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Threat Clicks of Captive Harbor Porpoises, Phocoena phocoena

Koji NAKAMURAY, Tomonari AKAMATSU? and Kenji SHIMAZAKIV

Abstract

Harbor porpoises, Phocoena phocoena, have a simple vocal repertoire consisting almost
éntirely of ultrasonic clicks. In this study, behavior of captive harbor porpoises and
recorded their vocalizations. Interindividual behavior and individual behavior were
classified into 14 and 8 categories, respectively. Ten of the 22 activities were associated with
clicks. Half of the clicks recorded were produced during “snouting” behavior, in which the
click-producing porpoise turned its snout toward the face of another porpoise. Click inter-
vals during “snouting” were 3.7ms (SD=1.7); which is significantly shorter than those
during the other behavior categories. Porpoises who heared these short click-interval clicks
always swam away from the click producer, suggesting that these short click-interval clicks
may be used to threaten other individuals.

Key words : Harbor porpoise, Phocoena phocoena, Clicks, Threat signal
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— R, A VAEDOEETRREL ZORAET A I LN TE L, —DidR A v A)b (whistle) &
MEEH 5 B EERIRE CH D, ADWIEERTH S 20kHz LITicELE I E b 2T 5, bI—
D27V w7 R (clicks) LRI B AEB SV ARENESLIBREFTHD, EEFHERICE
BESEL>TWS, ANVHERE, 7V 7 A0HEHKTIEL, 7V v 7 RXERA v ANVDOM
FERT LT D EHNTES (Caldwell and Caldwell, 1971 ; Sjare and Smith, 1986), K
AV ANERT HER, EELHSEER L LETEH SRR EDLD, BELSSER
TOLVWEBIAML TS, IHIRENETIEL L TE, ~NY FUAnD Tursiops truncatus,
<A W% Delphinus  delphis, % ~ A )\ 4 Lagenorhynchus obliquidens, < 5 5 4 )\ % Stenella
attenuata, %L TN¥FH 4 N Stenella longirostris i EH T 6h 5, Thizyl, 7Vv 2
ADHEFHKT I, Bhs/NERBEREDL DV FRBEBICERL T3 (Herman and Tavo-
lga, 1980), ZOBICHLUT B0, A X I ANV 4 Phocoena phocoena, R+ A Y Neophocaena
phocaenoides, /%) £ N 7H Cephalorhynchus hectori, A 077 4 )% Cephalorhynchus commer-
sonnt I ¥ TH B, 434 Phocoenoides dalls 1Z 7Y v 7 ADABFKT LETH 545, HEEE

Vg KSR B F AR AL EE A E T S AR M L R R ,
(Diviston of Marine Ecology, Res. Inst. of North Pacific Fisheries, Faculty of Fisheries, Hokkaido
University)

B KEEFTAREE TR FERT
(National Research Institute of Fisheries Enginnering)
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WETERLTWwS,

ZOTEBEOEOBEEIC DWW T, L 23 H 5, Caldwell and Caldwell (1965) X, N>
K4 i E2ROTKEERT, ZRZhOMEELIHET LKA v A0 90% i BEEEEED
KA VANTHEIERER L, ZOLD, HORBIDRA v ANEY S =F v —KA v AN
(BEHESRBIR AR A v AN) EERATE, %7z, Tyack (1986) ik, —HHD /> R4 VA 2wk
ERT, REGEMEFOY T =F v —FRA v AN EEFRTWAILEHSHIZL, ZhoDy S
=F v —ik A4 v ANVHMEEROBRELBREELL, TR EERT DAV TWE EEZ I,
ZDEI, RA Y ANZRBHESEEREFZTI2-008RELDH L LEZONTWS, ZU V7R
ik, Ta—ay—yart LTOEESHS (A, 1993), ra—uar—va v 3HSHFEL
1LEORBEFRAL, BOOMEBRKRE S, MERELOBHEB IS, H2VEZ0THOZ
EEWI, NIVIEE, Ta—0r—va il DEEOF R WAFTYH, EEEGLE
BT 2ZEMTEL, AaVEVBANIEFEBRCIDZI—ar—ya v OBREDH LY F—F
%7 % (Neuweiler, 1984), %7z, a7V TR ILSDFERETa—sr—varDiHRFT
%, HWE#R T 2200633 F L LTHCTWE I LBMoN T35 (Mohres, 1967;
Master et al., 1995), %72, HES D | WEEOZCRPFNCRE SN IRTZavE Y OBRI
S EFOBRAMOLDOBREEZRLTVLBIENTREBINTVS (B, 1989), #Di®, A
VHAECBWTbavE Y LER, EERIFE L oY, BEOTE LBEEDHZ I3 2
2r—yarvFHLLTOBENI Vv 7 RZH5D0TRERVILEEZ SN T E7: (Lang and
Smith, 1965 ; Watkins, 1980 ; Herman and Tavolga, 1980),

Dawson (1991) ik, =2 —Y—F V' FRBRAERTIZI Ly VA NLIDT Y v 7 AOYBNE
HE, ZO2Y v 7 ABRENZEOTHE OBREAN, BELEP@EELR b7V I R
NSRRI D RELBENKE L, "NVAMRBROEWSZ Y v 7 ARBRAY » 7 LI DGR
KW THWE L XEEBEBINDIZEEREL TS, 2 XA VA ELTE, I—ay
BECAERET 2 EEE2 AL EEEsH 37213 ThH % (Amundin, 1991),

AR TIE, EEEHOAXIANVH 2FARCETL, BEMTOTEOLY LD 2B IT
BLEBIL, 7V Y I ADTEBEE ) vy 7 ABFKINLEDA VI DOTEI: OBMR T,
RE OWEERH 2R Tz,

e HE
LZESS

AW IR E KK E IR B EAFKEERFTICB W TIT o, EBHEE LT, 199344
A3H»5[ 21 HE COM, tEBEOERYEORFHERCHE L/ EFPITFAR L Ao EE
WCEES Iz 2 X2 A Vv (Phocoena phocoena) %7z, B2 XS4 Vb ikl 1 5E, M
ATHDEBEETH %, HEEDOE D Iz 0 B EEES No. 1 (FE 152.0 cm), #iZEROKA %
W Oh o No.2 (55K 170.0 cm), No. 3 (£ 151.0 cm), No. 4 ({65 148.0 cm), No. 5 (55 128.0
em) £ L7z, AXIANHOET IR, ZERFOBFNCERE LU LEE 6 m, A% 1.5 m OFFAKg
PR, %8, TEHEREE, FEIEHL T2 IOKEATCRBET LI RETITo 2. 48T
SRFLFHESRFO_[E, {FEMGEIEEAT L ETEHE LTk Yy Pleurogrammus azonus 5.2 7z,
7B, EF AL SEEBINETO I, FEOMTMLcAtoRE a2

BEXT L
AXIANAOFETSZ27 ) v 7 A, FERFFELH 100 gs, F4x 20 F—53110-150 kHz



ik S 0 32X 34NV HOBRBES

BEEEECHD 7Y v 755 (Mghl and Andersen, 1973), Z 0 L 5 BB WEABRROEIL,
BEOBETEBETCRIEFENTELE YL, ¥2T, 7YV vy 7 CEBEBEHL T, FELZ2 Vv 27D
BROEREBEEOE T AT —7OEB NS v 7T 2V AT LA R2HHA L, 2V Y2 AD

T L EIERC, Smm EFAH 2 T2k B4 VA OTEHORE D [ ICIT-o 7, 8mm 4 2 i3k
ERET LN TEEEBRMOBLCRE L, £/, RETHITEIOBENTLZ5 X5, 60
W OBBIT 2 KiEcE T TREL 2,

BMEEBDTay 754777 5% Fig LicRL:, MOBEACIEZ VY v 7 A DESUERR
BRI, BRBNGKEA 70k (B&KS8103) & 2kHz OFEREET 4 V7 — 2w
T, BRBERSO B DOHMBEIT -7z, lz D27 Yy 71k Click detector & FER{E SRR M THEE
PR 2%, Al B L - FIRE (NF mIBEEE 7wy 27 8) o 6kHz DERE R, EBET
RBLALC VTR OEFAN (EF v 3 0V) BB L, COESEHICL-T, 2V v 20D
FE L ZERFOBRBEIHR S i,

High Frequenc al Proc
Television Picture Slgnal sf,'u,,d Y  Signal Processing

Hydrophone
B&K 8103

Y

Charge Amplifier
B&K 2635

Video camera
Panasonic WV-BL200

2kHz
high-pass fiiter

Y
Click detector

Y

Amplitude modulation
with
6 kHz sinusoidal signal

Y Y
Video input Audio(L) input

8 mm SONY EV-S55

Fig. 1. The block diagram of recording system.
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BARS AT L

B2V v 7 DEE L ZERANEBE IS VY AT A2HW: (Fig 2), 4 kHz~8kHz D/¥
Y EA7 4 vy — (NF FV-606T) 2T, @BEEINTWE7 )y 7SN O#TE2ERS &
720 % D, EERBE CEREICERL, A/D E#i# TRIE L 2ERZAOBEEREIE L /2.
Yy 7 e )y 270K (2Vy 7R SEIVB»roREIVBOREHETCELT S
Yy 7 O—BEOEADI L2 27V v 7 AHB0IEZY v 7% (click train) & 1>5 (Fig. 3), &
Dz )y 7FOERE, V7Y VERI28ms B 5 OB ED I Y v 85 B b DE—D
D7V 2FELT, 2V v 2FIRATOZ Uy ZEBEB LU, FEVIVOFSEERD T,
BB, BEVAT LA, BV AT AOFHHICOWTIE, KA (1997) 2E2REa VL,

TEERZEOHZE
TBHOBRZERAEAELZE»ORE I ENTE 2ERFO_REDL ST 1, TBIOEHE L 0%
BZA—HTTY, —ABTEOBES, b —ABBREZED I AV M REHKT IR E LT,
SRERTHOBE L ZDITEIO H - 1:R A (5FHi6L), 2L TZDTE 2T > T 5 EEL (b
B fEfE D & MEEANDTTBIOH S, ZOTEH2ZI 2MOFEGBLEbHEL L) ZE&EL .
TEIE 7Y v 27 ADBE* R 5121, 2h o OfTESMTh I BRI OBESLEIC R 5,
22T, LEDOTF—% 2EE I, 8mm U7 4 OBED SITEIFRAERR A CHEELETIE
EEToTe. COET A & 2HERBATEE OB L CREsk L 1 TEIE RO b R ICIT > 72,
HBEBREORKBHE, £EABHEORY 7 2EBHIT L5 ->7 4 2B HH6=HE{T-

Signal Processing

| vrR Audio Len
SONY EV-555

Y

Band -pass filter
NF FV-606T

!

Amplitude
IWATSU DA-2A

4

Y 2 2
- 1
Click detector I oul_loo ,°°|—l o000

Y

A/D converter
Elmec EC-2390A

Y

Computer
PC286VF

00200400201000

Fig.2. The block diagram of a.nalysis system.
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click train click train

"M'."'m 1l ‘||.|

1000 (ms)
Time

Sound pressure
level (dB re 1; Pa)

rrr1T 111 11T

o

Single click

447

MaG. Loen /) ﬂ A A !\f\ AAAANA
I

"

-447 T T T T T T T

Time 1
20u s

Fig. 3. Structure of click train and single click (Akamatsu et al., 1994).

Amplitude

Voo BREBEERI_BELZ 1y as bt ULTiTol, 4 A 25 HIZ09:33-11:14, 15:19-17:
17, 20:59-22:68 D3 ¥ vy ¥ = >/, 4 H 26 HiZ 03:06-05:06, 09:24-11:20, 11:35-13: 34, 15:
01-17:00, 21:06-23:01 D5 kv > a2, 4 27 Hit 03:03-05:02, 09:28-11:28, 15:00-17:
00D3EyvarT, #1286 508FEEEREIT- 7,

1) w o XEHS TRINER

ANHED2 ) v 7 ROEFIIEKAL T OBLEBATITbI T2 (Diercks et al, 1971;
Dormer, 1979 ; Cranford et al., 1996), % D7:®, BESCEEHAE CR SN IAFIROBOO X
S LuREEEEN RO SR T LI ENTER L, ¥2T, BHETCR IV v 2 A2 4E5T8 L
LT, ROXIBERETo2. THbb, 27Uy 7 ARESRITHER, £OTHORER
B2 Y v 7 2B S h, 20 Z OBIICERU EOTFEIBfThh Twinwl 2% L,
BEEROTEHHSERCRAE T SREHO 2 Uy 7 A1, RERETHLE LTAEL I,

7Yy 7 A% EHRITEIORBIERR, LEOTEBMEITY AT LA THRERT-1 20 v 7 X
OFRERADOT —F #EEZ, Smm EF X OEKHRT —F L OEE&bE 3B TITo 7,
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] 2
1. FABTORXIANIDITEH
THOHE
R X IANHOITHOSEZ, N F 4% (Tavolga and Essapian, 1957) 8L R X 3 A
W% (Andersen and Dziedzie, 1964) DEEDOTHOSECEITWT, 14 OEGEHETEI & 8 DAL
WTENCHE U2, I 2 CRERTE LR, H53EESMEFRCHL T TEIOZ &%, Bl
T8 & 3 —EEOEMEPREBERDLITTHOZ L 2E D,
B{&H1TE)
¥ = #178) (Diving under another porpoise) : fliff{AD FHIZE Y & &, EO#EML  Fil
LT 178,
L _EJfTE) (Pushingup) : KEICE W £ E TWAEEOTIED 2 &, BoTolE#fRD
FEERCAE L L BT 5178,
29 D O17E (Rubbing): HHE, WE:MMEE 239 D 5178,
2D E{78) (Pecking) : W CHUEZEDOEDO—E % DD < 178,
FB#ET:7: %1TE) (Stroking) : ffEEDORICIKVLTWVL ST, Wo < D LEETHFOEERITOT
g,
5910 178 (Cross-swimming) : flifEfkD AR % &Y % T8,
ERE1TH) (Belly-exposure) : 28Rk EE # E U T B ORTICEA, FE KBS & THEH
(EFERHE) & R 2178
D% % B178 (Looking into the belly) : flifEkDOME (FFRR(TIT) * D% & R 5178,
BV, IF1TE (Chasing): ¥k T B EE2HED SIBVIT 51T7E,
#7178 (Approaching) : KENCEEV /- % ZHEL T 2 Fk~ET T 2178,
Wk TEI (Close swimming) : 3k > CW B EHEICIT D&, ZOEEL A TH SITH,
HF D #HVITE) (Close floating) : W TWAHEGKIATE, ZDOEEOHEICHATE L TH,
Wi A0 X178 (Biting) : ffEEOED 5 2 WL TH,
R/ —7 4 >~ (Snouting) : M) % F OEEMNE T 21T7H,
%E, SEOBETCIRETHRERI N E» o7,
BTE
B TOTHE8 DI ETE I LB TE
HREFTE) (Floating) : AEIZEE Tz E 2 B2 WITE),
AT w ¥ (Slapping): BEECKE %2178,
7u— (Blowing): &Ly 53 < 8% 3 2178,
J#EHEsk (Accelerating) : Z2RIE & _FIF Tk <1TEL
F 4 T 4 > (Tilting) : KERIDET 72 £ T ORE T STE
HiEH (Turning forward) : FigE L T2 D % £ OEBHTHER T 21TH,
R b &Y v F (Touching the bottom) : SHFEIZZF D D 5178,
% Fw A4 A (Sundden swimming) : V> T\ 5 EHE 2Rk X 723 178D,

2. EEHRI-HIT31TE

HEARBORXI AN DRBEEIZ, HHH 150em, HEHSH 1T0ecm EMEI N TV 3
(Miyazaki et al., 1987 ; Gaskin et al., 1993), EBRICH W/ FHEMEEN T No.1 & No. 2 8 Z DL
BERICEL TWwiz, 8, No 2 3ERICERL T Y, SHEHMGD 4 H 29 HEAERT

— 96 —



B S A XS A bH ORERE

HELL GEE), Zhs BB TR hTEIR, Hd ol M Sk, o sEOBKRT L
T, fTEIORE 2T~

No.1 D&M (No.2~No.5) izxtd 2178 DK % Fig. 4 127K L 72, No. 1 &Mz 3 2178
DOHT, No. 2 i3 21THINb - L bF L, KT8, [HY Z A7), MMBLLEPTHI,
$HOUTEN, (o2& T8, [WHkTE] B XU [FVEHWITE] Thoi, —F, No.3 it
LTRITZTOO0TEI L [ BUODLPITRIl BL TR —F 4 71 HB% LfTbhTwiz, No.
135 No. 2B LfTbTwi: [ZF D >FT8] & [DDo %1781 &, " FyA4rrzHn
BT B TREBINC M CTbh Tw iz 78 L —3 7 % (Tavolga and Essapian, 1957) Z
EDS, INOSOTBRIRETH THRLEZ oM, £, U LETTEIIZ, —BcEhT
B (epimeletic behavior) & FEIEM 2 BEEOTEIT, 2 X I A VD BT HE DL EEREE
OREEZKECL LS 578088 & S hTvw3 (Caldwell and Caldwell, 1965; Andersen and
Dziedzic, 1964), No.2 iZFRL T TIE L A L OB KB TREB I EEBILTWRI EH

sool Diving under another porpolse

200

100

208 Pushing up

100

mlw

T
=}
]
£
2
.6 1 Pecking
g o l._-_-_—__—,
§ 200 Chasing
g 100+
4
i (]
1507 Close swimming
(]
150 Close floating
0
1007 snouting
0
1007 " gther bshavior
0
No. 2 No.3 No. 4 No.5
Female
Fig. 4. Frequency of behavior categories performed by a male (No. 1) with each female (No. 2-

No. 5).
The “other behavior” category included Stroking, Cross-swimming, Belly-exposure, Look-
ing into the belly, Approaching, and Biting.
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zoo;r J—

504 Pecking

e wm

650+ Cross-swimming

o———-—_———

50 Chasing

Approaching

(e oo N

50- Close swimming

o W
e .

Frequency of behavior

100+

50+

0
50 other behaviour

o___-_—___

No. 2 No.3 No. 4 No.5

Female

Fig. 5. Frequency of behavior categories performed by each female (No. 2-No. 5) with a male.
The “other behavior” category included Diving, Pushing up, Stroking, Belly-exposure,
Looking into the belly, Close floating, and Biting.

5, No.14¥No. 2 izt LT - Twade L LiF1TE] 3R L TV 2 No. 2 OFER 2B 3 7-
OOLDTHLELEZ oM, ZOBRMTEEDHLET, BEBEEPTHE> T 2EEKTEE
ITEMEHE XT3 (Caldwell and Caldwell, 1965 ; Andersen and Dziedzic, 1964), 4 EDE
2BV TH No. 14 No. 2 i LT, TUHIKITEI, [HF0HFEITEH] 2EECT-> vz, 2
NoDTE S ZOMEFWTEITH S L#E 2 57z, No. 143 No. 3, No. 4 K BVWEETT>TW
2 [BO»PHTE] & [R/—F 47 3, ENEZFEERDE»SEBREL-Z o s, &K
WOITEITH B LEZ Shiz,

&M (No.2~No.5) @ No. 1 izt 2TEIOHE % Fig. b R Lz, MO T, No.3 &
No. 4 DITEIOEEN b o L bE <, No. 3 k[ 230 D58, [HE10 178, [BV»FTE ],
[APITEN] %, No.4 X [DDOXTE, (R —F 4> 7| 2 2hThELfToT iz, No. 210k
BREAEDRMEKETENTWRS, No.1poD [ZF 023781 ® (Do 21781 oL
T AER [Z3 D DTE ® [T | T2 3 08BEE Sz, No.3» No. 1zt LT
HLTo T [25 D D78, THYID T8I 13, No.1h No.2 KL TiTFoTwiD &R
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Table 1. Number of times each female performed each behavior category with another female.

Behavior No.2 No.3 No. 4 No.5

Category No.3 No.4 No.5 No.2 No.4 No.5 No.2 No.3 No.5 No.2 No.3 No.4
Diving 1 0 0 107 1 0 7 12 1 9 1 4
Pushing up 5 1 0 2 1 0 3 5 3 0 0 2
Rubbing 20 5 3 23 8 5 17 32 90 5 3 83
Pecking 13 0 0 0 1 2 3 11 9 1 1 6
Stroking 0 0 0 0 0 0 0 0 0 0 0 0
Cross-swimming 0 1 0 6 1 0 4 8 0 0 0 1
Belly-expesure 0 0 0 0 0 0 0 1 0 0 0
Looking into the belly 0 0 0 0 1 0 0 2 0 0 0 0
Chasing 7 0 1 3 1 2 1 15 2 0 0 0
Approaching 1 2 1 2 0 0 4 4 1 2 0 0
Close swimming 4 1 0 8 12 7 3 39 226 0 3 148
Close floating 6 0 0 15 0 0 2 2 0 0 0 1
Biting 0 1 0 0 0 0 0 0 0 0 0 0
Snouting 16 1 1 5 2 53 45 34 1 1 6
Total 3 12 6 167 41 18 97 175 367 18 9 251

CEEOTEITHLEE LN, E72, No. 3D BVLHIFTFEI) I, 25V >0TE] ® [#
VIO ITE OBEFz L BEINZZ > S, No.3»roRkBLES 32 No. 1 iKBSET 57-8
DLDTHBeEZONT, £72, No. 11k No.3D [Z3 0 D38y 2 [#YI0 T8 L
T, FAROTEITIEZ 2 2L bboldy, Thi BRMCETBRTE (HBUL»ITE 2R
J=F4vT)) BEBIELHoT, No. 4 8 No. L izt L TE LT Ttz [0 %4781 i,
[R/—F 4> 7] BTokERIZEIS BN, 2O [D2E178)] &, WEHFORCHIT S
[A/—FT4>7] OBERBKELZD, No. lZEMLI-bDLEL SN D,

MER COTTEN DR & Table. 1 1TR L7z, ZDFETIE, £ SMEIC No. 2~5 D 4 EikLstifE A
T ABHOEE2RbLTW2, No.2 & No.3 O, No.4 & No.5 ORIDITEIEESE L,
No. 425 No.3 bEWlRRLe No. 38 No. 2 KL THE LT TWi-[#0 = »1781], [Z
T OITEN], TEDFEWTE X, No. 1 No.2 KL TiIToTWi-EBTEH R DO TH
brEZoNI, £72, No.2D No. 3 &3 3[R/ —F 4 7 )ik, No.3#3No. 1l zxpL Tl Z
T O DOFTEIRAMIHTH | 2IT> T3 L 2 MErBEE I (Fig.6; : No. 1, £ 1: No.
3,22:No.2), 2DZEtH»5, No.2id, No.l LigfiiaiEr > 95 No. 3 2L Twict%
2otz No.d B No. 3 ULTC AR/ —F 4 7 ) 2% fToTwhe ZO[AR/—T 47 ]
1781%, No.323No. 1z L[ 2T D D TE 2 TocRic X (BB hiz (Fig.6; & : No.
1, %21: No.3, £2: No.4), 2O No.4DNo.3zf42 [R/—F4>»7] b, No. 1 Lg%
Br3r32No.32EM3 200D THEEEZ S5SNI, No.4 & No.5 DRI TIRHERZ
0 D HTEL, [EkITEI) BTbh Tz, No.b idEREsS 128 cm CHREMEGTH 5 LE 2
S5, ZhoDTEBIRMEFEHOBEELHET 2 DD EFNTHTHL LEZ SN,

3. TEh & RETHRAMR
1,286 3 D#FZT 2TV, 3633HD 7V 7 A %8B, 7V vy 7 HRBO¥E¥EIX 81ms (SD=
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Rubbing

22
1
*\ Escaping
21 92

Fig.6. ¢ 2 approaches £ 1, which is rubbing & (No.1), and ¢ 2 continuously turns its
snout toward the face of ¢ 1.

5.7), TEOFHEIZ 125.7dB re 1 uPa (SD=4.1) ThH -7,

FHRTHBL 75 2 BREOTEIOD b, W0EEOTH T/ Y v 7 AR HER LI, Thbb,
EERTEICIE (D 24781, BV iFTE, [BELTE] BXU A/ —F4v 7] TH
D, BWMOTETI [MEER, [TaVvT 4> 7), [HAGHRL (KR8 F] BIUC [
Ro AL L] THB,

INBDITEICE bR->TEEan27 Y vy 25 0% (N), V827V v 7R, FHZETE
% Table 2 IZ/R U7z, ATICAWVT2 3,633 B 7 VU v 275D > b, {TEIKICHESRE TR -2 ) v 7%
122,166 FITH o7, D D LASTHIZDOWTR, 7V v 7 ARGEICERBEOTEINER - T
Wieleh, EDTENCE RS 7Y v 7 ADHITERP oI, [R/ =T 4 Y TIREOZ Y v 7
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Table 2. Acoustic characteristics of clicks produced during different behavior categories.

Sound Pressure Level

Behavior category N(O/o) Click-interval (ms) (dBrel K Pa)

Mean (SD) Mean (SD)
Diving 34(0.9) 16.2 (4.5) 123.8(3.0)
Rubbing 2(0.1) 16.5(1.1) 124.0(2.6)
Chasing 18(0.5) 14.2(5.1) 124.8(2.9)
Approaching 2(0.1) 15.6(2.2) 125.9(4.0)
Snouting 1,833 (50.5) 3.7(1.7) 127.9(4.3)
Accelerating 123(3.4) 15.2(4.8) 126.0(3.2)
Tilting 93(2.6) 15.6(4.6) 125.5(2.5)
Turning forward 7 (0.2) 13.5(4.5) 125.4 (2.4)
Touching the bottom 19(0.5) 15.9(3.5) 122.9(2.6)
Sudden swimming 35(0.9) 17.8(3.1) 126.7(3.5)
Unknown 1,467(40.3) 8.2(5.6) 126.7(3.4)

ADEb %L (1,833 5 50.5%), K> CTAm#ELEk ] (123 615 3.4%), [ 74 VT 4 > 71 (BB
2.6%) ODIETH o7z

BARITEIO > b, (WD ZAHTE), (230278, [BO»FTE] B LU [HE1TE )
D2y 7 EBOFESE X 14.2-165 ms OFFIcH 2D, [R/ —F4 7RO Z7 Y v 7
AR FHHE I 3.7 ms (SD=17) LHBBEWETH -7z, FEOFIHEIZ 123.8-127.9dB re 1
uPa DOEFHIZH -T2,

BPTEIRED 2 V) v 7 RO EEMER 13.5-17.8 ms, FEDFHEIL 122.9-126.7dB re 1 4Pa
OEHIH -T2,

] =

A NVAHERBY 2ETEN, (D%2BUER] (Wallace, 1979) [ HOITHES L | (Morgan,
1979) % EBHIS N T WS, 2 X I 4 VA DB IR, FoTEEYSE L £ ThEHITT, £
DRE I b ELTEIHE SN TS (Amundin and Amundin, 1971), SEOBRE TR, <
DR —F 47| 2BLEL ToTwEDIE N0 A THolo No.d DTS [R/—TFT 47 ]
i3, BEOMEHIT> bOERRY, Hif» AL T L 2EEFICH L TEESERCI R/ —
F 47T E0oBAEMEES N (Fig ). No.4 Dk ERfboEEL XV LERD, #Midv
Boht e Lassskntnl:, ZBKRTE IS OEEEZBINT 2B Sfvizss, No. 4 3G
ORIEEE S 2 ABL T Wiz, No. 4 320 2 L BFERT, RRWHRERI TR X T, B2 08K
W L EN S MEEICHLT R/ —F4 v 7)) 2ToTwlkeF i ohd, SEOFAERE
i, EE6m 3B ZENE EAFABAEBTL TobDTH DS, £Diz®H, No.4
TCRONI LI B[R/ —F 4 v 7 |OFERBMuDBEE T Do b3 FHIEN D, LaL, No
12N LTHbhATHRERTD [R/—F 47| (Fig. 6; No.2 % 5 No. 3, No.4 5 No. 3)
i, No.lic#sht 2B LABELT, R/ —F 4 ¥ 7] 2fToTHY, ThERTI-{E
EHEBLTWEZ s, COBD (R —F4 > 7] BEWMTEICHE LEL SN,

[R)—F 4 Y7 BeBR 2 )y 7EROE N2 Y v 7 21k, £hEZ2EESLT
EBLUTZ b SE (FRERTSD) OESThIEEZOM, 207 Y v 7 ADWEK
B LT, Suz Uy 7EBS RT3, ZhiRERECEWEZ AV -BRHENS
EHhSEZITY, BMOLOLOEBCHELTWS, £/, 7V v 7 3R CEREDERV IV
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Fig.7. « and B approach each other,a turns its snout toward the face of g, and both swim
away.
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ETHY, ZOE—LBA VI OERHSER LCHFH S 13 (Auetal, 1974, 1978 ; Au, 1980),
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WY T8, FBETORXIANG D, HEOETEL $ CYAEELESRTIONZ Y v ZHEBOE
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T ANVAROBERERA v AVEEBEEICEL 20, B w3 ERERCFERICEE 2%
LILBARETHZ2OEHL, 7Y v 7 ARGWIEAEEES®, FcS kg
BRBIEBTER Y, 2V Y 7 ADBERT BESNA v AVERT ZEICH~, HBE/RS
BRNTEBL TV, Z0X) RTEEE LKL TWw 2 TSNS S, ;

SHBEgEsN 2 )y 7RBOEVEBAO 2 Y v 7 213, BEEED ¢ 2BEOMSC b E
WHRTWz, AFROEE CREEHN COBEENTHRREEILZ b0, RECE: TO—
HOTBHRRESN o7, L, BRAEOKA v AV EZ 2 OEES, Z0RA%LOR
W7 Uy 7 2B TOERTEFT AW TL AT+ eE Lz oh 2, Z0O%EEDb
32097 ADERACOWTIRSROMERETCH 2,

& 5

FHEZTI bz, EEEEG I REREKERL KRG ER M /)
WEEESE, U CEBEEMEENERIERGEYEE MHEEESCRHHB LT, 2
xs4wﬁ®ﬁﬁ%ﬁmbkn;%kt@%ﬁ%Ewt%ﬁﬁk#ﬁ@?%ﬁﬁﬂﬁt@%&ﬁ
DOFRFEBAEETF, BEERKE, BN BEE, RI¥—EL 8, ErsmememEney
ERFT), BIARE KB X KB REBRICRHBL 3, £/, I AH0OBXCHEY, HEHE
T ERERB RS - FRAKEORGE, EXOFHH%E L THW 2 biE Ak iRk
e isdEre A BB R John R. Bower B+ i A CRMHOBELEL L E T,

E-3 #
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