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A reference collection of the acoustic signals of male Nyctixalus 
margaritifer Boulenger, 1882 (Anura: Rhacophoridae) 

Rouland Ibnudarda1,4, Achmad Farajallah2*, Dyah Perwitasari2 & Amir Hamidy3

Abstract. Nyctixalus margaritifer was initially documented in 1882 in the East Indies. However, the first and only 
acoustic signal within the genus Nyctixalus to be recorded and classified was from Nyctixalus pictus. As part of 
an effort to establish a reference collection, this study aims to investigate the acoustic characteristics exhibited 
by N. margaritifer. The findings revealed that male calls were organised in note groups, which were arranged 
in different series. Additionally, the notes showed characteristics of an unpulsed, sparse spectrum and consisted 
of numerous harmonics. This fundamental note type had fast/shorter calls and was present in every note group. 
In certain conditions, male frogs emitted notes that were longer and slower compared to the fundamental note 
type. These notes were found to be the first (introductory) or last in a group of notes. In some species, the first 
(introductory) note of a call is commonly associated with chorus territorialisation, social behaviour, and enhanced 
information transmission. However, the significance of the last note in calls/note groups remains unknown. The 
results also indicate that male frogs consistently maintained their notes either with modulated or non-modulated 
dominant frequency, or both. Nevertheless, further research is essential to uncover the mechanisms and anomalies 
within the acoustic signals of N. margaritifer, particularly for taxonomy purposes.
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INTRODUCTION

In most anuran species, acoustic signals are essential to 
mediate intraspecific or interspecific communication (Wells, 
2007; Köhler et al., 2017). In addition to molecular studies, 
acoustic signals provide clear guidelines for the delimitation 
and identification of species for taxonomic and phylogenetic 
studies (Köhler et al., 2017), uncovering the relationships 
between the taxa and description of cryptic species (Padial et 
al., 2008; Rodriguez et al., 2017; Hamidy et al., 2018; Köhler 
et al., 2021; Ong & Shahrudin, 2022; Oswald et al., 2023). 
Nevertheless, descriptions of the calls of several species 
remain unreported or do not discuss intraspecific variation 
(Sukumaran et al., 2010; Forti et al., 2015). Therefore, 
to improve comparisons between species, a quantitative 
description of the characteristics of a particular anuran’s 

advertisement and other types of calls is needed (Márquez 
& Eekhout, 2006; Batista et al., 2015).

Nyctixalus margaritifer was first documented in the 
East Indies in 1882 (Boulenger, 1882). The presence of 
generic characters that were similar to the genus Philautus, 
particularly Ixalus pictus Peters, 1871 (Smith, 1931; Inger, 
1966) and Hazelia spinosa Taylor, 1920 (Taylor, 1962; 
Liem, 1970), prompted a reassessment of various genera 
that resulted in the loss of the name ‘Nyctixalus’. The 
name ‘Nyctixalus’ was later re-established (Dubois, 1981) 
and the genus currently consists of three species, namely 
N. margaritifer, N. pictus, and N. spinosus (Frost, 2022).

The efforts of earlier researchers in clarifying the 
Nyctixalus genus have been explicitly directed towards 
establishing a robust and reliable classification framework. 
Nevertheless, the acoustic features within this genus have 
been documented solely for N. pictus in Sarawak, Malaysia, 
which serves as the species’ type locality (Matsui, 1996). 
Regrettably, the acoustic attributes of N. margaritifer have 
not been previously delineated or documented in scholarly 
literature. Henceforth, to establish a comprehensive reference 
collection, our study delves into the nuanced acoustic 
attributes exhibited by this species within its natural habitat.
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MATERIAL AND METHODS

This research was conducted between 13 December 2022 
and 25 September 2023 in Telaga Warna, Bogor, West Java 
(6°42′6.12″S, 106°59′50.34″E), and Mount Slamet, Central 
Java (7°16″30.84″S, 109°12′27.91″E). Visual Encounter 
Surveys (VES) were used to search for frogs in the area 
three nights per week, using flashlights and in clear weather 
(from 7 p.m. to 1 a.m. West/Central Indonesia Time). A 
Zoom H1N handy recorder was used to record resulting 
acoustic calls. The device was placed as close as possible 
to the specimens to capture the clearest possible sounds. 
The recordings were saved as WAV files in 48,000 Hertz 
(Hz) and 16 bits.

After recording, we measured the specimens’ snout-vent 
length (SVL) with a digital calliper (±0.1 millimetres), then 
released them into their natural habitat. Air temperature 
(degrees Celsius) and humidity (%) were measured with a 
digital temperature and humidity meter (YW-201) placed 
±1 m from specimens as we were recording. The calls were 
digitised and normalised to reach -1 decibel (db) below the 
maximum limit of WAV files. Temporal and frequency 
information was measured from an audio spectrogram with a 
512-point fast Fourier transform (FFT), with a 50% overlap 
and applying the Hanning window (Kurniati, 2011; Pettitt 
et al., 2012).

We measured call duration (in seconds), periods of silence 
between calls (in seconds), note rates (notes per seconds), 
note duration (in seconds), inter-note intervals (in seconds), 
note frequency (Hz), dominant frequency (Hz), peak 
harmonic (Hz), and dominant frequency modulation (Hz/
ms) (Köhler et al., 2017). Dominant frequency modulation 
values were obtained by subtracting the end frequency from 
the start frequency and dividing this value by call duration 
(in minutes). Values of < 1/-1 Hz/ms indicate no frequency 
modulation and values of > 1/-1 Hz/ms indicate frequency 
modulation (Emmrich et al., 2020).

Subsequently, calls were identified and analysed using the 
Raven Pro version 1.6 software (Centre for Conservation 
Bioacoustics, 2019). To visualise the oscillogram and 
spectrogram, we used RStudio version 2022.12.0+353 with 
the Seewave package version 2.2.3 (Sueur et al., 2008; 
RStudio Team, 2020). The data obtained was presented as a 
mean ± SD minimum–maximum, and the hygiene protocols 
for handling frogs in the field followed the procedures of 
Murray et al. (2011). 

RESULTS

We obtained three recordings of male Nyctixalus margaritifer 
calls. The first recording was from a male at Telaga Warna, 
West Java, just 2 m from another male. The second male 
was ± 3 m away from a female frog. The third recording 
was captured from a male in Mt. Slamet, Central Java. It was 
positioned 4–6 m from two females. During our observation, 
we discovered that males were perched on leaves/branches in 

areas with dense herbaceous plants. The SVLs ranged from 
38.5 mm to 40.1 mm, while the temperature and humidity 
were recorded at 18.25–19.1°C and 80%–84%, respectively.

In the first recording, a total of 23 calls were analysed. Among 
these calls, 15 were arranged in note groups consisting of two 
to eight notes, and only eight calls had nine to 12 notes (Fig 
1A, S2). The male producing these calls showed a note rate 
of 0.52 notes/sec over 05:00 minutes. Note groups had an 
average duration of 7.93±3.36 (3.3–14.63 sec) with intervals 
of 4.55±3.69 (1.3–16.78 sec). Each had an average duration 
of 0.17±0.07 (0.07–0.5 sec), with intervals of 1.17±0.62 
(0.72–4.12 sec). Among the 155 notes, 48 had a dominant 
frequency modulation ranging from 1.2 /-0.9 to -0.3 Hz/ms.

From the second recording of a different male, we observed 
21 calls. Among these calls, 16 were arranged in note groups 
consisting of nine to 10 notes, while only five had two, three, 
and eight (n = 3) notes (Fig 1B, S3). Calls emitted from 
this male had a note rate of 1.04 notes/sec over 02:46 min, 
with an average duration of 5.03±1.12 (1.72–6.91 sec) and 
periods of silence between note groups measured at 2.46±0.9 
(10.2–4.12 sec). The notes had a duration of 0.35±0.06 
(0.17–0.77 sec) with intervals of 0.29±0.21 (0.13–1.8 sec) 
between notes. Among the 175 notes in the groups, only one 
note had a dominant frequency modulation of -0.3 Hz/ms.

Despite the geographical separation of male frogs in Central 
Java, it was observed that the 23 emitted note groups consisted 
of several repeated notes (nine to 13), with only two calls 
comprising two and five notes (Fig. 1C, S4). This note group 
had an average duration of 10.05±2.51 (1.70–13.41 sec), 
with periods of silence measured at 16.82±3.32 (8.15–25.27 
sec). Furthermore, the notes in the group had a duration 
of 0.13±0.05 (0.03–0.31 sec), with intervals of 0.86±0.2 
(0.59–1.81 sec) between notes, at a rate of 0.38 notes/sec 
over 10:48 min. Among the 248 notes, 31 had a dominant 
frequency modulation ranging from 1.2 – 1.8/0.9 – -0.5 Hz/
ms. A detailed acoustic parameter is provided in Table 1 
and Supplementary Table S1. 

A spectral analysis of male calls 
According to our observations, the notes were characterised 
by an unpulsed, sparse spectrum and consisted of numerous 
harmonics (n = 573), as presented in Fig. 2B. This fundamental 
note type had fast/shorter calls and was present in every 
note group. Additionally, the note duration was 0.21±0.11 
(0.03–0.44 sec) with a dominant frequency of 1287.22±80.11 
(1125–1500 Hz). The peak frequencies of the first and second 
harmonics were 1246.24±50.62 (1031.25–1406.25 Hz) and 
2609.83±120.97 (2156.25–2718.75 Hz).

In certain conditions, when a male was near a female or to 
other males, the male frogs in West Java emitted notes which 
had similar characteristics with the fundamental note type 
but sounded longer and slower. These notes were found to 
be the first (introductory, n = 2) or last (n = 3) in a group 
of notes (Fig. 2C, S5). The notes had an average duration 
of 0.56±0.12 (0.50–0.77 sec) and a dominant frequency of 
1312.5 Hz. The peak frequencies of the first and second 
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Table 1. Acoustic parameters of the male Nyctixalus margaritifer. 

Acoustic parameters

Telaga Warna
First male 

Telaga Warna
Second male

Mt. Slamet
First male 

Mean±SD
(Min–Max)

Mean±SD
(Min–Max)

Mean±SD
(Min–Max)

Note duration (s) 0.17±0.07
(0.07–0.50)

0.35±0.06
(0.17–0.77)

0.13±0.05
(0.03–0.31)

Inter-note interval (s) 1.17±0.62
(0.72–4.12)

0.29±0.21
(0.13–1.80)

0.86±0.20
(0.59–1.81)

Note frequency (Hz) 223.92±36.42
(130.75–326.88)

406.70±74.08
(215.78–619.49)

297.65±63.20
(89.67–463.53)

Dominant frequency (Hz) 1263.51±46.98
(1218.75–1312.50)

1379.46±45.90
(1312.50–1500.00)

1216.67±28.69
(1125.00–1312.50)

Peak first harmonic (Hz) 1218.15±25.05
(1125.00–1312.50)

1315.18±18.61
(1218.75–1406.25)

1215.73±23.67
(1031.25–1312.50)

Peak second harmonic (Hz) 2655.51±52.71
(2531.25–2718.75)

2394.43±109.59
(2156.25–531.25)

Fig. 1. Various note groups emitted by males of Nyctixalus margaritifer. A–B, note groups consisting of seven to eight notes from males 
from Telaga Warna, West Java. C) Note group of 12 notes emitted from a male from Mt. Slamet, Central Java.

Fig. 2. A, male Nyctixalus margaritifer. B–C, general structure of notes within a note group. B, one of the basic/fundamental note types. 
C, one of the longer notes.

harmonics were 1275±51.35 (1218.75–1312.5 Hz) and 
2562.5±54.13 (2531.25–2625 Hz), respectively. Most of 
these types are unmodulated (<1/-1 Hz/ms). Recordings of 
the longer and slower notes are provided in Supplementary 
Audio S5.

DISCUSSION

This research showed that male calls were organised in note 
groups, which were arranged in different series. However, 
calls emitted by males that were in close proximity to other 
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males were not as resonant. Most of the note groups also 
had fewer repeated notes, between two and eight notes (n 
= 15 note groups), but the spacing between the series of 
notes was irregular. When a male was in close proximity to 
a female, a significant increase was observed in the number 
of notes, between 9 and 13, with shorter intervals between 
notes. In the call recordings of all male samples from Telaga 
Warna, we observed that some note groups had longer first 
(introductory) and last notes. In some male anurans, longer 
first (introductory) notes have been associated with chorus 
territorialisation (Duellman & Fouquette, 1968), social 
behaviour (Schwartz, 2001), and enhanced information 
transmission (Fang et al., 2019). 

Increasing vocalisation or the number of notes is an effective 
competitive strategy that enhances the probability of signal 
recognition and detection, reception among competing males, 
or mate-attraction ability (Rand & Ryan, 1981; Wells & 
Taigen, 1989; Shen et al., 2008; Fang et al., 2019). It is 
common for female anurans to be attracted to long, loud, 
and constant male calls (Wilczynski et al., 1995; Howard 
& Young, 1998; Welch et al., 1998).

Nevertheless, emitted note groups with higher notes were 
easily detected by predators (Fang et al., 2019). In some 
species, calls with modulations provide mis-vocalisation or 
poor localisation cues to allow conspecific communication 
without indicating the location of frogs to predators (Narins et 
al., 2003; Hsieh & Saberi, 2009). Modulation also leads to 
more efficient sound transmission as a competitive strategy 
for intrasexual and territorial interactions (Schwartz et al., 
2002; Ellinger & Hodl, 2003; Bosch & De La Riva, 2004; 
Foratto et al., 2021), preventing frequency interference from 
other frogs (Drewry & Rand, 1983).

In conclusion, this research presented data on the acoustic 
characteristics of male N. margaritifer. The results indicate 
that males emit calls organised into diverse note groups, 
likely serving communicative purposes within their natural 
habitat, especially for interacting with conspecifics, notably 
females. The note groups generally consisted of unpulsed 
notes with sparse-spectrum and numerous harmonics. In 
certain conditions, male frogs emitted notes that sounded 
longer and slower compared to fundamental note type. These 
notes were found to be the first (introductory) or last in a 
group of notes. The results also indicate that male frogs 
consistently maintained their notes either with modulated 
or non-modulated dominant frequency, or both. However, 
definitively identifying the advertising call in this species 
remains inconclusive due to our limited sample size. Further 
research is essential to uncover the mechanisms and anomalies 
within the acoustic signals of N. margaritifer, particularly 
for taxonomic purposes.

ACKNOWLEDGEMENTS

The authors extend their sincere gratitude to the Ministry 
of Education and Culture, Research and Technology of 
Indonesia for generously funding this study under the 

Doctoral Dissertation Research Grant Implementation for 
the year 2022. Additionally, the authors express appreciation 
to the Faculty of Mathematics and Natural Sciences at 
IPB University and Research Center for Biosystematics 
and Evolution, National Research and Innovation Agency 
(BRIN) Indonesia, for their invaluable support throughout 
this research endeavour.

LITERATURE CITED

Batista VG, Gambale PG, Lourenco-De-Moraes R, Campos RM & 
Bastos RP (2015) Vocalizations of two species of the Hypsiboas 
pulchellus group (Anura: Hylidae) with comments on this 
species group. North-Western Journal of Zoology, 11: 253–261.

Bosch J & De La Riva I (2004) Are frog calls modulated by 
the environment? An analysis with anuran species from 
Bolivia. Canadian Journal of Zoology, 82(6): 880–888.

Boulenger GA (1882) V. Description of a new genus and species of 
frogs of the family Ranidae. Annals and Magazine of Natural 
History, 10(55): 35.

Centre for Conservation Bioacoustics (2019) Raven Pro: Interactive 
Sound Analysis Software (Version 1.6.1). The Cornell Lab 
of Ornithology. https://ravensoundsoftware.com/ (Accessed 2 
September 2019). 

Drewry GE & Rand AS (1983) Characteristics of an acoustic 
community: Puerto Rican frogs of the genus Eleutherodactylus. 
Copeia, 1983(4): 941–953.

Dubois A (1981) Liste des genres et sous-genres nominaux de 
Ranoidea (Amphibiens, Anoures) du monde, avec identification 
de leurs espèces-types: consequences nomenclaturales. Monitore 
Zoologico Italiano, supplemento, 15(1): 225–284.

Duellman WE & Fouquette MJ (1968) Middle American frogs of 
the Hyla microcephala group. University of Kansas Publications, 
Museum of Natural History, 17: 517–557.

Ellinger N & Hodl W (2003) Habitat acoustics of a neotropical 
lowland rainforest. Bioacoustics, 13: 297–321.

Emmrich M, Vences M, Ernst R, Köhler J, Barej MF, Glaw F, 
Jansen M & Rödel MO (2020) A guild classification system 
proposed for anuran advertisement calls. Zoosystematics and 
Evolution, 96(2): 515–525.

Fang K, Zhang B, Brauth SE, Tang Y & Fang G (2019) The first 
call note of the Anhui tree frog (Rhacophorus zhoukaiya) 
is acoustically suited for enabling individual recognition. 
Bioacoustics, 28(2): 155–176. 

Foratto RM, Llusia D, Toledo LF & Forti LR (2021) Treefrogs 
adjust their acoustic signals in response to harmonics structure 
of intruder calls. Behavioral Ecology, 32(3): 416–427.

Forti L, Márquez R & Bertoluci J (2015) Advertisement call of 
Dendropsophus microps (Anura: Hylidae) from two populations 
from southeastern Brazil. Zoologia (Curitiba Impresso), 32: 
187–194.

Frost DR (2022) Amphibian Species of The World: An Online 
Reference. American Museum of Natural History, New York, 
USA. http://research.amnh.org/vz/herpetology/amphibia/. 
(Accessed 2 December 2022). 

Hamidy A, Munir M, Mumpuni M, Rahmania M & Kholik AA 
(2018) Detection of cryptic taxa in the genus Leptophryne 
(Fitzinger, 1843) (Amphibia; Bufonidae) and the description of 
a new species from Java, Indonesia. Zootaxa, 4450(4): 427–444.

Howard RD & Young JR (1998) Individual variation in male 
vocal traits and female mating preferences in Bufo americanus. 
Animal Behaviour, 55(5): 1165–1179.

Hsieh IH & Saberi K (2009) Detection of spatial cues in linear 
and logarithmic frequency–modulated sweeps. Attention, 
Perception, & Psychophysics, 71: 1876–1889.



114

Ibnudarda et al.: Acoustic signals of male Nyctixalus margaritifer Boulenger, 1882

Inger RF (1966) The systematics and zoogeography of the Amphibia 
of Borneo. Fieldiana Zoology, 52: 1–402.

Köhler G, Zwitzers B, Than NL, Gupta DK, Janke A, Pauls SU & 
Thammachoti P (2021) Bioacoustics reveal hidden diversity in 
frogs: two new species of the genus Limnonectes from Myanmar 
(Amphibia, Anura, Dicroglossidae). Diversity, 13(9): 399.

Köhler J, Jansen M, Rodríguez A, Kok PJR, Toledo LF, Emmrich 
M, Glaw F, Haddad CFB, Rödel MO & Vences M (2017) The 
use of bioacoustics in anuran taxonomy: Theory, terminology, 
methods, and recommendations for best practice. Zootaxa, 
4251(1):1–124.

Kurniati H (2011) Vocalization of Asian striped tree frogs, 
Polypedates leucomystax (Gravenhorst, 1829) and P. iskandari 
Riyanto, Mumpuni & Mcguire, 2011. Treubia, 38: 1–13.

Liem DSS (1970) The morphology, systematics, and evolution 
of the old world treefrogs (Rhacophoridae and Hyperoliidae). 
Fieldiana: Zoology, 57: 1–145.

Márquez R & Eekhout XR (2006) Advertisement calls of six 
species of anurans from Bali, Republic of Indonesia. Journal 
of Natural History, 40(9–10): 571–588.

Matsui  M (1996) Call  characteris t ics  and systematic 
relationships of a Malayan treefrog Nyctixalus pictus (Anura, 
Rhacophoridae). Herpetological Journal, 6(2): 62–64. 

Murray K, Skerratt L, Marantelli G, Berger L, Hunter D, Mahony 
M & Hines H (2011) Hygiene Protocols for The Control 
of Diseases in Australian Frogs: Report for The Australian 
Government Department of Sustainability, Environment, Water, 
Population and Communities, 17 pp.

Narins PM, Hodl W & Grabul DS (2003) Bimodal signal requisite 
for agonistic behavior in a dart-poison frog, Epipedobates 
femoralis. Proceedings of the National Academy of Sciences, 
100: 577–580. 

Ong D & Shahrudin S (2022) Advertisement calls of Limnonectes 
macrognathus (Anura: Dicroglossidae) and Leptobrachium 
smithi (Anura: Megophryidae), native frog species from 
Langkawi, Kedah, Peninsular Malaysia. Bioacoustics, 31(1): 
81–91.

Oswald CB, de Magalhães RF, Garcia PCA, Santos FR & Neckel-
Oliveira S (2023) Integrative species delimitation helps to 
find the hidden diversity of the leaf-litter frog Ischnocnema 
manezinho (Garcia, 1996) (Anura, Brachycephalidae), endemic 
to the southern Atlantic Forest. PeerJ, 11: e15393

Padial JM, Koehler J, Munoz A & de la Riva I (2008) Assessing 
the taxonomic status of tropical frogs through bioacoustics: 
geographical variation in the advertisement calls in the 
Eleutherodactylus discoidalis species group (Anura). Zoological 
Journal of the Linnean Society, 152(2): 353–365.

Peters WCH (1871) Über neue Reptilien aus Ostafrica und Sarawak 
(Borneo), vorzüglich aus der Sammlung des Hrn. Marquis J. 

Doria zu Genua. Monatsberichte der Königlichen Preussische 
Akademie des Wissenschaften zu Berlin, Berlin, pp. 566–581.

Pettitt BA, Bourne GR & Bee MA (2012) Quantitative acoustic 
analysis of the vocal repertoire of the golden rocket frog 
(Anomaloglossus beebei). Journal of the Acoustical Society 
of America, 131(6): 4811–4820. 

RStudio Team (2020) RStudio: Integrated Development for R. 
RStudio, PBC, Boston, MA. http://www.rstudio.com/. (Accessed 
10 August 2020).

Rand AS & Ryan MJ (1981) The adaptive significance of a 
complex vocal repertoire in a neotropical frog. Zeitschrift für 
Tierpsychologie, 57(3–4): 209–214. 

Rodriguez A, Dugo-Cota A, Montero-Mendieta S, Gonzalez-Voyer 
A, Bosch RA, Vences M & Vila C (2017) Cryptic within 
cryptic: genetics, morphometrics, and bioacoustics delimitate a 
new species of Eleutherodactylus (Anura: Eleutherodactylidae). 
Zootaxa, 4221: 501–522.

Schwartz JJ (2001) Call monitoring and interactive playback systems 
in the study of acoustic interactions among male anurans. In: 
Ryan MJ (ed.) Anuran communication. Smithsonian Institution 
Press, Washington D.C., pp. 183–204.

Schwartz JJ, Buchanan B & Gerhardt HC (2002) Acoustic 
interactions among male gray treefrogs, Hyla versicolor, in a 
chorus setting. Behavioral Ecology and Sociobiology, 53: 9–19.

Shen JX, Feng AS, Xu ZM, Yu ZL, Arch VS, Yu XJ & Narins 
PM (2008) Ultrasonic frogs show hyperacute phonotaxis to 
female courtship calls. Nature, 453(7197): 914–916.

Smith MA (1931) The herpetology of Mt. Kinabalu, North Borneo, 
13,455 ft. Bulletin of the Raffles Museum, 5: 8–32.

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

Sukumaran J, Das I & Haas A (2010) Descriptions of the 
advertisement calls of some Bornean frogs. Russian Journal 
of Herpetology, 17(3): 189–194.

Taylor EH (1920) Philippine Amphibia. Philippine Journal of 
Science, 16: 213–359.

Taylor EH (1962) The amphibian fauna of Thailand. University 
of Kansas Science Bulletin, 43: 265–599.

Welch AM, Semlitsch RD & Gerhardt HC (1998) Call duration as 
an indicator of genetic quality in male gray tree frogs. Science, 
280(5371): 1928–1930.

Wells KD & Taigen TL (1989) Calling energetics of a neotropical 
treefrog, Hyla microcephala. Behavioral Ecology and 
Sociobiology, 25(1): 13–22.

Wells KD (2007) The Ecology and Behavior of Amphibians. The 
University of Chicago Press, Chicago, 268 pp.

Wilczynski W, Rand AS & Ryan MJ (1995) The processing of 
spectral cues by the call analysis system of the túngara frog, 
Physalaemus pustulosus. Animal Behaviour, 49: 911–929.



115

RAFFLES BULLETIN OF ZOOLOGY 2024

SUPPLEMENTARY DATA 

The following data are available online:

Supplementary Table S1 (https://figshare.com/s/c21cd520ddf4e1ba981a)
Supplementary Audio S2. Acoustic calls of male number 1 from Telaga Warna, West Java (https://figshare.com/
s/9e62b9d4454536f6f248).
Supplementary Audio S3. Acoustic calls of male number 2 from Telaga Warna, West Java (https://figshare.com/s/
e200c095830951ad04dc).
Supplementary Audio S4. Acoustic calls of male number 3 from Mt. Slamet, Central Java (https://figshare.com/s/
d9a97d5ee3160ce22000).
Supplementary Audio S5. First and last notes from acoustic calls with a long duration.


