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A study on the catch performance of various parts of towed nets
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FH1E BERE O RN EICBET 5 2h I TOWMEOBE

1-1. REREOFGE L R

W EEY ZRUG 2 N 2 EEEH TH Y, REX VLS 2 oTbINTE 7,

FeRIHRDEETIIHH O BRHERD 72D ICHEFTRERE L T3, BhERMIC

WS 2720, e h S E 2 Hivib® 72 (Gabrieletal., 2008), 23T AHIZE

FHERD 7z DHEEEEN 2> ©, Az 2 2o fh & 3 5 RFEENICER, XY KRE 2H]

WEGD 701, REQH#HEZRWICHETE 2 BOFR L UR 2/ T 72, HlZIT,

f—R—R2WMET 280 3BT EMOAGR 2 6ITbITni, Z L TEHBOAa%E

Al I i © & 2 M B BT AT O f as ORI IS & 7z (Gabriel et al., 2008),

M E &l o KA O gL, Mzde 2, KPICRWTHEL L 5, HATEZI

5, LTV ET S, BELCnG, X2, K, hEDFETITbND,

INHD OB, K TIE, MEARFICRNTOKEEDZIEL & 2720 fild 281K

DO E % [HRiHE] LIPS,

N2y P TREWS TENRIELC, KEBICHOZIET 27007 L —L%EL

7R OME R VIRFE CTARRL TR 25FE X 72 (Rasmussen, 1975), £ L TZ

DX S BRIROHIZ B I TRANS X 917k o 72, il 2 FV 72 B SE S 2y

DHIBTKRKE L oo, EEFEMGLUETNCIE, AN THBEMIDOEY) ZIEL & % Hi i

SR THE % B R 7 iR Thb L7z (Gabriel et al., 2008), S ay LU IX



ZNFE LY RE ARMEAEZE IR CEZEDSAREINICIE T 572 (Knauss, 2005),

HASH#EZ S OWT &7 oMk <ld, FEOEEOEMAMLIC X ) Wk E L zn%z

v 2 RO E HHCE P N 2 M FE L 72, HATIE 1910 2 5 2 b WK D H iR

Rt e—%ZF AN, B - EHcsw Tt 7 7T oEAZ X H B 25 Bk

ExiTo7 (i, 2011), #ETIE, 1970 FERICEZE AT 7 Y RS S 23

BN AED 1T U ® = & (Parketal, 1995) 205, HHEIAZSELSARINICHKELIED

7z (Parketal., 2004), T X5 IcHMEE, EicX v FELRHIZR A2 22, H

ARTIE 1990 ERE T, #ETH 1980 X E TIL4ERM] 800,000 + v DA EZES 2 7%

Y, METKEARBNZHF > Tz, 2L TEDOBEERLIED L, 2000 FI1CizH

AKoEERD 800,000 F v, HEEDAEERED 400,000 b FREE, 2018 FiCiFHADAE

FER A 600,000 b v, wEEDAFERES 200,000 P FREICE TR L T b (REMOKEE

BREBREFHEEL, 2003, 2013, 2020; KOSIS, 2018), Z O & LT, PR K

(EEZ, Exclusive economic zone) DEXIEIC X 2 HIGHEIPH oM/, #HE - HA - hE

AR D % X 2 KEEFHA 2E 2 bz (K, 2011, LaL, &9 L7zik

TTFICHBGTD B IIMKAR L LT, 2018 FFD HADFHaEALER DK 19%, &

E D 2014 FEOHFHERIFEEAERDORN 6% % G0 3 7 2 7HIIC 1) 2 EE 7 ffa S fE

ThHb.F72, HFICBWTH RN EME hERMEE &T & 4 5000 5 b v &24EFEL,

PAUFTHRCGEEER O 4 82 Ho, KE AT Cifrbh w3 EERTH 5 (Watson



and Tidd, 2018),

1-2. BERE RS & #RAL

R E I T OKEAEYI R B Y o, NICER LTy Fo v FoRFFT 5,
2T, AFECIIKEEY Z NRIDBFIH T 2 KEEM L EFT 5, 2 VFHI
WP R E X OAYIL MR OBIEN R L 13E 2 R,

R A 2 B KR, AR C B ORI O OB T Ic X Y, SRATEEEICY
Fond (EHS, 2007), KL EESEAT 2R EMfEER S cfibn AT
i3, BE RS B OB & ORI 08 (GRA, 1983) 12 XY, 2%
5 W& 8 (Pair trawl), #+ » £ — b v — L (Otter trawl), £ — 24 b 2 —/L (Beam trawl),
213 % b L#E (Anchorseine & fly-dragging seine) IC K% < 53F 5 2 &4 C% 3 (Fig.
1-1), bR FHASKOME, i, RFEICTbhTw 2 REN 2RO HEif
HTd Y (R 5, 2010; JIIM 5, 2018), % I3wHEC b AL TH % (Lee and Lee, 2011),
2% 5 UEM, Avx—ro—n, ©—L4a—A 30K RO % 2R
ZHENKEIC LY, MADKFIR O E ZHRFS 2, —77, »JEb LHIZHO%E

ZFE7e 3, B O Jelin i 2 AT Tl iR AL, WO H 2 P2 TS X 5

()

WA, M, Ao NEIC B ZRA, RPICHA L TF2EIT 5 2 L, #HhcfD

DT REEE DO D2, ZLCT v A —CRiZBEICEE L C, iz &5 T2



Z LTz H < FiE (Anchorseine) CiF T Z BN L 722 I 2 BiE X & T Z < TT
% (Fly-dragging seine) 7z & CKPELEY) % T 5,

A E O L T DM E, v x—bu—nifiBAFlE LT Fig. 1-2 iITRd,
A v £ —HR—1F (Otter board) 1ZiiiATI CAFES M DI %A AR THROZEE T, iid o
7 —7 (Warp) TEFEI NS, 4 v X —FK— FIZFH (Sweep), #-~<> % v I (Bridle)
KXo THL B S, M=V A v P 28R 20 5eimEh 7 (2 (Wing) & FEXn,
CfEICEE D b T Y DT ) O R EERE I 7 T 3~ 2 BEEZ IFF L T 2, 0D |
By FURICHLY fHF &z~ v F e —7 (Head-rope) & 2°7 v F 1 — 7 (Ground-rope)
X, TNZFNPEN 2D, 2ok S icfcrr2 %225 e eI
ORI E S 2, AL TIE I o O, ~vy Fe—7B XU 7 v Fr—7¢
Vo BB CRERR 2 N B ORI A M L EE L 2. BRI, 2 v v F (Codend)
EHEIIC A S -2 ER-T 2 CTH 3, 2D L 5 ICHMEME O BERAI TR 4 e EBihIc
LK ORER I N2, REICIAEYEE L EBT 2RI N EREY [fEEE ]
SIPTY, B OEEGERRIC B\, R E OB R OMRE & Z DEREIC D W T, BE

TFOMAZHEHT 5,
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T CTHIOM T ICEE X N5, AT DA I IS AR, & %\ 30 28 <
HIEZRND T L s, MO O AM L 72EW3RT/7 IClEvk L CRFOHE I 2> & ki3
%2, HfdOME Z@E L CRkEEST 20, HLITEMIc IV ENIN Ty PV
CEET 2, ZLCay Fx v FCTbAEWNIATT IR L Cobbl, H#H % L <k
Hrwiday Fxv FICER S i nz L Lz, AWfgETiE, RiFREDH
BN H7- 0 offERIC LY, WERRERT L e Lz, RHE OMENRE ¢
H B2 ER R & 3 B EREIN & i S kG S AR Enic Xk v, Kook
ns,

(1

n
a=%5

L2 LEBICIE BB O Fig. 1-3 iaR$ & 51, g E oER~RIc s T, D

JREDRE > T DT, HEDOEE MBS ROHIENRRICZES 2, 2%,
q=1Ilq (2)

T2 Cq ORI 2> b 1% B OB o EERE R KT,

HIEBTRIC B VT, AV O/ fREF X R E O &AL & Y & DM ABRIC X -
TkE D, MO T, Ay x—ta—n%2flicTs e, &y x—FK—F, Fi #
XV A Vb2, R OB T B AN E I B, TR R 5
2% (FF1,1985), %7, ME MBI & Hfih 3 5 2 & CHEREY o FHIEE (1811 5, 2014)

Vo e RIS, HRRED o 02T, A, b TEMI N b e — i



CIRT KRB X 2 &, BRI & B3l L CRISE 2 & % B, BORE L Bl %
FEE X B CRHBHEIPH O YR, BERREE G2, MOICEES 2 e BlmEInT
% (Main and Sangster, 1981), % L TR UE Ak TH %2 51, KEEYICHEA
DRI % G 2 2 imH#EIFHS K E 25 LIELD L R L PAEINTW S S -
eI, 2004), —7, MEOEI R R 2 LEEAOEE~DIEHAOEAEVDRAR S
(Eigaard et al., 2016) O TRYEC AT OB SCHE D B 2 2 E 2 bh, WORTH
IC BT 2 B A O B TERE 1, fHETAE & B OMIE~DIEH O A Dl J; D58
ERZTBEEZOLND, ZOMOARITICET 5B OHEMERg, 1L, MEEENR L
T B EAREN & MO D b RN, 2 5
=" (3)
ERED, ZLTHIOICED bz M O OWMEORKT X, fO0RIC X 2
2T 5, flaiE e —AfofiE S L ekifEoZbic X 2 EMMROZN (&
L« /i, 1958) %, HiZERIFEOM AL 23 Y ic X 2 E O DR (Von Szalay
and Somerton, 2005) 7z &3 X N7z, T OMOICE T BB OENREg, X, #EX
CHED b AN, & A L 72 BB, 2
G2 =3 (@)
ERED, LoaL, 7 VT DR EMEEDONRIICH LT, MR N RE

DX ICHET b, ZOHRITY R,



RICH 20 AL 7= I3 AR Cay Fo v FIcER I ns  dtiEo b o —n
WETIE, MO0 AMWLEZRT Py X T1%, GOMHE T icsEE e K& H
BTHoTHRBEL AT ay Fo v FETENEINZ (AT 5, 1999), AWfFETd
WYUNCERGRT I N FMITKEEY ZRB T L iFIzFE A ERWEEZ, ay P2V FD
MEMREZ AT L, 2y Pz v Fics T 2ROl EREqs 1T, M2 o AL 72
TREUN, & KT & Nzl Em 5,

G5 =1+ (5)

LERED,

2y Fxv FCiE, #EOHAICK o TR0 AY) 13586 T & FIGERICRF S 1,
INE BV AT 5, 3y P v FofEkEE, KEEYEZ TN TRETR
TR EE R D T LD TE B0, —J7 CRELY) & [FIRFICRAH DL R E X DY H
REFINTLE D &, CThIFEFEEHSCARRORED -0 OMEL 72 2 AL H 5,
2%, ay Fxv FofERRE <X, /KEEYORE & RFIHAY) O E L % 2
LT ERET L,

P bEo X5 ic it B o, B o &Mool E I X o TfERRESZEL
T 5, AWHIEClE, R A& O MEREICBE I 2 TR 2 LT OIS
BT FEEBRE RS O RET L, B ofErERE & 1 E T ¥ 2R ER R R T

TEmHME L, —J7T, WMMEZH V2T, IEEBRICEZ 0L DO



DHDFZEDFER TN T2, BB L S 2 KRR, HROBRE 2 &

b, EVMOEEGFT 22t 3¢5 2 L PERRCEMLRIEZE > THEL ST

3% (Collie et al., 2000; (LIl &, 2007; Diesing et al., 2013), %7z, HME#HEIZRED

T ThuEnAZREL 720 (RS I, 1999), ML 2 wEY gL <L

O M GRERE ; 0%, 1971; & - =H§, 1998; #i& 5, 2010) 255 %, WiHERE

A BT, ERTM I OMERRE L WET 5 T & CRESFRORIEEREY SO

pLryic, RO XS RfIET 2 BRECEROMEZEN T 2 L PEHETH S, &

MHE D O Z 2 Z P L COHORRM L 7228 o iR B o g ERE D 17 LICBEfR ¥ 5

PANEER 2 S 2213 % 7, AWFFECIRRENCE S X 5 IS BB 0 # L & & o

PEREZHH O 10T 2 -0 DI % FEha L 72,

1-4. AWEOTR - BN LTI T

AT CTIE, W Tl & Z DRLADHHE TITh T % B E 2 Hl v 72 € & Ji

BN O E R T, AR OMIEMREZ RRET L 70 W FFIERT &7 O 4 28

WD - D IHHBICHIA T 2 (Hongskul, 1999) <, HAIX 2 % 5 &g J £

bl, =t -7l 0Bz w7z (BWOKERKREEREREHE, 2020) 25,

HECII2 25 EHE, 1 2502ty x—truo—rehniFEb LA (Leeetal.,

2011; Lee, 2002; Lee and Byun, 2007) Z W 7zERNEZAICITDOIL TV 5,



2 BT, VIHOHERRICE T 5 MO BIEIERE 2 BET L 72, AL 72 X 9 i,

B O I IZ B IR 2 TP L O L 2P &R T (FREE) ST 5

i - AU, 2004) . 2 3B ORI A3 A & N R & 2 EREBN 2SS % ©

T, MHICED SN BN, DEINT 2720 TH 5 L FE 26N 5, AR EI—

e ZALT 220 £ b L EOfBIHEE ZH#EE L 2011307 <, 220 b LM N

AT DIIETEREIZ D 2> 0 TnZa\, £ T CAETE AT H LB off@mEZ Ao

2T L 77,

53T T, MOERA O ENERE 2 MET S 5 720 0T, Y FiIC B WL CREHIICE U

LI CREZLA Yy Z2—tun— iz CTE ML EK L v — VilEORER R 2

W7, COWfRcltitansdy 2—r e — A iz AN S K2 X IEFELCTH

o2 H3, MR nE N~y Fe—70Ehe 77 v Fu—7oUuENI»ERY, %

DR, MO DR R 2 [N D 072, 2D X572 25D + v — A DENRE

M LR L <, M OEA oM ERE & B L 72

FAETIE, APEEINZay Fo v FofEEREICOWT, By FilcET 3

BRITOHMAEZRZ S & LTz, Y FBORNEMEAELRIT, 1950 FRD0 5 1960 4

RicHIT, ay Fz v FoEEREOMESEKA ITb (Fil, 1961; &Hil -t

55 1959a; F10 - AL, 1959b; &l - LB, 1959¢), L2s L # D, HFLdcifd B @R

DR ST O IT T — X DFNT 2 SGE 2 (Wileman, 1996), B> Figic 1)



ZHIED BRETATON T2 (B, 1999; Tokai et al., 2019), AIFFETILZ 5 L 721
FITRDOMER TG L C, Wy FHOKEAMTT 2 ay Fx v FofiEkiEo—o,
8 E R % BTl L 72

BPICH 5 BT, RITEZREE L TREZFE 2TV, 1TV T7 o idisE c T8k
IKEELEMNC T L CHETERE R 500 2 72D I BT R 2B RIMOEAMTFE A v b 2R E
THLLHIL, ZNLIABES 2 RIS &3k L C, 51k RMEERAMSGE © 77 mtk

RN L7,
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Fig. 1-1 Types of towed nets (Tsudani, 1983). a), anchor seine; b), fly-dragging seine; c), pair

trawl; d), otter trawl; ¢), beam trawl.

11



Otter board Sweep

|

Bridle

In front of net mouth

Fig. 1-2 Names of parts of an otter trawl fishing gear.

Net mouth

Head-rope

Ground-rope

Main body

Codend
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In front of net mouth Net mouth Codend

Fig. 1-3 Definition of catch performance for each part of the towed nets. g4, catch performance of rigging gear ahead of the net mouth; g, catch
performance of the ‘Net mouth’; g3, catch performance of the ‘Codend’; N, number of fish that are within the influene of the fishing gear; N;, number

of fish in front of the net mouth; N,, the number of fish accumulated at the codend; n, the number of fish landed.
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FH2E 2ITEbLMAOEE L FHEEROHEE

##

il

1-3 i cib_7- X 5, KO EMOWIEBRLICEH VT, WORITTICHmT 2 EYD—

RS 2 B M O E 22T, MOANCEE I NS 2, RilES 20050 E 5,
DFIEEFE T B T DEFTH IS T 2 EWD 5 b, B2 & il (i, $15,
FEA L) 2R L AP RISITEIZ R 3, §l 2 S OFT Clkic Bt 3 2 T4
v AV, I v Pe—FIdEEREEEI S LT, HERLLVDoE X %
B, EVEIBET28E1H 25 & ETw3b (Main and Sangster, 1981), JEW®
3 M3 C U O IRE I i LS I B L il L 72 T RS I3 trawl footprint & FE(EH
(Amoroso et al.,, 2018), JEU Ml NREKICHE % 5 2 2 BERGLEOfEEL L <
fbonz, Pu—AFECHUEER BT 2R, REHEAIKEVEHERDLS R
%, dEEeE & o P R BIR D M X T B EER - JE)IL 2004), 2o X S,
JE O & M o f e 12 E o R Ic i KBk T 5 L HE A b D,

v Z—tu—lRr—Lltr—t 2% PEMEEORMEEEIZHEO DK
M OFE &M OBENEE 33T —E 72 O C, FE T3 2 K O 13K 77 m D
T LBUERE OB L L THEE LT v, —77, FNEBEZ R 272w 0 £ L 8L
D3RI % cL P 5 2 HiPH - O B ELEEE, M OTIKIEZ X L 2L 5,

ZoX ST Eb Ll EofREmEOHEE 138 L (Fujimori et al., 2009), %
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nNTLr b LMomBRmEOHEE 1ML R TEICX VIR I N T3, HETIT,

anchor seine X DEFEIC B\ C, B B XIHFRFIR R~ 2 E ECDIS (Electronic Chart Display

and Information System) % F\» CAfifii® DGPS (Differential Global Positioning System)

EL—X =L )T ARALTRELZENEER D, O iRHEEZ #E L7z (Lee and

Byun., 2007), 7 v ~—27 Tl, K& 10 m LLEDIKIK T, anchor seine it E o Hiffi &

fliilic GPS m 7 — %L R F 2 A e — 7 2EBIAY 1T, Z OfiE DO

fHlEmEZ ko 7= (Noack et al,, 2019), L2~L, ML R % EE L TH2SHEIEL 72

2ol % B < fly-dragging seine ZD 2217 b LG E o EfE S HEE X 7= Fli3 R

Wb\, RETIE, ECXHEAEOROFT OFEMEREIC B T 3 MES R L E 2

LB WEDFBEIEICOWT, 5% THIRMR LN Tz fly-dragging seine D #

ExTHrr0EbLilomamRzHEE S 2 7EE2RE L, 207k, B Gon

MR ZEHI S 2 Z & T, KO & i B o EIEMERERHI I L WA R 2 Rt 5 2t &

boTz,

PRt - T5ik

}|

JHE1320204E10H 17H & 24H 12, Fig. 2-11T7R L 7= RIGEEE B JFE i & o A e <17

> 7=, AARETEGTE O 2 b (5 v, EREEIH 180 kW) ICTEMN L C, /KIFE4L0~

60 mD e E Dk TR IC 2O DRAGHEE R L 72, ZHMdE TR, Bz
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AL BRICHAG DS HE L e v X 5 Icfix & & B 2 3217 5 2%, AW R o
TIRMAESICEE 2 2 L3, #EH & L Tfly-dragging seines\ o 2> 1F £ b L A%
o7z, 10A17H I3 A#50.30 K c20m o &5 % o 10:0 iR Az I, 10H24H
12 A 8.3 /NI TOT:3NTIRAKIANL & 7 o 72, FHEHDOLIEIE (#1,#3) o iinic

Wow, FHEHD20IH (#2, #4) ZFOFNICTE 2 1 TRMAEZTT - 72,

B O % Fig. 2-2 £ Fig. 2-310R 3, e M2 B CHMIIA 712 moR & <, il
o300 mit, EEISmmDOFY FYev'L vila—7 (PPr—7) THs, % L CHIMA
D412mldF = — v LPPr — YRR AIHEKE T LTz (Fig.2-3), Ao F = —v o
WP EEIZI23 kgTH 72, PPu—TiIc#fid s F o —vokI EREI ML S
HEWE TR E L, oK X300 mOPPu — FIciz5sr (K15 mmfE) OfkF = — v
5m (ZErpEE22.8kg) AEMEI N Tz, AW CIREUMOF TR E WV DY
] ez ed 2, Fo— v eRAICHERKLZPPr— 70 Y OfjIciZF Y =
F L v R E LT, WER KT — T oML m D, BREMREG LS
LT3, ZofEIc AR~ 2 HREGHIBEER 2 205 L <, MEDIREL & iED)
ATz,

il DA ICGPS @ 4 — (747Pro GPS Trip Recorder, TranSystem Inc. , accuracy <
3m) Z&iE LT, b OE % SPMIE CRisk L 7z, MifZo RO D F = — v ok

, REWLS mOFY TFLyw—7 2, £ Dhici#)13.49 kgD 12 Y 1
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T, T "\ v—voXsica—BNEHELOLVE ERE X5 Lz, 2ou—70 g

kL v T EEE S J v 2K v & (SDKN-600, Fusion Inc. /KFPEE2.6 kg) %

PE L C, Ml ok & KR 2 bRk e RHll, GoRk L 7z, il IS 3 5 S D St

& Bl o AL I 13 5R J15T (Sensor-F, /K& 5.3 kg, nke Instrumentation) % HX Y i

F, Mot E I EEcaHl, Skl 72, £7, /K#EEt (DEFI-D20, JFE Advantech

Co. Ltd. measure range 0-200 m, accuracy +1% FS) o~y Fe—7¢ 77 v Fnm

— FOHRIREBICHEY T, IBERET~y Fe—7 ¢ 275y Fu—7oKEZLEFL T,

[FIREZ D GLER DK FE D> LM = X & 3RO 7z, ~ v Fu— 7o KA LHicii~

4 7 w75 —2%uj— (ORI400-PD3GT, Little Leonardo co. /KHEE35g) ZHL b 17,

RKGEEE & HIZR DR (SEhD KL)% 2Rk CRiER L 72,

BRSE X, SRR B et D I — JE MK D B — #d — A i o Bl o IE 1 B & ks B

J|

L7=20b, FFEIN-HE—-5M, OlEFciTbhz, AEBIZ NS OBEPIEE -
725G & 4 o - W% 2 YA CRUBR L 72, S X D ICEiERk L 7245 o i T — £ 2
bENEFNOHMICE T 2 ZbifofEREL#E L 72,

AFEClEFig. 2-4D X S ICx 2z h o B Cififih o R A3 12IE—ETH b T &
DR TE /= 2 2T, Wi B T 1A & xBilliE o frm, BB AR Ot O AR (G
Ho# AiE) exilinREzd s mzlime L, #ih, KN, MofiEs L& B

T 5 2RUHIEAR 2 BOE L 72 [HBAR AR | o B & 4813 & % g EEEPH 2 a3 2 AR
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& 7% (Fig.2-5-A), % L CHMIEE 2 L PNTHICIRII 0 222> D, HfL D I 13 i
T2 e bICHEIRE Y, WIIANEZRD 5, &0 & X RME R I E 2K % Wb
T 2K (Fig. 2-5-A) (ExHCn L THONFRCld R w720, &H 677 DBl
WL GloRo N, ZOHMI OB ENOMERREL LI LNREZLNE, TDX
I ICTHfE DI OEEN T LRI 32 2 N7 2 B 0@ (Fig. 2-5-B) 2 AWFE T
(2 THAMERTE) &R LT 2, RICHMERESHESR, MO/ E k2 L,
AR ASHTHES 2 DAL OFTICF L X 5 icinb b, OBy iIxdficrt L TnRezb,
HE DOIIR b B & 72 2 (Fig. 2-5-C) &% 2 7= (THEEE ), DL, M8 AR,
[EfERT ), [THME%E ] © 3 o0 REELIC 3T 2ifh, N, #MofiEz Ell 2%
g D FCH D HHEE L 72,
M EB ARE O i, I, HEofrE

B A X N2 E RN & M OWHE L OB X, W3 o 5 S I DR N X
WeEZ LN BRRIT ICITD N2 L, REL TR T 2 2397 T A2 & BN E T i
ORI VM ORMEL ~y Fe—TROMERE RENEDL o722 L5, B &
WBE RGPS 77— 5 b 1% b N ARLIE O E MUk, AEL & SGEL T, e
BASNTAEEREL L, 2 L CHERAREOMONE (X, yro), M OREEEE (7
fi% 2 xio, yio, AL Xeo, yro) & HUMARAAR D IRF D afif D AT (x50, 0) 13 Hubeny formula (Tsuboi

and Oguri, 2013) ZF\WC, JRs2 b ZnZ ol r~oiElE (m) & LTHRL %,
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LA AT ~ B 2 O it O 7
MM IRE o TH O DFRGEIFHEE © & & DA DOIEIE (x,0) 1XGPSE 7' — Dl
bkD T,
EAE T~ L 2 DI D L iE
BRI ORI IR L, DA AR OBEEE (S« o, y0, Gl © X0, pm0) 225, x
B LR E A Y, BEOBRS B L 25 [HRMEEY] OIE V=T LB 2
il D PR (ARG« xin, i, FRE X, i) L OREENT 2 RE L (Fig. 2-5-B), [H
e 1c7e 2 &, Bl A TS 2 0 A 2 o CRMOBIRIZER L 25 & F
Z 2o L7228 o TRE QBRI L TR & RO0E L 72 [HAE%Y] off(t=T)
O DEEEE (Lo © X i, FME * X0 ) (ZLAT O TRI M TE B,
X = Xpp = Xs¢ — dit (1)
Yie = —Yre = 5D (2)

T2 LD EE Y 7 v AR v XIS & - tRF O o FlE, dp 3 ih 2 Sl £

T DR DO xRSy <J3002 —D,* - leZ) TH 2, DIFHLKEDFIGHEImM)TH 3,

22T, BARNEIE F 5 BB T AR < 12 B I st 13 HE C 72 2 DT, Wik B
I 2> 2> B RS DANIGMT L ZAVIT/NE K T 2 & F R 7o, 2 T ORI T I RMEEIC S
W EATREAMIA E 2 ROBREIT 23R ) DR L2 oW L, MifZoR 2 LA L 7%

{Teola &% TE LT, 2 L CHlifll 23 B ARF O RS (2L © X0, 110, G 2 Xe0, Yoo)
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Table 2-1 The time required for fishing process of the fly-dragging fishing operations

Elapsed time from set of marker buoys (minute)

. 2020.10.17 2020.10.24
fishing process
Spring tide Neap tide Average
#1 #2 #3 #4

Set of marker buoys 0.0 0.0 0.0 0.0 -
Set of port seine rope 1.1 1.2 1.2 1.1 1.2
Set of seine net 24 2.6 2.7 2.5 2.6
Set of starboard seine rope 3.8 4.1 4.3 4.0 4.0
Collection of marker buoys 4.9 5.2 53 54 5.2
Towing start 53 6.0 5.6 5.8 5.7
Towing finish 22.3 20.8 24.6 26.0 23.4
Hauling finish 39.5 38.6 49.6 47.9 43.9
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Table 2-2 Results of gear mensuration of the fly-dragging fishing operations

#1 #2 #3 #4 Average

Towing time (h:mm:ss) Elapsed time 0:17:00 0:14:43 0:18:58 0:20:16  0:17:44
Distance between Towing start 289.9 250.9 341.3 3271 302.3
elbows (m) Towing finish 5.9 6.2 5.4 7.8 6.3

Towing start 3.49 11.39 8.37 6.61 7.47
Net height (m)

Towing finish 2.52 3.56 2.59 2.77 2.86
Vessel speed (m/s) Towing finish 1.16 1.42 1.65 1.46 1.35
Net speed (m/s) Towing finish 1.29 1.42 - 1.47 1.39

The vessel speed and net speed is calculated to average value in 1 minutes before towing finish.
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Table 2-3 Surrounded and swept areas of the fly-dragging fishing operations estimated by gear

mensuration

#1 #2 #3 #4 Average
Surrounded area (m?) 120,133 112,488 147,807 142,478 130,726
Perimeter of surrounded area (m) 1,402.2 1,429.9 1,576.9 1,568.7 1,494.5
Swept area (m?) 162,221 188,696 229,453 223,542 200,978
Swept area / Surrounded area 1.35 1.68 1.55 1.57 1.54

32



Table 2-4 Swept areas of various towed nets

Vessel size, Engine

. Swept area .
Type of towed net (fishin Ratio to
P £ output Reference
ground) this study
(t, kW) (m?/h)

This study 5.0 t, 80 kW 682,381 -

Beam trawl (Tokyo Bay) 5.0t 41,760 1/16.4 Ishiguro (2006)

Beam trawl (Kagoshima) 3.7t 41,670 1/15.4 Fuwa (1976)
Hirai et al.

Beam trawl (Ariake Sea) 4.2t 44,262 1/154
(2003)

Otter trawl (Niigata) 50t 79,345 1/8.6 Nashida (1990)
Matsushita et al.

Otter trawl (Aichi) 120t 233,170 1/2.9

(2005)

Swept areas of beam trawl and otter trawl were calculated from the puroducts of towed distance

and beam length for the beam trawl, and the puroducts of towed distance and the distance between

otter boards for the otter trawl.
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Fig. 2-1 The Map of experimental fishing ground in this study. The black circle shows the position

where the study was conducted.
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Fig. 2-2 The design of fly-dragging seine net used in this study. Gray area indicates part of netting

composed of thicker twines.
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Fig. 2-3 The rope configuration of the fly-dragging seine used in this study.
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Fig. 2-4 Tracks of the fishing vessel. Gray circle is the position where net was shot and black

circles are the positions where the elbows were shot.
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Fig. 2-5-A The positions of the net, the vessel and elbows of a fly-dragging seine, when shooting a gear, obtained from the GPS data. The direction the
fishing boat is moving is the x-axis. The origin is the point where the x-axis intersects with the track of the fishing vessel at the time of gear shooting

(the center of the headrope was not always the origin).

38



(10, Y10)
Net (ims yird
(¥ng: Yno)
\_‘_ﬁ Vessel
J (X 0)

Origin
0,0)

(Xers o)

y-axis (xmé;’t)l-___-_--- e i)
it~ Yo O-.._______-___--
(Xnos ¥no) X — X0

i . e - Net (an, 0)

in | e x-axis
Origin
o r---_------ELT--&E-"""'--——_-_:_-_,,..’(x,.-r, Ver)
Yrr — ¥Yro : ____—___o______....._—--——
(xl'U’ yl:);l (xrt’ yrt)

Fig. 2-5-B The estimation of the coordinates of elbows in the phase one which is the time period

when the elbows move without linear symmetry of the x-axis during towing. The net is assumed

to move linearly to the start position in phase two during the phase one. Blank circles are

positions of net and elbows at the beginning of the phase one, black circles, positions of net

and elbows at the beginning of the phase two which is the time period when the elbows start

moving with linear symmetry of the x-axis during towing, light gray circles, elbows positions

during the phase one.
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Fig. 2-5-C The positions of the net, the vessel and elbows at the beginning of the phase two which
is the time period when the elbows move with linear symmetry of the x-axis during towing.
The distance between elbows (D;) measured in fishing experiment respectively. The position
of the net is estimated from the distance obtained from the integral of the velocity, and the

position of the is fixed by the GPS data.
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Fig. 2-6 The estimated swept areas (black-filled areas) of the fly-dragging seine.
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Fig. 2-7 Changes in depth of each part and a net height of the fly-dragging seine in four tows. The
depth of the elbow at the port-side rope (®), the depth of the net (®), the depth of the elbow at
the starboard-side rope (0).
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Fig. 2-8 The moving speeds of the vessel and the net, the distances between elbows and the

tensions of the net of the fly-dragging seine measured in four tows. The moving speed of the

vessel (0), the moving speed of the net (@) in the speed graph, the distance between elbows (e®)

in elbow distance graph, the sum of the tensions (e), the tension at the port side (®) and the

starboard side () in tension graph.
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Fig. 2-9 The ratio of estimated elbow distance by measured elbow distance (Degtt/Dpeas)- Light
gray area is the time period of the phase one (the time period when the elbows move without
linear symmetry of the x-axis during towing); dark gray area, the phase two (the time period

when the elbows move with linear symmetry of the x-axis during towing).
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HOHHENEREIC D W OGN 2. B O ifEER I3 R & SO M O AIERNITRF L T

%79, HWOWARDF I THIERT R 572 5 vlREME 23 v RERICH O ZIRICBEE L T,

WER L MDY A XFERPZNT B L v IHEDP L 22E Y, oo Lix, KetDiE

WICkbZlixdbbArA, HMHEE, V—7K, scoperatio (V7 —7R//KEDIL), HAMKEH

itk o Ty ZE{dT % (Byre et al, 1981; Carrothers, 1981; Gode and Engés, 1989;

Somerton and Weinberg, 2001; Weinberg, 2003; Fujimori et al., 2005; O'Neill et al., 2005;

Broadhurst et al., 2015; Brinkhof et al., 2017), Z® X 5 i1, RMEEEZH 724D

REFEDOHROMPUCK 2 g8 2 52 5, Wil E %2 v 72K E Y O Ff#E 13RI

i, FrcoKEEYEROBFEFHTICE S Hw o5 LIl - ARE, 1988; JIIN 5, 2018),

Bl 2 1IXH > FiFOHAD EEZ Tl, I8, Bl (692 + v, 1,885kW) & HREARAL (443 b

v, 1,323kW) @ 2 £oFEMIC L v, EFFHET — X ORGATHONTE 72, B OHE

PERECIENE R EDEVEZN O DWBEE oy v 7Y v I hoflon s T — X DFEE L

SHEME I ZEE % T T 7% (Laevastu and Favorite, 1988), Z b Dfiflx, v 7V v 7k

FrIORL, XOEHICERT 37201, ALT¥4 v CRILKE DLy Z—ba—

WEFHLC &, L2rL, 20 2 EOMPHFEHT 2 o —viflokiz, ~vy Fe—7,

77vru—7, Ffl, #@vrv 3R Y, MoFILUThbREEoTwE, b
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DEDS, MO DKL R DK~ DMK I E 2 5 2, WERIICHIER RICEE L

e

5z 2088035 % 720, O OFZIR & ERE R OBItR 2> O HENRE 2 ET T 2 L ER D 5,
BIRFH D 72 DI b v — A B OSBRI R 2 et 3 2K, b e —Afoike 2o
HEREIC 5 2 AR E RT3, Vv ) VI DEDICERT A L PAEELE

TH 5 (Weinberg et al.2002),

RL - ik

BBEAL & BEAKLClE, AU TFHA v OBE P o —aH8 (Nichimo Co. Ltd. SS-R1(B), Fig. 3-
D 2RI TS, 2y PV F2E0722KI3459m, ~y tue—7L /5 v Fr—7
DEIXRZFNFN352mE464mTH S, 2y P v FiFF) = F L v BEELEHiIfE66 mm,
HoN— v b (R 227 VB EIE 18 mm) A I Tws, L, ~y Fr—
7, s v ia—7, F, v iy b ofEkii2E TR 5, BT, BRI iLiT
NEFEXET, BHRICFEN QRN T 2#REIE2 04 X~y Fr—=T1Ic7
o— b EHEEMGTZDoFEHINTHE (X —h—FETE, DHEEE3 v b CTIF71380
kg)o — I BEAALTIZ 70— F 2720k D~y Fu— 72T T w3 (F1380kg),
KT 77y Fua—70EEIT, BEA503 kg, BEAID493 kg TH o 72, 72, HH
bAY X —KR—=PFOESTVAY—a—TThHLFMEMERv v FOKPERED Rir->T
Wiz (e« 439 kg, BEAKL : 352 kg),

Wy I BT B, KEL126mATHE (Area 1), 125m2>5160m¥E T (Area 1),
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160m7> 5300m% T (Area III) D32iC/HF b, /KEMTE - HEEMOKEGRFZEHR (0
PRI XK EERFZET) 1< X g, e FilEo HARDEEZWIC AR08 M Z3%E LT b u—
NHBEDBITbN T3, 201240 5201 74EDEAESH A 56 H offlic, 38His% (Fig. 3-2) T
i SR (45 HA) 1M L 72 78%H Off) o7 — & (156 M85) % b L 72,

ML, Bl 2R 2 X 5, HRi3/ v b c30MEME i, T — 2123,

WERR (AEEORKEER, BXUPZNLDH A XGOMEE) Mz <, A7 —vav
Fe, BREH, WEHE, BRRF LA TRFONE (B R, RiEhoKE 7—-70RY,
MOE S SRR (~y Fe—T7om cimfllowseiliofEi 2Ee&Thcnr, Mo
X B X OMSERIREIZ, SCANMARA v FE=%Y v 72 25 . (SCANMAR AS, Norway)
THIE & 7 {2 R Ic LRI LTz, MOE S L hseRRE L, BB 2
520535 L % R E BT B ERTICEER L 7220 DD FIGME TR L 72, A UBLH S < HE AR
PIC B L 7z Bt & BEA i o D & el %2, e 2 W CHER L 72, 7, K&
ik M0 E S RO Z (L E R TR TS v, AWK & OBAIRIEIC b EL S

% % scope ratio (Fujimori et al.2005) & [AARICHEL L 72, scope ratiolZ LA FOR TR I 3,

warp length (m)

scope ratio = depth (m) (1)

2T, V=7 RIETRXRTORM TR —E T, AKEIZHRMEBABAE & KT B DK
DFEEEL LT,

RIS, B & BEAAL v & 17 TETE O AR 2 GLMENTIC X Y HER L 72, 280 i

A

RGO ERET 2RO LI BRI VETVEE X T2,
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E(Cy) = Ci-exp(Bo + BiViy + BoVi + B3ty + BuHy) (2)

ZIT, CrGEENZN, BN EEERNSIE 52T —2IcEHENSF CBMI TR
HARI I L 2RO AR CH 2, AL TN & 72 5 7 — X T % OFEDifin o HE(E
BB ENE N D7 L &b 10K ETH - 72854 T IC V72, E(C)I3C,DMIfFHE T,
SEOT =%ty b TILBSB R O N0, HIHED b ) OFEEIT A O IS ICHE
5 ERGE L7z, RMARERIIC K & 08 e Wiz (F¥930574S.D. 0.657), HAIRFEL 72 b @
BEEAEONIBRE L T v, KETIRZENZT DT — X ICE T 2560 & BEANL DM
. H, & He B AR OHIERE TS 2, £, T A =By, LBy, Bay B3, Pa
X, ZNTNHEE SNV LR TH 5, FLBHIRICH T 2 EOMEERERZIIN %27
— X CR—T® Y, MO E OECIHERAEBICHE T 2 LRE L 72, HIVZRC, 1T
W CEDHMOMIE S & MR & OBBEN L CCIcfld 2 2 & h b, g
BRI 2 5 2 2 BN (MHE S LalisehibE) 25Hiis 5 2 L 23 T% %, scope ratio b #ff
MoK EEPFE~DOEAREOZEHHT 20 LTHEZLNT VS 728
(Fujimori et al., 2005), AffFFETIiZZ DIEFICHIEH L2, L2 L, scoperatioz 284 L L
THIHINICGLMA T 21T > 72 & T A, scope ratio & #1015 X i feiEfE ic 2 EHLRE 2R 5 5
LR X iz (R(ver.3.6.2) D[ car X v 7 — ¥ % v C, /3 BUIL KEE R Variance Inflation
Factor2 B L7-& 25, ZDfHIZ5.0L W KE o) 720, 2 HoffihofIE S &k
kg, T7ab bW OARDE N D A% AL E L 72,

GLMf#EHT1Z, RD [MASS] v 7 —Jic&ENdglmnbBfiz FHCfro7-, 7 LET
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ADOIDT, Ny 7T —=FRAT v 774 ECERZ BRI o Lz, £ L CHBRET

FREERER®E (AIC) #3ME L C, B3 EVAICE R LAEETTAREETTILE L GEINL

7zo ZL T, R @ lmtest] ¥y 7 =Y %2 HnT, 2 EOMEMEEDE N EOTZIRD

EWICHE I N L W) IRIERE 2 FHE S 5 7200, BEHBGE (LRT) 21T7o7%2, £ 72,

BOEET D6, Z8%E 1 232 b L7z& ZDAIC oy (AAIC) % i~ CEiBAZEEL

DI % 5 L 72,

iR

EINEDSIZ2VN

AL DM O S S I3KEPEL b & /NE K Tr o722 (Fig. 3-3, r = -0.58, p < 0.05), fE

AATEMOE X EKEOHBIRIAER TR o7 (r=-0.20, p > 0.05), HFOEZ DR

+REREMR 221X, Area [TIX[GEAL234.24£S.D. 0.04 m, HEAN234.00£S.D. 0.03 m, Area Il

TG HI234.28%£S.D. 0.05 m, AEARALA34.04+S.D. 0.01 m, Area III'CIX [5G I234.08+S.D.

0.03 m, REAKI234.07£S.D. 0.0l mTH o7z, TDXHIT, Areall Area II'CIEfLDHET

ESIOENPKREL, Mems T -2 THOMOES ST ZHEST 2 L, Arealc2b b,

FEALDHIE S IFREARI L W DEEICKE 257 (p<0.01),

TR o> il S IR & R IS L CR L 72 D A3Fig. 3-4TH 1, Area ITTIHEEHA321.29+S.D.

0.03 m, HEAAL2322.50£S.D. 0.01 m, Area I CTIZRGHALA322.15ES.D. 0.04 m, REAKL DS

23.32+S.D.0.01 m, ArealII'TIE[5EH2521.94£S.D.0.04 m, HEAN2323.05£S.D. 0.04 m
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Ll ote, B ALOMERIFEIZRE L HFEGMHEZ RS o720t (r=0.11, p > 0.05),
BEANTIFARECTH o7 (r=0.32,p<0.05), fHe %27 —xolifitouhkiiEo = I3THE
T (p<0.01). EEANDTT K E D07, L L, MH&EE &AM IX2> it cHE =M
M%7 & 70007 (BHALTIEr = 0.04, p > 0.05, BEAILClr = 0.13, p > 0.05).

scope ratio b /KZEICJE U C&AL L (Fig. 3-5), Mifit & b KEFEA L 72 % & scope ratio |3/ &
(TroTCwolz, ROV —7TREZXE b7 — XTI % L, Areal LIITIAERILDO T
— 7 BEHAL D DRV (p<0.01) 720, BERALEHI L Y b scoperatio m  BRET 5
fHEICH - 7z, ArealTIX, BBt Hi232.73~3.92, REARN233.18~3.78, AreallTIZ[EEAH
2.43~3.14, HEARAL232.96~3.1TH - 7z ([GHA232.52~3.23, HEARNA32.56~2.85), — 17,
HEOWEHE (Arealll) TREDO R WIERE o7 (Arealll, p > 0.05),

F 75 i

6AEE] DR A T78/H156 A I 2> b i X 1 7-348M o H T, IEEAE D % 2> 5 T- DI,
¥ X' A4 Dentex tumifrons, 7 ¥ % ¥ A 71 Photoligo edulis, ~ 7 ¥ Trachurus japonicus, "7 =
¥ A Champsodon snyderi, 1 4 7 V) Kaiwarinus equulaT® - 7= (Table 3-1), Z L5 5ff Tift
EARBEARD39.0%% Ho T, v TV 7 =F R FEICAreal TSN, 7 v F 4
7113 Area & Area IO CififE X Nz, N ATV ZArea ITE QI N, F X413 T
RTDArea TIHEI N TEH Y, JEVKEHIFATEEL T3 2 EBRBI N,
SRR R D R

GLMArclE, 4 (3 £4, 7V ¥ FAH, =T, 7=FR) IconT, MOEIL
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HSEHERE D Vs, B 2 T ASREE GBI T 2 ARl E e, A4 T )Y
LW, MlmE s L ERROREIIFERE Tl o7 (Table 3-2), Lat4fio i
MEFRCnullEF L HEICE > Twi (LRT, p < 0.05),

ML 727 — 2B 2B L BEARND ¥ X 4 OEREB DL (C,/C) 1%, Bho
X & AEIRE (1, Hy,), BRI OMISERIIE (H) 1S U TEE L 72, Bt oM bE X &
SRR O RE (B, Bs) IFIEDET, BEAALOHERIEORE (B,) FADETH o2 L
D5, FXADCICIE, BtioMaeE LS KE < 722, BRI OHSLRHREL
INE L 7B LRI 2 2 EARBE Nz,

[FfRIC, 7 v H A4 hDC,/C 1, Bthofig s L ANLOMEHRROFE 2 X T -,
B >0, B, <0THo7-DT, FGHIOMOFIAKEL R BI1TY, T 2RANOHISHIED
NI 22138, TYHFRANDCICEHMST 5, —71, 7=FRDC,/C L, MifitDiED
eI E I Nz, BEAD T =X 2 o EREEEIL, Bt homekEskE k2
2, BB WIFREARAL ORI NS KRB L, BAIOEERIC TN 72,

¥7, 7Y TlE, LRT?p < 0.05T, REAIOMOE X & B omielbE z MG o
IEHET VPEEN T2, SO L, v T YDC/C L, BEANOMAR I 2K E L
B WML, BYAOHERBAREL 22 LA T 2L ERBLTHEA, TIUTM
it DD HEMERE L L TR L v, 2 EDMMOMOE X 0\ L, CarangidaellJ&T 3

AT ) =T Y OWMEREBICEER G A ozt Bb s,
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AR D HIIL, #HDIIRDE D W Fi#ETD b o — A FEDRERICED XD &g

Brh5 220281, MOOBIRICX 2 ML OMENERELZIEEST 2 2 TH D, MO

DGR Z G L BRAALTHIK L 722 25, B4 PR~y P =7 %L T2 5EALD

JiA3, 7u—trEREHLTCWIREARLL D QFECEAE coRMTciIfMOEsmInLE L, #

SeFRIZREAR I D ST R E Do 72, T7-, FOE X & fhoeiiE oEEfFE 1L, Area lllD#5E

MfE %R T, BT BRKRED» o7z, TOEHAOMODIERDIELDOEDKE X3,

AP~y Fao—7oHICBERLTWwE EEz2oNn5, B A P~y Fa—7

ix, T OWEOMNDOIREIHEI NG, FEM S OMKDKD it 7S BT H & diT

HIE, HN R RRERED LA32 720, hA4A MIX O RERE Q) 2RET L, A

Ao, ol (=RAEE) o ZFICHIT 2720, REEES v — LB L

DKL DN RTHEDO DT HRENCL > T, 74 PR~y Fr -7 08138 GHE L 1%

B3I D CRIRD,1996),

¥ 7z, scope ratioDiEWIC X 5T, * v X —FK— FOUFEKEAMIKIE-CHE O DR LBE D 5

ZEAME TN T3 (Fujimorietal., 2005), [A UL CHREANLIE, B i H L0 %

(D7 =7 %O LTz, T DscoperatioDE W\, 74 X~y Fe—7 (Bl &

7u—1F (BEARA) OFEVWICHERLTWEEEZLNE, A4 PR~y Fu—71%, &

IR D B EDE 725 LRXET L D DB NDNEI K 2720, Mz i IREE TR

DHYIFFEAAN L bR TEATLE 9, FEER PRI EEALA314.79748.D. 0.557 T
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HAHTEICH LT, BEAMNIZ21536F0+S.D. 0.7 Th - 7=, FDFEER, Bt cit, X vi

W7 =78 (X b/NX\vscoperatio) THZ BRI &5 2 & TE 7z, AL T, AKETH

STHKEINZT —TDREX (scope ratio) &, MAtOMIIE X & ORICAOHEIRER % K

L7 (Bt r=-0.55p<0.01, B8AH : r=-0.21,p=0.07), §E-> T, HEIMHRIEZ

W 27201, 7T—7TDREE (b5 \»ikscoperatio) & MfiOMIOE X % & b ICGLMAHTIC

WH L 72> 72, MG X &scope ratioDBfR2> 5, MmO OEIRZ T TR, WD

TE~DOEEMURAE & SEIE L 72 AR EEZ 5L TE S (scope ratio/NE { 7n % LD

VR & OEMREERTI 2 3), DX HIC, ZO2EIZIFE LT v oifd%d AT v 323,

~y Fa—7oFh) (BRALEAA b, ERIE7a—1), /7y Fe—7 %DV 4Y—u

— 7' DI T T, scoperatioZz EDEWIC LY, HODKIBZLL-EZ LN,

Engéds and Gode (1986) 1%, ETAHMOMNBETEIIAMICK > TR-R 22T TR, A&

DFEEDPWFED DA — P DE I L TEVIRI TR, &S 2B HEBEhTwe, #EdE

REDMET § 2 AJREMED 5 2 Lib T w3, Wiic, TXA Y AREHEFDOF =% v — 7B TIT -

= hwe— TR, MklREERESTE2ET M I VT 4 v 7 7 v — % Micropogonias

undulatus\Z 33 3 EMRE = L 72V (Hoffman et al.,, 2009), XV v 7{#EToD F v — L3

FCiE, kRO ZE B DKL oz ¢, KIZMORMAEIEYZY O

R (CPUE) ICE T2 2 LAME I T2 (Von Szalay and Somerton, 2005), [5¢

HCTHFEA LT v HF A0 OWIEREBED L DL, M0 250 T 2 [EEECe s &

Ter—ALEZLND, £z, GLMAMORGEET AV CTlE, BAIOHIEHEIKE (%2
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L, B AL DM 7R R (C,/C) YA LT3 (Table 3-2), D b BEARAL D HISER
a2 K E < 72 % L REA N O MR M AL 2, L LTC /G Lz, 7 =X =
iX, C,/C MO MEMIBICOAEEENEHTHY, Bt omErEs L2 % & B
TOWER A Z, FIRRICIEAAL OHISEIREAILA 5 & C)/C 03B $ 5, T OFEDEREL X
CFEENTEST, ZOZE/[MOMEDH SN TRV, GLMOHT DGR & IR < I
ARLTWRLEEZLND,

CarangidacD2fECH 2T VL h A4 T VIOV THELNZCLMOFER %, oKD
BUCBEM T TR T 2 03 L v, L DREICOWTIE, IR E LzNo 7 —XIc
BOWTHOBEEN L TV LW IRENRBIL TR WAREERE 2 bhvs, HAW
HICEBE T 24T LA M) —{ETHE, SNz~ T I 2~62HFKICH 2T —
3 VCHBEINZDIININIGEE 2w e DRERD L (RS, 2009) —F, =7 YOl
EEiEo 720 oM RMEIE1~37H4S.D. 9.1H ICfTb iz, A0 fER OO 2D
ZIREIZHE O OIRTIE AR, AEMICE T 2 80FEEOE N TH 5 iR E V. —T7,
~T7YERULEDHN AT ) OBETENCEIT 2 AIRIZIZ L A &7 (Futagawa et al., 2000),
o= AOROTIRD S E R BN R E LT — 2 CHBRENRL 5727200, Fhi
b AT I T 520 DROM IR D3E - CIIHIEIC ITE L v X 5 o fikk e it
HiT8h % & 2D, RATH 2, REZHREOFTD o & ANV 2207, 5
%, BREEBL CHOABRTET ) BERD 5,

b r =i % Ao 72 JEA BT <L, RO 2B E OB S 72 Y OERE N4 4
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<~ ZDEEL LTHwoHNTH Y (Canales and Arana, 2009), JEE £ E IR O 13 i7@ R &
HEALTwa, LaLl, KETIE, Fr—AflfipEscRdMEEICHET 2 EEREEMET
HEIXZALT VY FAHD L v —VEEEREZIRE T 2 EELREREN, MOEmITHE
LER L, OBEREEELZ5E (Fabb, V, = 4.0 m, Hy & H, %2R0 F{H)
D, FXALT I F AN OPER OIS T 200G S O %2, GLMOF;i 2 b Fig. 3-
61T T, WL (C,/C) 1%, Bt oMo &I BReANLOMOE S % L2 L 1.0% 8z,
A OMOE S DEEANOHOEE L0033 m (43 m) Ewel4lcELRE, —F, 7V
VXA D OWHERIL, BpthoMnE I BALOMAOm S O FIEL VTGS (1, =
39m) T2fHEMU L, V=43 mTIHAMEN Lick o7, ZhUE, OFTNRE LT —
2 CTREHADOHOE I BRERICE P> o, EERICREEAOME S AREANOME &
EWNZ T ERDRL, BEFAEROECREE T 722 X —HEELLNDE, TV
V¥ 4 71 & [E URID Loligo pealeiis 7 X U 71 ALHEB CTIE O & 12 )G T 5 B+ & 7K C#IE
L7-2 23, KEOBNIIMESPIC—ETIE vz LTk by, WMEZE T kL T
W B [EEHE D EES EMERICO L, ZORELTAMT 2L 2T T80 DT
» 7= (Glass et al,, 1999), D L, LoliginidaeZf# S 2 7= 11X, MO X230 7%
WEECTHLILEZRBRLTEY, FvHF AR 2B oM mENRE D EMNE %
EFTWw3,

28 OB O HIEMARB OENE AT 272010, 2EOHEMMPHEHAT S F v -1 o

WERRD DT 7@ ICEH L7z & 22, HEEAEUE, FEE Q2RI - BRI Am 21T
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B EOAEREOEVCITNAT, WMOORODLTPIBVICHFEINL Z LB bI o7,
ZoXSi, HROWMEM T r— VB2 w2l 2 E T 25461k, RLTY
A v oEMBHT 2BOMOIARPIEETIEICER T2 L & HIC, scope ratio, BLAEHSE,
RN E, K Eod v 7 ) v T a b a vk alRER R Y IEMEICE T 2 0 E R D 5,
Fe— VB DR EERE T 5 2 LT, WENRRICEE LS 2 2 IRAN R ER % X Y BRI
Wikd 223 CTE 2, RKtFEOEE, ~T7YehA T ) OREET AL S ITEEN B
ERET LTS, oERE (FEZELR YY) PEETHL I LIRRINE, ZDLD
RERNE X )RS 5 2 L3, FERICHHE P v — A OCPUEEH#{LICEM T2 C &
BHREE LD,

FABETEIMAL O AR L KEEYD BRI I N 08 H, EYEE/T 2y

Fx v N OB O W THRE 21T 9,
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Table 3-1 Major captured species, number of individuals caught by the two vessels, and their occurrence

rates* by area

Number of individuals caught

Occurrence rate (%) *

Species Scientific name
Yoko Kumamoto Area | Area |l Area lll
Yellowback seabream Dentex tumifrons 6,775 3,517 67 87 65
Swordtip squid Photololigo edulis 29,818 12,197 80 77 18
Jack mackerel Trachurus japonicus 30,866 25,211 90 45 0
Benttooth Champsodon snyderi 8,549 2,427 7 23 12
Whitefin jack Kaiwarinus equula 4,762 2,618 43 94 6

* Number of stations where the species was caught / number of stations in area
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Table 3-2 Results of the optimum model of the GLM analysis for each species

Yellowback seabream Swordtip squid Jack mackerel Benttooth Whitefin jack
Explanatory (n=59) (n=52) (n=41) (n=31) (n=43)
variables

Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)
Bo -4.94 (2.64) 15.00 (3.92) 0.70 (0.11)
B AAIC = 11.27 AAIC=10.73

1.37 (0.36) 1.32 (0.60)
B> AAIC=1.34

3.58(0.93)

Bs AAIC=4.71 AAIC =25 AAIC =5.46

0.28 (0.06) -0.32(0.13) 0.44 (0.13)
Ba AAIC=5.14 AAIC =32 AAIC=2.71

-0.29 (0.10) -0.84 (0.13) -0.45(0.17)

n; number of paired data used in the analysis; AAIC, increment in AIC if the explanatory variable is
removed from the optimum models (5, the intercept; [;, coefficient for vertical opening of the net of
Yoko; [3,, coefficient for vertical opening of the net of Kumamoto; s, coefficient for horizontal
opening of the net of Yoko; f,, coefficient for horizontal opening of the net of Kumamoto)
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Fig. 3-1 The net design (Nichimo Co. Ltd. SS-R1 (B)) of Yoko and Kumamoto used in this study.
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Fig. 3-2 Map of the study area and positions of the trawl survey stations (Area I (@), Area II (0),

Area III (A)).
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Fig. 3-5 Relationships between the depth at stations and scope ratio (warp length/depth) for Yoko

(0), and Kumamoto (e).
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Fig. 3-6 Expected catch ratio between Yoko and Kumamoto (C,,/Cy) for yellowback seabream

(YS) and swordtip squid (SS) in relation to the vertical opening of the net of Yoko as calculated

from the optimum model. Vertical opening of the net of Kumamoto (V) was fixed at 4.0 m,

and horizontal openings of both vessels (H, and Hjy) were set at the average values over all

tows.
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F4E RUFIEAYE—tu—nfEoay Fov MR ERE & DFEEU % ks

DEFEEE~DIGH

##

il

ARECRMEATT 2 DL XN, #OH2 0 AL TR =y Fo v FECHEEL 72

IKEADHIE I NS 5 LD D>, Z DIIETEREIC O W THREI T 5, 2y P v F34EY)

R T A ERRIIME O 52 W ITRREEIC X 20 R&E L, 2nlday P v Foifd

Hy@E R L I C & 72, ZOMEZEREREES 2HOREIZRET S 20,

ay Fxv FoHO HECERIZEMHEOEREMD -0 Y — L e LCfilibh

T & 7z, B 2 (X LAPHJES O % M3 3E C 13 KE5 N Gt oo /N4 o0 JR M % M 9 2 7= 12,

fid bz y Py FofHERMEICBET 20583 ThbN T & 2, HILo 121950

51960 TC, ay Pz v FifEHZ@EBEL-2A% h N—3 v F CHRILL THY

Hi@E# R M2 EEHEE S 2 73— 2 v MERIC X 2 EEERZ TV, BEHOay Fz v P

H & oM HiERIERR Z ko 72 (Fil, 1961, 1965; Hil - L&, 1959a, 1959b, 1959¢),

Roldho o2 £ 2 C, BEHNERI R 5% < DERDOAIE &l H R DB

REkD, av Fx v FoMEEREMREZHEE L 72 (£5,1999), i TlE, H5—

Fv b EREELEZEA I —AREOT — 250, LEECEMECHMAI N HA

LRCRZTD66mmEED T Yy Fx v FORA ZEEICHS 2 HERMEZ KD,

FHEOHE HEME: & VAR 0BG 2 & LT3 (Tokaietal., 2019), @ X 5 I1CLAPY
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JEN i CIday Vv FoHAN, SO EERE; R IhTnws, —77,

KA IL, MY FHHICEB T 266 mmEGZ Yy FZ v P2 W2 o — LB R L

KoK FEERE (ME) ZHEL C, EIh T REFInN T AOoRE %

HEE L7 GkIrs,2006), LAL, X NH0KEGT ORG I L cHEIC X v E

AENTHRE 20T, HHZERME L FRICH 2 6K OHFHN CHERMICZN S 2 2 LA

Mo n<Tuw?d (Matsushita and Ali, 1997), % T CTAZETII 2 v N v FOfEMRE

FIRREES 3, AP O & i CHM S 1366 mmE A 2 v Fx v Fofd BBtk s

D RREES 5 7200, DK #3055 v THoop 7 ¥ — 2 v b ik

(Wileman et al., 1996) i X366 mmHA&D 2y Fx v FofHEREEE % Ejig L

7zo HoopH A N—H v FKlZ, TRE TR FMICE T 2 HN—F v MEERTES

Nz, WA= F v bR ay PV FOMMEZENTLE ) ~2F v 7% (Davies,

1934) BELHRWE S K&ECEER OB (Hoop) % A7-N—% v MCEEFL TfTHE

BOTIETH B, % LT, UKD E O BIEY O K & 3 2K TS T~ T,

Sy Fxy FoMEERYE L T 5 < b O, LPHK O & SHCE A S hT 5 a2 v

Fx v FOMELRZ RS 5,

i R

R A S TERAL (1,131 b v, ¥ 2700kW) 2w, & v Z— b o —
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R % V- M EERYE TR % 2018 4 4 A5 2019 4F 9 H oI LA O i
DTG TH B EHIX 247 & 248 1B WCHYIC 14 [AI5Efi L 72 (Fig. 4-1, Table
4-1), ElRHLO P v —n1fg (SS-R1A, =F=viath) Fay P v FETiED
&R 453 m, ~y Fr—7RIX352m, RiRICH2 ) oo LT o
DPIRD T BEFE > TV B DT, WiT O3y Ny FIZIBKD Ol 78 2iiE s
5, a2y Fxv IR 64m, FE752m T, UAENEHEEDO Yy F v F EHE
CMFREA 66 mm OF Y =5 L v BHEREATHE (P9 H A 66.0 mm+S.D. 0.3 mm, n=15,
I H P 60.0 mm+S.D. 0.5 mm, n=6, WEiERE 3%) THs, Zoay Fx v K
DB ZER L 2AEEZ IS 272012, ay Fx v Pk -3y b (K zF
L v B AEEIHE, HA 30.0mm+S.D. 0.6 mm, n=15) T&E\, 3/ v F OHMHEHEE T 1
[l DFEERICD % 30 HEHML 72, HoN—3 v F OB AT - 2RI 3 7 FTIC
BERY) T F L B T DL o 5B (Hoop, 18 2.9m, & & 2m) 2HUY £,
Bt ay Foy e "—3%y FOMICERE O Y, =2 F v 7R BEZ 5 7
WX o l7z, Z2® Hoop RA-¥—4 v b Dk, ICES o HiERE~=a2 T i
%2 %EHEH (Wileman et al., 1996) (&R2 2y Fx v FED 2500 E, E3a v
Fzyv FigD 1.5 E) 2R L Tunawy (&R 1.44 1%, 18 1.26 %), % Z < Hoop
AD Ny PR RAF VIR ERI L R RERT 27201, ay Pz v F

D PETE AMENC RTINS LT AR & & 2 Wik & icokh e T4 A 2 F (GoPro
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Hero5 (GoPro #t) +/Kkth-~w 2 v 7 (Recsea t: WHG-HERO5) +LED HEHH (Recsea

# RML-18650B/S)) #H( Y ffFC, 2v FZ=v F®Ah N—3 v F 0B BEIZR

B L7 (Table4-2), ZoDRic, AL 7ZADBRICRICTRIGT 5 2 & %2EET 3

oI, WO A TR v X S Lz, i, ay Py Fe " —F v b

KA 2T ZNE N2 1ER L <, 2fitkoeR% 1mm Hf7, AEZ 1g i

THIE, 8kl 7z T2, ZEDPMEINT-F XA Dentex tumifrons & 71F 77 744

Lepidotrigla spp. 2\ Tld X L ICFEM R A DI Z1T 5 72012, T XCOHRMICE

F5ay Py FehoN—t vy b oo MEERIC 20 AR LM L CHIEEICRB IR Y,

ERUEKRAEE (FX43REXED) % 1 mm B THE L 7.

DAPHIES O & fiffin (2085, 9 18I D 72 2 5EMTE O #1CKE55 1 %217 5 . ITHE D

X EOEYEIL 201948 H23 H, 10AH2H, 11H19H, 12H 16 H, 12

H 19 Hic RIR iy ic 5 CLAPHIR O % iR 23 K45 103 2 BRICHEM L 72, K5 T i

EYoD S5, MEEREERCHML 723 X4 L AF 7y JHO R LIFEZ N5

KT ENBBRTHIE L 72, b DKEZTHIEY) D ifal5 13 Table 4-3 & Fig. 4-1 IR

TLBEYTHD, UKD EMAEDHIEYIE, RE IHICHEYRAT v — LBl OFE &K

GBS OKGT I N2, AR CIIRZ IR E zhZh 1T oL <,

Lo T RCofifkoeR L EXES 1mm B CHEL 72, L L 1S oA

25 35 BaMZ 250 iE, EEAME 21T o728 35 BRic oW ClliES % & I KEt
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HEAEBCZ, FEALE (LR - (8, 1988) ik Y 1HiF oo eRMAME#E L

7o Z LT,

%

BHZ LICRE SHOREGFHE LT &L o2RAER KD D, % Dt

MICBNTKRBITINTF XA L AF 7Y TEHOERMKZHEE L7,

2y Fx v FOMEERERBROMIR X, RMERR 2 5~ TAE LG EERM:Z K

¥ %7715 (Madsen and Holst, 2002; Lowry and Robertson, 1996) & Hiffd & & i H &

RiEZ Rk 3 5#E2xH 5 (Millar et al., 2004; Thorarinsdéttir et al., 2010; Brinkhof et al.,

2020), WM EEZAE L TRk AERIT, MR IC BT 2L o SfER F

T LRI NG, Lo LAHERMER, FHC X 2KROZ{LREICX VR L Ic

AT 2856038 % (Ozbilgin et al., 2006, 2007; 4T - HE, 1997), il 2 iZHoFD

P e —ZETIE, KIRIC X o T X A B picarel  Spicare smaris DK 1 3Z24E L

T, ZOFER, 2y Fx v FHH O 50%FERIAERIZFHIIC X ) GREICHE % > 72 (Ozbilgin

et al, 2007), T @ X9 RGEICITRME T & O HEREOZEN 2 KD T, ZRILBKE

WX o IXEFLICHY R HARZRE T2 LEEDEZ LN D, £ 2 TAMIFE TR,

a2y Fxv FEEREZREC L TR 2T L, &7 — 22 BH L TKD 2 f#h %

EHIATY, MIREZHERL 2, 2RER /ofidiay Ny Pt I3 EEGL 0

AEHEREEEROREERE 2 S (CER, 1992) X Xk rickIn s,

np

(D) = €))

np +np
TZTCnplday N v FCRFEEIN-2ERN [ oRDEEE, npldh S—3 v b
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THINE N7z 2RISR IO oiEETH 2z, 2L TKIN,(DERR [OBFL

LC, LABRICERET 2487 7 + (Brooksetal,, 2020) Ic X b a v x5 4 v 7 il

LC&L7 (Millar, 1992),

exp(a + bl)

re(l) = 1+ exp(a + bl)

(2)

altblivn AT 4 v IADNRNTA—-—2ThH 5,

KiC, WHEINLPKGT INRD o2 AOREIZHET 27201, LiLOHHEE

IRVTEFER CHE X N 7 S DR R & 5 CREII L 72 R D (R RAREZ LB L 72, 185 C

FHHIL 7= 2 RFEW [ © oD, Mk LRI TRl S W 2 RFEHR /D fo

a0 2EE ¢ (D13,

o) = —m__ 3)

Nic + Nim
L%, NSRRI CEHEIL 2 2R [0 O, Ny, ST el L - 2R
Bk [0 fa ok cd 2, T 2T, UEECEHEENE RGLOMEICA->Ao2R
FA AL TR S BT L AT & D & F, TG TRAVKIGT S b 08 X 2R
W% 1 DB, (D) CHERIICRE Y, — A CTRIBALD e —Affg (v FZ v FehN—

v ) BDIRTORZIOARBEL-IRET S L, o(D)IFXRATERETE 3,

p 'Tm(l)
A-p)+p-1m@

o) = (4)
TZT p FARWIRICE T 2 DIPEEC Z iffih & RIFAL O HERL 2 K557 A —

2XTH B,
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PE®D 66 mm Hy= v Fx v F o HERME & RIGHLOHIEY I3 2 DIPHEK D &

HoKGYI DB 4 3B D it 1x, et SEE R (ver. 3.6.2) @ X v 7 — selfisher

(Selectivity of fisheries gear) (Brooks et al, 2020) % F\»T{T - 7z, selfisher I3, fE

OEREE KD 5 2 LIk L 72— L#ZIR A€ 7 v (Generalized linear mixed

model, GLMM) ¥y 7 — 2T, RFFETRO PO hN—3 v PiEPiKEEE

(SELECT i) (F#, 1992; Millar, 1992; HifF « =48, 1998) <Xt L 7= @b 23 n] gE <

%, selfisher TIF, MR 0 SRS R & A5 L 48 EBINME % 5k 2 WA 7

(fixed effect model) &, WM & D #ERA M HEINM: O FEER) R & BRI PP E TR

FRNZZEDERICL D 7 v X LROEELZ T2 FEST 27 v X LRET N

(random effects model) Z{KE L 72T 2 %, 7 v X L3RBT T A% FH 72 74T

TITRMZ & DM HBERED S 77— PR+ 7 v 7RI X0 P2 HEREZ Kk

Tzo F 7o, AW CIREEYLENR O Y 4 ERMEIC S BEEMRET NV ZRE L T,

selfisher 12 X v T L 7=,

GES

FlRtLic X 2 EEREERCcF X4 1,235 B, #FH v THIT 1,377 B

n, $T_TEEHILZ, 2okt 14 [0 EiEIc 31T 2 4 fafl o R EREERE D

38% % (5%, INWRREIHICDZ o THo REAFEOER 2155 2 L AT 7, Rl
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THEINIF XA ATy THOERMM A LM & IC Fig. 4-2 & Fig. 4-3 TR L

77 RIFALTIE 2R 66~317mm O#FiHDO F X4 23 fEI N, 2DHbay Pk

TR INTR/NDF XA O2KIT 108 mm, hN—% v P CTHIRI N7ZHmKDF X4

DLEIZ 11l mm THo7-, FHEMICBIT 2 F L4 2E0hfilz 192~245 mm T,

£105 & $113 DR T/NE L o228, ZDMOEMTIZIZIEHE L TH - 7=, [FAFKIC

R 85~290 mm DA F Y FTHSEEI N, v FL v FTRr/hOfERITE

£ 105mm, #-N—% v b TRAKOEKIZTEE 224mm TH - 72, FRMWIcEH T 3405

Ay 7oK OFHEfE I 130~199 mm TH - 77,

WY SR L 72 % X4 304 kO RIER RS2 S, ¥ 44 0RYE (FL, mm) &

2R (TL, mm) DEAFRI,

FL=0.92TL + 0.08 (5) (r=10.98, p<0.01, n= 304, Fig. 4-4)

TRTIENTES, 72, FXABIUAHFHY IHHOLE (TL, mm) & &AM

JAR(G, mm)DBIfR D 2% h,

G =0.80 TL + 19.43 (6) (r=0.92,p<0.01, n= 304, Fig. 4-5)

G =0.63TL - 3.40 (7) (r=10.93, p<0.01, n= 634, Fig. 4-5)

LR,

Kz, 6 BoBMIcsWwCTay Foy FORIMCEE L7-/KbH X 50308k (Table

4-1) 2o, ay FZ v Fe A N—% v P ORNICIZZEMPHERS N, ZOZ%E/MZ F £
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AR F T TRDWEIK L T SRR T E 7o, A1 ZITHUY AT 7keh A X 5
OHEFPNICHRI ST 5 Ao T & 72 % X 4 13E50 96 ik, #F7y 7HITAR 152 |
KChHotz, TNOLDOFMEDI L, HFHY THE22 fHk» =2y Fx v FoMH % iEiE
LTCay Py Feh =3y + OROEMICHEE L7225, ZOHOITENLF XA, 71
FHY I IR BIFE IR o7,

=]

TR ClE, SEMARIAREHEIRS B & K TREE &, ¥ &4 122,106 )8, -7

1)

ZHI7,052 BOKGITHBHEE I N, ZOfR»rOHEHC & oaRMK % Fig. 4-6 101
L7z, KGF &Nz % £ 4 ORI 134~324 mm TRAEIZERALOBEEY & 1%
BFELCCTHBZLICHLT, BhEREIZ68 mm KEL ko, FfICHFH L FHD
S RHIP X 196~266 mm T, R/NERZRRAOHE O ZN LY 111 mm K& A
5770

AEofEEREEBOFKREZEHE L Z2RMEK TG HEOHREZzAEHE L 2R
# % Fig. 4-7T 1R L7z, F X4 TIIAREHK 120 mm X Y /NS Z2fifkizay Pz v F
OfFHZ#E L, 160 mm M EOfEEAKGTE w3 HAS A LNz, B FH YT
T IX 2RI 200 mm %2 2 kb #H % @@ L, 180 mm LA Lo k23 ke
INTWwi,

2 O OEPEIRNT 1 (T v & LINRE T IIC X 2 % B8 0 V45 1 7058 90 & EE 4

RET N X BWE-REZAEL TR 7B I X 238 M0 7 X — & L 50%;%E
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ReER (Ls) B XOEREL ¥ (S.R) ZTabled-4ic, ffd L o HZER MR %2

Fig. 4-8I1C/R L 720 2 D DTV IC X 2 i HEIRMERhAR D3 v id/h & <, F 24 D50%

ERERIIWTNH 100 mm, HFHY 7HHD50% BRERKIZZNZ 117 mm & 119

mmT, WINDAFDL; D KE RBVWAED bl o7, — /7 CHEMDOEEM 7x

e HZE R % K & 72 i Tl v 37 o Faddi 0 50 % E PRIA R D 95 % E R A 127~10

mmDIERH o, W & DMEEREICIZEoDE 0 H o Z e BRRI N, &

77, FXAOBEIREL v 32N FN1I0mmeE 12mm, ZFHY FHOZNLIZFNE

N54mme 56 mm 7T, MERREAZAERE L TROEBREDIZ S BT HICkE RiE%2 R

FHEM D A S T,

R RMGAL DY) & LIPHJE O % fCoKE5 T & 7z LD LD H HEE L 7238

YA ZERMERNFRD ¥ 7 X — 2 L 50%# IR R I L OWERIEL 2 % Table 4-5iC,

E L7z A REREMFR 2 Fig. 4-910R L 72 F X4 D509 FE R 2R (13160 mm, FERE

LvPi312mm, A F AL THEDOZNH 13208 mmE 7 mmT, Wi oHfE T HE

RYEICH AR T50%E IR EITAE < GBIREEL v 23550 o 72 D CIERER I 2 & 28

Lo T,

EH

KT CIE, WAEDREDWITE IR~ 2 F v 78R 2§13 % Hoop
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KA =2y P M, —RICBIZRAGE T V2 -G TE TR Y FilED KD &8

T I TV 266 mmBEG 2y Fx v FOMBEERMEOMG 21T o 72, w2 F v /%)

REAAN—Fy bpray Py FHZE Y, NS oAoMEERZHIES 2 Z & T,

ERMEZ AL T ¢ 2 RetED H 5 ORI - =4, 1998), AW CffifH L 7z Hoopld it I

TOfHLLCT I 2EEL T, ICESODHA FI7 4 vicHlozKRE I TIZEEL ko

7o 6HOBEICETay Py FORNMICEE L 72kdhH 2 7 DFcsk (Table 4-1)

TYAFVIZEBIEINT, ay FZ v Feh =3y F OROZE/Z X X4 2hF 7

v 7%, v X Aulopus japonicus, T ¥¥H Carangidae spp., ¥ ¥ 7 T Macroramphosus

scolopax7s E 35K L T R F R TR 72, BIZHZA M ICHD fH1F 72okhAh X Z

ORBFNICHEORT T2 b A>TETay Fo v FHNTEBZEINEY, KbA X Fic?

Aizzbay Py F2@E@ELay Py FeEh A N—F v F OO ZE/ Tk L TWw 3

rr»#EsmIni, ChoofED S 5, KhAaA 7 OEHBNTay Py FOiH%Z

WHELTCay Py Feh "=y b OEOZERICEENIT 5 85 W2, ZDHDOITH)

FREICr2D O TRIBIEINGE» o7z, IO OBISRED L, ATV

HoopA A S—4 v MMI<=AF v 7RO EZMA S Z LA TE LHWTL 7z, A

— % v METIE, N AREBEDOHN—SX Y P Cay PV F2EI O, ay PV F

HNOKFRDEIBANR—F v FE2HEE LW XL HELRY, ADTEHIRELL T

EERETLICEE T 2 AR D B S LT B3 (Wileman et al, 1996), Z OZEicown
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TE5H%, A=Ay P RIE LR LAY AL 72IREEC, NA A v ¥ v /O

Nz kHE I e 7— (Cadigan and Millar, 1992; Gleiss et al., 2010) #=2v F= v FPH

ICHLY AHT T, EERICHNOFE 2 HIE T 272 & L THREEL 72w,

AW D b 95— DFEHYIL, HEEIRVERAMT < 7 — Y selfisher (Brooks et al., 2020)

EHWT, Vv EALMBRET NI ZBET L OBIRME L EENRET VT K ZHET

— X EEELERER L b Ik Th b, ay P v FofEERMEIZ, 24

7] (Dahm et al., 2002; Queirolo et al., 2012), #EREDOLE (HifES, 1994) 7o i

EIGERNT 3 BRI 2T, KiED#EW (Ozbilgin et al., 2007) %, EIIR{EOAKF D

ZAt (AT - JF |, 1997; Ozbilgin et al., 2006) 7z &fa 0 EFERE L 2 2 HUY & < B

HRIC K o THEZRIT 2 Z e MEI LT 5, BESLEYOIREBISHE I L 2/ H

ERMEZ, R DX 5 I DEEDMRZIARGFL TEZ 505, Zh e b REIEO

WEREDIRRE L L TR EE 2 200, R 2HEEEHOTTENREZ N5, P21,

T B Cifi X5 X7 b v X J Theragra chalcomgramma® & X 1 & e KM J&

ROBARIZEZTFLAFTCRRY, EINNZHZ 2XFICHEICRES D L 2lE L

7o (WF - H E,1997), A7 b v X270 X5 iIciabiEfd e 3 2 iES ) a2 56

ICiE, XFLEFCTRLZHGDay PV P25 X5 EHTROEZEA LN, —

ST, AR TIIRM T & D 7 v X LMRET VIC X 2 M HERN: & g R e AR L

7B ERNHRE T I X 2 M HEREICK & @ W IEED S e dr 0 72D T, DIPEEKD &

76



MHECTEF LA LA FHY THICR> CRFEHCHFREICI>TCHAREET 3
8% L CHEEREZFE ST 2 0 EZ IRV ZE 2 6N 5, AFHOMEEEIZS < D
Ly, MENREE L fomAKREREOBFRckE 2 (R, 1998), 2%V, av Fxv
F oM HER L, ffEo 2R XV ERAMRSIREGEET2E 20N, D
MEIC X 2 RFFE, ABolEE (GO tHMENEE (P) okt (G/P) 230.5f1HE5 5
BEY, G/PH1EZBAIMETI0%E 25 A% DTGS2 ()
T -3k, 1997 85, 1999), KRG, 6)&ay Fxv FoMEANEE WHNED26E,
120.0mm) 25, KiGFHREDH A ZERE (Table 4-5% X UFig. 4-9) D50%;EREE
REBT 23y Py FOMBMNRIEF XA Tli74.1mm, HF 4> I8 TI363.8 mm
CHEECTE - (R 2017), ¥ XA ChF Ay ZHICR L ik sm LxE 27
B, KBGFINHROKAHO P A4 X2 WEL WX S ICHAEDIIRAE S L EZ LN,
L2 L, LAPHJE OF & M 3E o WUEY) 13 % % <, fthic b 7 #1 L Doederleinia berycoides,

I v 4 A &F VA Hoplobrotula armata, 7 v % ¥ A 71 Uroteuthis edulis, AN X 4 7
Todarodes pacificus?s £ 13 HEYNIC 5 2 H G BN E W FENSREcH 2 (FED,
2010), EMOKEER DIGEHZE DFF AT X OHU © 1B 2 19634F 0B 4 Cld, LAPHJE
P EMREORZMEOME 1Z54 mmbl & 32 2 LED ST 553, LAPHEK O % i
¥EIAENICZOHAE%R66 mmic £ TR L CEABEHOEFEHRICIY HA TV 5,

C DD TETR AR O\ TARWISE & [FIRRIC 2R @R 2 L L <, HEIR
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HOFMITEZ T OICHETT 2 2 B EE L, RIS, 77 LV TR E ez

a5 HARO P O Y o thCHii 235 1< & <, fE_ EEE AR H (55, 2017)

TH 5D, WGP BHET 5 KO E MICED MY CIlLE, T EFIC X 5 MR

HEHHESR (FER S, 2020) ThTH Y, DAPHE % Mk < b B 72 BB 2 et 5

REMETH 2, WEIFICHBT 20 TEbL MLy Fx v F o HERE

FEERICHE (EE5,2010) <iF, WMEHNES7.2mmM FoB&THINIE, 2KfaxH 2

R, M okBF B TELLEILNTVS72Y, 66mmay Fx v F (fHN

% 60.0 mm) (37 /72 OREREDILIC—EDENRH L LFEZLND, L HlE

HHEST AR E LB, THLYORESEREN L 2B b4 I N

DX XARATHY THEBECTE 266 mmEABEHINTVELEEX TS, 5

¥, T OHAERPRED, HAEDECIKGTICE 2 2 58 & w5 & &R <Rl

FT2E A (LUEOS5,2011) #E 2 20ERH 3,
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Table 4-1 Dates and positions of codend mesh selectivity experiments by Nagasaki Maru

Haul Date Start position of the haul I:Tnderwater
No. Latitude Longitude video record
#101 2018.04.26 31°04.209° N 127°46.999’ E -

#102 2018.08.09 31°04.548° N 127°47.789’ E -

#103 2018.08.09 31°03.453’ N 127°47.526’ E -

#104 2018.08.31 31°05.047° N 127°48.980’ E -

#105 2018.08.31 31°00.435° N 127°47.428’ E -

#106 2018.11.07 31°04.587° N 127°46.686’ E -

#107 2018.12.19 31°03.114’ N 127°46.349’ E -
#108 2019.03.05 31°55.839° N 127°55.282’E v

#109 2019.04.05 31°50.139° N 127°50.689’ E v

#110 2019.04.05 31°48.760° N 127°54.423’E -

#111 2019.04.23 31°50.858° N 127°52.716’E v

#112 2019.08.27 31°04.426’ N 127°50.415° E v

#113 2019.08.27 31°00.520° N 127°47.696’ E v

#114 2019.09.12 31°47.962° N 127°50.979’ E v

“¥”” designates a tow that underwater video was recorded.
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Table 4-2 Fish behavior around the codend observed by the underwater video camera

Number of fishes by their observed position and behavior

Haul 1 Mounting position and Recorded in the observation range™
Date . . . . Remark
No. shooting direction duration codend covernet codend -> covernet
Y S (0] Y S (o) Y S o)
#108  2019.03.05 Outside Back 00h 25m 11s 24 18 16 0 7 2 0 0 1 -
#109  2019.04.05 Outside  Cross  00h46m 27s 9 0 12 0 0 0 0 0 o [Lowvisibilitydueto
sand clouds
#111  2019.04.23 Inside Back 00h 47m 35s 32 21 81 0 0 0 0 6 5
#112  2019.08.27 Inside Back 00h 47m 14s 13 17 16 3 3 10 0 10 7
Crabs stayed in front
#113  2019.0827  Inside Back  01h 02m 03s 18 18 30 0 18 4 0 6 of the camera lens and
obstructed the view for
approx. 10 min.
#114  2019.09.12 Inside Back 00h 43m 22s 6 28 15 0 0 0 (1} (1} 3

*1, all observations were carried out in the morning time.

*2, “Outside” designates that the underwater video camera was mounted on the top-panel of the codend which was approx.1.5 m ahead from the rear-end of

the codend to observe mainly in the covernet, while “Inside”, the camera was mounted on the belly-panel of the codend which was outside of codend

approx.1.5 m ahead from the rear-end of the codend, “Back”, set to observe backward direction against the tow direction, “Cross”, cross direction to the tow

direction.

*3, Number of observed species (“Y”, yellowback seabream, “S”, searobins, “O”, other species) were categorized by observed position (codend or covernet)

if they stayed in the either part, or categorized by behavior (codend -> covernet). No movement from covernet to codend was observed in all underwater

video records.
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Table 4-3 Landing dates, trawlers’ IDs and fishing areas where measured fish at the landing site were

caught
Sl;:?y Date Trawlers’ ID Fishing area
#201 2019.08.23 245, 246
#202 2019.10.02 245, 246
#203 2019.11.19 245, 246, 247
#204 2019.12.16 233,234
#205 2019.12.19 235, 236, 246

81



Table 4-4 Estimated parameters for the codend mesh selectivity curves

Estimation Logistic parameters™ Selectivity curve parameters” Model fit
Common name Scientific name
method™! a b Lo C.Iof L, SR. CLofSR.  Deviance  df  p-value
Average of each haul -21.08 (17.03) 0.21 (0.17) 100 (7) 96 - 103 10 (8) 3-17 0 29 0.216
Yellowback seabream Dentex tumifrons
Sum of hauls -18.25(7.89)  0.18 (0.08) 100 (5) - 12 (5 - 0.2 29 0.021
Average of each haul -4.77 (1.91) 0.04 (0.02) 117 (15) 112 -122 54 (20) 42 -66 0 27 0.013
Searobins Lepidotrigla spp.
Sum of hauls -4.67 (0.57) 0.04 (0.01) 119 (3) - 56 (5) - 0.1 27 <0.001

*1, Average of each haul, parameters were estimated by a random effects model for each haul and average values are shown, Sum of hauls parameters
were estimated from catch results summed from all hauls by a fixed effect model.

*2, parameters for the equation (2) in the text. Values in the brackets are standard errors.

*3, Lgg is the total length (mm) at 50% retention ratio, C.1., the 95% confidence interval, S.R., selection range (mm) which is a distance between the

total lengths at 75% and 25% retention ratios. Values in the brackets are standard errors.
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Table 4-5 Estimated parameters for sorting selectivity curves after capture

Logistic parameters"'

Selectivity curve parameters Model fit
Common name Scientific name
a b Lso S.R. Deviance df p-value
Yellowback seabream Dentex tumifrons -28.75 (0.47) 0.18 (<0.01) 161(0.16) 12 (0.20) 14.4 30 <0.001
Searobins Lepidotrigla spp. -63.69 (0.52) 0.31 (0.02) 208 (0.47) 7 (0.59) 5.6 30 <0.001

Parameters were estimated from results summed from all hauls by a fixed effect model.

*1, parameters for the equation (2) in the text. Values in the brackets are standard errors.

*2, Lgo is the total length (mm) at 50% retention ratio, C.I., the 95% confidence interval, S.R., selection range (mm) which is a distance between the
total lengths at 75% and 25% retention ratios. Values in the brackets are standard errors.
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Fig. 4-1 Map of trawl fishing grounds in this study. The blank circles show positions where codend

mesh selectivity experiments were conducted by Nagasaki Maru. Dark gray squares are fishing

areas where measured fish in the market were caught, and light gray squares are other fishing

areas for the Japanese pair trawl fishery.
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Fig. 4-2 Total length distributions of yellowback seabream caught by Nagasaki Maru. Open bars
the covernet.
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Fig. 4-3 Total length distributions of searobins caught by Nagasaki Maru. Open bars designate
number of fish caught in the codend, and gray bars designate number of fish recovered by the

covernet.

86



FL=0.92TL + 0.08

0 100 200 300 400
TL (mm)

Fig. 4-4 The relationship between total length (TL) and fork length (FL) for yellowback seabream.

Solid line indicates the regression line shown by the equation in the graph.
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Fig. 4-5 The relationship between total length (TL) and maximum girth (G) for yellowback

seabream (©0) and searobins (A). Solid lines indicate the regression lines shown by the

equations in the graph.
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Fig. 4-6 Total length distributions of yellowback seabream (light gray bars in the upper row) and searobins (black bars in the lower row) landed

measured at the landing site.
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Fig. 4-7 Sum of total length distributions of yellowback seabream and searobins caught by Nagasaki Maru and those landed by the pair trawl fishery.

Open bars in upper graphs indicate number of fish in the codend; gray bars, covernet.
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Fig. 4-8 Codend mesh selectivity curves for yellowback seabream (top) and searobins (bottom).
Black line shows the selectivity curve averaged from selectivity curve of each haul with a
random effects model. Shaded area indicates a 95% confidence range of the averaged
selectivity curve, a gray line, the selectivity curve estimated from a pooled data of all hauls
with a fixed effects model. Circle indicates the scale of total number of fish caught by Nagasaki
Maru.
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Fig. 4-9 Sorting selectivity curves for yellowback seabream (top) and searobins (bottom)

estimated from a pooled data from all hauls by Nagasaki Maru and fish measurement at the

landing site with a fixed effects model. Circle indicates the scale of total number of fish used

in the estimation.
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Fig. 5-1 The comparison between fifty percentage retention lengths (Lso) of major commercial species captured by towed net fisheries of Korea (l),

Japan (l) and China (.) in the East China Sea. ¥ designates the minimum landing sizes of Japan, ¥, Korea and + minimum mature sizes in the

East China Sea.
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