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Climate Variability Impact on Major Fishery Species Community Com-
position in the Waters of Jeju Island, Republic of Korea (1970-2023)

Giho Ong, Seonggil Go!, Sunkyu Park and Sukgeun Jung*

Department of Marine Life Science, Jeju National University, Jeju 63243, Republic of Korea
'Tropical & Subtropical Research Center, Korea Institute of Ocean Science and Technology, Jeju 63349, Republic of Korea

This study investigated the North Pacific climate variability impacts on fishery species composition in Jeju Island
waters between 1970 and 2023. Annual catch data were standardized as catch per unit effort (CPUE) using fishing
vessel gross tonnage. Ten major fishery species were analyzed with the Pacific Decadal Oscillation (PDO), North
Pacific Gyre Oscillation (NPGO), and Arctic Oscillation (AO) indices. Three distinct periods were identified based on
species composition similarities: 1970-1981, 1982—-1993, and 1999-2023. Seven species correlated with the climate
variability indices. The largehead hairtail Trichiurus lepturus and small yellow croaker Larimichthys polyactis were
negatively correlated with PDO, whereas the tiger puffer Takifugu rubripes, Pacific flying squid Todarodes pacificus,
and silver croaker Pennahia argentata were positively correlated. Chub mackerel Scomber japonicus and Japanese
Spanish mackerel Scomberomorus niphonius were positively correlated with NPGO. Compositional shifts corre-
sponded to PDO phase changes: T. pacificus dominated during the positive phase (1977-1997), whereas T. lepturus
and L. polyactis increased during the negative phase (1999-2023). North Pacific climate variability likely affects Jeju
Island fisheries, underscoring the need for climate-resilient strategies.
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N B al., 1997). PDO+= 4] WollA =4 | 7= o 59 914
(phase)< WHE51H, PDO7F 4F9] 9144 w = FA e o] 3
RS, S5 2 2 SST oA & K elti(Mantua
et al., 1997; Mantua and Hare, 2002). PDO A|4+= EE]|3HoF
(20°N ©]&)2] U SST 0|4k (anomaly)ol| A A AT Ho+2
A A%t H, 74 E 2] 2 $H(empirical orthogonal function, EOF)
o7 =% A HA A E (principal component, PC) A

7]1% W5 (climate variability)> TFFeE A| 3712 50| A]
199] Hat AE HsZ 2ugtHIPCC, 2018). ok ¥
2 719} sfoFe =u- A=tk 2 Adrtel gk vl
o], 3| e I} AE A L2 HEHE Ao 7ot B ol A=
g 7]$ HEo] BilEglom thxd o= ey eF 10 7]

N

Z-5(Pacific Decadal Oscillation, PDO), HejH ez A5
(North Pacific Gyre Oscillation, NPGO), &= %-5-(Arctic Os-
cillation, AO) 0] It} PDOY =} ofoll 4 Liehis a5
H 2= (sea surface temperature, SST), 3|41 7] (sea level
pressure, SLP)2] %7 WE3} Uds}A W Hth(Mantua et

Adz AoEtk(Mantua et al., 1997). NPGOX B oo
‘e, 8 o, ofEd B Al HES YEtY= 71
H%5 Z]4=0|ti(Di Lorenzo et al., 2008). NPGO A= E-5-€)
FHH(180'W-110"W, 25°N-62°N)2] 3fj5=1 1=0] o]Arx|o] tj
S EOF &40 4] 42 5 ¥A) PCE E4 % th NPGO= &
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o) G, YRR, YB40) A4 7] WEL BHA 4
14-S EQItK(Di Lorenzo et al., 2008). AO= EHELo] 11
9} 2915 Afo|o 4 Lehhis SLPO| o34 = opafolct
(Thompson and Wallace, 1998). AO A= EHL(20°N ©]
)9 €34t 1,000 mb SLP o]4f=]of tgt EOF #4022 =
SH A WA PC AA D= o)tk A0S 914 HghE HAF
7L} Fobrlot 7|5 WMol 523t F3FE m|ZtHThomp-
son and Wallace, 1998).

715 HEe] 714 A& skte] A Al (regime) = A T8
ok AAl= 7150l A 9 713 A5 B = 8 3 (quasi-equilib-
rium) EiE ofn|shH, EoA A | PR E e 7]
3 e o] AT Mgks 715 AlA| A climate regime shift)
o]g}ar st Overland et al., 2008). 204| 7] TR} E -6 55 Fof| A]
= 1976-1977'd, 19881989\, 1997-1998 0| thE <1 7]
S A A Agho] =9 1 (Miller et al., 1994; Hare and Man-
tua, 2000; Chavez et al., 2003), o] &2 s|oF el A] 24 ¥
315 FHIsE 71 2 2 5 1 ¥ Qi th(Francis and Hare, 1994; Man-
tua and Hare, 2002; Overland et al., 2008).

71% A7) Ao whe sope] Hel-skehy 517 Mshs of
Rot BHZERR(I5 o F)2] WA Aibe] JaFE w3
o e wshe AR, AR, B2, WA A ek &
o] o}F 9] A HE o2 o]0 w(Brander, 2007; Portner
and Knust, 2007), 352} =2 -2 W52 s A e A1 &f A4t
T-E25 HHe] ofF 4l 9] 714 HEkE of7| gtth(Francis et
al, 1998). E3F QR oJor] WEL BT E AL
25to] AF9] QUTAL] BES 07| 4 SUEHDI Lorenzo
et al,, 2008). FE|H G2 ot FaFol F35HA Urehth= i
o2&, PDO= 233 HI3kE B3 A5 =R oo
o] 2 434 (bottom-up) 245 Faf oI Aol A41H
9l A& I3t (Mantua and Hare, 2002). A4 2 109 +F
O] A Ak o]Fo] B2, AT, $AF wAlo] gt
HILE do7] Alglso] RiE ¢l ck(Francis and Hare, 1994;
Overland et al., 2008).

2 AT F Al s o2 iuhdhR, Al 2 A

=, G AT Y 5 ThFe 1] 9] o R Bt fjok
e F/%tth FRAL s 7o A9 tinhdRs Al
o5 AVHA L& 0HE s 455 (Hur et al,
1999; Cha and Moon, 2020), A5 AlFE FHES AlA|
Weko e SolshiA] AR Ak AlFsfd o 2R
S5 &&3th(Lie et al,, 2000). R FoiAFET= AL
A gl s W2t Rt 550l o3t A 2Rk ® A
o] N

ot o2

=

‘0
™(Moon et al., 2009), &5 ol= A F = FA 1 s 7] &
ZEcH(Pang et al., 2003). 0|5 $22+= 7| ¥ BlEo] JFSH
o, PDOY| ¥ 912 F2AL 379 oFse} tiupd
455 5715 2 e (Gordon and Giulivi, 2004; Shin et al.,
2022). PDO2F AOL| -9 912 AL = 73k QI sl

=

AZW4 Wyt AZAETHGuo et al., 2021).

o] A theFel s witell AlFe s ol thakgt olF
o] AAstaL glomn, 53] 2tff-ofdt ojFo] == FETict
EQF 150, @A 0], A7o] 5 A oF =Y FRAE 2l
Aeke] Fa3E oS PR bt ARG oA Al
FIE g Yo] HAX o2 F-935ltH(Yang et al., 2007; Ko et al.,
2015). AA|E A= =W =g ol AFEstE B
] 0]3]2k2 20004 ©] % HF 58.8 X 10° metric tons (MT) 2.
B A ofZ5F9] 5.6%%5 AHA| ok HHA, Ak HA
10.9%%5 AFARIEHKOSIS, 2025a). ol= A5 of¢jo] of2]
o] =2 AAA 7 & F8l A1 AAA FagHISS
APABRAL Q13 AlAFRITE

HE B ol A= 7|5 HEat o] W 1He] HAE
517] f1sf cheket A7} 3= o] gk}, Zhang et al. (2000)-2
1976-197793} 19971998\ 715 A Mgho] 428, e}
= A, ofF Hsol o3t ¥ vFEE skl
T3 Jung et al. (2013)2 o] D Al =1 |2 A=
£ &89 A= o5 £-4(canonical correspondence analysis,
CCAYS 3l A3 <ol 4] 1981-2010E 7t o] & 7 o] ¥
32 Folstglon, E3] 1982-1983W T} 199019921 Alo]
off o F o -2 WS Aot Harskeith

7|E A2 ol I Al = e AR S 2E-5to] o
T 4 H3kE B8k 1Y AlFE 9 H Rk o
29 3 oS e s oll, Fall, salloll AA W2 s
of| &gttt whebA Al sl fehy AR = 3 o5 W
= FEAomgt Aye 4= glon, F gt oS 3]st
= olF=0l v|Al= sl BigkE S o & vhedsh= b
= AL Sl 0|9 22 SAI S ek ] YaliAl = T H
7o s Fehd WskE RS vt Sl

715 Hol W s HIl= ofF 243 of
= ol AT ool et Fks vA 4= 9l
of W2 olF 4 He t
74 o]Fo] RiEdH= F
B2 9ok SEHE Y 71 e AeE 2859t
19702023 A%t A5 Aol A ol Aol g &
ojZF(ol5t oY olF) 2] o FFS 7[Rk = ofF
3= EA sk, 7 o YolFat 7] W (ke
ot} 715 Hso] AlFk s 8 o] YolF
2 Hofshs A HEE S
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%, mhei ) A28 45 THKOSIS, 2025b). 2 170] 4=
F2 A3 FEH o)) HES FUH R Hhofal FES
(gross tonnage, GT)E o] =25 HE-Z ARSI

AFE ATelold g AR A =7HEAEE S of
A F5E FA0MNA 1970-202397F Ao Yoz o]
ol A, dAlTEFe oAdFS SASHATHKOSIS,
2025a). o] YAAFEFRAL 213 Ao uhE o PolFe] Al
3= QIR A 71 =AAE i dsh] flel A ool
A2Fotol Aol AAE L& Estgch =5 o]
FARE S5 WA olgFe A7) Wk FAIE st o,

Istet.

o

HA O oo Ak R o] AL T ool TR ES
nste] ARt WA 1970-2023W7F A= 314271 HA|
717k9] 10% w9l ool o & SHAatgl o, Ard F of
B tiu] s ol Gols ol &= ulge] Aol 1% o4l
oJPolFS T ofgolF o g Hostrk Fa 0ol o]
H0] A ofQlofgo] Z3hE ¢, A S ol Eeg o) o
Bt Bl &) 50% oS AA|EhE AR o] YfolES RF o
2 AAeHcE oY o]YolF o8 BHREA o F4 o]¢lo]
o BAol|A ALt Al ool ofEee Ta At
FEEo] AR Qetuhustof A 2013-2023 A7 A 5= ¢
7} 7)1 28 28819 tHOGD, 2025). o] 2A] A% 4 o]¢
o]F9] ol gk 7| =& Hrlsl] el 2F Fa ogolFol A
Al oAZ o A AR|BH= Bl &S AT T2 ool
OB A|7] 5 HEsto] vl B4y o, A7 ok
o] At A WA v wE 98l HEA4x(coefficient of varia-
tion, CV)& A3}t
Y o=l

HA717E 53t o] A2 71 A skt of KA effol] whE o] &
e S7HE aLejste], o] Sl ol o B sk o
= o] ZK(catch per unit effort, CPUE)S AR&-53ITH
B Aol A= o] 22 (kg A7 GTE Lz T £ o] 22
(kg GT'y& CPUER A Jstgltt. GTE v 12€ 3145 7]
FO 8 2AME= U o) Rk A7 R o] A ERE, 4
A o4 ol 7]0fgh o8] =2 ukedaty] sl M=ot s
FAE GTO BA4He A7 GTE 2-g-81gich o2 A Abg g
CPUEE 7} o]¢jolse] At w3t ofgaf e &g

PDO, NPGO, AO A|5=2] AIAE A=e vl= sigdi7]
(National Oceanic and Atmospheric Administration, NOAA)

Al ofF He} 759

AF3} Physical Science Laboratoryol|A] A|g3l= Qi 2|4
£ ARESS tHhttps://psl.noaa.gov/data/timeseries/month/).
PDO A4 EeHK20'N-70°N) 9] COBE-SST,
NOAA ERSST V5, HadISST1.19] A| 7}4] SST A7 & 5+
3+ Ensemble SST 7|9k X4 A}£-5}9].2 ™, NPGO A4
HadISST1.1 A&E o|§sto] A+4H A+E &8s,
AO A]4~= NOAA Climate Prediction Center gjo]|€]o] 7]t
shof A4bEl 2142 Baellch, AR ofzjeate] B4 &
A2 213l PDOSF NPGO+= AH+ A& AR oH, AO=
Antrloz ALH AAOR o] AX7] ule] AU 1293
B dFAE 3Y71A](December through March)®] 4k
ARt

HE S 24

A= 20 ofdolE A = WIS Tofshr] Sl g
4 (correspondence analysis, CA)S 3515 th CA= HE
3 Abm 7] QIS AR FEak gl At E e R #9
= ThEF A 7o ThHill, 1974; Greenacre, 2010; Yel-
land, 2010). $17F CPUES #4 ojol5 A== A5 3
d= o5l CAE ol A=t 8 ofYo]Fo] W= 24}
A #gztol SIS 7t £ F HEAL 5 94 Hles
Argsin, 724 A eo] #55 AR 237 72 of¢lo]
T R 20| WIS A et

Al oS =8 o] YolFat 715 ¥ 7He] AddS whof
317 913l CCAE =333t CCAE R RIg=eL A i s
Ao 1 sh= 2 E CA7|H S &, dhg s 7[R 2 7
AHEl CA S0 g =] e} Z|oiet Y AsHe 5 vl 12
£ AloF3teh(Ter Braak, 1986). & Aol A= .2 of ol
CPUEE RFSHI,R, 7|% B A5 AYss AHsto
P4 2 B AU 4 G 71 W 20l BERArh

HH2 R 2ZEY0(4.5.0)5 A5 21(R Core Team,
2025), CCAE= vegan 97| X 2 4383} tHOksanen et al.,
2025). SAIA 2438 <=4 7% (permutation test)S 53l A
A 23} 7 Argwideo] o 2tz W7 letoic, 24 Aak A
A3} == AZ8lslo] 8 o]¢jolF CPUES} 715 H-5 A
RCEC EL RLRE
F2 0f20lE 2AQ AIZIH w3

w24 ofglols 2 A71E TR SIs) CA 2
= v e 2 K-means w5 3HK-means clustering)E 53|
1970202310 78 olglol% 27 72| GAMo] uet 1
FF%E. K-means w3 8h= Aol 245k K9] 5l o=
FES TS, 22 S A Y el o Al A B F
23}5k= W o] (MacQueen, 1967), CA Al1=(CA1) A2
HCA2IA 2 A= IS o] 3te] Sayelaict. A
A = ARl A (silhouette analysis)S Fdll 27dsH3ATt
(Rousseeuw, 1987).
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Fig. 1. Time series of annual catch by each major fishery species in the waters of Jeju Island, 1970-2023.

K-means 33} 2115 7|2 082 F 24 A& 1AM 0 &
TR &, AHE AGAS e RS 3kt Ut
TR BRYE ARE oA AHH R dA&H 717k
P AR A elstal, BALAQ] Ars HEr R B
ottt 7 0 &, K-means {25 Eofl =&H Al7] -
Ho| BAH R Fofgt A|A| Aol sjgsl=A] A3 H

3l 24 34 AA HEE B4 (sequential ttest analysis of
regime shifts, STARS)S ¥ 345} % th(Rodionov, 2004, 2006).
STARS= AAIG AL=oll A Bt3ke] #-23t MalE EA6t=
oz, CA1Y CA2 #3t0] AJAIFe] thaf] AA| gk A4
<& A5t STARS S| 8 w7 4—= 2] =2(P), cut-
off length (1), Huber's 7}5-2] w7 Ri4=(hyo]m], 2 ol A=
Rodionov (2006)2 2Fa1s}o] P=0.05, =12 AR oH, B-A
B ol 27 Wao] YL FL 7|5 WEA PDO M
5 F71(15-259)5 18j5te] F152 447431 th(Mantua and
Hare, 2002).

K-means 73 2F5 53l HEE 78 ofgolF F49] gt
A3} STARSZ 22 A7) Hg A1 7he] A4S vl
groau, AFE Azl oldols w4 Fao| 4714 W
HEAR O Gola A Ao shsH=A AZseck
A8 R A~ZEQo]9] cluster 3| 7] X|(Maechler et al., 2025)2}
FactoMineR 7] #|(LE et al., 2008)E A&-5}0] =35} %Lt

A 2o

O

o

AL 1 R

&7

bt

N
o
2

YolEH CPUES} 7|5 W5 A= 1Ho] A A &+
O Ak m= 0 oo 5 ghe g AR AA
A2z} B Rk 2 12 XK overdispersion)?] E4S 7}
THEE 7MY & SE0HA] Y=t whebA] i 7ol d vl
L T2 (monotonic) TA S AL o U= 27| ofwk =9

74 (Spearman's rank correlation)2 434313}

o Lo
52
o

oy 2 pe 1%

1

ol
-

o
o)

z o
F2 0/Y0l5

AFE Azslelds st 7o olgelre 2
(Trichiurus lepturus), "8 X (Engraulis japonicus), Z-27|(Lar-
imichthys polyactis), 11'5-1(Scomber japonicus), 2% o]
(Todarodes pacificus), “7§0|(Trachurus japonicus), =
2|(Pennahia argentata), “}o{(Seriola quinqueradiata), 44|
(Scomberomorus niphonius), A2 Takifugu rubripes) o=
Z 1052 A7gskoint. A2 AR dApd e dst 2
24bo 2 Pl SR, A SRR ATolA B
i} AfFEo| 5YU Fo7 FolE(Lee et al., 2025), =
7h A ES HE A= AR SAE e JloeER
(MABIK, 2023), & Aol A= o] & A5 22 7[5t
197020237t AT o] o] F0] F o A& ow
271k 2415 1oITkFig. 1). i Bt o] 2122 19704
o) 8.9+4.5x10° MT, 1980t} 18.1 £3.8 < 10° MT, 1990
) 29.04+7.2x10° MT, 2000t} ©]% 52.0+10.2x 10° MT
2 el 30 ool 105:2] of 8] el 47 o}
ol A A B ] 2L BT 764 10.6%ST.
1970202347 % ol HFE 7| E0R F4 ojolE 5 2
219 ojgleFo] 7pg =gtk 2] 9] 1970-19994 7t H of
SO 31+3.1x10° MT (CV=1002%)0.8 % o]2leke]
13.2%%5 A8 e, 2000 0] -0 +=20.7+5.1 X 10° MT
(CV=24.7%)L2.2 40.0%%E 2}A|3}] v|E&-0] 575t WA
HX2|= 1970-19999 Ht 4.24+3.9%10° MT (CV=92.4%)
o7 F ojgwko] 24.2%%E AAISH 2, 2000 o] %ol =
5.4+4.3% 10° MT (CV=79.0%) 2.2 9.9%Z X} 2| 5}0] B]go]
AT #2271+ 1970-1999¢ Hat 0.4+0.3 x10° MT
(CV=59.9%)2.2 % o]2]Fo] 2.9%%.0.1, 2000 o] o] =

e
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Fig. 2. Sequential t-test analysis of regime shifts (STARS) applied
to (a) the first and (b) the second axis of correspondence analysis
(CA), derived from the annual catch per unit effort of major fishery
species in the waters of Jeju Island from 1970 to 2023. The black
line represents the observed CA scores, and the blue line indicates
regime means with statistically significant step changes (P<0.05,
cut-off length=15 years).

7.0+3.5%x 10° MT (CV=49.7%) 2. & 12.9%% 2}x|3}0] H|&
o] Z7lsl3L) A5 0j= 197019994 Ht 2.0+1.4x10°
MT (CV=T71.1%)0.2 Z o]&=k9] 14.6%S 2|50,
20004 o] Tl = 4.4+1.8%10° MT (CV=40.8%)2.% 8.9%
£ AHAJsto] Hgo] st 5, A7 R T8 0] ]o]F9] of
o] vl&o] #skselct.

YE Ug 24

S ™=

CA 23, CA1FFCA29) A4 T 22 2421 45.0%21 26.0%
2 Uehton, =3 Ayee 71.0%%th CA A3k 283t
K-means 73432 534l 1970202392 3749 -y o8 B
=9lom, 100 1970-19814, 1995-1996'd, 1998\,
2% 1982-19934, 438 1994, 19974, 19992023
o] &3k¢laL, 73] AZE A2 1981-19821d 7 19931994
o2 2HelE Ak

STARSE Sall FAIZE A|A| Ag AlH2 CAloIA] 1978
197913 1999-2000%, CA20]|A1%= 1981198213} 1993
19949 0 2 2l%|Qltk(Fig. 2). K-means #3315 E3f
AH F8 o]3olF 4 Ag A7 (198119821, 1993-1994
d)o] STARSE 2l AA] Ak A2 dAsk%en, ol

il

Al ofF He} 761

TN o Period 1 (1970-1981)
4 Period 2 (1982-1993)
O Period 3 (1999-2023)
x Transition (1994-1998)

N
T
<
~
[¢]

\ifarrégariapon cus & 7.~

- =~ .
Engrautis japgatcds MNPG OogLa{Z@:%im{g‘p@iyacns
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Fig. 3. Canonical correspondence analysis (CCA) biplot showing
the relationship between catch per unit effort (CPUE) of major
fishery species and climate variability indices in the waters of Jeju
Island. Dashed ellipses denote 95% confidence regions for three
temporally stable periods determined through temporal coher-
ence correction of K-means clustering results. Transition period is
shown as individual points.

K-means 3+ 53l 15 4 WS AR {9
g AA| Zghol] s e vrehdith

A7 d&A] 7129] BA 1L B4 1970202302 39
ollo)F T4 28] FAMofl wheh 3709 P E A7 = 25
w1 ch(Fig. 3): 1970-19814¥ (1271, 1982-1993 (12 7h),
1999-2023d(25A%h). AlRFA 02 E31454Ql 1994-1998d
($d7he vz RREA Z2F A1719) taEAel =2 o
gJojE-o vk} St} 197019814 A7 o= B ], 115501,
A7} EA Ao UERton], 1982-1993 Al7|ofl= 245
B, Ao o], HAtx], wo], M7Jol7} v d w2 o8] vl&
< Wt 1999-20234 Al7|oll= ZA| et #2717 B3 A o
= UERR T

CA ¥ 0 olflolF] gt S thad Z3ith
CAlolA E2](-0.676), 115°1(-0.510)= &2 #HES, 24
(0.468), 271(0.437)= <] 23kt HeRHo] 1970-1981
| A1719F 1999-2023'd A]7]9] F-2of] 7] o513tk CA290A]
L A3E(1.603), A2 A40](0.911)7} =& oko] #iEghe
ol BHH, W2](-0.049), 1150](-0.188), Z+2](-0.125), Zx7]
(-0.392)= &9 g LERf o] 1982-1993d A7) 9} b2
A7155 &5t dl 7]ofsk3it

CCA A3}, Al1Z(CCAL)o] -3 M5 FoJ5hA drdslsd
O UH(F=6.00, P<0.05), A|2%(CCA2)& EAA & {0517
Attt 713 W 2|42 F PDO A 527F =8 ool E 4 +
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Fig. 4. Time series of catch per unit effort (CPUE) and climate indices for major fishery species in the waters of Jeju Island, 1970-2023. Each
panel shows individual species, exhibiting significant Spearman's rank correlations (P<0.05) with (a—e) Pacific Decadal Oscillation (PDO)
index and (f, g) North Pacific Gyre Oscillation (NPGO) index. Black lines with dots represent annual CPUE in kg per gross tonnage (GT).
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2 52 g FAEHh F27]= 20009 FEHEE =
CPUE 42 YR 7] Al&Fste] 20201 o) Z5171A] Al
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2 gAEH.0H, 20109 ) Fuk o] = o2 st A
& 19t} AFx| = 19704 o] Fubo] =S CPUES Uehd 3 4
ghe o g ke 28§ en, 2010t St o] Fofl=

—",Lx] PDO&} 9Fo] 4 1174%, Ao} 27 = 5o At
AE VR on, o 4
Aol 3 Wl Tﬁ?z FFE v HSS AR HhE 1L
5olet A= NPGOS} o] AHaAI S H Lt

A9 Aol 1982-19931 A]7]0] & CPUES 90w,
PDO |2} {-2Jgt ofo] AaAE 2 SIckTable 1). 53
PDO7} %F9] $JAkel 1977-1997 A7} =2 CPUES 7]2319]
O u(Fig. 4¢), ©l+=PDO 4 ¥shr} ake Aol o] 3, Haz,
AV 317 ol ke u| ks Aa)odtel 92 gheK(Kim et
al., 2018, 2019). PDO7} k2] Q)4+ wff BA e H ok s~ 5}
oz Ateho] H3gt 15-24°C dfjo] FZo 2 SHtE| A
Fodllol Albo] gAgEch v PDOZF 2] 944 o
£ Ale2 5o R A 2t BAste] AlRbdo] digts
g olto g Z4gu(Kim et al., 2018), T5a) ZA] Akt
% A A adto] AeFo] FolEs A0 R HIE QT
(Liu et al., 2021). k4] 1980t PDO7} 2F2] $Akel A7
of| A= oA A9 o] CPUE7} A YeRd Z& &= 7}

Table 1. Spearman's rank correlation coefficients between climate
variability indices and annual catch per unit effort (CPUE) in kg
per gross tonnage of major fishery species in the waters of Jeju
Island, 1970-2023

Species PDO NPGO AO (DJFM)
Trichiurus lepturus -0.358"  -0.021 0.176
Engraulis japonicus 0.033 0.081 -0.141
Scomber japonicus -0.171 0.313" -0.097
Larimichthys polyactis -0.300"  0.011 0.023
Todarodes pacificus 0.316" -0.062 -0.005
Trachurus japonicus 0.033 0.196 0.245
Pennahia argentata 0.285" 0.018 0.099
Seriola quinqueradiata -0.057 0.071 0.026
Scomberomorus niphonius  -0.034 0.372" -0.088
Takifugu rubripes 0.556™ -0.095 -0.019

Climate variability indices include Pacific Decadal Oscilla-
tion (PDO), North Pacific Gyre Oscillation (NPGO), and winter
(December to March, DJFM) Arctic Oscillation (AO). *P<0.05,
**P<(.01, ***P<0.001.

|5 HEol e Al ofF He} 763

A gQloz A Ech A, FF=dllol FHE Ao s 3]
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HoFslH A AT 322 7 1-517] wiZolth. o]= PDO 9]
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A AT 3|9 4he A o] CPUE S7te] 713835 AlAFSI
22 Al7]ofl & CPUEE Rl A& HA] PDO A%}
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715 Hso® WAsl7]= ol AR o=l
SOFL AFE7](3-69) ool Yt Qe = 4hetkslf5}
A A Al dj9e Fehe SRS 2
(Tagawa and Ito, 1996). FA|8 Atmol| =W A2 A5
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T+ Al710] o8 E= 544 A5 CPUE: 7| % Wg R et 2k
HeF ket o WAt Belo] & Ao & setE Tk A= 2}
FEL njAgo] dEo R 1990d )] ZRHEE dHoA o]eTF
o] 7l (Kawata, 2012), AlFE 32| T4 HA| THe
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A= 2239} Shajjof| A UE} ol = el EH oo ] o2t o
Qtell A2 ZFazst, 20-140 m =41 o Hefiut 215 Bieol| A
ABH= 2 A4 o]Zo]th(Jeon et al., 2020). ZLE L} HGL2] 2] A8
iz FETaollA s S AEA] - Ad=el(Zhao
etal., 2024), 4|4 31 Aefeha] 5400} eb Wsto] ot k3
o] ig}sA| et PDOw Sl Wl Fefj A58 5=
Fofl A A AAeiA O 3= vl s/ o] QLo HAx| e
A2 e FEst] flelAlE EA o] a2 §ish A
T sfged T e wstol Tt A2l A wkgol w7 A
T7h g asict

19992023 A]7|ol|l= 222} 2277} =& CPUEE 7|&2
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Fx7)= PDOS] &9 AHaAZE EelEglon, o
PDO7} gotA|ob Z3} a7t Bl x| 220l ¢
< vzl AR 34 ek PDO= FobA oF E43t At o] 9l
Ot (Wang et al., 2008), <=0l w2 A& A9 vpa st
£ Pt A AEE FH-grHXu et al., 2009). ]2
o Al Hgls 2] 985S 550 BEE 0= o)A (LI
etal, 2023) AlFE dfo] o g o] 27| B Sh & o]ojXIth
AA| 2 Han et al. (2021)2 SJafiollA] Zr27] #22 S417 A5
W2 o] £A1Z Fll PDO7F 3279 A Bl 7]ogtt
I BsHeE ]9 =8 29 717 94 R E o] 5al 3¢
7HA Z(Lim et al., 2014), Y539 40 &2 Qe £ gtfj=
AlFE djo 7hx7] ojg=k F7tol 71 Ao & ek

TEH O R, 19992023 Al7]of Vet A ef 27 9] =
PUEL 352 0 & 1997-19984 PDO #|A| Z3gke] 93 3F
Lo A0 &2 Holn], 53| ZA|= At 24d3tof| np2 a4
o] P EFHA o g 2hgsto] ofYwF Frtol 7|
ThehE o),

70-19814 A]7]of| A2 0 & =2 CPUEE K.9l 11590]
F2]+= NPGOSF R-2J5t oF 2] At Al & 2.9l 2 1, NPGO
of w2 AYelsha] Aol Tt A= vl AlgHA o)k
T2 AR o] ERF Wl FARS Kol =t (Fig. 41, 4g), ©]
I3t o] Eoll oJgt 94 F3Fo] et zto| K} o
S 7S AR B3] A i@ Aol ol
5ol Aol A2 5 RYPA oFL & ogsi 115
o] g)gko] thRES A3t E(Lee et al., 2012; Kim, 2015),
NPGO2}S] A= 7] ¢ HeEtt 29es Hito] e
3T 7HsAd o] serhal ek Ch ohgk 5ol ek AbA] 2}
UF §50] PDO 5 o2 7|5 95 o] Qlth= Kk
Q12 Y 2 (Tian et al., 2008; Yu et al., 2021), NPGO2}2] 3] 9]
3 7HsAd o] =L s A 71 HEo] FF AAIE viAIE 4
= ¢t

A= PDO 5 7|5 W5k AHdsk wgo] wdo] Qlrkar &
A Q1.0 1H(Zhang et al., 2000; Takasuka et al., 2008), & &1
ol A= 715 Het F-ol gt AL ERI=A] ¢kttt o)
Aol Al BX] CPUE ¥5o] 7|9 g1kt of¢] 413 M3}
o} o WA o] Q7] 2o & s Ert Tk o A
ALz of w2 1969-1979 Afo] AL 454204 1,107
H o7 F7FIAUAL, A =2 ZofulE uof olelE
S AAA 7127 22 o dolF o= o S AEE 7t
s/90] =k 1 A¥E 1970 ) A -AlellA] 1980t o] ¢
2] 419 0]8) 240 2 HalstAthFig. 1).

ESHEA] o Y2 A =0 o3 AT =S FAIT)
73Fo| 9lo](Baitaliuk and Radchenko, 2024), 7| H-Eof
£ 25 o] o]gvko| RG] A] ¢hokE 7/ o] Atk
Az Fafiot sF=ra o BA AT 1.96-3.00 X 10° MT
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