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Abstract : Oceanic conditions in walleye pollock habitat in the East Sea have shown decadal fluctuations between warm and cold periods in turn.
Specifically, sea surface temperature (SST) has shown a dramatic increase between the late 1980s and the middle 2000s, and abrupt decreasing patterns
after the late 2000s. Oceanic conditions in the Dong-han Bay (spawning ground) and middle eastern coastal waters (fishing ground), however, indicated
different fluctuation trends in SST, increasing in the Dong-han Bay after the late 1980s, and decreasing after the late 2000s. These fluctuation patterns
were especially clear in February and March. Sea surface temperature in the middle eastern coastal waters of Korea soared continuously after the late
1980s, but did not show a distinct decreasing pattern after the late 2000s compared with Dong han Bay, except for February SST values. These long
term water temperature changes in both walleye pollock spawning and fishing ground are related to variation in walleye pollock landings. Especially,
abrupt changes in spawning ground SST can be one of the factors influencing survival in the early ontogenesis of walleye pollock, including egg and yolk
larval stages. During the 1980s, the area of suitable spawning temperature (2-5°C) was wider, and the length of Walleye pollock egg and larval stages
greater compared with past and present oceanographic environments. However, such patterns did not correspond with the optimal spawning temperature
range and greater length of development of walleye pollock during the late 1980s likely triggering a decline in pollock stock. In conclusion, it has been
supposed that the dramatic decrease in walleye pollock landings in the East Sea since the late 1980s was caused by increasing water temperature leading

to both early mortality and unsuitable spawning conditions.
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Fig. 1. Map of study area related with sea surface temperature
(SST) and spawning ground in Dong-han Bay (a) and

middle eastern coast of Korea (b).
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Fig. 2. Horizontal distributions of decadal mean of sea surface
temperature  (SST) East
(December, January, February and March).

in the Sea during winter
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Correlation coefficient between sea surface water
temperature in Dong-han Bay and middle eastern coast
of Korea

Middle eastern coastal water of Korea

Dong-han Bay Dec Jan Feb Mar
Dec 044 0.47" 0.36" 0.23%
Jan 0.39™ 0.66" 0.47" 0.50"
Feb 0.32Y 0.51" 0.61" 0.75"
Mar  025Y 0.44" 0.50" 0.80"

*p-value < 0.01, ** p-value < 0.05. N p-value > 0.05.
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Fig. 3. Long term changes in sea surface temperature (SST)
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STARS analysis).
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Fig. 5. Long term changes in relatively suitable and unsuitable
spawning area of walleye pollock in Dong-han Bay (a)
and middle eastern coast of Korea (D).

3.3 Atztol| =etet 20| YR HEY Hat

T T FH AQdA e Atk A3et #7
(2-5°0)°] AT WA AHA ¥stE &
1980 tHH-H 2019\ d7FA] F3t9t Frlo A= Ak 3t
Fo] A&A o2 FAQH A hFig 5). sHAIRE Abeke] A
g o] WAL 1990 o]F AHHoR Thas
20109 tholl THAl F7kskE 544S UrERITHEig 5). AKF A
ol 2 at3k 0] HAELE WA HIl= Ay|HER =8
& W32 e THFig 5). 1980 tioll = ke A W
2] 90 % o] el Al Abghel] Agek 2 F3lo] FAHIO
™ (Fig. 5), 19903t} 2000 t ol = =2 8} A| 7F4ske] A A
WA 2= AgA L o] gAY =1
A& A thFig. 5). °©]F 2010dtholl= WAl F718ke] 90 %
o] A s tHFig. 5). ol FA Abskel Ak 37
o] 1¥5E 3¥7A] AEHHoZ FXHE WAL A7|ER

RIS U
E318 W skE YER A thFig 6). 19803 ol = 1€5-E] 34
THA A EH 0w Abed o] YA HE WAL FIk

70 % ©]/3-5 A 3F3 0. W (Fig. 6), ©]F 1990 th £} 20001 T
ol §A43] HAste SEwt AA WA 30% °lskE A
A8k EHFig. 6). ©1F 2010 tHol= S78ke] 60 % ©] 4]

= - Al
100 {a) Dong-han Bay
—
® 80
v
ot
2 60
et
7
£ 40
=
o
oy « :
§ gcm—oﬁ'lenglh: IO‘g’
0 1 JSignificance level : 0.1
1982 1987 1992 1997 2002 2007 2012 2047
100 - (b) Middle eastern coast of Korea
. 80
& !
=601 || i
< g! i!
2wl i
£ 40 9 || I
[oN | i |
g 20 | | Cutoffiength: 10 + i!
i l Significance level 1 0.1 4
“ & i had /’\ / E/'\ ag bt
o | - A\
1982 1987 1992 1897 2002 2007 2012 2017

Fig. 6. Long term trends in ratio of spawning area of walleye
pollock formed from January to March in Dong-han
Bay (a) and middle eastern coast of Korea (b) (Black
lines indicate STARS analysis).

HA A abghol] A3tel o] 2 H AT (Fig 6), ol
1980t o] Abekd 34 3 [FASFSIth(Fig. 6). 53 T5 <
Qe Eotukel] mla] Abeko] A et g4 We7F FAEH =
WA A& AJ7Fe] qF = 2 ohFig 5). A RF 1980 o <F
2010 ol & A 870 A E WEo] Hdrt &
7}8 9 0 H(Fig. 5), 195-E 3974%] &4 o8 Aeby &
2o] PAEE WAL 1980d ] ZuF 1231 20001 d FHbo|
=A YebdthFig 6).

4, 0 &

o
)
=

2 A 8L | 2dv|E wAse W
o 538 1980 FHE o] F T2
o, 20009 F9F o] F thA] sk A
YA 1990d ) o] F 2, 5, 7, 10°C 541
Sdetglon, ojeh e @A 2000 th7kA]
20109 Y] ETT2o FHEEXE 19801
£ YER ST
gupet T HFHE S FEAL
o] & 5 Hol FaE FYEHE dvhdiFel das vt
=TH(Hong and Cho, 1983). tvhHF<] A7) 7} o3k A7) o=

>

pr

ols

S
N
o

ol
o_>|: 02
to of
ols
)
%‘l

Jm

o
32 |o
jmm

s
K

3 3k

pud

b

oS0 dpr B oft I o off
ML rﬂ&'

off & XN XN rE ot of
4o
>

b=
il
s
o
<

- 200 -



&3l WE(Gadus chalcogrammus) A2 A X5 7] As 54

Are we} Bagats BeUFe Fio] 9o W
s o), MR tebdiel A7 A A7)
=] =]

H
A9re met Bt Wil FAo] F3 Ak
3}

1983).

Na and Paeng(1992)<> 1977, 1987, 1981, 1984, 1986}d 2€ =}
490 Fa s mel HAshe EIdRe] deFo] ofst
HAokar akglon, o] T WEf Hof & FS 7153 1981
W Fal Aol ddAos Fo] v 37t b

Bk Pk w2 Judos dd #4e A
B3l A9 A o (Todarodes pacificus) X173 F7|H e} 3k
%@%%91 FA A Wstet frojsk AHAd S YERT
(Kim et al,, 2017). 19901t} 20003 ol = 2 Fal At
o 2o Oi ool FA N oH, 1980 d ol o] Fe] =
Aol Fall AtozHEl "ol oo 4 E ATHKim et
al,, 2017). o] M ¥ TedFo] A=} FAHF] FHAA ¢
2 Wz S At AT Y s Exel 4F

5
Fo AR &%%E}a{ong and Cho, 1983).
A3} J&Ae] 37 Wal=
(Japanese Pacific Stock)°] A= 37 W3le}
Tr/\}*PO“E‘r. A& gF AT F8 e XTlolx
(Hokkaido) H&Zol %8t E7-HFunka Bay)o|™, T2 A
F42 27t % 5% 9 E47(Honshu) 552 =57
(Tohokw) % 3ot} o] AL E&E oI HE Aujdo
2 o] W QofAle FFTt frdE ], 2Itol=o &
2] o} @ 2] & (Aomori Prefecture) AFo|ol] §] 2|3k A7}5 3
% (Tsugaru Strait)g 23 Fi5rt 999 ol9) 3 I
O RHY 12, aPe FRAMFI O‘EIE}. 1980* T

Fﬁﬁ
)
o
oo =
E
FL!

ol
_

St QoA Q. BFe ATt st wek L opr e 7
0l

o] AUl o g v o A7t T FEF
I |H7tA] EE S T (Nihira, 2003). )% 1990d =
27+ 3 F(Tsugaru Current)®?} F2ZA| L. 372 =7t %
st o] mel QofAl e o] ko] ofstH Q). o] A}
1980 ) BT o FRlel] 9|5k QopAl e wiEhAlA
(Oyashio Southern Limit Position)< 19901 dt] ©o]& E& o=
5735} 9 © ™ (Nihira, 2003; Nihira, 2006), 2t =& A5
I A e G} 2p-x|of o] A E= 7FASH th(Hamatsu et
al, 2004a). ©] A ¥ 37| e ste] wE Hef Ao
A WstE WE 27188 A7 AEEe] S WA
= T8 AR gl

T Ahe wel A Fed R AWt o
of g7l & sl dEiwstel d3%ES wr=thlung et al,

:

2017; Rahman et al., 2019). ¢-2]ute}t F3]o] g7 ®ste] o
F& WAL dehdis FEFAZYE QU Tl
= FAATIH, Fall AT el S vAE a9l
X}E 288 (Guo et al, 2006). -2} S35 2letel A
Fol 5 R AR AP LRAL AR F5
”ékii‘jr Aagdd A7)l oS AstEdon, d&e T
N sFel frdro] e Al7lel Wlnch 54783 hung
et al,, 2017). F2AI S S| {7t Zshd A7l A3hE da
Tk 4=%(Ekman transport)oll 2|3 FF oA FEAIL
A% FATE AAPS opFon Aol sev
(Wu et al, 2019), ©] 23} F2A] QoA Fu|¥o] T2
Q¥ = HFFE A2 Jung et al, 2017). o] A H ]33]
qd& Fall vt TR FdHe dRTe FEAL &
R LTl L EREE -t o
AFwe FEe HolAES Xt EAY 181
Al Wtk 53] WE el AL
cﬂ_gH/\g].u]— 9
gElel 735 Tﬁ} 5 57H 2 ool 66-84 %7}
AHg g CH(Bailey et al., 1996). ©]¥ gk 7] A &AL A]7]¢] %
L A EL A S S B U YESA 34 H )
S Aol ¥=th(lles and Sinclair, 1982; Bailey et al.,
2005, 531, A R A& e sl 0e Aa
A3 sk 3l o] A ¥ = Al7](Hinckley et al., 2001)2} ¢} f-
Aol B 9 4(Wilson, 1996) 12|32l Ho| A& T
= 27) ABAL A7) G Aol e AR FE
= T8 A= 28-S (Napp et al., 2000; Honda et al.,

R

S = 03-35.8%
o] B35S YHeEhoH, 6°Coll = 71.7-83 %, 2°Coll A =
83-90.9 %2] §-3}&S e th(Hamai et al., 1971). F-3} 5
Apol= 3-5°C o]/de] el FA3] Al EC] T &
AL JEFHATHYoo et al, 2015). ¥H zpo]o] Ao £
o] T7} T4E wEA Pk oA H3} & Ao
s6mm7HA A AEE A8 EHE AR 10°ColA 13, 6°C
A 16, 2°CollA] 299 & YEPR oW, o] AedrE
"47‘}3]—#Eﬂ 285 A7Fo] @& E I tH(Hamai et al., 1971).
e T2 oA HH ] oA tiAbE g EEE)
2, oo W AF Erl AUt 58 2R W



7y

=270 - ©

5
o

LERdChPorter, 2001). SHARF tiA}EFo] =& wtb
Hol 7} A& A o Figu oo b, whE AlZh
AFEHA ke 34 A AMYE
(Bailey and Stehr, 1986).

HE 271 GAL Al7]9] S e 7} 2
dshe sagk alow Ageth WH 7ty A= A
Ego] W 27 AGAA 7| AAEHM -2 o]e] A&
Agwe AEE 23 (Kendall and Duker, 1998). 53] 4
W} Zpxoj o] AEE AFA FFES A=
folr, olefgt =2 W= e Ao 7k+] 1 o]
A th(Kendall and Nakatani, 1992; Nishimura et al, 2002;
Hamatsu et al, 2004b). $-2uhe} HeEle] 292 1980t 3
Wb o] FASHA Aaski o 20000 o] Fell= 1E m
o] o gE 715t olelg AAH W= AAA =
ARt} fFolg AL S T 58] Al &
= g olo] wE Abghe] AjHe

e} "IH]'

i=]
=
o]

ot

=
gl

> 7

R

T 4 ol

rot
Ruit

5l ™

= 0] A=

H o1&

rlo
flo

N

3|
ZS|

pud

F8 9902 g9

ot
=
o
ot

UV
3 Il
ol

-
o
1 o
ol
ol

Ao 2 oo

Eis

ol
ols
-

o ok of
1o,

=

d

b
ofj
e
rlo
o
rE

e o

[N rr

=2
o L (%

]

2

(T o2

rot
)
S
(L
E?i' _101,
T LY
L
N
ol

7] AEAL A7) AEE|
W slo| 7k4] 1 o o]

\=e]
RLA -
[}

20200 3 Gk Al
ol reE Al

o]‘_

A9 A 9L

s

References

[1] Bacheler, N. M., L. Ciannelli K. M. Bailey, and V.
Bartolino(2012), Do walleye pollock exhibit flexibility in

e

S
where or when they spawn based on variability in water
temperature?, Deep Sea Research Part II: Topical Studies in
Oceanography, Vol. 65, pp. 208-216.

Bacheler, N. M., L. Ciannelli, K. M. Bailey, and J. T.
Dufty-Anderson(2010),

walleye pollock (Theragra chalcogramma) spawning in the

(2]

Spatial and temporal patterns of
eastern Bering Sea inferred from egg and larval distributions,
Fisheries Oceanography, Vol. 19, No. 2, pp. 107-120.

[3] Bailey, K. M.(2000), Shifting control of recruitment of
walleye pollock Theragra chalcogramma after a major
climatic and ecosystem change, Marine Ecology Progress
Series, Vol. 198, pp. 215-224.

[4] Bailey, K. M. and C. L. Stehr(1986), Laboratory studies on
the early life history of the walleye pollock, Theragra
chalcogramma (Pallas), Journal of experimental marine
biology and ecology, Vol. 99, No. 3, pp. 233-246.

[5] Bailey, K. M., L. Ciannelli, N. A. Bond, A. Belgrano, and N.
C. Stenseth(2005), Recruitment of walleye pollock in a
physically and biologically complex ecosystem: a new

perspective, Progress in Oceanography, Vol. 67, No. 1-2, pp.

24-42.

Bailey, K. M., P. J. Stabeno, and D. A. Powers(1997), The

role of larval retention and transport features in mortality and

(6]

potential gene flow of walleye pollock, Journal of Fish
Biology, Vol. 51, pp. 135-154.

Bailey, K. M., R. D. Brodeur, and A. B. Hollowed(1996),
Cohort
chalcogramma, in Shelikof Strait, Alaska: a critical factor

(7]
survival patterns of walleye pollock, Theragra
analysis, Fisheries Oceanography, Vol. 5, pp. 179-188.

Bailey, K. M., T. J. Quinn II, R. Bentzen, and W. S.

Grant(1999), Population structure and dynamics of walleye

(8]

pollock, Theragra chalcogramma, In Advances in Marine
Biology, Vol. 37, pp. 179-255.

[9] Ciannelli, L., K. S. Chan, K. M. Bailey, and N. C.
Stenseth(2004), Nonadditive effects of the environment on the
survival of a large marine fish population, Ecology, Vol. 85,
No. 12, pp. 3418-3427.

[10] Donlon, C. J., M. Martin, J. Stark, J. Roberts-Jones, E.
Fiedler, and W. Wimmer(2012), The operational sea surface
temperature and sea ice analysis (OSTIA) system, Remote
Sensing of Environment, Vol. 116, pp. 140-158.

[11] FAO(2018), Food and Agriulture Organization, Fishery and
Aquaculture Statistics. Global capture production 1950 2016
(Fishstat]), FAO Fisheries and Aquaculture Department.

- 202 -



m

53 Y el(Gadus chalcogrammus) <A+ EE52 F7] HF 5A

[12] Funamoto, T.(2007), Temperature dependent stock recruitment
model for walleye pollock (Theragra chalcogramma) around
northern Japan, Fisheries Oceanography, Vol. 16, No. 6, pp.
515-525.

[13] Funamoto, T.(2018), Population Dynamics of Demersal Fish
Focusing on Walleye Pollock (Gadus chalcogrammus), In
Fish Population Dynamics, Monitoring, and Management,
Springer, Tokyo, pp. 51-75.

[14] Funamoto, T., O. Yamamura, O. Shida, K. Itaya, K. Mori, Y.

and Y. Sakurai(2014),

affecting recruitment variability of walleye pollock Theragra

Hiyama, Comparison of factors

chalcogramma in the Pacific Ocean and the Sea of Japan off

northern Japan, Fisheries science, Vol. 80, No. 2, pp.
117-126.

[15] Funamoto, T., O. Yamamura, T. Kono, T. Hamatsu, and A.
Nishimura(2013),  Abiotic

recruitment  variability

and biotic factors affecting

of walleye pollock (Theragra
chalcogramma) off the Pacific coast of Hokkaido, Japan,
Fisheries Oceanography, Vol. 22, No. 3, pp. 193-206.

[16] Guo, X., Y. Miyazawa, and T. Yamagata(2006), The Kuroshio
onshore intrusion along the shelf break of the East China Sea:
The origin of the Tsushima Warm Current, Journal of
Physical Oceanography, Vol. 36, No. 12, pp. 2205-2231.

[17] Hamai, I, K. Kyushin, and T. Kinoshita(1971), Effect of
temperature on the body form and mortality in the
developmental and early larval stages of the Alaska pollack,
Theragra chalcogramma (Pallas), Bulletin of the faculty of
fisheries hokkaido universiry, Vol. 22, No. 1, pp. 11-29.

[18] Hamatsu, T., K. Yabuki, and K. Watanabe(2004a), Decadal
changes in reproduction of walleye pollock (Theragra
chalcogramma) off the Pacific coast of northemn Japan,
Fisheries Oceanography, Vol. 13, pp. 74-83.

[19] Hamatsu, T., K. Yabuki, and K. Watanabe(2004b), Decadal
changes in reproduction of walleye pollock (Theragra
chalcogramma) off the Pacific coast of northemn Japan,
Fisheries Oceanography, Vol. 13, pp. 74-83.

[20] Hinckley, S., A. J. Hermann, K. L. Mier, and B. A
Megrey(2001), Importance of spawning location and timing to
successful transport to nursery areas: a simulation study of
Gulf of Alaska walleye pollock, ICES Journal of Marine
Science, Vol. 58, No. 5, pp. 1042-1052.

[21] Honda, S., T. Oshima, A. Nishimura, and T. Hattori(2004),
Movement of juvenile walleye pollock, Theragra chalcogramma,

from a spawning ground to a nursery ground along the

Pacific coast of Hokkaido, Japan, Fisheries Oceanography,
Vol. 13, pp. 84-98.

[22] Hong, C. H. and K. D. Cho(1983), The northern boundary the
Tsushima current and it’s fouctuations, Journal of the
Oceanological Society of Korea, Vol. 18, No. 1, pp. 1-9.

[23] Ianelli, J. N., T. Honkalehto, S. J. Barbeaux, B. E. Fissel, and
S. Kotwicki(2016), Assessment of the walleye pollock stock
in the Eastern Bering Sea, in stock Assessment and Fishery
Evaluation Report of the Ground fish Resources of the Bring
Sea/Aleutian North  Pacific
Fisheries Management Councill, Section 1, pp. 49-148.

[24] Dles, T. D. and M. Sinclair(1982), Atlantic herring: stock
discreteness and abundance, Science, Vol. 215, No. 4533, pp.
627-633.

[25] Isoda, Y.(1998), Interannual variations of oceanic conditions

islands Regions. Anchorage:

related to the walleye pollock population around the Pacific
sea area, south of Hokkaido, Bulletin of the Japanese Society
of Scientific Fisheries, Vol. 62, pp. 1-11.

[26] Jung, H. K., S. M. Rahman, C. K. Kang, S. Y. Park, S. H.
Lee, H. J. Park, and C. L. Lee(2017), The influence of climate
regime shifts on the marine environment and ecosystems in
the East Asian Marginal Seas and their mechanisms, Deep
Sea Research Part II: Topical Studies in Oceanography, Vol.
143, pp. 110-120.

[27] Kang, S. K. and S. A. Kim(2015), What caused the collapse
of walleye pollock population in Korean waters?, KMI
International Journal of Maritime Affairs and Fisheries, Vol.
7, No. 1, pp. 43-58.

[28] Kendall, A. W. and G. J. Duker(1998), The development of
recruitment fisheries oceanography in the United States,
Fisheries Oceanography, Vol. 7, No. 2, pp. 69-88.

[29] Kendall, A. W. and T. Nakatani(1992), Comparisons of
early-life-history characteristics of walleye Pollock Theragra
chalcogramma in shelikof Strait, Gulf of Alaska and Funka
Bay, Hokkaido, Japan Fishery Bulletin, Vol. 90, No. 1, pp.
129-138.

[30] Kim, S. A. and S. K. Kang(1998), The status and research
direction for fishery resources in the East Sea/Sea of Japan,
Journal of Korean Society Fish Research, Vol. 1, pp. 44-58.

[31] Kim, Y. H., K. H. Choi, and C. 1. Lee(2017), Migration and
Distribution of the Common Squid (7odarodes Pacificcus) in
Korean Waters, Journal of Environmental Science International,
Vol. 26, No. 2, pp. 173-181.

[32] Lee, C. I, M. H. Han, H. K. Jung, H. J. Park, and J. M.

- 203 -



(33]

(34]

(33]

(36]

(37]

pS|

2701"}!: : o]

Park(2019),
Allometric Growth Pattern and Body Condition of Walleye

Spawning Season, and Factors Influencing
Pollock Gadus chalcogrammus in the Middle East Sea Korea,
Korean Journal of Ichthyology, Vol. 31, No. 3, pp. 141-149.
Lee, J. U.(1991), Estimation on optimum fishing effort of
walleye pollock fishery in the east coast of Korea: Based on
the economic analysis between Danish seine fishery and trawl
fishery for walleye pollock, J Fish Bus Admin, Vol. 22, No.
2, pp. 75-99.

Megrey, B. A., S. J. Bograd, W. C. Rugen, A. B. Hollowed,
P. J. Stabeno, S. A. Macklin, and W. J. Ingraham Jr(1995),
An exploratory analysis of associations, Climate Change and
Northern Fish Populations, Vol. 121, p. 227.

Na, J. Y. and D. G. Paeng(1992), Influences of the Sea
Surface Wind on Current and Thermal Structures in the
Southwestern Part of the East Sea of Korea, Korean Journal
of Fisheries and Aquatic Sciences, Vol. 25, No. 1, pp. 15-28.
Nakatani, T.(1984), Thermal effect on the development of
walleye pollock eggs and their upward speed to the surface,
Bulletin of the Japanese Society of Scientific Fisheries, Vol.
50, No. 6, pp. 937-942.

Nakatani, T.(1988), Studies on the early life history of
walleye pollock Theragra chalcogramma in Funka Bay and
vicinity, Hokkaido, Memoirs of the Faculty of Fisheries
Hokkaido University, Vol. 35, No. 1, pp. 1-46.

[38] Napp, J. M., A. W. Kendall, and J. D. Schumacher(2000), A

(39]

(40]

synthesis of biological and physical processes affecting the
feeding environment of larval walleye pollock (Theragra
chalcogramma) the
Oceanography, Vol. 9, No. 2, pp. 147-162.

Natsume, M.(1993), Ecology of walleye pollock, Theragra

in castern Bering Sea, Fisheries

chalcogramma, larvae and juveniles in the Sea of Japan off
northern Hokkaido-II, Daily depth distribution and gear
efficiency of beam trawl net, Scientific Reports of the
Hokkaido Fisheries Experimental, Station, Vol. 42, pp.
143-148.

NEODC(2009), Fact sheet: AATSR. (Available online at
http:/neodc.nerc.ac.uk/?option=displaypageandltemid=91andop

=pageandSubMenu=-1).

[41] Nihira, A.(2003), Regime-shift observed in the demersal fishes

(42]

in Sanriku and Jyoban (the east-north of Honsyu, Japan)
areas, Gekkan Kaiyo, Vol. 35, No. 2003, pp. 107-116.

Nihira, A.(2006), The responses of demersal fish populations
to climatic regime shifts, Gekkan Kaiyo, Vol. 38, No. 2006,

ofy

o)
=

(43]

L

pp. 192-199.

Nishimura, A., T. Hamatsu, K. Yabuki, and O. Shida(2002),
Recruitment fluctuation and biological responses of walleye
pollock in the Pacific coast of Hokkaido, Fisheries science,
Vol. 68, No. 1, pp. 206-209.

[44] Noakes, D. J. and R. J. Beamish(2009), Synchrony of marine

fish catches and climate and ocean regime shifts in the North
Pacific Ocean, Marine and Coastal Fisheries: Dynamics,
Management, and Ecosystem Science, Vol. 1, No. 1, pp.
155-168.

[45] NODC(2009), 4 km Pathfinder version 5 user guide. (Available

[46]

[47]

online at http://www.nodc.noaa.gov/SatelliteData/pathfinder4km
/userguide.html).

Oh, T. G, K Sakuramoto, and S. G. Lee(2004), The
Relationship between Spawning Area Water Temperature and
Catch Fluctuation of walleye pollock in the East Sea/ Sea of
Japan, Journal of the Korean Fishery Society, Vol. 6, pp.
1-13.

Porter, S. M.(2001), Effects of size and light on respiration
and activity of walleye pollock (Theragra chalcogramma)
larvae, Journal of experimental marine biology and ecology,
Vol. 256, No. 2, pp. 253-265.

[48] Rahman, S. M., H. K. Jung, H. J. Park, J. M. Park, and C. L

[49]

(50]

(51]

(52]

(53]

- 204 -

Lee(2019), Synchronicity of climate driven regime shifts
among the East Asian marginal sea waters and major fish
species, Journal of Environmental Biology, Vol. 40, No. 5,
pp. 948-961.

Rodionov, S. N.(2004), A sequential algorithm for testing
climate regime shifts. Geophysical Research Letters, Vol. 31,
No. 9, pp. 1-4.

Sakurai, Y. and H. Miyake(1994), Effects of environmental
changes on reproductive process of walleye pollock in the
subarctic ocean (Background of HUBEC program around
Funka Bay as a modeling area), Umino Kenkyu, Vol. 3, No.
1994, pp. 303-308.

Wespestad, V. G.(1996), Importance of cannibalism in the
population  dynamics
chalcogramma, NOAA Technical Report NMFS, Vol. 126,
pp.212-216.

Wilson, M. T.(1996), Distribution and abundance of age-0
walleye pollock, Theragra chalcogramma, in the western Gulf
of Alaska during September 1990, NOAA Technical Report
NMES 8, Vol. 126, pp. 11-24.

Worley, S. J., S. D. Woodruff, R. W. Reynolds, S. Lubker,

of walleye pollock, Theragra



53l W El(Gadus chalcogrammus) A7 EE42 7] A

Jm

3

and N. Lott(2005), ICOADS release 2.1 data and products,
Int. J. Climatol., Vol. 25, pp. 823-842.

[54] Wu, C. R., Y. L. Wang, and S. Y. Chao(2019), Disassociation
of the Kuroshio Current with the Pacific Decadal Oscillation
Since 1999, Remote Sensing, Vol. 11, No. 3, p. 276.

[55] Yamamoto, J., M. Osato, and Y. Sakurai(2009), Does the
extent of ice cover affect the fate of walleye pollock, PICES
Scientific Report, Vol. 36, pp. 289-290.

[56] Yoo, H. K., S. G. Byun, J. Yamamoto, and Y. Sakurai(2015),
The Effect of Warmer Water Temperature of walleye pollock
(Gadus  chalcogrammus) Larvae, Journal of the Korean
Society of Marine Environment and Safety, Vol. 21, No. 4,
pp. 339-346.

Received : 2020. 03. 11.
Revised : 2020. 04. 03.
Accepted : 2020. 04. 27.

- 205 -



