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SSQ = SSQg + (SSQq + SSQ,) /10 @)
2017 2

$SQs = 2 [in(Is,) —In(gs - Sysa)] 8)
y=1998
2016 2

SSQO = Z [ln(IO y—l) - ln(qo " Nl,y)] (9)
y=2007
2016 2

$SQ, = 2 [In(,,) —In(gy - Ny,,)] (10)
y=2007

10t
Sy = a:zN“'y "Wa *Mg—1 (11)

22T, g, a0, @1 \FEIER Isy/Sy, loy-1/Niy, hiy/Niy ORMERE), W, 13 a ik
DIFHRE, my 13 a MORHARTH D,
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HHEE: A6 A ARSI 2 2 F U F T OEAY TN 1 L£HITE &
HIEIZ DWW TO—B L2, JLKEITR, 12, 1-11 (1970)

e ABREELO AT T X T OREERAOWT. JLKEA #, 35, 1-57 (1978)
Tsuji, S.: Alaska pollack population, Theragra chicogramma, of Japan and its adjacent waters,
I: Japanese fisheries and population studies. Mar. Behav. Physiol., 15, 147-205 (1989)
ATHRIE, @AEE, BHEZ, RBEEZ, BRESE, DAL 27 bo ¥ Ik
MFFE OIS & A, AEKEFR, 42, 1-14 (1993)

B HAE — ALMREJELHE O X~ U BT HE RO AR, ICER IR R AL A
AT, 18, 12-23 (1985)

ATHRIME, mfEEsE, TRECE: LB ISR 2 27 MU ¥ 7 AR 510
(13 & PESRSHZ DT L RKESEH, 39, 216-229 (1988)

HEHESL, ex REFE: LEEILE A RO A r N X THFROAERE— T KF¥oy
i & bR, ALK AR, 42, 135-142 (1993)

H AL, fex RIESR: ALMEEACEEEO 27 U X FAFHEf D o34, ALKEATER,
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SRR, WREE, RERE, WBH =, EERERGE, RS, haFEc I
iy B BT ALHEE VI B ARHEICB T D A7 b U X FPEINGIE R OB, K PEWEFENT
7%, 72, 265-272 (2008)

s FaE: il B ARG - AR —Y ZMREEICRB T 2 A7 h U X TFHER D500,
IR EEHFLENTFSE, 73, 80-89 (2009)

Ver RIEF, HBMES: ®EHER XL OZEOFELKIBIZBIT 2 A7 MU X7 EFERDSy
Ahi. H/KEE, 56, 1063-1068 (1990)

FHE R PEIE O U Z T 13~ (F) . bk H #, 17, 13-25 (1960)
HEHE: ARSI T 227 U X TREIFHEOAETE 1 BEENFIC OV T O
S AbKEAH R, 25, 2-11 (1968)

i e EILSITIREO A MU 2 T, ALKEH i, 32, 1-20 (1975)

M EE, KJIIA—: B 45 FEENEGO A7 h U &2 ZFEIZOWT EIIRED 5y
itk AEKEH R, 28, 2-8 (1968)

Tsuji, S.: Alaska pollack population, Theragra chlcogramma, of Japan and its adjacent waters,
Il: Reproductive ecology and problems in population studies. Mar. Behav. Physiol., 15, 147-
205 (1989)

ATHRME, AT, afmsk, aAEE, WREEz, BERECE dmEmEito H
ARUEFNCIT D A7 b & T ORI OW T, KERFENSE, 53, 38-43 (1989)
EhIE, SARRES: A b U H T Rk 26 AL ARRE LA G I TS HE PN K pERR
Briy F e 5, 22-26 (2015)

THEZ, IWTFHM, HEPEE, MRS Fpk 29 FER T MU 2T B ARHELE
REEOE PR, ~Fhk 29 TN E A KO EE RN 25 1 0 B, JKpE
JPHETHHEESD - JRNZATEOE NKPEMTZE | 2 —, 299-362 (2018)

=FE A FEPNTFEE WA N U Z T ARE B ARHEREEO B IR E) RERE A & FEIP
BRI B3 2098, dbifiE Rl t5a 3¢, 136 p. (2008)

Funamoto, T.: Temperature-dependent stock-recruitment model for walleye pollock (Theragra
chalcogramma) around northern Japan. Fish. Oceanogr. 16, 515-525 (2007)

Funamoto, T., Yamamura, O., Shida, O., ltaya, K., Mori, K., Hiyama, Y., Sakurai, Y.:
Comparison of factors affecting recruitment variability of walleye pollock Theragra
chalcogramma in the Pacific Ocean and the Sea of Japan off northern Japan. Fish. Sci., 80, 117-
126 (2014)

Funamoto, T.: Causes of walleye pollock (Theragra chalcogramma) recruitment decline in the
northern Sea of Japan: implications for stock management. Fish. Oceanogr., 20, 95-103 (2011)
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#F9E, 78, 97-103 (2014)

HHAE, =TI, hns N, $NZEIT A MU X T SRk 21 EEACEE Lk
PERBRYS S 3 &, 6-14 (2010)
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£, 22-26 (2010)

Pope, J.G.: An Investigation of accuracy of virtual population analysis using Cohort Analysis.
Res. Bull. int. Comm. Northw. Atlant. Fish., 9, 65-74 (1972)

A —Z: VPA (Virtual Population Analysis). Sk 12 4F 5 4 I S A (A 1) fife 7.4 16 = 25 R
HE BT FEEEE - WO, BAOKEERIRGE 2, 104-128 (2001)
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K1 EBRGRT FIFIRRICEITHIBREERDHER

. HERUERAE FILiAEa%E FAMEEE
Mg iR BB &t aF  HFA b1 |

1981 22 51 6 79 - - - - [270]
1982 22 51 6 79 - - - - [265]
1983 22 51 6 79 - - - - [264]
1984 22 51 6 79 - - 95 - [241]
1985 22 51 6 79 - - - - [233]
1986 10 24 3 37 55 19 85 - [228]
1987 10 22 3 35 54 19 63 - [227]
1988 10 22 3 35 59 19 52 - [224]
1989 10 22 3 35 - - 49 - [217]
1990 10 22 3 35 25 11 37 - [213]
1991 10 22 3 35 27 12 33 - [210]
1992 10 22 3 35 27 10 33 - [213]
1993 10 22 3 35 28 8 22 - [188]
1994 10 22 3 35 29 7 7 - [178]
1995 10 22 3 35 24 7 6 - [170]
1996 10 22 3 35 27 6 6 - [159]
1997 9 18 3 30 - - 6 - [156]
1998 9 18 3 30 25 5 5 - [153]
1999 9 15 3 27 28 4 5 - [144]
2000 8 15 0 23 17 6 6 - [138]
2001 8 11 0 19 15 4 6 - [104]
2002 9 10 0 19 19 4 6 - [105]
2003 9 10 0 19 20 4 6 - [120]
2004 9 8 0 17 11 8 6 - [116]
2005 9 8 0 17 9 5 6 95 [113]
2006 9 8 0 17 7 5 6 89 [95]
2007 9 8 0 17 8 5 6 86 [93]
2008 6 8 0 14 9 3 6 82 [88]
2009 6 8 0 14 9 2 6 79 [83]
2010 6 8 (7) O 14 (13) 9 2 6 75 [81]
2011 6 7 0 13 8 1 4 71 [78]
2012 6 (4) 7 0 13 (11) 10 2 4 56 [67]
2013 4 7 0 11 11 4 3 49 [60]
2014 4 7 (6) O 11 (10) 0 0 3 36 [60]
2015 4 6 0 10 15 2 3 25 [35]
2016 4 6 0 10 15 1 3 19 [31]
2017 4 6 0 10 15 2 2 20 [38]

BH o KERBRIZAN, () RITBHAPICEFTSNE [ ] RIXFAESHR, (- FEHGL
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FE

Sl eses  TREEVETES
cos | |
s | |
N & |
|
|
0

2017 N
| [ | | | |

I I | I
0 10 20 30 40 50 60 70 80 90 100

s (%)

1 ALBERREBEICEITERT b S DEEREERE (2013~2017 £)

®2 LBEEREBEICETERT FIES TAC DR (B bo)

AEEES LEEMEEES

P 3 S 42 p R £ £

REEE F‘S%Uf% dEt El h;— kl';‘j fﬁiﬂfffﬂéﬁ O &t SETHR
1997 H9 50,000 22,000 20,700 =F 72,000 B
1998 H10 50,000 22,000 20,400 =F 72,000 B
1999 H11 50,000 22,000 20,400 =F 72,000 B
2000 H12 50,000 23,000 21,400 =F 73,000 B
2001 H13 43,000 20,000 18,700 =F 63,000 £
2002 H14 43,000 20,000 18,800 =F 63,000 FE
2003 H15 40,000 23,000 21,200 =F 63,000 R
2004 H16 40,000 23,000 21,200 =F 63,000 353
2005 H17 36,000 20,000 18,800 =F 56,000 EE
2006 H18 21,000 16,000 12,000 =F 37,000 R
2007 H19 14,000 12,000 8,300 =F 26,000 EpE
2008 H20 11,000 8,000 6,600 =F 19,000 353
2009 H21 8,000 7,000 5,500 =F 15,000 ¥ 353
2010 H22 8,000 7,000 5,500 =F 15,000 R
2011 H23 6,600 5,900 4,490 =F 12,500 £
2012 H24 6,600 5,900 4,490 =F 12,500 ¥ 353
2013 H25 6,600 5,900 4,490 =F 12,500 R
2014 H26 6,600 5,900 4,490 =F 12,500 R
2015 H27 3,700 3,300 2,990 =F 7,000 353
2016 H28 4,200 3,700 2,990 =¥ 7,900 G
2017 H29 3,400 2,500 2,200 =¥ 5,900 33
2018 H30 3,200 2,800 2,410 =F 6,000 EE

SEHMOBEL1~128, EERL4~EFEEIA.
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2018
=3 dtEEAXEEBEHICEITARY Fﬁ@ii.‘\ﬁgo)?ﬁﬁ (BfGL: b))
sr an  TEEY amax iﬁgﬁm’ﬁﬁﬂ""“’gi — mEEm
=8 B¥ ER %5l #=m Bl &S
1976 94,373 69,914 24,458 646 295 0 11,094 10,229 2,194 0 -
1977 102,191 51,789 50,402 6,337 340 0O 18,090 18,844 6,764 28 -
1978 149,058 93,058 56,001 7,732 174 0 20,545 15,494 12,031 26 -
1979 159,831 102,903 56,928 2,944 372 0 20,710 18,277 14,602 23 -
1980 134,741 82,928 51,813 1,908 467 0 18,187 19,202 12,035 15 -
1981 110,266 54,341 55,925 1,629 103 0 19,178 18,543 16,444 28 -
1982 91,092 41,969 49,123 1,540 158 0 15,576 18,904 12,820 125 -
1983 86,614 43,278 43,335 1,215 132 0 14,147 17,778 9,961 102 -
1984 114,229 71,997 42,232 888 200 0 16,004 16,511 7,908 720 -
1985 110,676 68,874 41,802 632 196 1 15,641 16,355 8,615 362 -
1986 76,363 43,140 33,224 550 88 4 13,688 11,817 6,534 543 -
1987 88,058 51,936 25,318 521 144 1 6,946 7,641 9,765 301 10,804
1988 126,032 80,777 33,069 307 224 0 8,349 10,073 13,730 386 12,186
1989 134,493 94,019 28,838 1,346 143 0 5,304 8,020 13,838 187 11,635
1990 125,439 90,429 30,333 919 232 0 6,163 5,919 16,820 280 4,677
1991 137,056 90,502 30,103 1,643 206 0 6,266 4,179 17,179 630 16,451
1992 139,229 97,459 22,984 382 648 0 3,616 2,385 15,482 471 18,786
1993 85,498 47,386 23,102 231 288 0 3,329 1,338 17,770 146 15,011
1994 66,819 41,018 20,027 401 212 1 4,490 1,106 13,686 130 5,774
1995 66,573 41,116 19,917 888 89 1 3,102 863 14,910 65 5,540
1996 86,559 58,693 18,482 229 183 0 5,086 1,207 11,578 199 9,384
1997 72,122 43,158 24,107 858 195 0 4,418 1,537 16,754 344 4,857
1998 55,076 36,430 16,527 747 35 0 3,372 1,282 10,808 283 2,119
1999 48,535 32,482 16,053 335 101 0 2,333 1,593 11,374 317 -
2000 39,157 25,952 13,204 173 28 0 1,613 975 9,934 481 -
2001 42,603 24,646 17,957 230 65 0 901 1,864 13,707 1,190 -
2002 57,309 39,733 17,576 446 105 0 1,239 2,523 11,587 1,676 -
2003 31,267 15,209 16,058 378 85 0 2,056 2,327 9,838 1,374 -
2004 32,266 20,717 11,549 109 42 0 1,349 1,519 8,129 400 -
2005 24,624 15,134 9,490 70 68 0 612 1,392 7,310 38 -
2006 19,883 12,605 7,278 50 169 0 356 1,434 5,267 1 -
2007 16,870 8,506 8,364 160 87 0 501 2,686 4,928 2 -
2008 17,550 10,383 7,167 295 174 0 832 2,557 3,306 3 -
2009 13,970 7,894 6,075 269 436 0 704 1,432 3,230 5 -
2010 14,662 7,768 6,894 353 763 0 617 1,963 3,189 8 -
2011 10,248 6,395 3,853 223 186 0 1,137 1,246 1,058 2 -
2012 11,524 6,375 5,150 176 167 0 765 1,013 3,018 11 -
2013 9,553 5,595 3,957 93 149 0 1,235 1,363 1,114 3 -
2014 6,858 4,484 2,374 131 134 0 132 1,239 720 18 -
2015 5,233 2,814 2,420 99 71 0 770 868 611 1 -
2016 5,967 3,387 2,579 128 61 0 880 1,106 400 4 -
2017 5,283 3,093 2,190 214 89 0 564 1,121 186 16 -
AR PAEUEBILEENAELBELEERHEROTER UBEERE], DREEERELE

BHE (2017 £ 1~3 BIIKHAEEHERBIE, 2017 F 4 A~2018 £ 3 AL TAC HiEEHE), HK5tH
Ml 4~24F 3 A.

RFRAFROBERS  [RA] RAERMEATLE (1985 £ 1 AURERABHMEER), (B

#H] BHER, [BF] AFERA, [(REIL] REER/NMETH ~EFET, [RERE] REERNMERAF
~ B, [B] MUER, ESER/N\SMEGHR, [ER] ESENRHE, E5H.
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ER fEFEEHX 7 ik AR ML
BARETHREHEM 1, 2% 0.30 FHn 9
3mUE0.25 HR-BHDTE 2
B F Rmtn 10 % Fi )
0MULDF LIRDF [FHELLERE
REFEDF 2~4 5%, 10 ULEDF &Fa—=27 VPA® (Z EMIEAX
FUHETE, 5~8 L FHBIREICKYFE,
2~4 B F ICIKIEFHIFZE M =,
FHATHEE 25 113; 3 5% 178; 4 7% 290; 5 &% 377; 6 % 465; BEYERDAERR
C)) 7 % 518; 8 % 538; 9 % 581; 10 M LLE 640 1995~2002 £ 3~5 A
FIERE, MATRILBGRE
FHAIAAZE  MHERNRAEOFHEITER) 1, 2 & 0.00; BEYMERADORERER

3% 0.31; 4 7% 0.89; 5 7% 0.99; 6 m LA L 1.00

A (VPA Fa—=2F 12fEMA) : 1, 2 #% 0.09;
3% 0.48; 4 5% 0.90; 5 5% 0.99; 6 B LI F 1.00
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