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ENE) BT, P ORAEERGBR (FER) O L ToARIE KRESNLTWDHF
AFERRICB W TR T — X D 0% NG TN EHESINIEHTH D, AHIFTED
TA Ty MEIARERETMICBIT S 1981~2023 AEDF AR L MAREZ KT, &KIT5
R (2019~2023 4F) ZARHLFTE L7z,
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SBIEREOLE (F/IFmsy)

0.0 0.5 1.0 15 2.0
HAZEDLL (SB/SBmsy)

X 4-10. fFKFHpiEFER (MSY) 2RI 58 E (SBmsy) & SBmsy ZfERid 5 ifafé
£ (Fmsy) (Zxd4 2i@E0BAES LOMELEORE A ~7a v R)
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#3-1. WEITFAUOWRERE (F) OHBE

2 RIEEAPEFEHCTHITD ARG P T

& [Tz BUNb L ER O fE 5 W7 e &
1981 67,532 64,815
1982 76,088 71,150
1983 80,045 76,297
1984 75,012 66,617
1985 99,729 93,295
1986 92,887 83,032
1987 36,004 33,762
1988 57,595 52,729
1989 40,279 28,085
1990 31,548 23,400
1991 42,281 41,084
1992 27,287 24,125
1993 24,929 22,474
1994 20,511 18,331
1995 22,648 18,283
1996 19,802 19,246
1997 20,042 15,625
1998 16,480 15,176
1999 22,696 22,139
2000 36,523 34,831
2001 35,790 31,388
2002 43,066 36,634
2003 33,827 27,823
2004 32,017 25,705
2005 35,895 33,099
2006 41,883 35,298
2007 36,555 32,707
2008 39,316 35,059
2009 44,667 39,749
2010 36,678 34,116
2011 37,993 37,221
2012 39,956 37,336
2013 43,564 41,974
2014 43,740 41,736
2015 41,217 39,450
2016 42,727 40,162
2017 41,210 40,557
2018 37,963 35,476
2019 31,501 25,821
2020 40,760 39,491
2021 35,955 32,937
2022 45,100 42,469
2023 44,806 42,423

R BIHEEEMENCBITS (i< bbb L] #MofEENST T2 (1~2 Al
) DEBRWIRER, 2023 FIXEEHETH D,
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#3-2. [)ple<bwnb L) RO RFRRE] - HBEMENRER (b)) OHER

FRRA R i

2013 2014 2015 2016 2017 2018 2019

FERILR AOvE 5 3 19 2 7 2 2
F i 0 0 0 0 0 0 0

Z DA, 0 3 4 1 6 4 0

RBRAF ARON<T 2 0 0 0 0 0 0 0
F X 8,208 10,410 5958 8,054 9,520 549 1,410

Z DA, 2 4 3 4 1 1 1

S IR ARON<Y 2 1 0 0 0 0 0 0
F =i 2,754 4216 3,942 4,199 1603 4,101 1,389

Z DA, 0 0 0 0 0 0 0

fo] | Ly U R ONEE 0 0 0 0 0 0 0
FXiH 0 0 0 0 0 0 0

Z DA, 0 2 1 0 0 0 0

T e R R ONEE 10,120 11,093 10,488 9,715 9,527 10,402 8,604
FXiH 2 0 59 0 0 0 0

Z DA, 0 0 1 0 1 0 0

=g R ONEE 2869 3,030 295 2,555 2,767 2,104 2273
FXiH 0 0 0 0 0 0 0

Z DA, 132 123 183 57 73 51 61

A [ Bk OVEHE 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0

Z DA, 0 0 0 0 0 0 0

Koy B AONEA 1,279 1,772 1,483 1,747 1,109 913 1,240
E 0 0 0 0 0 0 0

Z DA, 0 0 0 0 0 0 0

RS IR OVEHE 2,005 1,379 1,014 437 0 834 802
FXi 0 0 0 0 0 0 0

Z DA, 0 0 0 0 1 0 0

)R NN 8902 5214 8324 9,368 8848 11,333 8,533
FXi 0 0 0 0 0 0 0

Z DA, 168 78 64 32 95 130 2

T I OVEHE 7,107 6,355 6540 6474 6916 7,433 7,113
FXi 0 0 0 0 0 0 0

Z DA, 1 11 5 4 4 4 5

At 43555 43,693 41,044 42,649 40,478 37,861 31,435

FEHEROMENEL, EOBEBICEY . AFHIR -1 OfEELTLLE K LAV, F-. 2
DRTIT IS BWb L) $ROEEE)NS T A (1~2 HlMA) IR TR0,
2023 FIIE EMTH D,
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#32. (Fex)
R4 R *
7N Sin KR

2020 2021 2022 2023
FERILR AOvE 4 9 0 0
F i 0 0 0 0
Z DA 3 2 2 1
RBRAF AYONCS 0 0 0 0
F X 5597 6,069 11,835 6,664
Z DA, 3 1 1 0
S IR i OVE 0 0 0 0
F =i 2,614 2826 4331 4331
Z DA, 0 0 0 0
fo] | Ly U R ONEE 0 0 0 0
FXiE 0 0 0 0
Z DA, 0 0 0 1
T e W EIONS 14,134 12,477 11,586 14,718
FXiH 0 65 82 91
Z DA, 24 0 0 1
=g ENON<F ] 3,730 2571 2,711 4,126
FXiE 0 0 0 0
Z DA, 45 27 12 4
A [ Bk OVEHE 0 0 0 0
FXiE 0 0 0 0
Z DA, 0 0 0 0
Koy B OVEHE 700 947 1,494 924
FXiE 0 0 0 0
Z DA, 0 0 0 0
TS I NN 1,316 1,492 526 385
FXiE 0 0 0 0
Z DA, 0 0 0 0
)R NN 5597 4,702 8216 8,554
FXiE 0 0 0 0
Z DA, 10 14 15 26
T I OVEHE 6,980 4,750 4,285 4,977
E3 ! 0 0 0 0
Z DA, 3 3 3 3
Al 40,760 35,955 45,099 44,806

FEHEROMENEL, EOBEBICEY . AFHIR -1 OfEELTLLE K LAV, F-. 2
DRTIT IS BWb L) $ROEEE)NS T A (1~2 HlMA) IR TR0,
2023 FIXEEMTH D,
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Fa-1. B HE T TF AU T NIEREEO G IR AR RE 5

e PR
ki B Bl DA E: PEYP B
#HE [pRZIES %SPR  F/Fmsy
(Fhr) (Fr¥) (Fhv) (f&R) (Jkhi)

(%) (T-2/kg)
1980 - - - - - - - - 367
1981 65 303 72 837 21 1.2 39.3 1.49 690
1982 71 404 42 1,374 18 3.3 38.6 1.64 328
1983 76 286 93 920 27 1.0 26.8 2.28 966
1984 67 309 25 1,140 22 4.6 26.4 2.26 883
1985 93 370 57 1,481 25 2.6 238 2.63 516
1986 84 395 42 1,398 21 3.3 285 2.77 614
1987 34 178 48 505 19 1.0 42.2 1.50 453
1988 53 207 35 733 26 2.1 25.1 2.47 203
1989 28 113 28 406 25 15 29.7 1.90 386
1990 23 210 19 851 11 4.4 56.5 0.70 572
1991 41 148 65 249 28 0.4 25.4 2.52 394
1992 24 105 11 395 23 35 29.5 2.06 523
1993 22 124 14 395 18 2.8 37.7 1.68 185
1994 18 99 25 303 19 1.2 45.2 1.17 866
1995 18 94 21 268 19 1.3 40.6 1.40 491
1996 19 100 17 304 19 1.8 38.8 1.44 612
1997 16 91 16 294 17 1.8 43.3 1.21 294
1998 15 113 24 261 13 1.1 57.5 0.76 485
1999 22 134 24 288 17 1.2 48.6 1.03 845
2000 35 200 25 641 17 2.6 46.7 1.10 780
2001 31 209 35 607 15 1.7 49.0 1.01 465
2002 37 214 40 595 17 1.5 433 1.23 1,146
2003 28 173 42 532 16 1.3 46.8 1.07 741
2004 26 128 39 361 20 0.9 44.0 1.28 711
2005 33 264 27 833 13 3.1 56.0 0.80 516
2006 35 185 52 443 19 0.8 42.3 1.42 829
2007 33 233 28 809 14 2.9 47.8 1.08 546
2008 35 277 47 712 13 1.5 53.8 0.84 717
2009 40 254 79 659 16 0.8 58.8 0.69 748
2010 34 323 49 908 11 1.9 59.0 0.64 970
2011 37 235 69 507 16 0.7 51.6 0.90 853
2012 37 248 48 854 15 1.8 52.5 0.84 753
2013 42 407 53 1,138 10 2.1 54.3 0.68 889
2014 42 296 74 737 14 1.0 51.5 0.86 1,103
2015 39 278 61 654 14 11 53.5 0.78 1,075
2016 40 305 53 817 13 15 57.0 0.66 1,182
2017 41 223 75 475 18 0.6 58.3 0.66 1,140
2018 35 216 39 572 16 15 51.4 0.92 1,142
2019 26 204 36 607 13 1.7 58.4 0.61 913
2020 39 259 43 678 15 1.6 48.2 1.06 1,119
2021 33 259 36 687 13 1.9 47.9 1.09 1,542
2022 42 345 47 1,076 12 2.3 56.2 0.69 1,686

2023 42 366 59 1,253 12 2.1 575 0.75 1,065
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HMREM 1 BFEFHEDRN

il - AERITRIE R

s - RIS R, BIRERIREIC OV T
B AR A

HREER2 2 2R

a— MENT (BARH 722 5B R B R %2 2 )
HARIE T AR EIT0~15% T2.1, 2+3% CT2.0%{5E

iR - FRIER L
i - AFRIRIELR S

20244 ~DRHEEHE

\ 4

20244E D I B DA E

Ry lr— e 27 ¢ v 7 BEAERG (1981
~20204E AR AED AR « BlAaEIZHES)

20244 DFHRRIE TR B EL -
BAaE

a

L2024 DH A ENHEH

2025 E~DREE

2024 FED F 1L, AW R T A — 2% ME PR EEUEE S (2 B9 2 WFFerk RS
&) LIRS TH D FCIRER) 2019~2023 2D TH D 37
Throl2d FE GEIREIT 2018~2022 4ED F OFEHE L [F L)
| 1 zumE |

| |
20254 LA DB - 4R 20254E LD I N B DR E

RHRR R L Bl R lr— e AT 4 v/ RIEATERIR (1981
~20204ERRBEDINA R - Blfa g2 IS <)

A

ERRERTRNCK T DL OBlAEN SR
2026 4 Tha SR AR LR BN S < gt B
LI~ PO LRI PR PR YE( | A0k,
iR AR B I LV E
]
= H 20254 D ABC
, } 20254F- 0 i Ao & T HIE A & e B
RSN R ROk T FRI T S LB R

KRBT PR BT RN B 2 MET R ISR 1 £ B YR O 8 B LA

Difima SEZ TEREN D, ABC IIAZRHEDEIE S ) AN KEBIREHS
ERTCEDONI-BICEESND,

$h 48 L
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WREH2 HEARE

(1) &EWFHHEIFIE
1. =2dk— Mg (Fa2—=272 VPA)

EERERRZ 0%, 1%, BLO 24k (FTFT AT N—TF) & LT-AEMR - ERIRE B3 %
B L, Fa—=07 VPAIZ Lo THEER - FRIERBRAHE Lz (L 2-1), BiR
FHEICHW TR O EER E M 2 £ 2-2 1R Lz, B0 M 20Tk, A%
OSN3 FEE TCOERFMTHNCTW =R M (fid#k2-3) #b &, 1 A1 H
ZEURE L. 0%, 1k, BRO2HROERERNR S L TR, 223, HllO M IZo0n
CIE Chenand Watanabe (1989) O HIEIC L VEHEINZHOTHY . M O Ay - AR~
MU 7 RAEHRER 2-4 1277, FHICBWT, FlZ LI AROMEOEHEERD, =
No%x 1~12 ATEHTHZ LKV EFERDO M ZRkDTo, TOFRE, 0D M (X 2.1,
LD M T 2.1, 24D M T 2.0 & L7z, 2B, FEEHZ 1 H 1 HE LEHEBIZON
TIE, FFEEICDI > TEI, A, EENMTbREbOD, LZFZTN LD END
72 FEFEBIOREIY L LTEZRTWI LT, BERHOEHN 1~12 AXYY T
HV., HELETHLEHEN IV EIZEDbDTH D,

NETF AU OFEMR - R REIL, HEE L2 AlR - ABNREREN D> T X
(1~2 Aif) 2B RV zic, Flhl - ERNCER L TR, il - Rl R
BAOEFHFCBNTH T HARSE L, 05, 1, B O 2HEOFEmER & Lz (6l
B#2-5), £7o. FElR - AERIREREICOW T, HB] - H BRI H #ip A
B (R 2-3) 2 U CHER - ARAEE L RD, FEB - FERRE R L RO Fik
TR - AFEBINCEER L TR DT, AR - ARIAE L, AERI - AR IE B A -
FERIAE R TR L TR (R E 2-1),

FEHRRI - AERIAE RS 2 R L2 RE T, 1988 4E, 2013 4ERB L 102014 4R (2iE 2 mifa bl b
DOWIERELN 0 L72o7-, VPA R ZFEBIEL720, TEBIIIFELREDL SN
DD, AL LTIFHI SN o2 b LA L, BEITKR DR T 2+ Ol
X (1989 423 JiE) @ 50%DfE (1.5 JiR) %, ZhbDFED 245 O e L CE
HANCHH L7 GrTEriEas 2023),

A#nnl - ABEEREIC OV T, S 3 FEE TOARRHOEFFETHEH L T\
FEZHE -7 (T8 - @G 2022), 13 - BAEAERGHIEB T D Ihiz<bWwbLl] #
73 O IS8 B ks L ONIE = NME Ok B T BN % Ak o E BRI 1T D H B R
ARAEERME, BLOERE —(RERER» RO, F¥ERO A G5 - A BaEREE2 S
L. WS NERRIC T A ATED AR - AR E Uiz, WIS\ TN
RS, Rk, REME, Ok, B X OVEREED 5 o2 THERF LT,

Akl - A BEE RS A HEE T HBEORERIZON T T ORX (HHE) 1978) & H
Wiz, 72720 2 AL F OEEIZ 2T Fukuhara and Takao (1988) 2> B % i A Hu -
776

La = 140.1 — 117.8¢ 01189 (D

ZZT, aldAM, Laida AlfADARER (mm) THD, FHRRER —FEBERAIZON
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TIELL &2 W=,

BW =5.811x 1077TL3%23 (TL 40 mm AJifi; R2=0.908. N=496) (2)
BW = 1.013 x 107°TL33% (TL 40 mm VL I-; R2=0.977. N=31,902) (3)

ZZ T, BWIIKE (g, TLIFEE (mm) THDH, o Q) Z#AKEL (mm) TEHET &
UTFoEtEh Li2s,

BW = 2.379 x 10761331 (R2=0.977, N =31,902) 4)

R L FAMY EHROT-A A O REHE A MR R 2-3 1R Lz, £7o, BEMK
25 AR~ O BIZOIEE (HF 1985) 12X -7z,

Ali] - AR ORI, 3 - BIHEAERGHCBIT D TLoT) #oi
BEEIIEZD TV, Lo, WFNEOARREIL 7 AL LTIMALZE, EL EBIC
HEHHICEE S ND 720, TLHT ) 8D [ bbb L) $8RIcE =082 L 9 72if
MR L R DG BN Do T DT 13 - WHELEAFEFRFHNCHBIT D [ 7z< bbb L
EZEVIEONTERICH T A (1~2 HlEfR) LRZEOERY A XOEIKRNPE E T,
%_T\_MELOwTiFLE?J%WEWUWWkL EREHEE 2 EORZREDOE
BEHIICITE O RN & L Lz, 25 L LT, BIFHMEICIR W THT L2k - fwhms
PERCEHZR T D [ Buwb L) SiRlc D 5 1~2 Al oB & 2 feX 2-1 ek
2-6 |29, 1~2 Al OBEE TOERIT Y TI10%E >TWD,

il - FRIE B OFHRIZIZILL T O Pope (1972) DUz HW\ e,

Ma
Nay = Nas1ys1e™e + Cope2 (5)

2T, NyylTamkfa (a=05%) Oy EOEFRK, Qwiam@(rOm)@yE@@ﬁ
B, Malfamgfl (a=07%) OBERKECHEETH D, KE# 7 NV—7OHEICOWNTITF
5 (1999) D iEZE W, 1l & 2+ I DI EREIERI U Th D EE Lz, 1%

Ay FOEWHRBIE Ny & 2+ Al y FOBIEE Nowy IOV TIIBL TFTORIC L WA L
f; (“EA2 2000)

N G . ()
= 0 e e
1y Crry + Ciy 24,y+1 1y 6
Covy Mz
N2+’y = mNz+y+1€ 2+ + C2+y€ 2 (7)

aigf (0~2+5%) Oy FOWRBEETHD Fay (UL T ORIZ KV FHEHE LT,
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—
e 2

Fpy=—In{1—-% ®)

ay n’{ Na,y }

BOEAE (HAR) @ amf (0~2+43%) OBFRB No i OV TILF ORI LV EHR L7z,

Mg 1
Ngt = Core 2 1—oFar

9)

Z 2T Cauldamf (0~2+5%) DRITFEDOIBERETH S, Fuldamf (0~2+%) Dk
DRI TH Y | Fu 2 HEET D LI Lo T, BEICH - THERR - FRIE IR EEL
AEHRTE 2,

2. Fa—=27 VPAIZ L% Fat DHTE

Fa—=27 VPAIZ LY Fo, ZHEE L7, W7 PRSI 31T 2 FROEINE (X 4-1,
#4-1) ZPAEOREMEE L, 2 EHf (RSS) 2L TFORICKVHE L,

Z{lnS _ In(q X B)}? (10)

ZZCTSIEIRE BB, qIZHpIE. BIdEAE (Fy) THD, gl o0 TiEn &
T—HEHE LT, LFoRITERDT,

»(InS — lnB)}

n

q=exp{ (11)

PEINENZ DWW T, FIHFREZR ARG F il E 43 4 (1981~2023 4F) OF —& & H
Wz (BEREERT) . RREETIT I AL LR T 5 EELTWD 2 Enn, 0F%MAaD
Fou ICOWTIHENRIZEI DT 2a—=0 7250 F | REFELRWICED 5 FH (2018~
2022 4F) @ Foy ONHIfE & Uiz (EFIEA 2023),

/2. WEFEOF2RZEITA7-012Y v VPA #uffl L7~ (Okamuraetal. 2017), U
¥ VPA (X, RSS IZ_F T ¢ HEMA T2 A F/IMET 52 & T —IF /L F 2R
LHFETHD, AEFEECTOF a—=0 71280 TiE, A (0<1) 2EEICE s
D, ENENDMZHOWTK (12) ZH/METHEEFD 1iEADF ThDH Fiy (=Fauy)
ERBRINRD =, 7B, 1 s 2 WALl B3 AR ConmCi g I E N
WIRNEBZOLNDHDT, FRELWERE LT,

(1—-2) xRSS + A x (Fy,)” (12)

ZZT MY v VEIRICBIT AT AT 4 ODRE I EET, ATV br AT T ¢ THENT
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(LT 13, T V2l 228 IS 2BEEOL R AT T 4T LT R p
(Mohn’s tho, Mohn 1999) 23&/MZ72 2 K9 Z2EZ BN L7, B AICOWTIEL, 05
1 £TD0.05 A AHDMEE UTEEAE L7, L 230.05 Th-o THIBERID p OHERMED B
IMBEIZEE L T ARW SIS (BRK 2.2 D FICETAKOEN) ., Z07-h, &5
INEW LD (REOHTOEEZ 1, 2, 5 & LT/ TE 2 (B8 14 fLFE TOD 39
WY OME) #REL T, BEZITo7, p &, BFOEHEGHE O 5T t 4 (2023 4F)
ETOINT —=HIHTIHEEDOHTEME 7 VT =20 i EHDT —Z &2t e LZBE
DA (i) OWEMOZEDOEETH D, T — X WD HFEEE 104 L LIfER A
1F2X10M13, q 1% 0.0181 EHEE SNz (HHRK 2-2), A B3O TNSWETHLH72D, U
v ¥ VPA O I & 2 EPFHmRS R OZ i/ &<, EEREED p b U » ¥ VPA % H
LRWGEIZHRTEL Lo Te (iRK 2-3), Lo T, AMEEFMIZIBNTIEL, Uy
Y VPA T 2RIFELNRNb DD, A% T = RERMIN TN T, Fizk o
TIL F BDARERMEE R D REMEEZZE L, AMEEFIZISWTH Y v VPA AT
Lz lE LT,

3. ETL2H

[5F1 6 (2024) AEEEIFRHEICI T 27 A2 W o FIE &2 R ofAHE 8. FRA-
SA2024-ABCWG02-03. &M R A LIEE S (2024) ) 12> T, ARREEOFHMIZ AW
7o F a2 —=17 VPA OFEHFIIZ G PECAE ISR T DA MEIZ DWW TR LT,

U hr AR T ¢ TRTICB WL, IFEOFAEITR KGO ARD b D (i
B 2-3),

EIREARIEME (PEINE) OBINME & FRIE & ORIRZ X 2-4~2-6 [T LTz, xH5s%
OB Z 75 &, 1980 AR5 1990 FARHTHIT T TEHREDN K E WA, 2000 FARLLRE
FFRZEN/ NS R DB N DT (R 2-6), £72. 1988 4F & 1991 4R (ZELHME D 95%
FHEXME (1.960) HANDENBERIND &L BT, 1980 FRITITADOFEEMR ., 1990
AR 2021 ~2023 FITITEDOKEMMABE SN, L LRR G, 1 kO H CAHBIRE
p II/NEL, MOFETRN-TZ, LIER- T, Hx DEETHHIEREMSILTEBY, 7%
ZEDOISLDAPE N 72 TN D &I L7z,

5| Ak

Chen, S. and S. Watanabe (1989) Age dependence of natural mortality coefficient in fish population
dynamics. Nippon Suisan Gakkaishi, 55, 205-208.

TIRZ - mBAR - AlER - A Bk - HHRER - (1978) 6. /2 RIEE IR, B
52 42 BA VU [E R 22 PRI SEBR BT B A S S = oM IRSEAEMINE, B AUKEEB IR IRGE
2, 176-198

Fukuhara, O. and K. Takao (1988) Growth and larval behaviour of Engraulis japonica in captivity.
J. Appl. Ichthyol., 4, 158-167.

AR —Z (1999) VPA D AFq & ZEE. IKEEE RS BRRGE R, 20, 9-28.

AR —E (2000) VPA. A% 12 45 EE G IR A (A e S22 S iy 3 — E IR R 5 —,
104-127.
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TEFES B - BB IERD (2022) 5 F0 3 (2021) 4EFEN X 7 FA U L5 NfE R REO G IFRHML. &
i3 AR E AL AR O S S IR EHAG. FRA-SA2021-RC03-4, 01 3 42 35703 [E] &)
W AIE DO W EEVRGEAL, KPEIT - KPEENFIT - ZOE A, HAC, 127pp. http://abchan.fra.
go.jp/digests2021/details/202125.pdf

RS « SBIER - ZZH 4 - PR TE 1« PR - HoolE— - KATFIE - FEIEAR

(2023) F14(2022) FFEEH Z 7 F A U W NEREE O G PRGN FRA-SA2022-AC-
25, N 4 RN E LK RO SEE IR, KPEST « AKPENTTE - BOEHEE, B,
50pp. https://www.fra.affrc.go.jp/shigen_hyoka/SCmeeting/2019-1/20220818/FRA-SA2022-
RC03-04.pdf

Mohn, R. (1999) The retrospective problem in sequential population analysis: an investigation using
cod fishery and simulated data. ICES J. Mar. Sci., 56, 473-488.

Okamura, H., Y. Yamashita and M. Ichinokawa (2017) Ridge virtual population analysis to reduce
the instability of fishing mortalities in the terminal year. ICES J. Mar. Sci., 74, 2427-2436.
Pope, J. G. (1972) An investigation of the accuracy of virtual population analysis using cohort

analysis. Int. Comm. Alt. Fish. Res. Bull., 9, 65-74.

R TR AL E A (2024) B0 6 (2024) FEETFIHEICEH T 52T LB OFIE L 2
Wi s B o 45 £, FRA-SA2024-ABCWG02-03, /KFEMFZE - 0B HE, Ridt, 13pp.
https://abchan.fra.go.jp/references_list/FRA-SA2024-ABCWG02-03.pdf

MR E— (1985) [/KPEEEIR TG . THEMEAR, H L, 381 pp.
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60 -
Ol1~28EhA
Iy
13
t
Eed
Iy
L
pid
1980 1990 2000 2010 2020
F
120 -
100 - m3~25F A
| O1~2AfA
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MR 2-1. I3 - FRCEEAPERGT O 1< HWb LI 8O H itk
ERITIAERE, TRIZAERETH D,
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fc_years = &

M B SSB
0.151 061
0.09 1
el e 2 g
0.101 044
0.06 1
0.03 1 0.05 0.2
o 0.00 0.00 0.0
= 1le-11 1e-07  1e-03 1e-11  1e-07  1e-03 1e-11 1e-07  1e-03
[
S R F
=
0.06 _.','} 0.0
]
-0.24
0.04 A
-0.41
0.02 1
0.6 1
0.00 . . T I . .
1le-11 1e-07  1e-03 1e-11  1e-07  1e-03
lambda

R 2-2. VP VPAIZBITA L EL b AT T ¢ THITICBIT 5 p ORF
N IT&EFES. B IX&JRE. SSBIXH A&, RITIMAE., FIiXiAERE,
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tuned VPA with ridge penalty

Biomass SSB
100
p=0.11 N, p =047 !
400 /
3004
2004
1004
01 01
Recruitment F
100
50
01 T T T T ) T T T T
2008 2012 2016 2020 2008 2012 2016 2020
Year
tuned VPA without ridge penalty
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MR 2-3. L ha 220 T ¢ TN ORER
B VU Y VPA R L7c S (=2 X 10013, Fo OFEEIHIH 5 4F)
TE Uy Y VPA i L2 WS (Fo O 5 4F),
Biomass IZ&JH & (T F ). SSB I A& (F F ). Recruitment (ZIMAE (+H{E)E) .
F LI AR 5,
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15
sigma=0.51
rho = 0.08

X #TERE

1980 1990 2000 2010 2020
-

MR 2-6.  EIREFEEAE & T HIE O BIR 2 OHER
sigma | IXx#7% 7 (InS-In(qB)) DAEERZE, rho I$F%Z2D 1 RO H CAHBIREL, BUWIK
EITBLAIMED 80% A AL LB 2 HALHHEIF (1.280 X[H) . VK AITBLHIE D 95%7°
ANDEEZ BN LHEP (1.960 XH),
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MR F 2-1. 2R — MENTRE R OZEM

g i 1981 1982 1983 1984 1985 1986 1987 1988
(h>) 0 % 39,743 56,656 43,845 58,695 73,338 69,268 16,892 40,342
1% 24,712 14,486 32,424 7,887 19582 14,636 16,869 12,387

2+55% 361 7 28 35 375 29 2 0

B 64,815 71,150 76,297 66,617 93,295 83,932 33,762 52,729

R 4 1981 1982 1983 1984 1985 1986 1987 1988
(B H)E) 0 7% 14,374 21,459 20,920 23,485 34,728 27,404 6,560 17,273
1% 2,295 1,818 3,250 1,270 1,999 2,093 2,637 1,361
2+55% 16 0 1 1 14 1 0 0

B 16,685 23,277 24,172 24,756 36,741 29,497 9,197 18,634

EIRRE G 1981 1982 1983 1984 1985 1986 1987 1988
(EH)2) 0 7% 83,726 137,415 91,964 113,954 148,085 139,841 50,501 73,301
1% 6,564 5,223 9,318 3,941 5,736 5,981 7,535 3,889
2+55% 44 1 4 4 38 3 0 0

B 90,334 142,638 101,285 117,899 153,859 145825 58,036 77,190

IR G 1981 1982 1983 1984 1985 1986 1987 1988
0 % 0.67 0.59 1.05 0.89 1.11 0.82 0.46 1.12

1% 6.93 5.20 5.72 2.54 5.49 8.26 10.03 8.64

2+7% 6.93 5.20 5.72 2.54 5.49 8.26 10.03 8.64

¥ (A == 1981 1982 1983 1984 1985 1986 1987 1988
(g) 0 7% 2.8 2.6 21 25 21 25 2.6 2.3
1% 10.8 8.0 10.0 6.2 9.8 7.0 6.4 9.1

2+7% 225 24.6 21.8 27.3 26.9 27.0 22.2 19.3

22785 s 1981 1982 1983 1984 1985 1986 1987 1988
(h>) 07% 231,490 362,799 192,741 284,805 312,726 353,472 130,043 171,200
1% 70,687 41,625 92961 24,465 56,191 41,834 48,207 35,403

2+7% 981 20 77 102 1,025 79 4 1

aF 303,157 404,444 285,778 309,373 369,942 395,385 178,254 206,603

Blfaa . 1981 1982 1983 1984 1985 1986 1987 1988
(k) 0 7% 0 0 0 0 0 0 0 0
1% 70,687 41,625 92961 24,465 56,191 41,834 48,207 35,403
2+7% 981 20 77 102 1,025 79 4 1

aF 71,668 41,645 93,038 24,568 57,216 41,913 48,211 35,404
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iR 2-1. (e¥)

s R i 1989 1990 1991 1992 1993 1994 1995 1996
(k) 0 7% 18,814 17,031 18,443 20,221 17,570 10,355 11,498 14,061
1% 9,270 6,245 22,522 3,848 4,896 7,959 6,581 5,049
2+55% 0 123 120 57 8 17 205 136

B 28,085 23,400 41,084 24,125 22474 18331 18,283 19,246

R 4 1989 1990 1991 1992 1993 1994 1995 1996
(B H)E) 0 7% 8,999 7,588 5,569 8,500 6,292 4,239 4,192 5,112
1% 985 603 2,698 384 648 852 731 559
2+55% 0 5 5 3 0 1 8 5
B 9,984 8,196 8,272 8,887 6,940 5,092 4,930 5,677
ER R G 1989 1990 1991 1992 1993 1994 1995 1996
(BT R) 0 % 40,646 85123 24,938 39,549 39,460 30,261 26,772 30,410
1% 2,932 1,828 7,769 1,105 1,868 2,630 2,222 1,812
2+55% 0 14 13 7 1 2 24 17

B 43,578 86,966 32,719 40,661 41,330 32,893 29,018 32,238

TIELR I G 1989 1990 1991 1992 1993 1994 1995 1996
0 % 1.00 0.29 1.02 0.95 0.61 0.51 0.59 0.65

1% 3.23 2.86 491 5.01 4.68 2.61 2.81 2.14

2+7% 3.23 2.86 491 5.01 4.68 2.61 2.81 2.14

A == 1989 1990 1991 1992 1993 1994 1995 1996
(g) 0 7% 21 2.2 3.3 2.4 2.8 2.4 2.7 2.8
1% 9.4 10.4 8.3 10.0 7.6 9.3 9.0 9.0

2+7% 16.4 24.9 25.4 22.0 23.9 235 24.8 25.0

R s 1989 1990 1991 1992 1993 1994 1995 1996
(h>) 0 % 84,981 191,054 82585 94,080 110,197 73918 73,434 83,647
1% 27,588 18,929 64,839 11,070 14,123 24559 20,016 16,358

2+7% 1 355 328 155 22 50 590 416

aF 112,570 210,338 147,751 105,304 124,341 98,528 94,041 100,421

Bl . 1989 1990 1991 1992 1993 1994 1995 1996
(k) 0 7% 0 0 0 0 0 0 0 0
1% 27,588 18,929 64,839 11,070 14,123 24559 20,016 16,358
2+7% 1 355 328 155 22 50 590 416

aF 27,589 19,285 65,166 11,225 14,144 24,609 20,607 16,774
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iR 2-1. (e¥)

s R i 1997 1998 1999 2000 2001 2002 2003 2004
(k) 0 7% 11,652 10,383 14,752 26,612 24,322 25,797 21,180 12,055
1% 3,807 4,432 6,614 8,008 6,994 9,188 6,092 10,952
2+% 166 361 773 211 73 1,649 552 2,698

B 15,625 15,176 22,139 34,831 31,388 36,634 27,823 25,705

MR 4 1997 1998 1999 2000 2001 2002 2003 2004
(EH)R) 0 4,606 3,021 3,870 9,740 8,492 8,832 8,588 4,888
1% 473 403 654 720 891 1,196 653 1,221
2+55% 7 16 35 12 3 67 23 108
B 5,086 3,439 4559 10,472 9,386 10,094 9,263 6,216
BB 4 1997 1998 1999 2000 2001 2002 2003 2004
(EH)2) 0 7% 29,449 26,067 28,793 64,131 60,691 59,456 53,155 36,098
1% 1,935 1,994 2,135 2,172 4,445 4,460 4,190 3,504
2+55% 26 72 107 34 14 233 135 295

a3 31,410 28,133 31,035 66,337 65150 64,150 57,480 39,896

LRI 4 1997 1998 1999 2000 2001 2002 2003 2004
0 % 0.59 0.40 0.48 0.57 0.51 0.55 0.62 0.49

1% 1.20 0.86 2.08 2.95 0.85 1.45 0.59 5.41

2+7% 1.20 0.86 2.08 2.95 0.85 1.45 0.59 5.41

A == 1997 1998 1999 2000 2001 2002 2003 2004
(g) 0 7% 25 3.4 3.8 2.7 2.9 2.9 25 25
1% 8.0 11.0 10.1 11.1 7.9 7.7 9.3 9.0

2+7% 24.0 23.0 22.2 17.6 23.9 248 243 25.0

R s 1997 1998 1999 2000 2001 2002 2003 2004
(h>) 0 % 74500 89,588 109,762 175,231 173,818 173,660 131,093 89,038
1% 15574 21,951 21,583 24,146 34,909 34,271 39,102 31,438

2+7% 635 1,666 2,386 604 338 5,786 3,281 7,365

aF 90,708 113,205 133,731 199,980 209,065 213,716 173,477 127,841

Bl . 1997 1998 1999 2000 2001 2002 2003 2004
(k) 0 7% 0 0 0 0 0 0 0 0
1% 15574 21,951 21,583 24,146 34,909 34,271 39,102 31,438

2+7% 635 1,666 2,386 604 338 5,786 3,281 7,365

aF 16,208 23,617 23,969 24,749 35247 40,056 42,384 38,803
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iR 2-1. (e¥)

T & 4 2005 2006 2007 2008 2009 2010 2011 2012
(~) 0 7% 28,082 17,211 23,064 23,128 17,554 20,393 16,660 20,331
1 5% 5,006 16,655 9,528 11,886 20,669 12,605 19,421 15,520
2+55% 11 1,432 114 46 1,526 1,118 1,140 1,485

B 33,099 35298 32,707 35059 39,749 34,116 37,221 37,336

MR 4 2005 2006 2007 2008 2009 2010 2011 2012
(B H)E) 0 7% 9,862 5,749 9,089 7,153 6,591 6,752 5,101 8,689
1% 501 2,328 1,176 1,708 1,750 1,605 2,609 1,550
2+55% 0 57 5 2 68 46 47 60

a3 10,364 8,134 10,269 8,863 8,409 8,402 7,757 10,298

BB 4 2005 2006 2007 2008 2009 2010 2011 2012
(BT R) 0 % 83,348 44,343 80,898 71,194 65886 90,803 50,741 85,396
1% 2,710 6,756 3,418 6,726 6,215 5,762 8,757 4,428
2+55% 2 157 13 7 226 155 148 162

B 86,060 51,255 84,329 77927 72,327 96,719 59,646 89,986

LRI 4 2005 2006 2007 2008 2009 2010 2011 2012
0 % 0.41 0.46 0.39 0.34 0.34 0.24 0.34 0.34

1% 0.75 4.19 4.08 1.29 1.63 1.59 1.91 9.53

2+7% 0.75 4.19 4.08 1.29 1.63 1.59 1.91 9.53

A == 2005 2006 2007 2008 2009 2010 2011 2012
(g) 0 7% 2.8 3.0 25 3.2 2.7 3.0 33 2.3
1% 10.0 7.2 8.1 7.0 11.8 7.9 7.4 10.0

2+7% 26.5 25.2 24.6 23.8 22.6 245 24.4 24.9

R s 2005 2006 2007 2008 2009 2010 2011 2012
(h>) 0% 237,339 132,753 205293 230,195 175474 274,248 165714 199,824
1% 27,057 48,327 27,696 46,806 73,414 45263 65,186 44,353

2+7% 56 3,950 316 169 5,107 3,781 3,613 4,037

aF 264,451 185,030 233,305 277,170 253,995 323,292 234,513 248,214

Bl . 2005 2006 2007 2008 2009 2010 2011 2012
(k) 0 7% 0 0 0 0 0 0 0 0
1% 27,057 48,327 27,696 46,806 73,414 45263 65,186 44,353
2+7% 56 3,950 316 169 5,107 3,781 3,613 4,037

aF 27112 52,277 28,012 46,974 78,5521 49,044 68,799 48,391
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iR 2-1. (e¥)

s R i 2013 2014 2015 2016 2017 2018 2019 2020
(k) 0 7% 23,281 16,627 18,449 21,556 14,297 22,535 13,406 24,510
1% 18,693 25,108 20,663 18,502 26,244 12,936 12,210 14,864
2+55% 0 0 338 104 16 5 204 117

B 41,974 41,736 39,450 40,162 40,557 35476 25,821 39,491

R 4 2013 2014 2015 2016 2017 2018 2019 2020
(B H)E) 0 7% 7,503 5,504 5,548 6,998 4,600 7,289 4,854 7,678
1% 2,595 3,852 2,444 2,116 2,642 1,386 1,517 1,995
2+55% 0 0 13 5 1 0 11 5

a3 10,098 9,356 8,005 9,119 7,243 8,676 6,382 9,679

ER R G 2013 2014 2015 2016 2017 2018 2019 2020
(EH)2) Om% 113,794 73697 65397 81,717 47,516 57,226 60,656 67,780
1% 7417 11,309 7,099 6,067 7,558 4,209 4,457 5,729
2+55% 0 0 37 14 3 1 30 15

a7 121,211 85,006 72,533 87,798 55,077 61,436 65,144 73,524

TIELR I G 2013 2014 2015 2016 2017 2018 2019 2020
0 % 0.21 0.24 0.28 0.28 0.32 0.45 0.26 0.39

1% 9.99 3.63 413 5.64 6.91 2.84 3.60 5.36

2+7% 9.99 3.63 413 5.64 6.91 2.84 3.60 5.36

A == 2013 2014 2015 2016 2017 2018 2019 2020
(g) 0 7% 3.1 3.0 3.3 3.1 3.1 3.1 2.8 3.2
1% 7.2 6.5 8.5 8.7 9.9 9.3 8.0 7.4

2+7% 25.1 25.1 25.3 20.2 16.9 16.7 18.9 21.3

R s 2013 2014 2015 2016 2017 2018 2019 2020
(h>) 07% 353,100 222,626 217,491 251,712 147,680 176,925 167,518 216,369
1% 53,422 73,711 60,015 53,061 75071 39271 35870 42,676

2+7% 1 1 933 284 45 15 571 319

aF 406,523 296,339 278,439 305,057 222,796 216,211 203,959 259,365

Bl . 2013 2014 2015 2016 2017 2018 2019 2020
(k) 0 7% 0 0 0 0 0 0 0 0
1% 53,422 73,711 60,015 53,061 75071 39271 35870 42,676
2+7% 1 1 933 284 45 15 571 319

aF 53,423 73,712 60,948 53,345 75,116 39,286 36,441 42,995
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iR 2-1. (e¥)

g GE 2021 2022 2023
(b)) 0 ik 20,353 26,085 30,817
1% 12,554 16,339 11,603

2+75% 30 44 3

G 32,937 42,469 42,423

T A GE 2021 2022 2023
(BEHR) 0 ik 6,272 9,408 12,590
1% 1,945 2,175 1,948

2+75% 1 2 0

B 8219 11,585 14,539

EIRRE G 2021 2022 2023
(E ) 0 7% 68,737 107,643 125,271
1% 5,613 6,222 9,890

2+75% 3 7 1

B 74,353 113,872 135,162

LR AL 4 2021 2022 2023
0 7% 0.30 0.29 0.34

1% 4.63 6.97 0.83

2+7% 4.63 6.97 0.83

AR E Ge 2021 2022 2023
(9) 0 7% 3.2 2.8 2.4
1% 6.5 75 6.0

2+7% 25.1 17.8 20.0

R A G 2021 2022 2023
(~) Om% 223,047 298,472 306,627
1% 36,227 46,736 58,897

2+7% 83 120 14

& 259,357 345,328 365,539

B s 2021 2022 2023
() 0 7% 0 0 0
1% 36,227 46,736 58,897
2+7% 83 120 14

a5 36,310 46,856 58,912
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MR 2-2. EIRFHEICHWIZERBIORAR E M

0 % 0.0

1% 1.0

2+7% 1.0

MR 2-3. FHIBOERE (W) RE. FHKRE, f#ke M
PR SRR E -
A s HL<IE iR M
WREARE (cm) @

1 13 — 29 0.064 0.00 0.469
2 30 — 44 0.494 0.00 0.353
3 45 — 6.1 1.696 0.00 0.289
4 62 — 70 2.737 0.00 0.249
5 71 — 78 3.979 0.55 0.222
6 79 — 85 5.351 0.80 0.202
7 86 — 91 7.023 0.95 0.187
8 92 — 96 8.721 1.00 0.176
9 9.7 — 101 10.339 1.00 0.167
10 102 — 105 11.776 1.00 0.167
11 106 — 109 13.348 1.00 0.167
12 110 — 112 15.060 1.00 0.167
13 113 — 115 16.441 1.00 0.167
14 116 — 11.8 17.908 1.00 0.167
15 119 — 120 18.936 1.00 0.167
16 121 — 123 20.553 1.00 0.167
17 124 — 124 21.113 1.00 0.167
18 125 — 126 22.264 1.00 0.167
19 127 — 128 23.459 1.00 0.167
20 129 — 129 24.073 1.00 0.167
21 130 — 130 24.698 1.00 0.167
22 131 — 131 25.334 1.00 0.167
23 132 — 132 25.982 1.00 0.167
24 133 — 133 26.641 1.00 0.167
25 134 — 27.311 1.00 0.167
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MR 2-4. MO Hiwn] - Ajll~ b Y 7 2 &4 M QR A

14 2H 4J] 5H 6H 8J] 9H 104 114 12

3H 7H

3Am| 0.289 0.289 0.289 0.289 0.289 0.289 0.289 0.289 0.289 0.289 0.289 0.289
4H s 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249
5H#n| 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222
6 fiii| 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
7Hm| 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187
8H#n| 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176
9H #n| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
10/ fii| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
117 f| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
127 | 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
137 #n| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
147 | 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
154 fin| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
16 A fiw| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
17H #n| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
18/ fii| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
194 fin| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
20A ffn| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
217 ln| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
22 | 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
23 fim|  0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
247 | 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
251 fn| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167

v 2n | e | an | sn | en | mn | e | e | o0 | | w2 |12

i/ o029 | 0269 | 0253 | 0241 | 0230 | 0221 [ 0213 | 0207 | 0203 [ 21

15%| 0.199 0.196 0.194 0.184 0.177 0.172 0.169 0.168 0.167 0.167 0.167 0.167 21

2+5%| 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 2.0

FHIZBWT, Fili 2 L ICFAROEDOFEE KD, Thba 1~12 ATHITHZ L
IZ & D KAFEDO M Z Rz,
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MR 2-5. REMOERO Hims] « A~ hY 7 2

2H 6H H 104 114 121

14 3/ 4J] 51 71 8J] 9

1H
2H W

37 i 1 1 1 0 0 0 0 0 0 0 0 0
4H i 1 1 1 1 0 0 0 0 0 0 0 0
54 lim 1 1 1 1 1 0 0 0 0 0 0 0
64 lim 1 1 1 1 1 1 0 0 0 0 0 0
74 liw 1 1 1 1 1 1 1 0 0 0 0 0
84 lim 1 1 1 1 1 1 1 1 0 0 0 0
9A lim 1 1 1 1 1 1 1 1 1 0 0 0
104 fiw 1 1 1 1 1 1 1 1 1 1 0 0
114 s 1 1 1 1 1 1 1 1 1 1 1 0
124 liw 1 1 1 1 1 1 1 1 1 1 1 1
134 fiw 2 1 1 1 1 1 1 1 1 1 1 1
144 liw 2 2 1 1 1 1 1 1 1 1 1 1
154 fiw 2 2 2 1 1 1 1 1 1 1 1 1
16 A fiw 2 2 2 2 1 1 1 1 1 1 1 1
174 liw 2 2 2 2 2 1 1 1 1 1 1 1
184 fiw 2 2 2 2 2 2 1 1 1 1 1 1
194 fiw 2 2 2 2 2 2 2 1 1 1 1 1
204 fiw 2 2 2 2 2 2 2 2 1 1 1 1
214 liw 2 2 2 2 2 2 2 2 2 1 1 1
221 liw 2 2 2 2 2 2 2 2 2 2 1 1
231 liw 2 2 2 2 2 2 2 2 2 2 2 1
241 liw 2 2 2 2 2 2 2 2 2 2 2 2
251 liw 3 2 2 2 2 2 2 2 2 2 2 2

BfE T 2 R
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MR 2-6. I3 - BIEAERO M- bbb L] @RI ED 5 1~2 Al oElE

& RIS RS
1981 0.25 0.04
1982 0.31 0.06
1983 0.28 0.06
1984 0.42 0.11
1985 0.27 0.06
1986 0.38 0.10
1987 0.33 0.06
1988 0.35 0.08
1989 0.72 0.30
1990 0.69 0.26
1991 0.23 0.03
1992 0.42 0.12
1993 0.43 0.10
1994 0.48 0.11
1995 0.67 0.19
1996 0.17 0.03
1997 0.64 0.22
1998 0.45 0.08
1999 0.22 0.02
2000 0.26 0.05
2001 0.50 0.12
2002 0.58 0.15
2003 0.59 0.18
2004 0.73 0.22
2005 0.36 0.08
2006 0.64 0.16
2007 0.44 0.11
2008 0.52 0.11
2009 0.56 0.11
2010 0.40 0.07
2011 0.17 0.02
2012 0.36 0.07
2013 0.25 0.04
2014 0.31 0.05
2015 0.32 0.04
2016 0.38 0.06
2017 0.16 0.02
2018 0.38 0.07
2019 0.65 0.18
2020 0.21 0.03
2021 0.43 0.08
2022 0.33 0.06
2023 0.26 0.05
S 0.41 0.10

7N 0.16 0.02
N 0.73 0.30
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HEREN3 BHEEERELERKEESE

B 4F 9 AICA ST TR EEESE ISR D P sei B s gkt 1 H AR
PELUEME (SBtarget) 1213 MSY /K¥EIZIIS H8ifaE (SBmsy : 43 T H), Bﬂﬁﬁfﬁﬁﬁ
fiEl (SBlimit) 21X MSY @ 60%72315% 541 2% Bk & (SB0.6msy: 17 T~ 2) | Z&Jf/K ¥ (SBban)
21X MSY @ 10% 035 b 5 8ifas (SBO.Imsy : 2 T hy) VA Z ERBESATH
% (EHED 2022, MR 6-2),

SBmsy & Z LA MEFFT 2T (Fmsy) Z X YEIC L7 7 a v b &2 X 3-1 1R,
TR — MEHTIZ X VG 5472 2023 FEo@fas (SB2023 : 59 T ko) (X SBmsy % kA>T
W5 (iR 6-2, 6-3), ARBEICEIT D 2008 4ELIRE O 1L, 2020 4F & 2021 4F 4 BR
wfﬁmw%%ﬁﬁéﬁfﬁ%T@ofwt&#méﬂé

PR AEIZ 31T 2 B R & ARl A & L OBIR A MR X 3-2 12T, CEEE
ﬁigiﬂﬁ&ﬁéﬁ%%fﬁ%u?f X0 B L EENFEE 2 HOTWDH N, BlAaEHN
THIZONTEEADLERE L RHERBALND,

5| AR

mﬁ%%-%%Eﬁ-£E+m-ﬁ§$g%-ﬁ#%w-#i%*-ﬁT%*(mn)%ﬁ
4 (2022) EED B T F A T T NEREEO B HLILEESE (B9 DS R iR B R
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BEHANCBNT, P 08T THILE, 10 412 SBmsy (HEEZFIILUEEZR) % 50%
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B 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035

1.0 52 46 45 44 44 43 42 43 43 44

0.9 55 51 50 49 49 48 48 49 49 49

0.8 59 55 55 54 54 53 53 54 54 54

0.7 63 60 59 59 59 58 58 59 59 59

0.6 67 64 64 64 64 63 63 64 64 64

0.5 100 83 71 69 69 69 69 68 68 69 69 69

0.4 75 74 74 74 74 73 74 74 74 74

0.3 80 79 79 80 80 79 79 79 80 79

0.2 86 86 86 86 86 85 86 86 86 86

0.1 92 93 93 93 93 93 93 94 93 94

0.0 97 99 99 99 99 99 99 99 99 99
BLR DI IEE 61 57 56 56 56 55 55 55 56 56

b) [RAVEHIEMEEZR 2 EE DR (%)

B 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035

1.0 98 96 96 95 95 95 95 95 95 95

0.9 99 98 97 96 96 96 96 97 97 96

0.8 99 98 98 97 97 98 98 98 98 98

0.7 99 99 98 98 98 98 98 99 99 98

0.6 100 99 99 99 99 99 99 99 99 99

0.5 100 | 100 100 99 99 99 99 99 99 | 100 99 99

0.4 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

0.3 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

0.2 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

0.1 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

0.0 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

BLR DR IEIE 99 98 98 98 97 98 98 98 98 98

B & 0~1.0 TERE L7=5E DR TR OR R 2779, 2024 4 O S T E T 5 4 (2019
~20234F) DO37TTFT b L, 2025 FEnOHEEHFHAIRIC L piEL L, iD=
BUROWER (F2018-2022, B=0.86 (ZFHY) THRBEZ G -5 a O/ E LR LT,
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B 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035
1.0 48 45 45 44 44 44 44 44 44 44
0.9 50 48 48 47 47 47 47 47 47 47
0.8 53 51 50 50 50 50 50 50 50 50
0.7 55 53 53 53 53 53 53 53 53 53
0.6 58 56 56 56 56 56 56 56 56 56
0.5 -3 60 59 59 59 59 59 59 59 59 59
0.4 64 63 63 63 63 63 63 63 63 63
0.3 68 67 68 67 67 67 67 68 67 68
0.2 73 73 3 3 3 73 3 74 73 73
0.1 81 82 82 82 82 82 82 82 82 82
0.0

BLR O+ 53 52 51 51 51 51 51 51 51 51

B A& 0~1.0 CEHE L7HE DI TR ORI 27" 7,2024 4 O IXEIT 5 42 (2019
~2023 ) D37 T hrre L, 2025 F0OIEEEHHAIRIC L 518 L Lo, DD
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B 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035
1.0 52 42 41 40 40 40 40 40 40 40 40
0.9 50 41 40 40 39 39 39 39 39 39 39
0.8 48 40 39 39 39 38 38 38 39 39 38
0.7 45 38 38 38 38 37 37 37 38 38 37
0.6 43 37 36 36 36 36 36 36 36 36 36
0.5 37 40 35 35 35 35 35 34 35 35 35 35
0.4 36 33 33 33 33 33 32 33 33 33 33
0.3 32 30 30 30 30 30 30 30 30 30 30
0.2 26 26 26 26 26 26 26 26 26 26 26
0.1 16 17 18 18 18 18 18 18 18 18 18
0.0 0 0 0 0 0 0 0 0 0 0 0

BLR DML 47 39 39 38 38 38 38 38 38 38 38

B 0~1.0 TEHE LI E DR TRIOR R A4 73,2024 4 O I ELT 5 422 (2019
~20234) D37 F R L, 2025 FofEEHEBAIRIC L AEL Lo, kD
BLROMER (F2018-2022, B=0.86 (ZFHY) THREZ G -G O/ E LR LT,
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WEEJEFEAT CIk, Rk T4 (2023 42) O F OBRFEE Fmsy LRI E LTz, 2D
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F O@BIRF L LT, BREHTORKETH D 2023 xRS 5 4RH (2018~2022 4) @
FlnRl] F OFLMEOZEIE (0 554 0.07, 15 1.00, 2+ 1.00) ZEH L7,

EIR B O TFRNC L, 2 A — MEfrosiEE ((13) - (15) X)) 2HW-,

Na+1,y+1 = Na,yexp(_Fa,y - M) (13)
Nyt yr1 = N2+,yexp(_F2+,y - M)+ N, yexp(—F,, — M) (14)
M
Cay = Na.y{l - exp(—Fa,y)}exp (‘ E) (15)
5| A Xk

FTEPERE « AR « ZH - - JEE T2 7 - M - HoolA— - A TIEZ (2022) &7
4 (2022) fEEET 2 7 FA U WRF NERRE OB PR EE S (BT R B S
Et. FRA-SA2022-BRP05-01, 7KEEMFIE - ZE 1A%, #i, 55pp. https://www.fra.affrc.go.jp/
shigen hyoka/SCmeeting/2019-1/20220818/FRA-SA2022-BRP05-01.pdf
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FHEFERE - @G IER - ZHA - BT E A - L - HooH— - A TFIEZ - MK
(2023) F0 4 (2022) FEE X 7 F A T WA NEREE O EIRGEAN. FRA-SA2022-AC-
25, B0 4 FEEFRDN E R K DI EEE TRAEAM, KEEIT « AKPEMFTE - OB AE, U,
50pp. https://abchan.fra.go.jp/wpt/wp-content/uploads/2023/07/details_2022 25.pdf

GEIRATAMG = BEALVEZERR 2 (2024) 0 6 (2024) 4FE A PERIMR OHEE - & HLIEMEME AR -
PR TR R 2 b— a3 BT S HF 2 — b, FRA-SA-2024-ABCWG02-04, 7K FEHF
7% - ZUE RS, KK, 15pp. https://abchan. fra.go.jp/references_list/FRA-SA2024-ABCWG02-
04.pdf

IKPEWFZE « BOEHEME (2024) 70 6 (2024) AREEIASEE PEEIHIZS KX O ABC HED T2 DA
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17 1.00 6.93 1.58 8.7 2.1 1.0
2%l b 1.00 6.93 1.58 18.8 2.0 1.0
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F, BYCRIIAREE OGIFFEAN THEE Sz EEHEZ2FR< 5 4H (2018~2022 4) @
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WRER 6-4. THIRER L THB AR

2025 o F faE (TRIEHE) - 73 Th

2025 D BURORIEEIC
‘ N 2025 4ED
S T e AR A (0
(Tho) (F/F2018-2022) PR

B LY (T OO E B A B B CIR RS B (R fiE)

B=0.8 | 48 | 104 | 17
FREERLRD p LSS

B=1.0 52 131 18
B=0.9 50 118 17
B=0.6 43 0.78 15
B=0.4 36 0.52 13
B=0.2 26 0.26
B=0.0 0 0

F2018-2022 47 1.00 16

MR 6-5. B2 B & ATk TR

ZRLUTOD A HEEN A&
2035 4¢ 00% 2035 FFICHARDLLT O
BH PHIRR | Lpypepy | EERIEEIRE EEDHER (%)
H
(Fho) () | sBmsy | SBo.6msy | SBO.Lmsy
B ELVE R IS O e B R e E R CIR RS B (R fiE)
p=0.8 | 50 | 20 - 96 | 54 | % | 100
FREERLD p R HAILISE
B=1.0 44 | 17 - 86 44 %5 100
B=0.9 47 | 19- @ 49 %6 100
B=0.6 56 | 24 - 107 64 99 100
B=0.4 63 | 28 — 119 74 100 100
B=0.2 73 | 35— 134 86 100 100
B=0.0 99 | 53 - 167 99 100 100
F2018-2022 51 | 21— 98 56 98 100
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1,940~2,909 [El/4F- D& Td - 7=,

5| FAX Ak

IREBEE (1983) W% 7 FA U VIIOFRERE LIRE L ORR. # 15 HMAEXK 7 2 v 7
PRI SERT JE X S, 59-64.

WEFEEE - 884 5L (2008) 1980~2005 “EDOWEFNHEICBIT D H % 7 F A U T OREIIESY
Aii. HIKGEE, 74, 636-644.

gy Bh - H S NIFIE - RARE IS - R R - AR & (W) (1995) HAJE LK
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HRER S BEEFMBERLDLER

WEAEE (2023 4EE) OBPREAGG R (EIE2> 2024) & A OGS R 2
% & 2020 FLARTRC 2026 FLAREOHEEMIZ R E 7 EV NI A HIVR D> T2 h3, 2021~2025
FEOHEEMITEN LT (2K 8-1~8-3, ffid# 8-1), Bz IX. 2021 Fk#E (2021 4 0 %
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MAE (0AERELR T FHEESRE (@RX 8-1),

2021 AERREEIL, FEEEEFM T TF 2 —=0 7 OB TH S 1 ikfad F IMELMEICHEE S
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DOWIERENT DT | 2+ L0 A IO EIRBEE & 5 RI13/h & < 2021 4k
HERBlAEOTMERE D 2022 FOFAE (MHEX 8-2 DR, BILU2021 FOMAE (i
JEIX 8-1 OFR=A) IFREFEETMM L 0 & THEESh DR ERoT (L 8-,

2022 EFEBEIIHMEEETMECIX 0 A Th o272, Fa—=r OB TR N7
N, AEEFMTIE 1 ALY, TOF N Fa—=rT0x0RERoT-, TORE, 1
FRAD F MEVMEICHEE SN D Z 22k » T, 1 BAOEIFRREN & WEICHEE Sz,
o TIMAEIZ OV TS 2021 FEARBELIAT & LRl U TRV M & U CHEE Sz (2 1] 8-1
DOIRVIA) ,

WEAE RN I 2022 4R 0 sk OIfER N2 < QT EHIE ) 2024, MR 2-1), 2022
FEARAED IMMA B Z L% BRI FHE SRR TSI 1T 2 2023 FOB AR WME
WICHEE S AU TW e, L LG, MEREEFHMEICIIT 2 2022 FF0ifERE 53 T v (B E
filfl) (X, SEEMECIIMEME LT T A FTAEESNT: (fid# 8-1), Z o
BOFHEEOEEIZLY, R L X 5 ICAREEFN O 2022 HFHEBEOMAREITT = —
=V T DOMRICL S TEFEEISRTWDEHLOO, EEEFMOHETEEI DT FHEES
NDFER LT (FHRK 8-1), FERIC, AFEEFMICIIT 5 2023 FOFARITT 2 —=
VAL E o TEWEICHEE Sz b 00, FEEEFEMOHEE N 1 F HBEIE SN D iR
Lotz (M2 8-2),

ARRHEOERDO EHIL0EA TH L, BIREITMARE B2z xR Ls (iR
8-3), LLEDX 51T, 2021~2022 FEDHEEMIZ OV TIZMEEFE AR & AR MO R TR
ZIRBNRH BILTEH, 2023~2025 FETNT TEINNE L 720 | 2026 FLIFEO T RIMEIXIE
EFRICAE & e o7 (21X 8-1~8-3),

REAE SN & AR EERHIIC 38 1 2 i & OHER 2 i 2 [X] 8-4 127”97, 2025 4R T &
BT, EEETML Y bAEEICB O TREWVEE 2572, ZOERMEIL, REETH
D 2025 AEOEPFENHEEFEFME L W & REWNDL TH D, 2B, EEEFLICH T 5 2023
EofER (FY37 T o) BIOREEFNIZIK T S 2024 FoifsERE 37 T o)
IREMTH D (HEEES),

5| B 3@k
TS B - EABIE A « 22 4 - PEH R E - HoolE— - BEPIEZ - K FIE - WHIEFR (2024)
SFN 5 (2023) AEED X T FA U WEF NHEREEOETRGEANL. FRA-SA2024-AC-25, 45
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Fi 5 AR BEFR AN EE D K DR ZE G IRAAM, KPEST - JKPENTIE - BUEREME, HURL, 65pp.
https://abchan.fra.go.jp/wpt/wp-content/uploads/2024/03/details 2023 25.pdf
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MR 8-1. WEAERE (2023 ) L ARFEOGERFANME R ONAR) Ok
MABEOHEERERE, B % 0.8 & LIz aOifiEE BRI S R PRI R %
AT, FERRIE VPA IC K D HEER SR, SRR THFER TH D . KRR, MR
1L 90% DR TEHEEND & TR SN L EHERT,
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MR 8-2. WEAREEE (2023 ) & ARFEOERAANME R CBlAE) Dk
BARBEOHEMRE L, B & 0.8 & LIZSA0IREEEIRANIRICES TR 2
R, FERIEL VPAIZ XD HEERE R, ST R TR R TH U | KRR IS E, MR
1L 90% DR TEHEEND & TR SN D EHEZ T,
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MR 8-3. WEAEJE (2023 4EJE) & ARFEOEPFHmAE R (ERE) Ok
BFRBEOHEERRE L, B %2 0.8 & LA OREEHBRANIZICIS kPR %
R, FARE VPAIZ X B HEERE R, AR PR RTH 0 . AT, FRR
1L 90%DWERTEHEEND & PR SN DEPHZ R~ T,
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MR 8-4. PR (2023 4FF) L AEEOEFRFAMER (AR Ok
HEEOHEEMR L. B % 0.8 & LA OREEHHAIRICHES PR TR R %
R, KR VPAIZ XD HEERE R, SRR TSR CH 0 . KBRITFIIME, HRR
X 0NDFERTEHEEND & TH SN LHEHL RT, EEOEFRAND 2023 41k
B & AL 0 2024 FEEEIIEM TH D,
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FEMAREE /4R 2021 4F 2022 4F 2023 4F 2024 4F 2025 4=
2022 89 75 56
2023 37 96 114 75
2024 fFJE 36 47 59 105 73
(b) A= ([ER)
M AEEE /4R 2021 4 2022 4 2023 4 2024 4 2025 4
2022 ARJE 712 712 685
2023 A 1,264 1,299 702 703
2024 4 687 1,076 1,253 702 701
(c) MR (T hy)
FEAMAREE /4R 2021 4F 2022 4F 2023 4F 2024 4F 2025 4=
2022 FJE 34 46 41
2023 HFJE 33 53 37 49
2024 FFJE 33 42 42 37 48

2022 £ O EPRRHG 2> B AR - AR R Z W ek — Mg 2 i 5 L 5 17
STz, BABESMARD BEAOKMEIZaR— MEWIZ X 2 EEEFRT, AEREDOEAD
BAEITERE (BEE) |\ BEOBEIXFEE HEE) . FEOBEIIN R RIS T 21K
EMEAERT, REOEMHEIL B % 0.8 & LfEEHHAIRZZEM L% o TR E %
Fd, WEEETN L SFEETM A T 5 & 2022 FFOBAEN T HELE LR, Ok
. 2021 FEDMAR S FHEIE & 7a o7, 2022 4E DR IVEEE O EE TIiX 53 T b
ERESNTWER, SFEEOMEETIZ42 T F A T HEBEES
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HREHRI VSRICHAT S1EHR

WA TIE, V7 AR e LIERELRZEL TN DD, Ty 7 AT L4
YR TR E G W E R,

1. Z3A4[ - Al

BRI N OB WHE CHRAET DRI A, KR X TORFITHEAET 2
RO—H G W NUEICRIE L, (BESGEIRICND S Z L b, WP R ORZEICE
F % 2T AUIE RO ZE IR K TRAET D IEERO G K E & B OB N R
T5 (A 1971),

2. ﬁﬁ%@%%

VT AT AFFROE M L o THRE SN D, 1981~2023 FEIZEB T D v T AD & (f
%%%ﬁ%éﬁﬁﬁ BULILOLT IS OMIER) 242X 9-1 LHiEE 9-1 1R T, v 7
A DSERIT 1986 FEI12 5.3 F b Tk K E R 7=, W EIm 278 L, 1998 121X 2.1
Foblpot-, FO%IE 1.8 T~39 F RO THR L THY ., 2023 FoifEs (e
) X305 hoThotz,

3. fESS )&

y?x%%ﬁﬁ%k?é%@%%%%@ﬁ%ﬁ%(ﬁ%Mﬁz%% KRBT 1 il
UL 2 b, BRI 1R (ISR AERRF O FEEE RS (HRX 9-2, ﬁﬁ%
QﬁoK@%@ﬁ%ﬁ%fi@%ﬁ_z%f1ﬁ®@ﬁ%ﬁ%¢ét@ st ek L
7o ST 1990 FARLARE, JlAME M & R L7223, mm&ﬁ%#uhiwm% QY|
MIZdH D, 2B, FFICBIT L LR RIRRHBICH T 22 7 A EROAFHL, HANES
RO T A ERED 11~19% () 16%) & hHd 5,

VI RAERERNG LT HMOEHEOEARM (FESR1E, LER1E) (2B 25MH#
KRB OFLEE T R 9-2, #iEE 9-2), HREEEEIT 1990 FFRLIKE, JME A
HU . FFIZ2017~2021 2T THEHFIZHAD LTS, BIREND OB & B I L,
A, ORI N T 1 RN 720 OBFERFMEZ R LTWD LS ThLR, EED
PR IR ICITE o TR, 2072, EAMROIFEHRICONWTIIZEEHRE L TRRT
Do

4. BIRERTEOHRS

VT AE W R LTAOEEIRED 6 SONREREIZ OV T, FLED WS S Y
7oV ifERE (LR, TCPUE) &W9) OBME (F /i) 24 (R 9-3, sl
9-2), E72. 2 DOEAMIONTOEKFED CPUE OFEHE (F/Md) bRd, WIino
CPUE [Z2OW T, IIIHL LAY, 2000 BT LUK, M 2R~ LTV 5,

5. FOfh

WS N D PRI E T DTl EEINERIIZ VLR YT ADORE M L TRV |
ZOHER E LT AFMRIIRBAOEBERE D Z e E035H ST\ 5 (Fujitaetal. 2021,
Yoneda et al. 2022) .
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Fujita T., M. Yamamoto, N. Kono, T. Tomiyama, K. Sugimatsu and M. Yoneda (2021) Temporal
variations in hatch date and early survival of Japanese anchovy (Engraulis japonicus) in
response to environmental factors in the central Seto Inland Sea, Japan. Fish. Oceanogr., 30,
527-541.

WAREH (1971) 7 AP (FP 7 A) & & ORRIZOW T, BT 45 R Fnk L IR
IKPERRBR Y S5 WS, 159-163.

Yoneda M., T. Fujita, M. Yamamoto, K. Tadokoro, Y. Okazaki, M. Nakamura, M. Takahashi, N. Kono,
T. Matsubara, K. Abo, X. Guo, and N. Yoshie (2022) Bottom-up processes drive reproductive
success of Japanese anchovy in an oligotrophic sea: A case study in the central Seto Inland Sea,

Japan. Progress in Oceanogr., 206, 102860.
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i 9-1. VI ADMEERE (hr) ORFEEL

£ EkGEA

1981 16,319
1982 26,264
1983 45,012
1984 33,443
1985 50,224
1986 53,385
1987 38,042
1988 46,157
1989 45,071
1990 34,426
1991 36,223
1992 27,700
1993 27,327
1994 24,577
1995 24,983
1996 25,557
1997 22,615
1998 21,446
1999 37,123
2000 34,780
2001 26,413
2002 35,299
2003 37,813
2004 26,239
2005 20,598
2006 18,410
2007 26,340
2008 27,861
2009 27,186
2010 36,555
2011 19,782
2012 33,048
2013 29,932
2014 26,291
2015 26,715
2016 31,324
2017 25,222
2018 21,975
2019 29,224
2020 27,459
2021 39,005
2022 25,453
2023 30,388

2023 FIIEEMTH D,
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MRH 9-2. WEPNIED Y 7 AMOE MR 5 R H &AM O CPUE

REH FEA A
Go CPUE X HA R 2K CPUE NSk E b

(b / ke (%) (R /HR2ER%0) (I=1)
1993 — — 0.17 366
1994 0.32 1,586 0.16 331
1995 0.36 1,675 0.16 255
1996 0.56 1,513 0.17 256
1997 0.53 1,306 0.19 364
1998 0.44 1,396 0.14 323
1999 0.82 1,308 0.32 335
2000 0.73 1,388 0.23 372
2001 0.53 1,536 0.18 282
2002 0.55 1,571 0.16 320
2003 0.65 1,483 0.33 317
2004 0.79 1,096 0.23 227
2005 0.39 1,123 0.15 243
2006 0.40 1,228 0.15 281
2007 0.47 1,401 0.19 269
2008 0.53 1,377 0.19 279
2009 0.49 1,301 0.26 227
2010 0.79 1,380 0.23 267
2011 0.53 990 0.21 267
2012 0.59 1,467 0.26 314
2013 0.66 1,075 0.30 224
2014 0.61 1,117 0.20 244
2015 0.47 1,392 0.19 223
2016 0.56 1,380 0.25 219
2017 0.48 1,202 0.27 215
2018 0.41 1,166 0.29 173
2019 0.54 1,367 0.34 136
2020 0.58 1,174 0.39 136
2021 0.70 1,473 0.42 110
2022 0.50 1,315 0.36 122
2023 0.55 1,275 0.36 140

FE AL 6 S OMREREGIT I T 2 AR IR E D F fE,
PEJBERIEIT 2 S OEAIRIT I VT L ARSI O P E,



