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ABSTRACT

ARTICLE HISTORY

Many threatened crocodilians are shy and difficult to observe in the
wild, limiting the current knowledge of their behaviour and ecol
ogy. Although acoustic communication is commonly used by adults
during courtship and territory defence, the signals produced vary
between taxa. Here we provide the first classification of adult
vocalisations in Tomistoma schlegelii – a rare gavialid inhabiting
swamp forests in Southeast Asia – and describe the behaviour
produced during courtship. Using video and passive underwater
acoustic monitoring we recorded a breeding captive pair of
T. schlegelii housed indoors, as well as monitored 12 captive adults
kept in a semi-natural outdoor enclosure over a period of two
months. Courtship behaviour during 18 recorded mating events
followed that observed in other crocodilians, but acoustic signals
were restricted to mating activity and were only recorded in the
two animals housed indoors. We identified seven signal types
produced by T. schlegelii, which differed in duration, dominant
frequency, and the presence of harmonic structure. These results
suggest the species uses short-range, underwater acoustic signals
during courtship and mating, with little vocal activity outside of
those events, and provide foundation for future studies of this rare
crocodilian.
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1. Introduction
Of the 28 currently recognised crocodilian species, courtship behaviour has been
described in: three alligatorids, Alligator mississippiensis (Garrick and Lang 1977; Vliet
2000), Alligator sinensis (Thorbjarnarson and Wang 2010) and Caiman crocodilus
(Staton and Dixon 1977); seven crocodylids, Crocodylus acutus (Garrick and Lang
1977), Crocodylus intermedius (Thorbjarnarson and Hernández 1993), Crocodylus john
stoni (Compton 1981), Crocodylus mindorensis (Schneider et al. 2014), Crocodylus nilo
ticus (Garrick and Lang 1977), Crocodylus rhombifer (Augustine et al. 2017) and
Osteolaemus tetraspis (Beck 1978); and in one gavialid, Gavialis gangeticus (Whitaker
and Basu 1982). With the exception of C. crocodilus and G. gangeticus, all studies were
conducted in captivity. As such, courtship behaviour is yet to be described for more than
CONTACT A. Staniewicz
agata.staniewicz@gmail.com
Supplemental data for this article can be accessed here.
© 2021 Informa UK Limited, trading as Taylor & Francis Group

2

A. STANIEWICZ ET AL.

half the recognised species, including six which are considered to be under the threat of
extinction: Crocodylus palustris, Crocodylus siamensis, Crocodylus suchus, Mecistops
cataphractus, Mecistops leptorhynchus and Tomistoma schlegelii (Shirley et al. 2018;
IUCN 2019). Information on social and mating behaviour could aid in conservation
management and captive breeding programmes (Schneider et al. 2014; Augustine et al.
2017), but this can be impossible to obtain in species that are difficult to observe in the
wild.
In those species for which we do have information regarding successful mating, males
and females perform a sequence of behaviours, which forms courtship (Bradbury and
Vehrencamp 2011). In each of the species, the period of courtship usually lasts 6–8 weeks,
with peak activity about one month before nesting (Garrick and Lang 1977). This usually
involves a series of visual, acoustic and olfactory signals (Bradbury and Vehrencamp
2011) exchanged by the pair. Courtship and mating occur in the water and the beha
viours can be classified into four categories generally happening in a sequence: (i)
attraction and advertisement signals; (ii) initial pair formation; (iii) precopulatory beha
viours; and (iv) copulation (Garrick and Lang 1977; Augustine et al. 2017). While the
behaviours serve different purposes between species and involve the use of different
signals (Garrick and Lang 1977; Augustine et al. 2017), general patterns and sequences
are similar within the crocodylids and within alligatorids (Garrick and Lang 1977;
Thorbjarnarson and Wang 2010).
Alligators (A. mississippiensis and A. sinensis) attract mates through loud bellowing
displays, which often involve multiple individuals forming choruses (Garrick et al. 1978;
Wang et al. 2007). In crocodylids (Crocodylus and Osteolaemus), advertisement beha
viours can include vocalisations, bubble-blowing and headslaps (Garrick and Lang 1977;
Compton 1981; Schneider et al. 2014; Augustine et al. 2017). Male gharials (G. gangeticus)
produce infrasound and loud underwater popping signals with unique temporal patterns
(Jailabdeen et al. 2018), that are not observed in other crocodilians. Vliet (1987) also
reported soft, low frequency ( < 50 Hz) vocalisations called ‘flutter’, which were produced
by A. mississippiensis during pair formation and when making tactile contact. The flutter
had no visible harmonic structure (Vliet 1987) and could refer to the coughs reported by
Garrick et al. (1978), though as Vliet (2000) noted, these sounds were not cough-like.
Similar short-range vocalisations were produced by A. sinensis, which emitted ‘toots’
(Wang et al. 2007), ‘chuffs’ and ‘burps’ (Thorbjarnarson and Wang 2010).
After one of the animals approaches their partner, they engage in tactile interactions,
which can last for several hours and include snout touching and rubbing (Vliet 2000),
vocalising, parallel swimming, pressing the partner underwater and mounting (Garrick
and Lang 1977; Vliet 2000; Augustine et al. 2017). In the crocodylids, snout lifting by the
female is commonly observed at this stage (Compton 1981; Thorbjarnarson and
Hernández 1993; Augustine et al. 2017), but this behaviour does not occur in alligators
(Garrick and Lang 1977; Vliet 2000). Finally, copulation occurs when the male mounts
the female and wraps his tail around and under her to bring the cloacas together (Vliet
2000).
The differences between crocodilian families in the courtship vocalisations and beha
viours could provide some guidance for the behavioural ecology of the species for which
there is little information on mating behaviour. One exception is the Sunda gharial,
T. schlegelii, which over the years has been classified as a member of the family
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Crocodylidae based on morphological interpretations (Brochu 2003), while molecular evi
dence has placed it in the Gavialidae (Willis et al. 2007). Together with fossil data, a recent
phylogenetic study (Lee and Yates 2018) has reconciled these methods, and confirmed
Tomistoma to be a gavialid together with G. gangeticus. The Gavialidae and Crocodylidae
both belong to Longirostes, with Alligatoridae forming a sister taxon (Lee and Yates 2018).
Very little is known about T. schlegelii communication, courtship and mating behaviour.
Sunda gharials do not have a ghara–the bulbous narial growth at the tip of their snouts–which
is a characteristic of the male G. gangeticus and is thought to be involved in sound production
(Martin and Belleirs 1977; Jailabdeen et al. 2018). Their cryptic colouration, combined with
natural wariness have resulted in little information available on the basic ecology of adult
T. schlegelii (Stuebing et al. 2006). The species inhabits peat swamp forests and freshwater
wetlands in Malaysia (Peninsular Malaysia and Sarawak), Indonesia (Kalimantan, Sumatra
and West Java) and Brunei (Bezuijen et al. 2014). Information on their habitat use and
behavioural ecology in the wild are still lacking, though a preliminary study suggests
T. schlegelii may maintain core range territories reaching 0.34 ha in the dry season (Bonke
et al. 2014). Most information on the reproductive ecology of T. schlegelii comes from
observations in captivity. The mating season is likely to vary geographically between captive
and wild conditions. In Thailand, at Samutprakarn Crocodile Farm, Trutnau and Sommerlad
(2006) witnessed mating in October 1985. At Jong’s Crocodile Farm in Sarawak, T. schlegelii
mating has been observed between March–May (Johnson Jong, pers. comm.). Courtship and
mating in East Kalimantan likely occurs between March and June (Staniewicz et al. 2018).
Although T. schlegelii have been kept in zoological collections around the world for
decades (Fernandez-Hoyo and Recuero 2009), until recently there has been little success
in breeding these animals in captivity outside of Southeast Asia (Trutnau and Sommerlad
2006). In 2016–2018, successful breeding occurred in several North American Zoos,
including San Antonio Zoo, Zoo Miami and Audubon Zoo, as well as the first hatching of
T. schlegelii in the UK, at the Crocodiles of the World Zoo (Litton et al. 2018).
Here, we provide the first description of the courtship behaviour in T. schlegelii using
behavioural observations from their first successful mating in the UK. We also present
the acoustic signals associated with courtship and mating, which represent the first
detailed description of adult T. schlegelii vocal communication.

2. Methods
In this study, we recorded a mixed sex group of 12 adult T. schlegelii at Jong’s Crocodile
Farm in Sarawak, Malaysia, and two adult T. schlegelii, a male (3:6 m total body length)
and a female (2:5 m total body length), held at Crocodiles of the World Zoo in
Oxfordshire, UK. These UK animals were raised at Jong’s Crocodile Farm and moved
into their current exhibit in July 2016.
2.1. Behavioural observations
2.1.1. Jong’s Crocodile Farm
The Tomistoma enclosure is situated outdoors in a woodland at the southeast corner of
the farm and is divided into a deep water area (approx. 100 � 30 m), consisting of a long
lake (approx. 3 m at deepest point) with forested banks, and the land area (approx. 60 �
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25 m) with three 7 � 4 m pools surrounded by a shaded basking area that becomes
partially flooded after heavy rains. Due to the large area of the enclosure and few
accessible viewing points, observations of T. schlegelii behaviour were carried out ad
libitum. Between 26 April and 5 July 2016 we observed the crocodiles in daytime during
the opening hours of the Jong’s Crocodile Farm (0900–1700 hours) for 0.5–2 hours
per day over 26 days (28 hours in total).
2.1.2. Crocodiles of the World
The crocodiles were housed in a 15 � 12 m indoor enclosure containing a pool and a land
basking area. The pool measured 2 m at its deepest point, with a shallow step area 60–70 cm
deep. The average water temperature in the pool was 29°C and the average air temperature in
the enclosure was 32°C. The enclosure was fitted with a CCTV camera with the view of the
basking area and the pool, recording video at a rate of one frame/s. We identified the
behaviour of the two T. schlegelii recorded on 6 h and 18 min of video from 17 days
(30 December 2016 to 19 February 2017) using the nomenclature developed for
A. mississippiensis (Garrick and Lang 1977; Vliet 1987, 2000). Male and female were
recognised by their body size. Using the time stamps on video and audio recordings, we
matched the behaviour of eight mating events to the vocalisation sessions on acoustic
recordings.
We classified the behaviours based on the ethogram created for A. mississippiensis by
Vliet (2000). We checked inter-observer reliability by double coding 15% of the videos,
and found excellent agreement (ICC > 0:903, P < 0:001). Where available, we supple
mented our records with anecdotal accounts of T. schlegelii courtship observations from
the grey literature.
2.2. Acoustic recordings
2.2.1. Jong’s Crocodile Farm
We installed two Wildlife Acoustics Song Meter 2+ recorders, each connected to two HTI96-MIN hydrophones in the water in the crocodile enclosure. Initially the units were
placed 20 m away from each other in the river area of the enclosure and on 12 May one of
the units was moved to the land area, with the hydrophones installed in the middle pool.
We placed each hydrophone inside a 3 m long, 1.5 cm diameter PVC pipe, with the pipes
in each unit 4 m away from each other. Water and PVC have similar sound transmission
properties, thus allowing the acoustic signal to reach the hydrophone without exposing the
equipment to the animals. Nevertheless, the presence of the PVC pipe may have affected
the underwater signals recorded. The crocodiles were recorded continuously for 58 min
every hour at 4 kHz sampling rate, from 26 April to 5 July 2016 (a total of 1,680 hours over
70 days). This corresponded to the predicted breeding season in Borneo.
2.2.2. Crocodiles of the World
Mating behaviour was first observed by the zoo staff in December 2016. We installed
a 2.5 m long, 1.5 cm diameter PVC pipe along the wall of the enclosure and reaching
into the water of the pool. This acted as a protective case for one HTI-96-MIN
hydrophone, which was lowered into the water. Using a Wildlife Acoustics Song
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Meter 2+ recorder, we recorded the animals continuously for 58 min every hour at
4 kHz sampling rate, between 14 January–24 February 2017 (a total of 847 hours over
39 days).
2.3. Call analysis
We manually identified the T. schlegelii vocalisations on spectrograms using Avisoft SasLab
Pro 5.2.12 (Avisoft Bioacoustics 2017) (FFT size 1024, Hanning window, overlap 90%) and
measured the call and session duration. We classified a single session as a series of calls
produced by one or both individuals during the mating event, with inter-call interval < 5
min. The initial evaluation of the recordings suggested that the calls were highly clustered
and intra-session call intervals were less than 1 min (max = 51.43 s, mean = 3:56 � 6:83 s),
while the typical duration of interval between session lasted between several hours to
several days, thus the inter-session interval was arbitrarily set to approximately five times
the maximum intra-session call interval. If a call was composed of several elements (where
the time differences between each element was < 0:5 s), we also measured the number of
pulses, pulse duration and the inter-pulse interval. The measurements of central peak
frequency, fundamental frequency and bandwidth were taken automatically using the
SasLab Pro automated call parameter measurement feature. The signals were labelled
using existing crocodilian vocalisation nomenclature where possible, and where no exact
match was available, we chose names describing the sounds produced. Statistical analysis
was performed using R 3.6.0 statistical software (R Core Team 2018).

3. Results
3.1. Courtship behaviour in adult Tomistoma schlegelii
There were 18 T. schlegelii mating events recorded on video at Crocodiles of the World
between 30 December 2016 and 24 February 2017. Between 15 January and
24 February 2017 there were also 24 T. schlegelii vocalisation sessions recorded with
the hydrophone. Ten of the sessions have corresponding video footage, showing court
ship and mating; videos for the remaining 14 sessions were not available. Eight mating
events recorded on camera had no corresponding audio; three were recorded before the
acoustic recorder was deployed (30 December 2016 to 13 January 2017), while five were
not detected on the acoustic recorder and it was not possible to determine from the video
footage if the animals were vocalising. The majority of activity took place when the zoo
was closed to visitors, with 59% of the observed mating events and vocalisation sessions
occurring between 1600–1800 hours (Figure 1).
During courtship, T. schlegelii displayed 12 behaviours classified in Table 1. Generally,
after approach, which was initiated by the male in 93% of the events observed, the
animals rubbed their heads and jaws against each other, and the male pushed the female
underwater and mounted her. The mounting lasted between 1 and 36 min, with the mean
duration of 16 min. The male was observed wrapping his tail around and under the
female in 94%, and rolled in 61% of the mating events (Table 1). The pair stayed together
2–55 min (mean = 19 � 17 min), after which they separated. Both animals vocalised
during courtship and mating.
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Figure 1. The distribution of the 24 vocalisation sessions over the 24 h period. The 10 sessions that
were confirmed as mating events on video are marked in green. Additional 14 vocalisation sessions
not recorded on video are marked in yellow. A further eight mating events which occurred between
30 December 2016 and 6 February 2017 and were not registered on the acoustic recorder but on video
only, are marked in blue. The bins include all events during the hour. White background represents
daylight, and grey background represents night. The zoo opening hours (1000–1700) are marked with
a dashed line.
Table 1. The behaviours observed during courtship of T. schlegelii recorded at Crocodiles of the World,
UK (CotW) and Jong’s Crocodile Farm, Malaysia (JCF). Additional anecdotal accounts of these
behaviours from other breeding facilities are marked with an asterisk and refer to sightings at
Bronx Zoo, USA (BZ) (Kevin Torregrosa, pers. comm.), Samutprakarn Crocodile Farm, Thailand (SCF)
(Trutnau and Sommerlad 2006), and crocodile farms in Jambi Province (JPF), and Sumatera Utara
Province (SUF) Indonesia (Bezuijen et al. 1997). Notation n refers to the number of times the
behaviours were recorded on video at CotW.
Behaviour
Head slap
SAV
Swim around
Head lift
Approach
Snout rubbing
Vocalising
Bubbles
Narial geysering
Mounting
Tail under
Roll

Description
Head is raised with the jaws open, head is then rapidly slapped down
on the water surface
Production of sub-audible vibrations (infrasound)
One animal (usually male) swims around and/or circles the other
(usually female)
Head is lifted out of the water with the jaws open
One animal approached the other in the water until they make
physical contact
Male and female rub their jaws against each other
Production of vocalisations
Large air exhalation underw ater, often associated with submerging
Rapid release of air from the external nares, releasing up a stream of
water
One animal dorsally mounts another
Top animal wraps the tail around and under the bottom animal
When mounted, the top animal rolls in order to tail search

Site
CotW, SCF*

n
1

CotW
CotW, SUF*

1

CotW, SUF*
CotW, JCF, BZ*,
JPF*, SUF*
CotW, BZ*
CotW, BZ*
CotW, BZ*
JCF, BZ*

2
15

CotW, JPF*, SUF*
CotW, JPF*, SUF*
CotW

18
17
11

13
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No mating was observed at Jong’s Crocodile Farm between 26 April and 5 July 2016. On
26 April, one of the male T. schlegelii produced a head slap, followed by narial geysering
(Table 1) when close to a smaller individual, but this behaviour was not registered on the
acoustic recorder. Two T. schlegelii females built nests: one around 20 April, and the other on
16 June, suggesting that courtship and mating had occurred before and during the monitor
ing period, but no vocalisations were recorded. All vocalisations recorded in this study were
produced only by the two animals at Crocodiles of the World and recorded underwater.
3.2. Call types and call parameters
Tomistoma schlegelii produced seven different acoustic signals during courtship, identified
here as single, double and triple ‘drums’, ‘coughs’, ‘rumbles’, ‘moans’ and ‘bubbles’ (Figure 2).
The most common sound produced by T. schlegelii was the cough, accounting for 67.5% of
all sounds (Table 2). The coughs were composed of more than three pulses, with the interval
between the pulses shorter than 0.07 s. They were short (mean duration = 0:31 � 0:08 s) and
had a visible harmonic structure, with mean fundamental frequency 26 � 12 Hz.
Drums were short, (mean duration = 0:24 � 0:19 s), low frequency (41 � 9 Hz) pulses
with no visible harmonic structure. Single drums were the most common type of drum,
and accounted for 11% of all sounds recorded (Table 2). Double and triple drums were
less common, accounting for 4.8% and 1.9% of all sounds respectively.

Figure 2. Composite spectrograms with examples of the seven acoustic signals produced by adult
T. schlegelii during mating: (A) single drum (1d), double drum (2d) and triple drum (3d); (B) cough and
rumble; (C) moan; (D) bubbles. Sampling rate 4 kHz, FFT size 1,024, Hanning window, overlap 93.75.
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Table 2. Acoustic characteristics (mean � SD) of the T. schlegelii call types recorded underwater.
Values of the dominant (max.) frequency, fundamental frequency (pitch) and bandwidth were
measured at the centre of the call.
Call
type
1 Drum
2 Drums
3 Drums
Cough
Rumble
Moan

n ð%Þ
23 (11)
10 (4.8)
4 (1.9)
141 (67.5)
18 (8.6)
5 (2.4)

Duration
(s)
0:10 � 0:01
0:44 � 0:03
0:58 � 0:11
0:31 � 0:08
1:78 � 0:48
0:63 � 0:14

Bubbles

8 (3.8)

2:06 � 1:54

Interval (s)
0:17 � 0:01
0:14 � 0:02

Max. frequency
(Hz)
41 � 8
45 � 8
36 � 12
89 � 123
WFH:
312 � 119
407 � 154

Pitch (Hz)

26 � 12
18 � 10
141 � 35

Bandwidth
(Hz)
117 � 33
83 � 14
81 � 17
512 � 190
523 � 168
306 � 92
1; 068 � 562

Rumbles were longer than coughs (mean duration = 1:78 � 0:48 s), low frequency sounds
with visible harmonic structure. The mean dominant frequency was 164 � 147 Hz, with very
low fundamental frequency (18 � 10 Hz). Rumbles accounted for 8.6% of all sounds
recorded (Table 2).
Moans had multiple, downsweeping harmonics, with higher mean dominant fre
quency 312 � 119 Hz and mean fundamental frequency 141 � 35 Hz. They were rare,
accounting for 2.4% of all sounds recorded.
Bubbles were longer, with more energy in the higher range of the frequency spectrum
and no visible harmonic structures (Table 2). They were rare, accounting for 3.8% of all
sounds. As bubbles are respiratory sounds produced during exhalation underwater, they
were excluded from further analysis of acoustic parameters.
To evaluate the differences between the T. schlegelii acoustic signal types, we used
a principal component analysis (PCA) (Figure 3a). The peak frequency of the call (case
loading = 0.630), combined with bandwidth (0.562) and call duration (0.536) explained
46.7% of variance (PC1). Call duration (case loading = −0.757) and bandwidth (0.650)
had the strongest effect on PC2, which explained 28.8% of the variance.
We carried out a second PCA to evaluate the effect of fundamental frequency on the
separation of the vocalisations which had visible harmonic structures: coughs, moans and
rumbles (Figure 3b). The first component (PC1) accounting for 31.1% of the variance was
primarily influenced by the peak frequency (case loading = −0.713), call duration (−0.549)
and bandwidth (−0.434). The fundamental frequency (case loading = −0.840) associated with
PC2 accounted for 28.6% of the variance.
During four of the vocalisation sessions, there were 1–2 sequences comprised of 4–10
coughs, 1–2 triple and double drums and a moan (Figure 4). These sequences were 6:9 � 1:5
s long and calls had overlapping elements, suggesting both animals were involved in call
production, forming a duet.

4. Discussion
Tomistoma schlegelii show complex behavioural patterns during courtship, employing visual,
tactile and auditory cues. Although the animals produce a range of acoustic signals, these
appear to be mostly short, underwater, low-frequency sounds used primarily in short-range
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Figure 3. PCA results showing the division of all T. schlegelii calls (a) Distribution along the PC1 is
primarily based on peak frequency (case loading = 0.630), and PC2 is based on call duration (−0.757)
and bandwidth (0.650), and of only those with detectable fundamental frequency (b) Distribution
along the PC1 is primarily based on peak frequency (case loading = −0.713), call duration (−0.549) and
bandwidth (−0.434), and PC2 is based on the fundamental frequency (−0.840) in the acoustic space.

communication before and during the mating events. As such, T. schlegelii remains an
unusually quiet crocodilian species, providing further evidence for a closer phylogenetic
affinity to gavialids rather than Crocodylidae.
Crocodilian behaviour is conserved within and between species (Brazaitis and Watanabe
2011), with many of the courtship behaviours, including circling, head lift, head slap,
bubbling, snout rubbing and narial geysering considered to be ancestral traits of all crocodi
lians (Setner 2008). These behaviours were also seen in the T. schlegelii at both study sites and
have been observed at other breeding facilities (Bezuijen et al. 1997; Trutnau and Sommerlad
2006) (Kevin Torregrosa, pers. comm.). The male initiated the majority of mating events
recorded by approaching the female, and tactile interactions such as snout rubbing and
pressing the female underwater generally preceded mounting and copulation. A broadly
similar pattern has been observed in other crocodilians (Garrick and Lang 1977;
Thorbjarnarson and Wang 2010; Augustine et al. 2017). The duration of these courtship
behaviours in T. schlegelii was also similar to those of Alligator and Crocodylus, lasting from
a few minutes up to one hour (Garrick and Lang 1977).
While 11 of the 12 courtship behaviours reported here were observed at Crocodiles of
the World, the narial geysering was only noted at Jong’s Crocodile Farm (Table 1). This
could be a result of the video equipment recording one frame per second, leading to
certain rapid actions being missed. The videos also did not comprehensively cover the
complete duration of the mating season, thus some rarer T. schlegelii behaviours occur
ring only during undocumented mating events might not have been recorded. Olfactory
cues were also not detectable using the monitoring techniques applied here but are likely
produced by T. schlegelii and ‘strong odour’ has been reported by one of the crocodile
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Figure 4. A sequence of calls composed of coughs, triple drums (3d), double drum (2d) and a moan,
produced by the T. schlegelii pair during mating. Sampling rate 4 kHz, FFT size 1042, Hanning window,
overlap 93.75.

farmers in Indonesia (Bezuijen et al. 1997). Olfactory stimuli are used in courtship and
combat displays, and Vliet 1987 reported observing ‘oily sheen’ on the water surface near
A. mississippiensis. The function of the odour, which likely originates near the cloaca
(Vliet 1987), is not known.
Vocalisations, including infrasound (SAV) and bubble blowing were performed by
captive T. schlegelii at Crocodiles of the World, and formed part of the courtship. While
the animals did not produce loud roars or bellows associated with the courtship of
Alligator and Crocodylus (Garrick and Lang 1977), the underwater recordings revealed
a range of acoustic signals previously unreported in T. schlegelii .
Coughs were the most common of the sounds emitted and they appear similar to the
coughs (or ‘chumpfs’) described by Garrick et al. (1978) in A. mississippiensis. Both had
similar peak frequencies (T. schlegelii = 89 Hz; A. mississippiensis = 75 Hz) and duration
(T. schlegelii = 0.31 s; A. mississippiensis = 0.29 s), a visible harmonic structure, and were
used during courtship at short range (Garrick et al. 1978).
The PCA revealed differences between the drums, coughs and rumbles: drums were
generally shorter and had a lower peak frequency than coughs, while rumbles were
longer, with a higher peak frequency. Although categorised as discrete call types, this
apparent diversity could also reflect continuous variation in T. schlegelii calls. Both drums
and rumbles were less common than coughs, but their function remains unknown. The
moans were only produced as part of the call sequences, following coughs and drums. As
with drums and rumbles, playback experiments might reveal the function of these calls
and the possible presence of syntax in T. schlegelii courtship vocalisations.

BIOACOUSTICS

11

Different authors have used a variety of names for the short-range vocalisations of
Alligator spp., including flutters, coughs, chumpfs, toots, moos and whines (Garrick et al.
1978; Vliet 1987; Wang et al. 2007). While some of theses names could be synonyms
referring to the same sound, the presence of drums, coughs and rumbles produced by
T. schlegelii suggests that a range of several different low-frequency sounds are emitted
during crocodilian courtship. As courtship and mating occur primarily in the water
(Trutnau and Sommerlad 2006), which complicates recordings, it is possible that other
species also produce a wider range of signals than previously documented. Most of the
studies of crocodilian courtship to date have not used hydrophones (Garrick and Lang
1977; Vliet 1987; Wang et al. 2007; Schneider et al. 2014; Augustine et al. 2017) and the
recent underwater recordings of G. gangeticus revealed the presence of underwater
sounds produced by adult males, which were previously thought to be jaw slaps
(Jailabdeen et al. 2018). Thus, both members of the family Gavialidae produce SAVs
and underwater sounds during courtship, but none of the loud bellows or roars used by
other crocodilians.
The sounds produced by T. schlegelii differ from the popping sounds of G. gangeticus
in both acoustic properties and context. Male gharials produce underwater pops in
response to disturbance, territory patrolling, male-male contests and courtship
(Jailabdeen et al. 2018), while T. schlegelii appear unusual amongst crocodilians,
being vocal only during courtship and mating. Although the presence of just one pair
of animals at Crocodiles of the World rules out acoustic male-male interactions and
likely eliminates the need for patrolling behaviour, there were also no acoustic signals
recorded at Jong’s Crocodile Farm, which housed a larger mixed-sex group of indivi
duals. A study of animal behaviour in captivity has significant limitations: a small
number of individuals who are familiar with each other, share the same pool and are
often in each other’s line of sight. These conditions, very different to those found in
flooded forests, could have prompted T. schlegelii to use visual and olfactory cues more,
and removed the need for advertising their location or territory vocally. Although
crocodilians use different communication signals in continuous and fragmented habi
tats (Dinets 2011), the individual animals do not change their signals in response to
habitat changes (Dinets 2013a). Crocodilian acoustic repertoires are conserved within
the species in captivity and in the wild (Vergne et al. 2009), and the evidence of other
species vocalising in the same facility (Shaun Foggett, pers. obs.) suggest that
T. schlegelii behaviour documented here is likely typical for the species. The animals
produce a number of acoustic signals during short-range communication, which are
associated with courtship and could be detected at close range in an indoor enclosure,
but not in semi-natural outdoor conditions at Jong’s Crocodile Farm. Based on
personal communication with A. Karlon and U. Youngprapakorn, Dinets (2013b)
stated that while T. schlegelii produce infrasound, head slaps and assume the HOTA
(head-oblique, tail-arched) posture, they do not produce vocal sounds unless physically
provoked, further supporting the findings that they are not vocal outside the courtship
and copulation context.
Unlike other crocodilians, which mate primarily in the mornings (Garrick et al. 1978;
Compton 1981; Kofron 1991; Vliet 2000; Schneider et al. 2014), T. schlegelii courtship
and mating at Crocodiles of the World occurred mostly at dusk and at night. Similar
mating activity pattern was reported from T. schlegelii breeding in Zoo Negara in
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Malaysia (Mathew et al. 2011), and as very little activity was observed during the day at
Jong’s Crocodile Farm, it is likely the animals there were also nocturnal. Tomistoma are
shy and sensitive to human observers (Johnson Jong, pers. comm.), thus the timing of
their courtship and mating matching the closing times of the zoo indicate that the
presence of visitors could also inhibit mating attempts. Although previous activity
monitoring of the T. schlegelii at Crocodiles of the World suggests that the species may
be primarily nocturnal (unpublished data), lack of behavioural field observations prohibit
definite conclusions on daily activity patterns.
Courtship in T. schlegelii appears similar to behaviours displayed by other crocodi
lians, though unlike the Alligator and many Crocodylus, it does not involve loud
advertisement roars or bellows. Together with the presence of underwater acoustic
signals, which are common for both gavialids, it corroborates the phylogeny of ances
tral crocodilian courtship behaviours derived by Setner (2008), suggesting that in
Gavialidae loud vocal sounds may have been lost or may be used only in other contexts.
The differences in underwater signals used by T. schlegelii and G. gangeticus could be
related to morphological differences (the presence or absence of ghara), or the different
habitats used (Dinets 2013b). Both species are found primarily in continuous aquatic
habitat (Dinets 2013b), yet G. gangeticus prefers large streams and rivers with sand,
grassy or rocky shores (Trutnau and Sommerlad 2006), while T. schlegelii is more
common in densely vegetated peat swamp forests and lowland forest rivers (Bezuijen
et al. 1997; Staniewicz et al. 2018), where the lower-frequency calls will attenuate less
(Wang et al. 2007).
Although the behaviour of shy, nocturnal, aquatic animals is difficult to observe in
both captive and wild conditions, future acoustic and high frame-rate video monitoring
of a larger group of captive T. schlegelii could help determine the context of individual
call types and the call sequences, as well as the identity of signals used in other social
interactions outside of courtship. Higher acoustic recording sampling rates could also
provide information on possible higher frequency vocalisations not recorded in this
study. Tomistoma schlegelii is rarely kept in captivity, with only small numbers of adults
kept outside southeast Asia (Trutnau and Sommerlad 2006; Fernandez-Hoyo and
Recuero 2009). Thus, still little information is available on the species’ social behaviour
outside of courtship and mating, and the effect of larger number of animals on the
breeding success in captivity. Observations on G. gangeticus also revealed individual
signatures in the temporal patterns of the underwater pops (Jailabdeen et al. 2018), while
the formant frequencies of an adult Alligator bellow provide information on the body size
of the crocodilian (Reber et al. 2017). Further analysis of calls of a larger number of
T. schlegelii could identify if any of the call properties encode an individual’s signature,
which could be used to identify animals during the acoustic monitoring.
The results presented here indicate that T. schlegelii uses short-range acoustic signals
during courtship and mating, with little vocal activity outside of those events. As such,
unlike other crocodilians, Tomistoma may not be the best candidate for the use of
acoustic methods in monitoring wild populations. Nevertheless, this study provides
a basis for further research on the social behaviour and captive breeding of this threa
tened species, as well as for investigation into the diversity of underwater signals during
crocodilian courtship.
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