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Abstract. The advertisement call of Limnonectes larvaepartus is unique among frogs of the genus
Limnonectes which have a true acoustic organ. The calls of three adult males L. larvaepartus were
recorded at the foothill of Hutadelita Mountain (N 000 48 48.3” E 1220 23’ 00.8”; 396 m asl),
Nantu Wildlife Sanctuary, Gorontalo, northern Sulawesi by using an Olympus LS-11 recorder with
built-in microphones. Air temperature during recording was around 26°C. Adobe Audition 3.0
software was used to visualize and analyze the calls. The advertisement calls consist of 1-6 pulses,
though only one pulse is usually produced. The wave structure of the call of L. laervaepartus is
unusual because it is characterized by a short series of pulses that form a pulse train. Each pulse
from the beginning of the call until the middle of the call has its own frequency spectrum, whereas
the pulse train during the second half of the call becomes tightly compressed and forms one
frequency spectrum. Calls of L. larvaepartus do not have a dominant frequency. Minimum
frequencies decrease gradually from the beginning to the end of the pulse train; however, the
maximum frequency rises gradually. Ascending frequency characters in one pulse also occur in the
energy spectrum and bandwidth of frequency. The lowest minimum frequency at the end of pulse
train is ~165 Hz; while the highest maximum frequency is also located at the end of the pulse train
and is ~6860 Hz. The short pulses call of L. larvaepertus is similar to that of L. hasceanus, although
the two species are not close relatives; in L. larvaepartus, the pulse only consists of one period,
whereas in L. haschenus it consists of two periods. Considering acoustic adaptation, call of L.
larvaepartus has similar frequency spectrum with call of L. modestus, we assume that they would
not call at the same time and at the same localities because of their similar acoustic niches.

Based on our observations of specimens of
Limnonectes housed in the Museum Zoologicum

1 Introduction

The genus Limnonectes Fitzinger, 1843 consists of 72
species, 31 of which occur in the Sundaland and
Wallacean regions of Indonesia [1]. Sulawesi has five
described species of Limnonectes, including L. arathooni
(Smith, 1927), L. heinrichi (Ahl, 1933), L. modestus
(Boulenger, 1882), L. larvaepartus Iskandar, Evans, &
McGuire, 2014 and L. microtympanum (van Kampen,
1909). Molecular phylogenetic studies indicate that the
genus Limnonectes contains several undescribed lineages
in Thailand [2], on the Malay Peninsula [3], on Sumatra
[4], and on Borneo [5]; [6]; [7]. In the Wallacea regions
of Sulawesi Island, the genus Limnonectes has
adaptively radiated with at least 15 undescribed lineages

(81; [9]; [10]; [11].

* Corresponding author: hellen.kurniati@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution

License 4.0 (http://creativecommons.org/licenses/by/4.0/).

Bogoriense (MZB), Sulawesi is the island where mostly
of Limnonectes spp have true advertisement calls, due to
possession of vocal sacs. Most of Limnonectes species
(described and undescribed) that are found on Sulawesi
have vocal sacs, except for Limnonectes sp 1 which is
included in L. grunniens group and L. microtympanum.
As a comparison between Sulawesi and the large
surrounding islands, there is only one species of
Limnonectes on Java which has true advertisement calls,
L. microdiscus [12], while L. kuhlii produces its call by
passing air from its lungs through its buccal cavity
because it does not have a vocal sac. In Kalimantan,
there are two species that have true advertisement calls,
ie. L. finchi and L. palavanensis [13]; but another
species, L. hikidae, which is in the same group with L.



BIO Web of Conferences 19, 00006 (2020)
ISIF 2019

https://doi.org/10.1051/bioconf/20201900006

kuhlii does not have vocal sac [5]. In Sumatra, only L.
microdiscus has true advertisement calls; whereas L.
dammermani and L. kadarsani from the Lesser Sunda
Islands were found to produce advertisement calls.
Among described species of Limnonectes that produce
sound in Sulawesi, only two species have described
advertisement calls, L. arathooni by [14] and L.
modestus by Kurniati & Hamidy [15].

Limnonectes larvaepartus is a very special type of
frog with a unique reproductive mode (Figure 1)
involving internal fertilization and birth of tadpoles [10];
[16]. The distribution of L. larvaepartus overlaps
broadly with L. modestus [10]; [11], with both species
found from the northern part of Sulawesi to the western
part of central Sulawesi. However, based on
microhabitat type, L. modestus inhabits rocky big river
with strong water flow, while L. larvaepartus has
tendency to inhabit slower side streams and seep areas
[10]. Males of L. modestus and L. larvaepartus produce
each advertisement calls; with the call of L. modestus
already described by Kurniati & Hamidy [15], and the
call of L. larvaepartus not yet characterized.

e o

Fig. 1. Adult male of Limnonectes larvaepartus (MZB
Amph. 30503) from Nantu Wildlife Sanctuary, Gorontalo,
northern Sulawesi (Photograph by A. Hamidy).

2 Material and Methods

Calls of three adult male L. larvaepartus were recorded
on the lower slope of Mount Hutadelita (N 000 48’
48,3”: E 1220 23’ 00,8”; 396 asl), Nantu Wildlife
Sanctuary, Gorontalo, northern Sulawesi (Figure 2). The
frogs were recorded on 2 October, 2017 using an
Olympus LS-11 recorder with built-in microphones. The
recorder was set by using a sampling frequency of 94
kiloHertz (kHz) and a bit rate of 24 bits in WAV format.
Air temperature during recording was ~26°C. The length
of time for call recording for each individual was about
five minutes. Adobe Audition 3.0 software was used to
visualize and analyze the calls. Recorded calls were first
normalized at -1 decibel (db); due to stereo recording
that displayed double visualization of sound wave at the
software, then the sound files were converted to 48000
Hz and 16 bits for mono visualization to ensure highest
possible recording quality for frequencies up to 24
kHz (https://helpx.adobe.com/audition/using/converting-
sample-types.html). Adobe Audition 3.0 software was

also used to describe the oscillogram and spectrogram of
the call type of L. larvaepartus. Visualization process of
sound waves in the form of oscillograms, spectrograms
and the dominant frequency were obtained using FFT
(Fast Fourier Transformation; 1024 points) using a
Hanning window. The terms used in the description of
the calls follow Kohler et. al. [17], including pulse
duration, call duration, inter-pulse interval, pulse rate,
minimum  frequency, maximum frequency and
bandwidth. The minimum frequency, maximum
frequency and bandwidth were sampled at three points of
the pulse train frequency spectrum, i.e. at the beginning,
middle, and end of the pulse.
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Fig. 2. Location of Nantu Wildlife Sanctuary (black star)
that lies within the province of Gorontalo, Northern
Sulawesi.

3 Results and Discussion

A total of 31 advertisement calls were recorded for the
three males [(Individual A; MZB Amph. 30503; SVL
42.70 mm; 3 calls); individuals B (MZB Amph. 30504;
SVL 40.81 mm; 15 calls); individuals C (MZB Amph.
30505; SVL 40.62 mm; 13 calls)]. The tempo of the
vocalizations that were produced by L. larvaepartus
during the recordings were strongly influenced by the
presence of nearby humans, and even a 5-minute
recording time for one individual did not result in the
male generating his calls following a regular rhythm.
Therefore, call rate cannot be determined from this
study.

The type of wave from the call of L. larvaepartus is a
pulse (Figure 3); with one advertisement call consisting
of 1-6 pulses. A total of 31 advertisement calls from
three males consisted of 10 advertisement calls with only
one pulse (32%), 4 advertisement calls that included two
pulses (13%), 6 advertisement calls that included three
pulses (19%), 5 advertisement calls that included four
pulses (16%), 4 advertisement calls that included five
pulses (13%), and 2 advertisement calls composed of six
pulses (6%); therefore the number of pulses in one
advertisement call varies greatly.
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Fig. 3. Oscillogram (upper) and spectrogram (lower) of
advertisement call of Limnonectes larvaepartus which is
formed of three pulse trains.

3.1. Oscillograms

The sound wave structure of the call of L. larvaepartus
(Figure 4) is very different from the sound wave
structure of the call of the other Limnonectes that have
pulse type calls, including L. dabanus [18] and L.
modestus [15]. One call of L. larvaepartus consists of a
series of short pulses, with each short pulse formed by
one wave period. The interval duration between pulses
inside the pulse train was between 1-6 milliseconds (ms)
at the beginning to the middle of the pulse train,
followed by the short pulse becoming more compressed
at the end of the pulse train without interval.

The number of pulse trains in one advertisement call
varies greatly; each male can release 1-6 pulse trains in
one advertisement call. When there were more pulse
trains in an advertisement call, the duration was longer.
The duration of an advertisement call that consists of six
pulse trains can reach 450 ms, while the duration of a
call that is comprised of one pulse train varies
considerably; the shortest duration was ~64 ms.

Fig. 4. The wave structure of a single pulse train of
calls Limnonectes larvaepartus. The bar is equal to
10 ms.

3.2 Spectogram

The spectrogram of the advertisement call of L.
larvaepartus (Figure 5) is also very different from the
spectrogram of the calls of other Limnonectes species.
Each pulse has a minimum frequency, a maximum
frequency and a frequency spectrum of its own
frequency which is different from that of another pulse
in a pulse train, whereby the pulse attached to the back
of the pulse train forms frequency energy with the widest
bandwidth. The minimum frequencies decreased from
the beginning to the end of the spectrum (see Figure 5,
Figure 6 and Table 1), while the maximum frequency
and the frequency energy spectrum increased gradually.

Of the 31 calls obtained from three males, there was no
flat minimum frequency and flat top frequency in a
single pulse train. The bandwidth of one pulse train
showed that from the beginning to the end of the wave
the bandwidth was becoming enlarged at the end (Figure
5 and Table 1). The average bandwidth of the three
males showed different frequency values; individual A
showed that the bandwidth at three frequency data
retrieval points (beginning, middle and end) had the
lowest frequency value compared to the other two males.
However, the pulse spectrum energy of the L.
larvaepartus’s call did not show any dominant
frequency; the peaks of the spectrum look almost parallel
to each other. The spectral peak sequence will increase
as the width of the frequency band increases.

Table 1. Average value, Standard Deviation (SD), range and
bandwidth average from three minimum frequency data of
retrieval points and three maximum frequency data of retrieval
points over one pulse train of three males of Limnonectes

larvaepartus.
Frequency Male A Male B Male C
parameters (n=13) (n=30) (n=44)
x;nizz;n 36331£27.93  298.50+37.80  331.91+42.91
1qHZ Y (301-419) (241-376) (237-447)
x;nizz;n 330.61+4431 267472841 300232647
queney - 278.441) (195-331) (249-373)
2-Hz
x;nizz;n 274.46:23.03  221.10£28.07  249.79+20.33
qUeney - 241.317) (165-286) (210-293)
3-Hz
Maximum _ 1431.69£308.  2672.07+538. 285882517
frequency 18 (1009- 99 (1627- 44 (1833-
1-Hz 2096) 3571) 3835)
Maximum _ 1861.08£351.  3378.504622.  3644.43%519.
frequency 51 (1363- 03 (2064- 36 (2505-
2-Hz 2402) 4972) 5066)
Maximum _ 3016.924294. 5049534830,  4875.89£105
frequency 83 (2436- 78 (3028- 4.57 (3081-
3-Hz 3347) 6072) 6860)
Bandwidth
average 1- 1068.38 2373.57 2526.91
Hz
Bandwidth
average 2- 1521.47 3111.03 3344.20
Hz
Bandwidth
average 3- 2742.46 4828.43 4626.10
Hz

Pulse train rate is quite variable from the three male
individuals; the value is between 10.7/sec and 12.7/sec.
Each male did not show a different pulse train rate with
each other. Call rate cannot be analyzed in these
recordings, since the call duration that were produced by
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the three males were probably influenced by the
presence of the person performing the sound recording,
so the interval duration among the advertisement calls
varied greatly.

Fig. 5. One pulse train spectrogram of Limnonectes
larvaepartus’s advertisement call. The bar is equal to

10 ms.
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Fig. 6. The average value of the three minimum
frequencies from data retrieval points (above) and the three
maximum frequencies from data retrieval points (below)
for a single pulse train of individual C of Limnonectes
larvaepartus.

3.3 Unusual call characteristic

The sound wave type of the advertisement call of L.
larvaepartus is formed by a short pulse sequence, each
short pulse producing its own frequency. The
oscillogram and spectrogram bandwidth spectrum of L.
larvaepartus resemble the sound wave type of the
advertisement call of L. hascheanus (Figure 7). The call
of L. hascheanus was described by Ohler et.al. [19], but
the detailed structure of the sound wave was not clear.
The difference between the short pulse of L.
larvaepertus and the short pulse of L. hascheanus is in
the number of periods that form a pulse; in L.
larvaepartus the pulse only consists of one period,
whereas in L. haschenus it consists of two periods
(Figure 8). The sound wave type of L. hascheanus and
L. larvaepartus calls is unusual and very simple when

compared with the call sound wave type of L. arathooni
[14], L. dabanus [18], L. microdiscus [12], L.
palavanensis [13], and members of the Limnonectes
group lacking vocal sacs, i.e. L. fujianensis [20], L.
hikidai [5], and L. kuhlii [12]. Although the calls of L.

larveapartus and L. hascheanus are similar to one
another, these species are not closely related [9]; [11]
and this similarity therefore might reflect convergent
evolution.

Fig. 7. One call oscillogram and spectrogram of
Limnonectes hascheanus’s advertisement call.
The bar is equal to 20 ms. (Source of call:
https://www.ecologyasia.com/verts/amphibians/

hill-forest-frog.htm).

Fig. 8. Four short pulses of Limnonectes larvaepartus
(above), and two short pulses of L. hascheanus

(below). (Source of «call of L. hascheanus:
https://www.ecologyasia.com/verts/amphibians/hill-

forest-frog.htm).

3.4 Acoustic niche adaptation

The distribution of L. larvaepartus and L. modestus is
regionally sympatric [10], but when observed from the
microhabitat scale, these two frogs tend to live in
different types of habitat. Limnonectes modestus
occupies larger rocky river habitats with strong water
flow, while the L. larvaepartus typically inhabits
narrower and shallower rocky streams and seeps with
very slow water current. The spread of the microhabitat
scale of these two frogs on the Adudu River was clearly
allopatric [15]; L. modestus dominated the fast-flowing
Adudu River habitat, while the L. larvaepartus
dominated the upstream habitat of Adudu River, the
distance the streams of about 100 meters from the
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Adudu River water body. Iskandar et al [10]
hypothesized that L. larvaepartus prefers small streams
in order to avoid predation by larger Limonectes species
such as L. modestus and L. heinrichi (average body
length 70.2 mm), while males of L. larvaepartus are
much smaller with an average body size of 37.4 mm
(Iskandar et al. 2014; the mean SVL of the three males
in this study was 41.38 mm). When considering the
frequency spectrum of the advertisement calls of the
two frogs, we assume that they should not call at the
same time and at the same localities because they have
similar acoustic niches; L. modestus has an
advertisement call with a bandwidth spectrum of around
2000 Hz [15], however the frequency band of L.
larvaepartus is between 1000 Hz to 4800 Hz (Table 1)
with a strong energy spectrum that can reach 3600 Hz
(Figure 5). This suggests that the frequency band of L.
larvaepartus can mask the frequency band of L.
modestus. Based on the acoustic niches, these two frogs
cannot live together in the same habitat, because the
overlap in the acoustic niches disturbs the comfort zone
of the other frog acoustic niches, which calls that has
wide-frequency band and broad-energy spectrum can
interfere the acoustic niches of other frogs species that
has calls with a narrow frequency spectrum [21].
Harmonization of acoustics with minimal overlapping
of frequency bands is a requirement to occupy the same
microhabitat of the frog species group [22].

4 Conclusion

Sound wave structure of call L. larvaepartus is very
unique among Limnonectes’s calls that is characterized
by row of short pulse that construct pulse train. The
advertisement calls also do not have dominant
frequency; where as the minimum frequency of one
pulse train decreases gradually from the start to the end
of pulse train; however maximum frequency increases
gradually from the start to the end of pulse train.
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