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Abstract 
The genus Boana (Hylidae) comprises over 100 species distributed primarily 
across tropical regions of the Americas. While the advertisement calls of Boana 
raniceps are relatively well documented, information on its secondary vocal-
izations, such as the release call, remains scarce, particularly for populations in 
the Atlantic Forest. Addressing this gap, the present study provides the first 
description of the release call of B. raniceps recorded in an Atlantic Forest rem-
nant in northeastern Brazil, during an interspecific amplexus attempt between 
males of Boana albomarginata and B. raniceps. The vocalization was recorded 
in the field using a digital recorder and directional microphone, and subsequently 
analyzed with Raven Pro 1.6 software. The observed release call exhibited a mean 
duration of 0.389 ± 0.08 s, with minimum, maximum, and dominant frequen-
cies of 937.5 ± 35.84 Hz, 3656.25 ± 683.55 Hz, and 1593.75 ± 280.77 Hz, re-
spectively, values notably higher than those previously reported for the species 
in the Cerrado biome, specifically in the state of Goiás. These differences sug-
gest acoustic variation potentially driven by microevolutionary processes due to 
geographic isolation, resulting in population-specific adaptations to local envi-
ronmental conditions. The vocalization was emitted as a reflexive response to 
the amplexus attempt by B. albomarginata, representing a novel behavioral rec-
ord between males of these species. This description advances the understand-
ing of secondary acoustic repertoires in B. raniceps and highlights their relevance 
for studies on acoustic communication, reproductive behavior, and taxonomic 
delimitation in Neotropical anurans. 
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1. Introduction 

Hylidae is one of the most diverse families within the Anura order, comprising over 
1070 species distributed in three subfamilies and over 50 genera [1]. Species of this 
family are mainly encountered in tropical and subtropical regions, where they can 
be found in different habitats [1]. Within this family, Boana is a diverse genus, com-
posed of 101 species widely represented in the Neotropical region, with species that 
occur in various areas, from dense forests to open habitats and temporary aquatic 
environments [1]. Boana raniceps [2] is a widely distributed species along South 
America, occurring from the Amazonian regions of Colombia, extending through 
Venezuela and to French Guiana, covering Brazil, from the Central Amazon to the 
states of Bahia and Amapá, as well as Paraguay, northern Argentina and eastern 
Bolivia, with a presumed occurrence in the Peruvian Amazon [1]. These anurans are 
mostly arboreal, but present morphological and behavioral adaptations that allow 
them to explore different reproductive habitats [3]. 

Vocalization is the main form of communication among anurans and is crucial for 
intraspecific recognition and reproductive success [4]. Advertisement calls, emitted 
by males to attract females and defend territory during breeding season, are the most 
studied type of vocalization in anurans; however, secondary vocalizations, such as 
stress, territory, release, and encounter calls, are equally important but less understood 
[4] [5]. Release calls, for example, occur when an individual is handled by another 
anuran or by a predator and, although more common in males, can also be emitted 
by females as a reflex response to unwanted interactions [4]. In some species, these 
responses can be accompanied by body vibrations or inflation [6]. 

Acoustic signals of anurans, such as advertisement and release calls, often exhibit 
marked geographic variations, which can be influenced by genetic divergence be-
tween populations, local selective pressures, environmental factors, and/or inter-
specific interactions [7] [8]. The importance of bioacoustic data, especially for sec-
ondary vocalizations such as release calls, has been increasingly recognized in un-
derstanding communication and species delimitation in anurans. Despite the wide 
distribution of B. raniceps in different ecoregions across South America, infor-
mation on the geographical variation of its vocal repertoire remains scarce in the 
literature. 

Here, we aim to present the first description of the release call of B. raniceps in 
northeastern Brazil, recorded during an interspecific amplexus with Boana albo-
marginata [9] and compare it with its advertisement call in different areas. This 
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record contributes to the acoustic characterization of the species and brings rele-
vant data for future comparative and taxonomic studies by providing novel insights 
into the acoustic repertoire and behavioral ecology of B. raniceps and highlighting 
the role of release calls in interspecific interactions and population differentiation. 
Secondary calls are often overlooked, yet they can offer valuable insights into species-
specific behaviors and mechanisms of reproductive isolation [10] [11]. 

2. Materials and Methods 

Field activities were conducted within the Camocim Forest, a woodland remnant 
of approximately 200 hectares located in the municipality of São Lourenço da 
Mata, Pernambuco, northeastern Brazil (08˚01'59.75"S, 35˚12'3.79"W; 131 m a.s.l., 
DATUM WGS84), in an area of well-preserved seasonal vegetation (Figure 1). The 
area has an average annual rainfall of 1300 mm and local climate is classified as dry-
summer (As) under the Köppen-Geiger system [12], with well-defined dry (Septem-
ber to February) and rainy seasons (March to August) [13] [14]. 
 

 

Figure 1. Location of Mata do Camocim within Pernambuco and Brazil. 
 

On March 25th, 2025, an interspecific interaction between male individuals of 
B. albomarginata and B. raniceps was observed (Figure 2). During this interaction, 
37 release calls emitted by B. raniceps were recorded using a Tascam DR-40 digital 
recorder with a Yoga HT-81 directional microphone and later analyzed using Ra-
ven Pro software (v.1.6.5, K. Lisa Yang Center for Conservation Bioacoustics, 2024). 
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We used 27 advertisement calls of B. raniceps recorded from the same individual 
involved in the amplexus for comparison with previously published descriptions 
[15]. Acoustic analysis was performed with the following settings: Hann window, 
with a size of 512 samples, filter of 3 dB, bandwidth of 135 Hz, overlap of 50%, hop 
size of 256 samples, DFT with 512 samples, and frequency grid spacing of 93.8 Hz 
[16]. Graphs of acoustic parameters were generated using the Seewave Package within 
the RStudio environment [17] (Figure 3). To characterize the calls, the following 
parameters were evaluated: duration (in seconds), minimum, maximum, and dom-
inant frequencies (in Hz), and number of pulses. The characteristics of the calls 
recorded in this study were compared with previously described calls with unequal 
variance t-tests in BioEstat 5.0 [18]. 

 

 
Figure 2. Interspecific amplexus between a male of Boana albomarginata and a male Boana 
raniceps registered in Mata do Camocim, Pernambuco, Brazil, on March 25th, 2025. Photo 
credit: João V. Cunegundes de Siqueira. 

 

 

Figure 3. Release call of Boana raniceps recorded in Mata do Camocim, Pernambuco, Bra-
zil, on March 25th, 2025, showing the spectrogram (top) and waveform (bottom). 
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Recorded calls were deposited in the COAXAR collection, a sound library spe-
cific for calls of anurans recorded in northeastern Brazil, which integrates the Her-
petological and Paleoherpetological Studies Laboratory of the Universidade Fed-
eral Rural de Pernambuco (LEHP-UFRPE). 

3. Results 

During the registered amplexus, it was observed that the B. raniceps individual was 
male due to the presence of an inflated vocal sac, as a call was emitted while it was 
being amplexed by the B. albomarginata individual and after the release. The am-
plexus was observed for approximately 20 minutes in an area with vocalization of 
different species. 

The release call recorded from B. raniceps is characterized as a single note, non-
frequency modulated, pulsed call with a mean of 46 pulses (Table 1). The mean du-
ration of the call was 0.389 ± 0.08 seconds, with a dominant frequency of 1593.75 ± 
280.77 Hz (Table 1). Maximum and minimum frequencies were 3656.25 ± 683.55 
Hz and 937.5 ± 35.84 Hz, respectively (Table 1). Call duration (F36,9 = 6.0000, p = 
0.0089) and maximum frequency (F36,9 = 6.4413, p = 0.0071) were significantly dif-
ferent from previous recorded calls [19]. 

 
Table 1. Acoustic parameters of Boana raniceps release and advertisement calls recorded in the Atlantic Forest of Pernambuco, Brazil, 
compared with vocalizations recorded in previous studies. *p < 0.001. 

Acoustic 
Parameters 

Release Call Advertisement Call Distress Call Distress Call 

Atlantic Forest 
(N = 37) 

Cerrado 
(N = 10) 

Atlantic Forest 
(N = 26) 

Cerrado 
(N = 31) 

Cerrado 
(N = 4) 

Cerrado 
(N = 3) 

Notes/call - - 3 - 5 2 - 6 - - 

Note duration (s) - - 0.1283 ± 0.024 0.1627 ± 0.0308 - - 

Call duration (s) 0.389 ± 0.08* 0.050 ± 0.027 0.951 ± 0.206 - 0.423 ± 0.097 0.170 ± 0.025 

Bandwidth (Hz) 2718.75 ± 651.33 - 2067.188 ± 52.64 - - - 
Dominant 

frequency (Hz) 
1593.75 ± 280.77 758.00 ± 202.20 2140.0 ± 195.2* 761.3 ± 33.6 7265.63 ± 1761.41 1750.00 ± 108.25 

Maximum 
frequency (Hz) 

3656.25 ± 683.55* 1550.38 ± 269.33 2842.383 ± 66.14 - 8562.5 ± 1234.3 2375 ± 286.41 

Minimum 
frequency (Hz) 

937.5 ± 35.84 516.80 ± 0.00 689.062 ± 41.37 - 2625 ± 265.2 1437.5 ± 286.41 

Pulses (n) 46 ± 8.97 - 4.3 ± 1.2* 5.7 ± 0.5 232.75 ± 69.21 - 

Reference This study [19] This study [15] [24] [24] 

 
B. raniceps advertisement call is a non-frequency modulated call with uniform 

notes, which can vary from three to five notes per call, with a mean duration of 
0.1283 ± 0.024 s per note (Table 1). Total call presented a mean duration of 0.951 ± 
0.206 s, with a dominant frequency of 2140.0 ± 195.2 (Table 1). Maximum frequency 
in the call was 2842.383 ± 66.14 Hz, while minimum frequency was 689,062 ± 
41.37 Hz (Table 1). When compared to the first description of the advertisement 
call recorded for B. raniceps [15], the calls recorded in the present study presented 

https://doi.org/10.4236/oalib.1113633


J. V. C. de Siqueira et al. 
 

 

DOI: 10.4236/oalib.1113633 6 Open Access Library Journal 
 

a significant difference in the dominant frequency (F25,30 = 33.7506, p = 0.0000) and 
in the number of notes per call (F25,30 = 5.7600, p = 0.0001). 

4. Discussion 

A record of interspecific amplexus between a male B. albomarginata and a female 
B. raniceps has already been registered in the literature [20], however, this is the first 
record involving males of both species. Abnormal amplexi between anurans can oc-
cur habitually in natural situations as males commonly confuse females with differ-
ent subjects [21]. Even though such interactions may be harmless for some individ-
uals, they can negatively impact males as they can waste time and energy trying to 
mate with the wrong individual [22]. This is especially hazardous during mating sea-
son, when energy requirements, time constraints, and predation risk are higher [22]. 
Release calls and body vibrations are specialized signals used by males and non-recep-
tive females to avoid or discourage such interactions [4].  

The release call of B. raniceps has already been described in the Brazilian Cer-
rado, in the municipality of Caldas Novas, State of Goiás [19], where calls were 
significantly shorter and presented marked differences in the structure, with lower 
minimum, maximum, and dominant frequencies (Table 1). Boana raniceps is a 
species with a wide distribution in South America, occurring in several biomes, in 
addition to demonstrating high tolerance to different ecological conditions and an-
thropic environments [23], therefore, differences in their release calls may be a re-
sult of the heterogeneity among populations. Historical processes, such as climate 
fluctuations during the Pleistocene, played a central role in the genetic diversifica-
tion of the species’ populations, favoring isolation and reconnection events at dif-
ferent evolutionary moments [23]. 

As suggested by Köhler et al. (2017) [5], release calls may be useful for tax-
onomic purposes; in this study, considering that B. raniceps is a widely distributed 
species, the acoustic data presented may represent a relevant contribution to the 
systematics of the group, especially if they reflect processes of population differ-
entiation. Notable differences were observed between the advertisement calls rec-
orded in the present study and the original description of the species’ call pre-
sented by Márquez (1993) [15]. For example, individuals recorded in Mata do 
Camocim present calls with higher dominant frequency and with shorter note du-
rations compared to the first described calls (Table 1). Moreover, call structure 
also varied slightly between calls: in the present study, the number of pulses per 
note and the number of notes per call were smaller when compared with reference 
calls (Table 1). 

When compared to distress calls previously recorded for B. raniceps, the release 
call recorded in the present study had a similar average duration to the type 1 
distress call and was longer than the type 2 (Table 1) [24]. Despite the similarity 
in duration between release calls and type 1 distress calls, the other acoustic pa-
rameters clearly differentiate the types of vocalizations. The dominant frequency 
of the release call was substantially lower than that observed in type 1 distress calls 
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(Table 1) [24], indicating that distress calls are higher-pitched. This difference is 
consistent with the alarm function of distress calls, since higher frequencies tend 
to be more detectable at short distances and can signal emergencies more effectively 
[5]. The maximum and minimum frequencies of type 1 distress calls were also 
higher than those of the release call (Table 1) [24], corroborating the more intense 
nature of the stress signal. Moreover, the lower number of pulses in the release 
calls when compared to type 1 distress calls reinforces this distinction (Table 
1) [24]. 

Unlike the release call, distress calls are emitted in situations of extreme threat, 
such as during predation attempts [4] [5]. While the release call seeks to interrupt 
inappropriate interactions, such as unwanted amplexi, between individuals, distress 
calls function as an alarm call to try to escape [4]. Release calls are short and repeti-
tive, while distress calls are more intense and variable [4] [5] [25]. These results 
indicate that release calls present acoustic characteristics that functionally differ-
entiate them from distress calls. While the release call may be related to readaptation 
to the environment or low-risk communication, distress calls reflect high-threat 
states, being higher-pitched, more intense, and prolonged. 

In this context, acoustic signals emitted by anurans, such as advertisement and 
release calls, often exhibit marked geographic variations, influenced both by ge-
netic divergence between populations and by local selective pressures, including 
environmental factors and interspecific interactions [7] [8]. Given the potential 
relevance of describing release calls in different populations, it is clear that these 
acoustic data can significantly contribute to the expansion of the systematics of 
widely distributed taxa, such as Boana raniceps. The difference found between our 
data and previously described release calls for the species reinforce the idea that 
release calls, as well as advertisement calls, can vary between geographically distinct 
populations, reflecting possible processes of isolation and local adaptation, offer-
ing valuable support not only for taxonomy, but also for understanding population 
differentiation in species with wide geographic distribution. 

5. Conclusions 

The present study presented the first record of an interspecific amplexus between 
males of the species Boana albomarginata and Boana raniceps, highlighting the com-
plexity of reproductive interactions in anurans. The identification of B. raniceps as 
a male, confirmed by the emission of the release call during amplexus, reinforces 
the occurrence of behavioral confusions during mating season and their possible im-
pacts on the individuals involved. 

The acoustic characterization of the Release and Advertisement Calls revealed 
differences in relation to previously described populations, especially in duration 
and frequencies, indicating geographic and adaptive variations in the vocal behav-
ior of this widely distributed species. These differences may be related to historical 
processes of population isolation and local selective pressures. Moreover, the com-
parison between Release and Distress Calls showed clear distinctions in structure 

https://doi.org/10.4236/oalib.1113633


J. V. C. de Siqueira et al. 
 

 

DOI: 10.4236/oalib.1113633 8 Open Access Library Journal 
 

and function, indicating distinct roles in anuran communication. 
Finally, the results of the present study highlight the importance of considering 

regional variations in acoustic analysis for taxonomic purposes and for the under-
standing of the ecological and evolutionary processes that shape behavioral and ge-
netic diversity, contributing to the systematics of Boana raniceps and the knowledge 
of social and reproductive interactions in natural environments. 
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