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i B BE bWl BT ik @
1973 74 66 22 49 6 217
1974 80 55 24 51 2 212
1975 81 36 10 39 6 172
1976 46 23 1 30 2 102
1977 23 25 1 50 5 104
1978 29 24 4 51 14 122
1979 6 15 1 75 13 110
1980 20 21 0 77 5 124
1981 41 16 0 60 3 121
1982 29 22 0 45 4 100
1983 20 8 0 44 1 72
1984 15 5 0 21 1 43
1985 15 5 0 11 1 32
1986 11 6 0 11 2 31
1987 10 5 0 5 0 19
1988 5 8 0 6 1 20
1989 3 12 0 3 0 19
1990 4 14 1 2 0 20
1991 4 19 2 2 0 27
1992 4 18 2 1 0 25
1993 2 11 3 2 0 18
1994 2 11 2 7 0 24
1995 10 40 5 4 0 60
1996 27 97 12 6 1 144
1997 36 156 17 4 0 213
1998 70 149 21 8 0 247
1999 59 157 25 4 0 245
2000 28 111 15 4 0 159
2001 17 41 10 4 4 76
2002 23 47 9 2 1 83
2003 21 43 12 6 1 82
2004 11 53 11 8 1 84
2005 23 49 11 5 2 90
2006 29 47 19 9 2 106
2007 20 43 6 11 1 81
2008 29 57 10 9 4 108
2009 52 70 15 6 1 144
2010 56 79 16 9 0 160
2011 20 11 17 7 3 58
2012 17 2 24 9 2 53
2013 20 6 24 8 2 60
2014 28 12 14 17 2 73
2015 50 10 11 27 0 98
2016 63 50 12 14 0 139
2017 49 64 12 10 0 135
2018 37 60 14 5 0 116
2019 26 61 8 4 0 99
2020 12 64 7 3 0 87
2021 14 74 5 9 0 102

2021 12 76 5 2 3 99
202 T KRR . R I o e OV e e L

X O BRI II THEROBER LG EN D,
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HWREEH?2 BRAEAZE

2002~2010 4E1I4E S . 2011~2015 4=, 2017~2020 F= (X RIEIE. 2016, 2021 F1IE
FLERIRIR CIIE SN YT LU H LA ORBBERERKER L EAoOFEREEHE»LIRE
PR DALk A VR L 7o IR R PERR AR ISR R DR L 1~6 AB LT 9~12 AD
N2 T TEFEIT- 72 (7. 8 HIZWE, /NEOKRIEH) , KEFBERBI Ok & &Y
RO BRSO FEmRBIEERE (R 2-1) 2Rz, YFXLT T LA DOE, K
HRBLOHEMITIIMEREEN D D780, MERER] O R ERERBIAERRLK 2 A CHER DR 21T
577, 1998~2001 22U Tid 2002~2010 3 XTOH > 7 /uh bR & 7= T =151
HERI DA R PER BRI 2 b & ICIREM O R 2 S LT (EE 2-1), 2B, 6 %
I, 2E30cm LT IE 1:1 & L, 7m0l E, 28 31 ecm PL BRI _XTlfEE L7,
Fo, FERETREEND D120, F4E 5~6 HITEE ST BIEN D ARl B HERER ]
DEREZRD T, AT 1 ROBT N HIRESNIED H 720 HHREIT 1M EExg L L,
7 LA EOEEKIT AN Ted, TIL S M L2 BT I AT N—T L Lz, oz
FERIEER IS R A A VT LRI T VPA IZ X0 FERIERDIETFRES (X 2-2)
EHEE LT, 2B, YT XLV T VAT 20 EAZ L 2 & bt STV 5H A3, 2002~
2008 MEIZ Mg A E S AT 11,266 EIAD O B 11 mLL Lo ERIE 47 Bk & D727
S, T THMEV0FLEEL, HAN - AHHOX (HH 1960) L0 BRI LIRE M 1L
2.5/10=0.25 T—E & L7z,

1. Pope DT A AW=EREEOHE (A7 v 7 1)
BAEMD, FEICBIT 2 EIREE Na,y 2. LLTF D Pope (1972) DUl E W TR D72,

Nay =Nat1,y+1 exp(M)+Cay exp (M/2) (1)
ZZ T Nyl Xy FIZBIT D aiOEREE, CoylLy FIZEIT D a D fIERET

bo, BEF (2021 42) ., fkmilin (7K. 77 A7 V—7) BI UG —1 ROEHRZK
FENENLUTONXTRDIZ,

Na,2021=Ca 2021 exp(M/2)/(1 —exp(—Fa, 2021)) (2)
N7y =C71y/(C71y T Coy) X N7t y+1 X exp(M)+C71y X exp(M/2) (3)
N6,y=C6,y/(C7+,y+C6,y) X N7+y+1 X exp(M)+Ce,y % exp(M/2) (4)

A —3FIVF R BERE FEOHREIZLLTO (5) ATk,
Fay=—In(1—(Cayexp(M/2) /Nay)) (5)

REROF (X @mi— 1O F EE L 2D X H1TRDT=, VPAILE T 2RIIFETHD
2021 =D F X, £ 1~6 iKIZ 2V Ti 2021 F 2R < I04F 5 £ (2016~2020 ) O F ©
SEHEE Uiz, fmlis (X7 AT N0—7) O FIZONTIE, kmii—1 e E L Rb L
INTHRRBTRD T2, D%, AT v 72 DOHEICEY EHICHKTHEDF 2 & L1,
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2. WEFEDF O (X7 v 7 2)

Fa—=U 7B E LTFERNOGEREEEMEICIL, Y TXL T LA OFRETHD
SHEL~FREX O CPUE (M2 &E 3) 2R\, i (2021 ) OFKFHEo
HERHMFZUTOLIICTFa—=07 10, BRBHEB LOF 2H#E L, BT oOF
BIF O GRINE) 21X, T2—=2 7% L7V VPA (A7 v 7 1) INHHEE S 472 2016
~2020 F-OFEIfEZ e, Fr (2001) (2S5 (1) Xz fMET D RIEFO Ft 28
R RDT=,

2y — qBy)? (1)

F7-. qOHEEMEIX LT (2) K THTANCRD -,

YylyB
A — 2yyPy 2
Y52 2

Z 2T BIFEPRE, 1121E 1998~2020 - D4 HE |1~ F#aE X O FEHE{L CPUE &
77

ZOFER, EIFREL 2014 = DHIN L, 2016 421X 2800 HRZ B 2 7=, = DkiTK
DITHE U 2020 4R35 KOV 2021 AEICIZENE I 2155 HRB L ON1520 R E 72> T D (fifi
B 2-2), 2021 FFOEFRENTIEE 5 FH TR DR o TE Y, 3~7 %l kix%
WHDOD, 1 AT INETERTRWKELHE SN (R 2-2), 272 L., mik
D XD NTIEHFIE 1 AR S AU WVRBUZ 2 > TR Y | HEERE MRV Z & IEER
VETHD, FBIEREF OMITELINCARD & 2RI Em TH Y |, HiIcEmAaT
IRVMEFA 23380 bz (R 2-3, M3 2-3), 2021 AEOEIFEEIL 1,343 b2 T 2016~
2019 F L LERD EDIRNE DD, 2010 FLETIL 6 FHIZE Y (iR 2-4),

Fo, TERFAMMOE T V2K FIE & fE Rt et (5 4 4£5) FRA-SA2022-
ABCWG02-03 ) (25> T, ARZBFEDFMIZ V72 VPA O EF A2 4 ML E I 5 D i
EPEICOWTRM LTz, L b AT T 4 T Tk, T—X OB - EHMMTb D 2
ETTEPFEEITEM, F IR 2EARA 50000, TRENOHEEMIZKE ok
LITFER S 2ot (e X 2-4, 2-5),

5| FAX Ak
ABCWG (2022) & JRFHM O T T V2 TN & 15 Mt et (5 4 4) . FRA-SA2022-
ABCWG02-03.

AR —EZ (2001) VPA. Pk 12 45 BB JRETAM A e ST HEME 36 s 5 — BT L8R
E—, AAKEGRPRER S, 104-128.

Pope, J. G (1972) An investigation of accuracy of virtual population analysis using cohort analysis.
Res. Bull. int. comm. Northw. Atlant. Fish., 9, 65-74.

M B — (1960) /KEEAH D Population Dynamics & i 258 HE. SRR, 28, 1-200.
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fiEF2-1. Finppliag R (TR)
AEH 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 1,117 220 34 468 153 736 534 443 84 369 418 367 176
2 1,724 1,138 494 294 547 201 488 786 691 181 827 984 1,495
3 824 798 688 140 349 275 137 320 361 348 174 505 654
4 287 419 426 134 145 146 197 48 187 244 151 136 231
5 149 235 223 105 52 85 37 90 43 108 80 105 113
6 83 117 118 63 68 61 37 25 62 64 50 97 79
s 101 125 105 68 76 38 86 66 56 102 60 94 52
&E 4,286 3,052 2,089 1,272 1,391 1,542 1,516 1,777 1,484 1416 1,762 2,286 2,800
W22, T-VPAIZ L > CTHE LE-EFREE (T2)
AE MR 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 5,905 2,371 1,961 3,455 1,549 3473 3,878 3,404 1,814 3,736 4,346 5,066 1,762
2 4,731 3,613 1,652 1,498 2,278 1,071 2,055 2,548 2260 1,339 2,585 3,017 3,622
3 2,415 2,163 1,809 851 907 1,291 657 1,170 1,291 1,151 883 1,283 1,481
4 1,150 1,153 981 802 539 398 763 391 629 687 589 534 554
5 545 642 528 387 506 291 181 420 263 324 320 325 296
6 276 293 293 214 209 348 152 108 248 167 157 178 161
700 F 337 315 260 234 234 218 354 286 226 265 189 172 105
AEF 15,359 10,550 7,485 7,441 6,222 7,091 8,040 8,327 6,731 7,669 9,069 10,575 7,980
B #2-3. T-VPAIZ X » THEE U 7= AR 155k
AR 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 0.24 0.11 0.02 0.17 0.12 0.27 0.17 0.16 0.05 0.12 0.12 0.09 0.12
2 0.53 0.44 0.41 0.25 0.32 0.24 0.31 0.43 0.43 0.17 0.45 0.46 0.63
3 0.49 0.54 0.56 0.21 0.57 0.28 0.27 0.37 0.38 0.42 0.25 0.59 0.69
4 0.33 0.53 0.68 0.21 0.36 0.54 0.35 0.15 0.41 0.51 0.34 0.34 0.64
5 0.37 0.53 0.65 0.37 0.12 0.40 0.27 0.28 0.20 0.47 0.33 0.45 0.57
6 0.42 0.60 0.61 0.40 0.46 0.22 0.32 0.30 0.33 0.58 0.45 0.96 0.82
700 F 0.42 0.60 0.61 0.40 0.46 0.22 0.32 0.30 0.33 0.58 0.45 0.96 0.82
RIS 0.40 0.51 0.53 0.31 0.37 0.29 0.29 0.29 0.31 0.44 0.37 0.64 0.66
WEF2-4. T-VPAIC L > CHEELT-EHE ()
AR 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 234 94 78 137 84 143 163 111 62 148 147 201 80
2 331 253 116 105 160 83 167 177 164 60 192 206 168
3 276 247 206 97 103 148 71 139 159 130 94 132 157
4 190 190 162 132 89 74 114 63 121 91 98 70 68
5 105 124 102 75 98 60 35 78 63 49 60 60 53
6 65 69 69 50 49 84 36 25 65 32 38 35 40
700 F 103 96 80 72 72 70 111 79 76 68 63 54 32
=18 1,304 1,074 812 668 655 661 696 673 710 579 692 759 598

) BRREICHERFEEHOFHEE S~6H) 2RLLLD,

PERIFT EUE L, TR LM AT~ Tl & L7z,
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-1, FhplifERE (TR, i)
AW 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 376 34 70 303 179 432 9 0 73 4 1
2 115 166 160 153 1474 841 191 196 374 243 151
3 351 210 165 154 234 1,560 947 1,021 311 393 345
4 165 172 97 140 130 229 1,046 771 548 562 338
5 64 48 102 102 103 122 129 269 414 571 284
6 54 33 59 87 51 127 118 102 239 107 303
7L E 37 25 35 44 99 68 43 98 149 61 221
AF 1,162 689 687 982 2,270 3,379 2,482 2,458 2,108 1,941 1,644
fEFR2-2. T-VPAIZ K > THEE LI EREE (TR, i)
AEHD 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2,709 3,141 3,262 11,611 10,602 12,206 8,414 6,378 6,071 4,839 127
2 1,217 1,778 2416 2478 8,776 8,098 9,124 6,545 4,967 4,664 3,765
3 1,501 846 1,239 1,741 1,795 5,534 5,565 6,938 4,924 3,539 3,418
4 576 859 474 819 1,220 1,192 2933 3,498 4,502 3,560 2,409
5 228 303 517 283 515 835 726 1,361 2,044 3,023 2,277
6 131 120 194 313 131 310 543 452 823 1,226 1,850
700 E 91 93 114 158 250 165 198 435 514 699 1,351
& 6,453 7,141 8,215 17,403 23,288 28,340 27,502 25,606 23,845 21,549 15,196
MEF2-3. T-VPAIZ X » THEE L= IER IR (R E)
s 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 0.17 0.01 0.02 0.03 0.02 0.04 0.00 0.00 0.01 0.00 0.01
2 0.11 0.11 0.08 0.07 0.21 0.13 0.02 0.03 0.09 0.06 0.05
3 0.31 0.33 0.16 0.11 0.16 0.38 0.21 0.18 0.07 0.13 0.12
4 0.39 0.26 0.26 0.21 0.13 0.25 0.52 0.29 0.15 0.20 0.17
5 0.39 0.20 0.25 0.52 0.26 0.18 0.22 0.25 0.26 0.24 0.15
6 0.62 0.37 0.42 0.38 0.59 0.63 0.28 0.30 0.40 0.10 0.21
700 E 0.62 0.37 0.42 0.38 0.59 0.63 0.28 0.30 0.40 0.10 0.21
&3 0.43 0.27 0.27 0.27 0.35 0.39 0.23 0.22 0.24 0.12 0.15
M 7e2-4. T-VPAIL X - THEE L7=&JRE (hv, fix)
FEn o 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 109 131 98 510 311 388 298 128 184 103 2
2 69 107 151 166 379 400 462 285 195 173 94
3 136 74 102 178 160 375 408 484 297 203 178
4 73 92 58 107 138 116 296 346 339 287 192
5 41 48 82 50 73 135 104 183 235 346 247
6 28 22 43 70 25 60 98 84 114 194 278
700 28 25 35 46 74 50 60 126 132 143 351
EEF 483 500 569 1,127 1,160 1,524 1,726 1,636 1,497 1,448 1,343

) BRBEICHESFEROFARE (5~6) Z2RLIZHO,

PERIF L EARE Ly T Ll oI~ L L7z,
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WREH I Fa—=—2JICHW:Z#{t CPUE

B ABINERORELZRET D7D, GLM (—B b7 L) 2 HWTY XA
T VA OFEERMEY TH L e~ FEREX D CPUE OIEHEZ1T > 7o, 53H71T1E 1973
ELEOWMEREOT — 2 K0t Lo, AEOARMET —% 2 -z, BRI E -
72 AFED CPUE Z 5B E¥E LCEA L, BT VORI IERSHICIED SIRE LTZ, @t
ZHUZIX, F (Year), Z=Hi (Season), WX (Area) 26D 1 RO HEAEH Z W,
LT OMIET VA ER LT,

Ln(CPUE) = Intercept + Year + Season+ Area + Year*Season+ Year*Area + Season* Area

ZZCORFIZRDOEY TH D,

Year: 4 (1973~2021)

Season: Zfi (1~3 A, 4~6 H., 9 H, 10~12 A)
Area: /NEX. (BFEIL, HE FER)

MBI AT T T IAVEHE L THhoTc, ZHi (Season) 137 —# KN4

WE D I~3 AT EICE LT, BERNTZVIECLY BIC B/ RDET NV ERA
FETFTNLELCGRER L7, ZFERICIE R Ver 4.1.0 @ MuMIn /v 77—V % H iz
(https://www.R-project.org/, 2022 47 H 22 H), E7 /VEROFEK, LELOYHET MR
NRRARETIVE L TRIREINZ, XA MET VLD /N3 EY (LSMEAN) % FH ) Cifi
KAIOFE ML RERH L, 20 25X OmEIC LY BEAM T YT 5 2 & TR
CPUE DA MLV KEL, VPADF a—=0 74RE Lz,

BT L OXHE CPUE 5 L OVE 7 /L O FHIME & SERIME O 72T IER 0 12 0E > T
7o (R 3-1, 3-2), ESMERTIL, KRBTSRI n2rofc (WiRK 3-3), F
7o, RO ZEIT 0 JHIRIC AT 5 2 LR S e (R 3-4), RA MET LA H
THEHE(Y, CPUE 2K 7= L Z A, HE#E( CPUE O4F b L > RidfEda 2 2 F /L CPUE (PPEE
CPUE ZV-¥ME 1 L7e D X OB L7cfE) CHELILZ Ly RERLIED, —5 O
{t. CPUE & / X)L CPUE & OFE#ER A 541, 2018 AELAKETIX / X J-/L CPUE 2MEHE(L
CPUE & lb_TEVMEZ R L7z (B2 3-5),
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—o— 12 #{LCPUE ——/ = +)LCPUE

$R#&1E L 1=CPUE

1973 1983 1993 2003 2013
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MR 3-5. /3 F /L CPUE L iE#{k, CPUE OB ZYNZEL FNEFNEHETHRTZ & T
AL L,
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HRER4 BEBEREZAV: VPAGTERR

BRBOWEOXBELZET D20, FERELTH 5 EE L~ FERIERICBIT 5 ER
R #4 OO M OMEEL 2 BRI O FEEE & L CB@R RKLIE O foR#EH (2018 42) % 2005
~2009 LTI L2 b O R, £ DOfE T 2021 % Fr < B 5 FH (2016~2020
F) OFH FEZMIEL T VPA 21T7->7-, F72. VPA O FEITMEER 2 (AT v 7 1)
LRECTH D,

ZORER, 2021 FOEPFEIT 1,097 b EHEE SN HERK 4-1), T (2000 4ELA
M) OBIEEIL 2017 4D 1,494 b v & B — 7 ICZ O%KBUMEIT L 22> TEB D, 2021 ED
BRI 10 EFOP T 6 FHICE -T2, BIREORKEZH A ZE= (L CPUE
ZHAWEF 2—=2 7 VPA DFEFR LT (X 13, #2EX 4-1, 4-2). T4 (2014 4
LIRE) OBREIBBHREEZHOZHAEOI N R HESNAHEMNRD b (X
4-2) , AEVEO LG IR R IR T, EBRE M D 2021 4 3 A £ CRYER COHREITRABRE:
EILE EFE o TV, BUEIIABEEA~ORY AN e ST Y M8 S NERR I H N
LTW3 (K17), £7-. BRBEOBERICBIT D IHERIIRIBIROREER S FE-> T\
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