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Comparative Analysis of Fishing Variation Characteristics in Waters
Around the Korean Peninsula Based on FAO Area 61 and National Fish-
eries Statistics

Seokjin Yoon*, Junggil Seo!, Ukjae Jung', Chang-Woo Cho' and Hyun Woo Kim

Fisheries Resources Management Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea
'Research and Development Institute, GeoSystem Research Corporation, Gunpo 15807, Republic of Korea

The long-term fishery catch trends around the Korean Peninsula were analyzed by comparing national and FAO catch
statistics within FAO Fishing Area 61. Official catch statistics for Korea, China, Japan, Taiwan, and Russia were
compared for 2007-2024 using an FAO-based five-country total-catch comparison (Track A); a national statistics-
based analysis of total catch, shared species, and catch composition diversity (Track B); and an FAO-versus-national
statistics comparison (Track C). Source consistency, trends, and species composition patterns were evaluated. The
total catches by Korea, Japan, and Taiwan significantly decreased over the period, but they significantly increased for
Russia. China had the largest mean catch. Shared-species catches showed strong national asymmetry: China domi-
nated hairtail and small yellow croaker, and Russia dominated walleye pollock, whereas common squid declined
synchronously in the Korean and Japanese statistics. Catch-composition diversity trends diverged according to data
source. For example, the China national statistical trend was non-significant, whereas the FAO-based trend signifi-
cantly declined. These discrepancies reflect differences in aggregation scope and taxonomic resolution, and the FAO's
gap-filling of unreported data. These findings support source-specific validation and standardized reporting for shared
fishery management.
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o et o] A9 Zt=9] oY A = AR A Al7|7F 4
o]a}7] wiol|, Y 7o FANO R= St e of
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TE B4 71718 2007-2024 (n=18) 0. & A A5 AL 47
=7HsAZE B SR EE 22 AE7E2007d 0] (Y2 S
o} JAYAFS Al AL o8 AF=7E 2007 A AlE-g), 0%
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NSDE &af A&t o s o o] &=k FAO7} Aquatic
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Al whe 3} YA skl F+53eHGaribaldi, 2012). o] 2}
oAl (i) =0l AEsHA BAAY AlE A=7t et
9 FAO7} 27 9 7o) o] B AE7} 24 O 4SS
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Table 1. Data sources, coverage, source consistency, and selection criteria for fisheries statistics used in this study (FAO Area 61, common

analytical period 2007-2024)

. Comparison Adopted source / analytical
Country Data source Period Coverage (2007-2024) use
. Coastal and offshore fisher-
KOSIS Fishery Pro- . ) MAPE 2.94%, . -
Korea duction Statistics 2006-2025 ies only (high-seas catch r=0.9949 bias -2.8% National statistics adopted
excluded)
China Fishery Statisti- . .
China cal Yearbook (East 2((;?1:;)/2354 \;il:jogaz?%mg' SB;:?'S(?S;) MAPE 33.32%, National statistics adopted
. : _ 10 -
China SSe:aJ)r Yellow 2007-2024) China Sea excluded) r=0.9408, bias -33.1% (coverage specified)
. . . Coastal and offshore fisheries
Marlng Flsher|e§ (East China Sea and Sea of MAPE 58.44%, National statistics adopted
Japan Production Statistical 2007-2024 N /East S b - 1=0.9188. bias -58.6% ified
Survey (national total) apan/East Sea sub-areas; r=0. , bias -58.6% (coverage specified)
Korean Peninsula waters only)
Entire FAO Area 61 (incl National=offshore/ FAQO for Track A; national
Taiwan FAO FishStat 1950-2024 distant-water) ) coastal only (MAPE  statistics used for limited
48.48%, r=0.271) Track B analyses
Russia FAO FishStat ~ 1992-2024 Entire FAO Area 61 Nat'°22'czgi'gltgs MOt EAQ adopted for Track A
North Excluded . . . Excluded for lack of data
Korea reliability (see text)

MAPE, mean absolute percentage error; r, Pearson correlation coefficient; bias=(mean of national statistics-mean of FAO)/mean of

FAOx100; KOSIS, Korean Statistical Information Service; Marine Fisheries Production Statistical Survey, Ministry of Agriculture, For-

estry and Fisheries (Japan); Fisheries Agency, Ministry of Agriculture, Executive Yuan (Taiwan); FAO, Food and Agriculture Organization

of the United Nations.

RIS, (i) 271 1.9 o] 2 & ASFIS 2 FC & e
| T 20 R AEE ] Oz o] g 52 A9 £ Y
u]AK(nei, not elsewhere included) T =2 YA 1L, (iii) ©]
slme 29 92 7|202 $4) 7elo] v CHGaribaldi,
2012; Pauly and Zeller, 2016). u}2tA =71-5412F FAO 57
2 Ajoliz kel 1glo] o2t o] 7l Hate] ofe] gholA] ur
A4S 4 le,

etRl=o] og5f A r= 7He AL E(KOSIS) o] 9484
SA1(2006-2025)5 E4-3FATHKOSIS, 2026). KOSIS &1+
o] PBAFE Al ddel 2H9S AA TR sh F8f =
A o2 2FeHA] b=t} ¥ FAO X}5eke] 4] ¢
A40] o} %7HEAS Track B| 5 24] 222 AHs}a,
FAO 7tiz+= Track A R Ab2-¢l 8| aLof| &-8-543ict.

F=9] g AEe FHsEFE wid Wbt F=o
HEAALY] o=l ol Halnt A == 285kt
(2003-2024; MARA, 2025). = A7- 9 u7be s 529
A A= Eol - Feetdlen tAE thEr et ARt
AR At GRS s AT F SAjlez A Ystels
t}. o] G2 Fall(afivt gt sE=dfolA T of4lo]
o83t hbES ol FHE HASHY HE=al o &2 Z e}
2| ottt 2L AVFEA S Track B = 84 A5 2 AR
5}el, FAO Ahofe] 55 Aol 131 8sl, A4 w4, 15 o)
A Apol7h BFA o 2 28-S 4= glom ® ek v o] A

Zol5to] 413t gic,
Axo] o] Bef 2pR

SAZAH2007-2024)E Z-85HATHMAFF, 2026). 5 ZAH=
o7l el BEAS AToh=t], B Aol Fhike =
S Aate] T2 TS 9l F AR (F+-EETal)t vk

SYARo] AXIBHE SlEol AN

od&
THI 2 FF=l 9 Fel(YE A TF ol d2sl) oal
TS SHARSE S S Y AE ARSI o= 2%
Z38) 9 e A S Esh= A=t FA L TEEH,
A2 A3 Sl A2 H] 1 (Track A) 2 A3H AZolqt
Sl G2 o] e FRE S 7A€ Track B2
F B2 a2 ARESEL, FAO AR+ Track A 2 AR ¢ H] 3l
of| Z-g-53irt.

tite] A9 AP AR ofdA FA(Es ol o]
A F, 2006-2024)5 =7 A 719 H 2 fAof| E-g-5hinh
(Fisheries Agency, 2026). thil 5 £7|= f19Fo|¢] o slahs
3EFFeHA] Qo B g a7} 7k Z08]EF H]a(Track A)oll= FAO
FishStat 2t7-E &3} THFAO, 2026). B AJoF= A 4]
EA Ho] Algt=lo] FAO FishStat AH(1992-2024)7H2 g+
851910 Track Aof|qt 223151 SITHEFAO, 2026).

=71 o 7 AAY Aol/dE aLe{ste] FAO ASFISO]
T AEE 7= 2 AAR AABHITHFAO, 2026). 1714
FAO ASFIS o 3E 7|RF A S 544 54 =719 o
" F HAeE0] 0%= AEEE 49, o= dd & 2=+



390

Mo
1
)
o
o
i)

2

AE ofnle & o el ol AA Y FAE LA
of -Folstih(ell: S= FAO A4 ool & 2E=8
$80] 0%z Ui, ol 53 BA19] 24ols WF
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tion X 2/ FAM] 7= sfAslet WhH =7k A 718t %
1 o1F B4 2 AN A Al 7Hs s =8 oSS o
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FAC He, A AAA, T A= H & 2ATHe] AhR
H Ado] AE o n]x|= S AESITE B4 7Hd-S okt
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Table 2. Statistical methods applied in this study

o|th; H4, ol s A S+ 24 thedd2 =7F 4 s o
et A& T2 FAE Hlot 24 AZEQJo]i= Python (H]
7 3.11 o] )& ARSIt

A a2 A2 B7FE f1ete] Zh= AA| 5 A2t FAO FishStat
Ak 7+e] A2/ MAPE, 1] o]& A 4x(r), HY (%)=
Folsloitt. MAPE= A=l [57H8Al-FAO|/FAOS] H4toll
100 &aff 4HEsk3laL, Hol= [(57H8Al Bt-FAO B+t)/
FAO B x 10022 ALFSHTE 7] 324 A ofl = w24
Mann-Kendall 77J(Mann, 1945; Kendall, 1975)2 #-8-5}21
A1) Z7]+= Sen 71&7] 74 7H(Sen, 1968) .= 4H=511 .
o -0l 0=0.052 A3t Foj g5 FAloll= AlA
o A7 71548 112Y510] Hamed and Rao (1998)2] 4=
A At Aaks Y AAISEITE 2 At 572 AAE-
ok o] Foll 24 44 21| Mann-Kendall 7742 WHe 3}
ShloL, 2A 0 FAA JAS areste] FAA teAad B
“d(Bonferroni 5)-2 #-8-514] 43431 PEE2 Hlal 2|2 34
Sheleh ok P<0.001 2ol A g A Bapd] By &
of| = Ao FA| == 7Rt FAIQ1 vH, o)== A A(0.05
F)9] PRE2 HA o izt = Qlon g A 2 H ) uf
H Ao Hx AR HAsIeh =7 1t ol 524 o fAMY
2 FAO ASFIS B 2% 0l% 3952 taro #7shgint.
PCA+= 57l x 187]d o] A= A 24dS o5 @92 sh=
HHEE D (0=90)2 F2313F F =84sto] F 7) Big
T(3IE Tw3] 2T SF9loH, 2t w71e] Ax Ay
95% Al] e} 0 & A|7k5}skgict Ward o172 % (Ward, 1963)
7R AS ARG EUE Anl)e =7HE A AR 3
(5 x39)= Ab=sto] =71 7k 24 AHIE Q.oFstint. o8&
A gt 24 thoFA-S Shannon-Wiener A]<>(H'=-% piln
pi)2} Pielou 5= (J'=H"/InS)= AH&313th o7 A pi= 3l
A Fold oA 7t i7F Aot v, S E7T T
oJu]gttH(Shannon, 1948; Pielou, 1966). T, H'¢} I'= A1 A A
B0 e AHAE A 37F of gt o S F A 24 Bt

Method Purpose Hypothesis
National-FAO consistency comparison Quantitatively evaluate the reliability and coverage consistency of national Data
(MAPE, Pearson r, bias) statistics against FAO FishStat to justify source selection validation
Mann-Kendall trend test + Sen’s slope  Estimate the direction and magnitude of long-term trends in annual total H1
estimator catch by a nonparametric test; significance level 0=0.05
Principal component analysis (PCA) + Exploratorily classify similarity of catch-composition patterns using the FAO
hierarchical clustering (Ward's linkage, ASFIS common-species relative-composition matrix; identify synchrony and H2
Euclidean distance) heterogeneity among countries

. . Compute national catch shares and time-series shares of major shared spe-
Shared-species share analysis ’ o H3

cies (e.g., hairtail, mackerel, croakers)

Shannon-Wiener diversity index (H) Quantify changes in catch taxonomic/category composition diversity by Ha

country and year; long-term trends assessed by the Mann-Kendall test

FAO, Food and Agriculture Organization of the United Nations; MAPE, mean absolute percentage error; r, Pearson correlation coefficient;

ASFIS, Aquatic Sciences and Fisheries Information System; H’, Shannon-Wiener diversity index; H1-H4, hypotheses 1 to 4.
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1% 715 2 o] E A ) 412147} FAO FishStat 222}

o] A2 Bty flste, 3-F 717120072024, n=18) &
Qre] 77

ATt SOl o AR ol AAA =2 vl
A #F2+= MAPE, #]oj& AJ3A|4x(r), 12]aL 2h
A& A2 FAO A}t 7+2] 1 9|(bias, %) & AFE3HIT. ©]
o} A 2= S A2 A Bl H o] §15=7F FAO Area 613
UABH=A] ARF o] F A L A 7|EE Tl HEE HE
skglow, 71 A7HE Table 1] A|AI6}5I T

2-2utel KOSIS o4 84HEA|9} FAO FishStat 7toll&= 7}
=2 A= SRIET AAEA AEF 1,033.6
A &, FAO At52+ 1,003.04 B2 &, MAPE 2.94%, 3]oj&
=0.9949, H2| -2.8%Z 7|25} thTable 1). A= 2o]=
-4.0%(2011)°14] +1.9%(2024) Rl 1ol MEF o, F2A4|9] 1
P WE elo] oF AR oA LIEA -2 = At AA]
FA7FFAO thH] A2 WA Yebub= H2J= KOSIS ¢l o]
PAEAFEAZE Ael] 2UE 2 & k= BHH, FAO AHao
= Fofloll A 9] ofgleto] YR ETE| wfZ o2 wekEth A
A2 FAO 3= A= o= HE(Gadus chalcogrammus) $13
ot 27.57 Eo] £3E o gl oL} KOSISHIA 9] e o] &lgke
AP 00l 717k Aot o) e] AutE aLesto]
KOSIS AHA| &A1 5 & w4 A= & A=t}

= oG EAAT(EZFT3l+sl) A=}t FAO FishStat
Zroll= 71 & Adi=F Afo|7h B Ut AAEA AB+
2 8256.04 E9l vk FAO A& Ha-2 12,3356 Eo 2,
MAPE 33.32%, 9] -33.1%°]l @3}$thTable 1). L&} 3]
o1& 1=0.9408 2 oF A= 2] F=A| Wk Ads] fARHY, &
5] 201792 Ag A3 74 gjglo] & AR oA 352
2 SRIE T A=k el B 9], A A, S A W Al
A, oF 5 s e Alol7F Bt o2 283k A= s AlE
o} A7 olg 5 v A Al 3R o F TR A |5k= 1t
H, FAOo|| Ha1¥ S ApR = 4 Fao] o] & T2 A
7] G T U ZER AAFE 0] o] 324 Y thekd B4
oA 53] & AlokFS 7HRIth. Aol 22200720161 -7+ 3
o+ 29.2%°N A 20172024 L7k Bt -38.5%E Al3HE 9=
o, o= 59 o5k A AW AR o] % At +A7F
2 9HA FAO At 2= At 4 o 2 bstA| vhg-gt g 7]Q1e 7+
S0l ek T2 A 24 of| =71 Al E 285, A=k
B F e Aol A= ol Egt AkR Y Aol & HHEA AR
BAIEF T

Yo 7 ke FRH A (SE =i+l el HAE
FAO FishStat(Area 61 ZA|)} 8] 25}H MAPE 58.44%, ¥ 2]

-58.6%= Adje 2}o| 7} Zith(Table 1). ©l= 5= T U5,
gt s ool e w7FEATE s =as) EH Y A
QFE 3 5l= FAO Area 61 339 54| 2] F-EZ A 0] 7] fj&o]
oh AR FY A=2 H= S FAOSH B|wstH MAPE
8.62%, HE| +8.8% = M- 2 YA & Hol=t, ol= FA7}
= g Hehs AAY YA w2 Ao R, Rt 1
3|9 At rEEnh agoE et R 1A 9
FAO AF5.9] 24| A2 1]0]¢5 r=0.9188 2 o} H5 el
& AE oA dakElA F-A = et sHo AAFE AR AR
Aol Lol S A o2 oh, ool Ee
O] oFol YA Al R AR TefEct 2 Aol AR 971 of
Bl Aol A Ak FA(2,786,195E, 2024)= 97} T3]
T gHAIeE e8] Y8k, sl a5 Bl Fall, 55
=5f, @5 =35) W eFF AQ sH o T FAHEE B A
= o] T et s Ao st s =all -3l thafltet
A4St Track Boll ARS-SHO 24 Z= AF.oko] 371 A3
ob i 51Tk, SHbE el A9 FAO 34 B4 7+
T el= YA S HY Y] A2 Aol E AR, Y
hte 8|S R 7HEAIE Track B & £4] A2 2 A
=] Af=ke] A 2po| & HHEA AR YAISH T

vt FAY SAFE oG Lol A%t oG E A FAO
FishStat 7ol = MAPE 48.48%, 30> r=0.2712 7P @&
U &=7} ZR1E Ytk Table 1). AHA A GBS 17444 &
ol HhH FAO A}E= 360.8%4 £0.& oF 214 2fo]= K}
o= dlolg 77k okel A ®le] 24 xo]ofA] H]
S 4E AATA LS Tl At Ao AT of
Ao 2 s, Ex|(Cololabis saira), Btteol(Thunnus alba-
cares), =CFeto]( Thunnus obesus) 5 AoFo]q o]& ko] A€
wo] glrt. BHH FAO Area 61 SA|oll= 0|5 9% o152 olg]
o] Z3tE]o] 9lo] A&l F=F vla vt Brtsict. whEkA] =t
7} 2k Zolgl5 vlaLelli= FAO FishStat A525 7|20 =2 A9
skt

Aoz A=t 34 o GE Aol tigt o] AlgtE]o] FAO
FishStat At 25 U3t 24 A5 2 83513tk FAO A2 2]
785 1992975 2024 714] H|o|E 7} Al gl e}

53 FAO A= Al=)/do] @A 3] wol B4 tjdel A A<
staict. olell thigh LA«= Ak WRol A 213 gl Y] 714
A 30f| ofgtet. AR, HA| 713 gl Q] 71.8%(5-3] 2000
o|F = 99.4%)7} FAO2] STATUS=I(H]5-4] - Hhg4] 423])
2 BEREo] 9lo] 34 Bt 7|9telA] S UERdth &
A, 20022008 77t A7F FoEFFo] 23] 200,000
2 HHEE Gl =], oli= FAO7L BRte 2R A AR E 47
S1A) ot A4 A ghS ol AHegh AatE wohEch Al
A, HEAT7E2.8%= 5717 3H13.9%) H L=(14.7%)7}
v 3te] H|ZAFH 02 ek AR of ] AARES: 2H W,
714, B3 59 FFoR A7 WA FRiEEE, HEAe

¢

o, o o

P

18 o ox Mo r
L rlo &l
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2.8%q= A2 7} obd A 7LY] WHES AJARgETE YA, 2000
20241 717t -5-%F FAOo|| Ba1E ofF 47} 780l Exfat, o]
% 7HE 2 5 AX| k= 0] 2717 (Actinopterygii)©]
2h= 9 B AR YAE ] glo] o FE A A A
A7 A BojEtt, ofof whal) -2 717 g2 1205, &
2211659 o] Fd ofglgFo] By glrt.

o] AykE FsHH(Table 1), Rt U223 A4S 2t
FAO At 7t 28 54| PAE Holug QA SAE 5 &
A A 2 etz Aol Brgsitt. S AisF Holrh 24|
TF A ko] o] EoHr=0.9408) A Y EYAE
WHEA SR YA sk 271 stoll AR FAE At
ek 2HAEA 2 o] HA W9l Alghe. 2 FAO AHr & A9
stglom, gAlob= A= T AL AR 2 FAO AtR & 28
ShoTt S A A2 % Aol 54 dj 4ol A Al L8t

FAO Area 61| HiLgl ofg]gf 5 o]F Thej(o|gH)= 4]
HER] (= S ALEY HFE S0l T42%E Tt
(41.7%)- DE(32.6%)-H7H34.9%)0ll B8 HAF] =gkt
(Table 3). £3] F=rof A= Y B8 I=20 2717 (Actinop-
terygii, ASFIS F.& MZZ)o| AH ok 2,514H E(FAO 2=+
2] 20.4%)S AFA8F3ATE o)1= FAO A& {HS &= 5= o]
29| ofF2A T A TAN TFS A4Sk Hl 284 &
A7t 52 ofnlgttt. whebA] F=19 FAO-=7H8A| £+ 1 2
+ 5 Aad Aol 2 sjAstE, nt-53 AE HFE &
8] & = A CA A Al o & Hotok gitt,

ool A I A= 7 Rpol= 1 A F ol whet ZA A
Fog tEEch AR, IA W91 24 Zpol&, T 4
F 29 W|(-2.8%)= KOSIS AZal] A7 3ol 29& A
Q)= RHH FAO Atz olli= Y3 o1&(¢ll: " el)o] 223+ ©

]_

n}

&

2 Zlo|al, YR o] = 7 0)(-58.6%)= FHite Fua| o s
RS gk SR A O 7191t B4, £ sidEe] &}
o] &, oAl A|Algt vle} o] F=t FAO At 2] 74.2%7} E4t
nld AER YA o] F 3 BAo A HE S o] izt
(Table 3). A7, FAO®| 22 5.9k Mato] A ]2 == Afo| =2,
=¢+9] 2002-2008'F o] 200,000E0-2 Hh= Al
A AE AR BA A A G oldet AR, 57k m|E
W7FE A Hhd el Al A R ETh S AR Y 7 Ajo|

= Seko] dpa-Thff B gk &2 ohgdh 4= glon
A W -ER SAE- A Beto] Aghd Az dj4sle
o

S

o

é
r @
PO 2AY

FAO Area 61 S0{2Z9o| ZJi¥H 7| HE
(Track A)

FAO FishStatS 25 A2 Y02 8t 571=9] 2007-2024'3
A7t Zo]g2ko] 3t Mann-Kendall 74 23k, o]gleke] 2+
7] FA1= = 7P R F5lo] Aol kit gh=(Sen 71&7] -21.9
A E/d, 7=-3.94, P<0.001), YE(-75.54 E/d, 7=-4.70,
P<0.001), tHeH-14.5% E/d, Z=-3.49, P<0.001)& 2%F &
AR ORZ ot i FAIE Hebleh WA 2lAJok= +98.1
H E/A(Z=4.77, P<0.001)2] $-2]8F 27} 24|12 Ho] 24
& 5= S LS olgFgol AEA o SEQIeh S
2 et 12,3356 Eo &2 Hdf o]F=9 9 A5
O}, 35 Mann-Kendall 774 of| 4] F=41€] f-2]/d o] £l E]#]
oFoF1(Sen -83.03 £/, Z=-1.44, P=0.150), o1& XA G2
A7)/ s B2 3 Hamed-Rao 427 A4 ollA1 = 5 Y51 H
Ho]8FATHZ=-0.93, P=0.354). o] += %=+ o] ko] 2017 A
T FHR oY 24 77 AARE GRA FAR -6
WSS AALHTE. G- Y- T whe) Zhae} 2l o] 7t 5=
Ml+= Hamed-Rao B7 $of = L5 P<0.001 =50l A 214
o] F-A|=]o] =4 T o] 7 g o] ERlE| ¢ITH(Table 4, Fig. 1).
=7t8A 7|8 0= S @Y H|w(Track B)

A FASAZE SHEE 478=0] Fol g7k A= Track A
9] FAO 7|49+ Axke} A = Wgkido] UA|skoitt. d=(Sen
20.83 &/, Z=-3.94, P<0.001)7+ LE(FF=al- 53| thal
T 3RAE 22324 B/, Z=-3.71, P<0.001)& S-ol5t AAE B
AL, T2 Fall-Fo=ral A F7HEAS (S8l Al9)
11847 =/ 9] 2 9] 718710l % Etskal 419] 594
2 gol g A] etH(Z=-1.74, P=0.081; Hamed-Rao P=0.210).
it 57 Al 2ol gt ool T E (R Af) A
2zr0] W1 ZA| = 9-015}7] FokTH(Z=-0.83, P=0.405)(Table
5, Fig. 2).

FAO S801& 718 iE2d Hlw(H2)

M

P

Lot

Table 3. Composition of FAO Area 61 catch by taxonomic identification level (mean annual+SD, 10° t, 2007-2024, n=18). Species-identi-
fied denotes ASFIS codes expressed in binomial nomenclature (Genus species); unidentified/aggregated denotes higher-taxon or nei codes

Country FAO total Species-identified Unidentified/aggregated  Unidentified share (%)
Korea 1,063.0£141.1 619.7+116.2 443.3+39.7 41.7
Japan 3,255.4+413.8 2,192.9+£255.7 1,062.5£170.4 32.6
China 12,335.6+833.2 3,182.1£359.2 9,153.5£575.0 74.2
Taiwan 360.8+91.1 235.1+62.6 125.7+48.5 34.9

FAO, Food and Agriculture Organization of the United Nations; ASFIS, Aquatic Sciences and Fisheries Information System; nei, not else-
where included,; t, metric ton. Percentages are ratios of period means; standard deviations are given for tonnage columns only.
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Fig. 1. Annual total catch trends of five countries based on FAO FishStat (2007-2024). FAO, Food and Agriculture Organization of the

United Nations.

FAO ASFIS 2% % 0]% 3929] 5702 x 187y vHa =4
A2 (=900l thzh A4 FdBEA A, Al1-25
A o] AA| A2 57.0%(PC1 34.7%, PC2 22.3%)= A5}
et Ward Al (=7HE A 24 718hell A= gt
=1} YEo] 7P FARE 244& Holal of7]of F=ro] Aty
olom, tinke o gh-3- U Rlof 7t Aol A A=A,
2A|ob= HHf S st 2408 7P TA AfE= J
Q| 4 © & B9 th(Fig. 3). PCA loading 2 $H A E3t

Hlojah-2k27]- 23] 0] =2
loading © & UFEF O H, o= Sl 553l A1 A4 o1F9] 4
A vl S W e 7ol qlet TRt o5 o] F2 F=19] of
3] H6-80] |9 o (3] 93.6% H27] 91.6%), T
loadingo] /g% F& 519] =2 o] HFof 7|QIE 4=
of f-otlct. R PC1 3(-)S) W3k AT 7HAm| & b
o5t 9 Aol 5 LF- A A A ol -k HE o] o] gt
273 vl & Bt E 7Hsd 0] qlet g iRk PCL 7|22

Table 4. Mann-Kendall trend test and Sen’s slope for total catch of five countries based on FAO FishStat (2007-2024)

Country Mean annual (10° t) Sen’s slope (10 t/yr) MK Z MK P HR Z HRP Trend

Korea 1,063.0 -21.94 -3.939  0.0001  -3.939  0.0001 Decrease
China 12,335.6 -82.99 -1439  0.1501  -0.927 0.3540 No significant trend
Japan 3,255.4 -75.53 -4.697 <0.0001 -4.697 <0.0001 Decrease
Taiwan 360.8 -14.49 -3.485 0.0005 -3.485 0.0005 Decrease
Russia 3,054.6 98.07 4773 <0.0001 6.536 <0.0001 Increase

FAO, Food and Agriculture Organization of the United Nations; MK, original test; HR, Hamed-Rao modified test; Z, Mann-Kendall stan-

dardized test statistic; P, probability value; t, metric ton.

Table 5. Mann-Kendall trend test and Sen’s slope for total catch of four countries based on national official statistics (2007-2024)

Country Mean annual (10°t) Sen’s slope (103 t/yr) MK Z MK P HR Z HRP Trend

Korea 1,033.6 -20.81 -3.939  0.0001  -3.939  0.0001 Decrease
China 8,256.0 -118.43 -1.742 0.0814 -1.253 0.2104 No significant trend
Japan 1,347.6 -23.19 -3.712  0.0002 -3.712  0.0002 Decrease
Taiwan 174.4 -0.64 -0.833 04047 -0.833 0.4047 No significant trend

MK, original test; HR, Hamed-Rao modified test; Z, Mann-Kendall standardized test statistic; P, probability value; t, metric ton. Japan val-
ues represent the East China Sea and Sea of Japan/East Sea sub-areas only (Korean Peninsula waters). China values represent Yellow Sea

(including Bohai Sea) and East China Sea only.
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Fig. 2. Annual total catch trends of four countries based on national official statistics (2007-2024). A, China; B, Korea, Japan, and Taiwan.
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Fig. 3. Exploratory principal component analysis and hierarchical clustering of species composition based on FAO ASFIS common refer-
ence taxa. A, principal component analysis of country-year observations (n=90) with 95% confidence ellipses and country means (dia-
monds); B, Ward hierarchical clustering of country mean relative compositions. PCA, principal component analysis; ASFIS, Aquatic Sci-

ences and Fisheries Information System.

2 Y22 oket FARE 2(-) 9] kel f1AH3 L, PC2 &
He BEFer 37 EejEo e w7l e 2 &
d& H Itk PC2 ()9 A4 loading> A A (=41 4] -4
A, o], T, -7 o2 g = o], k] #e 7k
F3- 23 olFo A vl HlE 7Hs S AlARRIT
AA| = vk A= PCA 2] PC2 WoF B4t thE =7k
of vlsl =5 5HA A, ol F2 Y Al MEAdol 7MY =& A
© 2 yepgth o, 2 24 B2 478 A A o1FS A A o
33t Aukrt o2k FAO ASFIS 2% &% o]& 7|4ke] 714
A vlao| B2, S5 FAO A& 9| -89 31 Hle =7}
57 SAHE 2ol 1esle] sjAlstenh E3F PCAL 57
=X 187 A(0=90) WS AHE-sto] it 55 FESIG O,

Ward 732 tjA} =27} 71 570 &2 AJgha o) =
ek B 918 BA0) ol 4k AT

8RR E R,

%

= o|MZ of3l

o= L-d

a0
oTT

H|Z(Track A - B)

FAO 719k 57)=19] 28 37 o8 17} 7820072024
A t)E ofFol whet F-3ieh vt A4S 2 3 ck(Table 7, Fig.
4). ojufj A2 2 o] 9] F=- FAO A& 0.0%+= FAO ASFIS &
FE 7|29 AA Aol n g, T w7FeA o LA ol R HE
7854]7} BAgHS olu]shA] @k=ct. Z-A|(Trichiurus lepturus)

o] Xﬁﬂﬂ 93.6%% H5to] AR @Y = 7hol A
E]‘}iﬂ Z+z7](Larimichthys polyactis) SA| &= 91.6%- 3t

_I
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Table 6. Major positive and negative PCA loadings for the FAO
ASFIS common reference taxa

Direction ASFIS Scientific name PC.1 PC.2
code loading loading
PC1(+) CDX Sciaenidae 0.266 0.010
PC1 (+) CTL Sepiidae, Sepiolidae  0.260  0.036
PC1 (+) TIS Latilinae 0.258 0.019
PC1(+) LHT Trichiurus lepturus 0.254 0.075
PC1(+) CRY Larimichthys polyactis 0.254 -0.031
PC1 () URC  Strongylocentrotus spp. -0.165 -0.203
PC1 () FLX Pleuronectiformes -0.159 -0.189
PC1 () ALB Thunnus alalunga -0.147 0.085
PC1 (-) SKJ Katsuwonus pelamis  -0.144  0.020
PC1 (-) ATK  Pleurogrammus azonus -0.143 -0.188
PC2(+) BUM Makaira nigricans -0.086 0.285
PC2(+) YFT Thunnus albacares  -0.110  0.285
PC2(+) SAP Cololabis saira -0.109 0.283
PC2(+) SWO Xiphias gladius -0.109 0.282
PC2(+) DCP Natantia 0.111  0.281
PC2 (-) URC  Strongylocentrotus spp. -0.165 -0.203
PC2 (-) FLX Pleuronectiformes -0.159 -0.189
PC2 (-) ATK  Pleurogrammus azonus -0.143 -0.188
PC2 (-) ALK  Gadus chalcogrammus -0.117 -0.171
PC2 (-) CLX Bivalvia -0.042 -0.150

PCA, principal component analysis; FAO, Food and Agriculture
Organization of the United Nations; ASFIS, Aquatic Sciences and
Fisheries Information System; PCI1, first principal component;
PC2, second principal component. Loading values were calculated
from the standardized repeated-measures relative-composition
matrix (five countriesx18 years, n=90) of 39 FAO ASFIS refer-
ence taxa. Only the five largest positive or negative loadings for
each axis are shown.

= 83%E Foll-ga=dl A oFe] FAL o8 HaE
o] T=o| Y=A o= HFE Ut B2 (Engraulis japonicus)

= 3 63.7% A& 18.6% ¢ 17.7%, 11%5-](Scomber ja-
ponicus)= F41.1%- A2 39.3% 3% 11.0%E A2 o2
FAbE] F25 e A2 A of(Todarodes pacificus)y= &
. 50.6% 3FE 47.7%2 9F=o] ofiate) o n, WeEl(G. chal-
cogrammus)+= A0} 88.7% UE 9.8%= A o]F B4
< wkgste] 19 =7te] e E e 53] 2] We A
FEE 1.5%0] 1A 3= o 85 A Y ] o8l o] AR A
< Whgsteleh. e 571 S4B A 71 671 5 0152 F=A1
(&% s iRk 78 o FH AlFE AL Epol 7k e w 4] ¢
of A|9))= theat Atk Ao Aol (A% 113.04 &,
Sen -10.9% £/, P<0.001)7} E43.1H E, 4.6H E/Md,
P<0.001)0ll 4 &8 w7ste] = 559 ojg Aart 2l
HQleh 2= F50] 733,04 £ &t 2oLt 8951 7t
A3FHI(-15.134 E/d, P<0.001), L& ZH2](2.04 E)= 18]
7} Ao} F-OJ7E A7 EQ1E| 2] oEATH(P=0.495). 27
L 3a(-1.13H /9, P=0.008)1} FH(-7.17 E/d, P=0.001)
ol A M5 ZFAslo Tt WA= gt Yol A -2JakA Zhaet
HhH F=1(681.04 £)2 FAI7F RIEA] 9F3aL(P=0.495),
Aol SOt sk HAsUTh-9.8%d E/d,
P=0.015). 53] g=12] Well= 24 7|17 A% 0.0 & &
O 2 gk 3l e o] AREAY S ARSIt Y2
Y| (= Fs o 2 A 48.34 E)= -0l 3t A7l g
A e ATH(P=0.256; T2 3 ol m|an). gt 2= 57
of i 3l w917} thas Aol stol(F=-2 Fall(Leint 23
So=ol e, g Ael M=, i SE ol E ol el
=7k A ol gke] A wlaoll= A7 Qe B R, 2 AT
= FY A7 T A s Aol g gteE H(4) olF o
O] 7} 7t 243 vl al= FH-ASFIS WA AA| &2 spH &
a1zl Al B IHA| = =2ttt

OESAHY ER7 28 Ty AAIE HaKTrack
A-B)

FAO 7|1t 7P -1 WA oflefe] SR/t 202 A
%3t o815 A4} Shannon-Wiener ¥-5 24 thfA A4
(H)= 271 FAllA =7} 2 ke oS H AT Table 8,

Table 7. Mean annual national catch shares of major shared species based on FAO data (2007-2024, n=18)

Total mean annual+SD

Species Scientific name (10°1) Korea (%) China (%) Japan (%) Taiwan (%) Russia (%)
Chub mackerel Scomber japonicus 1,110.5+138.5 11.0 411 39.3 6.1 24
Common squid Todarodes pacificus 236.8£145.7 47.7 0.0 50.6 0.0 1.7
Hairtail Trichiurus lepturus 1,107.7+112.7 4.8 93.6 0.8 0.9 0.0
Walleye pollock Gadus chalcogrammus 1,848.6£174.7 1.5 0.0 9.8 0.0 88.7
Japanese anchovy Engraulis japonicus 1,118.2£200.1 17.7 63.7 18.6 0.0 0.0
Small yellow croaker Larimichthys polyactis 357.1+£59.3 8.3 91.6 0.0 0.0 0.0

FAO, Food and Agriculture Organization of the United Nations. Percentages may not sum to 100 owing to rounding.
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Fig. 4. Annual catch trends of major shared species by country based on FAO data (2007-2024). A, Scomber japonicus; B, Todarodes
pacificus; C, Trichiurus lepturus; D, Gadus chalcogrammus; E, Engraulis japonicus; F, Larimichthys polyactis. FAO, Food and Agriculture

Organization of the United Nations.

Fig. 5). Q2H ABH 3.144)2 5-9]3F 714(Sen -0.026/4],
P<0.001), Z=(3.199)% 5-9]3F 7F2:(-0.007/d, P=0.015)Z
Kol vk, $14(3.247)2 §-213 Z7K+0.016/1, P=0.002),
AJoK1.838)% 5-0I5F Z7K+0.014/, P=0.015)2 e}t
HTH2.562)2> 725t A7} 1] 2] FATHP=0.226). #A|
ofo] H= WH| 49| o 244-& whdsto] Adjazo] 714
W OLK(1.838) w4] 7] 7te] etel S5 B =T, of= HH
9] 03] B 11 o] Fo] nlFo] HARH o2 FH g M2 Z o=
Ko, AA| AHErted 9] S7tet7] Ert FAOo|| Hilk= of
Z 39 ¥skE vrd e 7hsAdo] itk ok He) =7k 7 A

e vl AR oF 25 sid= Apolof mgtE e
iAol 217} F astet. £3] S Pielou w5 (1" 0.822)
7F A% 7V A UrEhu=d], ol o Bl S A v ol A
A AEtdde A4 B B 240 S =
= ojglgo] AAE At 4= tH(Track C =), wpebA &
AolAl= H-IE AeiA 1739 213 237 ofv 2t 54
=7F W 25 24 T AAE AER sk o]
Ao A A7 AAl W A S A8 2 7IE
A Hlaolug, 57k 7t o stk At Al 24 #ek i

o] vlae] S8 YUk H's 2= $A19 o F &7

Table 8. Long-term trends in the reported catch taxonomic/category composition index (H') and evenness (J') by country based on FAO data

(2007-2024)

Country Mean H' Mean J' H' Sen (/yr) H' MK P Trend

Korea 3.247 0.719 0.0162 0.0015 Increase
China 3.199 0.822 -0.0070 0.0153 Decrease
Japan 3.144 0.725 -0.0263 <0.0001 Decrease
Taiwan 2.562 0.560 -0.0071 0.2255 No significant trend
Russia 1.838 0.438 0.0144 0.0153 Increase

H', Shannon-Wiener diversity index; J', Pielou evenness index; MK, Mann-Kendall; P, probability value; FAO, Food and Agriculture Orga-

nization of the United Nations.
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Fig. 5. Changes in the reported catch taxonomic/category composition index (H') by country based on FAO data (2007-2024). FAO, Food

and Agriculture Organization of the United Nations.
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Fig. 6. Annual bias of national-statistics totals relative to FAO totals by country (2007-2024). A, Korea; B, China; C, Japan; FAO, Food and

Agriculture Organization of the United Nations.
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Fig. 7. Comparison of the reported catch taxonomic/category composition index (H') between FAO data and national statistics (2007-2024).
A, Korea; B, China; C, Japan. Solid lines with circles, national statistics; dashed grey lines with squares, FAO data. FAO, Food and Agri-

culture Organization of the United Nations.
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Table 9. Comparison of the reported catch taxonomic/category composition index (H') between FAO data and national statistics (2007-2024)

Country National mean H' National Sen (/yr)  National P FAO meanH' FAO trend (Ng;igi;ler?r;cfo) Direction match
Korea 3.313 0.0192 <0.001 3.247 Increase 0.066 Yes
China 3.210 0.0021 0.081 3.199 Decrease 0.011 No
Japan 3.064 -0.0216 <0.001 3.144 Decrease -0.081 Yes

H’, Shannon-Wiener diversity index; P, probability value; FAO, Food and Agriculture Organization of the United Nations.
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