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Relationship between body size and release call parameters in
Rhinella species (Anura: Bufonidae), with the description of the
release call of Rhinella ocellata (Giinther, 1858)

Vinicius Guerra'>", Fabricio Hiroiuki Oda’, Nathane de Q. Costa*, Natan Medeiros Maciel®,
and Rogério Pereira Bastos*

Abstract. A release call is a type of vocalisation emitted by anurans mainly to avoid either intra- or interspecific mating, during
the breeding season. Due to the importance of these calls in the social context of anuran behaviour, we hypothesised that the
release call parameters of Rhinella species should be associated with body size. We found a negative relationship between
dominant frequency of the release calls and body size of Rhinella species. The release call of R. ocellata showed a harmonic
structure composed of 1-4 pulsed notes and the call duration and dominant frequency had average lengths of 1.6 s and 1214
Hz, respectively. Acoustic signals can express information on the physical condition of their senders. Since release calls may
reflect both phylogenetic relationships and individual or population differences, we emphasise the importance of describing

and carrying out further studies on release calls.
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Introduction

Anurans use acoustic signals to mediate mating,
aggressive behaviour and antagonistic encounters during
the breeding season (Wells, 2007; Toledo et al., 2015;
Kohler et al., 2017). Among call parameters, dominant
frequency and call duration play important roles in the
social context of species, such as in territory defence
and mate attraction (Wells, 2007; Toledo et al., 2015;
Kohler et al.,, 2017). Some of these call parameters
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are also associated with the calling individual’s body
characteristics and may reflect the physical condition of
the sender (Morais et al., 2012; Gambale and Bastos,
2014; Kohler et al., 2017). For example, body size
can be accurately estimated by the frequency of the
advertisement call (Bee and Gerhardt, 2001). This
association has its physiological basis in the relationship
between larynx size, vocal fold length, and body size
(Wells, 2007). The relationship between dominant
frequency and body size is the most commonly known
pattern, while temporal parameters, such as call duration
and pulse number, are correlated with the social context
into which males are inserted (e.g., Lemes et al., 2012;
Morais et al., 2012; Gambale and Bastos, 2014).

Although advertisement calls are the most common
type of call studied (Kéhler et al., 2017; Guerra et al.,
2018), a wide variety of other call types are emitted
by males in multiple social contexts (see Toledo et al.,
2015). The function of some of these calls is still not well
known, and few species have had their complete vocal
repertoire described (e.g., Lemes et al., 2012; Morais
et al., 2012; Guerra et al., 2018). Furthermore, few
studies have evaluated the relation of these calls with
abiotic parameters (e.g., air temperature and humidity)
and body condition (e.g., body length and body mass)
(Sanabria and Quiroga, 2012).
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The release call is an important acoustic signal related
to anuran reproduction as it may be emitted by females
or males when they are clasped by an undesirable
partner, either conspecific or not, to avoid heterospecific
mating or gratuitous energy expenditure (Wells, 2007;
Toledo et al., 2015; Batista et al., 2017). This call differs
between species and has proved to be phylogenetically
informative (Brownand Littlejohn, 1972; Sullivan, 1989;
Castellano et al., 2002). Release calls have received less
attention in acoustic studies than advertisement call, but
they have been used to diagnose species in the Rhinella
spinulosus group (Di Tada et al., 2011).

The anuran family Bufonidae Gray, 1825 includes 52
widely distributed genera. The genus Rhinella Fitzinger,
1826 currently consists of 92 valid species that occur
throughout the Neotropics, of which approximately 42
species are known, and divided into five species groups,
in Brazil (Frost, 2019). The Ocellated Toad, Rhinella
ocellata (Giinther, 1858) is a small-sized terrestrial
and nocturnal toad found in the Cerrado in the States
of Bahia, Goias, Mato Grosso, Minas Gerais, Para, and
Tocantins, as well as in restinga habitat in Maranhdo
State (Caldwell and Shepard, 2007; Matavelli et al.,
2014; de Freitas et al., 2018). Since release calls may be
subject to the same morphological restrictions (larynx
size and vocal fold length) of the advertisement calls,
are important in social context, and may be related to
the phylogeny of some groups, we hypothesise that the
release call parameters of Rhinella species are correlated
to body size. Additionally, we describe the release call
of R. ocellata.

Material and Methods

Data compilation.—We compiled data on release call
parameters from the scientific literature using the Google
Scholar search engine. The search terms used included
‘release call’ OR ‘release vocalization’ AND ‘Rhinella’
OR ‘Chaunus’ OR ‘Bufo’ OR ‘Toad’. We considered
only toad species that are currently classified in the
genus Rhinella according to Frost (2019). Additionally,
we searched for other studies that were cited in the
surveyed literature but were not recovered in the initial
bibliographic search (e.g., Brown and Guttman, 1970;
Zimmerman and Bogart, 1988). We extracted the
following metadata from each study: (i) species name,
(i1) call type (pulsed or unpulsed), and (iii) any additional
available call parameters (Table 1). The snout—vent
length (SVL) of the species was obtained from the
studies found in the search (release call descriptions) or
in studies of natural history and taxonomy (e.g., Jofré
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et al., 2005; Narvaes and Rodrigues, 2009; Haddad et
al., 2013).

Data analysis—We performed a linear regression
analysis to determine whether dominant frequency and
call duration of the release calls were related to the SVL
of Rhinella species (Table 1). Before performing the
analyses, all variables were tested for homoscedasticity
and normal distribution, and log-transformed. Release
calls of R. dapsilis (Myers and Carvalho, 1945) were
not used in the analysis as these showed an atypically
high dominant frequency (4810 + 350 Hz; Zimmerman
and Bogart, 1988), which is up to twice as high as
that in all other species (representing an outlier in the
analysis). The analysis was performed with the ‘vegan’
package (Oksanen et al., 2013) in R version 3.3.3 (R
Development Core Team, 2016).

Recording and call analysis.—We found two males
of R. ocellata (Fig. 1) calling on the ground from
the edge of a dam on 21 October 2015, in Caldas
Novas Municipality, Goias State, Brazil (17.8837°S,
48.6837°W). We simulated false axillary amplexus
in the toads by positioning them on the ground and
gently pressing their lateral body parts using thumb and
forefinger until release calls were emitted. The SVL of
each male was measured using digital callipers (accurate
to the nearest 1 mm). Temperature was taken using a
digital thermohygrometer (to the nearest 0.1°C).

Recordings were obtained using a Marantz PMD
660 recorder coupled with a Sennheiser ME66/K6
directional microphone. Calls were recorded at 44.1
kHz with 16-bit resolution and saved in .wav audio file
format. Call parameters were assessed using Raven Pro

Figure 1. Adult male Rhinella ocellata photographed while
calling in Caldas Novas Municipality, Goias State, central

Brazil.
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64 1.5 software from the Cornell Lab of Ornithology

a _ 2 (Bioacoustics Research Program, 2014). We applied
g = ; | - E - ; a window size of 256 samples, 75% overlap, hop size
E °g < sg of 64 samples, DFT of 512 samples, and Hamming
e e window type to produce the spectrograms. Figures
_ _ _ of oscillogram and spectrogram were obtained using
B N§ m% gé TuneR 1.0 (Ligges et al., 2013) and Seewave 1.7.3
g gé ! i.,og - g4 (Sueur et al., 2008) packages for R version 3.3.3 (R
S S S Development Core Team, 2016), with settings of window
- - ~ name = Hanning, window length = 256 samples, and
E e e = overlap = 90%. We measured the following acoustic
$ &7 &1 1 =9 parameters: call duration (CD), number of notes per
£ - - ” call (NN), note duration (ND), interval between calls
~ (IBC), number of pulses emitted per second (pulses/s),
$ . & - f " g ~ é number of pulses per call (pulses/call), pulse duration
< ¢l Z L g | T4 (PD), interval between pulses (IBP), and call dominant
= a < g 2 frequency (DF). Parameters were measured from 40
calls of the two R. ocellata males (20 release calls
~ for each individual). Measurements are presented as
S mean + standard deviation (SD) and also providing
= the minimum-maximum size range. Terminology and
call description follow Toledo et al. (2015). Voucher
specimens are housed at the Colegdo Zoologica da
= s g = g 2 3 Universidade Federal de Goias (ZUFG 10302, 10303),
E g 3 % 3 | 4 E a i &7 29 Goias State, Brazil. Voucher recordings are available at
= g 8 e e ¢ the FonoZoo, Museo Nacional de Ciencias Naturales,
Madrid, Spain (FonoZoo 10318, FonoZoo 10319).
N S N % g T
ol L= LR o= n®R L= = Results
D gty 1% 57 . |
z °g °4g €3 °8 °z °3 We found a correlation between dominant frequency
e = e £ = = of release calls and SVL in Rhinella species (b =-1.421;
R? ;= 0.67; F = 27.83; P < 0.01; Fig. 2). Call duration
7z o - was not related to body size (P> 0.05).
“ Therelease call of Rhinella ocellatapresents aharmonic
structure (1-6 well-defined harmonics) and is composed
g 2 S 2 5§ = of 1-4 pulsed notes (Table 1; Fig. 3). The SVLs of the
g S ; 3 ; ‘ % ; 2 ; g S‘ g ; recorded males were 42.76 mm and 40.39 mm. The air
| =g <§ SZ S§ SZ Sz temperature at the recorded time was 22.7°C. While
e € e < e ¢ emitting release calls, the two individuals of R. ocellata
sl 3 L T oL B o vibrated their bodies. Syntopic frog species include
f é % é % é % R. diptycha (Cope, 1862), Boana albopunctata (Spix,
3 5 & 5 &~ 5 & 1824), B. paranaiba (Carvalho et al., 2010), B. raniceps
(Cope, 1862), Dendropsophus minutus (Peters, 1872),
) and D. cruzi (Pombal and Bastos, 1998).
sls 2 8 E 8 8 § £
g R E S5 99 Discussion
El S|®ss 55 s (% %% .f LS . . .
g g g g;; g;; < § §§ §§ §§ ?E As hypothesised, small-sized Rhinella species have
© 5|3 g% gﬁ ‘g, 25 3 £ 3E § e § e release calls with higher dominant frequencies. Thus,
% ;2 S ¥8 «8 82«8 «~8 2 «x8 the dominant frequency of the release calls is directly
&

related to body size, a well-known relationship in the
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Figure 2. Linear regression analysis (regression equation ‘y =
9.956 — 1.421x°, P<0.01) between dominant frequency of the
release calls and SVL for Rhinella species.

advertisement calls of many anuran species (Morais et
al.,2012; Gambale and Bastos, 2014; Kohleretal.,2017).
Sanabria and Quiroga (2012) also found a relationship
between some parameters of the release calls and body
size for R. bernardoi. Toledo and Haddad (2009) and
Santana et al. (2013) found a negative relationship
between the dominant frequency of the distress calls
and SVL in hylid species. Besides, as release calls
are important in a reproductive context (Toledo et al.,
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2015), males may discriminate different sympatric
species by these calls when they occur together at the
same breeding site.

Release calls of Rhinella species clearly differ
among species in some acoustic parameters, and
this is particularly important because this type of call
avoids breeding energy expenditure with a misleading
amplexus (Toledo et al., 2015). Moreover, release calls
are important to distinguish species (Di Tadaetal., 2011),
as they may vary between individuals and can also be
used to compare populations (Brown and Littlejohn,
1972; Sullivan, 1989). Although these calls have
received considerably less attention than advertisement
calls, they may indicate important characteristics of
individuals, such as the body size (Sanabria and Quiroga,
2012). Leary (2001) demonstrated that release calls may
converge due sympatry in bufonid species, probably as
an example of convergent character displacement.

The release call of R. ocellata has higher values of call
duration, pulse number, pulse duration, and lower values
of dominant frequency than values found for R. dapsilis
(Table 1). Although release calls of most Rhinella
species have just one note (Guerra et al., 2011; Vieira et
al.,2014), in R. ocellata the note number ranged from 1—
4, in R. miranderibeiroi from 6-53 (Vieira et al., 2014),
in R. abei from 2-8, and in R. icterica from 3—7 pulsed
notes (Batista et al., 2017). The body vibrations seen

il
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Figure 3. Release call of R. ocellata. (A) Waveform of a series of four calls with different note numbers (one, two, three, and

four); (B) Spectrogram (above) and respective oscillogram (below) of the second call (two notes) highlighted by a red outline (air
temperature = 22.7 °C; air humidity = 99%; SVL = 42.76 mm). Voucher toad specimen (ZUFG 10302). Voucher call recording

(FonoZoo 10319).
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in R. ocellata while emitting release calls is a typical
feature of Rhinella species (Vieira et al., 2014; Batista et
al., 2017) and may be important to initiate dismounting
of males (Wells, 2007).

There is a considerable number of cryptic anuran
speciesawaiting description, especially among sympatric
bufonids which have similar external morphology and
live in hybridisation zones (Brown and Guttman, 1970;
Thomé et al., 2012). Some species of the R. granulosa
group have a very short reproductive period (Yanosky
et al., 1997), making it difficult to record advertisement
calls. Thus, release calls could be an alternative option
to obtain acoustic variables for species differentiation.
Furthermore, acoustic traits play an important role for
inferring phylogenetic relationships among species in
integrated molecular and morphological studies (Brown
and Littlejohn, 1972; Sullivan, 1989; Goicoechea et al.,
2010; Di Tada et al., 2011).

Acknowledgments. We thank the Programa de Pos-graduagio
em Ecologia de Ambientes Aquaticos Continentais for providing
logistical support during the fieldwork. VG received grants from
Coordenacao de Aperfeigoamento de Pessoal de Nivel Superior
(CAPES) and Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico (CNPq grant no. 380320/2018-5). FHO received
a postdoctoral fellowship from Fundagdo Cearense de Apoio
ao Desenvolvimento Cientifico e Tecnoldgico / CAPES (grant
no. 88887.162751/2018-00). RB and NM would like to thank
CNPq for having provided a research fellowship (process no.
304363/2010-3). The current research was also developed in the
context of the National Institutes for Science and Technology
(INCT) in Ecology, Evolution and Biodiversity Conservation,
supported by MCTIC / CNpq (process nos. 465610/ 2014-5 and
304224/2015-4, respectively). We also thank Jonas Pederassi for
his valuable suggestions on the manuscript. Finally, we thank
the Instituto Chico Mendes de Conservagdo da Biodiversidade /
Centro Nacional de Pesquisa e Conservagao de Répteis e Anfibios
(process no. 46393-4) for granting the collection permit, and
Priscila Cabral Silveira for comments on the manuscript.

References

Batista, V.G., Oda, F.H., Amaral, D.F., Costa, N.Q., Maciel, N.,
Bastos, R.P. (2017): Release and distress calls of Rhinella abei
(Baldissera, Caramaschi and Haddad, 2004), and Rhinella
icterica (Spix, 1824). Herpetozoa 30: 100-105.

Bee, M.A., Gerhardt, H.C. (2001): Neighbour—stranger
discrimination by territorial male bullfrogs (Rana catesbeiana):
1. Acoustic basis. Animal Behaviour 62: 1129-1140.

Bioacoustics Research Program (2014): Raven Pro: Interactive
Sound Analysis Software, version 1.5. Ithaca, New York, USA,
The Cornell Lab of Ornithology.

Brown, L.E., Guttman, S.I. (1970): Natural hybridization between
the toads Bufo arenarum and Bufo spinulosus in Argentina. The
American Midland Naturalist 83: 160—166.

Vinicius Guerra ef al.

Brown, L.E., Littlejohn, M.J. (1972): Male release call in the Bufo
americanus group, In: Evolution in the genus Bufo, p. 310-323.
Blair, W.F., Ed., Austin, USA, University of Texas Press.

Caldwell, J.P., Shepard, D.B. (2007): Calling site fidelity and
call structure of a Neotropical toad, Rhinella ocellata (Anura:
Bufonidae). Journal of Herpetology 41: 611-621.

Castellano, S., Tontini, L., Giacoma, C., Lattes, A., Balletto, E.
(2002): The evolution of release and advertisement calls in
green toads (Bufo viridis complex). Biological Journal of the
Linnean Society 77: 379-391.

de Freitas, M.A., Santos, E.M., Amorim, F.O., Almeida, G.V.L.
(2018): First record of Rhinella ocellata (Giinther, 1858)
(Bufonidae) for the state of Bahia, northeastern Brazil.
Herpetology Notes 11: 17-18.

Di Tada, 1., Martino, A., Sinsch, U. (2001): Release vocalizations
in neotropical toads (Bufo):
phylogenetic implications. Journal of Zoological Systematics
and Evolutionary Research 39: 13-23.

Frost, D.R. (2019): Amphibian Species of the World: an Online
Reference. Version 6.0. Available at: http://research.amnh.org/
herpetology/amphibia/index.html. Accessed on 8 January 2019.

Gambale, P.G., Bastos, R.P. (2014): Vocal repertoire and bioacoustic
analyses in Physalaemus cuvieri (Anura, Leptodactylidae) in
southern Brazil. Herpetological Journal 24: 31-40.

Guerra, C., Baldo, D., Rosset, S., Borteiro, C., Kolenc, F. (2011):
Advertisement and release calls in Neotropical toads of the

ecological constraints and

Rhinella granulosa group and evidence of natural hybridization
between R. bergi and R. major (Anura: Bufonidae). Zootaxa
3092: 26-42.

Guerra, V., Llusia, D., Gambale, P.G., Morais, A.R., Marquez,
R., Bastos, R.P. (2018): The advertisement calls of Brazilian
anurans: historical review, current knowledge and future
directions. PLoS ONE 13: e0191691.

Goicoechea, N., de la Riva, I, Padial, J.M. (2010): Recovering
phylogenetic signal from frog mating calls. Zoologica Scripta
39: 141-154.

Haddad, C.F.B., Toledo, L.F., Prado, C.P.A., Loebmann, D.,
Gasparini, J.L., Sazima, I. (2013): Guia dos Anfibios da Mata
Atlantica: Diversidade e Biologia. Sao Paulo, Brazil, Anolis
Books.

Jofré, G.M., Reading, C.J. Di Tada, I. (2005): Breeding behaviour
and reproduction in the Pampa de Achala toad, Bufo achalensis.
Amphibia-Reptilia 26: 451-458.

Kohler, J., Jansen, M., Rodriguez, A., Kok, PJ.R., Toledo, L.F,,
Emmrich, M., Glaw, F., Haddad, C.F.B., Ridel, M.-O., Vences,
M. (2017): The use of bioacoustics in anuran taxonomy: theory,
terminology, methods and recommendations for best practice.
Zootaxa 4251: 1-124.

Leary, C.J. (2001): Evidence of convergent character displacement
in release vocalizations of Bufo fowleri and Bufo terrestris
(Anura; Bufonidae). Animal Behaviour 61: 431-438.

Lemes, P., Tessarolo, G., Morais, A.R., Bastos, R.P. (2012): Acoustic
repertoire  of Barycholos ternetzi (Anura: Strabomantidae)
in Central Brazil. South American Journal of Herpetology 7:
157-164.

Ligges, U., Krey, S., Mersmann, O., Schnackenberg, S. (2013):
Tuner: Analysis of music. Available at: http://r-forge.r-project.
org/projects/tuner/. Accessed on 20 June 2018.



Relationship between body size and release call parameters in Rhinella species

Matavelli, R., Campos, A.M., Silva, G.R., Andrade, G.V. (2014):
First record of Rhinella ocellata (Gunther, 1858) (Bufonidae)
for the state of Maranhdo, northeastern Brazil. Check List 10:
432-433.

Morais, A.R., Batista, V.G., Gambale, P.G., Signorelli, L., Bastos,
R.P. (2012): Acoustic communication in a Neotropical frog
(Dendropsophus minutus): vocal repertoire, variability, and
individual discrimination. Herpetological Journal 22: 247-255.

Narvaes, P., Rodrigues, M. T. (2009): Taxonomic revision of Rhinella
granulosa species group (Amphibia, Anura, Bufonidae), with a
description of a new species. Arquivos de Zoologia 40: 1-73.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin,
P.R., O’Hara, R.B., Simpson, G.L., Solymos, P., Stevens, H.H.,
Wagner, H. (2013): Vegan: community ecology package. R
package version 2.0-10. Available at: http://CRAN.R-project.
org/package=vegan. Accessed on 20 December 2013.

R Development Core Team (2016): R: A language and environment
for statistical computing. R Foundation for Statistical
Computing. Available at: http://www.R-project.org/. Accessed
on 15 November 2017.

Santana, D.J., Orrico, V.G., Sdo-Pedro, V.A., Feio, R.N. (2013):
Distress call of Hypsiboas leucocheilus (Caramaschi &
Niemeyer, 2003) (Anura, Hylidae). Herpetology Notes 6: 289-
293.

Sueur, J., Aubin, T., Simonis, C. (2008): Seewave: a free modular
tool for sound analysis and synthesis. Bioacoustics 18: 213—
226.

197

Sullivan, B.K. (1989): Interpopulational variation in vocalizations
of Bufo woodhousii. Journal of Herpetology 23: 368-373.

Thomé, M.T.C., Zamudio, K.R., Alexandrino, J. (2012): Delimiting
genetic units in Neotropical toads under incomplete lineage
sorting and hybridization. BMC Evolutionary Biology 12:
1-13.

Toledo, L.F., Haddad, C.F.B. (2009): Defensive vocalizations of
neotropical anurans. South American Journal of Herpetology 4:
25-42.

Toledo, L.F., Martins, I.A., Bruschi, D.P., Passos, M.A., Alexandre,
C., Haddad, C.F.B. (2015): The anuran calling repertoire in the
light of social context. Acta Ethologica 18: 87-99.

Vieira, R.R.S., Bastos, R.P.,, Gambale, P.G. (2014): The release
call of Rhinella mirandaribeiroi (Gallardo, 1965) (Anura:
Bufonidae). Herpetology Notes 7: 543-545.

Wells, K.D. (2007): The Ecology and Behavior of Amphibians.
Chicago, USA, University of Chicago Press.

Yanosky, A.A., Mercolli, C., Dixon, J.A. (1997): Field ecology
of the pygmy toad Bufo pygmaeus (Anura: Bufonidae),
in northeastern Argentina with notes on sympatric sibling
species of the B. granulosus group. Bulletin of the Maryland
Herpetological Society 33: 66-77.

Zimmerman, B.L., Bogart, J.P. (1988): Ecology and calls of four
species of Amazonian forest frogs. Journal of Herpetology 22:
97-108.

Accepted by Alessandro Morais



