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Abstract

Catch data for the common squid (Todarodes pacificus), classified by squid-jigging fisheries per grid (size: 0.5°
latitude x 0.5° longitude), and the water temperature values KODC (Korea Ocean Data Center) were collected for the
1980-2009 period to study the changes in squid distribution and migration with climate regimes (1980s, 1990s, and
2000s). The primary fishing period in the 1990s and 2000s was approximately 2-3 months earlier than that in the
1980s. Especidly in the East Sea, the fishing grounds in the 1980s stayed longer at high latitudes than those in the
other decades. Moreover, in the 1980s, centers of the fishing ground were located near the Yamato bank (central East
Sea), whereas in the 1990s and 2000s, they were situated near the southeastern coast of the Korean peninsula
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LME = AFRPlA gl Asl, gl #ek ofyeh 22
E g FE Aello] o2 Mol JSA7HA] o]oixInt

AF@ #Jo], Todarodes pacificus STEENSTRUP= (Roper et ., 1984). 15412+ 31t Algka]7]of| wh
e old{Ommastrephidag)e]l £3h= AAlE=E g o], 712, A0 28 3/ AdAZEo R Ut
2AM FolE vESt g el A HEGS A*H (Hatanakaet dl., 1985). Taurau Fa AYolE 5
523 7] e washks tdAe i of SPHEA, o2 ST Al AAshs &5

Z-o]tHOkutani, 1983; Roper et a., 1984; Murata, T3)9] Ay Hol, =2 Jels]e o] =
1990). 3l A2= T2 FEHoE o= 4 ?Jo] o]F o)A tHChoi, 2005; Choi et al., 1997, 2003,
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H3}sc Hong and Cho, 1983; Lee, 2003). ©]Z3t
dEstel] et seAse] $A7 Y TRt
watsled, 4o ole] WrIshe 912 % 1 Yk g
opA] o)ggre] W3krk AY7ItMokrin et a., 2002,
Cho et al., 2004; Choi, 2005; Choi et al., 1997, 2003,
2008; Kimet al., 2010).
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AAHZko] E 1976/77, 1988/89, 1998/991F 2] 3
21 & 71F 2.2 3t Minobe, 1997; Franciset al.,
1998; Mantua and Hare, 2002; Overland et al., 2008).
T3 A 7S AA g ] Thgh A oo ofsf Hel)
1980-1987'd 7FA] = 1980 thi(cold regime), 1988/89
o]% ThA] warm regimeC 2 7] &4 A gko] dofit
1988-1997 7}A]+= 1990 tfj(warm regime) 12|31l
1990t} 2] warm regimex} AJZ o] tl= 1998-2009
W7HA]+= 2000 o (warm regime) = 1174 51 Act
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SAIBFE o 1990 0] FHojgo] EE Yol
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HFATHKim, 2015). 12 7] oY 301t
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o]¢] AR E ARSI o] AbE+= ofRIQ] ol
of A8t oflgRS all-tE(917d = 30%30) = A
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Fig. 1. Study area of the Korean waters.
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Fig. 2. Monthly catch ratio for the common squid by climate regime in the East Sea (left) and the West Sea (right) from 1980

to 2009.
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Fig. 3. Mean temperature (upper: 50 m depth, lower: 200 m depth) and fishing ground distribution of the common squid by
climate regime (1980-1987, 1988-1997 and 1998-2009).
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Fig. 4. Monthly migration of centers of fishing grounds (A, B, C), and center (%) of fishing ground for the common squid by
the squid jigging fishery and mean temperature a 50 m depth (D, E, F) in the West Sea by climate regime

(1980-1987, 1988-1997 and 1998-2009).
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Fig. 5. Monthly migration of centers of fishing grounds (A, B, C), and center () of fishing ground for the common squid by
the squid jigging fishery and mean temperature at 50 m depth (D, E, F) in the East Sea by climate regime (1980-1987,

1988-1997 and 1998-2009).
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1980 tfo] B 29| Wisgage] 9o, 1980
A o] 548 PDOZ} Zolx|wia] Bajze] wis
25k SolgtiMiller et a., 2004; Jung, 2013). ©|
Pfah diedael Mslh Rl Wske oo
ojzko] 9xwistel] ke w7 202 Ak

Kim(2015)-¢ PDO7} Sajo] 4o A o] o] 2]}
7} Gofg Aol 9ok Bokt, o] PDO7
L) Ao e dRald SR
FFR7E (DA ool SAI=RE 77k (W) A
2ol /e o] o R o] wE oA oleh=
SHOA ofg]fol FRE A 4= qlrkar Hakt

712101 ool Foll A Al Al7] B 3-997}
A Bzl Aol 1dsto] B4ske RH, dol
710l % ZollA dststaieh o] B3t B47]0ll=



180 et

2O 77E 757 wj o] ¢otel 91 Ete] o)At
o] FAH v, Fatr]ol= 2AAuk WR7) okskE 9l
7] wj&of| Q) FHO R ofo] FAHEUH AoR B
Hi=g

Faflol e A7) g St Q1o ol
Sk Ao £ Alto| FAITH(1980 A th) of| A =
AlTH1990 tff o] ¢) 02 FAALL] Hgo] FojEaL
7ol oY E= FATY] vlgo] sold Aut At
o] Qlt}. ojggfo] Hom, 2 FALo|H A17]<
1980 tfo]] Frofrfo] 7-1297H] tshE] HtofA
PN vhy, ojglgko] whon, S| Hgo]
715k E 1990d ) o] Fofli= 5% o] 53
QF Z0 2 9¢Y-o| 53| 1Y7HA] Fofpo] A= QLY.

o] 1980 ol T} A|7|Hc} of%o] Bl
1o e WEY UAE YA FASE At
H3to] Qlth &, Mo e 324 &) 9 Sl H55)
A ARV EEol) 2 dolEl e d A WA A5
g FAIEo] WA ke Ao, 1 o] % 4453t A
o] Jate Aot o] & &5, 1098 EAgH
A710l A A 9w At vl
A Qe ofto] MEY 9l og|al Teksh 4= 9k w
2hx] 1980 tlof] THE A7] X} ofFo] H]iA 119
Tof o8 MEY QUths A T A17]9] AR
o ARES flal EE=el= deked Al7]of =EEkA]
A2 Al SATEY] HEo] =] HE AoR

24 9k

o

Z2E

B ol s o3RRS olfalo] 7|5
Asiol] mhE Aro o) ojgw A MslE HAels
u, og 3 7| F-sjokE sl Seluet
afele] At Ao} 54 W B wsjo] m= gkl
o) aaks ek,

Eajo} Mal 1% 7| EAA o] Qlofit 1987/88
o)% Zo|8)A] 7|7} 2947}t QAR ol
ST Aol WahE] TRl Ao Hou, of
S RCRE Bt KL RSRE Tk ERAPIE T L OAEY
o3RI A7) Wisto] Tholat A o 2 AZhEIT),
3k PDOS| 91T} T 2Ajnf kel AR

[o

skl 4 ok AZEch 0
2 ojao] YixEo] Aairrt SajolA © 27
et sfelo] nat 5.4 9 Bamsle] 2jo]7} o
Aom Ueht,

ALl 2

& At gt AR s eilE
AMICT7|RE e abxked o - o7l 7,
UM THEARRY) &) A o2 P 5t

REFERENCES

Cho, K. D., Kim, S. W., Kang, K. H., Lee, C. |., Kim, D.
S, Choi, Y. S, Choi, K. H., 2004, Relationship
between fishing condition of common squid and
oceanic condition in the East Sea, J. Kor. Soc. Mar.
Env. Safety, 10, 61-67.

Choi, K. H., 2005, Fishing conditions of common squid,
Todarodes pacificus (STEENSTRUP) in relation to
oceanic conditions in Korean waters, Ph. D.
Dissertation, Pukyung National University, Busan,
Korea

Choi, K. H., Cho, K. D., Kim, D. S,, Kim, J. |., Kim, S.
W., 2003, Fishing conditions of common squid
(Todarodes pacificus Steenstrup) in the Yellow Sea,
J. Kor. Fish. Soc,, 6, 21-31.

Choi, K. H., Hwang, S. D., Kim, J. |., 1997, Fishing
conditions of common squid (Todarodes pacificus
STEENSTRUP) in Korean Waters, J. Kor. Fish. Soc.,
30, 513-522.

Choi, K. H., Lee, C. I., Hwang, K. S, Kim, S. W., Park,
J. H., Gong, Y., 2008, Distribution and migration of
Japanese common squid, Todarodes pacificus, in the
southwestern part of the East (Japan) Sea, Fish. Res,,
91, 281-290.

Francis, R. C,, Hare, S. R., Hollowed, A. B., Wooster,
W. S, 1998, Effects of interdecada climate
variability on the oceanic ecosystems of the NE
Pacific, Fish. Oceanogr., 7, 1-21.

Hatanaka, H., Kawahara, S., Uozumi, Y., Kasahara, S,



Sl Ahe A of(Todarodes pacificus) 9] 3] 2 HEZE4

1985, Comparison of life cycles of five
ommastrephid squids fished by Japan : Todarodes
pacificus, Illex Illecebrosus, Illex argentinus,
Nototodarus doani doani and Nototodarus doani
gouldi, NAFO Sci. Coun. Studies, 9, 59-68.

Hong, C. H., Cho, K. D., 1983, The northern boundary
of the Tsushima warm current and its fluctuations, J.
Oceanol. Soc. Kor., 28, 1-9.

Jung, H. G., 2013, Regional differences in the response
of ocean environment and fisheries resources in
Korean waters to the North Pacific regime shifts and
possible mechanisms, Master Dissertation, Gangneung
-Wonju National University, Gangneung, Korea

Kidokoro, H., 2009, Changes in the fishing grounds and
fishing season of Japanese common squid Todarodes
pacificus around Japanese waters, Rep. Ann. Mesting
and Squid Res,, 3-10.

Kidokoro, H., Sekurai, Y., 2008, Effect of water
temperature on gonadal development and emaciation
of Japanese common sguid Todarodes pacificus
(Ommeastrephidae), Fish. Sci., 74, 553-561.

Kim, Y. H., Moon, C. H., Choi, K. H., Lee, C. I., 2010,
Relationship between squid (Todarodes pacificus)
catch by sea block and marine environment in the
East Sea during 1980s and 1990s, J. Kor. Soc. Mar.
Env. Safty, 16, 259-268.

Kim, Y. H. 2015, The population ecology of the
common squid (Todarodes pacificus) in the
northwest Pacific Marginal Seas, Ph. D. Dissertation,
Pukyung National University, Busan, Korea.

Lee, C. |., 2003, Rdationship between variation of the
Tsushima Warm Current and current circulation in
the East Sea, Ph. D. Dissertation, Pukyung National
University, Busan, Korea.

Lee, S D., Son, Y. S, Kim, Y. C, 1985, A Study on the
vertical distribution of common squid, Todarodes
pacificus (Steenstrup) in the eastern waters Korea,

v

181

O

Bull. Fish. Res. Agency, 36, 23-28.

Mantua, N. J, Hare, S. R., 2002, The pacific decadal
oscillation, J. Oceanogr., 58, 35-44.

Miller, A. J,, Chal, F., Chiba, S., Moisan, J. R., Neilson,
D., 2004, Deceda-scale climate and ecosystem
interactions in the North Pacific Ocean, J. Oceano.,
60, 163-188.

Minobe, S., 1997, A 50-70 year climatic oscillation over
the North Pacific and North America, Geophy. Res.
Lett., 24, 683-686.

Mokrin, N. M., Novikov, Y. V., Zuenko, Y. |., 2002,
Seasonal migrations and oceanographic conditions
for concentration of the Japanese flying squid
(Todarodes pacificus STEENSTRUP, 1880) in the
Northwesthern Japan Sea, Bull. Mar. Sci., 71,
487-499.

Murata, M., 1990, Ocean resources of squids, Mar.
Behav. Physial., 18, 19-71.

Okutani, T., 1983, Todarodes pacificus, in: Boyle, P. R.
(ed.), Cephalopod Life Cycles, Academic, London,
U.K., 1, 201-214.

Overland, J., Rodionov, S., Minobe, S., Bond, N., 2008,
North Pacific regime shifts : Definitions, issues and
recent transitions, Prog. in Oceanogr., 77, 92-102.

Roper, C. F. E.,, Sweeny, M. J, Nauen, C. E., 1984,
Family ommastrephidae, in: FAO species catalogue,
3, Cephalopods of the world, An annotated and
illustrated catal ogue of species of interest to fisheries,
FAO Fisheries Synopsis, 227.

Sakural, Y., Kiyofuji, H., Saitoh, S., Goto, T., Hiyama,
Y., 2000, Change in inferred spawning aress of
Todarodes pacificus (Cepha opoda : Ommeastrephidae)
due to changing environmental conditions, ICES J.
Mar. Sci., 57, 24-30.

Sokal, R. R.,, Rohlf, F. J, 1981, Biometry, 2nd ed.
Freeman, New Y ork, 859.



