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Threat Clicks of Captive Harbor Porpoises, Phocoena phocoena

Koji NAKAMURAY, Tomonari AKAMATSU? and Kenji SHIMAZAKIY

Abstract

Iarbor porpoises, Phocoena phocoena, have a simple vocal repertoire consisting almost
entirely 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 3.7 ms (SD=17), which is significantly shorter than those
during the other behavior categories. Porpoises who heared these short elick-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

b B
— T, A VA FHOERE IR E  TORAMAT L Z ERTE b, Dk A v AN (whistle) &
WEEE L 2 Bl BEHTHD, AOHMTH 5 20k Hz IR JJc FhEboTwd, bo—
D7 D w2 A (clicks) &ERER S FORFEL L AW fJ\K LSRR CH Y, st
RS E- T D, mmdz,um, TNy T ADHEIT AL, 7Yy 7 ALERA v ANLDHE

g HENCE A LRTE ((*aldwell and Oaldwell 1971 ; Sjare and Smith, 1986), &
A v AN FHET HEE, B HEEE b - LB o R BN E DD, R SR
TORGTIIICMT L T b, TS T AR LT, N2 B v A Tursiops truncatus,
v A4 NV Delphinus  delphis, 71~ A )\ % Lagenorhynchus — obliguidens, ~ %% A N 7 Stenella
attenuata, % LTy F A i Stenella longiv'ostris ERBTOENE, Fhicl, 7V vy 2
ADHEFET HEE, BHH/NS AR R D D FREELC R L 'C v»% (Herman and Tavo-
lga, 1980), ZOFNCHEMT LD, FAX I A ll//J P]zocoena phocoena, A7 A1) Neophocaena
phocaenoides, & v /%) A WA Cephalorhynchus hectori, A ©7 r A N Cephalorhynchus commer-
sonnt 1 ¥ h A A NH Phocoenordes dalle 137 Y s 7 ADHETET HEITH H A, SEREE

DGR R A TG B BE WS e A

(Division of Marine Ecology, Res. Inst. of North Pamjzc Fisheries,  Faculty of Fisheries, Hokkaido
Unaversity)

(Mmonal Reaemclz 171sluuc<' of Pisheries Enginnering)
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WETERLTWS,

ZOIHIHOGE ORI D WwW T, e nBlnd b, Caldwell and Caldwell (1965) i, /o
B A b e PO FKREES C, 2 E R ORENTE T 25k 1 v A0 90%, 3T < BREHIGE O

KA v ANTHH I L ERA Uiz, #0720, OB IOKRA v AL EY FoF v —k4 v A
(ﬂ.,]%,m& AR A w A) EMREATS, 72, Tyack (1986) &, THHMD /N> B A W % vtz kil
FERC, HEARPHTO Y 7 2F v =4 v AV EIRTHLZEEWS ML, ZRBDY Y
=T v =ik Ay AR OB R E I L, FREM T A 0w Tw b EH LT,
IOEDIEZ, KA Y AV HEN AT 270 0BIERE DL EF LN T VL, 7Y v I A
Wi, mo—ny—v gy LTOBGENRDH S (An, 1993), T 2—0yr —3 a2 & dESNTEL
FEORBEARAL, SOMEeRE s, MHLE OB EEL8E), baviREFOTFHO

k,@”mo/\ VIOHNL, mo—0y = LK DEEOR & Lk, fHA G L
WA B ENTED, *‘/—"t‘:')bmwml‘ffh"éfé~:"0>t“!~ - a rOEEOH B Y -

é?é) % (Neuweiler, 1984), $/z, avE) T INoOH A2 -0y —3 9 >DhdITTC
B, R EHERS T 20 OMEHIE L L CHOTW L Z RS Twv b (Mohres, 1967 ;
Masteretal., 1995), &7, #ESO 1 PREOE THRIRM KRS SN2 W o v € Y O~

LIFOERCM S hOBMERL L TOL 2 ERFRRINT WS (K, 1989), 2Dizo, 4
v Mnu BLTH vy L, AR L U TOBES, SEoFih e MoH s 3 2
my-varFE LTOBEEN Y2 )y 7 ARHLOTHEVNESEZ 5N T &7 (Lang and
Smith, 1965 ; Watkins, 1980 ; Herman and waolga 1980)0

Dawson (1991) K, —a—¥—3 > FEBCEET L w\”) ANADZ )y 7 AR
P&, 207 Yy 7 AN ENIEOTTE & DORIR f; , R &‘%Bz’l Wik btz Vw2 A
Bohs i L 0RE R L, AV ARIEOE W 27 U o 7 AFRERAD v T ) R
mVMVCH{a EENEHBBINIIEEREL TS, X3 4 MHEBIL TR, 2—u
WA B MARE 2 F W W R ERIE S B 5 22 ¢ H 5 (Amundin, 1991),

AW Tk, BWRIHO A X 3 A 07 2REFCHETE L, #EMTOTioeD &0 2l »id
LEk %) b:, 20wz xoﬁ%’; WPk 20y 7 ABFEI N L EDA VA O & OBHR & T~
WA OBEAERTH 2 8l e

ME e Bk

st

AWTGEE LR AR 2 AR E S B RARE IR - B8 T T - e, FEBRME & LT, 1993 48 4
A3 -m» 516 21 H & T oM, AL OB A B O KRR U 2 BRI AL & KR o i
MRS /e A X 2 4 N H (Phocoena phocoena) % Fiuatz, M7z 2 X3 4 0% e 1, M
LTHDF BHTH %o BIMEDFRIND 72 1 HEEAE No. 1 (#£E 152.0 em), 1Etf£§ciﬁa-1-@a)j<a&
Wh DS No. 2 (4 170.0 em), No. 3 (#k42 151.0 em), No. 4 ({£4% 148.0 cm), No. 5 (#4442 128.0
cm) L7z 23 A 0N H DEE L, BT OB B U 6 m, 7KE%E L5 m ORI

R, ks, TIDEE L, RS IHS T £ 2 ok TR ST LRI efT o e, A0

BHF & B O M, B M WL 5 % T & LTk v o Plewrogrammus azonus 5. 2.7,
BB, EFA L BN AT S 28, EEEORIEA T S B0 BECH R A,

BB AF L
ARNZANADIETZ 7 0y 2 ALk, BiFHE A 100 us, EL T AL —45110-150 kHz @
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BB H 5 2 ) v v e s (Mghl and Andersen, 1973), & O & 5 2 b MO,

AlER o FITC, 2V w2 WIBERERML T, BEE2 Yy oD

o A 5 “—/0)11'3'3'} Ty 7 RINEET A AT /\’v*ln S’ELJ‘ TV AD

Gk & |,~,]u_f W, 8mm U F AN ATIL DA NN dmﬂmméuhwhdl 2T 72 8mm A X T K

i RIS 2 L8 S 9RO R LI L, F /0, W MHUJOMEJA ST H LD, 60
W E BT & A F e T Ww} L7z,

WEHigo oy 7 547 /1\ e I‘]g VR LTz, BoAMcE 2 Yy 2 AOMEE UM
ik UTze ERIMRHEAR w4 2ok (B &K8103) & 2kHz OB HMBAT « Ly —%Hu
T, BRI O B D 21T - 7‘:0 flx's’l/z D7 Uy 2% Click detector & N3 B4 Al CHEIE
P EH U, B B L o FEIRES (NP mIgEST 7 oy 23 o 6 kHz 0 1F5EH %, T
TRIEEFIL T VIR OFF AN (FF v ) KEF L, SOESEREL-T, 70w 20
& B O g s s,

e

High Frequenc i i
Television Picture Slgnal sgund y Signal Processing

Hydrophone
B&K 8103

Video camera |
Panasonic WV-BL.200

7

\
Charge Amplifier

B&K 2635
2 kHz
high-pass fiiter i

v
Click detector

v

Amplitude modulation
with

6 kHz sinusoidal signal

v |
Video input Audio(l} input

8 mm SONY EV-S55

Fig. 1. The block diagram of recording system.



£k RO ft B 49(3), 1998,

IR 2 AT s

Ho )y 7OV L SERYSEMIEIN L Y AT AEw (Fig 2), 4 kHz~8kHz /1
v l“‘/\“xw/ww (NF FV-606T) #HIWT, e Twusb 2 0y 7 UAoMs &Sl s ¢
Too T O, B AR THIBEGC AL, A/D 28 CIRIE & 2 E ISR OB 2 UG L 72,

gy kw2 ORI (20w 2k ) VJ‘%(: U s3E s VB ofi ety sy
Uy 2 O—HOERO I L% 27 Vv 2 AbLWIE2 Y v 29 (click train) L9 (Fig 3), AW
”“TO)’/ Vo 2B OERRE, ) I Ilﬁ'wﬁ 128 ms NI B DLAED 7 Dy 238 b b DE—D

7Y w2 LT, 7Y 2HIRTOZY v o iiﬂfaj O, FH v~V Ol w R e 7,

Mo, B AT &, WY AT LAQFHNIC DT, FIR (1997) #8Ha iz,

FEREROFE
FHOBERHEEARNE Lo fla 2k
A UTTT O, — AT
BB AT O B & # OFT »‘JU)&m/’:i’; A (PR, % L“C—"c@ﬁ‘f'})" ‘
AR D & AN OFT T O »‘:/ﬂﬁ, FOFN R AR HMOEEL L EH0L 7)) %
T & 7V v 7 AOMNEA L% @i, 2480 07T s IEREL R 5] o i
FLC, FEOT -8 BB, 8 mm 7 A O &S FTI S AL % BT % §
FrfTof, 8 "7"“9‘ W B MR R OB R ff?% L'/”?’“J’*f}l'h's ROMER S FIRF 7T > /io
BB OB, REESEO Ry 7 2T 5 otz 4 2 Hp o = !?Hs’=’x (Fie

N%/J‘ bTJ o oo TTIOEE & Riek
BT AW E L o7,

{F]Mxé" (&

=

4
3§
O
o8

x\«.

Signal Processing

| Wl\mn ,

|

Band -pass filter
NF FV-606T i.

Amplitude
IWATSU DA-2A

v 2 2
- 1
I Click detector l o oﬂ 00 ool—l o000

\

A/D converter
Eimec EC-2390A

v

Computer
PC286VF

00200400201000

Fig. 2. The block diagram of analysis system.
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click train click train

il ,lllllh.

i
500 1000 (ms)
Time

Sound pressure
level (dB re 1y Pa)
L A T A I

[

<

Single click

447

_MAM?

Amplitude

3

<
<
=<
]

T

-447 T T T T T T T

Time '—L
20u s

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

Foo PREFIERECEERE TS L v v a v E LT To e, 4 H 25 HIE 09:83-11: 14, 15:19-17:
17, 20:59-22:658 O 3 v v = >, 4 F 26 HiE 03:06-05:06, 09:24-11:20, 11:35-13:34, 15
01-17:00, 21:06-23:01 O 5 v ¥ 7>, 4 B 27 H1k 03:03-05:02, 09:28-11:28, 15:00-17:

00D 34y ya>, i 1,286 00 HEER YT/,

Ty REESTEHOEE

ANHED 2 Vv 2 ADFEH &m%%FmM%MWWfﬁbufwéUMmmetu,mn;
Dormer, 1979 ; Cranford et al., 1996), # D7z, | OREHIAI TR & 1L A FF OO D &
5&%“%W@%im6r§¢&:tmﬁﬁaw FIT, ARWHEETH Y v 2 ARMES T E
LT, ROLDRERET o, $7bb, 29 v 2 A% ELRITTH L, #OTHORMI

BN 7 )y 2 /\/p?'dwisn /J\ DF OIS, Eof Ijmw-b;nfmm,»_ Eagbe L,

IO FFI S FIRRAE S SIS0 7 ) v 7 AR, FEEBHRI £ LT,
2w 2 Akl biES Tf'UW)Mﬁ BUESER, FROWERET Y AT A TR 2 Y v 2 A
DFHEWADO T — 2 £EHIZ, Smm EF 4 OWHRT — 2 £2 S EbY W TIT -0
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& ]
L BAETORXI A NHOFEE
FEHOHHE
XA VA OTEONHEE, N> ¥4 u# (Tavolga and Essapian, 1957) 8 L U84 £ 3 A
7% (Andersen and Dzledzie, 1964) OEEOFTIIONEIZ TN, 14 OEMEIFTI & 8 Ot
MATEI ML 7o & O CRUARETED & 1, B BB LS 7o o & %, Bl
Tl & RO fE R A R bSO 2 L 2E S,
{EMARITE
D 2 1T (Diving under another porpoise) : {fEAD TN EED & 2, A0 < T
LT < A7,
L RO (Pushing up) @ AKIEHZER /2 & & COB KO TICHED 24, B Tuiko
P PR oK s i L 6 A 1T,
90 DUATH) (Rabbing) : #ifl, B2 WA 239 20 2478,
DD ETTH (Pecking) : W CHAADE D~ % D < 7,
[Tz 7 478 (Stroking) : EEOHICIK G TV ¢, W <D L RBETHITFOT 45T 51T
.
BEYI D 77 (Cross-swimming) : il fk o ks 28] 5 1580,
WLREATI) (Belly-exposure) : SRWEGHIE % 10 CHBMA O R 1C M A, % BlR & & T8
(ZERHER ) & R 24710,
D% & BATH) (Looking into the belly) : fllfflfkp I (ERIBRAIIT) % D F & BL 5 17,
B ETE) (Chasing) : ¥k T A K280 5BV 217,
#HHAT) (Approaching) : /KHTICER S  EFRIE L T 0 2 K~ EHE T 2 75,
WekATHE) (Close swimming) : JkD TV B EMAICIHTT &, O & WA T S FF,
WO WOITH) (Close floating) @ B> Ty ZMEICITT &, % OO B A THE < 7T,
W & 1T (Biting) : {{ROEO % W 124710,
A =T 4 > (Snouting) : W& T OB MY 5 170,
wis, SEOBRE CHZRBTHIBRE S it h o T,
HimiTE)
BT OTTENE 8 DT B T E e,
KI8T (Floating) : /KB 72 & F W 23 V7510,
A 7w &7 (Slapping) : TR EFT D17,
7't — (Blowing) : BT &0 < 8% T 2170,
MEIE (Accelevating) @ S8RMEE % 1 Tk <710,
T4 NVT 4 > (Tilting) : R4 RO WEI 72 % $ ORIE Tk <TI0,
JiEEd (Turning forward) : Bl U €% O & % O RECH ST 2 178,
R b Ly F (Touching the bottom): FHAIC Z 90 21 245,
PP A4 L (Sundden swimming) : #50 T B IHE N %R K & 72451,

2. ARSI BT 2458

ARBREOD XA 0 h ORBRERRE, B35 150 cm, MK 1T0em L #E S Twn 5
{Miyazald et al,, 1987; Gaskin et al,, 1993), SEBRIZ AT s 7= SIS A T No. 1 & No. 2 432 ok
BRI L T de, eds, No 2 iR L ¢ Y, SIEHIRTb o 4 8 29 B Adlin e




RS AR T A s DERIE

WEEL Jr (BEHE)e 2o QMBI TR & Nz Tl %, M o0k, e SHE Mo s loBtR T
T, {THOBRE &P~

No. 1 oMk (No. 2~No. 5) w4 2 ,U}(D}il % Pig 4 1255 U7z, No. 1T Q&M R 3 517
DthT, No. 2 R4 21706 » & b%’v <, BETENE, TWO AT, THL R, T2
T O OUTE, ToD &1FH ), TIwRITH)] %J' U [H D RSTI Th oo —7, No 3w
LT T2 20F0 ] & TBuHET] 8L U TA/ —F 4 27 ) 53% {{ThitTwiz, No.
15 No. 2 AL Fhbh Tl [23 0D & [2o2&Fl] 3, > FrAh i
FoiE BV TR RN T b Cn ATl £ —809 5 (Tavolga and Bssapian, 1957) 2
Link, INOOFFIMEREFHTH L EHL LN, £, TL BT, — 8T
i (epimeletic behavior) & UEEHN 2 HHHOTTIIT, A X 24 VA BT HE DO {EPHER
OEK % K R L B A o ST 3 (Caldwell and Caldwell, 1965 ; Andersen and
Dziedzie, 1964), No. 2 HAFIRL T TH & A EOME K CREOR EEFRMT L Tl I &

Dlving under ancther porpoise

GOD:L

200

100

Pushing up

6 .
2007 Chasing

100~

Frequency of behavior

o LE
1507 Close swimming

150 Close floating

g
1007 snouting

0| pepms
1001 other behavlor

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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Rubbing
200 l

=

50+

504 Pecking

§0+4 Cross-swimming

50~ Chasing

504 Approaching

[AJEUEs————
50~ Close swimming

Frequency of behavior

50+ other behaviour

. :'” B | oA
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.

%, No. 123 No. 2 b UCfT - Tuade THIL BT BATHR L Cv % No. 2 ol % 3 1
HOEDTHD eH2 5Nz, & wmymma HioW T, ERERBERT - T Ak H & f/<
ST S Cv b (Caldwell and Caldwell, 1965 ;. Andersen and Dmed/)c }J()‘i)o SE D
LB LT Y No. 128 No 218 U T, [IFTI L, T4 0 I WIF ] #8080 T - Tt s, 2
NSDOITH S 2 DR EFRGITHThH 5 % 2 s hiz, No. 128 No. 3, No. 4 :,1.’1 fi"i}"":'(“?:fﬁfln
o [BORTITH] & [TA /=T 4 > 2] 3, FNEZU R lin oL 2 ths, B
WEDITITd 5 L4 2 Bz,

M (No.2~No. 5) @ No. 1 1349 5 (T4 % Fig. 5127k Lz, Mo ¢, No.3 &
No. 4 OFFEIOBIEN & - & b <, No 3 & 29 D D6, T4 b ﬁ"TJJf [ 17,
PUPRATE ] %, Nood @ IO &), TR/ —~F 4> 71 B FNFNE LT T i, No 2l
Céfé:/vEOJHi‘ﬂ‘MZr?f\mr((«’ﬁm*cu»/: 2, No.12e® 290005 = (o> &8 il
T, AE T2F D DTl 2 [NRTH) ) TS 2088 s hiz, No. 32 No. Lot LT
LT T 23D DT, MBYI0 78] @, No 1A No, 2 12t L CiF» Tvivzo) LA

—— O8



S T A K 3 A L A DR

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.d
Diving 1 0 0 107 11 0 7 12 1 9 1 4
Pushing up 5 1 0 2 1 0 3 3 3 0 0 2
Rubbing 20 5 3 23 8 5 17 32 80 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 O 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 0 1 0 0 0
Looking into the belly 0 0 0 0 1 0 0 2 0 0 0 0
Chasing T 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 8 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 1 5 2 53 45 34 1 1 6
Total 73 12 6 167 41 18 a7 176 367 18 g 251

CHEHEDITIICH L 52 5z, £72, No.3 @ DL &, 29D D078 < [
WD) oW L BB S, No 3ot L5 45 No LiclElid 570
DLEDTHBLEEZ SN, 7, No.1 g No. 30 [ 29 b {T] = YD 47E ) il
T, FBOFMTIEZ 2 2 L bd ok, 2R @O RTE (TR 2 ITE] S TA
=Ty )Yy R b dHolr, Nood i No, Lzt L T% {ff» T oo &) i,
[A /=547 #fFollie L aoht, 022X &, WEHEFEOTCRT
(A /= 42 OBfEKRE < hD, No gLz boeHrzonsd,
HESRCOFIOBIE % Table. 1 IR LTz, ZOFTIE, K SIEIR No. 2~5 @ 4 (S0 ik
VAT A OMIE A &b LT 5, No.2 & No. 3 D, No.d4 & No. 5 OBIOFTEPRELE <,
No.d 5 No.3 b flize i Uiz No. 383 No. 2 it L CH LT Ty S afTlh ], 12
T OB, (290 WO 2, No. 123 No 2t LTt - T BT e MU 0 Th
BEHEL SN, £z, No.2 D No. 33 4R/ —F 4 » 7 )ik, No.3mNo Lzl Tl Z
GO DT R TR ITH ] 21T - T b & S s snik (Fig6; & No.1, £ 1: No.
3, %92:No.2)o 2D Edmd, Noo2ld, Nol bfaiis 5 X35 No 3 REBEL Tz b3
250, Nod I Ne. 3L CIA L =T 4 v B % LT Tty ZOTA/—F 427
0, No. 348 No. Lt LTl 24 0 DTl 217 - lo o & K s i (Fig. 6; o No.
1,921: No3 £2: No.d)y 2O No. 4D No.3wtd 2 [A/—F 4 7] b, Nol k#filx
Beo e+ s No 3 REWd 572000 THB EHL SN No. 4 & No. 5 DRl
0B, TR ] TR T Wz, No. b i fkESS 128 em THRBBMEARTH S &H 2
Sh, SIS OFIHIIAREROME LB T 2 2 0O BT TH b L F 2L o,

3. 1TEH L IREORMR
1,286 5y O8E £ 1T, 3633 MO 2 Yy 7 A&

7F

o 70w 2 O IEE i 8.1 ms (SD=
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Rubbling

{ Approaching
MNL

-

N

ng !;\”‘”“@
0 N)
\ %4
> 92

\ E‘sf:aping
WY
&
1 92

F 2 approaches £ 1, which is rubbing & (No. 1), and § 2 continuously turns its

snout toward the face of 2 1.

JEDHEIE 125.7dB re 1 uPa (SD=4.1) TH -1z,

AW THHL 8 22 B OITHIO 5 %, W0EEOTITr ) v 2 X 21
ERITECIE DD S AT, TBWHITH], BEEFH) BLU TA/ =54 2] Th
O, BOFTECE TGER]L [7an7 4 > 2, THBE], [HBhA8 9] BXU [V
Ko R h] THb,

INODITNC E b > THEaS N2 ) v 27 W0H (N), Elo ) v 7Bk, EYSEs T
% Table 2 1R Lo, MATICAIO 3633 D 7 V) v 2 FUD 5 b, (FISICHER TS 122 Y v 2 7))
H2186 BITdH o7z, BED O LABTHIZ DT, 7 U w 7 A S I R DT 238 72 - T
Wizled, EDOTFHE bR 2y 2 A TE oty [A/—F 4> 7D 2 Y v o

~ 100 —

Lize Thbb,
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Table 2. Acoustic characteristics of clicks produced during different behavior categories.

Sound Pressure Level

Behavior category N (%) Click-interval (ms) (dB re 1 4Pa)

Mean (SI) Mean (SD)
Diving 34(0.9) 16.2(4.5) 123.8(3.0)
Rubbing 2(0.1) 16.5(1.1) 124.0(2.8)
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)

AR B % < (L8331 50.5%), K> ClmdiiEyk ] 123 #1; 3.4%), [F 474 > 7] (9341,
2.69,) DIHTH -7
AT 5 B, (¥ 2258, (230208, DEV»UER] B Lo [HIETiE )

DY *) v 7 IO 14.2-165 ms G H A DL, A/ —F 4 v 7 DoV v o
FABR O A9 1 3.7 ms (SD=1.7) LIEWICEVETH » 72 FLONVEfHIE 123.8-127.9dB re 1
uPa ORI H - 7,

HATENGED 2 U v 2 MOV 13.5-17.8 ms, FFIO WL 122.9-126.7dB re 1 4Pa
O B - Tz,

% =

AV A B B BT, T &2 B ESR ) (Wallace 1979) L[HWOFTH S L] (Morgan,
1979) /:cw\%lbwc Wb, AKX EA NS OEEK, B IEAE < £ TTHREIY T, #
DHBBCITbks ﬁ"‘if‘jm??&“* AhTwnsb (Amundm and Amundin, 1971}, SO T, =
DA —F 4 75 E 5 TF> Tz No.d ThHolz, Nood DFFS [R /) —F 4 > |
b, O MAESTT D -oa)tﬁ‘l"foa N, AT S BRI L T AR L CEIGE S TEET T A/ —
F 4 v B OBEEMMEIE s (Fig T No 4 QRSO E G LR YD, #lhe
BEON %% LR ST Tz, BT h 2 & O0E B 3 4 B S w7223, Noo 4 i3
ONAFEEs & Al L Ttz No 4 i 2o 2 ST, SRR TT 42 24, B OHk
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