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Multi-decadal Changes in Fish Communities Jeju Island in Relation to
Climate Change

Sukgeun Jung, Seungmok Ha and Hanna Na'*

Department of Marine Life Science, Graduate School, Jeju National University, Jeju 690-756, Korea
!Division of Earth and Planetary Dynamics, Department of Natural History Sciences, Faculty of Science, Hokkaido University,
Hokkaido 060-0810, Japan

We compiled and analyzed long-term time-series data collected in Korea to evaluate changes in oceanographic condi-
tions and marine ecosystems near Jeju Island (33°00'-34°00' N, 125°30'-127°30' E) from 1981 to 2010. Environmental
data included depth-specific time series of temperature and salinity that have been measured bimonthly since 1961
in water columns at 175 fixed stations along 22 oceanographic lines in Korean waters by the National Fisheries Re-
search & Development Institute, and time series of estimated volume transport of the Tsushima Warm Current (TWC)
and Korea Strait Bottom Cold Water (KSBCW) for the period from 1961 to 2008. We analyzed the species composi-
tion in terms of biomass of fish species caught by Korean fishing vessels in the waters near Jeju Island (1981-2010).
Data were summarized and related to environmental changes using canonical correspondence analysis (CCA). The
CCA detected major shifts in fish community structure between 1982 and 1983 and between 1990 and 1992; the
dominant species were a filefish during 1981-1992 and chub mackerel from 1992 to 2007. CCA suggested that water
temperature and salinity in the mixed layer and the volume transport of the TWC and the KSBCW were significantly
related to the long-term changes in the fish community in the waters off Jeju Island. Fish community shifts seemed
to be related to the well-established 1989 regime shift in the North Pacific. Further studies are required to elucidate
the mechanisms driving climate change effects on the thermal windows and habitat ranges of commercial species to
develop fisheries management plans based on reliable projections of long-term changes in the oceanographic condi-
tions in waters off Jeju Island

Key words: Climate change, Jeju, Korea, File fish, Fish community

M B al., 2007; PICES, 2004). ZL2]u} EAejg o o] 2] 1= 1990\
o Sof P R E HolFe v A AR A St
o gUelrt 439 EA e HFAO Fishing Area 61 1 QIth(Kim, 2010; Kim et al., 2007). o183} 37| 7] 53 3}0]

AAHOE of8) AL 7P -0 BE QAT WS Qw2 AYeA st by SR W a7} e 44t
T, 2] Al AR A AN PG e o] o] ofEshs Solubet HUE ANE BohE ROk ) 44k
CH(Kim, 2010). T2} eiutel AZSel A 19704 o5 g] Hojo] 2 537t el AFEITE, 7| TR AR o] F 3} e
SHa} o F7HE oloi/le WAl mheh Elo] AFFOIT L AAel Jk B 4 S A0 YIRE 28 glott o

Abistol] whet o] ofshe a1 A4 A| 7} st gof ket ZA] T 0153 AFollA = oS3t dissh] e 2 HekE

H
TRl o151 Qe Ao ® It H7HE AL JIKim et HESE o] 7] wiizofl oAk ool A= ANkA oz RAIQl o
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S wol ujd Ao & HeltkBrander, 2007; deYoung et al.,
2008; Lehodey et al., 2006; Roessig et al., 2004).

7|37 e vt el vl A= e Brkskal A
517] flelAl = 715 kel v sto] 1) U Bk A Al
o W7}, 2) pAtolEat 24be] WSE ol St A 3) AR 7
oF F|oFd W7tel A3 Wt ni o] oA = e ARSI A
A RSl @Ysto] RERS vHEAL A3 FEAE
< ntEsfgie). o] 3712 @A A -2yt T A S
1 HU B R ah 2kA Ao 7Rk ok B7ke o= A= o]
FO|R| 3L Ql= Ao, 2/ ISt A, 39 FHoMd Bk
ZHAQ] pof MEL Qlok mebs e R oS3t M
719ret FoFg 7tel A52Ql ALt FAE & vt itk
7|5 sto] chu] gt AkAb e Wt nhA-S fisiA 2 Sl
& A A O] et 75 D 4= e AlESo] i E
Q= Fo|H (Koo et al., 2005; Lee et al., 2008; Zhang et al.,
2000), o1 Aol 71131k 2 shop e, FER HopS Bt
s} 2 9 7} qlt} (Cochrane et al., 2009; Lehodey et al., 2006).

71% A= 2 UNEP (United Nations Environment Pro-
gramme)2} WMO (World Meteorological Organization)7}
353t A3t IPCC (Intergovernmental Panel on Climate
Change)7} 54lo] o] o]Fo| 2| AL §)t}. IPCC= 2t 9] 7| ¢
QA7 2318 Fiklo] qlgke] BEo] 713 wslo] vlx= 91
& 77k}t 91, 2007410l 4 Al 2,000 0] Thoka 2 A
7171 3Fef sl Al4AHELILA (ARA)E 3 SHAEHIPCC, 2007).
47 7R AR R 8T th7]e] 27 W A
T EWH| 23S Aok A7 7| 58 2ok 74 S8
3 ajoke BAK o2 B AR, 713 Wslo) A sore]
T80 A ZdxEHA 52 BrEE LA o A= sk 24
A o2 thf Al Sl Folth

Al TR AL Asole 2] 5 A Q1 ey Ak
o ofFo] 7P ol o] gl E|o|hd Stolm, 7| FHstof ZH Hl
Ao s defA Sk E o] 3L 7| Sk} Helsto] £
gjutet s Aol 7HE 2 D mlA = SRl Ak
F7h Rl FEA L SRR ZdebA digteiyd o ® S0
Q= AIolth(Kang et al., 2012). wfebA] 0|3t e
1 AL Bk ATy 28 A =719 IilatelH, 7]
S Rslof| g 2 AEF ST olU AAA| ofF, Ate o] g
o dAGAD B ok FAEE & TS 7L 9l
oh A A2 28 T Aol e ATk FH 3 A
| A st tiafA BrEslal Aojsh, o]of tigt A2 ¢l
HE A 4= = A A7) U A7F A degt
Aotk wheba] o] Aol A= A 30 59F -2 vkt R
oF A-t7| ol A S27E SF MU H P Aol 4R A AL
£ B4t Al 1 s ol A ol o} 7 7] HSE A
2]skal o] Hslr} 7|5 stof whE ety Hakel ofH el
= H=AE Bargheh

Mz H A

7] % Efe} 2] 2utelo] mhE AR = s o] s et
A WE2 B7Fsb] S8l f-2fuetellAl 1A oF 40d &
QF Al s (&9 33°00~34°00', 7 125°30~127°30',
Fig. Dol +asigte ¥el muyg g A=s ¢z ge|sto
w48k

lF 2 A Rz et A s 9.3 9l 2
o A FATE 2F7(1962-2010)5 A5 FHE A, 35,

36

. B
I Ee
32 k *
leodo Ccean
..~ Research Station o
30 ? :.': 7
28 f° R .

122 124 126 128 130 132 134 136 138
Longitude (E)

Fig. 1. The study area (JEJU), waters off Jeju Island, Korea

(33°00'~34°00' N, 125°30'~127°30" E), and its adjacent seas: Y'S:

Yellow Sea, KS: Korea Strait. leodo Ocean Research Station is

Latitude (N)

also marked with the star symbol.
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Fig. 2. Annual variation of the two major components extracted
from correspondence analysis of biomass-weighted species com-
position in fishery catch from waters off Jeju Island, Korea, from
1981 to 2010. Column variable was year and row variable was fish
species. Points of fish species are not shown.
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thgteld, 3 s o2 FHiEsto] A e]skalen (Jung, 2008), A
= s Aol A A AT chRtelE 7 A= (1968-
2007)2} (Lyu and Kim, 2003) Higtsi g A5 ¢=2] Fd ¥-&
A3 (1968-2007)E (Na et al., 2010) A H T}, sl E<
Sk Bl WA F=71HT 1 7oA A7 BE (geo-
strophic balance) £ ©] %11 Q17| wj&of|, s gL 7[2 x| 2= 4}
oA Heke o s fzo] AR FANL A HA])= o
el S AT BAE HolA Hoh ZAE s
o] FARE sl ETH AT A 02 o uff gt oA 53l
Z FYE= 7o 250 A AL, v o] -9 Fafoll Al o
S-S 53l WA Uk S50 sl A= Aol whebA] 8
T o] Aot tigtel | 5 Abo] & A WA S
et gt g =5 W5 A= 7H 1990 off 'WRE dofxl vk
W, 3 Eol= 1960 e HSE o] gb7] wize], o] Al
FUAE o8t EHS 1960d T FE] =4 4= QA
ok o]FA FHE tigtel e G b 24RO Y
d ez ARgstit) thetel A5 da skl & ol Al
WS = 2 10% vjeke] =35 712 7|9, 1960 d o -8
S5 il ES 7teA2E Y 2 AR S 0|85t
A AT YT AlE o] Ad s A2 Atskich

Al 9 s AEA AR R E AR oY
i o1F 1B AH=(1981-2010) 2453 o A=A
= #23HE olF] ek} 7} ofF o] A Aol A4k
FE G71e YA 7 of 5 olgwko] A Al vig ¥
35 FoliA el ol A TS vl A vEhof
F0 o] Al B1&S AT ofF 24 WSS g
(correspondence analysis)S 53l FA45}1 AEHZ QoFs
AthH(Hwang and Jung, 2012). JAIHS 23 i A=
A A A AA] "ol S sk ] fleiA A7 AIE A
Sk STARS (sequential t-test analysis of regime shift)E 2]-&
3 thHRodionov, 2006). AN E 4 HE, 183l 1 HE
7} 3H7 Ake] A= A= tH-3-+-4] (cannonical correspondence
analysis) 2.2 @ °Fs|¢ithter Braak, 1986). 3 o714
274 1ol A Bl -S-EA oA 95% Al =] ol Af Akt
A7 folebetal v Q15T ZekA] STARSE 4847|111
ago g v it

Zn}

o

ng

-S4 AT =1 ol AR E Al o] 1982-1983
1990-1993'd Afolof fF-oJet A[A| ol & 4 52 HoAFtt
(Fig. 2). 455 2™ 1981-1992\d-8 W 2|( Thamnaconus
modestus), 11°5-%1(Scomber japonicus), %¥=-7|(Larimichthys
polyactis) 7 ©12|(Sardinops sagax) <0121} 1993-2007->
11591, ZHA|(Trichiurus lepturus), 27|, 7178 0|( Trachurus
Japonicus) <=2 % vH o], 1990t So]eba] T A7} A<
Afekal Aol Eatak E4olgic(Fig. 3). TNy ofgat

Hem - e

(CPUE)& HH ar5ol= A7 o= dAstal o, w7}
19909 ) o]F A FolEHA FToll= 4TS FA8kL
Qlt}. A, Ak @ A o) ( Todarodes pacificus), ®-o|(Seriola quin-
queradiatay= 77| % 2.2 CPUE”} S7}skal Qlou, WA,
27|(Portunus trituberculatus), 27, Ao12], AF*|(Scomb-
eromorus niphonius) -2 71243141 Q& FA| & YERtt) 3
8 oFH o] FAZ BH, AFole A% g Adgoldel
AR AL, FH A= HFAGeIdo] 75.1%, WP EEI O
2115 AAIFl o, )= g Addoi ol 56.2%, $F8E
ofo]gio] 31.3%, tHPEZoI Yol 11.4%E AR Fch. L Hiof
ole] et 42l 99% ol o] tf P o &2 Fgr,

o] ol S AA A o2 Bl thF Aol ¢ (purse seine
net)o] T o] S AR P oY IR E T2 AU H
E 0] 3] otter trawl)o] 19849 B-E 7H5 191 Zo] So]
AUh(Fig. 3, 2E%). o|= AlF= FH 8|9 o} 7 4] W 3to]|
A 71 2 3k 1990 o] 3 TR 7F A Eol5WA ol &
T8 ojgtiolF o ANH P EEo| o] Al =18
ool A A o] ARl Aol

o|&] A5 FH 3o A A oF T3 WSkl oH )
Gt 2210l Gk mF=A B7Fsh7] Slsf s (A
off, et g, Shafl) =21 A, LeaL thgtali 224 ah
of A5 W4 A eyt T4 Bt IS S

SR o g B, WA dateld 37 29lof gt 4
o924 AT Fig, 49} 7o), tfateld 20 A9 0-10

m, G2 735 0-30 moj| A A7 8|S A E Fd
TR SHA S o, ASHe= 5 &7 8.200] 4
= W] B a3 & 4 AT 20 R = v
£ 202 Y=t 2,3, 5, 108 &3 f-2] gt AiA
£ B3k E 58l A5l titsid oz flEHeE A5 U
FUFE B Dol ZAA froldt AHEAE 2=, ole
& Aol A AR AT W R UE A7 BEHEAES o
k= BEO A ALTE Q7] wZell AHE-S A ' S
UEh U 52 2 el A] skal 34
=} (Naetal, 2010). 9HO & E0 st sjpdsnd s &
A F7HA Q) AT B T 5 A7 2 asi

ool AE Y GRS VAL & 22 e s
AR US4 Ak Fig 59k Zt o] A% 22 75-
100 m@} 22 0-50 m7HA] A= 9 3| AHE S
I FofRH A EA=H, o= A AAS daelz]
Hrhs gio] A2 o 17 4ol = A&, ThE TEe 224]
oh FU oA e e 1] HskE YEhlE A0
7] gzl Uehs o= Bk

AT 79 s AMEE o] 1990-1993 Atolof §-9]
T AA HolE A %lea BT 2(Fig. 2), ool df-e-3t
= 27 8elo] of|AE s 23 FE, 1P|l iRkl
= B2 AN ReE A 0) A fodwk) vl sl
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Fig. 3. Changes of biomass composition of fishery catch from waters off Jeju Island, Korea, by period from 1981 to 2010, by species (left)

and by fishery type (right).
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Fig. 4. Canonical correspondence analysis on fish species compo-
sition in biomass in waters off Jeju Island and oceanographic vari-
ables in the Korea Strait (this figure can be overlapped with Fig.
2). T and S denote water temperature and salinity, respectively, and
the suffix number denotes water depth (m); TVT and KSCB denote
monthly volume transport of Tsushima warm current and the Ko-
rea Strait Cold Bottom Water, respectively, and the suffix number
denotes month (1-12). The oceanographic variables that were not
significantly correlated at 5% significance level are omitted.
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Fig. 5. Canonical correspondence analysis on fish species compo-
sition in biomass in waters off Jeju Island and oceanographic vari-
ables in the East China Sea (this figure can be overlapped with Fig.
2). T and S denote water temperature and salinity, respectively, and
the suffix number denotes water depth (m). The oceanographic
variables that were not significantly correlated at 5% significance
level are omitted.

ek HA AT FH AR 22 IS v]H Ao
2 Holk 72 §)|9(Fig. 1, JEIU) 4223} FE-2 1990-1993
olu} 71 o] 2-34 Ftoll= ol skt 3R] A] ekokek
(Figs. 6 and 7).

= .y
215
21 A[\
—~ 205 A
2 2 A rﬂ\l‘/’\‘;/‘\l/\\l"
2 05| DAL A RN
I RASYE'A !
© 19 Y
9] | \l
2-18.5 '8
Q18
175
17l v
W O N < © 00 O N ¥ © 0 O N T © 0O N T © 0 O
8855560088358 33833388888%
rrrrrrrrrrrrrrrr N A AN AQQ
Year

Fig. 6. Annually-averaged sea surface temperature in the waters off
Jeju Island, Korea, from 1968 to 2010. The step changes detected
by STARS were overlaid with the solid bold line.
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Fig. 7. Annually-averaged sea surface salinity in the waters oft Jeju
Island, Korea, from 1968 to 2010. The step changes detected by
STARS were overlaid with the solid bold line.

10 m, 28] 31 75 m $=4) o] A] 1989 8-01351 Wislr} 7HA] =9
S 1KFigs 9 and 10), 20-50 m =4l o A= 19894 of -25F =
7} A =] 7] ¢kt

i stal|E 422-2] A< 0-75 mof| 4] 19874 E= 1988 o] &
Of gt Hsk7} A = $Le WK (Figs. 10 and 11) 100 mojl A= 4]
= 2] oFoxrt.

etall & Satohes AAI0 R F S A2 19843t
2002w 0] F-2Jgt WHol7h Lot A= YEeht, A] 1989
of th-g-5h= Mol AR = A ehokth(Fig. 13). Y= 3o
A digtelg o2 ol o= it AsWa FrUdHS 1993
W o] % FA Z7Fet A 0 2 YERGThFig. 14).

=S4} STARS 4 AuE Aefal| &, A5 FH
B AMIE 2] ROl A5 FH B U], distsl E, &
3l AFSH(0-50 m) -k & sl folet AREAE B
glom, 53] theteld E3(0-10 m) 23 thgtel g A5
T Bt Fas A o' yepylth e o A= 1989
A YAl A|A| Hol7F 7P =881 Urebek=t] o= A 20
d 52k o] Fol 3 -2 Eelj g of Ve A AlA| Hol oAt Auket

-
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Fig. 8. Annually-averaged water temperature at 30-m depth in
the Yellow Sea from 1968 to 2010. The step changes detected by
STARS were overlaid with the solid bold line.

33.5
33 A
£ 325 (\\/ — gﬁ‘\ “A;ﬁ
©
3 A NN e
32 y ¥ M = 4
31.5
31 lllllllllllllllllllllllll I T T T T T T T O O
oo}

2010

Fig. 9. Annually-averaged salinity at 10-m depth in the Yellow Sea
from 1968 to 2010. The step changes detected by STARS were
overlaid with the solid bold line.

Z+ A A] gk (Chiba and Saino, 2002; Kang et al., 2012; Reb-
stock and Kang, 2003; Tian et al., 2008; Zhang et al., 2004). A|
T T o) F -2 1989 Wstol| Z2h4 0 & wk-g-5kA] ¢k
I 2-4A S ATE A RS FAL BB A o' Hol=d|, o=
ol 78 ojFE5o] ol A A st 71 Izt A7) =
HApR o] Al7]0| B2 o] 50] 7Ff ¥ o oj it o = At 1|
A= 2-4 99 717k HEEe Ao = HAke 4= itk (Houde,
1987). & 1989 A| A ¥o] o} thetel g A5 ¥4 U= #st
Abo]of| iz 3-41d O AJ7E 2| A o] UElyt=T] o] FiE-2 9o g 7]
et} sl e et 2ot AFAEe] 35 o= HESH A
s AoR Aok

o[l Atoll A Uehd AlF=te =1 s o7 Y& 7HE 2
HIH= 1990 o] HH A 7F AlF=Ie 1 8l o5 B et -
vt Asfioll A Aol AR A H ook wF|A] ofglgko] 2
A & o= B A7E BEste] &7 Jev, Ul 4R 5
2RSS 8 1 F8 T Ft Al Yo Folgith
(Kim et al.,, 2007). ©1&2] 7}l of 7 4] -2 HS}o]| of
A= F a3 7] ek 22 3 Bisrt Fa s ke glo
U o] e 7HA a7 3 7H B ks R U A2 s

o]F ¥} 191
34
338
336 /7\\

z > t .

2010

Fig. 10. Annually-averaged salinity at 75-m depth in the Yellow
Sea from 1968 to 2010. The step changes detected by STARS were
overlaid with the solid bold line.
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Fig. 11. Annually-averaged temperature at 0-m depth in the Korea
Strait from 1968 to 2010. The step changes detected by STARS
were overlaid with the solid bold line.

o] 32 Yolti(Lehodey et al., 2006; Murawski, 2000; Rose,
2004). 1Lt FE wjEo] WH ] 7HRle] EOl Bt A
Ao R BAT Bl AT =R A9 ARste] o] T
8 7S Alg A3 AT St glck S, BHA ot of
7wt S-2uetel v nge o 19A #1] Yrhal B
= AR EHFYF QHEQ) LT ML B ¢} vl 31|
1979-1988d ofl+= 2| 7F S5k oL, 1989 o] % A9
Arebdohar H 1 E 9l thKodama et al., 2010). Y2l A& 2t
HA7}F ol g = ojgkot AR IA A7 e A2 19959 o]
TR HQATHYE Mt T4, 2010 EE WHA] F3
- S5 AT- A4 71 http://abehan job.affre.go.jp/digests22/
details/2267.pdf). AI7141271 H(FAO) o} 8lek A2 n,
FEo| W 2|d Z1o2 Hol& Fx]¥H(Monacanthidae) ©13]
&2 SEjuete} Fato] giRE-S AA|EIAL tivtol A A
Bas) e e, -Eutetelllis 1990 A o] F FA]7t of
a7p A gastRou, S=olA= 1984-1991 7171
A= 309F & S Holtprh 1992-1995E Atole] 107t &
FE7HA] 2 Z0 7 Z0tht thA] 19964 0] %24 oF 20 7F
= Y ¢]9] o] 115 A3kl Sl ek http://www.fao.org/fishery/



192 HAZ - o
ss . O MNA T ’
% s //\\/'\ /'//\V'T i\/ *\u/\ll,\\ i /\\r
O ar . VA
i A
% |

N T

2010

R i e
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Fig. 13. Annual volume transport in the Korea Strait (an index of
the strength of the Tsushima Warm Current), estimated by sea-lev-
el difference along the Busan-Moji line in the Korea Strait, from
1962 to 2007 (Na, 2011)

statistics/en). &, AlFE £ GI= G FEoolet 55
ol A= St of Aol gt TFA] o] & o] 1990 T o] $-of
T Z5] A &E AL Q)= A0 R Wl vheF S-gutet F=RiE]
oofA BF A Y7t FoE Fa% olf7t HE wioldl
ohaz Shob 1990 ) o] F S5 UFA| o] P 1Lk 27| Eof
EE oL, FElo] dojyithar B7] & Y EaRho) A
£ Ao = A 7F 1990 o] =2 F AL Qlofop g A
o} ey -7t Hokd dAk o] |E] 7o w2 7]
tjek= guttiolct. &, =15 EF X FAO 9|81l FAARE
HH 1990 ] o] 5 o] o] Hlas|A] k7 Zol 5 UA|TE o
5] A &R o] Yol o] FojA| AL glom, 95| o] P =T} &
NS A0 R Wi Qi Eanto A Al s dut & 2
o] 1990ty o] ¢ LA 7F ALl Akt FE=al, 5=
all, digtalld, Sall, 7 drollAl SrtolertA] Y& Ak
el BEsh= 28 7obetthd 1990 | o] 3 $-gjujetel Yk
QoA EH X7} AA Fol& AL gt uf 3l £ (Beamish
et al., 1999; Epur, 2009)7}4] o] 25 ¢ 1 B 2|7} 19909

— M

o

Xapu|
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- e e e e - - - - ===

Fig. 14. Annual index of the Korea Strait Bottom Cold Water, es-
timated by temperature section along the Busan-Moji line in the
Korea Strait from 1968 to 2008 (Na et al. 2010).

o o] % & o & PEEUSZ AIAFSHL Qlet. 7] 3 #stol| w
SUFA FE Y SR 2o H L A7 ER
g Ao 7 Heolt(Mackawa, 1989). £3] A0} Uit HF0|
U disteld #5 Waro] 4 422(Kim et al., 2006)2} 25}
of B 2| 1] 28 8 2Atol 0] Abee} /b, 1e) T 1
3 WS AY S-S vl e = e s E ) A=
Atolof STt FF A7 B2 o]t

o]l Q17 AT gkl AE U SR AA T 1
Fol AlF= TR AYeAlol 7HE 523t 28 20 dUE A
ShiL Qlo}, Ho.2 ubaldest RS B-aelo] At 404 5
ok ofghala A Sl A R AET 0 gl
AAE A2 S Bz Zlo] o] s o] A #s WAUSS
Belis 3 A0S BolE Slek. whabA] olof sjekaiel]
A8 Bl AFE 74 Slol g Eeehs SEaelel et
S s AEiA A7) ZYE P 1A 7SS et
sfoFoll A E ke At kst E oo v ke A
Yokt AlgAo] & Ao 2 It (Hwang and Jung, 2012).
A7 SRk slp e At A A Fa A ol
ROl 8o ofd ofgte sHA] Al B}
s, o] 5 QA= AT slieh s o2 Wekel= 4714
ol A1l A o] ZA} FAW WU el BRattl,
8] ATt Qo] 7| FHstol w2 it ofF A elg]
3L Hstol W] A-535h7] SRR A 7|47 Ll
Aofl U A o2 Adstch(Roessig et al., 2004). whaba] 2
A3 Ao} A B A ol 4] B 5= Q= A1) ZAA o
WK 5 e Bav ole.

=22 2

2 2 ol i

Al Af

LA o) 7ol e =TS =
of| A ALub-g Hgh}. o] =2 201331 = A
Z1&-4t8] A YAt ofl ofsto] A= ik



T

Beamish RJ, Leask KD, Ivanov OA, Balanov AA, Orlov AM
and Sinclair B. 1999. The ecology, distribution, and abun-
dance of midwater fishes of the Subarctic Pacific gyres. Prog
Oceanogr 43, 399-442.

Brander KM. 2007. Global fish production and climate change.
Proceedings of the National Academy of Sciences 104,
19709-19714.

Chiba S and Saino T. 2002. Interdecadal change in the upper
water column environment and spring diatom community
structure in the Japan Sea: an early summer hypothesis. Mar
Ecol Prog Ser 231, 23-35.

Cochrane K, De Young C, Soto D and Bahri T. 2009. Climate
change implications for fisheries and aquaculture: overview
of current scientific knowledge. FAO Fisheries and Aqua-
culture Technical Paper. FAO, Rome, Italy, 212.

deYoung B, Barange M, Beaugrand G, Harris R, Perry RI,
Scheffer M and Werner F. 2008. Regime shifts in marine
ecosystems: detection, prediction and management. Trends
Ecol Evol 23, 402-409.

Epur IV. 2009. Ecological and zoogeographic characterization
of the ichthyofauna of Sivuch'ya Bay (Peter the Great Bay,
Sea of Japan). Russian Journal of Marine Biology 35, 117-
126.

Hwang K and Jung S. 2012. Decadal changes in fish assem-
blages in waters near the Ieodo ocean research station (East
China Sea) in relation to climate change from 1984 to 2010.
Ocean Science Journal 47, 83-94.

IPCC. 2007. Climate change 2007. The physical science basis.
Summary for policymakers. Contribution of working group
to the fourth assessment report of the intergovernmental
panel on climate change. Intergovernmental Panel on Cli-
mate Change, Geneva, Switzerland,18.

Jung S. 2008. Spatial variability in long-term changes of climate
and oceanographic conditions in Korea. J Environ Biol 29,
519-529.

Kang YS, Jung S, Zuenko Y, Choi I and Dolganova N. 2012.
Regional differences in response of mesozooplankton to
long-term oceanographic changes (regime shifts) in the
northeastern Asian marginal seas. Prog Oceanogr 97-100C,
120-134.

Kim S. 2010. Fisheries development in northeastern Asia in
conjunction with changes in climate and social systems. Mar
Policy 34, 803-809.

Kim S, Zhang CI, Kim JY, Oh JH, Kang S and Lee JB. 2007.
Climate variability and its effects on major fisheries in Ko-
rea. Ocean Science Journal 42, 179-192.

Kim YH, Kim YB, Kim K, Chang KI, Lyu SJ, Cho YK and
Teague WJ. 2006. Seasonal variation of the Korea Strait
Bottom Cold Water and its relation to the bottom current.
Geophys Res Lett 33.

olF Hat 193

Kodama K, Oyama M, Lee J, Kume G, Yamaguchi A, Shi-
bata Y, Shiraishi H, Morita M, Shimizu M and Horiguchi
T. 2010. Drastic and synchronous changes in megabenthic
community structure concurrent with environmental varia-
tions in a eutrophic coastal bay. Prog Oceanogr 87, 157-167.

Koo BJ, Kwon KK and Hyun JH. 2005. The sediment-water
interface increment due to the complex burrows of macro-
fauna in a tidal flat. Ocean Science Journal 40, 221-227.

Lee DI, Choi JM, Lee YG, Lee MO, Lee WC and Kim JK.
2008. Coastal environmental assessment and management
by ecological simulation in Yeoja Bay, Korea. Estuar Coast
Shelf Sci 80, 495-508.

Lehodey P, Alheit J, Barange M, Baumgartner T, Beaugrand G,
Drinkwater K, Fromentin JM, Hare SR, Ottersen G, Perry
RI, Roy C, van der Lingen CD and Werner F. 2006. Climate
variability, fish, and fisheries. J Clim 19, 5009-5030.

Lyu SJ and Kim K. 2003. Absolute transport from the sea level
difference across the Korea Strait. Geophys Res Lett 30,
1285.

Macekawa C. 1989. Relationship between water temperature and
catch quantity of filefish Thamnaconus modestus (in Japa-
nese). Bulletin of the Kanagawa Prefectural Fisheries Ex-
periment Station 89, 27-30.

Murawski SA. 2000. Definitions of overfishing from an ecosys-
tem perspective. ICES Journal of Marine Science: Journal
du Conseil 57, 649-658.

Na H. 2011. Seasonal to decadal variability of the upper-ocean
hydrography and circulation in the East Sea. School of earth
and environmental sciences. Ph.D. Thesis. Seoul National
University, Seoul, 115.

Na H, Kim K-Y, Chang K-I, Kim K, Yun J-Y and Minobe S.
2010. Interannual variability of the Korea Strait Bottom Cold
Water and its relationship with the upper water temperatures
and atmospheric forcing in the Sea of Japan (East Sea). Jour-
nal of Geophysical Research: Oceans 115, C09031.

PICES. 2004. Marine ecosystems of the North Pacific. PICES
Special Publication, 280.

Rebstock GA and Kang YS. 2003. A comparison of three marine
ecosystems surrounding the Korean peninsula: responses to
climate change. Prog Oceanogr 59, 357-379.

Rodionov SN. 2006. Use of prewhitening in climate regime
shift detection. Geophys Res Lett 33, L12707.

Roessig JM, Woodley CM, Cech JJ and Hansen LJ. 2004. Ef-
fects of global climate change on marine and estuarine fishes
and fisheries. Rev Fish Biol Fish 14, 251-275.

Rose GA. 2004. Reconciling overfishing and climate change
with stock dynamics of Atlantic cod (Gadus morhua) over
500 years. Can J Fish Aquat Sci 61, 1553-1557.

ter Braak CJF. 1986. Canonical correspondence analysis: A new
eigenvector technique for multivariate direct gradient analy-
sis. Ecology 67, 1167-1179.

Tian Y, Kidokoro H, Watanabe T and Iguchi N. 2008. The late



194 AT - o - e
1980s regime shift in the ecosystem of Tsushima warm cur- approach for Korean fisheries. Fish Res 100, 26-41.
rent in the Japan/East Sea: evidence from historical data and Zhang CI, Lee JB, Seo YI, Yoon SC and Kim S. 2004. Varia-
possible mechanisms. Prog Oceanogr 77, 127-145. tions in the abundance of fisheries resources and ecosystem
Zhang CI, Kim S, Gunderson D, Marasco R, Lee JB, Park HW structure in the Japan/East Sea. Prog Oceanogr 61, 245-265.

and Lee JH. 2009. An ecosystem-based fisheries assessment



