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Abstract

Previous studies have suggested that belugas
(Delphinapterus leucas) use pulsed calls both with
and without tone-like components for contact calls.
However, call classification differs among research-
ers, and the definition of contact calls remains
ambiguous. The objective of this study is to orga-
nize and integrate this information to redefine
the contact calls of belugas. Our previous stud-
ies termed their contact call as PS/, which was
exchanged among the belugas and was the pre-
dominant call type in isolation. PS1 is a broad-
band pulsed call that sounds like a door creaking
and has a duration of 0.15 to 1.5 s. Individual
distinctiveness was found within a typical pulse
repetition pattern of PS1. The PS1 characteristics
initially described were based on one captive pop-
ulation. In this study, calls from another popula-
tion of seven belugas of both sexes and various
ages at Shimane Aquarium, Japan, were recorded
from October 2014 to March 2015. The PS1 defi-
nition was expanded to broadband pulsed calls
continuing for > 0.15 s, and the PS1 calls were
explored from their calls. The belugas exchanged
PS1 calls, but the pulse repetition pattern had vari-
ous forms instead of the typical pattern suggested
in previous PS1 studies. Additionally, all the PS1
calls contained a tone-like component. By reflect-
ing on these results and referring to other previous
studies, we renamed these contact calls creaking
calls. Moreover, this study shows sex differences
in the creaking calls. The females and juvenile

male had creaking calls with an individually dis-
tinct pulse repetition pattern, while adult males
had variations in pattern during free swimming.
Each adult male, however, used only an individu-
ally distinct stereotype of pulse repetition pattern
in a visual reunion and first-sighting context. This
suggests that adult males have individualized
and non-individualized creaking calls, and they
use the former to advertise identity in separation,
reunion, or greeting contexts.

Key Words: acoustic communication, vocal
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Introduction

Social animals exchange contact calls to maintain
group cohesion (Kondo & Watanabe, 2009). The
vocal exchange is characterized as a call sequence
when the preceding call is followed by the call-
back of another individual within a particular time
window (Sugiura, 1993). Calls produced by the
receiver within the time window are considered to
be responses. Callers wait for replies from other
individuals during this time window. In this manner,
a temporal rule to regulate vocal exchange exists
in the contact calls of several species, including
marine mammals such as sperm whales (Physeter
macrocephalus; Schulz et al., 2008), bottlenose dol-
phins (Tursiops truncatus; Nakahara & Miyazaki,
2011), and beluga whales (Delphinapterus leucas;
Vergara et al., 2010; Morisaka et al., 2013).
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The type of information embedded in contact
calls to discriminate associates is linked to the
social organization of the organism. For example,
bottlenose dolphins with fluid fission—fusion soci-
eties use contact calls termed signature whistles
(Caldwell & Caldwell, 1965; Caldwell et al.,
1990). These signature whistles encode strongly
recognizable individual identities independent
of the voice features (Janik et al., 2006; Sayigh
etal.,2017). On the other hand, sperm whales and
killer whales (Orcinus orca) with stable societies
encode hierarchical information in their pulse-
type contact calls: the strongly recognizable group
identity and less prominent individual identity
(Ford, 1989, 1991; Rendell & Whitehead, 2003,
2004; Nousek et al., 2006; Antunes et al., 2011;
Gero et al., 2016; Oliveira et al., 2016).

Previous studies on the relationship between
calls and behavioural activity of beluga whales
indicate they use a diverse repertoire of call types,
including whistles, pulsed calls, and mixed calls of
a pulsed component and tonal or secondary pulsed
component, for communication (Sjare & Smith,
1986a; Karlsen et al., 2002; Panova et al., 2012;
Alekseeva et al., 2013). It has been suggested that
some types of pulsed and mixed calls might func-
tion as contact calls. Van Parijs et al. (2003) col-
lected calls from temporarily captured belugas in
Svalbard, Norway. During the capture event of a
mother—calf pair, they were kept in close contact
with each other, but the mother produced pulsed
calls many times and frequently moved her head
towards the calf while producing calls. The calf
also produced many pulsed calls which occasion-
ally contained a tone. It suggests that they were
using these calls to maintain acoustical contact
with each other in the stressful situation.

Vergara & Barrett-Lennard (2008) and Vergara
et al. (2010) recorded calls from captive belugas
at the Vancouver Aquarium in Canada. The belu-
gas originated from the Churchill River Estuary
in Canada. The authors reported the emission of
Type A calls between mothers and calves. These
calls were pulsative in nature and sounded like a
door creaking, and some variants of the calls con-
tained a tonal component or a secondary pulsed
component that had a different pulse repetition rate
from the main pulse train. The Type A calls were
often produced in sequence by the mother and her
calf within 2 s, suggesting that they exchanged
the calls following the temporal rule that respond-
ers call back within 2 s (Vergara et al., 2010).
In addition, the mother and calf often produced
Type A calls in separation contexts. Moreover, the
mother predominantly produced Type A calls the
day after giving birth and after the death of a calf
(Vergara & Barrett-Lennard, 2008; Vergara et al.,
2010). The description of Type A calls by Vergara

et al. (2010) from temporarily restrained belugas
in the Nelson River Estuary and social groups in
the St Lawrence Estuary in Canada suggest these
calls are widely used by belugas. Chmelnitsky &
Ferguson (2012) also described call types similar
to Type A in belugas from the Churchill River
Estuary. When the calls were recorded, at least
one mother—calf pair was often observed. The
findings also suggest that these calls serve as con-
tact calls between mothers and calves.

Morisaka et al. (2013) and Mishima et al. (2015)
recorded calls from belugas housed at the Port of
Nagoya Public Aquarium in Japan. The belugas
originated from the White Sea and the Russian Far
East. The studies focused on one type of pulsed
call, the PSI, which was defined acoustically as
follows: the fixed pulse train sounds like a ratchet
or a door creaking, and it is easy for humans to
discriminate it as a PS1 call. Energy is distributed
in a broad band from less than 1 kHz up to at least
170 kHz, and the duration is more than 0.15 s. PS1
calls had a typical pulse repetition pattern struc-
ture: the inter-pulse intervals decrease at first,
become constant, and then rapidly increase at the
end of the call. Because an individual produced
tones with pulse trains resembling PS1 calls, some
mixed calls were occasionally considered to be
PS1 calls (Mishima et al., 2015). Morisaka et al.
(2013) revealed that the PS1 calls were exchanged
following the temporal rule that responders call
back within approximately 1 s, callers waited for
responses within the 1-s time window, and the
pulse repetition pattern of PS1 calls was different
among the three adults.

Because the study analysed a small dataset,
Mishima et al. (2015) subsequently investigated
the PS1 characteristics of five belugas of both
sexes and different ages at the Port of Nagoya
Public Aquarium. The study used a separation
context to elicit contact calls from the belugas.
Each beluga was transferred to a separate pool
alone with the exception of one male calf who was
transferred with his mother or a subadult female.
Thirty-minute recordings were made of the sepa-
ration context for each beluga. PS1 was the most
frequently produced call type in the separation
context, and the PS1 call rate increased signifi-
cantly when a mother—calf pair was separated. In
addition, the pulse repetition pattern of a PS1 call
was individually distinctive and stereotyped, and
some temporal and spectral parameters were also
different among individuals. These two previous
PS1 studies suggest that PS1 functions as a contact
call among individuals, as well as between moth-
ers and calves, and the pulse repetition pattern of
PS1 appeared to contain individual information.

Panova et al. (2017) showed additional evidence
that belugas encode individual information in the
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pulse repetition pattern of their contact calls. The
study investigated stereotyped pulsed and mixed
calls of captive belugas that originated from the
Okhotsk Sea, and the calls were defined as simi-
lar calls to Type A and PS1 calls. The stereotyped
calls were divided into types according to the pulse
repetition pattern of the pulsed components, as
well as the frequency contour of the tonal compo-
nents. A newly introduced female in the Koktebel
Dolphinarium in Ukraine produced only one type
of stereotyped mixed call. In addition, four types of
stereotyped pulsed and mixed calls were recorded
from four females hosted together in Nilmaguba,
Russia, when they interacted with underwater
trainers, without disturbances, and when two of the
females were removed. These results suggest that
each type of stereotyped call may have belonged
to one female; in other words, the females could
have individually distinctive stereotyped pulsed
or mixed calls. The type of information encoded
in contact calls of belugas may have been selected
in beluga societies with long-term associations in
a fluid social structure (Bel’kovitch & Sh’ekotov,
1993; Michaud, 2005; Colbeck et al., 2012).

The pulsed calls in the Van Parijs et al. (2003)
study, Type A calls (Vergara & Barrett-Lennard,
2008; Vergara et al., 2010), and PSI calls
(Morisaka et al.,2013; Mishima et al., 2015) share
some acoustical and functional characteristics,
and those characteristics are found in some call
types of other previous studies on free-ranging
belugas (Sjare & Smith, 1986a, 1986b; Recchia,
1994; Karlsen et al., 2002; Belikov & Bel’kovich,
2008; Chmelnitsky & Ferguson, 2012; Panova
et al., 2012; Alekseeva et al., 2013; reviewed in
Mishima et al., 2015). However, call classification
was different among the studies, and the definition
of contact calls in belugas remained ambiguous.

The objective of the present study is to solidly
define the contact calls of belugas. The definition
of PS1 was based on just one captive population;
therefore, the present study collected calls from
another captive beluga population and explored
PS1 calls to increase the population size. Taking
the results of the present and previous PS1 stud-
ies together and comparing them to the pulsed and
mixed calls described in other principal studies on
beluga contact calls (Van Parijs et al., 2003; Vergara
& Barrett-Lennard, 2008; Vergara et al., 2010;
Panova et al., 2017), we provide a new definition
of the generalized contact call in belugas. In addi-
tion, Panova et al. (2017) showed that two captive
male belugas of Nilmaguba, Russia, shared one
type of stereotyped mixed call in interactions with
underwater trainers; we therefore conducted further
investigations of the contact call usage of males.

Two experiments were conducted in the present
study. Experiment 1 examined the vocal exchange

pattern, acoustic structure, and individuality of the
PS1 calls. In Experiment 2, a visual reunion and
first-sighting context was provided for the adult
males to look for the existence of individually
specific PS1 calls in their repertoires.

Methods

Experiment 1

Facility and Subjects—Data were collected from
the belugas housed at the Shimane Aquarium in
Shimane, Japan, from October 2014 to March
2015. There were seven belugas: three female
adults (F1, F2, and F3), one female calf (F4), two
male adults (M1 and M2), and one male juvenile
(M3). All adult belugas were captured in the Amur
River in Russia and estimated to be 16 to 18 y old.
F1,F2,and M2 came to the aquarium in 1999, and
F3 and M1 in 2003. Both M3 and F4 were born in
captivity from the same parents (F1 and M2). M3
was 5y old and F4 was 2 mo old in October 2014.

There were two beluga pools, A and B. Pool A
was composed of two subpools, and the main
pool (AM pool) held F2, F3, and M3 (Figure 1a).
Pool B was composed of three subpools: a main
pool (BM pool) and two holding pools (BH1 and
BH2 pools) (Figure 1b). The mother—calf pair
(F1 and F4) was held in the BM pool. Each hold-
ing pool contained either M1 or M2. There was
a metal lattice between the BH1 and BH2 pools,
maintaining visual and acoustical contact between
individuals M1 and M2. There were gates between
the BH1 and BM pools, and between the BH2 and
BM pools. These gates prevented visual contact,
but sounds could pass through the gates, although
they were attenuated.

There were three recording patterns: the AM,
BM, and BH recordings were conducted in AM,
BM, and BH pools, respectively. Each recording
continued for 30 min, and a total of 12, 10, and
six sessions were performed for AM, BM, and
BH recordings, respectively. All sessions were
performed in normal free-swimming contexts
between 0900 and 1700 h, excluding feeding and
training times.

Recording System—Three hydrophones were
used for the AM and BM recordings (Figure 1).
One was a TC 4013 underwater hydrophone
(Reson Inc., Slangerup, Denmark) which exhibits a
flat frequency response from 1 Hz to 170 kHz (211
+ 3 dB re 1V/uPa) and was placed at a depth of 1 m.
The hydrophone was housed in a polyvinyl chlo-
ride pipe, which did not prevent recordings because
the pipe had a small window where the tip of the
hydrophone was located. The other hydrophones
used were Model AQH-100DTP (AquaSound Inc.,
Kobe, Japan). These hydrophones were attached
to an acrylic observation window using grease.
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Figure 1. Schematic view of the beluga pools in the Shimane Aquarium: (a) Pool A and (b) Pool B. Recordings were made
at AM pool (the main pool of Pool A), BM pool (the main pool of Pool B), and BH pools (the holding pools of Pool B). The
arrangements of the hydrophones and videos are shown in the figures.

The hydrophones collected the sounds generated
under water behind the acrylic window from 3 to
130 kHz, although there were sound transmission
losses between 3 to 40 kHz and gains between 50
to 130 kHz (Yoshida et al., 2016). The TC 4013
hydrophone was used for the analysis of acoustic
parameters, and the two AQH-100DTP hydro-
phones were used to identify callers by measur-
ing the time differences of sound arrivals. The
three hydrophones installed in the BM pool also
recorded the sounds from the males held in the
BH pools, although the sound recordings were of a
poor acoustic quality. The male calls were counted,
but those PS1 callers could not be identified.

The BH recordings used two TC 4013 hydro-
phones submerged at a depth of 1 m (Figure 1b).
They were used for the analysis of acoustic
parameters and the identification of callers. The
BH recordings also collected sounds from the
mother—calf pair in the BM pool. The PS1 calls
with poor acoustic quality were considered to be
produced by the mother F1 since no PS1 calls
were heard from the calf F4 during the experiment
period.

The sound from TC 4013 hydrophones was
filtered using an analog high-pass filter at 1 kHz
and amplified by 32 dB using VP1000 pream-
plifiers (Reson Inc.). The sound from AQH-
100DTP hydrophones was filtered using an

analog band-pass filter from 1 to 200 kHz and
amplified by 50 dB using Aquafeeler III pream-
plifiers (AquaSound Inc.). All analog data were
collected by EZ7510 data recorders (NF Corp.,
Yokohama, Japan), which digitized up to two
channels of sound sampling at 500 kHz and 16
bits. Observations were made from underwater
windows using a GZ-V675-R video camera (JVC
Corp., Yokohama, Japan).

PS1 Call Definition— The definition of PS1 calls
in the previous studies needed to be expanded to
search for PS1 calls from another beluga popula-
tion; therefore, the pulse repetition pattern structure
properties defined in the previous studies in which
“the inter-pulse intervals (IPIs) decrease at first,
become constant, and then rapidly increase at the
end of the call” (Morisaka et al., 2013; Mishima
et al., 2015) were excluded from the definition
of PS1 calls in the present study. PS1 calls were
still defined here as fixed pulse trains that sounded
like a ratchet or a door creaking. The energy had
a broadband distribution from less than 1 kHz up
to at least 170 kHz, and the duration was more
than 0.15 s. Based on the updated definition, one
of the authors (YM) found PS1 calls in the record-
ings using Audacity, Version 2.0.5 (The Audacity
Team).

Analysis for PS1 Call Exchange—To test the pre-
diction that PS1 calls produced by the belugas in the
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present study were also used for vocal exchanges,
as observed in the previous study (Morisaka et al.,
2013), the between-individual intervals (BIls) and
within-individual intervals (WIIs) of the PS1 calls
were investigated. An interval in this study was
defined as the period from the peak of the first pulse
in the preceding PS1 call to the peak of the first
pulse in the following PS1 call. The interval crite-
rion was different from the Morisaka et al. (2013)
study, which defines an interval as the period from
the end of a PS1 to the beginning of the next PS1
because there were many overlapping PS1 calls pro-
duced by two or three belugas in the present study.
It was easier to read the beginning of the PS1 calls
than the end of the PS1 calls in those call sequences.
In cases where intervals could not be measured cor-
rectly and could not be classified as either BII or
WII, the samples were excluded from the interval
data. BII and WII frequency distributions were con-
structed for each of the AM and BH recordings, and
a temporal production pattern was examined. BM
recordings were excluded in this analysis because in
BM recordings, the callers located in the BH pools
could not be identified, and it was difficult to clas-
sify most intervals as either BII or WII.

A simulation for BII was performed using a
bootstrapping technique (Yosida et al., 2007;
Kondo et al., 2010) to investigate whether the
observed BII distribution showed a temporal rule
of vocal exchange or was just an incidental result.
In the simulation, imaginary individuals produced
PS1 calls independently at their own pace. First, a
number of samples were randomly selected from
the observed WII data pool using the average
number of observed WIIs per individual and per
session as the specific number (8 and 10 samples
for AM and BH recordings, respectively), and the
selected WII samples were rearranged. The value
of the first WII sample was regarded as the onset
time of the first PS1 call produced by an imaginary
individual. The cumulative sum of the first and
second WII samples was considered as the onset
time of the second PS1 call produced by the imagi-
nary individual. Similarly, all onset times of PS1
calls were calculated. The procedure was repeated
three times for three imaginary individuals, which
was the same as the number of individuals engaged
in PS1 call production in Pools A and B because F4
did not produce PS1 calls. The imaginary individu-
als were presumed to independently produce PS1
calls in parallel. The simulated BII was defined as
the time difference in the onset times of PS1 call
sequences by different imaginary individuals. This
procedure was repeated until we obtained a com-
parable number of simulated and observed BII
samples. The frequency distributions between the
observed and simulated BIIs were compared using
two-sample Kolmogorov-Smirnov tests.

Acoustic  Parameter Extraction from PSI
Calls—The acoustic characteristics of PS1 calls
with good signal-to-noise ratios were analysed
using Avisoft SASLab Pro, Version 5.2 (Avisoft
Bioacoustics, Glienicke/Nordbahn, Germany). PS1
was composed of many pulses, and the pulses were
automatically detected; however, in cases where
reflecting pulses had been counted or where direct
pulses with lower amplitudes had not been counted,
the miscounted pulses were corrected manually.
Five temporal parameters were extracted: (1) the
number of pulses (Ny), (2) duration of call (DUR),
(3) pulse repetition rate (PRR), (4) mean IPI of
pulse numbers 11 to 20 (IPI 1), and (5) mean IPI
of pulse numbers 11 to 20 from the final pulse of
the call (IPI 2). The two parameters of IPIs, IPI 1
and IPI 2, were selected according to the previous
study (Mishima et al., 2015), which will allow us to
compare statistically the pulse repetition patterns of
PS1 calls. The changes in IPIs as a function of time,
termed IPI contours, were also depicted with time
in seconds as the x axis and IPIs in milliseconds as
the y axis.

The spectral characteristics did not seem to
change among pulses within a call as suggested in
Mishima et al. (2015); therefore, the middle pulses
were selected as representative of pulses consist-
ing of PS1 calls for spectral analyses. The averaged
power spectra of the middle pulses were calculated
by a 256-point FFT with a Hamming window and
then smoothed using a five-point window. The
maximum source level (SL) above 1 kHz was set
to zero to compare relative spectra. There were
no noise effects on the spectra of PS1 calls since
noise spectra calculated using non-call windows
before the onset of the PS1 calls had no distinct
noise above 1 kHz. Four spectral parameters were
calculated: (1) peak frequency of the middle pulse
(Fy); (2) 10 dB bandwidth (10 BW), which is the
frequency band at a level of -10 dB from the peak;
and (3 & 4) the lower and upper frequencies of the
10 BW (Fi and F.).

IPI  Contour Classification by Human
Observers—Using the visual classification meth-
ods by human observers in Janik (1999) and Sayigh
et al. (2007), the individual distinctiveness of IPI
contours was investigated. Six IPI contours were
randomly selected for each of the six belugas. The
graphic scales of all of the 36 samples were set to
0to 1.2 s forx axes (1 s=15cm)and 0 to 14 ms
for y axes (1 ms =0.6 cm) to fit the maximum size
of samples. The samples were printed without the
axis legends, scales, and gridlines. Five observers
who had no prior experience in classifying animal
sounds categorized the randomly ordered samples
into classes based on the overall contour similar-
ity with no information on the appropriate number
of classes. If at least three out of five observers
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agreed on a pair to be grouped together, the pair
was regarded as the same call type produced by
the same individual or a similar call type produced
by different individuals.

Statistical Analyses of Acoustic Parameters—
The five temporal parameters (N,, DUR, PRR, IPI
1, and IPI 2) and four spectral parameters (F,, 10
BW, F,, and F.) were compared inter-individually by
using the Kruskal-Wallis test or one-way ANOVA.
To identify which parameters possibly carry indi-
vidual information, the potential for individual
coding (PIC) was calculated. The PIC is the ratio
of the coefficient of variation between individuals
to that within individuals; thus, acoustic parameters
showing a PIC score greater than 1 may be a useful
feature for the recognition of individuals (Charrier
et al., 2002). Furthermore, a discriminant function
analysis (DFA) was performed to classify PS1 calls
into individuals based on the acoustic variables
with a high PIC score. To decrease the disparity in
sample sizes and to increase the effectiveness of the
DFA before running it (McGarigal et al., 2000), 53
samples were randomly selected from 100 PS1 calls
of F2, which was the same number used for F1, and
the sample size of each individual fell within the
range of 21 to 53. Because the dataset did not satisfy
multivariate normality (Shapiro-Wilk test, p <0.01)
and homogeneity of the variance—covariance matri-
ces (Box’s M test, p < 0.01), a quadratic DFA was
selected. The predominant discriminator was found
by a stepwise DFA. All statistical analyses were per-
formed using R, Version 3.1.0 (The R Foundation
for Statistical Computing, Vienna, Austria), and
statistical significance was accepted when p < 0.01.

Experiment 2
Facility and Subjects—Experiment 1 revealed
that only the adult males had several types of PS1
calls; therefore, Experiment 2 was conducted to
determine the existence of individually specific
PS1 calls in their repertoires. Experiment 2 was
carried out in Pool B at the Shimane Aquarium
in March 2015. As described in Experiment 1,
Pool B contained three adults, M1, M2, and F1,
and one calf, F4 (Figure 1b). The mother—calf pair
(F1 and F4) was held in the BM pool, and each
holding pool contained either M1 or M2. A metal
lattice divided the BH1 and BH2 pools, while
gates divided the BH1 and BM pools and the BH2
and BM pools. M1 and M2 could communicate
visually and acoustically with each other. The
males could not communicate with the mother—
calf pair visually, but they could communicate
acoustically, although the sounds were attenuated.
In Experiment 2, the gates between the BM
pool and BH pools were opened while the metal
lattice remained in place, meaning the individuals
could not move between the subpools. This was

a visual reunion after a long separation for the
males and F1, and a first opportunity for the males
to see the calf F4.

Recording System—Sounds were recorded
using all the hydrophones used in the BM and
BH recordings of Experiment 1 to identify callers.
The equipment and settings were the same as in
Experiment 1. Behaviour was recorded from the
underwater windows using a GZ-V675-R video
camera.

Context-Specific Use of PSI Calls in Adult
Males—The adult belugas in Pool B were already
known to each other, and acoustic communica-
tion was made possible through the closed gates.
However, if the adult males had individualized
PS1 calls used for identity advertisement in their
PS1 call repertoire, the rate of the individual-
ized PS1 calls might increase with the gate open,
where both acoustical and visual contact were
fully available to verify individual identification.
Recordings were classified into three sections:
(1) the 12 min before the gate opens, (2) during
the 12-min gate opening, and (3) for 12 min after
the gate opens. First, the number of PS1 calls by
each individual was investigated in each record-
ing section. Second, focusing on the PS1 calls
produced by the adult males during the 12-min
gate opening, the IPI contours were depicted for
calls with good acoustic quality.

To investigate whether the adult males use an
individually distinctive stereotyped IPI contour
within their repertoire during the gate opening, a
classification was performed by human observers.
We arranged IPI-contour samples from the four
datasets: (1) all M1 samples during free swim-
ming of Experiment 1, (2) all M1 samples during
the gate opening, (3) all M2 samples during
free swimming of Experiment 1, and (4) all M2
samples during the gate opening. All of the sam-
ples were printed with x axes of 0 to 2.6 s (1 s
=15 cm) and y axes of 0 to 20 ms (I ms = 0.6
cm) to fit the maximum size of samples, and
they were randomly ordered. Five naive observ-
ers without prior experience in classifying animal
sounds, who were different from the observers
in Experiment 1, were instructed to categorize
the samples into a number of classes as she or he
thought best based on the overall contours. On
each pair of all samples, the number of observ-
ers who grouped the pair together were counted.
The percentage of the number of pairs grouped
together by at least three observers to the number
of total pairs were calculated within each dataset
and between datasets to examine the relationship
of IPI contours within and between contexts and
individuals. Finally, the duration of the individu-
ally distinctive stereotyped PS1 calls was com-
pared between the two different contexts using the
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two-sample ¢ test or the Welch two-sample ¢ test to
verify the previously suggested prediction that the
duration varies depending on contexts (Mishima
etal., 2015).

Results

Experiment 1
In total, 965, 862, and 421 PS1 calls were col-
lected from 6-h AM (the main pool of Pool A), 5-h
BM (the main pool of Pool B), and 3-h BH (two
holding pools of Pool B) recordings, respectively.
All belugas, excluding the calf F4, produced PS1
calls. Of the 965 PS1 calls in the AM recordings,
867 calls were from identified callers, including
489, 211, and 167 from F2, F3, and M3, respec-
tively. Of the 862 PS1 calls in the BM recordings,
220 calls were identified as calls from F1. All of
the 421 PS1 calls in the BH recordings were identi-
fied with regard to callers, including 242, 108, and
71 from M1, M2, and F1, respectively, but the F1
samples in the BH recordings are excluded from
this analysis because of poor acoustic quality.
Temporal Rule of PSI Call Exchange—
Measured intervals of the PS1 calls were divided
into BII (between-individual interval) and WII
(within-individual interval). The frequency distri-
bution of the BIIs and WIIs in the AM and BH data
can be observed in Figure 2. In the AM recordings,
the observed WII distribution had a sharp peak at
an interval of 1.6 s, while the observed BII dis-
tribution had two peaks, with a sharp peak at 0.6
s and a small peak at 1.2 s. These peaks indicate
clear differences in duration between the Blls and
WIIs, with 95.5% of the WIIs occurring after 1.0
s and 50.4% of the BlIls occurring within 1.0 s. It
was found that 20.2% of the Blls were intervals
of overlapping call sequences. In the BH record-
ings, the observed WII distribution showed two
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small peaks at intervals of 1.8 and 3.2 s, while the
observed BII distribution had a sharp peak at 0.4 s.
All of the WIIs occurred after 1.0 s, whereas 51.1%
of the BIIs occurred within 1.0 s, and 47.3% of the
BIIs were intervals of overlapping call sequences.

The simulated BII distribution of AM record-
ings had two peaks: (1) a sharp peak at 0.2 s and
(2) a small peak at 1.3 s (Figure 2a). Although
the second peak was similar, the first peak was
different from that of the observed BII distribu-
tion. On the other hand, the simulated BII distri-
bution of BH recordings had no particular peaks
(Figure 2b). The simulated and observed BIls
had significantly different frequency distributions
in both the AM and BH recordings (two-sample
Kolmogorov-Smirnov tests: D = 0.143, p < 0.01
and D =0.447, p <0.01, respectively).

Acoustic Characteristics and Individuality of
PS1 Calls—Acoustic parameters were extracted
from PS1 calls with good signal-to-noise ratios.
The sample numbers were 53, 100,21, 38,24, and
32 for F1, F2, F3, M1, M2, and M3, respectively.
Since F2 had several samples with good acoustic
quality, 100 samples were randomly selected.

Spectrogram examples of PS1 calls are shown in
Figure 3. All PS1 calls contained a tone-like com-
ponent: a tonal component or a secondary pulsed
component composed of low-frequency, narrow-
band, and high-repetition-rate pulses, which over-
lap in both the temporal and frequency domains.
The tone-like components were not modulated
over the call duration in all belugas. The dominant
frequencies of the components were 11.3 + 0.3
(mean + SD) kHz for F1, 7.8 + 0.1 kHz for F2,
9.2 +0.1 kHz for F3,9.7 £ 0.5 kHz for M1, 8.5 +
0.8 kHz for M2, and 9.1 + 0.1 kHz for M3.

Fifteen IPI contours of the main pulse trains in
PS1 calls were randomly selected for each indi-
vidual (Figure 4). Each beluga had individually
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Figure 2. Frequency distributions of the intervals between successive PS1 calls. BII = between-individual interval and WII
= within-individual interval. The percentages were calculated for each of the observed BllIs (black solid line), simulated
BIIs (black broken line), and observed WIIs (grey solid line) in (a) AM recordings and (b) BH recordings (bin width: 0.2 s).
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Figure 3. Examples of PS1 calls from six belugas: (a) F1, (b) F2, (¢) F3, (d) M1, (¢) M2, and (f) M3. The top graphs represent
waveforms, and the bottom graphs represent spectrograms (FFT size: 1,024 points; window: Hamming; overlap: 50%). The
arrows indicate tone-like components co-occurring with the main pulse trains.

distinctive, stereotyped IPI contours, excluding
the adult males, M1 and M2, which had variations
in the IPI contours. All individuals tended to have
abrupt changes of IPIs within the first 0.1 s of the
IPI contour.

The result of the classification of IPI contours of
PS1 calls by human observers are visually illustrated
as similarity networks in Figure 5. The IPI contours
from each of F1, F2, F3, and M3 were found to form
an independent cluster, with the exception of one
M3 sample (M3-1), which was grouped together
with F3 samples (F3 was a pool mate of M3 but
not his mother). The samples of M1 and M2 were
split, and there was a mixed cluster of the M1 and
M2 samples as well as an M1 cluster and an M2
cluster; however, none of the M1 and M2 samples
were grouped together with other beluga samples.

The averaged power spectra of the middle
pulses within PS1 calls were calculated, and 15
randomly selected samples for each individual
are shown in Figure 6. Contrary to IPI contours,
there was no obvious individual distinctiveness
and consistency.

The characteristics and results of statistical
analyses for each acoustic parameter of PS1 calls
are summarized in Table 1. Univariate statistical

analyses demonstrated that all temporal param-
eters and two spectral parameters, 10 BW and
F, differed significantly among individuals (p <
0.01), but F; and F. were not significantly different
(p=0.05 and p =0.96, respectively). Furthermore,
all temporal parameters had PICs > 2.0, especially
the PRR and IPI 1 which had PICs > 2.5, but spec-
tral parameters had PICs of around 1.

The DFA was performed using the five tem-
poral parameters with high PIC values. To avoid
multicollinearity, N, and PRR with high variance
inflation factors were excluded from the dataset.
The quadratic DFA based on DUR, IPI 1, and
IPI 2 resulted in correct classification rates of 100,
96.2,81.0,974, 87.5, and 43.8% for F1, F2, F3,
M1, M2, and M3, respectively, with an overall
correct classification rate of 87.3%. About half of
the PS1 calls of M3 were misattributed to F3. The
stepwise DFA revealed that the most powerful dis-
criminator was IPI 2, followed by IPI 1.

Experiment 2

The number of PS1 calls was compared among
the three recording sections: (1) 12 min before
the gate opens, (2) 12 min during the gate open-
ing, and (3) 12 min after the gate opens. Only M1
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Figure 4. IPI contours of PS1 calls from six belugas: (a) F1, (b) F2, (c) F3, (d) M1, (e) M2, and (f) M3. Fifteen examples

were randomly selected from each of the belugas.

produced PS1 calls (n = 19) for 12 min before
the gate opened, and there were no PS1 calls for
12 min after the gate opened; whereas PS1 calls
were produced by F1 (n = 6), M1 (n = 43), and
M2 (n = 6) during the gate opening. Fifteen out
of 43 M1 samples and four out of six M2 samples
during the gate opening had a good acoustic qual-
ity; their IPI contours are depicted in Figure 7.
Human observers classified a total of 81 sam-
ples (38 M1 samples and 24 M2 samples in the
free-swimming contexts of Experiment 1; 15 M1
samples and four M2 samples in the gate-open-
ing contexts of Experiment 2), and the results
showed that the samples during the gate opening
were more individually distinctive and consistent
than during free swimming (Table 2). However,
24 out of 38 M1 samples during free swimming

were grouped together by the observers with all
M1 samples during the gate opening. Similarly, 12
out of 24 M2 samples during free swimming were
grouped together with all M2 samples during the
gate opening.

The contextual comparison of duration was
conducted on the PS1 calls with the individually
distinctive, stereotyped IPI contours as the result
of classification performed by human observers.
The duration of the M1 samples during the gate
opening (mean + SD) was 1.33 £ 0.17 s (0.98 to
1.67 s) (n = 15), which was significantly longer
than the duration of 0.57 £ 0.13 s (0.26 to 0.85 s)
(n = 24) during free swimming (two-sample ¢
test: 7 = -15.02, p < 0.01). Also, the duration of
M2 samples during the gate opening had a sig-
nificantly longer duration of 2.11 £0.41 s (0.98 to
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Figure 5. Similarity network depicted based on the human observer classification of the randomly ordered 36 IPI contours
(randomly selected six samples from each of six belugas). The numbers following hyphens indicate the serial numbers of
samples from each beluga. If at least three out of five observers agreed on a pair of samples to be grouped together, the pair
was connected by a line: when the pair was samples from a single beluga, they were connected by a solid line, and when the
pair was samples from two different belugas, they were connected by a broken line.

1.67s)(n=4)than 1.02+0.115(0.83t0 1.195) (n
= 12) during free swimming (Welch two-sample ¢
test: 51 =-4.61,p <0.01).

Discussion

“Creaking Calls” —The New Name for Contact
Calls in Belugas

All the belugas, excluding a calf, in the present
study produced PS1 calls. Given that the PS1
calls were used for vocal exchange and con-
tained individual information, they were likely
to have the same function as the earlier described
PS1 calls. When taking the results of the pres-
ent and previous PS1 studies together (Morisaka
et al., 2013; Mishima et al., 2015) and refer-
ring to the call types in other principal studies
on beluga contact calls (Van Parijs et al., 2003;
Vergara & Barrett-Lennard, 2008; Vergara et al.,
2010; Panova et al., 2017), the contact calls of
belugas are generalized and newly named creak-
ing calls. The creaking call is a fixed pulse train
that sounds like a ratchet or a door creaking.
Broadband energy is distributed from less than
1 up to at least 170 kHz, and the duration is
approximately 0.15 to 2.50 s.

Several creaking calls contain tone-like compo-
nents co-occurring with the main pulse train. The
creaking call is likely obtained through develop-
mental processes and/or vocal learning. Belugas
use creaking calls for vocal exchanges regulated
by an approximately 1-s response rule such that
another animal responds to the production of a
creaking call within 1 s. The IPI contour of the
main pulse train in a creaking call, especially in its
initial part (the first 0.1 s), is individually specific,
although adult males seem to possess not only the
individualized creaking call but also non-individ-
ualized creaking calls. The duration of creaking
calls changes depending on context. The defini-
tion was based on the following findings.

For the vocal exchange in the present study,
most of the observed WIIs occurred after 1.0 s,
with a first peak at 1.6 to 1.8 s, but more than
half of the observed BIIs occurred within 1.0 s,
with a sharp peak at 0.4 to 0.6 s (Figure 2). The
difference between the observed WIIs and BIIs
indicated that intervals of adjacent PS1 calls pro-
duced by different individuals were shorter than
those produced by the same whale. The frequency
distribution of the observed BIIs was significantly
different from that of the simulated BIIs, and it
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Figure 6. Power spectra calculated at the middle pulse location for PS1 calls from six belugas: (a) F1, (b) F2, (¢) F3, (d) M1,
(e) M2, and (f) M3 (FFT size: 256 points; window: Hamming; smoothing: five points). Fifteen examples were randomly

selected from each beluga.

indicates that the observed BII distribution was
not an incidental result.

The previous PS1 study found that the fre-
quency distribution of the WIIs had a sharp peak
at 1.0 s, and the frequency distribution of the
BIIs had a gradual peak at -0.5 s (Morisaka et al.,
2013). The interval criterion in the previous study
was the latency period from the end of a PS1 to
the beginning of the next PS1 and was a shorter
duration than the criterion in the present study.
When the distributions of the previous study
were shifted to the right along the temporal axis
by 0.85 s—the mean PS1 duration of Morisaka
et al. (2013)—their distribution resembled that
of the present study. We thus concluded that the
production of PS1 calls was temporally regulated:

responders called back within approximately 1 s,
they called frequently at 0.4 to 0.6 s, and callers
kept silent in the 1-s time window.

For Type A calls, a 2-s cutoff was selected for
the BII distribution, but the WII distribution was
not investigated (Vergara et al., 2010). The Type A
call study divided the BllIs shorter than 2 s into the
time difference between “overlapping” calls and
“adjacent” calls. If the second call was produced
by different individuals before the termination
of the initial call, they were termed overlapping
calls. If the second call was produced by different
individuals within 2 s but after the termination of
the initial call, they were termed adjacent calls.
The interval distributions of overlapping and adja-
cent calls have a peak at 1 and 2 s, respectively.
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Table 1. Characteristics and results of the statistical analyses for each acoustic parameter of the PS1 calls. N, = number of
pulses, DUR = duration, PRR = pulse repetition rate, IPI 1 = average inter-pulse interval of pulse numbers 11 to 20, IPI 2 =
average inter-pulse interval of pulse numbers 11 to 20 from the final pulse of the call, F, = peak frequency, 10 BW = 10 dB
bandwidth, Fi = the lower frequency of the 10 BW, and F. = the upper frequency of the 10 BW.

DUR PRR IPT 1 IPI 2 F, 10 BW F F.
Parameter No (s) (pulses/s) (ms) (ms) (kHz) (kHz) (kHz) (kHz)
Mean + SD 115+ 047 + 250.6 + 3.17 484 + 483 + 60.8 + 195+ 80.2 =
43 0.19 554 1.62 0.42 27.8 27.7 21.8 31.1
Max. 260 1.19 525.5 6.12 6.19 123.0 136.7 93.8 146.5
Min. 53 0.16 178.8 1.04 348 2.0 15.6 2.0 254
Kruskal— Hs = Hs= Hs = Hs= Hs= - Hs= Hs= -
Wallis 196.23 207.58 189.81 198.36 196.14 44.60 57.53
test p<001 p<001 p<001 p<001 p<001 p<001 p<001
One—way - - - - -- Fisoe = -- - Fso =
ANOVA 398 0.002
p=0.05 p=0.96
PIC 2.07 2.33 2.71 2.57 227 1.09 1.07 1.10 1.17
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Figure 7. IPI contours of PS1 calls with good acoustic quality during the gate opening in Experiment 2: (a) M1 and (b) M2.
Fifteen and four samples are represented for M1 and M2, respectively.

Table 2. Percentage of the pairs of IPI contours grouped together by at least three observers to the total pairs of samples in
each combination of two from the four datasets: (1) 38 M1 samples during the free swimming, (2) 15 M1 samples during the
gate opening, (3) 24 M2 samples during the free swimming, and (4) four M2 samples during the gate opening. The numbers
in parentheses indicate the number of pairs grouped together/the total number of pairs.

Ml Ml M2 M2
ID & context Free swimming Gate opening Free swimming Gate opening
Ml 56.8%
Free swimming (399/703)
Ml 66.7% 100.0%
Gate opening (380/570) (105/105)
M2 24.7% 23.1% 34.8%
Free swimming (225/912) (83/360) (96/276)
M2 0.0% 0.0% 50.0% 100.0%
Gate opening (0/152) (0/60) (48/96) (6/6)
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When the overlapping and adjacent distributions
are added together to compare the interval distri-
butions of PS1 studies, the constructed distribu-
tion has a sharp peak at 1 s. The reason why BII
distributions between PS1 and Type A calls was
slightly different is unclear, but there is a pos-
sibility that this difference may be because the
subjects of the PS1 and Type A call studies origi-
nated from Russian and Canadian populations,
respectively. Further investigations on population
differences in between call intervals should be
conducted. From the exchange characteristics of
PS1 and Type A calls, we defined that creaking
calls were used for vocal exchanges regulated by
an approximately 1-s response rule.

Each beluga, excluding adult males, in the pres-
ent study produced only PS1 calls with a stereo-
typed IPI contour that was individually specific
(Figure 4). This was supported by the results of
the classification by human observers (Figure 5),
univariate statistical analyses, PIC (Table 1), and
quadratic DFA. The classification by observers
showed that the IPI contours from three females
were similar within individuals and different
among individuals. The juvenile male, M3, had
a similar pattern to the females, and one sample
(M3-1) was also classified with F3 samples. M1
and M2 had not only individually distinctive types
of IPI contours but also shared types. In addition,
all temporal parameters had significant inter-
individual differences and high PIC scores; in
particular, PRR and IPI 1 had PIC scores greater
than 2.5, indicating that PRR and IPI 1 had higher
inter-individual variations than intra-individual
variations. Furthermore, a quadratic DFA based
on DUR, IPI 1, and IPI 2 resulted in an overall
correct classification rate of 87.3%, and the most
informative parameters in the DFA were IPI 2
followed by IPI 1. These results suggest that the
pulse repetition pattern has a high potential as an
individual identification medium. This finding
coincides with the results of previous PS1 stud-
ies (Morisaka et al., 2013; Mishima et al., 2015)
and is supported by the findings in Panova et al.
(2017). Each of the Type A variants, which were
classified based on the pulse repetition rate and
energy distribution, did not belong to an individ-
ual (Vergara et al., 2010). However, the possibility
that Type A calls could exhibit identity coding if
they are further classified based on the IPI con-
tours remains unexplored.

The initial part of the IPI contours seems to con-
tain more information for individual identification
than the final part because an abrupt change was
found in the initial part of the IPI contours in both
the present and previous studies (Morisaka et al.,
2013; Mishima et al., 2015; Figure 4). Furthermore,
overlapping exchanges often occurred in the present

study as was reported by the previous PS1 study
(Morisaka et al., 2013) and the Type A call study
(Vergara et al., 2010). Thus, belugas seem to answer
immediately after hearing the initial part of the call;
therefore, the initial part may be more important for
individual recognition. From these findings, creak-
ing calls were characterized such that the IPI con-
tour of the main pulse train, especially in its initial
part (the first 0.1 s), is individually specific.

Statistical analyses indicated that the durations
of the PSI calls had an individual distinctive-
ness in the normal free-swimming contexts in the
present study, but the duration within individuals
seemed to vary depending on the context. The
durations of the individualized PS1 calls of adult
males were longer in the gate-opening context of
Experiment 2 than in the normal free-swimming
contexts of Experiment 1. The durations of the
PS1 calls in the previous study were not individu-
ally specific in the separation contexts (Mishima
et al., 2015). In addition, the duration was less
important for the classification of individually
specific stereotyped pulsed or mixed call types in
Panova et al. (2017). These results imply that the
duration may not be used for individual recogni-
tion; rather, it could contain information about the
callers’ motivational state. Similarly, the duration
of the signature whistles in bottlenose dolphins is
affected by their motivational state (Esch et al.,
2009). When the values of the durations in the
PS1 calls of Experiments 1 and 2 and the earlier
described PS1 calls were integrated, the durations
ranged from approximately 0.15 to 2.50 s. The
pulse trains in the Van Parijs et al. (2003) study
had average durations of 0.3 to 1.9 s; the Type A
calls in the Vergara et al. (2010) study had average
durations of 1.2 to 1.9 s; and the durations of the
stereotyped pulsed or mixed calls in the work by
Panova et al. (2017) were between 0.17 to 1.34 s.
The previous studies recorded calls in various
contexts, but their durations were within the range
of the PS1 studies. Thus, we defined that the call
duration of creaking calls varies depending on
the context, but it is approximately in the 0.15 to
2.50 s range.

Individual specificity could not be found in
the spectra of PS1 calls (Figure 6). In addition,
PIC scores of all spectral parameters were around
1, indicating that the intra-individual and inter-
individual variations were comparable, although
the univariate statistical analyses showed that
some spectral parameters were individually dis-
tinctive (Table 1). These findings were similar
to the results of the previous PS1 study in which
a visual comparison of the spectra showed that
there were no intra-individual consistency and
inter-individual differences in the PS1 calls even
though statistical analyses indicated that some
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spectral parameters were individually distinctive
(Mishima et al., 2015). Therefore, we can con-
clude that spectral cues have less individuality.

As described above, there is some consistency
and similarity between the PS1 calls described in
the present and previous studies; however, PS1
calls in the present study have some acoustic char-
acteristics to which the previous PS1 definition
do not apply. Various types of IPI contours were
observed in the present study, and most of them
were different from the typical decrease-constant-
increase contours observed in the previous stud-
ies (Morisaka et al., 2013; Mishima et al., 2015;
Figure 4). Thus, it can be concluded that there is
no typical form of the IPI contours in creaking
calls, and there is the potential for a high degree
of individuality in IPI contours.

In addition, in the present study, all the PS1 calls
of all the belugas had a tone-like (tonal or second-
ary pulsed) component that co-occurred with the
main broadband pulse train and was consistent
intra-individually (Figure 3); whereas in the pre-
vious study, a tonal component was found in the
PS1 calls of only one adult male (Mishima et al.,
2015). Similar tone-like components were found
in some of the pulsed calls in the Van Parijs et al.
(2003) study and the Type A calls in the Vergara &
Barrett-Lennard (2008) and Vergara et al. (2010)
studies, and stereotyped pulsed or mixed calls in
the Panova et al. (2017) study. In the Panova et al.
study, not only the pulse repetition patterns of the
main pulsed components but also the frequency
contour of the tone-like components were used for
classification of the stereotyped pulsed or mixed
calls, and each type of pulse repetition pattern
and tone-like component may belong to one indi-
vidual. These results suggest that several belugas
have a tone-like component in their creaking calls,
which may function as a supportive individual
identity. Including or not including the component
may also be one of the forms of individuality.

The 2-mo-old female calf, F4, in the present
study did not produce PS1 calls. The 1-y-old male
calf in Mishima et al. (2015) produced PS1 calls,
but his IPI contour fluctuated over the duration of
the call. Further, the male calf in the Vergara &
Barrett-Lennard (2008) study gradually developed
the pulsed and tonal components of Type A calls
in his first year. These findings imply that beluga
calves gradually obtain their individualized creak-
ing calls in their first few years through develop-
mental processes and/or vocal learning.

Finally, it should be noted that when acoustic
parameters of the PS1 calls were analysed in the
present study, a large number of samples were
unable to be analysed. There were various factors
causing poor acoustic quality such as saturation
and low amplitude, but the primary factors were

multiple reflections and the overlapping of two
consecutive PS1 calls by different individuals.
However, the impact of the unused samples on the
results seemed to be low because there were aural
and spectrographic similarities between the anal-
ysed and unused PS1 calls.

Sexual Difference of Creaking Calls

From here, we use the term creaking calls instead
of PS1 calls. Females and the single juvenile male
produced only individually specific creaking calls,
but the two adult males produced several types of
creaking calls. The creaking call rate increased
during the gate opening and decreased after the
gate opened. Further, the classification by human
observers suggested that both adult males used
not only the individually distinctive, stereotyped
IPI contours but also a shared type of IPI contour
and other non-individualized contours during
free swimming in Experiment 1. In contrast, they
produced only the individually distinctive, ste-
reotyped creaking calls during the gate opening,
which also seemed to be the most frequently used
type during free swimming (Table 2). Mishima
et al. (2015) showed that an adult male mostly
produced one type of creaking call with an indi-
vidually distinctive IPI contour in the separation
context, although two creaking calls with clearly
different IPI contours were found in his call rep-
ertoire (Mishima et al., 2015). Thus, in the vocal
repertoire of males, the predominantly produced
creaking call type in separation, reunion, or greet-
ing contexts where they may have needed to
advertise their identity appears to be their indi-
vidually specific creaking call.

If the individually specific creaking call is
used predominantly, it is unclear why adult males
also produced non-individualized creaking calls.
For comparison, bottlenose dolphins produce
individually specific signature whistles, but they
also produce several non-signature whistles
(Tyack, 1986; Sayigh et al., 1990; Janik et al.,
1994; McCowan & Reiss, 1995; Janik & Slater,
1998; Watwood et al., 2004, 2005; Nakahara &
Miyazaki, 2011). Signature whistles were most
frequently produced in isolation, reunion, or
greeting contexts to identify each other (Caldwell
et al., 1990; Sayigh et al., 1990; Janik et al., 1994;
Janik & Slater, 1998; Watwood et al., 2005; Quick
& Janik, 2012), whereas non-signature whistles
were often produced in other contexts (Janik
et al., 1994; Janik & Slater, 1998; Watwood et al.,
2005; King & Janik, 2015). Bottlenose dolphin
males disperse from their matrilineal group after
weaning and make alliances with other males
(Connor & Kiriitzen, 2015). They have a broader
whistle repertoire than females (Tyack, 1986;
Sayigh et al., 1990; Watwood et al., 2004), and
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the whistle repertoires of males expand at about
the time they separate from their mother (Sayigh
et al., 1990). Allied males in a consortship with
a female mostly produced non-signature whistles
(Watwood et al., 2005). Whistle convergence has
also been found among allied males (Smolker &
Pepper, 1999; Watwood et al., 2004), and these
whistles are likely to play a role in the alliance
signature to form alliance bonds (Smolker &
Pepper, 1999). Adult male belugas also appeared
to facilitate long-term social bonds with other
mature males (Michaud, 2005; Colbeck et al.,
2012). The creaking call repertoires of male belu-
gas might expand as they mature as seen in bottle-
nose dolphins. The juvenile male in the present
study was housed with the females rather than the
males, and he had just one type of creaking call.
The wild juvenile males leave their natal groups
and may spend time with other adult males, which
could be where they learn several types of creak-
ing calls. Although we could not clarify the func-
tion of the non-individualized creaking calls of
males, the call sharing found in the males of the
present study (Figure 5; Table 2) and the Panova
et al. (2017) study might occur to strengthen the
male bond.

Future Plans

The present study discussed the definition and sex
differences in contact calls of belugas. However,
our conclusions were primarily based on studies
in captivity, which could affect the data. Given
that pulsed calls similar to creaking calls were
produced from wild belugas in various behav-
ioural activities (Sjare & Smith, 1986a; Karlsen
et al., 2002; Panova et al., 2012; Alekseeva et al.,
2013), the limited behavioural context in cap-
tivity might lead to more stereotyped IPI con-
tours. Further studies of wild belugas in various
behavioural contexts should be conducted to gain
insight into the acoustical and functional charac-
teristics of creaking calls. In addition, as a next
step, an optimum classification method of the IPI
contours should be established to divide creak-
ing calls into types for application to research
on individual identification of wild belugas and
for the examination of creaking call repertoires
in adult males. From the results, the classifica-
tion performed by human observers appeared to
be useful, similar to the analysis done for signa-
ture whistles of bottlenose dolphins (Janik, 1999);
however, it is time-consuming and laborious for a
large dataset. The automatic classification meth-
ods of frequency or pulse-rate contours used for
the contact calls of bottlenose dolphins and killer
whales, respectively, might be applicable to clas-
sify the IPI contours of creaking calls in belugas
(Deecke & Janik, 2006).
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