renewal. The margins are swampy, with
mainly herbaceous vegetation represented by
Poaceae and Cyperaceae.

Field activities were carried out from August
1997 through June 1999. Visits occurred every fifteen
days, starting from sunset (17:00) to the period of
vocalization activity decrease (24:00 to 2:30).

Behavioral information was obtained using
Martin & Bateson’s (1986) “focal animal” method,
with sampling periods varying from one to 10
minutes, but reaching up to 30 minutes, mainly for
observation of intra- and interspecific interactions.

The times when the vocalization activity began
and when it peaked (chorus) were recorded, regis-
tering two moments: 1) individuals during the first
30 minutes after beginning vocalization activity
(between 18:00 and 18:30), and 2) individuals in
vocalization activities in chorus, at an average of
two hours after beginning vocalization. At appro-
ximately one-hour intervals, the number of voca-
lizing males was estimated.

To study intraspecific interactions, individuals
beginning vocalization activity were compared with
the same ones during chorus vocalization and possi-
ble differences in the spectral and temporal structures
were sought.

The vocalizations were recorded under field
conditions with a digital (DAT) recorder (Sony TCD-
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D8) and an analog cassette recorder (Sony TCM-
S64V) coupled to external semidirectional (ME 66)
and cardioid (ME 64) Sennheiser microphones. All
recorded vocalizations were edited with a sampling
rate of 44.100 Hz and 16 bits per sample in the
mono-pattern.

The bioacoustic analyses were performed with
a microcomputer using the program CoolEdit 96
(Syntryllium Software Corporation) with a 20.000
Hz sampling frequency. The 256-points option (FFT –
Fast Fourier Transform) and, when necessary, the
1024-points option was used, mainly in determining
fundamental frequencies.

Nine traits of the advertisement call of both
species were analyzed: frequency band, fundamental
frequency (= dominant frequency; considered in this
study as synonyms), pulse number per note, pulse
duration, pulse repetition rate, note duration, note
repetition rate, number of notes per sequence, and
sequence duration. For the analyses and bioacoustics
interpretations, the terms used follow Martins & Jim
(2003).

At the beginning and end of each field research
period and at the beginning of every vocalization
recording, air and water temperature were measured
with a 0.5°C precision mercury thermometer. All the
collected specimens had their snout-vent length (SVL)
measured with a 0.01 mm precision caliper. The
specimens whose calls were recorded were collected
as voucher specimens and are in the Jorge Jim collec-
tion deposited in the Departamento de Zoologia,
Instituto de Biociências, Universidade Estadual
Paulista (UNESP), Botucatu, São Paulo, Brazil.

A Mann-Whitney rank sun test was used to
compare intraspecific call traits (Ayres et al., 2000).

RESULTS

Males of H. jimi and H. elianeae presented
the same seasonal periods of activities, with voca-
lization activities being registered between Sep-
tember and April for H. jimi, and September and
March for H. elianeae. For both species, the largest
densities of individuals vocalizing (n >10) occurred
between October and January.

Males of H. jimi and H. elianeae began call
activities after sunset, between about 18:30 and 19:00
h. Call activity peak (chorus) for both species was
registered at around 21:00 h (± 30 min.).

Vocalizations of 100 individuals (49 from H.
jimi and 51 from H. elianeae) were obtained. Snout-

vent length (SVL) of the males studied are showed
as mean ± SD (amplitude): H. jimi, 19.08 ± 1.09
mm (17.45-20.94 mm); H. elianeae, 23.76 ± 1.24
mm (21.33-25.15 mm).

Advertisement call characteristics of the two
species are summarized in Table 1.

Hyla Jimi Napoli & Caramaschi (1999)
The vocalization of H. jimi (Fig. 1A-D) is

composed of simple pulsed notes, emitted in conse-
cutive series. The advertisement call presents fre-
quencies that occupy the band between 3,000 to 4,900
Hz. The fundamental frequency of the notes is between
3,600 to 4,600 Hz. Energy concentration of the notes
is around 3,900 to 4,000 Hz (Fig. 2A, B).

Two patterns of note emission were observed
for males of H. jimi: one emitted by individuals in
beginning vocalization activity or isolated from the
aggregate, and another emitted by males interac-
ting with closely neighboring males in chorus acti-
vities.

The males in beginning vocalization activities
emit note sequences s with a duration of 4.5 s and
an amplitude ranging from 1.2 to 6 s. These series
are composed of from 3 to 8 notes with a repetition
rate of 1.6 notes per second (Fig. 1A, B). Each note
has an average duration of 34 ms, presenting from
3 to 6 pulses with durations that vary from 3 to 6
ms each. The rate of repetition of the pulses was
of 11 ms with variation from 9 to 12 ms. Energy
concentration of the notes is around 3,900 Hz (Fig.
2A).

Males in vocalization activity in choruses emit
a series of notes with duration of 2.9 s, with width
varying between 1.2 to 4.2 s (Fig. 1C-D). The series
are constituted of from 4 to 12 repeated notes at
a rate of 2.6 notes per second. The notes have a mean
duration of 52 ms, presenting 4 pulses on average
with duration of between 3 and 6 ms. The notes
emitted during the chorus present pulses with a mean
rate of repetition of 15 ms, varying between 12 and
18 ms. Frequently the first note of the series is
lengthier, with 5 to 8 pulses (introductory notes)
(Fig. 1C, D). Energy concentration of the notes is
around 4,000 Hz (Fig. 2B).

A significant difference was verified in the
temporal structure of the two vocalization patterns
(vocalization beginning and chorus activity), dura-
tions of the series, number of notes emitted by series,
rate of note repetition , durations of the notes, and
repetition rates of the note pulses (Mann-Whitney
rank sum test p < 0.0001).



Braz. J. Biol., 64(3B): 645-654, 2004

648 MARTINS, I. A. and JIM, J.

Hyla elianeae Napoli & Caramaschi (2000)
The advertisement call of H. elianeae (Fig.

3A-D) is composed of simple notes, with the
emission rhythm presenting fairly irregular and
varied intervals, and constituted by isolated no-
tes or in series.

The notes present a frequency band between
2,400 and 4,380 Hz, with width between 2,350 and
4,470 Hz. The fundamental frequency of the no-

tes is between 2,900 and 4,000 Hz. The largest
energy concentration of the notes is around 3,200
to 3,300 Hz (Fig. 4A, B).

The notes of the advertisement call presented
a mean duration of 18 ms, containing from 2 to 5
similar pulses, each pulse having a mean duration
of 4 ms with width amplitude varying between from
2 to 6 ms and mean pulse repetition rate of 4.5 ms
(Table 1).

Variable Note type H. elianeae H. jimi

Frequency bands (Hz) 2.400-4.380 ± 140
(2.350-4.470) n = 679

3.000-4.900 ± 200
(2.900-5.100) n = 576

Fundamental frequency (Hz) 2.900-4.000 ± 200 3.600-4.600 ± 300

Number of pulses per note Initial call 3 ± 1
 (2-5) n = 93

4 ± 1
(3-6) n = 107

Chorus 3 ± 1
 (2-5) n = 118

4 ± 2
 (3-9) n = 75

Pulse duration (ms) Initial call 3.48 ± 0.84 
(2-6) n = 93

5.24 ± 1.07
(3-6) n = 107

Chorus 4.89 ± 0.82
(2-6) n = 118

5.97 ± 1.04
 (3-6) n = 75

Pulse repetition rate (ms) Initial call 4.52 ± 0.71
 (3-6) n = 93

11.37 ± 0.96
 (9-12) n = 107

Chorus 4.89 ± 0.8 2
 (3-6) n = 126

15.57 ± 1.23
 (12-18) n = 152

Note duration (ms) Initial call 18.56 ± 2.76 
(14-26) n = 111

34 ± 7
(26-47) n = 101

Chorus 17.95 ± 2.91 
(14-26) n = 214

52.4 ± 9.6
 (37-72) n = 106

Note repetition rate 
(note/sec.)

Initial call 1.32 ± 0.30
(0.72-1.88) n = 102

1.6 ± 0.29
(0.92-1.98) n = 96

Chorus 3.12 ± 0.45
(2.6-4.02) n = 207

2.64 ± 0,51
(2.01-4.93) n = 123

Number of notes per 
sequence

Initial call 14.82 ± 16.06 (4-86) n = 43 5.5 ± 2.6 (3-8) n = 31

Chorus 12.36 ± 8.86 (5-65) n = 38 8.56 ± 1.9 (4-12) n = 48

Sequence duration (sec.) Initial call 12.69 ± 10.6
(2.9-61.24) n = 43

4.56 ± 1.37
(1.24-6.09) n = 31

Chorus 5.82 ± 6.72
(1.42-25.29) n = 38

2.92 ± 0,758
(1.24-4.26) n = 48

TABLE 1
Characteristics of nine variables of the advertisement calls of Hyla jimi and Hyla eliane  in the

beginning of vocalization activity and during chorus vocalization. Figures include mean ± standard
deviation, amplitude, and sample size.
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The number of notes emitted by sequence and
the sequence duration were extremely variable. On
11/26/1998, an exemplar of H. elianeae was
registered emitting a series containing 104 notes
with a total duration of 61.2 s; soon afterwards it
emitted another series of 23 notes with a 21.6 s
duration and a 6- note series with a 9.3 s duration.
These 3 series were interrupted by silent pauses of
1.7, 2.6, and 4.1 s, respectively. The note emission
rhythms varied greatly among other series (mean ±

Fig. 1 — Advertisement call of Hyla jimi. Sonogram (A) and oscillogram (B) of the first note in beginning activity. Air temperature
17°C. Sonogram (C) and oscillogram (D) of call during chorus activity. Air temperature 20°C.

SD = 0.748 ± 0.146 s; amplitude = 0.526-1.609 s;
n = 126).

There was a significant difference between the
number of emitted notes and also among the duration
of the series (Mann-Whitney rank sum test p < 0.0001)
in relation to the notes emitted in vocalization activity
beginning and vocalization in chorus.

Isolated specimens or those beginning
activities emit with repetition rates averaging 1.32
notes per second, with variation ranging between
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0.72 to 188 s (Table 1). In chorus activities, the
individuals emit series of notes with a repetition
rate varying between 2 to 4 notes a second. These
vocalizations are composed by a number of varied
notes and the final notes of the sequence have a fast
repetition rate of between 177 to 375 ms.

Significant differences existed in note
repetition rates (Mann-Whitney rank sum test p <
0.0001) between vocalization in isolated individuals
(or beginning activities) and that in chorus activities.

DISCUSSION

The advertisement call of frog species may
be a single note, a series of identical notes, a
complex combination of one or more notes, or note
groups with different acoustic properties. These
call types are common in most hylids (Duellman,
1970).

The advertisement call of the species studied
here consists in the emission of consecutive series
of simple notes with relatively fast repetition rates.
The vocalization behavior of both species is associated
to different moments in social organization. At the
beginning of vocalization activity or in that of isolated
individuals, emission rate is lower. During chorus
activity, on the other hand, both rates and note number

per series are higher. This vocalization behavior
variation is related to the presence of other vocalizing
males in the vicinity. The same patterns were observed
in Hyla ebraccata, H. phlebodes, and H. microcephala
by Schwartz & Wells (1984b, 1985), Wells &
Schwartz (1984), and Wells (1988).

Wells & Taigen (1986) observed H. versicolor
males altering their call behavior in response to
changes in social organization of the aggregate.
According to these authors, males spend little energy
in vocalization when few males are present, but
increase vocalization efforts when competition
among males is intense. In the species studied by
us, this change was marked by increasing note
emission rates during chorus activity.

The difference in rhythm before and during
chorus activity demonstrates that these behavioral
moments are important in social organization and
that this fact must be considered in bioacoustics
analysis, principally in studies on anuran systematics.
The importance of these behavioral interactions has
been emphasized by Sullivan (1983) and Wells
(1988), mainly for mate choice by the female, who
uses the characteristics of the male call or calling
behavior to assess differences in the “genetic quality”
of males or in body size that may provide repro-
duction benefits.

Fig. 2 — Advertisement call of Hyla jimi: power spectrum showing frequency bands and note intensity. Energy concentration
of around 3,900 to 4,000 Hz. (A) Notes in beginning activity and (B) during chorus activity (bg = background; F = fundamental
frequency).
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Fig. 3 — Advertisement call of Hyla elianeae. Sonogram (A) and oscillogram (B) of call segment at vocalization activity beginning.
Air temperature: 22°C. Sonogram (C) and oscillogram (D) during chorus activity. Air temperature: 21°C.

In relation to species of the group rubicundula,
little work had been done on acoustic characteristics.
Cardoso & Vielliard (1985), in analyzing the bio-
acustical characteristics of the population in a typical
locality for H. rubicundula (Lagoa Santa, Minas
Gerais), described an advertisement call with notes
emitted between 2.7 and 4.4 kHz, presenting fairly
varied rhythms, in 0.3 s intervals. The notes pre-
sented a 0.02 s duration and contained from 3 to

4 equal pulses. The temporal and spectral parameters
described by Cardoso & Vielliard (1985) were very
similar to those obtained for H. elianeae in Botucatu,
SP. The vocalization of H. elianeae presented a wider
frequency band (amplitude = 2.350-4.470 Hz), this
being the only difference verified between the
vocalizations of the two species.

According to Cardoso & Vielliard (1985), the
variations verified in the note emission rhythm in
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H. rubicundula demonstrate that a larger number
of analyses, of considerable duration and in different
behavioral situations, are fundamental in defining
the functional vocalization parameters of a certain
population. For the population of H. elianeae,
recordings were done along a two-year period, with
registration of a great number of note sequences in
different activity periods. There were differences
in emission rhythms of the individuals’ notes in
beginning vocalization activity and in chorus. The
calling behavior described by Cardoso & Vielliard
(1985) for H. rubicundula is very similar to that
of H. elianeae described here.

Haddad et al. (1988), in studying the
amphibian anurans of the Parque Nacional da Serra
da Canastra, Minas Gerais, described H. elongata
[a junior synonym of H. rubicundula, Bokermann
(1968)], with based on acoustic characteristics
(structures of the pulses) present in the advertisement
call in the two species. The species referred to as
H. elongata by Haddad et al. (1988), presents a call
with notes containing 3 transitory pulses, with none
overlapping, and occupying the frequency band
between 3.5 and 4.5 kHz or from 3.9 to 4.9 kHz.
According to Haddad et al. (1988), the main diffe-
rences between the vocalizations of H. elongata and
H. rubicundula relate to note structure, with no

pulses juxtaposed in H. elongata whereas such are
present in H. rubicundula. The advertisement call
of H. elianeae presents notes with 2 to 5 similar
and frequently juxtaposed pulses.

Napoli & Caramaschi (1999a) recorded voca-
lization of H. rubicundula (denominated as the
morphospecies “Pseudorubicundula”) from Silvânia,
Goiás State. The advertisement call presents a
frequency band between 3.5 and 4.8 kHz; the notes,
composed of from 3 to 4 non-juxtaposed pulses
present durations of from 0.03 to 0.04 s. These
authors mention that comparisons between the
advertisement call of H. rubicundula (Cardoso &
Vielliard, 1985) and the call of the morph-species
of Goiás revealed great similarities and that both
belong to H. rubicundula. The sonogram analysis
and the data presented in the work of Napoli &
Caramaschi (1999a) differ from the data here ob-
tained for the topotypic population of H. elianeae.

The acoustic characteristics of the population
of H. elianeae here studied are fairly similar to those
already described for H. rubicundula, showing that
this group of species requires further studies invol-
ving other characters, e.g., tadpoles, reproductive
behavior, bioacoustics, and molecular analysis, to
better elucidate the taxonomic status of the group
rubicundula.

Fig. 4 — Advertisement call of Hyla elianeae: power spectrum (A) notes in beginning activity, with intensity and energy concentration
of around 3200 Hz and (B) during chorus activity, with energy concentration around 3,300 Hz (bg = background; F = fundamental
frequency).
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