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ABSTRACT

The advertisement calls of frogs serve as vital communication signals, playing a significant role in species recognition and mate
attraction, representing a critical aspect of their behavioural ecology. This study aims to document and analyse the advertisement
calls of eight Microhylidae species in various habitats across Sarawak. Using field recordings and acoustic analysis, distinct call
characteristics were identified, including frequency, note repetition rate, and pulse structure. Advertisement calls were recorded
and analysed using SoundRuler Acoustic Analysis and Praat Acoustic Software. Call characteristics were subsequently compared
for species differentiation. The results showed that each species exhibits distinct call characteristics, likely reflecting adaptations
to habitat acoustics and conspecific interactions. Among them, Microhyla nepenthicola Das & Haas, 2010 demonstrated the
highest rate of note repetition, the greatest number of pulsed notes per call, and the highest dominant frequency, suggesting
unique acoustic adaptations within its ecological niche. These findings can contribute to the understanding of species-specific
vocalisations and their potential role in mate selection, territorial defence, and environmental adaptation.
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INTRODUCTION

Acoustic communication is arguably the most influential trait in the social behaviour of anuran amphibians, playing a crucial role
in species recognition, territorial defence, and reproductive success. While the conditions under which animals vocalise differ
among species, nearly all male frogs utilise some form of advertisement call in their vocal repertoire, which serves as a crucial
precursor to successful courtship and mating (McClelland et al., 1996; Passos et al., 2017). These vocalisations are species-
specific and can provide valuable insights into taxonomy, ecology, and evolutionary relationships.

Microhylidae, a family of Narrow-mouthed Frogs, is a diverse family characterized by their specialisation in consuming small
prey such as insects. This family exhibits extensive variation in adult external morphology at both inter- and intraspecific levels,
likely due to adaptations associated with their burrowing lifestyle (de Sa et al., 2012). They mostly use standing water bodies for
reproduction, where some of the species have adapted to breed in small, collected water in bamboo trees, tree hole and pitcher
plants. Certain genera, such as Metaphrynella and Chaperina, have developed arboreal tendencies, utilising their climbing
abilities to inhabit trees (Gorin et al., 2021). Among the Microhylidae of Borneo, the genus Microhyla is particularly interesting
due to its diverse ecological niches and unique reproductive strategies. Some species, such as Microhyla nepenthicola,
have been documented utilising pitcher plants (Nepenthes ampullaria Jack 1835) as breeding sites, an unusual adaptation
among amphibians (Das & Haas, 2010). Understanding the vocalisation patterns of these frogs is essential for assessing their
behavioural ecology, species interactions, and conservation needs, particularly in the biodiverse yet increasingly threatened
forests of Sarawak.

Despite the ecological significance of frog vocalisations, research on the acoustic behaviour of Malaysian frogs remains
limited, particularly for Bornean Microhylidae. The study by Sukumaran et al. (2006) found that many microhylid species
lacked detailed acoustic documentation. Several had only verbal descriptions or none at all. In contrast, several studies have
documented anuran vocalisations in Peninsular Malaysia, including the descriptions of Limnonectes macrognathus Boulenger,
1917 and Leptobrachium smithi Matsui, Nabhitabhata & Panha, 1999 by Dasi & Shahriza (2022). Additionally, research on frog
vocalisations in Sarawak has provided valuable insights. Early descriptions by Dring (1983a, 1983b, 1987) laid the groundwork
for understanding species-specific acoustic traits among stream-dwelling and arboreal anurans. For instance, Leptobrachella
species were shown to produce short, high-pitched calls with distinct temporal patterns, facilitating species recognition in
acoustically complex montane habitats (Dring, 1983b). Similarly, Philautus ingeri emits a soft series of “quoink’-like notes,
typically from elevated perches near streams, reflecting both phylogenetic and ecological influences on call evolution (Dring,
1987). Dring (1983a) identified three distinct frog call types for Kalophrynus nubicola across elevational zones in Gunung Mulu,
each varying in structure and location, from brief “gek” calls at lower elevations to longer “gegger” calls mid-slope, and unrecorded
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“gan” calls at the summit. Building on this acoustic evidence, Fukuyama et al. (2021) later confirmed that these vocal variants
correspond to three distinct species, underscoring the role of bioacoustics in cryptic species delimitation.

Dehling (2010) found that the calls of two Microhyla species in Borneo exhibit striking similarities, with the primary distinction
being a lower dominant frequency. A previous study by Zainudin et al. (2010) on the genus Pulchrana (previously known as
Hylarana) discovered significant differences in call characteristics between species, particularly in the number of pulsed notes
and note repetition. The variation of the advertisement calls of Sarawak Pulchrana was found to be able to discriminate the
species within the genus, where call note, pulse duration, call energy, call frequency and call intensity are all useful characters
in discriminating the Pulchrana species (Marly et al., 2017). Amram et al. (2018) found that advertisement call characteristics
are effective for species recognition in Sarawak Bufonids, aligning with the findings of this study. Similarly, Deka and Zainudin
(2025) identified pulse duration, call energy, and call frequencies as key parameters distinguishing frog species. Their research
further revealed a strong correlation between dominant frequency, pulse duration, and body size, suggesting that larger frogs
tend to produce lower-frequency calls. Vocal structure also plays a significant role in shaping acoustic signals. A study by Deka
et al. (2015) on Ranidae examined morphological variations in the vocal apparatus and found that closely related species exhibit
similar vocal structures, potentially enhancing species recognition and reproductive success. Additionally, Amram et al. (2020)
demonstrated through vocalisation playback experiments that male Pulchrana baramica Boettger, 1900, Pulchrana glandulosa
Boulenger, 1882, and Kurixalus chaseni Smith, 1924 can recognise calls from their own species, further emphasising the role of
vocal adaptations in facilitating intra-species communication.

These studies have emphasised the importance of vocalisation in species differentiation and have contributed to the broader
understanding of amphibian bioacoustics in the region. These findings underline the critical role of acoustic communication in the
taxonomy and ecological studies of Sarawak's frog species.

Family Microhylidae currently comprises seven genera in Borneo. Five genera, with eight species representative included in
this study (Figure 1), namely, Chaperina fusca Mocquard, 1892 (Saffron-bellied Frog), Kalophrynus heterochirus Boulenger, 1900
(Variable Sticky Frog), Kalophrynus dringi Dring, 1983 ('Dring's Sticky Frog), Kalophrynus subterrestris Inger, 1966 (Burrowing
Sticky Frog) - no picture taken, Kaloula pulchra Gray, 1831 (Banded Bullfrog), Metaphrynella sundana Peters, 1867 (Tree Hole
Narrow-mouthed Frog), Microhyla nepenthicola (Matang Narrow-mouthed Frog) and Microhyla malang Matsui, 2011 (Borneo
Narrow-mouthed Frog).

Fig. 1. Bornean frogs from Family Microhylidae: a) Chaperina fusca, b) Kalophrynus heterochirus, c) Kalophrynus dringi, d) Kaloula pulchra, €)
Metaphrynella sundana, f) Microhyla nepenthicola, g) Microhyla malang. All pictures taken by Amram, M.F.

MATERIALS AND METHODS

Materials

Different habitats in Sarawak, Malaysian Borneo, namely, Mulu National Park, Kubah National Park, Gunung Santubong
National Park, Matang Wildlife Centres, Miri (WILMAR Plantation), Bungo Range National Park, and Universiti Malaysia Sarawak
(Table 1), were surveyed at night, and anuran vocalisations encountered were recorded. The data collection was conducted
between 2015 and 2019.
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Table 1. Location of Study Site

No. Location Forest Type Coordinate

1 Gunung Mulu National Park Primary forest N 04° 03'02.1” E 114° 51°39.9”
2 Matang Wildlife Centres Mixed Dipterocarp N 01° 36'40.4” E 110° 09'49.7”
3 Kubah National Park Mixed dipterocarp N 01°36°'19.3” E 110° 11°30.3”
4 Santubong National Park Primary N 01°7316.3" E 110° 33'24.3”
5 Wilmar Plantation, Miri Mixed Dipterocarp, Secondary N 03° 16'03.4” E113° 40'02.4”
6 Universiti Malaysia Sarawak Peat swamp & secondary forest N 01°46'11.4" E 110° 43'11.9”
7 Bungo Range National Park Primary and Secondary -

For sampling intensity, each site was sampled for one to four weeks, with two to three manpower. During sampling, the sites
were surveyed, and Male frogs’ vocalisations were recorded upon encounter via a TASCAM DR-40 Linear PCM Recorder. Upon
recording, the frogs were identified by their morphology and matched to the description by Inger & Stuebing (2005) and Inger et
al. (2017). Several sounds (2-3 individuals) of each male of the Bornean frogs were recorded for two to 10 min, depending on
the call gaps of each species. The number of anurans recorded for this study is listed in Table 2. Sample size (n) is indicated as
the number of sounds or notes analysed in 60 s, and means are given for the number of sounds recorded (Amram et al., 2018).

Table 2. Number and Species of Microhylidae Recorded

Family Species (n = number of samples) Location
Microhylidae = Chaperina fusca (n=1) Gunung Mulu NP
Kalophrynus heterochirus (n=4) Kubah NP and Santubong NP
Kalophrynus dringi (n=2) Gunung Mulu NP
Kalophrynus subterrestris (n=1) Kubah NP
Metaphrynella sundana (n=6) Kubah NP, Gunung Mulu NP, Wilmar Plantation
Microhyla nepenthicola(n=T7) Bungo Range, Kubah NP, Matang WC
Microhyla malang (n=3) Kubah NP
Kaloula pulchra (n=1) UNIMAS

The frogs’ vocalisations were recorded in .wav format with a 44.1 kHz sample rate and 16bit bit size, in stereo. Audio files
were trimmed using WavePad Sound Editor. The sound was analysed using SoundRuler Acoustic Analysis 0.9.6.0 2003-2007
Marcos Gridi-Papp software, and Praat software.

RESULTS

The advertisement calls of the eight species of Microhylidae exhibited distinct acoustic characteristics. However, the calls of
Chaperina fusca were recorded for only 30 s due to equipment malfunction, and the recordings were further compromised by
background noise from nearby insects. Among species recorded, genus Microhyla demonstrated the highest number of pulsed
notes, separating them from other genera, whereas species from other genera predominantly produced single pulsed notes
(Table 3). The following section presents detailed descriptions of the advertisement calls recorded for each Microhylid species,
accompanied by representative acoustic oscillograms and spectrograms.

Table 3. Summary of call characteristics of 8 species of Sarawak Microhylidae

Specied Call Characteristics
No. of pulsed notes Note repetition rate/ 60 s Dominant frequency (kHz)
Chaperina fusca call type 1 2 22 NA
Chaperina fusca call type 2 1 6 NA
Kalophrynus heterochirus 1 22 45-4.7
Kalophrynus dringi 1 10 2.67-2.72
Kalophrynus subterrestris 1 30 2.73
Metaphrynella sundana 1 16-18 1.6-1.8
Microhyla nepenthicola 2-14 62 5.6-6
Microhyla malang 3-9 12 2.3
Kaloula pulchra 1 16 "1.25

A. Chaperina fusca

Chaperina fusca (Saffron-bellied Frog) has a very soft “tic’ and “squeaky” calls. Identifying this species based on its call is
challenging, as the male’s vocalisation is subtle and resembles insect sounds rather than a typical frog call (Mahyudin et al.,
2019). Males call in groups, where some individuals were observed climbing trees or buttresses to call for their mates to breed.
Their vocalisation consists of two distinct call types: a short, peaked “tic” note with two pulses (Figure 2, circled) and a longer,
high-pitched “squeaky” note (Figure 3, circled). The “tic” call is the dominant call type, while the “squeaky” note is produced less
frequently. Due to technical limitations, recordings were only taken for 30 s, during which 28 call repetitions were observed. The
oscillogram and spectrogram were unclear due to interference from insect sounds, making it difficult to determine the dominant
frequency.
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Fig. 2. Oscillogram and spectrogram of “tic” call of Chaperina fusca.
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Fig. 3. Oscillogram and spectrogram of the “squeaky” call of Chaperina fusca.

B. Kalophrynus heterochirus

Kalophrynus heterochirus (Variable Sticky Frog) produced continuous repetitive high-pitched vocalisation. Its calls exhibit
two distinct modes: one characterised by higher intensity with intervals between call groups, and another that is continuous but
with longer intervals between notes. Each call consists of a single note (Figure 4). The higher-intensity call includes 17 to 22
notes per 60 s (Figure 5a), with intervals of 1.6 to 2.4 s between individual notes. Groups of calls are separated by intervals
ranging from 20 to 27 s. In contrast, continuous calls feature approximately 21 to 22 notes per 60 s (Figure 5b), similar in note
count to the high-intensity calls, but with longer intervals between notes, ranging from 2.5 to 3.3 s. The male continuously calls
for more than 2 min. Based on the spectrogram, this species produced a high-pitched note, with a dominant frequency range of
4.5 to 4.7 kHz. Eight harmonics are visible, with the second as the dominant frequency.
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Fig. 4. Oscillogram and spectrogram of one call of Kalophrynus heterochirus.
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Fig. 5. Oscillogram of 2 min call of Kalophrynus heterochirus, where (a) is higher intensity calls, and (b) is continuous calls

C. Kalophrynus dringi

Kalophrynus dringi (Dring’s Sticky Frog) are endemic to Gunung Mulu National Park, Sarawak. The species was separated
from Kalophrynus nubicola by Fukuyama et al. 2021. It produced continuous, repetitive calls with approximately 10 notes per 60
s. Each call consists of a single note (Figure 6), with intervals between notes ranging from 5.5 to 6.8 s. This species is smaller in
size compared to K. heterochirus but exhibits a lower dominant frequency, ranging from 2.67 to 2.72 kHz. K. dringi has a lower

call repetition rate and frequency, which may be influenced by its habitat at higher elevations, where colder temperatures could
affect vocalisation patterns.
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Fig. 6. Oscillogram and spectrogram of one call of Kalophrynus dringi

D. Kalophrynus subterrestris

Kalophrynus subterrestris (Burrowing Sticky Frog) is endemic to Borneo. It produced continuous, repetitive calls with
approximately 30 notes per 60 s, with varying intervals ranging from 1.2 to 3 s between notes. Their calls consist of one note,
with wave-like frequency modulation all the way from the beginning and ease up until the end of the note (Figure 7). Based on
the spectrogram, it has a similar dominant frequency to K. dringi, at 2.73 kHz. 11 harmonics were visible, with the third harmonic

as a dominant frequency.
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Fig. 7. Oscillogram and spectrogram of one call of Kalophrynus subterrestris

E. Kaloula pulchra

Kaloula pulchra's common name is Banded Bullfrog. They are non-indigenous species that were recently introduced to the
island of Borneo. Their soft honking sound could be heard after heavy rainfall as closed as to the residential area. Their calls
consist of one long note (Figure 8), with a note repetition rate of 17 to 19 per 60 s. The notes have varying intervals ranging from
2.9 10 4.5 s. The spectrogram shows the low pitch with a dominant frequency of 1.25 kHz.
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Fig. 8. Oscillogram and spectrogram of one call of Kaloula pulchra

F. Metaphrynella sundana

Metaphrynella sundana (Tree hole frog) loud “beep” sound was produced when the frog calls from inside the tree hole. The
vocalisation consists of a series of continuous, repetitive high-pitched notes, with each call containing a single note (Figure 9).
The note repetition rate ranges from 16 to 20 notes per 60 s, with intervals between notes varying from 2.5 to 3.9 s. The call

exhibits harmonic structure, with 14 harmonics visibly present. The first harmonic serves as the dominant frequency, ranging
between 1.6 and 1.8 kHz.
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Fig. 9. Oscillogram and spectrogram of one call of Metaphrynella sundana

G. Microhyla nepenthicola

Microhyla nepenthicola (Matang Narrow-mouthed Frog)calls in a dense chorus, producing a rapid “clicking” sound with a
series of continuous high-pitched notes. The calls are not continuous; following a long pause, individuals resume calling. The
time between calls varies significantly, likely influenced by behavioural interactions with conspecifics. Typically, a single individual
initiates a calling bout, triggering responses from others (Sukumaran et al., 2010). Each call consists of two to 14 notes (Figure
10), with a repetition rate of 62 calls per 60 s. The vocalisations begin with two notes (Figure 11) and gradually increase in

number as more individuals join the chorus. Spectrogram analysis reveals a high-pitched call with a dominant frequency ranging
from 5.6 to 6 kHz.
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Fig. 11. Oscillogram and spectrogram of the beginning call of Microhyla nepenthicola

H. Microhyla malang
Microhyla malang, commonly known as the Borneo Narrow-mouthed Frog, produces a pleasant “crackling” sound and calls

in choruses. Unlike M. nepenthicola, M. malang has fewer individuals in its chorus, making it easier to attribute calls to specific
individuals. The call begins with three short notes and progresses to a sequence of up to nine notes (Figure 12). Each note
consists of a single pulse, with a call repetition rate of 12 per 60 s. Although its call temporal properties are similar to those of M.
borneensis, M. malang produces a lower-pitched call, with a dominant frequency of 2.3 kHz.
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Fig. 12. Oscillogram and spectrogram of the beginning call of Microhyla malang

DISCUSSION
The acoustic characteristics of the eight Microhylidae species from Sarawak reveal considerable variation in call parameters,
which likely play a critical role in species recognition, mate selection, and ecological adaptation.

The number of pulsed notes per call varied among the species, with Microhyla nepenthicola (maximum of 14 notes) and
Microhyla malang (maximum of 9 notes) exhibiting the most complex calls. These pulsed calls with higher note counts may
enhance signal detectability in noisy or dense habitats, potentially aiding mate attraction (Gerhardt & Huber, 2002). In contrast,
most other species, particularly from the genus Kalophrynus, K. heterochirus, K. subterrestris, and K. dringi, produced calls with
a single pulsed note, suggesting a simpler call structure that may suffice in their specific acoustic niches or result from constraints
such as energy expenditure or predation risk (Ryan, 1988).

Among Kalophrynus, K. subterrestris demonstrated a higher note repetition rate (30 notes/60 s), suggesting a highly active
calling strategy. Such rapid calling may be beneficial for maximising chances of detection by conspecifics during short breeding
periods. In contrast, other Kalophrynus species, such as K. dringi and K. heterochirus, showed much lower repetition rates
(10-22 notes/60 s), potentially reflecting different breeding strategies, lower competition, or energy conservation strategies
(Wells, 2007).

Dominant frequency among the species ranged widely, from 1.25 kHz in Kaloula pulchra to 5.6—-6.0 kHz in Microhyla
nepenthicola. Generally, dominant frequency is inversely correlated with body size in anurans, where larger species produce
lower-frequency calls due to their larger vocal cords and body resonators (Deka et al., 2015). This trend is evident in this dataset,
with a larger-bodied Kaloula pulchra exhibiting the lowest dominant frequency, while the smaller Microhyla nepenthicola emitted
one of the highest. Microhyla borneensis also has 62 notes repeated for 60 s, the highest in the Family.

Microhylidae also contain unique frogs that uses object to amplify their calls or to exploit resonance effects, as M. sundana
does by exploiting the acoustic properties of cavities in tree trunks (Lardner & Lakim, 2003). By amplifying the calls, M. sundana
produce calls with the largest pulse duration of all the frogs in this study. M. sundana emits 16—20 notes per min, with a dominant
frequency of 1.6—-1.8 kHz, suggesting adaptation to low-frequency sound propagation suitable for dense forest habitats (Penna
& Solis, 1998).

Chaperina fusca exhibited two distinct call types differing in note structure, suggesting potential context-dependent usage
or dual-function calls. Such variability might reflect different social contexts (e.g., advertisement vs. territorial calls), which merits
further investigation (Toledo et al., 2015; Kéhler et al., 2017).

The observed diversity in call characteristics among these species reflects evolutionary adaptations to their respective
ecological niches, including habitat structure, ambient noise, and reproductive behaviour. Acoustic partitioning among sympatric
species likely reduces hybridisation risk and interspecific competition (Duellman & Trueb, 1994). Continued research into
microhabitat use, population density, and reproductive timing would provide deeper insights into how these call features evolved
in response to ecological pressures

CONCLUSION
The comparative analysis of advertisement calls among various anuran species reveals significant interspecific differences in
acoustic parameters, including pulsed note count, note repetition rate, and dominant frequency. These variations are reflective
of species-specific adaptations to ecological conditions and communication requirements. High-frequency calls and rapid note
repetition, as observed in Microhyla borneensis, likely support short-range communication in dense habitats, whereas low-
frequency, slower calls such as those produced by Kaloula pulchra may facilitate long-range signalling in more open or cluttered
environments.

The presence of dual call types in Chaperina fusca and variability across species in the Kalophrynus and Microhyla genera
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emphasises the importance of acoustic signals in species recognition, mate selection, and reproductive isolation. Based on these
findings, understanding these vocalisation patterns is crucial for species identification and conservation efforts, as highlighted by
recent studies in anuran bioacoustics.
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