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Do Belugas Send Sound Cues?
Experimental Verification of Blindfolded Imitation among Beluga

Yoshiaki Maeda', Yukimi Otomo?, Hiroshi Katsumata', Kazutoshi Arai'!, & Tsukasa
Murayama?

! Kamogawa Sea World

2 Tokai University, School of Marine Science and Technology

Dolphins can successfully coordinate their behavior using audio signals. Therefore, the current study tested whether or not belugas can
use sound to exchange information in a cooperative task and verified the mechanisms of the transmission of information during trials.
The subjects are two male belugas, Nack and Duke. Nack was trained to rotate his body when the experimenter turned a hand in a
circular motion (rotation cue) or to take a vertical position on the spot of the pool when the experimenter turned on a light toward the
subject (headstand cue). Duke was required to do the same behavior as Nack but was blindfolded. During the test trials, the experimenter
presented both cues toward Nack in random order. The result indicated that Nack responded correctly to both cues, and Duke behaved
similarly to Nack. Moreover, Nack emitted different sounds in response to the cues, which indicates that Nack spontaneously
transmitted information to Duke by emitting sounds, which led Duke to provide correct responses. Although Duke displayed the same
behaviors as Nack did despite the lack of training to do so, Duke’s performance was due to learning by hearing sounds instead of
training.
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Los delfines poseen la habilidad de coordinar exitosamente su comportamiento mediante sefiales de audio. Por lo tanto, el presente
estudio evaluo si las belugas pueden usar sonidos para intercambiar informacion en una tarea cooperativa y explor6 los mecanismos de
transmision de informacion durante las pruebas. Los sujetos fueron dos belugas macho, Nack y Duke. Nack fue entrenado para rotar
su cuerpo cuando el experimentador giraba una mano en un movimiento circular (sefial de rotacion) o para tomar una posicion vertical
cuando el experimentador encendia una luz hacia el sujeto (sefial de parada de cabeza). A Duke se le pidié que hiciera los mismos
comportamientos que Nack, pero hizo el procedimiento con los ojos vendados. Durante las pruebas, el experimentador presentd ambas
sefiales hacia Nack en orden aleatorio. Los resultados indicaron que Nack respondi6 correctamente a ambas sefiales y Duke se comporto
de manera similar a Nack. Ademas, Nack emiti6 diferentes sonidos en respuesta a las sefiales, lo que indica que transmitié informacion
espontaneamente a Duke mediante la emision de sonidos y lo 1levo a presentar respuestas correctas. A pesar de la falta de entrenamiento
directo, Duke mostr6 los mismos comportamientos que Nack y su desempefio correspondid a un aprendizaje basado en la escucha de
sonidos y no a un entrenamiento.
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Animals communicate using various means, one of which is sound. They use sound to provide
information to other animals for different purposes, such as vigilance, reproduction, and foraging. Previous
studies demonstrated a link between animal sociality and sound communication, in which animals with
complex sociality use sound to communicate in complex ways, as illustrated in primates, and other animals
(Freeberg, 2006; Krams et al., 2012; Lima et al., 2018). Group size is well known to be related to sound
diversity (McComb & Semple, 2005), and the complex sociality of animals facilitates complex vocal
communication (Freeberg et al., 2012).

Dolphins, which are highly adapted to underwater life, form groups and lead complex social lives.
Social cetaceans produce various sounds (Herman & Tavolga, 1980; Jones et al., 2019). Scholars propose that
sound plays an important function in their society. For example, discrete calls by killer whales (Orcinus orca)
(Ford, 1989) and coda by sperm whales (Physeter macrocephalus) (Watkins & Schevill, 1977; Weilgart &
Whitehead, 1993) are considered to be used for communication between individuals or within groups. In
addition, the signature whistle, a unique sound of the bottlenose dolphins (7ursiops spp.) (Caldwell &
Caldwell, 1968), functions as an individually unique label for the bottlenose dolphin (Janik, 2013), which they
use to call out to other individuals and maintain cohesion within the group (Janik & Slater, 1998). May-Collado
et al. (2007) found that sociality influenced the diversity of complex dolphin sounds. The type of sound
produced by dolphins differs according to the presence or absence of other individuals (Terada et al., 2022),
which indicates that they use different sounds for different situations. These findings suggest that sounds
produced by dolphins contain certain types of information or have particular functions.

Previous studies reported that chimpanzees (Pan troglodytes) (Melis & Tomasello, 2019) and
orangutans (Pongo pygmaeus) (Botting & Bastian, 2019) could facilitate task success by communicating
through visual signals. Cooperative behavioral experiments were also conducted to elucidate the function of
sound. In the case of bottlenose dolphins (King et al., 2021), for example, two individuals simultaneously
pressed buttons in a task, in which the whistle of one individual was found to increase the success rate by
coordinating the behavior between the two individuals. These findings clarified that dolphins successfully
coordinate their behavior through audio signals. However, the type of information transmitted using sounds by
individuals in these cases remains unclear.

Belugas (Delphinapterus leucas) produce a wide variety of sounds (Tyack & Clark, 2000) and are
colloquially called the canary of the sea. Mishima et al. (2015) suggested that pulsed signals of belugas, which
are termed creaking calls, are used as contact calls. In addition, scholars demonstrate that belugas have the
ability to learn ringing sounds (Vergara & Barrett-Lennard, 2008), imitate human voices and synthetic sounds
(Murayama et al., 2014; Ridgway et al., 2012), and use sounds for object labeling (Murayama et al., 2012),
which suggests that a possibility exists that belugas may integrate these abilities into information using the
emitted sounds. Therefore, the current study experimentally tested whether or not captive beluga whales use
sound to exchange information in a cooperative task and verified the mechanism for transmission of
information by sound.

Method

Subject

The subjects were two male belugas named Nack (body weight: 879 kg, total length: 384 cm, age: 28 years old) and Duke
(body weight: 1470 kg, total length: 480 cm, age: 31 years old), which were kept in Kamogawa Sea World in Chiba Prefecture in
Japan. Nack had previously undergone several types of cognitive experiments on the sounds emitted by Nack (Murayama et al.,
2012; 2014; 2017) unrelated to the present study; however, neither subject has previously participated in any investigation involving
blindfolded imitation.



Procedure

The experiments were performed at an indoor pool (depth: 3.5 m, width: 18 m, water temperature: 17.0°C) in Kamogawa
Sea World. There is a clockwise water current in the pool.

In the training conducted before the experiment, each subject was trained to rotate his body when an experimenter turns a
hand in a circular motion (i.e., a rotation cue) or to take a vertical position in a particular spot of the pool when an experimenter turns
on the light toward a subject (i.e., headstand cue). Duke had never been trained to perform in imitation with or without being
blindfolded. However, because Duke received reinforcement when blindfolded to imitate Nack’s behavior, Duke spontaneously came
to perform the same behavior as Nack without being specifically trained to do so. In addition, when Nack makes any sounds, bubbles
appear from the respiratory hole of Nack. Since we could also see the bubbles when we heard the sounds, we concluded that Nack
emitted those sounds.

Two experimenters conducted the experiments. One was outside the pool to present cues to Nack (Figure 1). The other was
inside the pool to set the eyecups to Duke and to give the subjects their rewards but stayed far from them during each trial to avoid
influencing the experiment. The experimenters were randomly switched in their roles.

The study recorded the behavior of each subject for each trial using a video camera (HDR CX-470, SONY). The sounds
emitted for each trial were recorded using a hydrophone (SH 200K, System Intech), which has a high sensitivity ranging from 20 Hz
to 200 kHz. The hydrophone was placed in the middle of both individuals at a depth of 0.5 m (Figure 1). The emitted sounds were
recorded into a data recorder (R-09HR, Roland) at a 16-bit, 500 kHz sampling rate.

The two subjects were located 10 m apart from each other with their head turned in different directions in the pool (Figure
1), such that one would not perceive the echolocation sounds of the other. Duke was blindfolded using eyecups during the trials but
they were taken off between trials.

All sounds that were emitted during the experiment were then analog-bandpass filtered from 1kHz with a 70dB gain using a
preamplifier (Aqua-feeler IV, Aquasound Inc). Moreover, we generated sound spectrograms (sonagrams) using Audition 3 (Adobe Co.).

Figure 1
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The authors confirm that all experiments were performed in accordance with the relevant following guidelines and
regulations. That is, all the research activities adhered to the Ethical Guidelines for the Conduct of Research Animals by Zoo and
Aquariums issued by the World Association on Zoos and Aquariums (WAZA), the Code of Ethics issued by the Japanese Association
of Zoos and Aquariums (JAZA), and the Japanese Act on Welfare and Management of Animals.

(a) Pre-test phase

Before the test trials, an experimenter stood in front of Duke and presented the rotation cue or headstand cue to only Duke
(blindfolded) to confirm if Duke could see those cue signs and to determine if Duke would emit any sounds.

(b) Test phase
Control trial session

The experimenter stood in front of Nack outside the pool without movement for 10 s.
Test trial sessions

The experimenter stood in front of Nack outside the pool (Figure 1) and presented the rotation or headstand cue toward Nack
for 3 s. A trial involved one cue signal, which was randomly ordered. Over one month, two to three trials including the training session
took place a day. When not only Nack but also Duke responded correctly to each cue, then the experimenter inside the pool rewarded
them one of fish each. If Nack, Duke, or both produced an incorrect response, then no rewards were given. The study analyzed the
responses of the subjects after the presentation of each cue. All experiments were performed in water, therefore, both subjects were
submerged below the water during all of the trials.

Statistics

Two independent #-tests were conducted to determine whether the mean duration time and the mean interval time of
pulses/signals were statistically significant.

Results

(a) Pre-test phase

First, five trials were performed in each cue sign. Duke did not respond to any of the trials. Since Duke
was trained to respond in response to the cue when he saw the cue, it was found that Duke could not see the
experimenter's cue due to being blindfolded by eyecups. Furthermore, Duke produced no sound during the
trials, which indicated that Duke did not spontaneously or arbitrarily emit any sound while being blindfolded,
even in the presence of Nack.
(b) Test phase

Control trial

This phase is composed of five trials. Although no cue was presented for 10 s, both subjects produced
no movement or sound. In other words, they did not arbitrarily respond without a cue from the experimenter.



Test trial

In the rotation cue trials, a total of 15 trials were performed. When the experimenter presented the cue
toward Nack, not only Nack but also Duke rotated his body. It was successful in 14 out of 15 trials. The only
incorrect response was that Duke conducted a headstand for the rotation cue in which Nack gave the correct
response. In the headstand cue trials, a total of 16 trials were performed. For all trials, Nack and Duke
performed correctly. Both subjects responded correctly to the majority of trials for both cues, thus, the
percentages of correct responses were very high (Table 1).

Table 1

Correct responses of each individual in each cue trial

Nack Duke
correct trials/total trials correct trials/total trials
(percentage of correct responses) (percentage of correct responses)
Rotation cue 15/15 (100%) 14/15 (93.3%)
trial
Headstand cue 16/16 (100%) 16/16 (100%)

trial

We analyzed pictures from the video recording and observed that Nack responded within 2 s after a
cue was presented. Therefore, we analyzed the sounds emitted up to 2 s after the cue presentation.
Many sounds were emitted and recorded during the trials. During the pre-test phase, Duke did not
spontaneously emit any sound while being blindfolded, even in the presence of Nack. In addition, as mentioned
above, since it has been confirmed that bubbles are emitted from the respiratory holes of Nack when Nack
makes such sounds, we considered that the sounds recorded in the test phase were thought to be emitted only
by Nack.

While intermittent tonal signals were recorded in the rotation cue trials, clicks were recorded in the
headstand cue trials. Figure 2 shows a few sonograms in the successful trials for each cue. The study observed
many tonal signals or pulses in the sonograms of the trials for both cues, however, distinctive differences
existed between these cue trials on duration time (Figure 3a) and interval time between signals or pulses (Figure
3b).



Figure 2

A few sonograms in the successful trials. The dashed lines represent the analysis range (2 s)
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Note. a: rotation cue trials, b: headstand cue trial.

Figure 3

Legends of duration time (a) and interval time between pulses (b)

For the rotation cue, two types of sounds were observed in the sonagrams (Figure 2a); one is a tonal
signal with short duration time, and the other is a click. The tonal signals were always included which were
evident during the first half of the sonagrams. In addition, the interval between signals was relatively long.
Alternatively, in the sonagrams for the trials for the headstand cue, only clicks but not tonal signals with long
duration time were observed (Figure 2b). The interval between pulses was relatively short.



We then compared the mean duration time of signals/pulses and the mean interval time between
signals/pulses for the first 2 - 5 pulses per trial for each cue (Table 2). The mean duration time of the trial for
the rotation cue (M = 83.9, SD = 39.3) was significantly longer than the trials for the headstand cue (M = 8.9,
SD =3.5) (t-test, #(113) = 10.0, d = 1.49, p = .007), and the mean interval time of the trials for the rotation
cue (M = 185.4, SD = 69.5) was significantly longer than the trials for the headstand cue (M =26.2, SD =
11.6) (t-test, 1(100) =8.73,d = 1.73, p = .013).

Table 2

Comparison of mean duration time and mean interval time.

mean duration time (ms) mean interval time (ms)
(M £ SD) (M £ 8D)
Rotation cue trial 83.9+39.3 (N=41) 185.4+£69.5 (N=31)
Headstand cue trial 89+35(N=74) 262+11.6 (N=171)

Note. ms: millisecond, M: mean, SD: standard deviation.

Discussion

Cetaceans are speculated to communicate through sound. Certain species of cetaceans use pulsed
sounds as contact calls, such as the coda of sperm whales (Weilgart & Whitehead, 1993) and the discrete call
of killer whales (Ford, 1989). It has also elucidated that sound is used differently according to the situation
between individuals. In the wild, bottlenose dolphins form alliances and engage in various behaviors to protect
themselves from rival alliances (Connor & Kriitzen, 2015; Owen et al., 2002). During these behaviors, sound
plays an important role in collective behavioral coordination (King et al., 2019; Moore et al., 2020). Captive
dolphins produce different sounds depending on the number of individuals in the vicinity and their behaviors,
and it is demonstrated that these sounds have some function as contact calls or are involved in friendly
behaviors (Terada et al., 2022). Eskelinen et al. (2016) reported high sound production rates during cooperative
successes in a cooperative task. This suggested that acoustic signals play an important role in cooperative tasks
and functions as vital communication tool.

The objectives of these sound emissions in cetaceans are postulated to be associated with reproduction
or maintenance of groups (Janik & Slater, 1998; Tyack & Clark, 2000), which are essential for their life. For
example, the packet tone of dolphins functions as a contact call to convey information about their location, and
the burst pulse is used for various forms of intraspecific communication such as threats and prey capture
(Nakahara, 2002). The signature whistle of bottlenose dolphins is hypothesized to function as an interaction
with a specific individual/partner (Caldwell & Caldwell, 1968; Janik et al., 2006). In this manner, the
possibility exists that sound is used to transmit various information among cetaceans, however the meaning of
each emitted sound remains unclear.



Duke produced correct responses although he could not see the cue as he was blindfolded, and his
responses corresponded to those of Nack. Jaakkola et al. (2013) demonstrated in the blindfolded imitation
study that an Atlantic bottlenose dolphin (7. truncatus) switched strategies when mimicking model behaviors,
recognizing behaviors by the characteristic sounds of model behaviors and by echolocation for more novel
sound behaviors. As in Jaakkola et al. (2013), passive acoustics played a role in the outcome also in the current
study. However, in the current study, the pool has a clockwise water current, and Duke is positioned upstream
of the current and both subjects were positioned far enough apart (10 m apart), thus, Duke could not perceive
Nack's movements according to the experimenter’s cue. Moreover, the experiments were carried out in water,
so no splashing occurred even if Nack acted underwater. In addition, the beamwidth of echolocation for a
beluga is approximately 6.5° in the horizontal plane (Au et al., 1987), and the subjects are positioned with their
heads turned in different directions (Figure 1), so, the echolocation direction of each subject was also different.
Moreover, Duke had never been trained to imitate behavior and was not ordered to imitate Nack’s behavior in
the current study. Therefore, we propose that Duke responded neither by sensing the movements of Nack nor
by echolocation, that is, Duke based his movements on the sounds emitted by Nack. The results demonstrate
that the two belugas used vocal signals to accomplish cooperative actions.

Nack emitted different sounds in response to the experimenter’s cue, such that Duke was able to
provide correct responses to the cues. However, Nack was not trained to emit sounds. Therefore, we considered
that Nack spontaneously transmitted information to Duke by sound. Since Duke was not trained to perform the
same behavior as Nack, the results were not due to training but rather from learning. In contrast, the rotation
and headstand behaviors imposed by the current study are not essential for the subjects. Nack used his emitted
sounds to transmit certain information to Duke, thus, the study concludes that belugas can use sound and
transmit information, even regarding aspects that are not particularly ecologically necessary for living. In
addition, they spontaneously used different sounds according to particular purposes. In the cooperative tasks
for captive dolphins, a few individuals used vocal signals to facilitate the successful execution of cooperative
actions. This result indicates that they use vocal communication to actively coordinate in a cooperative context
(King et al., 2021). The current results suggest that belugas also communicate with other individuals by
emitting sounds to accomplish cooperative tasks.
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