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Individual identity advertisement and recognitiome amportant for inter-individual social networks.
Individual identification is found in the “contacills” of several social animals, which are used \iocal
exchange to maintain group cohesion. The degraadifiduality is linked to social structure, andnaplex
social interactions might favor strongly recognigaimdividual identity. Systematic studies of casitaalls in
odontocetes, or toothed whales, have focused og tmnke species—sperm whales, killer whales, and
bottlenose dolphins. Sperm and Kkiller whales hawvegiterm, stable social structures and possess
group-specific contact calls with less prominendiwdual differences; these are akin to voice feadu
However, bottlenose dolphins live in a fluid fissitusion society, and more strongly recognizabbévidual
identity has evolved in their contact calls, whiafe called signature whistles. The frequency castai
signature whistles carry identity information inéeplent of voice cues. To elucidate the evolutiomeogcesses
and adaptive significance of all forms of acoudljcambedded individuality, it is necessary to emt& our
understanding of contact calls in other odontosptxies.

Beluga whales are a circumpolar and annual migyatpecies; although little is known about belugeiety,
they appear to have a fluid social structure. Tioeeg a high degree of individuality may exist reir contact
calls. It was recently reported that they might oase type of broadband pulsed sound “PS1” for iicidially
specific contact calls. The present study provishssght into the function of PS1 as a contact et the
individuality within PS1. Firstly, beluga vocalizans were recorded at two aquariums to investid®d
function and individuality. Next, playback experimg would be needed to elucidate whether beluga®P&d
for individual recognition and which acoustic paetar is the recognition cue. However, conventional
underwater speakers cannot faithfully reproduceadlband pulse trains such as PS1 because they have
transmitting sensitivity only below 20 kHz. Theredo | developed a broadband underwater speaker and
established a broadband transmitting system fecgife PS1 playback.

Firstly, vocalizations were collected from five bgas kept at the Port of Nagoya Public Aquariunmfro
September 2013 to May 2014. Each individual wataied in a sub-pool to elicit contact calls fronerth
Vocalizations were classified into five broaderegairies, including PS1. Sound arrival time differento two
hydrophones were used to discriminate between RB4 ftom isolated and non-isolated belugas. Temlpor
and spectral parameters of the identified PS1 codlisolated belugas were compared among indivilual

A total of 6,817 calls were recorded in 46 isolatevents over 22 h and 40 min. PS1 was the predorhin
call type (38% in total) in the isolation contexthich suggested that PS1 functioned as a contdtt ca
Individual comparison of PS1 calls revealed thanges in inter-pulse intervals (IP1s) as a funcodrime,
termed “IPl contours”, were consistent intra-indivally and different inter-individually. A discrimant
function analysis (DFA) based on five parameteessfied PS1 calls into individuals with an ovei@krect
classification rate of 80.5%, and the most infoimeparameter was an average IPI.

Next, to investigate whether the PS1 function andividuality suggested by one captive group were
common features in beluga species, | recorded izatiins from another captive group kept at Shimane
Aquarium from October 2014 to March 2015. Thereemsvo pools, A and B, which contained three and fou



belugas, respectively. Because the belugas coul@hexplaced in an unexpected isolation context,rite of
PS1 in group cohesion could not be directly condidmHowever, if the subjects used PS1 as a cocddlcPS1
would be expected to be produced in affiliative tesits and used for vocal exchange. Thus, the atffik
function of PS1 was explored bgssessinghe relationship between PS1 bouts and aggresshmissive
behavior. The frequency distribution of inter-P8&fervals was constructed to reveal whether PSlused for
vocal exchange. Individual differences in PS1 caklse also investigated.

A total of 2,421 calls were collected in 12 sessi@ver 6 h in pool A, and a total of 3,260 callsreve
collected in 16 sessions over 8 h in pool B. Pk @xcounted for 40% and 39% of the total callpaol A
and B, respectively. Most of the aggressive/sulbresbehavior occurred out of a PS1 bout, and igssted
that PS1 was produced in affiliative contexts. ithbpools, most PS1 sequences by the same indlsidua
occurred after 1 s, whereas half the PS1 sequdncdsferent individuals occurred within 1 s. Thessults
suggested that PS1 was used for vocal exchangevaadapproximately regulated by a 1-s response rule.
Individual comparison of PS1 calls revealed thatciéhtours were stereotyped within individuals aliifierent
between individuals. A DFA based on five parametdessified PS1 calls into individuals with an calér
correct classification rate of 94.8%, and the npmsterful discriminator was an average IPI.

These findings from two aquariums provided compglevidence that PS1 functions as an affiliativietaot
call and contains individuality. Therefore, it igghly possible that IPI contours convey stronglgagnizable
individual identity information as seen in frequgrontours of signature whistles.

A broadband transmitting system was establishedPf8t playback experimentEhe requirements of the
system were that it should cover the frequency beord 1 to 170 kHz in which PS1 has consistent gneand
project sounds with at least 2360 dB in source level (SL), which is the typicdl & PS1 in RMS value.
Firstly, | created a broadband underwater speagi@guwo types of multilayer piezoelectric actuatd®ne has
resonant frequency at 131 and 164 kHz. The otherrbsonances at 8 and 20 kHz. Seven high-frequency
actuators and one low-frequency actuator were glatehe same acryl disk with a diameter of 110 amd a
thickness of 13 mm. Only high-frequency actuatoeser.angevin structured using another acryl diskafoear
mass. This structure was embedded in a vinyl aidohousingThe transmitting system was composed of the
developed broadband speaker, a power amplifier (604 JBL Inc.), a data acquisition device (NI UGB51,
National Instruments Co.), and MATLAB software (3).1

This system had a flat sensitivity from 5 to 175zkkith £12 dB ripple. It was enhanced by cross-elation
between the transmitting signals and inverse clamatics of the transmitting system, and consetyen flat
frequency response from 7 to 175 kHz with £5.5 giple was obtained. Although it had low sensitiviylow
7 kHz, it does not appear crucial as hearing sensitivitpelugas tends to drop sharply at frequenciesriowe
than 8 kHz. The system could project signals &tlé86-170 dB in SL and did not generate mechanical noise
and waveform distortion. Thus, the system is usédul PS1 playback. However, an attempted playback
experiment to investigate whether belugas disci@te&rPS1 calls of familiar and unfamiliar individsdailed
to elicit clear vocal and behavioral responsessipdgs due to the abnormal experimental situatioreréfore, |
need to redesign the playback protocol.

The present study provided compelling evidencetokisg individuality in contact calls in belugaand
established a broadband transmitting system foadivand pulse trains. If future playback experiments
determine that the IPI contours of PS1 serve asasiges, this will prove that belugas show similar
individuality to that of bottlenose dolphins. Hovegybottlenose dolphins copy conspecific signatames use
them to address particular individuals, similadyhtuman names; | did not observe any apparent ogpyi
individualized PS1 in belugas. Therefore, bottlenaolphins may have a more sophisticated individual
recognition system than belugas. Further invedstigadf beluga society and PS1 recognition wouldaerce
our understanding of differences in individual rgeition mechanisms of the two species.



