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Biotic and abiotic impacts on walleye pollock (Gadus chalcogrammus) population

off the east coast of Korea over the last 5 decades

Moojin Kim

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

Commercial catch of walleye pollock (Gadus chalcogrammus) in South Korean
waters has been recorded since the mid 20th century. Based on the availability of
fisheries, we could identify three developing stages of fishery over the last 5 decades:
the beginning stage of fisheries (Period 1: 1958-1968), peak fishing Period (Period 2:
1973-1985) and after peak fishing (Period 3: 1991-2002). To investigate the
recruitment variability, we examined the length frequency of pollock caught from
commercial fisheries, and the properties of habitat environment. A significant difference
in length frequency distribution was found within study period. Relative length
frequency indicated that the large-sized old pollock (>40 cm) as well as the immatures
were obviously abundant in Period 1, while the high proportions of middle size
pollock (37-43 cm) were common in Period 2 and Period 3, and length range became
narrower in Period 3 than Period 2. Assuming the first maturity at 25cm and the 50%
maturity at 37cm, the Proportional Size Distribution (PSD) was estimated. PSD in
Period 2 (mean=60) was lower than Period 3 (mean=71). Recruitment variability
seemed to be stable in Period 2, because it is usually interpreted that the PSD range
of 30-70 indicates the stable recruitment. The annual PSDs also showed the opposite

trend with the abundance at age-2 and age-3 estimated from the Cohort analysis. The



Cross-Correlation Function analysis showed that there was a significant positive
correlation between juvenile walleye pollock catch and zooplankton biomass in June
with a time lag of 3 years (r=0.549, p<0.05). Furthermore, there were significant
positive correlations between juvenile pollock catch and December seawater
temperatures at 10 m and 20 m with a time lag of 3 years (r = 0.515 for 10 m, and
0.507 for 20 m, p<0.05), and with December seawater temperatures at 50 m and 75
m with a time lag of 2 years (r = 0.659 for 50 m, and 0.592 for 75 m, p<0.05).
Age—2 abundance estimated from the Cohort analysis was positively correlated with
April seawater temperature at 75m with a time lag of 2 years (r = 0.671, p<0.05).
These results imply that biotic as well as abiotic environmental factors during the
early life stages of pollock have a significant influence on the variability in walleye

pollock recruitment.
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Fig. 1. Annual catch of walleye pollock (Gadus chalcogrammus) in Korean
waters, 1946-2015. The gray bars indicate the juvenile catch, and line presents

the sum of juvenile and adult pollock catch.
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Fig. 2. Map of the study area. Shaded area indicates the main fishing area of
walleye pollock (Gadus chalcogrammus) consisting of 4 fishery statistical areas
(55, 56, 62, and 63). Numbers on lines (105, 106, and 107) indicate the

monitoring stations for oceanographic observation.
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rlo

e—K(t—tO))

L=1L,6(1— @)

L= AR tellM e Al L= i A o224 HAWAHY, k= 4

FAT, ty= Aol 09 el o]&4 3l A"l

A7) wE] A 5uA A A Q] WA s (immature), s S
(maturing), ¥4 &2 A& (mature), W% & AF¢H(spawning), A&
F(spent)AF= 3131715 ol&slo], s AFS F43At A5 AL
NA mAs A F(F5)S ST AR S5 B, BsE A
VAR Ba A F7HE 10mm FAe® GRS A v

S P8l om, Period 291+ 27327, Period 31+ 116707} 2H2: AL&-5)
k.

P = (3)
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= A AIFA Y] I s AE (%), b, b= B, FL= 1 A

el sheol Aot

4) v &=

gEl Al ARAEe SA-s] 8 AT AFAEE o] -&5t
H] 9k % (Fulton condition factor)E& A4ttt Period 191& 24770,
Period 2°& 288171, Period 3¢l 11670 A&7 o] &= 3low, <

= Ag " Fi NSEE o 16770t

_ BW

753 x 10* (4)

K

K+ W] 9% (condition factor =+ Coefficient of condition), FL+= 7}

Fol A (cm), BWE A& (gt}

H

5) AR

AFof) A 491 = (Relative Length Frequency)® S U Zojx| vk ofg] 3

N

of MAst= o] F9 A7 FZE(size structure)E H7bsta, AFS ¥

w3F7] s AbgstE W olth(Bonar, 2002). ¥ AFol = A AN
CRxE ugoz 7+ A7|E@Period 1, 2, 3) AFILIES AA7

(1958-20021)e] Hit A4 15 vusgto =z Al7|d HdHss A
HE gkt A N gz & ofF dolE 1y st A A}
=d, "efe] Ho Aol oF 60cmolEE A HE ES 2cmzE A

stol Al7]E AAWstE A E QY Period 191+ 24770, Period 20
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= 282170, Period 391 116719 A2 S o] &ate] 54844t}

L 7id s

deArde]  JhdHES 99str] 918l Proportional  Size
Distribution(PSD)& #4312, 7kdel wx= d3Fe rHstr] $1s
o Wee ddd TEE FHT eyt Jdu s HFFE AHA}

4 1959-1961 (Period 1), 1974 (Period 2)¢] A5 & ©] &3}

il

Period 1, 29| AFYAGE F43 3, age-length keyE T3t 7} A
ZF A5 e

oA ves o of hdstel 24 A= A%

Ol

1) Proportional Size Distribution(PSD)

ki

Proportional Size Distribution(PSD)+= & A Aol A A AR = =}
S FAststar AL dEE YEdr] 8 astE W JiA
Ao digt o]t dFFEH S AT o o Frith kel b
olgtal HIbsh= #2 thEXA|RE dubx o2 pPSD#to] 30-70AFe] gho
ol A olgtar H7FHH(Willis et al., 1993). & X< 7Y W52 PSD
zholl d3FS nx]7] wjE-oll (Carline et al.,, 1984), PSDZ He| ¢ 7} &
HEs Uele shue A= ARRSEIT. PSDE Alttel = of 7
Aol 1 ¥4, Anderson(1978)e] w=wW  stock length: A<

BN

(o]
2

_—

ol2& AolH, quality length WAIFEo] Folste HA AVE

SustE R, ofelel 4% ol g3l At
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Number.Fish > min.qualityLength
Nmber.Fish > min.stockLength

PSD= )

B AFNAME 49 7+=S 123319 stock lengthe AFe 58] A&
o2 A7= A7IEA HHO A$ 25cmz A ASEH AL, quality length
= b0%Ads AN LAds AFer FFste] 37em®z AsEATh
Period 1°l+= 2477), Period 2

g ol gate] ¥ et

of = 2,8217l, Period 31+ 116709 A=

5

F F SHAAGATE@E HAFZE d#EAY #
1959-1961(Period 1), 1974(Period 2)d A5& 717} AF&3to] o] &
FAYP o2 FA3AH(Pauly, 1984). EHAAAEAFME B ES
Z welu ¥l 5 von Bertalanffy A& =AolA F4=H AFE AF

A FHdAA A pE AFESIe] T3 Zhang and Megrey(2006)

o K(tmb_t()) (6)
e —

Be AA-AF DA A4, K= von Bertalanffy A7l 718 <=

tos Aol 0duw o224 o, ¢, CxXt,ol Ce AdFd A

max

BAsE HEbdn. 3159 x99 609 AMAY 5 F 91F9 A

GA} BHAE o] gate] T Ao, Ao Fel 7 0440, ol

o\



il

F9 A% 03022 YerdtH(Zhang and Megrey, 2006). e A$
XA oFolrRE 04405 AHESERA L, =X AR AF(F) = =1

AAGAFDNA EHAAABAFOE W goz F439

i

(Zhang, 2010).

Fat Aolo] HAME)E dotuio] A ELol| HEsk= WRiolnt
(Isermann and Knight, 2005). <13 -

o] alkindivAge 7|52 °]&3ste] AEW AP AdE 74 H&ES F
43ithOgle, 2016). o] F AF#E 7|57 lal AR} fle A
o AFAGRE v&el A ARES A DA A"l U= AR F
A "MeE Holuds 8% 4o HA goP=®  Period 19 4
AR g 40277 A FolA BRI de AT W
Hoju= 20cm PIRE 65cm ©)ds AAAS F 392870 A= o
ol FASEAIL, Period 2v AHAE7F §le 1957271 A5 FolA
25cm " RF 55cm o]l dEete AR E Al ASt T 1204970 = A
dd dEs FASATHTable 1). o]F 72 A= Ax3d ¥&&

shol ofH g Aol gk L MEBY FFAL o] §3te] o
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Table 1. The number

of aged and unaged walleye pollock (Gadus

chalcogrammus) at each size category sampled during Period 1 (1958-1968),

and Period 2 (1973-1985).

Number
Thelggﬁf( S Period 1 Period 2
aged unaged aged unaged

20-25 15 398
25-30 101 55 19 1,991
30-35 97 133 35 2,583
35-40 126 529 105 4,724
40-45 629 1,809 85 1,715
45-50 164 786 28 643
50-55 36 214 5 393
55-60
60-65 1 6

sum 1,169 3,928 277 12,049
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th IS E B4

Pope(1972) = 2& oW &f(year)d] F7rolAl o] Fo] £t o=
dojuil =& RS 7HAHsh @ g AFolA o AF A
ol Al 2t JMAGe ®stE HoFErh HadEE AL A

A% obdlel How ANsH L,

N, = NZ.HJHeM—lr C,e (7

N, # B (8)

1N idEZ jAde] A9 AAS, o = ide 9
olel o]g A

A AA AT T AR 2 64 dow 247HA] ALAAFE

&
5>
i
=
o,

jARIY SR AAY AL, M
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ro

Fo] G065, 56, 62, 63 M)A EFTTFEo] AAOE F7
H3lE HolwA yeldkeA A H7] 98] Sequential t test analysis
of regime shiftsE AF&3F%tHRodionov, 2004; STARS). Significance
level(p)= 0.5, cut-off length(l)&= 10, Hurber's weight parameter(h)\+
12 A48k

nj/gol, Agol o] g 7F(1975-19961) o] B 81 T F
A= AELFY owd #AA d=A dSssh7l fstel IBM SPSS
Statistic Software(Version 23)& Ab&3dte] FHEA S stlom, o=
BAro A ZolE AW F a<Qlo] AAAHES UHWEA &
st AAE B4 A EIHE A (Cross—correlation function, CCF)< ©]
gtk g o gy SAwste] W3t A3de Blusy]  fdko
Cumulative Sum(CuSum)+* &sto] F28A4 3 G A A3E

2 Arel s skS Ay B 9kt (Beamish et al.,, 2001).

P
filo
o
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1. & &7

7k

BEle] Fol (55, 56, 62, 63 )l EFNAH L] Fee AU
Aol mich WHje F AFAQ0 129 L9 B, B g &
719) Period 1(1958-1968)01 = #Hubx oz f20] vtgrom, of¢]
& Period 2(1973-1985)ell%= v HFe &S wArh(Fig. 3). 5, 1970

f

Ao Fukels BEE5E0] WS EksE, 13T oo #£0 3 30m

A LAEHAoH 80mZANE 10T oS F&o] FA ATt eFA|wt

1980 o ZWHEE ke o] 27]71R] F5(50-80m)oll A wh o] it
Ax At o] 2 E A 7]2 Period 3(1991-2002)° A+ 200003t Z k7t
A Aoz o] YrolR = AgS BT STARS T2 o8

sle] A oA HE w4
HeE Zoda Ay RS
4). A 20moll A9 129 & Period 29 %3+ 19700t Fxko =

Fol wen, 190d i 7bA = vy ddd 25 FA s 2000
o

N AR e

o
4
o
5
&
%)
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Depth

1965 1970 1975 1980 1985 1990 1995 ~ 2000

Year
Fig. 3. Vertical profile of December seawater temperature in the main fishing

area of walleye pollock (Gadus chalcogrammus) in Korean waters, 1965-2002.
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Fig. 4. Variation of December seawater temperature in the main fishing area of
walleye pollock (Gadus chalcogrammus) in Korean waters, 1965-2002. (a) 20m,

(b) 50m, (¢) 75m, and (d) 100m.
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2
Somg/m’E FAEEE, 19024 o= F743] F7lsly] AlFkste] 1998
91mg/m’eZ HuZ 71235 tHFig. 5). Period 19 338h= 1965-19681 2]
3t 53mg/m’, Period 2% 59mg/m’, Period 3% 166mg/m’S.2, Period 3%
T2 7 A7|ECE 36 o] o] e LS Hth
FTEEEIAE A8 19783@FH 87 i(copepods), @2t (amphipods), o

Hjt}at A o] F(euphausiids), SHH 2 (chaetognaths) 9] 4719 EFwo 2 1}

A A F2e Bo] ABR FHLL F W o= A7t Fe a2zt
FE F2 AN, of= AR A mAols BRe} dultEgel s
Aegd oz A7) vl 4 =

SRR el AEY Wi AP BWBYTHFg. 6a). 2L4F 49,

1978-19907kA] At AE=Fo] AMAls] F7lshs #iEs Helth 19919

Bt whuprpergolel @zbFo] A, 1990 ool e ’EE Holn
7F 1990 thell B=rF S7kekr] Al EFshelvh shAIRE 1998, 1999 w438 A
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Fig. 5. Variation of annual zooplankton biomass (mg/m’) in the main fishing

area of walleye pollock (Gadus chalcogrammus) in Korean waters, 1965-2002.
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Fig. 6. Density of zooplankton (copepod and sum of euphausiid and amphipod)
in the main fishing area of walleye pollock (Gadus chalcogrammus) in Korean

waters, 1978-2002. (a) annual mean, and (b) seasonal variation.
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2. BElS] ojdE A FF

FH P2 A% WEtE HojFa vk WH oFd#Fs g 237
Q1 1960 d] F kel &= 4% =& 7] EFA AT 1970 ] SR

1982l Harzel of 179 =& 7I=eAthFig. 7). A I o] F5-H
= w4 o150 19909t F-EH = w9 mng o] o] BaETh
ATF7IRE Fete] WEjel A Hit ol F 2 44817=0lH, g o]
E Z(trawl)o] 68%, <% (longline)d A (gill net)e] 27%E =}A| 3}t
EEL2 19729 5-E o] g7Fo] FopA|7] AlAtake] 1980d ol 7HE =& o
ks BAAE, 1990t FRkel = A9 o] 7] Eo] U A5 1960
A Y 704 29, A%S 19700 2RE 1980 Y F ot

rl

dojot mgo] o FFo] FREE e 1976 FE 1997371 o] o &
™ 3
8). °f 71 Edel Aeole dAWT 18444E0] oJfEHeH, 539

41%, EZ 31%, A% 26%ES A3t Aol g EE
Abe AA kT Wb 1975-1997d Eehe] w Ao
41,484 MTH o, uAdol A A48z &+ R2%7F EE

nAJolol o ge Aojet: gy AWy dFoBRE

gds] Sekth
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Fig. 7. Annual yields of walleye pollock (Gadus chalcogrammus) in Korean
waters, 1965-2002. Bars with dark, intermediate, and light colors indicate trawl,

gill net, and longline fisheries, respectively.
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Fig. 8. Catch of Korean pollock with respect to fishing tools, 1975-1997. (a)
adult, and (b) juvenile. Bars with dark, intermediate, and light colors represent

trawl, gill net, and longline fisheries, respectively.
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A2 F A AL Period 13 Period 2014 % Alxte] 7hs s,
Zh A7 R ofefel o] FA T

Period 1: W= 0.0065L%"®

Period 22 W= 0.0100L>*%*

Period 19] A4 a+ 0.0065, G 2.9578%E, Period 29 A4+ at© 0.01,
T 2843% 4YEHlen AE-AS JAANY 7|&71E HEUE G
Period 2% w] t}A 7HA& & tH(Fig. 9). Figure 92 ®W, o9 %74
T 20-30cmAte] o] A&o]l 2 B[EZE Wol E3JFEo AANe™, 50cm
olFEHE & oJAEE BET AUAARE ool HA ;Y Period 291+=

F3 2719 WAk BREE 25 AT

A#@Aol 7bsAY Period 13} Period 29 WE & tldoz 4734
TRt ZF A171"E von Bertalanffy 437212 ofgje} o] ALky

At

Period 1: L, = 56_3(1_6—0.341(t+0.06))

Period 2: L, = 51.5(1— ¢ C-418(-0:109%))
Period 19] L_ & 56.3cm tyv= -0.0622 F4 %3S, Period 29+ L, 7}
51.5cm, ¢, 0.1098%% THFig 10). Period 1ol+= BluA o2 ofjdso] &

Wl Period 22.0F WeEle] Ho Ao ¢ Z #e BRI
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Fig. 9. Length-weight relationship of walleye pollock (Gadus chalcogrammus) in

Korean waters. (a) Period 1 (1958-1958), and (b) Period 2 (1973-1985).
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- = = Period 1 (1958—-1968)

50 - Period 2 (1973-1985) s

I
______________ ]

10 +— |_t =51.5(1-g0.418(t-0.1098) )

] | | | |

0 1 2 3 4 9 6 7
Age(yr)

Fig. 10. von Bertalanffy growth curve of walleye pollock (Gadus

chalcogrammus) in Korean waters. The broken and solid lines indicate the

Period 1 (1958-1958) and Period 2 (1973-1985), respectively.
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ox
ox

=
-

4 A& A5+ Period 29 Period 3] 71E5 ] Ao, We| A4A
A5 E o] &35ty FAH AFS T

E 2 1 . +0. F i
Period 3: 1 7 6.889 +0.186FL.
] + e i ’ ‘

9 A P iAF AvY + As vHE(%)S e e, + A=
Hlgo] 50%¢ o7 AAS 7+ A7|EE =45 W. Period 2014%
33.4cm Period 3914 37.0cm$th(Fig. 11). Period 19 A% v <=

A2 WE e MAgTE kel 24 S 5 sl

o} "l
eje] it HYFEE Period 19: 56.3, Period 291 56.8, —1@] il

Period 3ol A= 62.80] 3 tH(Fig. 12). o182l %7] Al7|¢ o8 w7 %
Sk Al7]19] W= W28k FS B AW Period 19 4% 83 A=

7} Period 29] 17% W|wtolm =2 7 Al7]9] Hluls AAEsHA] & % Stk



o, el mAgole] Feolm olgu: WrRe vl
45, 69 (r=0.624, p<0.05)7 10¥(r=0.585, p<0.05)°l] ==
A7 bt
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Fork Length (cm)

Fig. 11. The maturity curve of walleye pollock (Gadus chalcogrammus) in
Korean waters. The solid and dotted lines indicate the Period 2 (1973-1985) and
Period 3 (1991-2002), respectively.
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—+++++ Period 3 (1991-2002) A
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Condition factor (%)
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Fig. 12. Annual mean condition factor of walleye pollock (Gadus
chalcogrammus) in Korean waters. Broken, solid, dotted lines are mean
condition factors at Period 1 (1958-1968), Period 2 (1973-1985), and Period 3

(1991-2002), respectively.
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Fig. 13. Comparision of zooplankton biomass (mg/m’) and condition factor of

walleye pollock (Gadus chalcogrammus) in Korean waters, 1965-2002.
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2h, A AR =

ATF7IbEe FHE WHe HAx A 21.1cm, A A2 58.0cm
2 YEyo dA 713 kel Hat AW X E(Average Length
Frequency)®t z} Al7]¥ WL BXE v wd gt (Fig. 14). AohAddl =
of 93t 7t 7|zimith dEldE 5Ao] tE S 4 F e,
Period 19l A& 2cm AlF F3re] 1770(23-55cm) ATt o] 717 Fetol &=
2k A7) YH(25-37ccm)7t 29%E A S Aoz ol
stelom) W 7hYd AEi7E ymA ges & & Adddd =3 oY
o 7] A7lelB® Zug =Z7]e] WER= HuF go] dof glof
39-55cm WENZF AA] oF 66%E AAstal A A THFig. 14a).

shARE ojde] WA A Period 29 A AT T3 1771(27-59¢m)

L, 40cm oS =Z717F 2 AV AFAE AFAeE & 7 AT o

Al 33719 37-4lemell s|F stz WHIE Bl &o] 64%= = YERR
I, 37-39cm AlF3Ee] 7 B2 HIEE YElgt o] A7l A

A7) WH(25-37ccm)7t  20%  "]REe|1 o™, Period 1o ] 1l3}e]
40-50cm =718 Z WHS 7F tiF 3HaskAth(Fig. 14b).

Period 3% AlFT%to] 970(31-47cm)Z o] F A7) wls) A 7
Hw A7 Bel FoEdon UWeFHEH Wil Period 28T & A
71(39-43cm)©] WE] H]&o] 55%= %9kth Period 29 Hlalsle] Huo=
el AGA 7ol 37-39cmoll Al 39-4lecm= A H T AT 8 o]
olw] AztatA AW Aol om T 49em ol HE A7) HHE
BAT b gldow, g Ao AFe] FH(25-37cm)E HH] 3§k
A}

©
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Fig. 14. Relative Length Frequency of walleye pollock (Gadus chalcogrammus)
in Korean waters. Dark bars indicate the average length frequency during the

entire study Period. (a) Period 1 (1958-1968), (b) Period 2 (1973-1985), and (c)
Period 3 (1991-2002).



4. 7tY W&

7}. Proportional Size Distribution(PSD)
gE o] PSD#e A7 Aol E B SAth(Fig. 15). Period 191 PSD#k-
A 62, Ad] 98=A Hit 80clddrt. skAINE, FAol| AMEH AR F
7h @A 5 o]zl wiell, o A7 el oW AdEA M-S ol&
o] 7ol FEl7F 9t} Period 2% 47-859] W #S Holw, HFe
600) Attt AWk o= PSDel ko]l 30-70 WEl <¢tell Eo] & A7)
Hluste] Aol om Had bgAd TFYAEHE HolFEt. Period 3%
PSDgte]l WEo] AelA HA 37 o 81, Hwr2 71| At} Period 3+
30-7T0H A E d& #E°] Period 2 BEtf ¢ Hol EHA3 7MY -5

o] FE
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Fig. 15. Proportional Size Distribution (PSD) of walleye pollock (Gadus
chalcogrammus) in Korean waters. Broken, solid, and dotted lines are the mean
PSDs at Period 1 (1958-1968), Period 2 (1973-1985), and Period 3 (1991-2002),

respectively.
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Table 2. The age proportional of walleye pollock (Gadus chalcogrammus) at each size category during Period 1 (1958-1968), and
Period 2 (1973-1985).

Proportional length at age

f(;l;'ﬂelgllgltglf(c(:rfl) Period 1 Period 2
2 3 4 5 6 2 3 4 5 6
20-25 0733 0.267
25-30 0752 0.248 0.684 0263  0.053
30-35 0320 0.680 0.143 0543 0314
35-40 0.008 0587 0389  0.016 0.514 0448  0.038
40-45 0.146  0.69  0.153  0.005 0235 0671 0.094
45-50 0.006 0256  0.604  0.134 0.036 0714 0214  0.036
50-55 0528 0472 1
55-60
60-65 1
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Table 3. The number at age calculated from age-length key of walleye pollock

(Gadus chalcogrammus).

Age Period 1 Period 2
2 497 1,750
3 1,052 4,881
4 2,196 5,176
5 1,088 496
6 264 23
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3) IZTE ®A

Poped] IZITE 4 EPAE o]&sto] WHe AR AA/MAITE
AASEA T Age-length keyES E3)
(Table 3), =7HAAANEAFM), = IAGAFEE o83t 7
A7 AL AGFE 25 64 7HA] FA S THFig. 16). POl
A7tE = 2, 3419 AAMASE Period 19 4 $- 1966744 = 7 A<=
Hso] AskA kARt 1966 FE A7 & FolEo] 1968l =
241 oF 38734,000mH2], 341 oF 39,163,000} 2] ¢ tH(Fig. 16a).
Period 2% Period 1 Bt 7HAl WEo] Z1om, 1980 ¥ 19814l
7}z} 2A10f9F 3M017F 7HE Be 5 B tH(Fig. 16b). 3, 19784

UEH, 1978 = sEZEAE A&

s

K

rO
|l
M
28,
.
o
)
i
ftlo
e

:":
o] Wki(Fig. 5), 59 2% Hlu3d 23t} HFig. 4). 19803
g o] %2 JNAF7F FAastr] AlFeke] 19859l = 241+ 97,060,000k
2], 3= 146,456,0007F 2] 2 Y ERSEER(Fig. 16b). =gt 7Fl & ¥iE 9
shel HArw AhgE PSDete] AR T AW BE Fo@
5o AAAAVE YERETGQAMY, r=-0.604; 3A°], -0577 , EF
p<0.05)(Fig. 17).
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Fig. 16. Estimated number at age of walleye pollock (Gadus chalcogrammus) in

Korean waters. Numbers were estimated using Pope’s Cohort analysis model. (a)

Period 1 (1958-1968), and (b) Period 2 (1973-1985).
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Aol oy ol 129 $&& ol YEhHAS w s
3 AgS HAthFig. 18). 1970 4] olefe] mjgdo] o FF ofwmtel &
B 19709 Y] FHHEE 1980 FukbA] 4] ol & Holal, 1
Tl 29 oy S Kot EEF29 WILE o]$h fAFEt,
2 o]

S 10msh 7omel 4o e w kel Fukve] u]s)
=

wom, 1299 75m, 100m T=+= 2499 AAE Fi =2 4o A3
WA (r=0.659, 0.592, p<0.05)= et (Fig. 19). Bel= 7HA7F A3
of wet M o7k BetALY, HoldE UE ARE Fe F
HRBAEG ol A3t Feje] Aol el HYFNA AN,

Sol W A 2 Tom AN @RS A7

Lo

FEEgaAEC MF WA 620 ARDL 19789 Aslsnt
198010 8) Fu7hA = 2 we] @ith(Fig. 20). o€ W mAel 7} 7
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Fig. 19. Cross correlation between juvenile catch of walleye pollock (Gadus
chalcogrammus) and December seawater temperature in Korean waters,

1975-1997. Bars indicate the coefficient and dotted lines present upper and

lower confidence limits. (a) 10 m, (b) 20 m, (c) 75 m, and (d) 100 m.
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Fig. 21. Cross correlation between juvenile catch of walleye pollock (Gadus
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Bars indicate the coefficient and dotted lines present upper and lower

confidence limits.
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54



1. 88 o1& R @983 3 ZFCPUE) ¥&

Fels 19709 FURRE 19809 FubA e owe nyw
3 &

1980 ) FHF o] 5

ZVekdan 1 1977-1982 9= 2 e Holtl 1980\t Zuko] F i

ArFAE BAH(Lee, 1991). A5 Adojdel 45 1970
HEELE 1980 Y FWHbA] =& CPUE 3 Holi, o] A7|E 7|+
3E - A]7](1990% 2 -20001 o ) :.

g w3

¥

o7 o] HA71(1960%-1970d t S wh)7}
ok vlwA Zokorm FukAlZ|dE FA8] st v ghe 2t (Lee,
1991; Kim, 2017). wetx CPUES$t ®ls=dh A 3ks Hole WH oz
A gFolet 7hgetar o & ko] Bl A FiF A=W 1958-1968, o] & &
o] WT 1973-19854, o] &=kl AU 1991-2002 & MAI 7| & o]
253 543 /Mg dES AvEsith WH o x50 waw
FolTE EE, A%, AW oldon, AETA AmndAr EE A%, A
ol FolgE Yttt A5y Ao Ag HRHA AR AdojE
% EZ)AAAW)S] A 1970d T FH7EA] 1) A o]

g, 1980l FWHEE Ao WElE F2 o gttt wEkA vwA 2 W

B7h QR Asd AY ol ARE ASdel A RS AAHY
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HEe] 43S 1] g8 AstE B wE@y) g4 Period 1< t,7}
59 kol YERW AL, Period 2= 4ol S H Atk King(2007)o] w=wd
AntH oz Aies ANA ¢ 7kl ol AT, ¥ ol Hovm

3t

[,
o

. Park et al.(1978)¢] 7-% 1974d7-8 19761744 ¥ EH 558w}
e olgste] T3 & WESY A HHALLS 664cmell e, &
Aol ZF A7IE HA ARG 2o ARt AR A o] 755 A
orol B Atel FAAQ HluE A EErE Yang et al.(2008)2 E
A9 Period 39 allFsk= 1977-1999d WEjo]A S A AMA st A

WAy ARE PHEoY, 94 AN AR 4FHE Takel mug

S otk M ol F AASE FASH) fle) AU-AF JREES T3
L Re B AT AW Add el $190w, Period 1, 2014w
2HE A2 B3 2058 64744 F4T = AU

B2 d7oH 2= FERIE oFe A 2 Asd & #He] e
™ (Overholta, 1987; Junquera and Saborido-Rey, 1996; Stahl and Kruse,
2008), oo T/ AeTst ol gy ol wet, AAE, HANAL=
7], Asads, A< Aol Walth(Rochet, 1998; Jennings et al, 1999). ¥
b om Apglo] zHashH el GFFEHIE FobAHA AFEC] =olA
A A o] woldth(H, 2010). EEjaTtke] WHE w5 WS
BET Ads Hlgo] 50%<%1 Aol ¥ Fe=dH, ol ¥ MAsEER

e =

o]l vk HEHe Al T2 d&FE MAL

il

o ] Ad<sls Aow A #tH(Stahl and Kruse, 2008). T3k, JE H 3
HEo A=W v AFoME, ofF UET T/

Ef o]
TE 0% s Aol Tast= Aol YEwtH(Hamatsu and Yabuki,
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2007). & Al M= WEl Akl ¥ A2 Period 39 50%4 % Aol

Period 2 B 4cm H Zl&=d], olgd &4 WHsles Ue FHa e}

e

Heje] A evbsdel d3ds T AlAlU A 54 (somatic energy
reserve)< sEo=dIAE 59 Holrl 43S F=ul(Mito et al, 1999), W
Bl Hvtert FEEHAE AEFo] =2 Period 304 =2 ghS HolH,
Fo AHHAE Bk 2(1986a)dl wEW HghajooA wido] WEH
FHolQl ©ZtF(amphipoda)2} Wt A o] F(euphausiid) A& o] 6¢€ 3}
10l WA A= ol £ dAToAe HAA7Ie dA Fom HH

e e o ABAAT BTk o NY WE FEAIG wol YR

Bonar(2002)°l ¢]st¥ o] &= o] A wfj FAAV|HH AAY A
AGAF Bl &o] =oldtia & &=Hl, ol& Period 1274 & 4 3l
o ERF Period 294 Period 3] w4go] Hl&o] s, o= 1970
FE 1990 d i 7kA1 & g mj Ao (=rhe]) HEe] S
tH(Kang et al, 2013). 1990 d el EojA1 % wjAd oL} oo g of ¢t
g WstzE gldANy 7k} Thessk =7 mAdol FrE Aol A A
Period 314 & =7]1¢ e H&o] iAo r Frlst= 4ol vyt
th o olZA Hit AFHY FEY LEFoR XA @ AL R
TAAEE S35t (Bonar, 2002). Period 3% Period 1, 2 #H]&] )&%+
ol 43 iR e ol Hrpojge] Air ofFo AFL(H, A7

Hehel 7h #asta o, Ao My Fo] AN Ao

a

Aol A S7sl Atk AL BHoFtH(Kim and Kang, 1998). 4

A G =] Agkel] AMEE AR Aol doziE AT PEHAR
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|

EE2HW AMEEol T4 A Sl oS REAvh XS Laurel et

al.(2016)°] =W HE 2Axo]E 10-15C HYA] =& AAEFS Holu

AT 13CHT o] wolAA W JFEol FAs gayrh ol
ATREE 1509 L& obF ¥ Foo| oy, urHon we e
of Wl AAele Yol F& JFL vAHE AL welFth vyl of
g 1299 75, 100mT&3% 2d9] AAE A A gadds u
ghgor], E3 RFERNOR FHH 24 FEst 50m, 5m el A9
49 Feol 2de) ARE 3 Fol AuWAE BAh 04 Fejrl ol

50-100mZ o] ol A A 4] s}+=d](Miyake et al., 1996; Honda et al., 2004), A]

Zo] HHo 7ty & #Hol e AeE A4dr.

AW ofgy AEIA HAFFE8RIA FEEFA

= Eg mdo] oy wHg BAAE BATH HH nAdo] ogFe T
=

7} 3d o] AZFAFE WHlty et A o] 7 (euphausiid) 9= 149

e
AL
2
:?L_‘J
o2
o
ko

o

A R AaBAE Ueblled, ole AgH, AdA, A
ueg & HolE Mdolst= WH Y Hol 54 #Ho =
Ao HAhDwyer et al, 1987, Mito et al, 1999). W= L7
(copepoda), TH}thZ A o] F(euphausiid) 2} &2+ (amphipod) 7t 8 & o]
oln, TF4o] AAE A% H Takahashi and Yamaguchi, 1972; Mito,
1974; Bailey and Dunn, 1979). T3k d & W9 U &E #4123 u}
W, HH2r]o] e} FEEEAEY BlEo] vEr Aol Fav o
7} 8.7F7 (copepoda)oll A dubthet A o] - (euphausiid) 2 vl = 7 ko]
el A RE P wjdoj= Al Adglo] wlg & H &=

£S5 Holdth(Yamamura et al., 2002). ¥ A-Fo A= wjAdo] o & ka}

1 3

o FEEYAEC] w2 A AUAAE BIoH, HIAA ATH |
Eas
=]

f
2

s

Ru)
1o

oA AR og A7]e FamolFe] FREFAECR by



th(o], 1986). Period 3¢ 3l @dsl= 1990 W] 2H-He= F2ZHIE A
Fol wa i FoR WHIL Mgyl £ SN dHow
Qla ofm HH AL T H o TFdo] AxF Aom HIIH
7H W E e shuel H=E ALEE PSDEA ] 7lE HelE F UMA A
T2 YE 7 dfed AR B ATdA AMES Ve, EXE
Gabelhouse(1984)¢ll whe} A% WS S7HAZ U Woltl stock(S:
20-26%), quality(Q:36-41%) preferred(P: 45-55%), memorable(M:59-64%),
trophy(T:74-80%). ©] e A Hel 7+ AdATS T %= U
Aol Weje HAFS 9lem(fishbase, http://www.fishbase.org/)©]
o} B Ao A A3 stock, quality length®] A Zo] Gabelhouse(1984)2]
A "9 gholl Z3kEY. 34 AEj Al M= PSD#te] 30-70 R <ol
w2 tFA 7hds UERARE ol Fwith He7E b
o] Zpo]E HRIth Period 25 A|9|gt Period 394+ &S 7Hd¥E
S Boled, ol JUAINEREE 42 Fdsirh. £ PSD 3ol
o Hwzd 22 A7|9 HWH(25cm-37cm)7t =L H &S AA5H
VPAR F449 2, 3418 JMAG 59 4aaAS B o= A}
=< PSD7F Sl Rk ofye} siFAEA o Fol A= A B
ot 7Rl TS BolE & At AS HolEh
Ty Falle sFTEet dAH] o wividRIyE stk
el tF 4] 9 (Tsushima Warm Current Region)e] A Ej A A A A S-S 7] %
AA st o3 sjFAMSE oFETE R FLRAT MAARE
W3l 5o veElyr 2T Chung et. al, 2015; Tian et. al, 2006). &
el A= 1960 Tl 1990 thell e deoi7h 3 Wb, 1970 of of
1980 ol = Hej 7t A" Fo]AHKim et al, 2007). o]AE Fa|E& ¥+
g SEE G VFAAEES A xR FaoF, FAAAe] A

Hr
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Abell glo] & W3S of7] A7l Ao ® AFHATHZhang et al, 2004). &
AFol = HEf Fo] & A AQ 55 56, 62, 63 Tl FHE HEA R
of Fal AA We AAgF ARE T3 w3 W AESH 54 W

W oApele WEo] 2748 A7

©
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O
rk&*
o, 2
SE
=)
K=
T
i)
2
e
-3
o,
:(,)L_‘,
B

Hol A= MAF= vE g dvEol HEl Y Aok weEbA Al
2 AN ES ayehA xeklal, ofge]l & HA 2= 0, 14 A= F
4 Ao FF AR7E F7F Bste] A3 E £4S AAste] €
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Appendix I. The list of fishing gears used in three main fisheries.

o] 7-(Fishing gear)

= (trawl), HBE = (otter trawl), MFEZ-5& TE = (shrimp trawl), A& 7] 44 A0 (trawl large—one boat),
EEZ(Trawl) ’\°1EH§371H A A (trawl large—two boat), 158 7| A A (trawl large—one boat), =215 87| A QA (trawl large—two boat),
a7 A JAFCFE]), sl T 71 A A (1 Ee]), 71EFA A (other trawl), ¥ A% (sailing trawl)
12 (Longline) <% (long line), T8l A< (offshore long line), A<k (coastal long line), 7] A M e} <% (alaska pollock long line),
71e}714 A5 (other powered long line), 4] A5, ] A5 (shark long line), 1B} (other long line)

A% (Gill net)

A (drift gill net), 2352 Z(large gill net), A (small gill net), a2, A<kx}w Hef A}t (alaska pollock gill net)
716} (other  gill net), 71E}7)A 53 (other powered drift gill net), 8 X% (anchovy gill nets)

71 €}

oflt r_>|:

A} (powered dredge net), & ot (large staw net), 23t (small staw net), 7|EFE-"(other life nets),
& A (small powered purse seine), tH& A7 (large powered purse seine), MM, Za|ebd(large staw net), ot
A7) (off—shore angling), 71418 & W (anchovy drag net), 19l 7](coastal angling), squid angling, $19H5% (coastal t ap),

ol rllJ B

s, EH?‘ﬂﬂ A} (set net—large), 2 A X W (set ent—small), A, Z<4=7](diving), 71EFe] ] (other fisheries),
T8 A, Al 2.3 F 35 A F ] (other apparatus)
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