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Abstract

Vocalizations are an important trait for the identification of cryptic and/or closely related amphibian species. Different
vocalizations also contribute to partitioning of the acoustic space by sympatric species. This study aimed to describe the
advertisement calls of anurans in a pond of the municipality of Floriano, State of Piaui, Brazil, and infer the acoustic
niche partitioning of amphibians. Euclidean distance was used in a cluster analysis approach to infer the acoustic
similarities among species. Thirteen species were analysed: Boana raniceps, Dendropsophus nanus, D. rubicundulus,
D. minutus, Leptodactylus fuscus, L. troglodytes, L. vastus, Pithecopus nordestinus, Physalaemus cuvieri, P. nattereri,
Pleurodema diplolister, Proceratophrys cristiceps and Scinax ruber. From these, six showed more than 90% of
acoustic overlap: P. nattereri, P. cuvieri, L. fuscus and L. vastus (Leptodactylidae); and, D. nanus and D. rubicundulus
(Hylidae). Despite the acoustic similarities among these six species, the acoustic interference was reduced due to the
small number of sympatric species and to distinct features on carrier frequency such as dominant frequency and the
degree of modulation in the frequency. Environmental factors limit the periods and sites of reproduction respectively,
which may maintain the low anuran diversity and consequently reduce acoustic overlap.

Keywords: advertisement calls, bioacoustics, Hylidae, Leptodactylidae, Odontophrynidae.

Particdo de nicho actistico em uma comunidade de anuros do municipio de
Floriano, Piaui, Brasil

Resumo

A vocalizagao ¢ um componente importante na identificagdo de espécies cripticas e/ou proximamente relacionadas de
anfibios anuros. Diferengas na bioacustica também contribuem para o particionamento do espaco actstico entre espécies
simpatricas. Este estudo descreve o canto de anuncio de anuros em uma lagoa temporaria do municipio de Floriano,
Estado do Piaui, Brasil, além de buscar inferir o particionamento do nicho actistico entre essas espécies. Para tanto, foi
utilizada a distancia Euclidiana para compor uma analise de conglomerados e avaliar a similaridade/dissimilaridade da
bioacustica da anurofauna. Treze espécies foram amostradas: Boana raniceps, Dendropsophus nanus, D. rubicundulus,
D. minutus, Leptodactylus fuscus, L. troglodytes, L. vastus, Pithecopus nordestinus, Physalaemus cuvieri, P. nattereri,
Pleurodema diplolister, Proceratophrys cristiceps e Scinax ruber. Destas, seis apresentaram mais de 90% de sobreposigao
acustica: P. nattereri, P. cuvieri, L. fuscus e L. vastus (Leptodactylidae); e, D. nanus e D. rubicundulus (Hylidae).
Apesar da similaridade actstica entre essas seis espécies, a interferéncia ¢ reduzida devido ao pequeno niimero de
espécies simpatricas e certas caracteristicas distintas na frequéncia do canto, tais como: frequéncia dominante e sua
modulacdo. Fatores ambientais especificos do semidrido limitam os periodos e sitios reprodutivos, o que mantém baixa
diversidade de espécies e consequentemente reduz a sobreposi¢ao no nicho acustico.

Palavras-chave: canto de antincio, bioacustica, Hylidae, Leptodactylidae, Odontophrynidae.

1. Introduction

Vocalization is an important component of the  the most common type of vocalization, functioning primarily
reproductive behaviour of most anuran species (Gerhardt,  to attract females (Duellman and Trueb, 1994; Gerhardt,
1994; Gerhardt and Huber, 2002). The advertisement callis ~ 1994). It has evolved to reduce the acoustic interferences
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between sympatric species (Martins and Jim, 2003; 2004,
Silva et al., 2008). Due to its relatively invariant features,
it can be as useful as a morphological trait in the taxonomy
of anuran species (Gerhardt and Huber, 2002).

Taxonomic studies using species vocalization patterns
first appeared during the 1920's (Ryan, 2001). Since
then, vocalization has been considered an important tool
in the characterization of anurans, complementing the
identification of morphologically similar or cryptic species
(Heyer and Reid, 2003; Bastos et al., 2011). Besides the
taxonomic importance of the bioacoustics, this tool can
be used to improve our knowledge about the partitioning
of space by anurans (Sinsch et al., 2012), especially in
megadiverse environments such as the neotropics. Krause
(1987) understood that the study of animal vocalization
was linked not to the interspecific call or to biocenosis,
but to the place where vocalization occurs, establishing
aunique and exclusive bioacoustic spectrum of the place
where the community partitions the acoustic niche. Modern
biogeography studies this natural acoustic phenomenon
through the ecology of sound space investigating the density,
occurrence and behavioral activities of populations and
communities (Lomolino et al., 2015).

Several studies have investigated the bioacoustics of
anurans in Brazil. However, most are limited to the Atlantic
Forest, especially in southeast Brazil (e.g. Heyer et al., 1990;
Bastos and Haddad, 1999; Wogel et al., 2002; Pombal-Jr,
2010). Therefore, there is a lack of knowledge on anuran
bioacoustics in the central regions of Brazil, with only
incipient information available for other biomes, such as
the Cerrado (Bastos etal., 2011). Furthermore, bioacoustic
descriptions, even regarding well known species, are
important for comparative purposes when performed in
different regions (Heyer and Reid, 2003).

The present study sought to: (1) improve the knowledge
about the diversity of anurans in the municipality of
Floriano, State of Piaui, Brazil, using bioacoustics features;
(2) provide a detailed description of the advertisement
calls of species from this region, and; (3) infer acoustic
niche overlap between these species, through the analysis
of advertisement calls.

2. Material and Methods
2.1. Study site

The study site is a single broad flooded area located
in the coordinates 43°00°43” W; 6°46°24” S, 113 ma.s.l..
It is inserted in the domain of the Cerrado biome in a
micro-region of southern Piaui known as Chapada and
Chapaddes do Meio Norte, border of the Parnaiba river.
The climate is tropical and semiarid with average annual
temperature of 27 °C, and rainfall of 1060 mm (PMF, 2015).

The study area lies within a peri-urban zone dominated
by deciduous xerophilous arborescent vegetation. The focal
vegetation fragment covers an area of 8,236 m? being
limited in the west by the BR 343 Road, in the east by the
Amilcar Ferreira Sobral University Campus, in the south
by an unpaved road and in the north by a private rural
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property composed of pasture land that encompasses a
400 m? seasonal floodplain of 60 cm depth.

Data on relative humidity (RH%), temperature (°C) and
rainfall (mm) were provided by the Floriano Meteorological
Station, located 5 km from the study site INMET, 2015).
During the sampling period the relative humidity averaged
(+ standard deviation) was 73+0.09% (50 to 94%) and
temperature 26.96+1.89 °C (21.40 to 31.30 °C), while
rainfall averaged 7.36+10.30 (0 to 57.1) mm/day.

2.2. Data gathering and analyses

The field study was carried out from November 2011
to March 2012, with three days of sample in each month,
from 18h00min to 23h00min approximately, totalizing
15 days (75 hours) of field sample.

The species vocalizations were recorded with a digital
recorder (Roland Edirol R1 Wave 24 bits) attached to a
microphone (Yoga HT81 Super uni-directional electric
condenser) to record the vocalizations. The microphone was
positioned approximately 70 cm from the species during
the vocalization. The bioacoustic analyses and its relative
figures were performed using Raven Pro 1.4 (Cornell Lab,
2011) software with sampling rate of 44.1 KHz and 16 bits
of resolution, with FFT size of 512 points and Window
type in Hanning for better spectrogram resolution.

The determination of the advertisement call of the species
analysed in the present study follows: Toledo et al. (2014) to
Dendropsophus minutus —in this species we recorded only
the call type A, according Toledo et al. (2014); Martins and
Jim (2003) to Dendropsophus nanus; Cardoso and Vielliard
(1985) to Dendropsophus rubicundulus; Guimaraes and
Bastos (2003) to Boana raniceps; Vilaga et al. (2011) to
Pithecopus nordestinus; Bernal et al. (2004) to Scinax
ruber; Heyer and Reid (2003) to Leptodactylus fuscus;
Nunes and Junca (2006) to Leptodactylus troglodytes
and Proceratophrys cristiceps; Jansen and Schulze
(2012) to Leptodactylus vastus; Gambale and Bastos
(2014) to Physalaemus cuvieri; Bastos et al. (2003) to
Physalaemus nattereri; Hodl (1992) to Pleurodema diplolister.

The collected specimens and its respective vocalizations
were housed in the Colegdo de Historia Natural da
Universidade Federal do Piaui (CHNUFPI), campus Amilcar
Ferreira Sobral, municipality of Floriano, Piaui, Brazil.

During the analyses the following acoustic variables
were assessed: call duration (in second = s), interval
between consecutive calls (s), number of notes (notes/call),
duration of notes (s), number of pulses per note, duration
of pulses (s), dominant frequency (Hz), modulation of
dominant frequency (Hz) and repetition rate (notes/s) (Kok
and Kalamandeen, 2008; Kohler et al., 2017). The results
were expressed in the format average + standard deviation
(x£SD). To assess the homogeneity of pulse duration, within
species, for calls structured in pulses, we used an ANOVA,
with significance level of p < 0.05. The similarity in the
use of acoustic parameters by the species was assessed
by cluster analysis using the simple aggregation method
and Euclidian distance (Legendre and Legendre, 1998).
To infer what bioacoustics parameters, among the evaluated
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ones, were the main responsible for the differentiation
of the advertisement calls was used the PCA (Principal
Component Analysis).

3. Results

We recorded advertisement calls of 32 individuals
distributed in 13 anurans species (see Figures 1 to 13)
from three different families: Physalaemus cuvieri
Fitzinger, 1826; Physalaemus nattereri (Steindachner,
1863); Pleurodema diplolister (Peters, 1870);
Leptodactylus fuscus (Schneider, 1799); L. troglodytes
A. Lutz, 1926, L. vastus A. Lutz, 1930 (Leptodactylidae);
Boana raniceps Cope, 1862, Scinax ruber (Laurenti, 1768),
Dendropsophus nanus (Boulanger, 1889), D. rubicundulus
(Reinhardt & Liitken, 1862), D. minutus (Ahl, 1933)
(Hylidae), Pithecopus nordestinus (Caramaschi, 2006)
(Phyllomedusidae); and Proceratophrys cristiceps (Miiller,
1884) (Odontophrynidae). Their bioacoustic features are
summarized in Table 1.

Among the 13-species found, 10 have pulsed structured
calls (see Kohler et al., 2017 for definition of pulsed
structures). According to ANOVA only three of these
species had non-significant differences between pulses
duration: B. raniceps, S. ruber and P. cristiceps showed
pulses with similar duration in each note (see Table 2).

Species with modulation in the frequency showed
ascending or descending modulation only, except D. minutus
that showed a tenuous ascending frequency modulation
until penultimate pulse, with the last pulse returning to the
same frequency of the first one (see Figure 8).

3.1. Bioacoustic similarities and niche overlap

Of 13 species analyzed, six showed more than 90%
of acoustic overlapping, being divided in two groups:
(1) P. nattereri, P. cuvieri, L. fuscus and L. vastus in the
Leptodactylidae family; and (ii) D. nanus and D. rubicundulus
in Hylidae family (see Figure 14).

The bioacoustic analysis grouped most of the sampled
species accordingly to their current classification in families,
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Figure 1. (A) Sound oscillogram displaying the patterns of
respective spectrogram.
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Figure 2. (A) Sound oscillogram displaying the patterns of three advertisement calls of Physalaemus nattereri, and (B) their

respective spectrogram.
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Figure 3. (A) Sound oscillogram displaying two advertisement calls of Pleurodema diplolister. (B) their respective

spectrogram.
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Figure 4. (A) Sound oscillogram of the advertisement call of Boana raniceps showing three notes, and (B) their respective
spectrogram.
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Figure 5. (A) Sound oscillogram of two advertisement calls of Scinax ruber, and (B) their respective spectrogram.
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Figure 6. (A) Sound oscillogram of an advertisement call of Dendropsophus nanus, and (B) its respective spectrogram.
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Figure7. (A) Sound oscillogram of an advertisement call of Dendropsophus rubicundulus, and (B) its respective spectrogram.
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Figure 8. (A) sound oscillogram displaying an advertisement call of Dendropsophus minutus. (B) its respective spectrogram
showing the tenuous positive modulation until the last pulse when it starts decay.
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Figure 9. (A) Sound oscillogram of an advertisement call of Pithecopus nordestinus composed of five pulses, and (B) its
respective spectrogram.
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Figure 10. (A) Sound oscillogram of two advertisement calls of Leptodactylus fuscus. (B) their respective spectrogram.
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Figure 11. (A) sound oscillogram displaying three advertisement calls of Leptodactylus troglodytes. (B) their respective

spectrogram.
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Figure 12. (A) Sound oscillogram of an advertisement call of Leptodactylus vastus. (B) Its respective spectrogram.

ku

kHz

Time (s)

Figure 13. (A) Sound oscillogram of an advertisement call of Proceratophrys cristiceps. (B) its respective spectrogram.

subfamilies and genera (see Figure 14). The cluster analyses
separated the families Hylidae and Phyllomedusidae, as
well as the genera Dendropsophus, Boana and Scinax.
On the other hand, Pleurodema diplolister was not grouped
with the other species from the Leptodactylidae family.

According to the PCA, the first component (CP1 = duration
of notes) of the analysis explains 38.9% of the total variation.
The second component (CP2 = dominant frequency)
explains 32.1%. The third component (CP3 = modulation
of'the dominant frequency) explains 28% of the variation.
The species Dendropsophus minutus, Pleurodema diplolister
and Proceratophrys cristiceps are the species with higher
acoustic differences, considering the principal components
CP1, CP2 and CP3.

Braz. J. Biol., 2019, vol. 79, no. 4, pp. 566-576

4. Discussion

Martins et al. (2006), Silva et al. (2008) and Pombal
Junior (2010) studied the vocalization of anurocenose in a
conventional and punctual way, in our study we sought to
understand the interaction between specific vocalizations
and their vocal personalities, which were adjusted in the
analysis of the vocal conglomerate (Figure 14). Frequency,
temporal domain, and spatial domain guarantee acoustic
success for each species, even in the face of the local
multidimensional spectrum (Pijanowski et al., 2011).
However, in studies developed by Schimidt et al. (2015),
was not identified which selective pressures establish
the sound phenotype, these studies demonstrate that this
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Figure 14. Dendrogram showing the acoustic similarity
among the 13 species of amphibians anurans identified in
the present study. The percentage describes the levels of
dissimilarity according to Euclidian distance and simple
linkage.

field of science that seeks to establish the space of sound
ecology, requires a bigger sample, because at the moment
information is incipient.

The main selective pressure that justifies acoustic
partitioning and successful in heterosexual calling is still
unknown, leading one to believe that the full range of
selection pressures exerted on heterosexual calls depend
on a better understanding of the local bioacoustic spectrum
(Chek et al., 2003).

In studies developed with birds it was identified that
the multispecific choruses are structured by acoustic spatial
timing and organized in acoustic signalling assemblies that
determine the acoustic niche of the species (Tobias et al.,
2013). For anurans it is necessary to invest in research to
better understand the intra and interspecific associations,
since the hypothesis of spectral partitioning must consider
time, domain, the void filling gaps of acoustic space intra
and interspecific, and especially which statistical tools
best evaluate the data without generating interpretative
vies (Amézquita et al., 2011).

The bioacoustic features of most species in our study
were congruent with the previous descriptions (Cardoso
and Vielliard, 1985; Hodl, 1992; Bastos et al., 2003;
Guimaraes and Bastos, 2003; Heyer and Reid, 2003; Martins
and Jim, 2003; Nunes and Junca, 2006; Silva et al., 2008;
Vilaga et al., 2011; Jansen and Schulze, 2012; Gambale
and Bastos, 2014; Toledo et al., 2014). One exception
was Scinax ruber whose advertisement call registered in
Colombia (Bernal et al., 2004) was very different from our
results from Piaui. We found a higher dominant frequency
and shorter notes with more pulses in comparison to these
authors. These differences may be due to the fact that
S. ruber is a complex of different cryptic species that needs
a taxonomic revision (De la Riva et al., 2000). In addition,
we presented here a redescription of the advertisement
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call of the species Dendropsophus rubicundulus and
Pleurodema diplolister using modern technology. Instead
of being repetitive data, descriptions of the morphology
and bioacoustics of a species throughout its geographic
distribution are important for taxonomy and ecology as
well once it can indicate a clinal variance in the features
(Heyer and Reid, 2003).

The advertisement call is considered a conservative
character in the evolution of anurans, with closely related
taxonomic groups sharing similarities in calling patterns
(Duellman and Trueb, 1994; Ryan, 2001). If the properties
of'the call are capable of separating taxonomically a group
of species as seen in Figure 14, they will be able to segregate
these same species in the acoustic niches. The incongruence
related to the species Pleurodema diplolister, that was
not clustered with the remaining Leptodactylidae, is due
that the cluster analysis is not a phylogenetic approach,
and was used only to demonstrate the similarities and/or
dissimilarities among the bioacoustic features of the analysed
species, as the goal of this study was not phylogenetic,
but to demonstrate the similarities and dissimilarities of
the calls, this incongruence cannot be considered a vies.

Leiuperinae subfamily was previously diagnosed as
family Leiuperidae (Frost et al., 2006). More recently
the status of Leiuperinae as a subfamily was revalidated
(Alexander Pyron and Wiens, 2011; Frost 2017), in the
present study Leiuperinae species recorded, according to
bioacoustics similarities, are clustered within Leptodactylidae.
Physalaemus nattereri, formerly allocated in the genus
Eupemphix, is currently classified as Physalaemus
(Alexander Pyron and Wiens, 2011; Faivovich et al.,
2012), which is corroborated by the bioacoustic similarity
with P. cuvieri (see Figure 14). Physalaemus nattereri and
P. cuvieri showed shorter non-pulsed calls when compared
to Pleurodema diplolister, although they are of the same
subfamily. Pleurodema diplolister has a completely distinct
advertisement call, reflecting the unique bioacoustic features
that identify the species such as longer calls with multiple
pulses with a higher call rate (see Table 1), which allows
its sympatric occurrence with P. nattereri and P. cuvieri.
Notwithstanding the similarity in bioacoustic features,
the non-interference between P. nattereri and P. cuvieri is
possible due to differences in the use of space and period
of'vocalization (Salas et al., 1998). Despite the similarities
in call frequencies and in the use of vocalization sites,
differences in call duration decrease the overlap between
these species and, consequently, the levels of acoustic
interference (Silva et al., 2008). Moreover, P. cuvieri shows
decreasing mean modulation of 186.6 Hz, while P, nattereri
does not exhibit any modulation in its dominant frequency.
Furthermore, the intra-specific identification process in a
chorus composed of closely related species with similar
calling patterns can be performed by the combination of
spectral bioacoustic characteristics, and temporal features
associated with the behaviour of the calling males as well
(Cardoso and Vielliard, 1990; Martins et al., 2006).

Among Leptodactylus fuscus and L. vastus there are
more than 95% of general similarity in the acoustic features
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Table 2. Analysis of variance (ANOVA) of the pulse duration of the species with pulsed calls. s = significant;

ns = non-significant.

Species F p DF
Boana raniceps 0.69 =0.5568 231 ns
Dendropsophus minutus 4.30 <0.0001 639 s
Dendropsophus nanus 27.79 <0.0001 806 s
Dendropsophus rubicundulus 4.81 =0.0093 170 s
Leptodactylus troglodytes 7.09 <0.0001 60 s
Leptodactylus vastus 11.91 <0.0001 90 s
Pithecopus nordestinus 3.90 =0.0182 33 s
Pleurodema diplolister 13.01 <0.0001 484 s
Proceratophrys cristiceps 0.75 =0.8947 219 ns
Scinax ruber 1.22 =0.2946 199 ns

(see Figure 14). However, due to its large body size, the
call of L. vastus shows relatively lower frequency when
compared to other species. Because of this it was allocated in
a different branch of the cluster. Differently from L. vastus,
L. fuscus exhibits higher call frequency with increasing
mean modulation of 1,650.8 Hz. The levels of interference
among species should be reduced, or even absent, in a
shared acoustic space according to the differences in the
frequency, duration and rhythms of vocalizations (Duellman
and Trueb, 1994). However, this is a not resolved question,
mainly because a variety of species have individuals of
a broad band of auditory tuning outside the range of its
own species, and a spectral segregation may not ensure
a noise-free channel of communication (Wells, 2007).
The coexistence of species, ecologically and
phylogenetically related, can be explained by reduction in
interspecific competition (Duellman, 1978; Rossa-Feres
and Jim, 2001; Martins et al., 2006). Such competition is
reduced when diversity is lower than 17 sympatric species
(Silvaetal.,2008). In the present study only 13 species were
found sharing the acoustic space. Therefore, considering the
threshold suggested by Silva et al. (2008), lower levels of
interspecific interaction and competitive interference among
the species are expected. The environmental factors of the
study area, such as reduced rainy season and homogeneous
structure of the vocalization site, limit the periods and
sites of reproduction respectively. Concomitantly, the
reduced rainy season concentrates the occurrence of the
anurans in time and the homogeneous structure of the
environment concentrates the occurrence of the anurans
in space. In one hand these aspects should increase the
competition, but in the other hand these aspects are the
same that maintains the diversity of anurans in a low rate.
This fact contributes to a reduced number of species and,
consequently, low competition levels in the bioacoustic
niche (Silva et al., 2008). A similar outcome was found
by Sinsch et al. (2012), where an afromontane community
reached the maximum of 15 species without niche overlap.
Although there are certain levels of acoustic niche
overlap among sympatric species, the unique spectral and
temporal patterns of the calls produced by each species tend
to minimize interspecific interference. This knowledge is
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important for understanding the ecological behaviour of the
species and the biodiversity composition of a site, mainly
in this poorly known biome. Future studies comparing
the bioacoustic overlap of allopatric versus sympatric
species could provide understanding of the coevolution
of the bioacoustics among anurans as a form of sympatric
differentiation.
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