EEENICBITA 27 10
< 70 D iR

HARBTRARIZZOBE, L COBIRRIC L - Tk
HEETENESE D, FOMIKEEE AN I ER LR
WEELOEBT AR Y, TERBILH HIFIC

P = = B 2 A (BRH, 1963 ; JIEK, 1966 ; .k, 1978), L
TSR KBRS 7285 C, EEMAPICTOREOESEKEE TP TORE
F W E K . DREE RS HLDOLEZLN, IhEHDILEER
[T =1 BEEPFARICELTOLIEED L VAR EENE &
FORRRE K B ST ORISR L T2 22 MBFIN0 L2 ), BE, ik
IR R DEED—BIE % B,

FEEOIZ, BH GTEZA, 1990) 1BV ORBARSE
ABOARRUCHNICL D, 202D Thunnus thynnus O
EEMHES~ORERH, HHEERS, AELEEHTY
FEIEET A L TER AR T EE L. KEMTIIER
GABEIEA, 1990) & [RVRRIZ &M A R AR O S BEBUL R
Wi or a7 uDEBERATOEKEELHEEL, bk
DRBPOEBMAEL T 0= 7O OITENICS 2 A BB
DUWTHRE L7z,

19874F 6 A13HA 5 7 A 8 B £ COW6HM, HIETLE
AT § 2 FUERAT RIS RS BT O Shid & B4
Bl T, EEMEEHEZBAFENE BXatEy
BRE, LT, EMAELESE) KLb7uxZuniil
KREFEEAE L. HFEERBHOKEIH 60m TH
0, ZTEELAEROXNEBEIEE SN TS, #HIE
BEDORETF (50 kHez, 18104 42°) BE2HBONEAY
D GELE & BT LEBSRT-TOME S, BE
ERFEEZETWECLTKE Im OMNBIZET Sh
(Fig. 1)o BERTIIE LOEFR» L ER TR LT
EREIN, 1 5T EORMv— 7~ &L IR
BB S N,

PiEERTIE, 6 H1SADH 7 A8 BT TOBHEIC
AEE 40~70kg (B 60kg HER) Dy~ ragst
6O X N7z, BER (R34, 1990) CilEMALE~
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Fig. 1.

Schemtic air and side views of a second bag
and a inner sloped net of the SUKIZAKI set
net. Closed circles indicate a position of a
transducer of tele-fish finder.

OHEBFEOHER L ZOERO 7 U~ 70 OHE L OXNIE
B 5 N BBESUSEF 20 2 FEOABKIC L LTHo
7oo LA L, AEAESMISERBEHEE~D 021
DORERHHTH Y, HEHEFIIBTLFEEBEROEERT
WABUSNO KRB R ERES AL oz (WRIED,
1990)0 L7255 C, w7 u@mBERIGE RO

Table 1.

FUSAHE LA L LT, B TThh o7
To T L A REOMBLTE b - BRI
WTh, ABOLOTHLTHEREIEL (B LHSh
70 GBI, 1990), #2C, KBTI NODOMEER

Echo traces of individual Thunnus thynnus re-
corded through the tele-fish finder (A), and of
the high magnification (B) at 19:10~19:28
on 28 June, 1987. Scales indicate a scanning
distance on recording paper at one minute.

Fig. 2.

Possible maximum swimming speeds of 7. thynnus esti-

mated by echo traces recorded through a tele-fish finder.

Time of echo traces No. of echo  Range of possible maximum
recorded traces swimming speed (m/sec)
18 June 19:10-19: 20 1 2.4
24 14:10-14: 30 4 1.5-4.1
15:10-15: 20 2 2.1-2.3
15:40-15: 50 2 2.7-3.3
16 : 20-17 : 50 17 1.2-3.7
26 14 : 50-15 : 00 1 2.1
15: 20-15 : 30 1 1.2
16 : 10-16 : 20 1 1.3
17 : 00-17 : 10 2 1.7-1.9
171 30-17 : 40 1 2.9
17 : 50-18: 00 I 1.0
18 : 30-19: 00 3 1.3-2.0
28 17 : 50-19 : 40 48 1.2-4.6
6 July 04:30-04:40 6 0.9-2.5
Total 91 0.9-4.6
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ICEFICOWT  7u=rundb ok LTHo 72, Bt
GARIEA, 1990) T~z &I, ERAEILELR
Tor 0w 7 aOBBERIG I OFRD S BE & Bk TR
KRG SN, AT Table 1 IS7RLZZ7 0~ 0ni
KOBBEFIEDH DI E B TABOEREE L ET L
J2o U T UDBEORBEFIEO—FL LT6 A28H
19 : 10~19 : 30IZECFR S NI ABERUL % Fig. 2 IR L7,
IR LS, ERAEOIRET OMNE o MBS
WHLHO 5 8 TOHEME, SRABEORITOMEDNS
BRSO ST 58 T COMERE, WA OKEEYY %
NENRF v V=2 AV TRAR 5 720 SREKOME 1 HE
B 0.125 mm/sec, SLEHEDHER 1.6 mm/m TH - 720

EREIROIRE T 2 S 1RIAS 42° TTF HICHEERIZEH
ENLBEREE, U~ OiEREE S m/sec THE
BEOAE, FA>PLEBLALE, BEEEZBEET LD
WELERT BET5 (Fig 3). ZBAKROET
A, 7O uBERRL ERT 5 & S ICARRIGER
PHBELGHEOLEB, HETLIEC»ORS AABC IS
BWC, LBAC k a & ¥hE (Fig. 3), ERER»L,

BC?=(81)*°=AB*+AC*—2AB-AC cos a
Wiz, 7 a7 uofEREE Sm/sec i

5=V AB?+AC?—2AB-AC cos a/t
TROLND,

RHEELIIBNT, EARAEOEETOMNEL A, A
BRIBAHI Lg% B, ABULHET L HE
Ci, By & C, EDOKFEHMS » &L, SEROME D HE
% vmm/sec, EMOBRE hom/m £ T2 & (Fig.
3), AB, AC, t i&

AB=A B//k

AC=A,C\/h

tzr/v
TRODDLIENTE D,

2 a7 UPEKEE Sm/sec THREDAE, HHh
LEERRETBEAL-EE, Fig SIRLALIZEBA
BROBEHT A, 70270 BEEREZEETHE &IC
BHRICRHREITHBE LIBO LA B, HETLACHHE
5 AABC IZBWTH o (LBAC) 13E M AIED ARG
HIIRD B Z EATE RV, REIEBAEDOIRET
DETHEALLLEOR, Haldigim 42 5L R
Y, BIHGEE Sm/sec ¥ RDDZEWPTEL, LI AT,
ru<runsbAE, FEhOBFERE « HETES
THEHE, EBAROBBTET 2 EA L L E0EbE

1 sec

A i SURFACE

S Mhsec

BOTTOM

- e ymm/feo

SURFACE

RECORDING
PAPER

Fig. 3. A method for estimation of swimming speed of
individual T. thynnus. A solid arrow indicates
swimming course of the fish under ultrasonic
waves. A, B and C show the transducer, a
point of first encounter of the fish to the ultra-
sonic waves and a point of disappear of the
fish from the waves, respectively. An angle a
(£BAC) indicates a beam angle of the
waves. § and ¢ show a swimming speed of
the fish (m/sec) and a elapsed time for pas-
sing through the waves (sec) . A broken
arrow indicates a scanning derection of a re-
cording paper. v, r and 4 show a scanning
speed of the recording paper (mm/sec) , a
horizontal distance between B, and C; on the
recording paper {(mm) and a reduction
(mm/m), respectively. A;B; and A,C| mean
distances of AB and AC.

BEEHEAR S, RETFETOMNSIESE8HEHENTE <
b, LIzhoT, ZBAEORSTE T2 EAL /0L &
DOBEFERE Sm/sec IIEBAIEOBBEILPOHETE
HAERAMEE RS (LT, EEKEEELT5), 9iflos
a7 uOBEFEIC» LR O HEEERERE L 0.9~
4.6 m/sec DEFATH o7z (Table 1)o

5 =B

AREOBWREEILADEINCOIBEFFICL - TE
bT 570, 2ofExREY %) GEE, 1978),
FD@, WHGE BT RERE &SRR & o Tl
EEN, —RICHEIZ L L2 AEORIERIMEE &
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#e & LT 10X L*/see, AR 1L 2~3XL/sec & BT W
5 (AR, 1966 ; -k, 1978), w70l ($/\% Thun-
nus albacares, A 7NF Thunnus obesus, & >+ Thunnus alalun-
go, 7O TR EREL) OEKERE, ABREMET
SROBIT R BB R ORI L 5C0.57 » PR
5157 v b (<€0.25~7.5m/sec) EHEEENTNED
(%M, 1963 ; 344 « Bk, 1968 ; M - g, 1974),
—7, WAaRDLE ef al. (1989) i, V7 IV ¥ VilEE R
KRB SN/-EEH (KX 80m, 18 20m, B 20m) @
RTHAMCBIE Sz 7 0<2 0 (54~433kg) DRAME
Bx, 9 AMOKFT L EOBUSHEITS 1.2~3.2 m/sec
(0.6~1.2XL/sec), FHKHMEE L 1.88m/sec (0.77X
L/sec) EHEL, X512, HROIEEOMNED & AKHE
DEFEEIL 22.6 m/sec (10XL/sec) E#EL TS,
4, ERAROEHEIC) SR Sh/2E 2 EENT
Dy T UOBEKEEIL 0.9~4.6 m/sec DHEFETH -
Too F7:, AEMEPICEESh 2 o uOafER
40 ~70 kg TH 60 kg KEEXRTH o 72, BIKEETHE S
N 7uDfFELRIC60kg £ T5 &, KENGE
EREDOBEBR M =19XL?>* (WarbLE ¢ al., 1989) 7>
CFORIEZ 1.5m&hb, LWoT, XEOKE
AT BHEE B GERE I3 0.6~3.1X L/sec EHEFEENS,
Fig. LIZRL7AE D10, E2HPEOKRESIFES 90m,
MESIm, & 3B3~4dm THoto, BERTERERLE
A5 L, AEE AN TEREEFEES Wz 0wy
i, PTININVEBICBWTAEENTET SRR
& (WARDLE et al.,, 1989) SHUL7-EHTFTIlh o1&
Abfb, £IT, MBEOBHEE LTS, 5258
PIZ AL z7 a7 aDEEEKEEORKELY 7S
W VIR B TEBERNTHEE S RO KBEE
DERELD L 1.9XL/sec KERMEERL, BIHEORD
EEHBEOENEELVWEEZRL TV, FEO LIS,
B W HGRE AR IS ST LE LB ER OB KE
THbHr0, EBROEKEEIEEEIGEEIZFNLID D
Nl d, COREERTLHE, HEOEREREIRE
ORMEBEIZE N DTHLEHBLTLREREEN
BEWTH I, LW oT, BBEOBAIZIIEEREN
THACEEEN, BERBIZHbEE20NH T L,
WaRDLE ef al. (1989) 79EE L7 AEOF K#EE (10X
L/sec) LT H LRI EDOEREE (£06~=3.1X
L/sec) E+o/h3nwZ b, —RICHERZ L 880K
B i 2~3 X L/sec, AME X 10X L/sec (A,

* BXE (m)
** BRE (kg
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1966 ; 3k, 1978) L3N TWAI LR ENS, H 241
PUCAR L 7227 0= 7 v TR Tk LTB Y,
L AN L ORBRFO L ) RESRIREEICE 2V D
DEHELTIWTHAI,

=%, —RICEERIZABL -AITEBDO - DOITE %
EBEENTEY, 7Y Seriola quinqueradiata TILE B HB
OEMIFZLOTHEBET L EINERBT L0 LD 2
TITEIERL (W%, 1974 ; WIE, 1981), EFHHMICS
WCHHRBIEBRBREERLEHETLESIATVS
(P30, 1967), L2°L, SEOMHTHERCIIE 2 NI
AL 7 0= 7 TSR E Cilfik LT 5 L HfEE
BNz, M (1967) BN CO T OIEB) I B
EHBLUCHEBICLALETIHEMEL, S6I12ED
(1969) 3, MABITETICL - CTHEBBICHEICTAEN
PEETALIZEOERMIZEALMICIL TS, Lo
T, E2HEETTARLA 7 0w oizonT LB,
HF IFAEREEALTE 2BRICES T CORICEBICNT
DENEEES LR, SHEEICEVEE TR LT
72D TiE NS,

WTERIC LT O 4 HEORITORY) Tlds 2 BT TAHE
L-BEosuwer/7aldd i L b EBEr AL L0
FRRIIARTLVLBEOH LN EWE TR L TR wE )
EZoNDL, A GUEIEA, 1990) TRLAL DI,
REREFECH s O 7 UOABEIG L FFICE 2 BROK
WO BREE LTHRA, @R & 5EROR» N ORBE
ETED, SERHF T o2 0o/ 0 OBBERIEO NI
B Cid, KR 60m OWEIIE L URBEOHEEKRIZ
50m (EHED A5 40m OHET (TEITA, 1990),
BEMIEIEEAEELELTVWRWIRETH -7 LIL, 7
U 70 OWBBEIGGEICE LI LISV ElR s RES 5
B TH B, ZOMIICE o TREMNFELLABEIEY
U AEFG O TERCES L E0 L HITHE
PODORBITE T EDLDEERIOND, LW T, &
BHEICAB Lz avraeshfy T 57201238
HOGTEEA, 1990) THIMW L& 50, EBARICER
BO/BBIETHE LB & 108 P B ERTT S
SEVLETH Y, FEORMAMPILEBAROARERD
DEARGN & RGO E T D,

BRI, WERICIHI 22w fRIE R RS
BB LLITET,
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Swimming Speed of Bluefin Tunna, Thunnus thynnus in Set Net

Masaru Kawagcisui, Masahiro Munggrvo, Satoshi Iizuka and Yozo Wapa

Estimations for swimming speed of individual bluefin tuna, Thunnus thynnus, entrapped in a set net were

carried out by analysis of echo traces of a tele-fish finder set in a second bag of the SUKIZAKI set net from a

period of 13 June to 8 July, 1987.

Estimated swimming speeds in 91 cases of individual 7. thyanus in the bag were 0.9 to 4.6 m/sec (0.6-3.1

X L/sec) under conditions of calm currents and a bottom net of the bag settling. The speeds were almost the

same as of the fish with composure under a condition of aquacultivating which was already reported.

According to these results, individuals of T. thynnus entrapped seem to be impressed the net with no sense of

their danger.

Aditional harvests based on echo traces of 7. thynnus recorded through the tele-fish finder are in need of

bringing a successfull catch of the fish, because of making the fish’s escapes from the bottom net being blown

up by hard currents frequently occurred in this period.
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