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Size-class Estimation of the Number of Walleye Pollock Theragra chal-
cogramma Caught in the Southwestern East Sea during the 1970s-1990s
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Walleye pollock Theragra chalcogramma fisheries in Korean waters have changed dramatically during the last three
decades: the highest catches occurred in 1981, followed by continuous decreases through the 1990s, ending with a
complete collapse of the population in the 2000s. The major spawning ground of walleye pollock is located in North
Korean waters, and some juveniles (called nogari in Korean, <300 mm) migrate to the south for feeding and growth.
Since the 1960s, Korean fishermen have often caught juveniles, and the weight (metric tons) of juvenile catch was
recorded from 1975-1997. However, because the walleye pollock were not aged, the population age structure was
not delineated. We developed a model to estimate the number of walleye pollock of each size class based on catch
statistics of adults and juveniles, the catch proportion of each size class, and length and weight information on
specimens collected by Danish-seine and drift-gill-net fisheries. The model results demonstrated that the recruitment
size of walleye pollock was consistently within the 200-250mm size class, and the highest number of this size class
occurred in 1981, although values greatly fluctuated interannually. The number of juvenile pollock was 10.4 times
higher than that of adult pollock during 1975-1997. The total yield of juvenile pollock was 0.95 million tons, which
was equivalent to about 68.2% of total pollock production. The number of juvenile pollock caught during the same
period, however, was 16 billion, comprising about 91.2% of the total number caught. Such high fishing pressure on
juvenile pollock is considered one of the main factors causing the collapse of the pollock population.
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N 2 npe} O ThEY|, FUE Aol = A 59 0] 3-5°C

QI 129 5E 1 o538l 3U7A| AbgkE {hth(Park and Ok,

Well(Theragra chalcogramma)~= t|4-1H(Family Gadidae) 1986). Aoj7} AFEE 3= 22 s dult) th2d), WY sjol
ojF o2 Sejeke] A agteof FH st AAlskaL ¢l A= v A] 2 Aol A AbekE SERITE, dekiTtol| A=
SfFe] O 2RE 4] 1,200 m7} His 27HA Tiﬁh:} 41 200 m Ho} 212 Srof| A ARekS 3FH(Kim, 1987; Kim,
a1 A etk (FishBase, 2013), -2 u2he] Fafiof A= oF 1992a). & S50l A Alghel oo vlg Az} 424 o] ¥, 427
200-350 mof| ZEZRFEHNFRDI, 2010). 0152 ¥4 o152 T R 252 Foto] W LBk W e 2= a4 o5
B 52 2-10°Cof| 4] A A8k, Aol oF 25 em7} E]= 2-34] = Folein, RobE ApR| o= S HHA AAE] 7 3Ll
ol7} B A7 o] AElo] Aletselo] A7]7] AR, 2 o] 53tk (Kendall and Kim, 1989). x|0] A|7]& Z¥}3t |
AEo| = AOR o] Fsto] Ak gt} AREA|7] = < ol volg W wet o 22 o2 Werl= AFS &
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Fig. 1. Spawning areas of walleye pollock Theragra chalcogramma

138

in the East Sea. Four major spawning stocks located in the Won-
san Bay, the Peter the Great Bay, Tartar Strait, and off the western
Hokkaido, and several local stocks along the rim of the coast are
indicated by dots [from Kim and Kang (1998)].

o, Jo| k= o 2 4ol flAsh= A o= ARt
(Muigwa, 1989; Kim, 1992b).

AN AA 7] 7-(Food and Agriculture Organization, FAO)2]
20054 44K of2EAo] ol5H, 3] (anchoveta)7}
71 2 o2 Hol glou], el T AR £
< 7|58kl JIEHFAO, 2007). g AAtFo] Bl w3k
19804 el = 2 A7 o1319] oF 5% xjx|ste] 2@ Ao}
B o] 74 AAko] & o} Fo] 9lrhKim, 1990). Hejrar
o] W28, .52, E7to|w it solo] Weo] 3 of2]
A2 ZHE AL glon, SEjuetolA s dAt BEo s Ahket
353Rs ofitol ol12] 7 hgol et Welrt -2lutet of ¢
oA w9 S 23 AXE ZABAL ASHolle £t 53l
ofl A Ajst= BEl7t A R NS ALz HEEC] e
7] o} uatA) A5 vl gick. Fajo] Furel ejAofe] e
BF2 o S0 e wejolgt 2, Qo] E7bo]w ot 3
o, T18|a1 flahto] 2@ Alebako 2 e A ] o L(Kim and
Kang, 1998, Fig. 1), 213 513152 §8]0] Q2 1ok wjet 2
Aok 3709 ZLF g ol Qo] EAshE 1F o Y
7] %= 3ItH(Oh et al., 2004). T3, 19324 o2 o] FAHF A

Az, ke Fafjof| A 2| H 47,810 ute] o] Wl Fofl A 130t
27} Z7to| = AgtollA HPAE )l o, R0l ¢AQtellA
A€ W, g uhee ek 2ejollA 2eHE AS IAR
= sfelzke] e 587} Aloks] 7] % 319k Gong and Zhang,
1983; Twata, 1975). YHHA 0 &2 FHE sl ool A= Akite]
A ARES ob Falidhe e E-= ke R AlEA 3RS
She A2k, F30] A2belat Al oA WO o ok
A2 551712 $HH(Gong and Zhang, 1983; Oh et al.,
2004). 3FAEH 1970 tjof| A 1980 tljof] A & Hdtof A 9] of
SleF S3ro] 53 el 9] o gwF HEa vt JEE Hol=
Z 22 Hol(Kim and Kang, 1998), &3t ¢1¢tof -4 Hlake]
3195 sl A9 o] AR sfel2he A4 ol 2o
FFE E AR T AT obd Ao & et
SelupetolAe] e ojRle Arket sk T Uk 204
Zibol|= 3Rt 55 39S FH o= e ofdo] 345t
O, o] So1e} sk AAY O] gm0l LofA] of Yol
Z8Hiet 1970 2RHEE F7tslr] A1kt e of =5
1981le] 16¥6 £:2 7|51 sl o] el 121 A
4715 Solstith(Fig. 2). 53] eHte Lafoll A= HE
of 2 AAA7} oo B3 sfelololn] Wejol ojzjee &
3 4ATo|8jF AAte] A19] ke AHAe HER 7on|(Kim
and Kang, 1998), $-2]u}z}o] Eafo] Yol A% 1980t SHt
TR 3221 RIA1E AASHAL A3t Al & 54, "itel A=
1976-1985\d F2toll A 10.7% 2] Pe& oj&ate], &
URE A17]9] F3f ALl o=l o] AT 24.4%F EO oF 44%7}
el zsE ARl et ol 8] MAshe et 19804
o SRbe] o]22) Ry Hashr] ARtk AAE, 53l
T7IAA RGP FFEEO| YRR el
o} &gk (catch per unit effort: CPUE)2 1977WRE ZrAALE]
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Fig. 2. Annual yields of walleye pollock Theragra chalcogramma
in the southern part of the Korean Peninsula. Catch statistics (dot-
ted line) between 1975 and 1997 indicate the portion of juvenile
catches.



© & Holtk(Lee, 1991). Wef 0] 1990 tho] 1|
37122 wolthrh 2000 ol 93| 4215 g9l
e AR o] 1990t of) Sof2F A H A A A B
© 9japal o g S B Aok el BRL 19714 4
915 28 g sto] ee] ol S Aol et 3 A
shol 172l S charo.m She AduE ol g Ths s
(Kim, 1978), 1975GFE 1997 5<9tof AdoiQl
FEH(S, 7= FHiEste] WE A o8} skqit. o]
717k &bl = 7k 7 ol FE Rlar, A A o] 1970 o] =
Hholli= e7te] o ojgwko] AA| Hef of2lwo] 85-94%F AHA|
sho] et o] wElo] ofu] dAE| It E3E 7] S A A BgH
(climate regime shift)o] 2}l &2]&= 3HE H 3o o5)o] gHite
Foo] A A mes Al e s sl Aol = 2 FaFS T
ZTH(Seo et al., 2006; Kim et al., 2007). 53 9] Lutsl= W4
4 o1F2 o] AAg o EEatA 285k 7ol
31, st whE Fal A A O] 29} 7]5 HEk= AYH
Al 9o (foodweb) 2] ¥-5-2 5-5ko] WE 2] 7Helol FFE +
e elefar Azt sl Weof gt A=sh], A
A= T25] A= A] Soto], Hej o] A, Abgt 5ol thgt
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Z1RAQ B YR g kol W) R U ok B
g ofUj 2, A e 4e0) 712l 7} of 2 E gz o] dhgt 2
T = el

wahA e K] A9 449 T, 7% L o
o elel 2 g e Ak, <lh oelo] olat el megel 7
3, opAE A o] Fmste] o8 7ol g St e o]
7}do] ARFA o & A 7] i th(Park and Ok, 1986; Lee and
Kim, 2010). 3}A|RF, e o] 5= Abebaa} 5= A A1 %71 53t sf
oo fIAstaL glom, o] YRt E 2} FEgho] F-f51A] st
Rormg o|ggt 7HdE ekl W o & & oFA| 13l
ATt 2 = o] 23t of 2] 71 o] 7haAd ol whshe] kshA 2l
SAE THI5hHs oA v A -2yt F8f HEell
ot =5, AEisha] AR o] sk o] AgAls] HarEl
HE glo, 2 21 1970 o 7 3ol 2l -2juhete] v
Blo} e o] o AR} o] ERFH F2 HEA R
e o] e A AT ARE EASH, drht g
7k} 7} 1975-1997d Atolof] o 2 & =2 Alibsh= Wil 7N
W5kt o] =20 At 5 A7IRE A 4, HH
O] 7hRloll Gk v A= DT A+ T Aol E8E 4= Q)
= Zlo|th

Table 1. Biological parameters measured for walleye pollock Theragra chalcogramma collected from Danish seine and drift gill net fisheries

during the mid 1960s through the early 1980s. Note that Danish seine targets only on small-size pollock, while drift gill net on large one.
TL~=total length, FL=fork length, BL=standard length, and BW=body weight

Sampling date

(month/daylyear) Fishery Sample number  TL FL BL BW  Sex Remark
11/21/1965 Danish seine 30 (@) o o) )
11/28/1965 Danish seine 30 (o) ) o o)
12/11/1965 Danish seine 29 o ) o) o)
11/12/1965 Danish seine 29 o (o) o o
01/30/1966 Danish seine 30 o ) o o)
03/21/1966 Danish seine 30 (o) ) o o)
03/06/1977 Danish seine 100 o) o o) o) 18 pollock > 300 mm
03/22/1977 Danish seine 100 o () o o 35 pollock > 300 mm
02/24/1979 Danish seine 60 o) o) o) o) o)
(n?gmr‘:}:jne?yg/e:: ) Fishery Sample number  TL FL BL BW  Sex Remark
01/27/1982 Drift gill net 100 o ) o) o) o)
02/18/1982 Drift gill net 100 o) o) ) o] o] 1 pollock < 300 mm
10/07/1982 Drift gill net 100 o ) ) o o)
11/16/1982 Drift gill net 100 o o) ) o) o)
12/15/1982 Drift gill net 100 (o) ) ) o] o)
01/28/1983 Drift gill net 100 (o) o) (o) o o
02/01/1983 Drift gill net 10 o ) ) o o)
02/25/1983 Drift gill net 100 o ) ) o o)
01/07/1984 Drift gill net 100 o ) ) o o) 1 pollock < 300 mm
02/01/1984 Drift gill net 90 o) e) ) o o]
10/30/1984 Drift gill net 100 o) ) o) o o)
11/23/1984 Drift gill net 100 o ) ) o) o)
12/04/1984 Drift gill net 100 0 o) 0] 0 0
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A o] AAE2 o7 oY o2 Y ol |
HE o= Aot 7|24 e HeEsS 573
o} 1960 th -8 3 WAL= 5= 20001 of Z25E7HA]
A&E o, djutct g 4= oA, St Ll EolE
P A 1ol Y (Danish seine, 4 7] A Qo] oletal &
gong H =foxs 7AYol Aeltt), A5 (long-
line), APd(drift gill net) 52| 1Yo 2H ¥ 10-170 vj2] 2]
HE =4 sto] A Ala-2 S48k, ofE o= A4 ag]
A= 7] E5E3T oY TRt Al of] ket o] 2] e
O] Aol thEA Uik, 714 I e 2R E 1960t
o} 1970l =% Yel= 22 HE7t £5-E o] Fol e
(Fig. 3a), 1970t} o] ol /J8Y5t Azt Aol el A 2|3
H Pl = T3 Y 271 9tk(Fig. 3b). & Atoll A=
1960t ol A 1970 71A] e ool F50|9d 7144
Aol gt 1980l o] F2] & o]olH Afojdo g i
B 3 AR E ARESEEH(Table 1). AFARS <] HE Q] A
AS SAT o), P T2 FES SR @, At et
1% (total length TL), 7}=}o| A Ak(fork length, FL), ¥&A%
(standard length)S X.5F S-2 A¥z o2 7| 5314t & =
o= RE Am FollA ol =9 27HE-2E(5, 10
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Fig. 3. Length-frequency of walleye pollock Theragra chalcogramma
caught from (a) Danish seine in 1960s and 1970s and (b) drift gill
net fisheries in the early 1980s.

iE 1 o]53l 3Y)0l| o 2lE HEH St 1960d ol
A 1970 T o] 7] A Qlrgol o Al =3l 3 438w}e] & T
%300 mm ©|vko] -7}2] 385 ufale}, 1980 o] 4 Ajrgo]
Aol A 47k 1,200m12] 9] T E] 5 300 mm o] /<] el Ao
1,198 nf2| 5 ARg-sto] Aol whg Al g ofen|E 43t
e stk

Do JH

A7 100-550 mm Aol €] e 50 mm TP = FEsto] 7t
A el ofglml4g 2457 $istel cheat e 744
SEEECS

(1) TL, FL, BL 271 4-& A|tjo] me} #iato] glom, 4o
2 % Aol e FAH 02 §-9|51A] it

(2) 7} o] 9] 0 522 E] 23k A] 2= 9] ]34 (random sampling)
=)l o (Park et al.,1978), A7 2] Al EE Hle= X
2 st} whebA = EH AR E o]-&-sto] vhE A-AlF
BALS B AG-AF AL S gt

(3) 71AAIT} Ao 2 HE] SEst AR 242} 1ol
of /golo] thet AR5 kst 2, 7} o] o] A|m=HH A4
A SdHE2 AA| ol g7 AlgE SdvE Ek

Aol w2 A olguldt ofzfet 2 3] olsiol

23kt
1647 FL Xh20] Aot

o5 o] o)A} o] A= TL, FL, BL 3 kvl 7| 23} 9l
=, 19791 22ofl 7] AA Il Al 3 60mte] o] wefoll
il A= Al 7HR] 9 Alda 2 71 =5kSIT WE o] Al-AlS
A S vhE wol] ol AR-E= A= FLo| =2, 19799
A7E olgste] HAYA LS WESITE &, 60mt2] 9] TL, FL,
BL AR ZH ¥ 3724 (regression analysis)< 314

FL=0.623 +0.9367 TL (> = 0.990)
FL=0.2677 + 1.0623 BL (* = 0.986)

2 AAbe o] ofd 54 ¢Amof| FLZ A| 9|3k TL BLo| B
SAEYE w271 A A A WghE = FLE Hd $ 22 1
= & o183k o1 9] 9= ) ol go] Fatdf o] 8
19801 tholl Fafjoll A 71k sl d Apgol Y o= E o8]
 YE] AR S 088k A o Ab= 1982-1984W 5
ol AR E AR o] g3k5lon, F 1198 7|44 257 FL 4
HE 7ML 9tk




(L)HFW) A (W=aL?, ask bi= 44)& TS Sck
e M3 A FHR|9

AR-A% A4 o230 7k A F7kol digt A% 3
BAE ANelL, mm o1k} Aol o 2 4E Al
R(Z, 717} 385u}2]e} 1,198012]) 25 E 50 mm 7+49] w7}

=

i
ro!
T

E](IOO 300 mm)2} FE 41 (300-550 mm).J AGdE &4 )
28 ANk obeloh Aofe] Al AF 2R AR
W RIS A2 W, W, 9P, P, 2 5751t
ATHA: OfEID|4 At
ER o] 0|5 o) upsl(N)2} ol lHB)E w7tele}

e Aol = TEsto] 217} terke] hEA(N,), el Aol ok
SN, =7kl ofZlHB,), el Aol ol SIB,)ol ek T

webA 549w 0] el upsl4o} o} gleke zbzt ofelo} Pk,
N=N, +N,
B=B,+B,
tertele el oo of2lF, AlFE() 4 HlEE o83t
of of 1) w7helok We) Alofo) A plsig At
%, B Az g werhe] o g (B>

B, =Y (W, X (N, XP, ) =¥ (W, XP ) XN, =kN,
[o1714 k=Z(W, X P, )]

JH_EN =B, /k OWEN1 o] 2449 4= 9t} 07]4 B,

8 TS gram O 2 v A °1‘ﬂr.
3 w7k ukElae(N) = 2 AlFE ks
#(N )4 mlﬂi HOM A4k %ixﬂ w7k upslg(N)el
2t A 5ol 24 BlE&(P, )& eto] Al v, )& At
ig= =

N =X N ;=X N, %P )

olB& w=-7}2] o] Y] A5 H(100-300 mm, 50 mm 7+2]) u}El
(N, )7+ Ak,

W Agole] upslgx(N)ek z G vl *(NZJ)E Aot &
oo 2 A 4 glom, e o] thAl Al 3(300-550
mm, 50 mm 7+2}) © 2 thiEo] AAkE Gl

M

i,

2 ATE 9J3to] 78 W] 2EE /Ao R

e 7ke] 385 ohel, 40 2 8] o] 1,198 vhel 1,583 o}

25tk o] 5 AR %A AF-AH WA 2,
W=0.0055 L3 (*=0.972, n=1583)

o] 9ik(Fig. 4). & TAAL W57 93] SE Fehel A%
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Fig. 4. Length-weight relationship on walleye pollock Theragra
chalcogramma subsampled from Danish seine and drift gill net
fisheries in Korean waters during the mid 1960 through the early
1980s.

(FL)Z} A% 99 7kt 124-515 mme} 10.9-672.0 go| 9.
100 mm .o} 22 F7] 9] gefi= o] &= 7] o9k o w, 300 mm
Hto) A2 7H el A A Sdskoint 350-400 mm 2
719 ge7F o] SR E AL, T AdeE YYEH = E
59101, 550 mmi o} Ariek Helf= %i‘;iEP TR gH
O] A5 thefFate, oA 2] %= & 100 g w|THo]
, 200-400 g& A}A|5k= el 7} ‘Efb‘zb:}. ZE He =
of| 4] 800 gttt B FAE A2 18Ik
o1 g Hej o] g S n &S AL | Yot A2 5
mm 7H4 02 FHEatY] ZEREE ZARIY L 7] 300
mm "|vke] 7|2 7}14’8}@ ou u /je] AFoR A=
ek 7P A2 w7ke] A<l 100-150 mme] Hej7F 3 st
L H]82 10.1%E AAkE iiE}(Table 2a). =7}e] FollA 7t
8k Al g2 200-250 mm A Fol| 9 oH, & 7] SN =]
75.8%% A|5F3 et 18 an 150-200 mm, 250-300 mm A
2 Ao g A2 747} 8.6%% 5.5%%F A8t et
Zo| A 712 A1 250-300 mm H| 2] 38| &L 7t
HA Q] oF 5-6%0] 22, 200-250 mm A 2] w=r}e] 7} AR A
© & o]¢jo] 7} (recruitment)dl= A 02 B 4= 9t} Alo]g]
8% 7P Akt Aol 515 mmo|glonE, 57H4 Agos
TRk 7P 22 A9 300-350 mmo] AHA-e- 7HA v
Bl= A Ado12] 28.8% %21, 1 th AlE3] 350-400 mm
Aol A AA| Aol 2] 59.8%7} &5} TH Table 2b). 0] A
o] AL 4E Edv|&ol fadto, 71 Atk 500-550 mm
AFol A= 0.1% v|Rte] SdBE&-S Bola glot
zr xﬂJ«l S Ale-A LA Aol thdstod, 2 A5
Bt AlFS AL = E HE SollAl 7P<P A2 A Fl
100-150 mm 1E&2 Jgﬂagf—; 11.0 g8 Al5-& HoliL gle
™, =7k 5 7P E2 7 A3 200-250 mm Al 58] Bt
He2 64.8 goltt. 7H¢ Acket w=7ke] AlE<l 250-300 mm
Aol Bt AT 118.6 g2 Holal Qlrh Aol A5 oF
200 go & A|&Fsto] AlAfo] ARHA Aol 54 3] F7FstaL
Q=g 7P w2 Aof 7 A3 E 350-400 mm A2k 23 H
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Table 2. Estimated individual weight of walleye pollock Theragra
chalcogramma at mid-length of each size-class, and the proportion
of pollock at each size-class caught by (a) Danish seine and (b)

drift gill net fisheries.

Size-class Mid-length ~ Estimated Proportion in
(Fork length, mm) (mm) weight (g) sample
Danish seine

100-150 125 1.0 0.101
150-200 175 30.4 0.086
200-250 225 64.8 0.758
250-300 275 118.6 0.055
Drift gill net fisheries
300-350 325 196.2 0.288
350-400 375 301.8 0.598
400-450 425 440.0 0.109
450-500 475 615.0 0.004
500-550 525 831.3 0.001

7121 500-550 mm AH|32] B A F- 72+ 301.8 g7t 831.3 g
o] tH(Table 2).

A 29 v&d ge) oggF ARE o]gste] Al FHE o
3 e npslE AT 7 ol o EE w1981
WO g Z21.29 nte] o] W7t ofgEglom, 2 Lo ubx|
g A=l 199790l 7 A2 3,7004 uhe] 7} o] F =]t
(Table 3). o|&u]=7} 7P W& AlF-2 200-250 mm A2
21980 ] Zxtojli= 7-159) ve] Q] wrhe] 7} o] B E Qe
19970l %= <k 1,200%F vl2] 9] w7l2]7} o]l E] i}, w7t
ojgo] Werd 1970t FRHLE 1980t HyHtol= =7}
212] A FE olgu]eE AR Aol AlF ks WAL
1980t ZHHEE w=7}e] 9] =7} FolEHA] 350-400 mm2)]
AYES 7H 7 FHA R wo] o8 E| = A ko] YERitt
A& &4, BE ofFo] 7MY wWolH 1981 o= =712 19.5
of uhg], Ao 1.7¢ ule| 7k 4 5 21.29] vhe] o] Hej7t o1 g
QL o= AFo wertelet shrjete o] AlgEehs B
o} 28}, 198592 E = 350-400 mm #50] 200-250 mm
AFel olo] = HAR who] o] F =], Al HA A5 100-
150 mm =-2 300-350 mm Ao 2pA|6FGITt. Hel o &l=F
o] 1988l = = Z k7t 1990-1991 o] ZHA] 27131
=4, o] A]7]ofl=200-250 mm AH|F2] =7F]7F 60% o4 o
3 |}l tH(Table 3).

g} ool AA71Ql 1970l FHERE 1980 k7t
A= 7ol thgt oj o] FAlskeT A o] g SA1<}
2 =FolA 44 o|guE A4 vl&=E vlastH FH
ool ] w=7te] AYAto] 2pA ek HlFo| tHd] w2 A Y
2= 9lt}. 0]3] ZaFo] Ao 1975-1979W 0] 85-94%7} w7}
HATH(Fig. 5a), o] & o1Pn]4=2] &R BH 97%7} H=tt
(Fig. 5b). AA| = we7}e] o] 2 F A7} 3 1975-19974 F<t
O] \e7he] F o] FRk2 9545 E 0 2 A e F A4 139.9

b 2] oF 68.2%F AHAI5HITH(Fig. Sc). SFAIRE of&w]a=of

Azke B 2 o]gn|4= 1769 nhg] % 91.2%7} =7}t
1& ok <= Qlth(Table 3). &, o] 717F ¢toll o2 w7t
Slu] 4= Ago] ojEu]=9] oF 10.4uHo]| st =7} o
0]ElH]-8-2 1988W7}A] A} 7Hasttir) 1990t Zubo] &
A Z7VsF3ATE. 1980 o} Sukoll A 1990 o] ZK7HA] 17}
oF Aojo] o]3] FaFe 717k 50% HES AAFIAL Ugont,
olg |4t 1717 oF 80%S xHA|Ekar lgith BRI, o]
Al719] ofglgke ofu] Wejo]Q] Z1/9719] oF 15% A== 4t
23 e QIek(Fig. 5¢). 7L o] o] ThA] Hef ofglgfo] Zhast
1, ke o] ojglu|&o] Zha B R LEhLE, 199739 F
oggre ok 77 E A w2, o] ul4= 37007 vhE] 2 E9ict
(Fig. 5a-d).

o
E
o]

Jlot 5O, ok

E 9

S-ejutete] We o g F AR RS BA skt 2A4lsto{oF &
ol et i o] delli= et H3he] ojg A Ao] i
e ZlolH, 19459 o] %] FAl= 3o e o] ggo]
7155 %17] wizolth. T3, Figure 204 B AAH, 1975-
19979 Ato]o] wejo]¢] Atz He Adojof thigt ogat &
9] 7kl ke AFYHRRE Y ofFlor FEEo] 9l
o} =] erbe]s Aol 0241 ag sl A2 Wej R
A, et ST o= qlrt. obd] AA 4T b AsE
el ot WAL, AAA 08 ThEst ArjoluE, B =i
o A= A 300 mm YRS w=rbe] 2 ZREEhe o n, 1960
-1970d tfoll= Fall 71AA W] 8 oG EirF ot
AR S SHEA Hefshs S Ut 59 shurt 7k
Ao At Aeolrt 3l Hef o] <A 340 mme] 7]
o 2ol (Park et al., 1979; NFRDI, 2010), e} 2] o]2]4|4o]
o] Zof| 7|Esto] R0l A of A §-417}F 7Hssteh. =7t
217} el Q] mAojak= AL 1970 o) Fito] o]u] S|
o2 Wl HHol= &7-stal(Huh, 1978), -2zl A= 7
e o] szl g A Ado] A AL, e7ke] 7t o8l o] & H
5o A8kt o] @3t 1970-1990d T o] Seabab ez
O] BAfl= wrteof tigt o] 2l sjeksto] AupA o7 7hyld
&) (recruitment overfishing) 2] 235 Z @5} T} 1990t of
oA werteiel Adofeof gt o] & ghe Bigho] gllAINt
7HI == =7te o] 4271 AojafA] AJol9] ofgulgo] A5t
£ @] Uehdth ojgfgh & =Eo Arhs dutEo R
Yo g2 R E AR = arglo] o] Zhad/do] f-efueke] Hejof
HollM= BASHA epbA] ghotths AS Hojaar Qi)

2 =Eol Al Aol W Al WE ofulg 24 AnE
BF 2] 9] 15 Abe| o H] w5} lS w, ZA =] $E3kT 200
mm "|7Fe] l=7tel = A2 427} o] S E| QI o] Yof| A4
© 2 719 =] 21 E 200-250 mm H|F-2] o] & u]=7} A4 71
4L, 350 mm o E= Aol A= ALGE A2 =2] HH
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mated in size class and at recruitment size. (a) Length-frequency

Fig. 6. Walleye pollock Theragra chalcogramma numbers esti-
distribution of walleye pollock estimated in 1981, and (b) recruit-
ment variability of walleye pollock in the southwestern East Sea

assuming the recruitment size at 200-250 mm.
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Table 3. Estimates of walleye pollock Theragra chalcogramma numbers caught at each size class, 1975-1997

100-150mm  150-200mm  200-250 mm  250-300 mm  300-350 mm  350-400 mm 400450 mm  450-500 mm 500-550 mm Total
1975 04395694 79873280 706,757,506 50828451 4535533 9412875 1,722,188 65,732 13,146 947,604,406
1976 140,864,953 119,193,422 1,054,681188 75850,359 5540543 11498635 2,103,801 80,298 16,060  1,409,829,259
1977 177910341 150539519 1,332,046,652 95797876 18,565,716 38530587 7,049,591 269,068 53814  1,820,763,162
1978 158724751 134305558 1,188400,699 85467174 11283887 23418154 4,284,606 163,535 32,707 1,606,081,072
1979 116,204,204  98402,864 870716254 62,620,005  11,704473 24291022 4444307 169,630 33926 1,188,676,775
1980 116492224 98570344 872198193 62,726,582 28,084,341 58285184  10,663909 407,019 81404  1,247,509,202
1981 197,169,301 166,835,562 1476241945 106,168,085 50,233,528 104252771 19,074,180 728,022 145604  2,120,848,999
1982 169,337,911 143285924 1267.863,331 91,181,952 38375207 79642458 14571455 556,162 11232 1,804,925,632
1983 96,008,144 81237660 718,830,205 51,696,693 29612836 61457364 11244294 429172 85834 1,050,602,202
1984 113932781 96,404,661 853035179 61348420 39,866,738 82,737,925 15,137,805 577,779 115556 1,263,156,844
1985 64922848 54934717 486,089,012 34958456 46452252 96405253 17,638,391 673,221 134,644 802,208,796
1986 55425605 46,898,589 414981455 29844557 46843866  97,217.995 17,787,091 678,897 135,779 709,813,835
1987 23132252 19573444 173195320 12455828 20,142,163 41802287 7,648,184 291,915 58,383 298,299,776
1988 4,934,607 4175437 36946291 2,657,096 13334867 27674681 5,063,384 193,259 38,652 95,018,275
1989 14385780 12172583 107708914 7746180 15770469 32729436 5988207 228,558 45712 196,775,846
1990 28199950 23861496 211,138,088 15184589 9788360 20,314,394 3,716,740 141,860 28,372 312,373,848
1991 17260888 14605367 129235366 9,294,324 10,094,059 20948830 3,832,817 146,291 29,258 205,447,199
1992 8,601,437 7278139 64400502  4,631543 9494649 19704837 3605215 137,604 27,521 117,881,447
1993 12911540 10925149 96671018 6,952,368 9,034,103 18,749,037 3430341 130,929 26,186 158,830,670
1994 5362888 4537828 40152902 2,887,709 7597518 15767602 2,884,855 110,109 22,022 79,323,431
1995 3,859,641 3265850 28897825 2,078268 6896208 14312131 2,618,560 99,945 19,989 62,048,418
199 6,526,581 552492 48865686 3514313 440627 9215909 1,686,151 64,357 12,871 79,848,987
1997 1,552,729 1,313,848 11,625,562 836,085 6,366,730 13213271 2417512 92,271 18 454 37,436,462
Total 1628,207,139 1,377,713,733 12,190,679,093 876,726,921 444,058,674 921582,639 168613583 6435633 1287127  17,615,304,542

A Sl hsfiA e oba] F=3igt A dol glo] of2] 7Hdo] ti+5
¢1.0. 4(Bailey, 2000; Hollowed et al., 2001; Hunt et al., 2002),
S et A= e o2l 628 91 214 AIC (Akaike
Information Criteria)& ©|-8-3t Al Al GE-A] o] W& G- Bo|
Ch(Park and Yoon, 1996). 71} &3} 1o w}2 71Qlek W
of thgk A= 7} uju]E]o] gli= A A Fall HEfe 7Y
= 9ol A2 27Fs st SR 2 Aol A= 7Hd A2
&= W o|(variability) S A5 =M (Fig. 6b), 7FY s
lof thek w25 Alg-skaLA} gk, 7k Aol o] 20-25cm
Al o] e7he] o] of Fu| = R Ej AR o] FH-5FAH 1970 Th
SHHLE 1980 ) 2Rk &= Arlet o] E Ho|ar Qlrh 71,
1980 0] ©+2] 8.7¢ wi2]7} 71 = Q| Aef vlsto] 21 th
o= 70% S7kek 14.89) mhe] 7} 7F = )1, o] 27k
& (interannual variability)2 7 A1717HS Folo] BEEE o,
7H B o] 99l Btel=t o8- = Utk

oA = T2 AEoHA Abm Tt H SAlEojof & Rt A
T AL el Aol Park et al (1978)0]] ¢]3te] w5012
FL-TL #414] FL=0.457 +0.956 TL& 12 12 H}S
o, & AIHFL = 0.623 + 0.9367 TL)$} o> gApstglom, 1
=9 W= 0.00655 L% SA] $-2] 21 W=0.0055 L**" 7} =7
ch2x] ottt ST £ ATHo| o] 87 42| ke B 4|
of el Aol Hlsto] YR Hglo n @ Ao up2 4xo] 3}
o5 IeEkA| AL, AP e A AlLsHA] Eetle

Aolt. 53] 300 mm - o} F47k AL Or, T o] 72 &
ol nh$ SRt Auat Lekeol e Fat AR 8
Qo] that HAS Al £YOHR, 3 A2} mekElA
U S wEchy, A7AnE B Fusil AN 4 9l
2 Zolet.

Al Ab
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