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Evaluation Method of Fish School Response to an Approaching
Vessel Using a Scanning Sonar

Yoo-Won Lee,* Tohru Mukai,* and Kohji lida*

The response behavior of a fish school to an approaching vessel was observed using a scanning
sonar. The evaluation method using six parameters which signify characteristics of school shape and

behavior was proposed.

In the two trial survey cruises, fifteen fish schools were analyzed, and among them five schools
were identified for their changing shape, swimming direction, and swimming speed. Moreover, by
continuously tracing fish schools on the sonar display, these fish schools were seen to exhibit an ap-
parent change of school shape and behavior. Therefore, the evaluation method of fish school behav-
ior using six characteristic parameters indicating fish school shape and behavior is useful.

F—U—F: AFr v 7V —JF—, REEHEE, FTERFAZE STRANENE, BERETE

MBS RFICEL T 50, BELORTIBTLKE
ELTRETHCHEY E2 STEESD S, TOR,
BN TBHOXEZRELCHRIND HEI DS & DTN
MRk BTE L E 2 bN 5, FEEFRAECSNT &
ERICH T 5 BBEOMR 88 TE LR R OB/ NFHED
FR %579 —RICABEOR G ETEIIEKEE
PEL, REMOEEREWVTEILEWEELZONS,

MR IBTENC £ 5 BRFOTBHELLILET 2 Hk L
LT, REL2ODHFENEITFOLNS,

ZOHED 123, RESDBRIIVETA R K
REFRMBLEML, TOMEZRERTRT TS L
TV RBBETHCRAREBEOE(LEBETHAFETDH
o COFEERBVWAHREME LT, Olsenetal iz &
AEARICNT 52V, AST RV VYE, F5RA
FHOMGD O ORBEOBRE, D Onacetal ILLD F—
WRRICHT 58 S5 RBEOKBOBLE,® Fréonetal. i
EBE—F—R—FOERIC LBV VORBEHE LR
BHEBEEOBLOBRE DI ERD 5,

fhOFEIIRERICEMIN ALY —F—FAVE LD
ThH5B, V—F—2RAVWCREORAERD O OXRTE
DORFFRIE, F L TBICBIT SV /2057 by
Y ERX EORBHEABELRRE LT TS, TD

FHEIZE TR ELRERETIC BT 58 THOMSE
FIEFEICITIBETE TRy, RBEROIEBE D LA
BHEYRETL Y —F—0ORFEERLEFETH S,
V—F—% AV REKEICET ARE L LTI}, V—
FT—RBEHTHWCHESD E, v—F— b GRS
B LR 8 5, 161D

BERABEY AV AROKRTHONE T, &%
FEOEL» L RAMLAEL TR T IHESAVLN
2.5 L Lahs, V-F—%BBCAVWTARD
HAEMD» COXETEH 2 ERILT SFHRBIBISN TS
5%, REOBBBN, BXEEOEL, REWR»OLD
BEREPCBREFIOHMBBEI X ARORBRTHOEEY
HBIL T &AL RBEOMGHKBTEICH S ABTH
DELEERILTENE, HERFCLLIBTHEEHTE
EOR ENPRIN, TA—BEATY—F—%HWi
BEEHEFEOMBIC L 2N 5,

X CTARR T, REMOBLIC L b > BFTE
ODELEAF ¥ 2/ TV —F—2BNTHREL, AR
ERRPTBOEILE 6 DDNS A —2 BT EERIL
L, ZNOD/INS5 A —212 & 5 BBRTEOFME & 38
TROERICOERER /L L AN E L,

* JbHRE KR ERKERIEDTIEM (Graduate School of Fisheries Sciences, Hokkaido University, Minato, Hakodate, Hokkaido

041-8611, Japan).

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

826 Z, mH*, A

% &

F—YINE REITILEEEKBIZIS N T 1998 £
12 A, 1999 4 8 BOEMIC, FRBAH LEBRAFELX
SUTALERE KK FEAEMR > L (128 FV)
TRAWTITo 72, V—F—IRBEFBOLRABAF v+ =
vy —3— (KCH-1827, H4 ¥V a—) AW, %
ERAEHIT 164 kHz, EEY — LIEIT 180° x8°, %15
v—AlEIL 8" x8 (WHFhLAKE TH5,

iz = — 2% Fig. 1IT5R L7z, 1998 4E 12 A XM K
BOBRIZA DAL a— A (Rh—0—), 1999 48 Aid
AR EM A/ SEXBOBOHO I — A (Xh—e—)
B WTRHEOTEZBRE L/,

V—F—Y—ALBEHANRTRFELERL, &
PHRE LT OBRMA L IRALTHE L CRFETERL
7oo CORDNAILABREBEOEICIE LT, 1998 4
13 30°~80°, 1999 £E13 0°~30° D& CF B CHE L

N,

*

-~

OKKAIDQ

Fig. 1.
and 1999 (—e—).

Survey area and course in 1998 (—0—)

Voo /Y —F—OHEE LV VI 1998 43 150 m,
1999 i3 300m & L, BEORRHL» ML T TFEIC
IVARBTERL UAHTEELL,

V—F—F 4 A VAR T a—-DBR I LT 16
BOPPIEGLERIN S, ChEYTFE AF ¥ /O
V=& 2=y b XVGA-1V, =4 avV T ) &
LTNTSCEYFFHESCERK, 547 —Va—
F—ic&mE L, BImciv,

F—Y0EB BETEFEFF—TICRESI NI —F
—DOBBEELEL, BEE5HEBECELIY, £oX
LoBBORBEY FLU—YV IICER Lz, FLTH
ADBHOLI—P—FKEB B EHERL, TOFLAL
BEBBEOROMLE Y L, KICHAERD O EHOHL
B COKSIERE, MELTEEL LCGBESHNA, V
—F—UE—LADWALIUMRELHFALYD, BHO3
RITCARST R L AR AR DI, S BIC, BEELZTD
TEAE2 588, RBEOURPELTSEEZ, U
—VVIRKEFELICARORE YT VR A F—
(KD4610A, GRAPHTEC) #HW(HA &V, &BHE
ROEEFARI, BRERERTHEEL LU, FE
BB Epw, AARE Cirey MIMERE Fraw V2, ThH
LOING A — 2T BENERE T HEIRIC 5\ CREH R
BITZDIDITAVEhED, ThbD/5A—RiTK
A TEFEIND, 1820

_LMAX
Elon_ B (1)
P2
Cinzzm' (2)
n ()2
n — .
4
Frpg=———"—
“ @) ®)

CITOROREFRE Ery 12, FLU—ALABOR
KES Liux LIBBOKKRTHY, EHAMLABOA
HTR1IGESE, RABCEBHOAE TR 121634
b, £, QRONALRE Cir i, BROAAE
PrHEBEATEREIHh, REERAAKOLE1ICR
%o EREROEBE UTCHhiE, ELAFITHEVITE
15 <, REBICG)ROMMBRE Fuu i, REFHR
OEMIZRTIHREBL LTAHONEAREP LEEA %
AWTRDEN 5,20 MOMRE L ik hi ) g7 B
RERL, BEHERPEHCZNIEE 51T SMMNERIT
KEL 25,

KIZ, 5 BBICRD-BHOFLMEBEOBEIRERE) S
REOWENKEE VERDI, S OICABROTEHIG A
RIREL LT, KFEHAEIRE DO & Bl ik
BR Dy Ao, KPHRAMIRE Dy i, RBERRAE
D RBFFOALE & HEREO BFEFOM B OKFEFH R OFE

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

RROBIC 3 5 AR TE O 827

Bt Huy & X DM 5 B8 OKEBBIERE Fy(i) OER
DHTHD, KX TREN B,

Hy;,
Dy=—= 4

3 Fuli)
i=1

FRBEHAEER Dy iz, ARBRRORBOFEE L
HEARORHOR S L EMR TRA ZIEME Vg & 2 OM
DS BBORSHAOBEER Fy(i) OBMOL TS
D, KA Trah5,

Vaise

S F()
i=1

K ds K UREH AR BB BRIk AR
EBRKELCESE, #bhTHARELRY, BT+
L0354,

E6 2D A—2% A NTHREMROERIC T
LHRFNTEH RN/,

L] 2

BEERO L —RUCLIABTHORE XFEIC
BOWTRBEERO b L— A8 TR, 1998 4
TIR66, 1999 TIEIMTH -7, ChEDREEEBE
BIOWTEBOERESHBEBTCRL—ZALAEbD
%, Fig.2 ¥ Fig. 3i1Z/R L7z, Fig. 212 1998 &£ D 6 &
¥ (A~F) %, Fig. 31319990 9 ¥ (G~0) %

Dy= (5

AL, TLMROLVVVi3E 4 150m & 300 m,
ORI ERE, REIREROETFAERL, B
ALICRBEOMRBEEN /Oy 5 ¢ V7 TR L,
ChODRPOMOETHMEEY S HEC L L 2
THABEFTEATERBE L OSBRI S, T/,
SHEORFOKE IPLHOBMKEE(LIZARA, C, D,
E, G OTHBEINhA, £ITIhs 6 AROTMREIA
ALAdD%Fig. 4 1R L7z, CORIT, BEOHE
IKER L TWAO BB BIIERLIRZY, EHLTF
KSPHBORABLYEBELALDOTHS, ChE B
BHAREI»L2EBBTELRY, 4 BB TRSBL
ZORRITZ> T B, B CIIENEBRTH
HOSH, #EVRELH, A¥DIEE2:ThLE
ORHERCEAYLDY, BRBETCII3IEZHL 4%
THRRCKELRBEBRONE, —F, REGIIAE
IE DR EBRDBEMIESIHh, BEORBRIO4
DELNUROBHEBRIGRVBBRESI N, CDL>
KING6@BELRY —F—F 4 AT UL ETHLMIC
BHEOERKZIDPELBETH - 7,

RABOKE - EEBBHICOVT ABEOFRLZELYHE
WTERBHOEXERY PV —A LR % Fig.51C
AL7, Fig. SA,BRZThZhEMBIBicx T2 &%
DKFEFHROEAL L BEFH DO A RTHEY /Oy 5
A VTTHY, BAOFH A% R TR LA, BEhidinyg
RAMERDL, RCHMEHA%Y, LR HAY L -

Fig. 2. Trace of mesopelagic school shape observed with the scanning sonar during the 1998 survey.
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Fig. 3. Trace of pelagic school shape observed with the scanning sonar during the 1999 survey.
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Fig. 5. Trace of swimming behavior of fish school observed with the scanning sonar.
A, B, relative plotting; C, D, true plotting.
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Fig. 6. Change of characteristic parameters of fish school shape.
O, elongation; O, circularity; *, fractal dimension.
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Fig. 7. Change of swimming speed of fish

schools.
A, 1998 survey; B, 1999 survey.

Table 1. Evaluation of characteristic parameters
of shape and behavior of fish school in relation
to avoidance behavior toward approaching ves-
sel

Shape parameter Behavior parameter

Items

E,, G Fruu %4 Dy Dy
A 3.03% 249 1.61 2.07* 0.83* 0.70*
B 194 224 143 299  0.20** 0.34*
C 1.58* 1.63* 1.84** 245 098 0.78*
D 251 209 1.44 223  0.42* 0.35*
E  279* 243** 216 264  0.17** 0.21*
F  343* 2.74* 391* 379  0.28** 0.22**
G 229 226 0.89 1.70  0.70*  0.86
H 246 1.62 0.86 114 0.70*  0.40*
I 1.86 1.58 1.33 2.40  0.74* 0.68*
J 1.58 1.26 1.06 117  0.80* 0.72%
K 136 139 0.85* 159 087 0.86
L 137 127 0.81 148 0.88* 0.43*
M 149 145 0.89 1.81* 0.81* 0.88
N 165 131 1.12 1.71  0.44* 0.41*
O 199 148 0.98** 2.66* 0.67* 0.61*

unmarked: little change
* change
** remarkable change
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