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Abstract : Oxygen isotopic composition (8'30) of walleye pollock, Theragra chalcogramma, otoliths were
measured to investigate interannual and regional correlation with habitat temperature. Specimens were collected
from fishermen in Korea and Japan between 1997~1999, while seawater temperatures were obtained from
Korean and Japanese Oceanographic Data Centers. Seawater temperature was generally lower off the eastern
Korean Peninsula than off eastern Hokkaido (Japan). Sagittal otoliths were removed for measurement of 8'%0
using a micro-drilling technique. In most cases, 8'%0 and habitat temperature exhibited negative relationship in
Korean and Japanese waters. Higher §'®0 was observed in Korean pollock compared to Japanese pollock. The
marginal parts of otoliths exhibited higher 8'30 than cores from both regions. This is an indication that somatic
growth of walleye pollock occurs in deeper and cooler waters. Interannual variation in 8'30 was also observed.
Mean §'%0 values acquired from 1997 otoliths were lower (2.15%o) than those of 1998 (2.67%o0) and 1999
(2.65%0) in Korean pollock. These measurements coincided with changes in observed temperature in Korean
waters, in which mean seawater temperature was warmer in 1997 than in 1998 and 1999. In Japanese waters,
mean seawater temperature was lowest in 1997, which coincided with highest §'®0 values in the same year.
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increment) TE= ©]F/2] Uol& FAsk=t] o] &= $k
TH(Campana and Neilson 1985). 3, ZZoll= |4 W
sletEAol thet A7} 23S Wi gl o]4& 438t
= SR> AAEE $ AL W] fle HdE A
2 Q7] whiel], o)A W mlEgFdat QP E 94 Hlo] 2}
ol o]fFe] AL (F, M2A, Hol, 2, A 5) ¥
3} Aol AE o] &-EtH(Gauldie et al. 1998; Thorrold et
al. 1998; Campana 1999; Kennedy et al. 2002).
ae] QHEE AU 22 s ellA o {7F Aolstar
A sk 9 o AW ZF B o]A e w9
FS T o]Ae] erAEeldanE o 7o
A EE, 844 Ul 85 F7]ekA3(dissolved inorgainc
carbon)l] weh 2 W7 A Eh SRR o4 ] AaE
A4 242 FHA S (fractionation factor)7} THAMES
of oaf FIFS Al WA FaL F7] HA ofFaolE
o A9l frAket7] wiol] $734e] FeldaH] 9 s &
9] stz W3lsHA ®th(Campana 1999; Hoie ef al.
2004). Kalish(1991)= © 2~Eg]o} dlo¢] o] o] Aka
FALARE A, o] U AaFlda FiFe] 7
3 G Al JS RIS ol & 2AR Y
AET FoflAe ofF oA 9] 4HAFodanE o F/7t
A B 2 AANAR FF ol§skaL St
B ko] shFdol da] ¥ el (walleye pollock,
Theragra chalcogramma)= -2\t Sl ol| A58 v]=
A Z o} ARMEA] thH9] Ak FxalaL glom,
7t st} 5YAQ1 S 7R AL e Aol EA)
Shoh(A 1992). sHibEe] Falicte R 3]f3] o= WeHl+=
7HeEd BEO R RE Helele] A Agtol] 0|21,
11~12€9) O Fafste] = Al ARk (Wonsan Bay)
ol Al A Slth(Fig. 1). 7 AbehtellA] Blojd o7 4b

A3 29 o] Fr2o] Aol upet oAl Edsitia &
A AThel & 1989; A7 7 1998). L& s dol|r+=
Ot E7ko|m 2 2qr <A9te] tiE5olA 1195 4¢
Arolell e Atghto] EdstaL lom, E7o| = Hie]
7 H(Funka Bay)ell AHebgo] @€ th(Sakurai 1988).
He= A wet 74 BxE gt A
A=, sl 7 2po] & HolA| W AAFEHA 7]
& FAlo 7 o] F3tMuigwa 1988; Kendall ef al. 1996).
A= Y 749 74 300~400 moilA] A]2]31A]
wk wlAdole sk EH oF 100m oWel A i, -

kv

2t WElo] 7 1-241¢] o AP7lelle &2 FAlolA
AR T o) FeE 200m B2, 28T 7E 4
300~500 mo| A &= A E 3 k(= H A 53
AT A &5, 93], pers. comm.). Y& FTlo]x= A
sizol] A2k WEj o] A5, 0~14l0l= 50~200 m, 2~3

Y ox
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Fig. 1. Sampling areas for walleye pollock (Theragra chal-
cogramma) otolith (@) and seawater temperature
during the 1997-1999 period ().

Aol 100~300 m2E A2] 0] QojR| 3 440l BE
200~300 moll A A 2}gtkar schE7bol = s, Dr. Y.
Sakurai, pers. comm.).

Ak 712001y FANA e Feje] oMol
Ho} Q= NAFANLS] vgo] AFE Amrirt vh=
A vierdg WRTh 2eu 259 A3 o4 AA9)
UL FFE ST Aol R, ofFe] AFH A
22 7 58S 8T e T 2 ATl g
=3 QoA NP FE o]HOZHE T2EC] Blodt
sle} g sljo] 2HaEU2GE00)] FEE FAVS
AraF e R e o] AR s dAE
A7kt 53], HEje] g HE NALFTdLE F
Astod, o] 77F sk AR ete Y-S L

At

.
ok 4

2. A5 9y

ol A& AHFH

Syt el AlEE 199735E 19993714 343 &
ot 7HE &% (Sokcho) 9] oAl & oYAER
FE 10~1190l] AA 3kt (Fig. 1). B8 A5 5
2 QA oAQAEERE FYA7] Wzl ofgel| o]§
H o)t o] 8 Aol et F R} B3 8k (Table
1), BEl 7} R E 1990 92 He) zpd gFo] uf-¢-
e Agellon® ol AHE sl M Heel A
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Table 1. Information on walleye pollock (Theragra chalcogramma) collected from Korea (east side of the Korean Pen-
insula) and Japan (east side of the Hokkaido) for stable isotope analysis of otoliths

. Depth Mean fork Mean body
Country  Year Month Location Gear (m) length (cm) weight (gram)
(£ SD, n) (£ SD, n)
1997 October Gangwon-do (Sokcho)  unknown 60-70 26.1 (x1.2,5) 162.0 (£ 9.6, 5)
Korea 1998 November  Gangwon-do (Sokcho)  unknown unknown 339(x1.1,5) 261.6 (£35.3,5)
1999 November  Gangwon-do (Sokcho)  unknown unknown 30.7 (£4.0,4) 227.5 (£ 68.0,4)
1997 October 42° 42'N 144° 33'E trawl 200 37.8(£22,5) 391.0(£753,5)
Japan 1998 July 41°39'N 143°42'E trawl unknown 36.3(£52,5) 371.8(x1335,5)
1999 February 41°58'N 141°26'E trawl 360 382(x£59,3) 397.3(x169.1,3)
March 41°48'N 141°26'E trawl 200 29.1(£0.1,2) 134.5(£29.0,2)

SD: standard deviation, n: number of individuals

A A suitt @ik FRE HE SolM A
Azl gk FEIF A= MAE dulste] o4 g 53
g} dre] Wels= 19973 10€5H 199949 39714 &
Fhol = FREo A st AU EE ojH oz RE
FHATHFig. 1). 018 4 200~360 m=A -2}
3l At RO 2 oA 018 = U TK(Table 1).
Tk ol8 S5 4 253 FAEAUL, o1FE oA
o] A AFE vt AgtlA £3E ARt A3
75

HFr2 AR B4

2 Ao o] & HEZE AAEid vl Y
Zto| = TR A 2 wsks Tetslr] $flste] Skt
3| FAEANE (Korea Oceanographic Data Center: KODC)
o} J B YALFAE (Japan Oceanographic Data Center:
JODC)OIA] HES 1994-1999 712 9] & AR S HA] 5}
Aok s2vkete] g, Hele] Exo} 3], Ak, A2
A g A7) S aEete] SeAkAehe] At
A B5F FollA vl B 9118 At A (107
Line-1, 2, 3, 4; 106 Line-2, 3, 4; 105 Line-3, 4; 104
Line-4)y& Aeste] #48191a1, o] Z4-9ol= EE o
Aol 013 BFS AT 40~42° N, 142~145° E 9S
AR skl ZAFFATHFig. 1). A<l 9] 50 m, 100 m,
200 m, 300 m, 400 m, 500 m 7} 5 FAEE £4]
sto] 9 Wit T2 S et AAdske 717 st #
o T2 e ol U AtaEeda w vl

o149 A Y ALEAAL A
A ZHH o]Ag FET T ®H EoUe ol=F

< AASEAL 80°ColA 129 &< 7

A dEjolA AZRAATE AxH o4&

3t B Eof Y castolite resin 8 cc®} castolite hardener

THEO M&(EY B @ B2)2 HolH BE §AL ¥

o]FaL oF 36A17F ERF FALAIFTE HE o)A 3ak A
o] G2 47(Short ef al. 2006)57] o] B
o9 E 8% W Aol FE) 1AL Ee S A
SHATE AR AWER]E= 400, 800, 1200 grite} 1/4 micron
polishing paperSitt.

Auprt B R8-S A& YAAT A (SZX-TR30,
Olympus jit)g ©]8-3te] A8 AA3ITE. 04 <] doflA]
FE 7P dvksto] Uehd Al (sagittal planeye-
An)7gstol| A AFslATt. o] wf whARE ofgfjollA o FA
Hole B Ao] =2 ] FAE FE translucent
zone)?} A Hole EEHU Al wE u JHHE B
5 opaque zone)’} A2 FHH oz 2 Yelyit} B
AFoM e FHUE Mt AP L A" AL
e A Flet7] 218k sagitta o)A & T Ant
Aol ARE-FA] of gk o]l st o]A-g Hetsled
AH S BTt o o] o] AFEE ek EsE]
13te] <=2)W (vertical plane)S W8l YIS =2 Ef$-
A2 7 (break-and-burn method)S AHE-3FATH
(NOAA 2008). AFARY Folle fito] AHFHZA 4
Fe7ks Atey] flete oM &7 FAAAE
ToReH &7 A AZIE Foti] st v
2] 0 7 AR 4*(Marginal index: MI)(Fey 2005)& -3}
ATh.

{0 r

rr

_ (R_rn)
= T

M1

o714, RE FAF 2RA HAS7HA Y] 45 W, r,
< FA 230 7P PRk el e miA 577
2]¢] Azlolth(Fig. 2).

AE APE 5, vAl EEE AREste o]Ae] 7} AR
HE B AlRE FEI0TH Ad AME =E2
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bitE F2Fste] AR89 tH(Model 780, cordless rotary
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Fig. 2. Sagittal plane of walleye pollock (Theragra chalco-
gramma) otolith, showing otolith radius (R), ring
radius at age n (r,) and drilling area for this
study.

tool). ©]4 W g Gt steieti, o]4lo] AEE 7
Aol ujg} LA o] g2 A B = (Villiers er
al. 1995), HIAIE ANFHAAHAA 7P Ao 8471 4
2 o] 9] 3 FE(F, ol4e] age-02] 7T 7HEANE
(&, o19% Ao A3 Bat) Al FA49] A9 &
Ae] sfAofA o]t ATHFig. 2). g AFE oA o}t
olE B2 A|82 H2E 50 ug, BAIE 200 ug o1
4 AU EZe] FE 2 THE A5 At
= k= 7] 2 3} 8HR]| 4 A - (Korea Basic Science
Institute)®] ©]2]3t9 T VG OPTIMA A& 247|(VG
OPTIMA linked with MultiPrep)&2 =4 =t} 2259
A4 B Ade= 3T A E<] VPDB(Vienna PeeDee
Belemnite)ol] tdt HE-8&(%0)2 YEIHIL A== 54
LAF W2 0.1%0 oISl #s EATh.

= (018 /Olé)samp/e B (018 /Olﬁ)standard
(0157 016)

—

[o

B tlo K
o 4y

1

18

570 x 100

standard

()

AEFAN2Y N7 529 B

AR5 ANl AR Tota}] S8l o]4]

7901 Sl 4 50~300 mell A 2lshs dekgt kel
el Aol Al ek 22 Stell #ESHAL 3ol
W8 A thMuigwa 1988). z2lv -gutel s oA=
200 mETH Z2 352 g2o] UE- Ylop MApilom B
Agd Zoz Pttt webd syl 0~14 W
el thaliM= 50 m, 24 B Adof= 100~200 me] 25
Aefsiiet. A sl Weje] B9 040171 50 m, 2]
HEl= 100~200m 2] 32 34 HEl= 574 200~300 m
Afololl A A A ste|etal 717g ste] A 4ER-S BlaLsk]T),
AR 200 m =4 F-2oll M= ) =20] 129 52 2
ol YehE = 24 &2 Adoje] o] 12¢el] 3
Aoz 7Pt on, 04l Wl 7F A48k E5(<50 m)
oMol 22 Ut sl = 10~12¢, I+ 3
M= 10~118 7P 2B R o] A]7]9] &3} 04
HEje] 2l Ya Haghs vkt

3.2

AR 2 FEIAR A

Aubel o]} HokE o|XoA vehd T 5
Ageste] vt 199792 1998 S-2utell A A
A o4 F, & 642 vwsldedl, dulsle] FHUS
Algrslhe & Arzle] W AEA dekazt el
A7} FLATHTable 2). ALAPSS A &, Q&
gl oldREe] hEA YIRS 7RI flste] o4
7 7k FABAE A EgiTh Aol AHgE e

7 BA QA 7 i S A 0N AT £70]

Table 2. Comparison of age determined by grinding (sagittal plane) and break-and-burn (vertical plane) methods for
walleye pollock (Theragra chalcogramma) otoliths

Sampling Specimen Fork length Otolith length Age
Country : -
year No. (cm) (mm) Sagittal plane ~ Vertical plane
4 26.2 12.89 2 2
5 243 10.00 2 2
1997
8 26.4 12.80 2 2
Korea
25 27.8 11.73 2 2
12 35.0 14.97 3 3
1998
13 34.5 15.78 3 3
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Fig. 3. Monthly changes of marginal index of walleye pol-
lock (Theragra chalcogramma). Results from this
research (large circles) are superimposed on those
(small dots) from Park et al. (1978). Note that the
former were from otoliths and the latter from
scales.
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1.0~1.5°C QP E 4725 Ho|3 Ut} Ao o8-8 o
Ej7} ejold 199437 E] A7t FEE 1999d7kA] 9] 4
A 50me] 109, 1299 Hat 0] 8.8°C, 10.4°CZ 6
o, 899 A & 53°C, 7.8°CHT} EUTHFig. 4).
100 m FAolA = 129578 sl 297149 0] A
ZF HAIAE YERNIZ deH, 4 200 m o /dollA =
AR Hgo] A gtk A+ 717F FoF AF oA
v fstAIVaE -9] Aol ANE A= ZE], 200 m
Hep 22 el A= 1990 ) Ftell Soj9h T HolbAl
ol 29 AEA Wsle dSellA Al dojw=,
53] 19961 50me] 8 G20 4.4°CSl A H]s}to
199733} 19980 8.0°C, 11.7°CE F~2-0] uj-$- wo] Ak
S RS G F AU 01X 9] o] 7 AT Ao
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Fig. 4. Seawater temperature variation off the east sides
of (a) the Korean Peninsula and (b) Hokkaido
during the 1994-1999 period. Regression lines
showed the increasing trend of seawater temper-
ature at 50 m during the 1990s.

il 78 gk 6~12¢9 Bt 4 50 melA e 6d Hit
28 8.0°Co|R oL}, 19960l & 6.2°CE Ht F2HT}
1.8°CHt ke Wi 199733 19983 7}7; 8.5°C,
9.0°CE A 1T} oF 1°C Fo} 199733} 199839
F2o] Bol s As I F AUATh

A ZTto|E B ] = 5L v s
= o7 TR FdE HRlth dE Ake ey &
Ab Sl BT f=7F AT feyete) v R E T
o =2o] 7P =, £3] 1990t Zoll =41 50 moilA]
o] FA% 7 dFol YRt ok, 238k F2A| Q.9
PIFE Bol B 3= o] a2 4 50 mollA] 7~8Y e
Fo] F4E3st] 119714 o] A|th7} 12958 +=
o] At W&H7}F 1~69 74| H]szet 0] FA ET}(Fig.
4). 283 49, 1299] Hit $20] 4.7°C, 10.0°CE $-2
kel 49, 1299] Hit L 6.0°C, 10.4°CHT} e ut
™, 89, 1099 Hat -2 9.1°C, 13.0°CZ -2z} 8
9, 1049] Hi & 7.8°C, 8.8°CHT} =T} 100 m ©]
st AN = vl SRt BF =90, 300 me
Ae FANAE AZAH o2 sty FElsknh. 4
2 FoAe] - U} Ate] KT ] =
28, gAE 4 400 molA Q] =20 -2} 39
100 mell Al o] 4=23} ¥ =33t 53], i oA =
1990 d = F-itof] &3k o] f-glupeli) B85l
199939+ 44 50m, 100m, 200m, 300 m, 400 m,
500 me] o] AF7IZF HHFHT 742} 1.5°C, 0.9°C,

fsig
=
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Table 3. Oxygen isotope (5'30) values of walleye pollock
(Theragra chalcogramma) otoliths collected in
Korean waters during the 1997-1999 period

Table 4. Oxygen isotope (53'%0) values of walleye pollock
(Theragra chalcogramma) otoliths collected in
Japanese waters during the 1997-1999 period

Sampling Specimens 80 (%o) (age) San'lpling Speci- 8'%0 (%o) (age)
time 1995 1997 1998 1999 time  mens 1994 1995 1996 1997 1998
1 231(0) 223(2) 1 2.10(0) 291(3)
2 224(0) 229(2) 2 224(0) -
Oig’;’f’ 30 2.11(0) 201Q2) Ofgog’;r’ 3 1.84(0) 237(3)
4 - 232(2) 4 1.83(0) 2.73(3)
5 2.53(0) 1.91(2) 5 1.66(0) 238(3)
Mean 230 215 Mean 1.93 2.60
1 2.41(0) 235(3) 1 233 (0) 221(3)
2 268(0) 2.50 (3) 2 2.49 (0) 2.70 (3)
NOYgggber’ 3 2.50 (0) 3.15(3) Jl‘;lgé 3 238(0) 227(3)
4 255(0) 2.44 (3) 4 234 (0) 2.23(3)
5 2.04 (0) 2.92(3) 5 221(0) 2.02 (4)
Mean 244 2.67 Mean 239 235
November, 1 225(0) 339(1) 1 2.04 (0) 227(3)
1999 2 2.54(0) 1.70 (1) Fef’;;a;y’ 2 1.94(0) 23703)
Mean 240 255 2.44 (0) 271 (4)
November, 2.32(0) 2.17(2) Mean 1.99 232
1999 2 2.56 (0) 332(2)  November, | 1.95 (0) 2.60(2)
Mean 244 275 1999 2 2.09 (0) 1.95 (2)
Mean 2.02 228

0.4°C, 0.5°C, 0.4°C, 0.3°C =34t}

o] U] AkF¢ Y4 v

Aol ARg-E f-2lue WelE 19974, 199846l A3
H 7} 5me], 19999 4ulE] 2, o] & WEjollA FE3t ¢
A ) ARAE 91 48"0) B Z ) 3.39%0, F A 1.70%0
o] MHZS Yehth(Table 3). 19979¢] Hej& 2401 &
19953 (& F-i&)ak 19973 (7FgAke] iyl FA4E ¥ 87
ol A AtAE 91 A HHik2 ZHE 2.30%0, 2.15%0°] 3L
1998 HEl= 34101 & 19959 (3 &), 1998 (7HaA}

Tyl FdE FEolA ZEzt 2.44%o, 2.67%02] B+t
e BT 283 199999] 14 HElE 19983 (3 -
)3 19993 (7 Ake] F-5)oll FAE Aoz HaFghol
Z}7} 2.40%0, 2.55%0°1 3L 24 HElE 19973 (3 F-&
19999 (7PgAR] FH)ell FAE o= 27} 2.44%0,
2.75%02] BAHS JeEPAL = AaEsdae] #
FHaRe] WE 0.17~0.81%0°]1 At

Ao AbeE dE Hejs vd snie] R, o]E e o]
AU AReE el A A, HARS ZHE 2.91%0, 1.66%0°]
Atk 199739 o1FE HelE 34012 19943 (F &,
1997d (73R Fatyell FgE Fie] Atrsdda 3
TE 242t 1.93%o, 2.60%0= EPRL 1998 e <

Al 3Alol= 199519 FAE FE(3 FE)e] HFpke
2.39%o0, 19980l FAH TR Pk )] Haak
2.35%°]1 A th. 28] 3 1999 HEjE= 240] ¢} 3Aoj 2
1996 (3 ), 1998 (71gAke] F-t)ell A€ 720l
A Z¥ZE 2.02%o0, 2.28%0, 19953 (3 F-4), 19983 (7HdA}
g FE)ell FgE FollA ZHE 1.99%0, 2.32%0°] ot
7S B TH(Table 4). Ao AL&E A|8¢] 7} A7)
wj Fol] AR B EsHA FHs71d e Tl st
u, S2luete} vz EAkghe] Atar, REHAl)
H2E 0.07~0.46%0°]1 T o]l 19983} 19991 0)] o
grjo] Ao AHE-H He) F 44 "o #7F sy
dhell $117] wiswol] 44 HeEf] 29l da 32 A9
ATt

SEvErel i wE o]Ae] 8 FiEd 7Pgrke]
2HaEda gg vlaE] Bk w3 Fie] 4,
= Al A AFE HE) oA AtihFLlda etk
A 7o vlste] A= =k AT HE 7} 08
ol FE oMo RRE| FAAL F FHikl
o7} AA] ¢yt T JtaF YA E 19973 =t
ANE9} 1998 YE AISE ALe BE AFoA 8 F
R 7PgAlE] FEo] T =, WEZF A4S s

o O o {o
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A gl ghol Sk AdE B e A

2 A W o|HollM B FEE vEbdt Eatate]
785, 8 o] 7PEAE el o] ZAkgkel] Wlake] v A
o] By ot

AHEH R4S} AR A 23e] )
et el A2l W] A2 3~5°CekaL
A Jom(FHFAREY 2000), BEE Y] o E
e AFES HAZ o] £ ol XAl
CYRbE o g W= ApR|o] Al7]e] FFol Attt
Bort A5E 7L FA0R olFdhs AoE YA
TH(Muigwa 1988). g 9te] 200 m Aol = A%
L1~1.4°C9] =2o] YEhaL 9lom, o] o] vk &
22 W) Ao m AelA] e A oE Helth 1
ez $yug Fa) ActilHe wEEd tupdE 423
7F VAo e 44 3l
7F 200 mETh 2 5ol X Alejnk. W, Ao
% Ak FRAIQ 9 JFS W] Wil 4 500 mell
MIE Eet 3.0~3.6°C9] wEESt 7 A 7|17 Uid] &
sl e, 71 A7 ol FAE 200~360 m= =
At o= €A A UERTH(Table 1).

o|A Y AbasdA # HEZE A2shks Al
&5 Blasinh. o)A 7PgAbe] TR egE Az 4%
S Hh)o] AbaE YA Hagke Sevet Hele] A
19973 2A1), 19983 (3A41), 19993 (1412} 24 H+t) 2+t
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Fig. 6. Relationship between seawater temperature (@)
and oxygen stable isotope (8'0) content ((J) at
core area of walleye pollock otolith. (a) Korean
waters (temperature at 50 m depth during Oct.~
Dec.), and (b) Japanese waters (temperature at
50 m depth during Nov.~Dec.).
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