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Whistle Characteristics of Captive Beluga Whale Delphinapterus leucas

Seulgi Choi, Hyeong jun Yuk', Won min Han', Young Geul Yoon, Hawsun Sohn, Kyunglee Lee and

Kyum Joon Park*

Cetacean Research Institute, National Institute of Fisheries Science, Ulsan 44780, Korea

"Hanwha Hotels & Resorts Aqua planet, Yeosu 59744 , Korea

The whistle sounds of three Beluga whales Delphinapterus leucas were recorded four times, for an hour each time, in
2016 and analyzed to obtain the most stable and basic acoustic characteristics of the whales in captivity. This study
investigated the whistle characteristics of beluga whales and the relationship between whistle sounds and behavior to
understand the meaning of the whistle sounds. The whistles were classified into six types (flat, ascending, descend-
ing, hump, dip, and wavy type) by their frequency contour and shape. The most common type was the ascending
type, accounting for>30% of total whistles. The fundamental frequency of whistles was 2.0-8.6 kHz. Four types of
behavior were related with the sounds of beluga whales (aggressive, submissive, affiliative, sexual behavior). A flat
whistle was the most recorded in the group and an aggressive act was observed in association with the flat whistle. A
dip whistle were recorded more when submissive acts were observed.

Key words: Delphinapterus leucas, Captive beluga whale, Whistle characteristics, Behavior

M B

3] 112)|(Delphinapterus leucas)= E-F84 02 11E(Or-
der Cetacea), ©]®1g]ol=(Suborder Odontoceti), Uz
IH(Family Monodontidae), 3112<3(Genus Delphinapterus)
of &oh= Fog dEA7E} Aliuth, - E, YAlo} &
ool AAlgtt S48 2199 AL gl S = oqﬁ*ﬂuol
A|F w2 A 21 3]A 0 2 wsh, Aol whet )M, dsjA o g
AR} HrobA| Tk SA|ol| A 124 Afe]of o] Fa} -2 SlAo] Ht},
o]t | o] £% © & White whale T+ Beluga whale = &
g}, A9 B70]= 43-55 m, BFA|= 1.6 tono]| o] =1,

£ Tohsoks 9l SALAnsl g wels Aoz
FAsHAl &2 Y 4= qlct(Jefferson et al., 2008).

~’EH T 7oA SIS o]-&ke] A= oAkaES sHAY

5 AR t A =R O] Rk Alske] i AdEA 2
%’4541% 7], Al 9 3o gt JHE aofsl= F 23St
2 ggo] FHI Fo g, 1o sk A E Tetslr] fls)

ﬂ

A TEo] WAgshe 4229 A7 -4 5 281tH08], 2017).
55| Sl oHarel FolA 7HE thakRt 28 E e T2
2 dHA 9 ov(Vergara et al., 2010), 71 289 732 3]&
S(Whistle)1} ¥FeFA ¢ 22]3-(Echolocation click), T+E-2 4
Al 1128 48] (Pulsed tone and noisy call), £-3-2(Combined
call)] 47}x] 2 =7 EFHHChmelnitsky et al., 2012). 47}
A 2] oA 71 A7) 3] A Si4 e Aol
2 3 i 340l mefo] e HAEIL, XA ES 9
of| AREE T A A Qth(Belikov et al., 2007; Chmelnitsky
et al., 2012). 352 200 Hz-120 kHz9] F1k= HYE 7}
A Aol BAgo gI3)2h HolS BRI $i9) ol 45
tH(Chmelnitsky et al., 2012; Garland et al., 2015). ¥, 3]&
23 28] vl AHos a7t 9 N HAS
AT 42l Yelo) g BAgow Ty, 2o
A= o] Qlth(Karlsen et al., 2002; Chmelnitsky et al., 2012;
Garland etal., 2015). nf#| 2} & B35S0 3£0 ) uldo 1l
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TRl A8]7F HA A AS 3o Chmelnitsky et al., 2012;

Garland et al., 2015). o]&3t 1172 A= o} =31

5 ehekeh ol A] A 4= gz, B BT ol

ol 4] A7) A2l S 24 9 BAISH: Ao] 71249 25 A
E oA o7 A=t a824o]th(Yoon et al., 2002).

E?}, Panova et al. (2012)2 2] A|oF2] Onega Bay (6424" N,
35°49" E)oll A Aot Sl E o 53-8 =350 6
7}A] 35 33 (directional motion, quiet swimming, sleeping/
resting, social interaction, feeding, exploration of hydrophone)
of wel 48] EAS BA451%3L, Van Parijs and Corkeron
(2001)= %3 Moreton Bay (153726” N, 27°24" E)ol| A4]3}=

Ol el QF B-5-=117(Pacific humpback dolphin)e] 452
2 =235} 47}11 5 4 (travelling, socializing, foraging,
milling)of| whel A 8EATE 052 At oFgolA A 45t
< Ml o2 shat )lof 1 e 7oy W
7F AR O TNAIE o= Sk 9ok thE AR o
7T AR A A= ool A Bk AR 35 o] 755t
B 53 HolHE A o2 4 glo] Fgah o o
FAATIAIE B AESHA 4 & 4= e Aoz Az

A eyt eSEElA A AR 28,
s 9 Slare 3Folch 1 % T-EHOq Al = gha} of
FolZehul o=} oA 3tol| A AR T2l Dot 3wk S of
For 712 A B4 Bl At dE AdshaL /le
1, o] - IO A Ak Wi 9] Slarel of Eat sl
ks T5aS 71538 flE50] R AkaEol

=93} Qg'% 32 2 (Belikov et al., 2007), & Lol A= Af
¢l Sz 3ute] o] T1iEof| whet Ueh= 3E 543 9
=9 %—%—F&iﬂo 24 a7 EA 7= $1E52] ¢
ol shetel At gt

= m’% _40
<L :(0

1l
Mz L gt

k3

oI cha

a5} ol ol Bapyl ol 20121 oA AulrE e}
tl=o] Aok F4=AEATEAIE (TINRO, Pacific Scientific
Research Fisheries Center, Russia)ol| 4] 112 & =5t &
2ube} 222 AL A2t m, B4 7 20k elel oA 1
S A Abs W AAISEAL QU Al WA O] vl e
Al9] 7153} 7], AM 55 v o= 451501, Table 1
ofl Al A9 AA A E74& yrepi ek, dA =281 Fo](Lui)
o} F2(Luo)= 217+ 94|12k 84| =, oA ¢l S#H|(Lubi)= 7HY
ofd 6-7A= Ba1 Qlet Fol= A& 3.7 m, A5 723.7 kgo]
W, 202 A4 3.6 m, A 797.7 kg, 2H|= A& 34 m, A
% 7574 keolth. 2] 97) ALSA oA AFS% % 3201
o] sy S iAo 2 <1518t Robeck et al. (2005)2] A}
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Table 1. Physical features of beluga whales Delphinapterus leucas
in this study

Name Sex Age Length (m) Weight (kg)
Lui male (J) 9 37 723.7
Luo male (J) 8 3.6 797.7
Lubi female (?)  6-7 34 757.4

Standard, June, 2017.

W AT 13342 8412 AFsle] A5 HlAE AR F

5] Z7behe 202 BIE QI gHA0) A Ml AL 694
2= 9.14e] o] 2oi7]
o]0}

= iﬂ;%l 3.18 mof| o]=

A
A=

AFE: BT 5522 2317 9] ST E Y A2
2l Song Meter SM3BAT (Wildlife Acoustics, Inc., USA)}
SM3-H1 ~54-37|(Wildlife Acoustics, Inc., USA 2 Hz-40
kHz flat to +/- 1dB, sensitivity, -165 dB; re, 1V/uPa)& A5
%Ak, BT EL B 52(10X 15 % 6.5 m)eh 22 04 A
I 9Low, H 554871 42 5 Alolx) ekl was
of & 2ot Hx g2 Alo] T2 4] I mofl A A[sH3it Fig 1

off AP A= of EA57] AR 1A E S YERH Sl

slaef 3upe| 7 & 2ol A o] A&k 23] whet s
ol Zbo|7} & ALz gt @l ﬂﬂH =y He
o Aot S o] 5 IS 2016W 99 5
99 6,9 26, 129 19¢ 43]of| AA 1A F-4A1ZT 5
=H e, 9 SUof= FH|2F Fo], 9 26 Yol = FH|eH F
2,129 19%f= 7ol £97} T 9303 99 62ol= 3ut
o] AR 2 g2z 99Iek. AL A8 B3] 914 Table
20 A skt

20 d
‘r’lE:J T'__&!

A% Bl o] g E4L Toksly] SajA o E Ae
L g7 el AER TS BAsl A2 He

AE-5) % tH(Figueiredo et al, 2009; Chmelnitsky et al., 2012).
SM3-Hl £=Z4S&7|2 8% sludo 34588 Avisoft

Table 2. Pairing of beluga whales Delphinapterus leucas on the
date of recording

Pool
Date -
Main pool Second pool
September 5. 2016 Lui, Lubi Luo
September 26. 2016 Luo, Lubi Lui
December 19. 2016 Lui, Luo Lubi
September 6. 2016 Lubi, Lui, Luo -




Hee 54 801

H1 Hydrophone
& Steel cage

Song Meter SM3BAT

Second pool

Main pool, 10x15%6.5 m

Fig. 1. Survey diagram (installation position and method of hydrophone).

SAS Lite software (Avisoft Bioacoustics, Berlin, Germany)=
o]-g-5to] A5 $1E32 -T— 4= ¥ 2 (frequency modu-
lation, FM) FEiE 74| 22 5= 3’—*101‘% TLFAIZEf
£ 7|25k wshol whet E‘r‘*ff} FEOZ FEst3it o]
2Rt Fub A 4168 EAS ERstet S8tk Ao
2 AETAoR °—4U15P E o% Wkl 9le 7FsAdol =
o, 53] Aot WEEE 53 e o JaFoll whet vhedt
FHE A& 4= 371 ‘Iﬂf"ﬂ < 83tH(Chmelnitskyet et al.,
2012)

E ¢J7Lof| A= Chmelnitskyet et al. (2012)2] A5 Edj=2
3522 A4 (flat, W)} A% (ascending, W2), 31743
(descending, W3), 44531733 (hump, W4), 5174453 (dip,
W5), ZA41% (wavy, W6)] 6714 -3 &= F-staL 2 415.9]
A|ZFE Fuk(starting-ending frequency), 4 2ol Ful
(minimal-maximal frequency), Z]<;A]7H(signal duration), ™

=9 sjelstei}. 7t Al
50) $3 9 B4l digh ARl 4w A W Ao )
& mgslel Snd) 270 B AT A1z dolHz A
23 2= 9JtlChmelnitskyet al., 2012).
s 7|2 Y 2

a1l o] 5= mhefshr] s Hltliﬂﬂﬂﬂ}(NEX VG30H,
Sony, Japan)2 4~z U 3l1g)] Y5 s F A JAS

[e]]

Astel A5 W WES 718 W st dndel A%
2 Recchia (1994)9] 31| 52 HE 7|Huko 2 3] 78] 7Y
A Afolol A LEILE= 34709] S5-5 8-S B2 (Agressive), 2
E(Subrmsswe), XK Affiliative), 4] %](Sexual) 3452 474
o7 JLESIATE 344 52 E7](Bite), A|7|(Hit), &
Xl(Charge) 5-%](Chase) 50| Z3H=|m, o]t P52 e
EE7](Head jerk), & He]7](Mouth open), El.2.2 2]7](Jaw
clap), =A|3}7](Directed look), =1 & 35}7|(Bite threat)
of e WET} SukEol et 224 Y5 w9
(Flee), F=F7 2] 71(Flinch) 50| glom, X34 dYFof= 4
o 7HAI9} 7 Z317](Contact swim), <=9} HEES A2 A7)
™ 3% o4} 5k Hel %517 1(Echelon swim), w27}
F4317](Follow swim) 50| ZgHE T} A& 5ol w7t
2| Y 7](Thrust with erection), -5 9tt]] 7] (Ventral-to-ventral),
5 Ho|7|(Ventral present), &4 Ho| §-943}7|(Ventral
swim) 5-¢] L3I th(Recchia, 1994).

Znt o o3
B Aol g Anehe] 58S BT ATHE 2408

o 4537he] 125l S glc). Folsh Fulk A Sld
9%_ Qo= 757He] F1&go] /1ZH 9w, Fo0 2wz} R
99 26210z 727H, oloh 207t o] 9ldl 129 199f= 141
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2 7P oA, 1 oS A5 E(W2)©] 20.6%= rebiith
Foleh o, 1] w5 oA al A 7oA = 5B (W2)el
F3-353(Ws)o] 24. 6%i

1

Oll

352%% 7P wetar, L ok
UrEP*E} Aoz HE %%Oﬂ* Bl gro] vehdt £
o AL (W2)2o2 Fo]9} 2h]7} 918w 30.7%, -;*—(?—gl“r
H|7} 918 o} 41.7%, 0|9} F 27} 92 uf 41.1%, A0t E
T3 Q1S 1] 35.2%% AR 0., 2.6-6.6 kHz2| k4=
9= Vet Chmelnitsky et al. (2012)2] $1TtofA = Af—;
w2 6714 78 T FsH(W2)ol 7P wo] k| glal St
H9)742.9-10 kHzZ 2 2A} 731}9} ARSI T3t ol
z/\]-oﬂ/q Faefo] 3)&3 Fubar= 2.0-8.6 kHzo) W0l A

Lpels=t), Belikov et al. (2007)0]141 9] Sl aef 3148 Ful4

Table 3. Characteristics of whistles produced by beluga whales Delphinapterus leucas in this study

Recording Call  Numberof % oftotal Duration Frequency (kHz) Inflection
date type whistle whistle (s) Start End Min. Max. points
W1 7 9.3 0.91 5.9 58 57 6.3 23
. W2 23 307 0.32 52 57 5.1 57 07
g‘i‘ubi W3 7 9.3 0.13 59 45 45 5.9 0
W4 20 26.7 0.16 78 7.9 7.9 8.6 35
3?516 W5 9 12.0 0.36 6.1 6.2 4.4 65 1.1
W6 9 12.0 1.13 5.1 52 43 7.0 54
Total 75
W1 1 15.3 0.53 38 38 37 3.9 0.1
w2 30 47 0.32 3.1 38 3.1 38 0.1
Luo W3 3 42 0.36 4.0 2.9 3.0 38 07
&Lubi W4 4 56 0.90 45 5.0 45 5.4 38
2016 W5 14 19.4 0.26 52 5.0 32 53 1.0
9/26 W6 10 13.9 0.96 38 36 2.9 47 56
Total 72
W1 58 41.1 0.70 6.8 6.7 6.7 6.9 0.1
w2 29 206 0.65 56 6.6 56 6.6 03
Lui W3 13 9.2 0.92 8.6 71 7.1 8.6 1.4
&Luo W4 13 9.2 0.67 6.3 6.3 6.1 76 18
2016 W5 13 9.2 0.31 57 57 4.1 6.0 1.0
12/19 W6 15 10.6 1.19 6.7 6.6 56 7.9 55
Total 141
W1 33 20.0 0.66 37 3.9 37 3.9 0.2
W2 58 352 0.68 2.7 36 26 36 0.2
Lui&Luo W3 4 24 0.93 48 45 4.1 5.1 03
&Lubi W4 3 18 0.60 20 20 20 28 3.0
2016 W5 40 242 0.61 38 44 35 46 26
9/6 W6 27 16.4 1.03 33 38 2.9 43 7.3
Total 165

Min, Minimum; Max, Maximum.
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Fig 2. Representative spectrograms of six whistle type classified by visual inspection method in this study. W1, flat type; W2, ascending
type; W3, descending; W4, hump type; W5, dip type; W6, wavy type.

+0.5-4.5 kHz, Chmelnitsky et al. (2012)0]| 4+ 1.0-11.2 kHz,
Garland et al. (2015)9)| 4]+ 1.2-4.3 kHzZ H 1% o] H o419
ZA1H= Chmelnitsky et al. (2012)2} 3-AFs}H.

2|4 Fulaeo) Hof| Fula=9] 2tol= SR (WS)HE =
AP (W6)oll Al Bl A =7 Ukl M4 &5-9] A&5AIZE
20.1-12 22 Yehgta TAFW6)e] 1.0-1.1 22 713 2
Al 71E= S} ol e Wt WA = 4 03(F A
@ WollA] 2|t 73)(F4% W6) Atolof| A yekton, -3
A2 o9 thE 2ol & Helrh ZAF(Wo)olA= M4 o
7} 2] 193]7} 7| 257 = 3}t Table 3). o] 3l

S AT 3 F7 AL AR 22 24

=~

Belikov et al. (2007)& 0.1-1.7%, 0-93], Chmelnitsky et al.
(2012)&= 0.4-2.2%, 0-223], Garland et al. (2015)7}- 0.1-0.9%
o} 048] 502 7| Z5k3 Ik & AT B F&S %A
7H} W33 o] 42+ Belikov et al. (2007)2] Ax}e} v]=gict,
Recchia (1994)9] 3l1lef 54 EE 7|WIo 2 3 A|7H &
715 4% Hee] 21 A& Al ol

IOH*(LWVMM)OE 7W ”‘Ol Jﬂlz ﬂ AL FAA YFe
2/, 2EA] PF-2 WEEHA @Ak Fook FH7H A A
791 23514 P %o] 9HEEA AL 38E), % A817], A1
S 44 FFol 6, 7= w5 A w48 HEE
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Fig 3. Rate of behavior(a) and whistle(b) produced by group of beluga whale Delphinapterus leucas for 1 hour.

o, Folef Fort oA AE A= e SH7l, SAsH ],
7] 52| F47 #35o] 35%.0 2 k2 50| u]3) wo] Liek
Yo, At Ao g 213514 352 3H(FA A 7F 121?_)0§ 7}
% HA el Solsh 2o, Fu)7k wE S JE A9
BAI3H1, Belin §1B51] 5o 3244 5ol 23902 713
Foral, the 0 & 314 o] SHERZAIZE 18%), =&24
—gEol 39 vehih AAH 02 Fojgt 207} Qi o
A= 32 5ol ghol Urehtm, ZA G52 obziel 2]
BT ERREEE EXR e R
o AIZE B9t S0k 9 w3 AR Al nefel Yt a2l 4
BAE wlelsoit. Fig 30 1582 Vet 53} 4ele)
MIESS | mate] el oie. 2181 50| tol Tk
oo} FH] T FI F Q0 FH| TFo| A= s Pd(W2)o] ZH2}
31%9}42%2 LFER ] 713 =0 1] 22 2}%] 31t} 7} =
of B Aubs olo} £o71 7 9l BolM TAH BE
o] A WE 43 F 0% 35 ol AHT FA|o] 441
(W12] 3l 3 30] HAIS] 41%2 2 vl Al on,

v o
=TT ©

TAA FPTo] Ao o Zolol 2y 323t 290l =2
o gl A AAFWO ulgo] 212k 9%} 15% o
S| bRt S 2 o] ke £.09} 2u] 15t
Solob R0, Fu] G| M SHEAST(WS)Y F1go] 2
7} 19%9} 24%3 2 52] 0] TAE| K] FL ThE T1F(12%
9 9%)o]] Bl Y- B8-S Lhehyglc,

Aol F&oTt P 4PN WAL ob selslz]
OGEOLE, B WEo| 4 ol 718 Rolet £o 1
el AUV F18ol, Seikgo] 24 o 5o

A S-SR (WS) flesol Bt @Wol 7|54 Z1& rlz
S Buolr} 29| AT EAo| ufa} AEsH 0l OH/\J o A

St 2 w9 ol A olH, BT HEF RE5
ool A k2] ZpAgh v 7t of & 4= 9l th(Chmelnitsky
et al., 2012). T3t AukA o g 3]z _1_314 FQ AT 87
2 5ol whet vlEo] gepxittar deA ¢l otk(Panova et
al., 2012), o}4] 1ejFo| 4uje} 5 Atolo] A7} Akt
A shere|a] gkokh. ol SlsiA WE S ubae] Hua
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