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Seasonal Patterns in Spatial Distribution of Fish Eggs and Larvae
around Korean Waters in 2024
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This study investigated seasonal spatial patterns of fish eggs and larvae around Korean waters at 65 stations in 2024.
Fish larvae were identified morphologically, whereas unidentified eggs were analyzed using DNA barcoding and
metabarcoding. Assemblages were classified by hierarchical clustering of Hellinger-transformed species composi-
tion, and hydrography was evaluated using temperature and salinity. In summer and autumn, Maurolicus japonicus
eggs strongly dominated the East Sea, where salinity remained high. In the Yellow Sea, Engraulis japonicus eggs and
larvae dominated in summer, indicating spawning and larval occurrence. Multiple assemblages and high diversity
occurred in waters south of the Korean Peninsula and the northern East China Sea. Coastal, shelf, Kuroshio-derived,
and Changjiang Diluted Water also occurred there. Trichiurus japonicus eggs were concentrated in the eastern East
China Sea in spring and became widely distributed across waters south of the Korean Peninsula and the northern East
China Sea in summer. Winter assemblages were characterized by widespread flatfish eggs and dominant Ammodytes
japonicus larvae in the Yellow Sea. These patterns suggest that hydrography and species-specific spawning may con-
tribute to assemblage differentiation. Molecular identification improved species-level resolution and revealed other-
wise unresolved spawning patterns, providing a baseline for assessing future changes around the Korean Peninsula.
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2003). 2|+ EAEE g = AF2dsel 22 715t
of w}2 sfopely sk A4H o R BT 9o m(Han et
al., 2023), o]= o} 7] At A7), 27| A A7 BE Y &
= 50| Qe vAE 02 UelA glck(Pankhurst and
Munday, 2011).

et =1 o2 sol ot Sl Fa=l FE-s o] o]of
A Q= EA ¢ st o=, thoket 429} sl 7o oAt
2ol o) F=2igt 3 S FASHCH(Lee et al., 2019). &
S¢S thigkelldS &all Y == tHuhd(Tsushima Warm
Current)?} 53HdF(East Korea Warm Current), £-3H5H+
(North Korean Cold Current) 2] &S ¥z, gl 2} 5l 9l=
Aafjore gaf Al =4 (Yellow Sea Cold Water)e} 2}l =3}
“(Yellow Sea Mixed Water)®] 93k vhom |4 371}
A-ZA Egto] 7Fet EA4JS B eltk(Lie and Cho, 2016). 'F5i
okt FF =l A ol o> F27 314 (Changjiang Diluted
Water)e} -2 A| Q31579] FoFe Al wom, Ao wat
229 9l A8 1z} 374 HESHh(Ichikawa and Beardsley,
2002). wheba] ke = s ool A Upehub= A A 21w
steb s 3| 542 ol 27| 4AF THA 9] S 320}
T 2/ Fatt YIS mRt) o 2fgt s o 2H4 FHufj= o
FTHARE AR, A7 ol o] o A=, 27| AE TFE 2
ot 8 8Qlo® A8a 4= 9lon® FhbE =1 5 oo
A ofgh 9 Zx|o] 25 AE E uolsh= A AR
2lof 3lo] S a5ttt

7129] F) off 27IHTA AT GhRE Fefsiy 5
& 7lwke Axjoje] £3 Qpath 7 BAlo] £2 wi
2FeH(Kim et al., 2005; Moon et al., 2022). E3}F th=2] H-17}
E4 ool £ Aol =3tE o] 3= 317] wfiZell, gHet
T 8 A S S FUT A AA gl Al Bz Hloll=
A7} Q1 %Itk(Han et al., 2017; Baek et al., 2021). £3] o|gh
© e8] $7o] o|2]9] W] (Engraulis japonicus)2} 5]
(Maurolicus japonicus)?} 78 U5 ez ;20| 7|53+ &
2 A Qg oS n|F A2 A 2|sto] FEst A} B
E5/4& s A8kt gHAZE LA ch(Kim etal., 2005). o] 23 &
gk 549 sHAlE Hdlr] 2138l ZLoll= DNA barcod-
ing ¥ metabarcoding¥} 72 EA}-{-748H4] 7| o] o] F 27]
AgAE Aol A-g-E] AL Qlok. A eF Aol A 7 o]zt
cytochrome ¢ oxidase subunit I (COI) DNA barcoding= &
off A o g FHT| of e ojE T o= AEskal,
o] 7] WhaiAlo] el o] B8 - 9SS AAsch
(Lewis et al., 2016). DNA barcoding= 7} o3} E+= 22| o]
o] A7IAEE EAFO =N FEA do] 5| WA
oo 2714 Ble) B 54 HUEES el 4 YA, 7}
NAE -2sto] EAsoF st = i Al=E A uff AlZF
1} v]-g-o] F7tstH, Aot F 54 el i 52l AlE
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et al., 2016; Duke and Burton, 2020). DNA metabarcoding<
SR A 9] RS Al HET 4= 9] =Y
olgt ARE A&H0 R B4 4 9t} ey primer-tem-
plate mismatch, DNA % 4 53+a A 12 ¥-3(polymerase
chain reaction, PCR) %3 &8-2] &7t xJo], t+o] HhAY thA|o
= mitochondrial DNA ¢F2] 2}o] 9 reference database2] &
/ol oJall A& At G w2 4= QI tH(Elbrecht and
Leese, 2015; Pifiol et al., 2019). o] &3t H-4] Wl L 3HA 7 o]
A AL P4 P A 0] o ofehe AlEsH] sl
Az BARSIsH B0l Wasi,

o] A7 FRiskrkstele] AU EA o
3 4 gF=rdl B ol 9 Egsto] ghte
G2 24 ofgh 9 AAjo]o] 7k BT B
Stk B154 ofeh BAfHsH 7)Y A ge
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Roje] F2AT AR el FUER 54

=
AR B R PP FAHOR o] a5t FF A

[e)
HE T} sk sl whE of st B Ax|o|o] i MBS

7 2AF A 423 GRS conductivity-temperature-
depth (CTD) #H|(SBE 911plus; Sea-Bird Electronics Inc.,
Bellevue, WA, USA)E o] @3to] T2 Az phaslol
(Fig. 1, Table S1). 523} Q12 A& AU F1RE 42
2 gelaiglon], Ay ded 2 U gy 548
Stk ofzk 8 AA0] AR AL olele AHE
REARS} BAA RS 25 BhSAS TR 5 2 A
o E2RE| 2] dlglAl71Al2] CTD Tagke] JHH 4

Bt 2 B FE A o83k boxploto = Al
7} . EA4 z}o|= Kruskal-Wallis 24 0 & 2F015}19]
AL, fJRE 2ol 7t vrehd 79 Dunn AR S =335kl
A B A A 2 9l -2 temperature—salinity
(T-S) diagram ©. = Wehfjo] A& s 1] EAS HE
19T} T-S diagramol & T&gko] Wi 725 ulofs7] 9]
sigma-t 5w Al S TAIFG O, =8 423 9] ZaL ¥ ]
= 71 dtollA AAE 2 H 7 B v o2 A5
THGong et al., 1996; Kim et al., 2008; Rho et al., 2022). 73
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Fig. 1. Map of sampling stations around Korean waters in 2024. Blue dots indicate sampling stations, and adjacent numbers represent line

and station numbers. The sea area was divided by solid lines, and the numbers in parentheses represent the total number of sampling points

in each sea area.

AA 24 A % 50 1370, Wl 1770, A1sl 1570, 55
2070¢] & 657 A% (Fig. 1, Table S1)of| 4] 2024 of] A-H
ZAS|(AE: 129, 5459, o5 8Y, 71 10-119) A}
& ok ol Aol o gre A el
S8 002 ST, B A dlohe BA 24} 4] 54
ERLREET xnao}x 3 222 Aeleteich. ujebA 2
A Atme Al sl 157 2AF B A Qe F 2AFEH 50
W= dlolE & EAlskIth A= flsh 5L LﬂE(ZVé‘ 0.8 m;
W 330 im)S o] §3H91 5 AU ZRE oF 10 m A5
Al 2 knots®] &= oF 1027 AAF AIskith S U+
A Al Y E Tl 5384 (Mechanical Flowmeter; General
Oceanics Inc., Miami, FL, USA)S F25l0] A% ofaF
S 7|20 & ind./1,000 m* 2.2 $HAFFGIT Y| E R WS Al
T 99% ofeHEE AT & AHAR Rkl sl v
(SMZ18; Nikon Corp., Tokyo, Japan)= ©|-8-5}0] ojgta} =}
Aolg Besiairt. 2t A HelA ARE ofzte] 5 Al o)
FAu| Ao AH Asielon, e FabE A= A4t
A3t AR o] L5t AW Z ol W2 74]/\}0}@1;}

2] Aol Okiyama (1988) @ elukeh W-4x|of w2t
(National Institute of Fisheries Science, 2020)°] w2} & eljst
| §4& Sasioict. Bele ole 5 ) Wdo] wuig o
HP o] F17F gls EA ofd, 39 Y 3 W50l of
O ANHOR F 520 FHS Bl BRaledrh A of

<

1%

45 3 BAETA

_Ioll
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WAt B4 E%% 1 sfo] 7i¥H DNA barcoding =
&3 DNA metabarcoding 4] tjAlC.2 LESH & genomic
DNA (gDNA) 55 5335}%1t}h. DNA barcoding £4] 7]
= ZF 170A)1 9] o7 1.5 mL microtubeo] £2]3}%37, DNA
metabarcodmg A AEe Y AE W FY BAY ofst
= 54} microtubeo] ZHsFRAT. ofgko] ©31 microtubef]
lysis buffer 200-600 uLE 37}sto] w2 7](homogenizer)2}
#H<&(pestle)S o3l 245+t gDNA %2 AccuPrep®
Genomic DNA Extraction Kit (Bioneer Corp., Daejeon, Ko-
rea)E ©]-8-3l o dof et &34 .21 60-100 uL elution
SIS} 2% gDNA 5+ spectrophotometer (NanoDrop
1000; Thermo Fisher Scientific Inc., Waltham, MA, USA)&
ol gtol 2411, B4 AWK 20°C) BT,

7HE 01ZH2| DNA barcoding 2l Sanger sequencing

N ojzke] PCR #Z2 COl §4A 9<99] FishFl1
(5'-TCAACCAACCACAAAGACATTGGCAC-3")3}
FishR2 (5'-ACTTCAGGGTGACCGAAGAATCAGAA-3")
£ 0]-8-51% th(Ward et al., 2005). PCR FH3-91-2- 10 X Dream
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Taq Green buffer (Thermo Fisher Scientific Inc.) 1.5 uL, 2.5
mM dNTPs (Bio Basic Inc., Markham, Canada) 1.5 uL, 10
pmol forward/reverse primers 0.5 uL, Taq DNA polymerase
(Thermo Fisher Scientific Inc.) 0.1 uL, template genomic
DNA | pL 9 H45 254599 uLE 3t6te] 2 15uL) &
1] 2 thermal cycler (2720; Applied Biosystems, Foster City,
CA, USA)E o|-gsto] 4=3Jsl3ich. PCRE 95°CollAl 287F
27| WA(denaturation) HH-3- 5, 94°Coj|A] 30% WA, 54°C
oA 30z ZAgHannealing), 72°Cof|A] 15 A%} (extension) HF
32 35 cycles 423313101, o] & 72°CollA] 1083F X|F 4l
% HHg-& =35koiTt. PCR 4AHE-2 2% agarose gelof| A 52
oARE 29lsg o, 2k0lE PCR 4H&E 8 uLef Exonuclease
I (New England Biolabs Inc., Ipswich, MA, USA) 0.4 uL2}
shrimp alkaline phosphatase (New England Biolabs Inc.) 1.6
uLE Esto] 37°ColA] 154, 85°CollA] 15 52t A Al (puri-
fication) A2 3yttt G714 E 242 automated DNA
sequencer (ABI PRISM 3730x1; Applied Biosystems)Z -4
2 Saysteict

Sanger sequencing ©. 2 253t forward 2 reverse & 7|44
= A 9= AT 5 Y readE H E 5k consensus
sequenceE 2151 24 consensus sequence= NCBI
GenBank database?] BLASTE o] &3} 525 SHAAH
=3 v W3} o™, query coverage, sequence identity % E-
values 7|50 &2 & 54 st

=3 0{2t2] DNA metabarcoding £

=3 o7h] COI 714} metabarcoding 41 13l 277
PCRE =33131th. 12 PCROJ A= COI o5 5-33517] 9
3l mICOIintF2} jgHCO21982] 5” thof| Illumina overhang
adapter sequence”} 5715 primerE ©]-8-5}%itH(Table 1).

1A} PCR-2 10 X Dream Taq Green buffer (Thermo Fisher
Scientific Inc.) 1.5 uL, 2.5 mM dNTPs (Bio Basic Inc.) 1.5
uL, 10 pmol forward/reverse primers 0.5 uL, Tag DNA poly-
merase (Thermo Fisher Scientific Inc.) 0.2 puL, template ge-
nomic DNA 2 uL @ By 7 13.8 uLE &3tst] &
20uL9] H3] 7 2451, 27] ¥AS 05°Coll A S5 4843t
&, ¥4 95°C 10z, 237} 62°CollA] AlAste] mf cyclertet 1°C
R ZF48 30%, AR 72°C 189 touchdown 22 16
cycles =Y} TE. 0] 2 HA] 95°C 10, AgH46°C 30, A%+

Folg) - Aol - o4 - 49 -

A
~

£l
gl

72°C 60x 2712 2 25 cyclesS 271 o35t oH, 2|5 A%+
2 72°Col| A 5E7F $35k3ITh. 13} PCR AFE-S AccuPrep®
PCR/Gel Purification Kit (Bioneer Corp.)2] mfj < of u}z} 4
Alstdct. A% 13} PCR AHE-2 index sequence 212 9|3}
2%} PCRE] template = AFE-5}1 T} 22} PCR-2 2 X HiSense™
Taq Master mix (CellSafe Co., Ltd., Yongin, Korea) 25 uL,
10 pmol forward/reverse primers 1 uL, template 5.5 uL W 2
H FFF 175 uLE 235ke] 5 50 uLo| Ruj s 248t
a1, 95°Cof| A 387t 271 WA WG &, 95°CollA] 30z W%
55°Coll A 30% A, 72°Col| A 30% A& (extension) HH-3-2
cycles 233130, o] F 72°CoflA] SEZF 2|5 414wt
$3Y5lct. 22 PCR A= 12} PCR A3} 543
& AA’t & NanoDrop< |83 s&=& S48, 5
=2 23359 Mllumina MiSeq platform (Illumina Inc., San
Diego, CA, USA) 242 2|25} tt.

Z 417} pooled metabarcoding A= ol 4] & 19,241,35071 2]
paired-end raw reads”} AJAHE a1, Cutadapt v3.25 ©]-8-5}
o] adapter @ primer sequenceE A A3} Tt. Forward read
2} reverse read+= 212} 250 bp2} 230 bpZ trimmings}F Tl
(Table S3). ©]% DADA2 v1.18.0 0]2-5}0] quality filtering,
error correction, denoising Y paired-end read merging <=
23}al, amplicon sequence variant (ASV)E AJAd 515t Ex-
pected error7} 2 ©]AFCl readi= EA oA AQJ5l o, o=
XA 3 paired-end readst= 53 9L 7|E 02 Helslolrt.
Chimera sequence+= DADA22] removeBimeraDenovo 5
£ 0]8-35}9] consensus method= A| A3} AL, 100 bp 7S]
ASVE R version 4.0.39) 4 A|ASATE A& 7F 23] Bl S
93 QIIME v1.9.0% ©]-8-35}¢] normalizationS 4>3§3}31S
o, A4 A& 5 read =7} 7P R A2 E 7] S = subsam-
plings} it} 5202 AAdH ASVE downstream analysis
of o]-&3}9ct ZF ASV Y] B =72 NCBINT database=
reference database= AM8-5}0] BLAST+ v2.9.0 (Camacho et
al., 2009)°.2 331t} E7t HEE 913l query coverage
2} sequence identity 22t 85% ©]4+<l BLAST A3+& A5}
o] Yre 9}k 9] hitS A A5+ tHRansome et al., 2017). 2
% B9 sequence identity7} 98% ©]4to] 11 AH$] BLAST
hito] FUT Fo g SRIE H9of F o= TSTh
Sequence identity7} 85% ©]4}F 98% m]qto] AL, AR hit 7F

% o] Tao] B Aol & L 3} SE0R W
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Table 1. [llumina adapters and primers used in the metabarcoding analysis

Name Sequence (5-3)

Reference

Adapters Forward overhang

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG

(llumina, 2015)

Reverse overhang

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG

Primers mICOlintF

GGWACWGGWTGAACWGTWTAYCCYCC

(Leray et al., 2013)

jgHCO2198

TAIACYTCIGGRTGICCRAARAAYCA
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Fig. 2. Seasonal variation in station-averaged temperature and salinity by sea area around Korean waters in 2024. Boxes indicate the inter-

quartile range, horizontal lines represent the median, and points represent individual station values.
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o

ol AN B2 5 UES AE)
2 - XIRl0lel PHTE Y BIHEE 4 24
ofgt % Ax|o] | F1HH BE SHL B 91 A

2 234 (hierarchical cluster analysis)= =33}t &
o) o Zal AU 2 A4S Aol 5 AR A2
9] o] A A P Aslsl7| Y3l Hellinger 3+ 3 Euclidean
distanceo]] 7|Htsto] Ward®] Z| AEARH(Ward. D2)& AR5}
% th(Legendre and Gallagher 2001; Murtagh and Legendre,
2014). RE Aol FLe W L A2 273 i 2ot
AA 7 B4 0] AAlS 3he 519t 15 4= dendrogram )
=71 ¥ 158 FH 4=, Bt silhouette width 2 527 <]
Aefs s THsAe Fslel 2gsidon, HEdon
o2 AX 37N, = MM, A5 MM, 7k MM IEeE FEs)
L, AR o= ALt o F 470, w3 7k S AEe R A
= et A4 R 1)E4] A 3}= principal coordinates analysis
(PCoA)E F3ll Alztatsto] ZpaEg7tol A 5714 FHid2 &el
shgion], - Ao gL A wof FAISte ATE AT
o}, )54 AR A Ho] of2 & Wl ofj), 24
Zbatolofl dEgh GRS & 4= Qlof A ol A Al skt
2t A :LE«] < getstr] Afsll g Wl S A
F0o FRNENE AESAT 5 iol RS o

A WA AA ol Axlo] Weee oiet 3 jo] W
HlE = Akl on, SdNles 5 7t S8 Bl 5 6l
o} 20 AH A S8 Lol /K]—Eo]—oﬂli]— I5 WA YE
P 2 52 $UFOR Aol dg o 4L

25 pukE o 7 A5t A BA1L- R version

lT. — TB- o= TE’J—
4.6.0 274 ol A vegan, stats, cluster 97| X & AF8-5} ATt

it i"‘ém_T A

P<0.001) (Fig. 2). B+ 522 HE 611@011*1 ool 7V =
AL 7P ok on, 7R o= ol BT WAl Ag R =
Al JERTHDunn'’s test, P<0.05). o] 5oll= A s oA =2
o] A5t o, dE-2 FalE ALt Adl, el E 55
aljof| A WolR] = efdo] UrEbg T o] gt Al -l ol 42
¢ 2ol = T-S diagramol| A = 2HI =] QITk(Fig. 3). A&} &
ofl = sallet Al 7 gt A o &2 2|2 Aol Eaxgt BHH,
o FEarals Bl a2 a1¢] 9 o7 sfE|of oo 7t 4=
3 EAJo] FEE QL) o] o= gt =1 A s ol 4] 1L

2 EAET7FERIE Gl o, 23 =2 2to]of o3 5o #5
Bt 22 Folgt Ao 7F YERLTHDunn's test, P<0.05). 4]
3, Fall 9 Fa=rslloll A FEgt A Asrt =l o H, Al



330 WA - A - R - AR - oA - 4E - g4
Winter Sprin,
25 i i _ sl :
.-~  CDW T YSMW .-~ CDW T ysmw o LT
08 .- 3 . Jy —
KW KW
25 ’ / -
,’/ oq
k47 U]
20 ; ) ® B e oziﬁng.
Py o o ¥ %o o
15 ‘& “ o
0’4 .c' o* ad
"’o../ ..o.'
10 : o ¢ ) D
I P o -
N /@0 L !" ’.
2 5 - 3 s ¥ .‘.
2
g 35 Summer Autumn
Q-‘ - = = = 4 = = -
g .-~ CDW T ysmw -~ cDwW T ysmw
[ Yo - i " -
=~ ¥ L 4 N o 2@ R B - -
307 7 *0 e f!ﬂ&d’?‘f'p“, "*‘;,".’.:h 4 T
- S e . 8. b 8 ..t,., KW KW
L7 ° °© .\a.’ ® o0 o © .'/ 3 A5
25 P Al ® Sf.. .‘/e...
- 2" & L JS <
@7 2 %o . L) 3 0.\ .
. 5 [ o o4
20 . R R ¥ | 3;
S .‘:' }'. f
15 o ..‘?" ¢
o © 59 |
. o o% &
10} % B
,,/“
s ,
5 P i i i i ; i
25 26 27 28 29 30 31 32 33 34 3525 26 27 28 29 30 31

e FEastSea ¢ South Sea

Salinity

West Sea ¢ East China Sea

Fig. 3. Seasonal temperature—salinity (T—S) diagram of depth-specific water properties around Korean waters in 2024. Each point represents
an observed T—S value at a given depth, with colors indicating each sea area. Dashed lines represent sigma-t contours. Solid rectangles
indicate reference ranges of major water masses affecting Korean waters, including Changjiang Diluted Water (CDW), Yellow Sea Mixed
Water (YSMW), and Kuroshio Water (KW), based on previously reported hydrographic characteristics (Gong et al., 1996; Kim et al., 2008;

Rho et al., 2022).

3| 7t FE2 F-2J gt 2fo| & HolA] ¢k9ktH(Dunn’s test,
P>0.05). 5Hd Fallo] HES ARE v Zo] AjHoz o
A Ve, oS0 e A A o & =2 o HS 935l ThE
|t LEE|GITE 7hS ol ol B HTE 220 Wopx| 1l AR

o] BB E = S BY oL, A AF oz W Gro]
A& e}, wheba] 20249 e 2 o2 Ald A 422
sk} g ol 54 A do) 2, dafiet s F= el o] a2 aed
3 G, sl A A 11 EA4o] B 02 Yt
o2t - XEX|0fe] &9 et

ot F TN E-F7to] ERIE o m, A& 2285, Ht
W= 18.69 ind./1,000 m?, & 27825, 33.69 ind./1,000 m?, &
£ 30857, 248.47 ind./1,000 m?, 7120 16257, 114.75
ind./1,000 m37} =9 0]’93\“4'. O‘]%—‘] =92 75]301]}:‘ Zﬂ-]—E*—
Aoz Tl W FFael ol 9 Asf Eitaly Ao J

io

FE St S A2 A BA| R 2S5 A 2H AElE AL st
H, oot sE=sfoll Atk ofgto] ERAsIITh o5t 7ol
= oefue} 74 sed HAo A ofzto] EuatsACkFig. 4a).

Aol 2 1357 HRwo] AYHLo, AL SORFL,
29.71 ind./1,000 m?, & 48EF<, 67.67 ind./1,000 m?, o]

= 48E-F+, 118.74 ind./1,000 m’, 7}2o] 63EF, 39.10

md./ 1,000 m*7} =& s}F5I Z]'X]O—]T: ofghof| mlsf| Ao
Aol A sl AA F@stlon, =2 Aot g, 55
=ofjol] Y7t 2 Aok Bt Folle A o= ok 6
oo vlsf W=7F@ton, 53] Aol & A1lol AR
o] Ath(Fig. 4b).
ozt SZHREEL| AM HE

ojghe] A2 42 257 AAe] 3709 LF o' EE T
(Table 2, Fig. 5a, Fig. S1). T& 12 A | 9S L3kl 1671
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B0 1 WA BESIT 18 1 27Ako](Microsto-
mus achne)?} 714 S8, SR FHn| R} SRl 2
Zdsto] thefRt AMA ol 7ot EdtEo] dse SHS 2
et 1145 25 Al FHY HlE AR A E e,
59|(Lateolabrax japonicus) % ($-3& 87.0%)2] «-%o] &
AE et 1F 32 ol 24T sl 13 s A
3L, =5 (Etrumeus teres)©] M= oA SHI L
dea EE gy 7PgAelo] AAshs weuAte)(Callan-
thias japonicus), w1A}2](Caprodon schlegelii) 5©| 41H:
o8 Edsich

woll= 2171 Aol 47]9] 252 & -2 5 3l th(Table 2, Fig.
Sa). g 1 dalel sa=ofoll AA Fastglon, A
(Cynoglossus abbreviatus)2} WA 7](Coryphaena hippurus),
11'5-9Y(Scomber japonicus), ®o](Seriola quinqueradiata) 5
°] 6.6-34.0%2] SHEE 4HIH o2 SHsH 54 Fo| =
£ A YESA) o BHEA S4S BTk 15 25
3, 715 38 A AR slelo] Exstel TAn R S0 24
o2 FRE}. 1§ 20|4E BE A HolN 2T 471
u](Cleisthenes pinetorum)= 2% oW, T15% 32 57}
11| (Eopsetta grigorjewi)”} th--2] A 5o S stHA S E
70.9%= HetSlet. 15 4= so=dl s el ds SH R
FAAE R AL, F518E 4R (Trichiurus japonicus) 278 w302
A AT

o Folli= 557 Aol 47) 150 = -2 =] Ytk Table 2, Fig.
5a). L 15 Fool| 4] W-5-0|(M. japonicus)7} - oh= =H
22l Fall 2ol B/t 1E 2= Alel 832t el 1
oz =l em, BX|(E. japonicus)?] $-5E°] 91.9%]
ot 1o U IF 33 4= sE s et Jefol
AA FaEskgich OF 3 ZA7E 2E ARollA &3kl ¢
AE 15.1%E AAoh= 42 S49 2ol 15 4= 2
29| £8E(26.0%)°] 7HE =% euh, 25 390 Hls +AE
T E@RE(63.2%)7F FSITE 15 4ol A= T, FEE T
" (Xenocephalus elongatus), X TFl| (Auxis rochei), 2114
(Champsodon snyderi) 5-0] B] 1% -2 H|-&= SHtE|o], Z
A7F F8 AFoIA A Ee tiFe APl A4sh=
ojFo] e tpFetA E¥ sk LEo = wtErh

7HS ol = 4471 o] 47) 180 2 FE-E]| 9l H(Table 2, Fig.
5a). T1E 1:2 o531 Zo] dFol7t $4sh= salY w4
ol o] Urebetth T1F 2= Foliel Asfoll 2tz 2414 &
32519 oo, =t}e](Pleuronichthys cornutus)?} -7 51w 23]
7F 8 RSO R SRt EAS Bl F 32 Aldl
B4 e, B HRo] A% /b 2 1802 2w
< AAolA ot R FREUY IF 4= T
o 4787, doll 2784 H Al 28 o7 AT IF 4=
S71Ap0) 9] S E0] 73.3%E 7P Qo Asf = Ao
ARt sk, FE=dl F5-et dolle ool A9 eFEE
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7}2|(Parapercis decemfasciata), %=l A5 3] EH¢
(Harpadon nehereus)7} Z83H= 5 319 2@ 43 & choret

Folg) - Aol - o4 - 49 -

AMA ol 77t Edste 2H o2 Bl

Xtx|o] S2h=

=z
201 9] AL 2
o), A3k A9

Aoi7t F 4

o AZ HS
3

2457 Aol 470 Tg o FREY
3k E ol A 5|3 Gobiidae sp.)2]
QL0 2 Z&s)S th(Table 3, Fig. 5b, Fig.

82). A& I8 12 w7t B Aol A dshaA 49.9%

2 b4 5o SYES HYO

O T T

, BP0z, ®], Zuo](Se-

bastiscus marmoratus) 5 19Hd Z}x| o) 7} eHlE 0 2 35 5)

Ak 15 2= FE ool doll A el A e
7| EZ5FATE #1485 Chaeturichthys stigmatias)2)
o] 7F 39421} 18.9%0] 13 oH,

(SR
—:‘I‘H

2714

(e} =
+AE

HEol o2 A4

MM AprE oz FHshuA B4 Fol AjHoR s
A 9He B4E wolth 18 38 5539 B Aol FH0

A
~

£l
gl

2 A E R e H, 5] EX](Notoscopelus japonicus)2}t 2
2], @73o](Lepidotrigla microptera)?} 8 73522 e}
Wk E 4= Al 68 =Rt ARSI eH, HE AR
A 7htel(Ammodytes japonicus)it 2@ 54 RO
2 2=k

2ol 357) HHo] 57| 10 2 R E|ICK Table 3, Fig.
5b). T1F 12 53l 530S SAH o R Fefel sl 4hd
FHog Fagh 8/ Aoz FAElon, A7t BE FF
ol Al & sFHA] 80.0%2] =& S ES U 15 2+
ol eh Al AR S SR BRI, BT
&} (Sebastes thompsoni), $5J0]7} H|=3} H|-& 2 &3 5}o]
AAY H A ol 77t S A A4S Btk 15 32
Eoll 37 xloll A dsolnt s w3y Al oSt 1F 4
LA BRI FA0R HARYD, e nE
AR X A $HE 732%2 ZAE I 15 5= %

Table 2. Dominant and associated species, relative density, and frequency of occurrence within seasonal fish egg assemblage groups identi-

fied by hierarchical cluster analysis

Dominance Frequency

Subdominant and associated species

Season  Group Dominant species (%) (%) (%)
. Tanakius kitaharae (18.9), Cleisthenes pinetorum (9.9),
1 Microstomus achne 513 125 Glyptocephalus stelleri (5.1), Dexistes rikuzenius (2.4)
. . ) Hoplichthys langsdorfii (8.9), Cleisthenes pinetorum (1.4),
Winter 2 Lateolabrax japonicus 87.0 100.0 Eopsetta grigorjewi (1.4), Microstomus achne (1.4)
Callanthias japonicus (21.2), Caprodon schlegelii (9.4),
3 Etrumeus teres 565 100.0 Pagrus major (8.2), Glossanodon semifasciatus (4.7)
. Coryphaena hippurus (25.8), Scomber japonicus (11.7),
L Cynoglossus abbreviatus 34.0 16.7 Seriola quinqueradiata (6.6), Scomber colias (4.5)
) 2 Cleisthenes pinetorum 75.9 100.0 Engrauls jap oni 'cus'(1 2.6), Tgnaki us ((itahe{r ae (8.5),
Spring Eopsetta grigorjewi (1.4), Trichiurus japonicus (0.8)
3 Eopsetta grigorjewi 70.9 75.0 Pleuronectes sp. (15.4), Tanakius kitaharae (13.7)
L ) . Lepidotrigla guentheri (2.8), Coryphaena hippurus (2.2),
4 Trichiurus japonicus 88.0 100.0 Champsodon snyderi (1.5), Fistularia petimba (1.5)
1 Maurolicus japonicus 90.7 100.0 Engraulis japonicus (8.4), Coryphaena hippurus (1.0)
. ) Euthynnus affinis (6.9), Trichiurus japonicus (0.6),
2 Engraulis japonicus 91.9 100.0 Coryphaena hippurus (0.1)
Summer . ) . Pennahia argentata (5.0), Auxis rochei (4.7),
Trichiurus japonicus 751 100.0 Saurida wanieso (4.5), Saurenchelys taiwanensis (4.4)
L . . Coryphaena hippurus (13.3), Xenocephalus elongatus (13.2),
4 Trichiurus japonicus 26.0 63.2 Auxis rochei (10.5), Champsodon snyderi (7.0)
1 Maurolicus japonicus 9.6 1000 Champsodon snyderi (21 ), Tnf:h/urus Japonicus (1.0),
Engraulis japonicus (0.3)
2 Pleuronichthys comutus 65.3 1000 Trichiurus japonicus (21.6), Engrau/is Japonicus (10.9),
Aut Pseudorhombus cinnamoneus (2.1)
utumn
-y ) . Xenocephalus elongatus (34.5), Neobythites sivicola (15.2),
3 Trichiurus japonicus 494 100.0 Champsodon snyderi (0.6), Branchiostegus japonicus (0.1)
4 Cleisthenes pinetorum 733 250 Champsodon snyderi (8.5), Harpadon nehereus (8.1),

Engraulis japonicus (4.6), Parapercis decemfasciata (2.4)
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Fig. 5. Seasonal spatial distribution of fish egg (a) and larval fish (b) assemblage groups identified by hierarchical cluster analysis based

on species abundance. Colors and symbols denote cluster groups within each developmental stage; group numbers are independent among

seasons and between fish eggs and larvae.
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- AT

Byl §o 7k E3le) 2jo]2 Hylon ofgt 9 z}1x]ojo

APt 37k 7} o]t SRy e AvkE Zlo
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2 HQlth ArAom &
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A S35 7Ieko 2 doke} o)
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B AN, 4%, Hol 4B BE U SRl o3t g A2t BY
Moz GAE 5 9low], ol Rt ofFe] At % 7] 4
Foll A7Ha 342 A2 % Slrk(Bakun, 2006). 53] 2%
FESL 2l Sleot Bl A9 G 845E B
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o XN

Table 3. Dominant and associated species, relative density, and frequency of occurrence within seasonal fish larvae assemblage groups

identified by hierarchical cluster analysis

Season  Group Dominant species

Dominance Frequency

Subdominant and associated species (%)

(%) (%)
. . Gobiidae sp. (23.7), Engraulis japonicus (8.9),
1 Lateolabrax japonicus 49.9 100.0 Sebastiscus marmoratus (4.7), Ammodytes japonicus (2.1)
. ) . Benthosema pterotum (9.4), Gobiidae sp. (9.2),
Winter Chaeturichthys stigmatias 18.9 444 Conger myriaster (8.0), Engraulis japonicus (6.0)
) . Engraulis japonicus (18.6), Lepidotrigla microptera (14.3),
3 Notoscopelus japonicus 23.0 69.2 Gobiidae sp. (7.3), Myctophum asperum (4.7)
4 Ammodytes japonicus 100.0 100.0 -
Glossanodon semifasciatus (2.6), Pseudopleuronectes
1 Engraulis japonicus 80.0 100.0 yokohamae (2.3),
Suruga fundicola (1.5), Benthosema pterotum (1.2)
Lo Sebastes thompsoni (26.4), Sebastiscus marmoratus (25.8),
. 2 Fopsetta grigorjewi 303 63.6 Engraulis japonicus (7.3), Tanakius kitaharae (3.0)
Spring 3 Maurolicus japonicus 100.0 100.0 -
. ) Engraulis japonicus (18.2), Myctophum asperum (1.4),
4 Callanthias japonicus 732 100.0 Trachurus japonicus (1.2), Gobiidae sp. (0.9)
L ) . Seriola quinqueradiata (16.6), Scomber japonicus (10.3),
5 Trichiurus japonicus 196 100.0 Gobiidae sp. (8.6), Sebastiscus marmoratus (4.9)
. . Engraulis japonicus (33.2), Erisphex pottii (4.9),
1 Auxis rochel 428 100.0 Opistognathidae sp. (3.8), Gobiidae sp. (3.6)
. ) Callionymus valenciennei (12.3), Sciaenidae sp. (4.4),
s 2 Engrauls japonicus 67.5 100.0 Cynoglossus joyneri (3.6), Sillago japonica (3.4)
ummer
Lo . Callionymus valenciennei (11.2), Gobiidae sp. (7.1),
3 Maurolicus japonicus 602 100.0 Opistognathidae sp. (4.7), Engraulis japonicus (2.6)
. Pennahia argentata (17.5), Auxis rochei (12.7),
4 Gobiidae sp. 208 708 Benthosema pterotum (8.2), Hoplobrotula armata (7.1)
. ) Gobiidae sp. (5.7), Myctophidae sp. (5.0),
L Engraulis japonicus 804 100.0 Trichiurus japonicus (3.5), Jaydia lineata (1.9)
" Champsodon snyderi (14.0), Trichiurus japonicus (9.2),
Aut 2 Gobidae sp. 19.7 40.9 Pennahia argentata (9.0), Benthosema pterotum (7.1)
utumn
Lo . Engraulis japonicus (23.1), Gobiidae sp. (9.4),
3 Maurolicus japonicus 61.1 100.0 Ophisurus macrorhynchos (1.6), Synodontidae sp. (1.6)
- Benthosema pterotum (8.6), Muraenesox cinereus (6.5),
4 Gobiidae sp. 616 100.0 Trichiurus japonicus (5.4), Maurolicus japonicus (2.4)
5  Benthosema pterotum 546 1000 Gobiidae sp. (14.0), Neobythites sivicola (10.2),

Trichiurus japonicus (5.7), Ophidiiformes sp. (2.5)
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Hafjote & shikE 4= 9] ©H(Son and Choi, 2022), ©] 3%
o] &% 2= AASI sl 21lol whet F3ig AlE HskE
HltK(Lie and Cho, 2016). ©] 78] T-S diagramof| A=
Soll= A, Foll 2 FF=ofollA A Ui EFole] Y] FFol
oA b, Bl AT HOR S A S4E §X
skof ThE &l 3 -2 = $Uck(Fig. 3). o] 23k A b ghite 5
¥l a1 ] ojgh 2 A2 o] BE/L Sl 8 FapHrhs 3]
o glofe] 2, koo T, a5 S W ol Akt
A5 o] Botd o= Ag-5te] A HS AlAkettt

=

[oan= =1
o2t SEZQ AE S

Fal o] S} 72 o] WFo] ofato] IS ASHE ERH< 3
ooz FREIgth Fol e AT HOR e AR 4]
shel, b ok FahdR o JaFE Wk 542l BY
of2] $74& YAITE Fol B34 ol R2 ofgkat o]
o H8o] £ GR T2 Y ASYFY JFS WL AR B

113 B} Qltk(Kim and Yoo, 1999). =3+ U= Tosa Bay $1-1-¢]
A dFol] 27| YEA GA BTt =5 et E 4
Qltkal B 15} th(Paraboles et al., 2019). whehA] o] HFLo A
Bl o5 7HEe) Aol ofto] ST Ak Falle A
A 1y e Q-5 R olelY FFE AAKIT

Al o] 7-9- o Foll BA7F F R ol A Skl om, 3
2] AR o] E7E -2 A 7o 22 3| o) A -k AaE
%ATH(Table 3, Fig. 5). EA| 7} Algt & A= Wjof] Z7] Zfojo]
o|2E AL 1EHH, 2024 o] 22 o] sjo] FaFt Akt
g 570l © A2 YZHETE BpA HE kol A = Afsfjo
F2] ofgto] Mg 2T AR7F Al o, AQtret efsa=r}
Thopi= Ak Q] Al Ad S(frontal area)o] P43 Zo] T89F 8
olel Ao 2 ¥ E Y rHKim etal., 2020). o H A AT}E A
o] A2 thE B ofg]of gt MY T= 2AHA, 230
2] 9] A2 Fol WA 9| o] YA} Aletol| f2lstA A
SHol= = Utk Leju 2] 9] =8 of Akl dafiof vl sl A=
Akt et A o thet At7F BEShe] F7HE ] 4
B A7} Al E]ofof & Alo| T},

A&H S-ever =g doll= Hubg 02 Aol 72l 7HAm]
5 olgto] FeletA SH(LF 1)sF3itk(Table 2). L& 19
FAEQ AR = Al FRe} Al S5 G R0 A5
o u, of Fof| A8l Fofl AAstth L AE2 sl 7ol Al
I S G7HA] atsto] Aol AlRtel= E4do] vhedE A S
& HeltkByun et al,, 2011). 3523 AHE L35 Hf o)
Ao g AE ALE I5 132, H4 115 2932 of 2] 713k
n|F7 S-sALY RS o 2 Sl 7HAb] Rl = A
A7 = ASHE 522 484 Sl o] 2= 7R
Akt A-E7F HE5 Aol A ou|Ql= AR E Ao ' Yzt
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717} e A 0 2 B 159l tHChoi etal., 2022). o] Aol A]
= 7Feol T 49 $-AF 2= (Table 2), Al 57 7 Aol
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SO A9} A5l A& HoKOhshimo et al., 2011)
3 sl Aol A4 Akt Ei= A YRy FF=tal Akt
Aol tupdFo] 552 F3t o] 2% 7S AlARE
o}, 3h, el et 5 =ell= o Boll F 1E(LE 3 4) o 82
5 Gt 8 TS feluet 8 olFl ARGl o, 74
Z] o2 ol FE ool T algol WFHoR Hxsott
7F ol 5ol FE=alet Wl dafl o= gL, wefollA=
7HETHA] 38k A o' YElsITHFig. 5). o 54 Falet
Tl B 2 Zolg Holr £ AFo R FEE]
O}, F TIE2 vk A o1 F-S SeHstHA] 2] ofgto]
Aot 35 H SAS U o] F9E aFew i
350 AR AlRHLY
X SRR A™H HE
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SAoke S HolAl= Etol, B(1F 3)FH &
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Q1 w3 o] B/ = A H(Table 3). o] £]of &-3f) 22| of w42 7|
AR 3-4719] Z1Fo] SASHHA HA| 9 vheket ¢, A
A4 oFo] Edsh= AFE Hlth olof et Al-axF =3
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Alellz Aol 7], of Foll BA7F 38k, 7hell= @
ool A7} Al -t 542 e SlTk(Table 3,
Fig. 5b). o]% Aol A %= A gfjol| A A-&Hol 7hte] AFx] o) 7t
3= Zlo] olw o] gt (Hur and Yoo, 1984; Kim et al.,
2015). o= Ag=27]of| Abtet= 7hte] o] LA EAJTF A
28tk 7] AL AR B A A Sl HREE A
o, 3} & 2pof7} =250 &2 o] Fglrt. whehA ofH A
of| Al gl A 7hte] o 4 A A SR E A A
S At A&d Ak Rt JF5H 08 o] Fofxl 4
T2 AT 4= Qlrt. ok AR Wk zfolof = A eotat 4=
ol T2 &pol 9] E2|A HA L UF 7]o3E 740l st

>
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Hollet FFole Aol Al oA tietei ol A4 &
o] A2 of7} S35k ol FrF pRtE o2 S she wHRl(
TI5 Dol A=A AlFE AE Y (CLE 2)> 54 O
A7) Kok ti S50l AAlske theet Aol FeF A7} of
o Aol Ah o m Ssholrk o TEE SHEL WA
Tk #4g=0] At A= UEylth $4Y= St
Sefer glolol A 22 o Aol7t Eaeke Ao W1
%]9] 9 LK(Zhang et al., 2022), & 3} 9 Yigtofl 4] ¢1LE 2
vhE o kel A A Q] v} of Pk et ofu 2}, oF
7 oM AL MO 44 AR ol7} ZHalE AoR
o} x|z} ARzl wtet FHA7I7E S E AL
AE 4 Q1S Zlo|th(Zhang et al., 2019). 1|31 AZof o] 21
EollAl &7ol(Conger myriaster) AH2| 0|7} =REE 0 & 23 gH
AL, i s o] edo] 7] AEALet B H Fast i d
7hs /e AARRTE f-Ejutet = oA Bgo] o] Abeke
o412 olg ] T Al7|E FATIT AL W, B4 ofF B4
A Y2} Bl G310 27| EAL EhAle] AT} o e Hael
CHKim etal., 2011). o] ATF= 33 oo} S8 o] 744
o] 50] 27| EAL Aol FR37E ThA7FE Aotk

E5 ol SEO A (CLE 5)= ol A AR o) 7F 75k e
o, 22 Al7]of 4] ofgte £33} th(Table 3, Fig. 5). 24
= AR A 22412 7]919] tfolRel E5Re o
vk} Al Eak) 9 A elS olgel 4ol 7 Ao
2 B LS Kim et al., 2005). Kim et al. (2005)2 23] o]
T T2 FFm ol Aol 4R o]ghE S s o] EEh=
S Harsh, ofgh wi= FHH Algto] S o2 2] e
et gebd o= Qlrkar shleh. whabA 5ol FF=ral 5ol o
5 287 sl A (Fig. 3) 24 Akgho] 523k 2Hg o]
209 Ao & Holu, 7|29 At Aue} ofu] & o] sh= A
e

S ook Falloll= ol Soll WEolate] Akx| o7} Rl flst
A Edstalen, 7ol SHAY PRt LR SHc
7A%Fo] A& = t(Table 3). Wsolit= F77F thdste] =
Ak Akt i eS Argsk=t ofgf&ol ok #3t & 5t 5
Sh= 50172 545 s, o] Al7]of slid sf

13 AFFSEAAL, o -] A3 A7) E Tt o] & A
AhdeE FEo] Halsto] EE S 7HsA ol At Al
HALE(Tridentiger obscurus) 58| A 9@ o] AFgt7|
S =] =tl|(Jin et al., 2006), A5~ ALt A F2fgto] K3}
TSI O FE S o vk 3 G2 sl
6-8Y T X|"W5(Mugilogobius abei) AHA| o] 7} &&3l=t], o]
A7 |e G2 AE57 550l SR o2 et A7)
B Y2 55 A A 5 E S 7Fs 0l ek 5
FAYESH AFE Fol 71 €S s Ao

SH, 7ol Faf Aot T =l S H AR s ell= 2

Folg) - Aol - o4 - 49 -

A
~

£l
gl

Hl 52| AH2] 017} 9 8h= (T 5)°] Wt ZlHlEA]
LIl FRA 2 T ek e s
5 oA =& U HE3IcK(Sassa, 2019). Sassa et al.
(2015)= 7F 4 A5 JH =4l 60-80 me] t 55 s <ol
W2 9| Apx| )7} tiE5 T A4S At WSl AR
02 BESN: A8 £3 JEAMT 2850 (eddy)7} Aol o]
Q3| FE=t AR AAIRE 7HsA S AlQtskelTh ol A+
oA @el 47 TRE AL ghokort, 71 18 5
7b 29 S 7ol gato] W EEolE 7 EelE it
(Fig. 3). E3F 22 Al7]of] Al g 9 A5 s oA A5
S gt ol A4 4= A3t A= A=dhi7F A= 9
© m(National Institute of Fisheries Science, 2025), 5%-=13]
ERL ol Yo TR, Hehy R E5
of A5 G th 5ol AR A o7} S8 =5 o2 E wt
2h AT AL, A A3t Ax-8Fo] 2 EF ol e A CIA AT
UHE Aoz B 4 9l

BIIY SHS S5t 02 ZXY Wl o|9

ofgh e whAof whet e FAo] G|l T3
SARE 297 ot Befotal Wy 2
A7} i}t DNA metabarcoding®f| 4] AH&%+= read
read H]- &2 primer 2% a8, £ DNAH, U 27],
El], PCR 5% H3F U reference database 2] LA = of] 43
= 7 ik wEbA o] & AA| JiAIS BleE A s Alsh=
of| = 3HA|7} Qlct. o] 23t SHA 2 Q18| o] ATl A = o]
2 HAu]F o2 21H A4l ANE DNA metabarcodingS &
off At B Wi A read HEof wet vESke] 5
Astoict. weby 2Rt HAlE AEsshs dlolle 3
7hlom, Rt U Ao ARl 2715 A A Bl E
Ch= A2l SR 9 A A 3 e wetshe ol &
| ¢ Utk I"ol= 56kl o] Ht= FEfSH 5 0] o
]9 1]-5-4 o]gto]] DNA barcoding ¥ metabarcoding= 48
gro.z ofzte] BIIT 5 540] BAE netsle] ofztol
29 o]0} A F7HA B AT wholat 4L 6 ERa
g 4= Q1SS Btk (Lewis et al., 2016).

T 2 ook e 4l W7k ol £ A ol
7] s} )44 0.2 B2 Eo] Lo, o] ofse] Ak A|
7), B W), 271884 BA|o) Aol 39 vl 4= ek,
2050\l 7] 1A3E Alufe] @ ol A= Aol B F5=al HA] AF
A9 fhax 7Hs/d o] AlA =13l (Bang et al., 2022), 42 4
OB URA o] FY AAl ARt Q7 B O 2 eAE 4= 9l
°}(Auth et al., 2018), 3% f-2|ue} T o2 o) F 549
Al g7HA E327E AR ebe AT s] gebd 7HsAd o) s9sitt
ol A= BAMESH] 542 F9ll 7|80l ns AR A
2= ofgho] F2/dS Kk 14| F &7 ujofsto], Bl = 2024
| 3t 8f| o] 2ARA o] AR, -2 uhet ol ARtel] AA AEE

HI

Eu)

-
o M g =2
S o rfr o 3

r
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o] =2 wpatatshd 4
4l G7}17]<5 7 (R2026059) 9] A0 2 3w gl Th

MM Al LU Al X 71E9] AR

o] 0| 2 TN G WA, R T FES £
213l OpenAl] ChatGPTE ARR-3FGITE A E AIZ Aozl
1::7\]—14. FEL AAEo0] AR AE 2 53 3to] AR om,

JQ T I3} x]}j R software= /\131]0]_0% H 734% 3;_:}
Lo}‘i‘ii}. o] 2lof A+ dA Lk 24 U, s B aES A2t

59| 784 ghtof| wha} 428 % ]},
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Table S1. Station information including geographic coordinates and sampling depth for each survey sea area

Location Station Longitude  Latitude Sampling depth (m)

East Sea 103-05 129.59 36.505 0,10,20,30,50,75,100,125,150

East Sea 103-07 130 36.505 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 103-09 130.622 36.505 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 103-11 131.233 36.505 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 105-05 129.377 37.553 0,10,20,30,50,75,100,125,150,200,250,300

East Sea 105-07 130 37.553 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 105-09 130.625 37.553 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 105-11 131.243 37.553 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 107-03 128.843 38.21 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 107-05 129.372 38.21 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 107-07 130 38.21 0,10,20,30,50,75,100,125,150,200,250,300,400,500
East Sea 209-05 129.64 35.757 0,10,20,30,50,75,100

East Sea 209-07 130.005 35.613 0,10,20,30,50,75,100,200

South Sea 203-01 126.5233  33.9433 Winter, Spring: 0,10,20,30,50; Summer, Autumn: 0,10,20,30
South Sea 203-03 126.355 33.6383 0,10,20,30,50,75,100,125

South Sea 204-04 127.2533  33.9017 0,10,20,30,50,75

South Sea 205-03 127.9483  34.0917 0,10,20,30,50 75

South Sea 205-05 128.1531 33.6217 0,10,20,30,50,75,100

South Sea 206-03 128.8283 34.3733 Winter, Spring: 0,10,20,30,50,75,100; Summer, Autumn: 0,10,20,30,50,75
South Sea 207-03 129.2567  34.8983 0,10,20,30,50,75,100

South Sea 313-03 125.8 33.4067 0,10,20,30,50,75

South Sea 313-07 125 33.4067 Winter: 0,10,20,30,50,75; Spring, Summer, Autumn: 0,10,20,30,50
South Sea 313-09 124.6 33.4067 0,10,20,30,50

South Sea 314-03 127.1 33 0,10,20,30,50,75,100

South Sea 314-05 126.5 33 0,10,20,30,50,75,100

South Sea 314-07 125.9 33 0,10,20,30,50,75,100

South Sea 314-09 125.3 33 0,10,20,30,50,75

South Sea 400-14 128.4 34.225 0,10,20,30,50,75

South Sea 400-25 127.5667 33.56 Winter, Spring: 0,10,20,30,50,75,100; Summer, Autumn: 0,10,20,30,50,75
South Sea 400-27 127.075 33.505 0,10,20,30,50,75,100

West Sea 307-03 126 36.9417 0,10,20,30,50

West Sea 307-05 125.4167  36.925 0,10,20,30,50

West Sea 307-07 125 36.925 0,10,20,30,50

West Sea 307-09 124.58 36.925 0,10,20,30,50,75

West Sea 309-03 125.8217  35.855 0,10,20,30,50

West Sea 309-05 125.4067  35.855 0,10,20,30,50

West Sea 309-07 125 35.855 0,10,20,30,50,75

West Sea 309-09 124.585 35.855 0,10,20,30,50,75

West Sea 311-05 1255317  34.7167 0,10,20,30,50,75

West Sea 311-07 125 34.7167 0,10,20,30,50,75

West Sea 311-09 1245967  34.7167 0,10,20,30,50,75
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West Sea 312-03 125.9 33.9967 0,10,20,30,50,75

West Sea 31205 1255 34.0433 0,10,20,30,50,75

West Sea 312-07 125 34.0917 0,10,20,30,50,75

West Sea 312-09 1246 34.0917 0,10,20,30,50,75

East China Sea  315-12 127 385 325 \é\yl;rz)t:azrb‘Sa%r’?g‘.7%,’11%,§0,30,50,75,100,125, Summer, Autumn:

East China Sea 315-13 127.0873 325 0,10,20,30,50,75,100

EastChinaSea 31515 126504  32.5 XVJ?J%%:SB%8,‘%3:58332,’38’75’1°°‘ Summer: 0,10,20,30,50,75,95;
East China Sea 315-17 125.9207 325 0,10,20,30,50,75

East China Sea 315-19 1252873 325 0,10,20,30,50

East China Sea 315-21 124.504 325 0,10,20,30

East China Sea 315-22 124 325 0,10,20,30

East China Sea  316-12 197 37 32 \év;rgezrot)s(‘)l(f)_)g()?g(:gg75100125 Spring, Summer, Autumn:

East China Sea 316-13 127.0707 32 0,10,20,30,50,75,100

EastChinaSea 316-15 1264873 32 0107030 7 o A e S o 00:75:95: Summer
East China Sea 316-17 125.8873 32 Winter, Summer: 0,10,20,30,50,75; Spring, Autumn: 0,10,20,30,50
East China Sea 316-19 125.2873 32 Winter, Spring: 0,10,20,30,50; Summer, Autumn: 0,10,20,30,45
East China Sea 316-21 124.504 32 0,10,20,30

East China Sea 316-22 124 32 0,10,20,30

EastChinaSea 317-13  127.0707 315 010 2020 8 70 g 20:90,90,75,100; Summer, Autumn:

East China Sea 317-15 126.4873 315 Winter, Spring, Summer: 0,10,20,30,50,75; Autumn: 0,10,20,30,50
East China Sea 317-17 125.8873 315 0,10,20,30,50

East China Sea 317-19 125.2873 315 Winter, Spring: 0,10,20,30,50; Summer, Autumn: 0,10,20,30,45
East China Sea 317-21 124.504 315 0,10,20,30

East China Sea 317-22 124 315 0,10,20,30




342 WA - Y - FS - AT - oA - HRE - eNE

(ﬂ) Winter IB) SM
PCoA1 20.2% - PCoA2 10.8% PCoA1 29.0% * PCOAZ 13.0%
08
o003 F sl
B " RICCEE ]
rF
[15:] 0.4 P
oot
L ]
3180
8L 31818
. 753, 80038
20000, 0804, L] - “.‘ - w.”‘
313 108 a0 nes o o
A e s * o ol
00 A - csch s, T comas ien
0404 nm s P
. =
ua
3147, 11200 03, BT, 0.4
" [ R L]
2050 "
* s anaT
aowhe soil
v . L i
g 0.5 oo 04 0o 0.4
EB (C) Summer (D) Autumn
PCoAl 32.4% - PCoA2 22.6% PCoA148.2% - PCoA2 15.5%
: 1A N2
209.00 0
. A
0.6
307 09
05 s, w7
oy *
+
pIEP 20m 0%
e
o Mem 0.3 r
ok 318 8 4.4,
ey g s e 2y ‘g Toan wira
0.0 L3 bie0s LN
i % e ey sew L
i pin 20800
' o Hae .‘ ‘.. a ETL
- P h,_,__- ez | 0.0
M s iy S
wea
-05
T U R
| * . e
0.5 0o 05 -0 08 00
PCoA1

® Group1 A& Group2 B Group3 ¢ Group4d

Fig. S1. Principal coordinates analysis (PCoA) ordination of fish egg assemblages in winter (A), spring (B), summer (C), and autumn (D).
The ordination was based on Euclidean distances calculated from Hellinger-transformed species density data (ind./1,000 m?). Colors and
symbols indicate the assemblage groups identified by Ward.D2 hierarchical cluster analysis using the same distance matrix; group assign-
ments were not derived from the PCoA. The average silhouette widths for the final Ward.D2-based clustering solutions were 0.254 in winter,
0.303 in spring, 0.400 in summer, and 0.579 in autumn. The percentages shown for PCoAl and PCoA2 indicate the proportions of total
variation explained by the first and second axes, respectively.
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Fig. S2. Principal coordinates analysis (PCoA) ordination of fish larval assemblages in winter (A), spring (B), summer (C), and autumn
(D). The ordination was based on Euclidean distances calculated from Hellinger-transformed species density data (ind./1,000 m?). Colors
and symbols indicate the assemblage groups identified by Ward.D2 hierarchical cluster analysis using the same distance matrix; group as-
signments were not derived from the PCoA. The average silhouette widths for the final Ward.D2-based clustering solutions were 0.241 in
winter, 0.299 in spring, 0.306 in summer, and 0.197 in autumn. The percentages shown for PCoA1 and PCoA2 indicate the proportions of
total variation explained by the first and second axes, respectively.
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Table S2. Taxon list of fish eggs and larvae identified from each

s€a area

WA - AR

S P ERE 2

Sea area tSy?)rgple Species identification
East Sea Eggs Champsodon snyderi
East Sea Eggs  Coryphaena hippurus
East Sea Eggs  Engraulis japonicus

East Sea Eggs  Glossanodon semifasciatus
East Sea Eggs  Glyptocephalus stelleri
East Sea Eggs  Maurolicus japonicus
East Sea Eggs  Scomber japonicus

East Sea Eggs  Trichiurus japonicus
South Sea Eggs  Auxis rochei

South Sea Eggs  Auxis thazard

South Sea Eggs  Branchiostegus japonicus
South Sea Eggs  Callanthias japonicus
South Sea Eggs  Caprodon schlegelii
South Sea Eggs Carangoides equula
South Sea Eggs Champsodon snyderi
South Sea Eggs  Chelidonichthys spinosus
South Sea Eggs Chelidoperca santosi
South Sea Eggs Chelidoperca tosaensis
South Sea Eggs Cleisthenes pinetorum
South Sea Eggs  Coryphaena hippurus
South Sea Eggs Cynoglossus abbreviatus
South Sea Eggs  Cynoglossus joyneri
South Sea Eggs Dentex hypselosomus
South Sea Eggs Dexistes rikuzenius
South Sea Eggs  Dinematichthys iluocoeteoides
South Sea Eggs  Echelus uropterus

South Sea Eggs  Engraulis japonicus
South Sea Eggs  Eopsetta grigorjewi
South Sea Eggs  Erisphex pottii

South Sea Eggs  Efrumeus teres

South Sea Eggs  Euthynnus affinis

South Sea Eggs  Evynnis tumifrons

South Sea Eggs  Glossanodon semifasciatus
South Sea Eggs  Gnathophis heterognathos
South Sea Eggs  Hoplichthys langsdorfii
South Sea Eggs  Hyperoglyphe japonica
South Sea Eggs  Hypodytes rubripinnis
South Sea Eggs  Inimicus japonicus

South Sea Eggs Lateolabrax japonicus
South Sea Eggs Lepidotrigla guentheri
South Sea Eggs  Lepidotrigla hime

- 443 - 44
South Sea Eggs Lepidotrigla kishinouyi
South Sea Eggs  Microstomus achne
South Sea Eggs  Neobythites sivicola
South Sea Eggs  Ophichthus brevicaudatus
South Sea Eggs  Ophisurus macrorhynchos
South Sea Eggs  Pagrus major
South Sea Eggs  Paralichthys olivaceus
South Sea Eggs  Parapercis decemfasciata
South Sea Eggs  Pleuronichthys cornutus
South Sea Eggs  Saurida wanieso
South Sea Eggs  Scomber australasicus
South Sea Eggs  Scomber japonicus
South Sea Eggs  Synodus macrops
South Sea Eggs  Tanakius kitaharae
South Sea Eggs  Thunnus albacares
South Sea Eggs  Thunnus tonggol
South Sea Eggs  Trachurus japonicus
South Sea Eggs  Trichiurus japonicus
South Sea Eggs  Uranoscopus japonicus
South Sea Eggs  Xenocephalus elongatus
South Sea Eggs Zeus faber
South Sea Eggs Pleuronectidae sp.
West Sea Eggs  Auxis rochei
West Sea Eggs Cleisthenes pinetorum
West Sea Eggs  Coryphaena hippurus
West Sea Eggs  Cynoglossus joyneri
West Sea Eggs  Engraulis japonicus
West Sea Eggs  Euthynnus affinis
West Sea Eggs  Kareius bicoloratus
West Sea Eggs  Microstomus achne
West Sea Eggs  Paraplagusia japonica
West Sea Eggs  Pennahia argentata
West Sea Eggs  Pleuronichthys cornutus
West Sea Eggs  Pseudorhombus cinnamoneus
West Sea Eggs  Trichiurus japonicus
West Sea Eggs  Xenocephalus elongatus
East China Sea Eggs Auxis rochei
East China Sea Eggs Auxis thazard
East China Sea Eggs Champsodon snyderi
East China Sea Eggs Coryphaena hippurus
East China Sea Eggs Cynoglossus joyneri
East China Sea Eggs  Engraulis japonicus
East China Sea Eggs Etrumeus teres
East China Sea Eggs Fistularia petimba




20241 Bk 0 5 o] B A|o] R 345
East China Sea Eggs Harpadon nehereus East Sea Larvae Maurolicus japonicus

East China Sea Eggs Hime japonica East Sea Larvae Myctophidae sp.

East China Sea Eggs Lepidotrigla guentheri East Sea Larvae Myctophum asperum

East China Sea Eggs Lepidotrigla kishinouyi East Sea Larvae Odontamblyopus lacepedii
East China Sea [Eggs Ophichthidae sp. East Sea Larvae Ophidiidae sp.

East China Sea Eggs  Ophisurus macrorhynchos East Sea Larvae Ophisurus macrorhynchos
East China Sea Eggs Rhynchoconger ectenurus East Sea Larvae Opistognathidae sp.

East China Sea Eggs Saurenchelys taiwanensis East Sea Larvae Paralichthys olivaceus

East China Sea Eggs Saurida wanieso East Sea Larvae Pleuronectidae sp.

East China Sea Eggs Scomber australasicus East Sea Larvae Scombridae sp.

East China Sea Eggs Scomber colias East Sea Larvae Sebastidae sp.

East China Sea [Eggs Scomber japonicus East Sea Larvae Sebastiscus marmoratus
East China Sea Eggs Seriola lalandi East Sea Larvae Sphyraena pinguis

East China Sea Eggs Seriola quinqueradiata East Sea Larvae Stalix histrio

East China Sea Eggs  Trichiurus japonicus East Sea Larvae Suruga fundicola

East China Sea Eggs  Uranoscopus japonicus East Sea Larvae Synodontidae sp.

East China Sea Eggs Xenocephalus elongatus East Sea Larvae Trachurus japonicus

East China Sea Eggs Anguilliformes sp. East Sea Larvae Trichiurus japonicus

East Sea Larvae Apogonidae sp. East Sea Larvae Uranoscopus japonicus

East Sea Larvae Auxis rochei East Sea Larvae Uroconger lepturus

East Sea Larvae Branchiostegus japonicus South Sea Larvae Acanthaphritis unoorum
East Sea Larvae Bregmaceros nectabanus South Sea Larvae Amblychaeturichthys hexanema
East Sea Larvae Bregmacerotidae sp. South Sea Larvae Apogon notatus

East Sea Larvae Callanthias japonicus South Sea Larvae Apogonidae sp.

East Sea Larvae Callionymus valenciennei South Sea Larvae Asterorhombus sp.

East Sea Larvae Chaeturichthys stigmatias South Sea Larvae Aulotrachichthys prosthemius
East Sea Larvae Champsodon snyderi South Sea Larvae Auxis rochei

East Sea Larvae Chromis notata South Sea Larvae Benthosema pterotum

East Sea Larvae Cleisthenes pinetorum South Sea Larvae Bregmaceros japonicus

East Sea Larvae Echelus uropterus South Sea Larvae Bregmaceros nectabanus
East Sea Larvae Engraulis japonicus South Sea Larvae Bregmaceros neonectabanus
East Sea Larvae Eopsetta grigorjewi South Sea Larvae Callanthias japonicus

East Sea Larvae Girella punctata South Sea Larvae Callionymidae sp.

East Sea Larvae Glossanodon semifasciatus South Sea Larvae Caprodon schlegelii

East Sea Larvae Gobiidae sp. South Sea Larvae Chaeturichthys stigmatias
East Sea Larvae Gymnocanthus herzensteini South Sea Larvae Champsodon snyderi

East Sea Larvae Helicolenus hilgendorfii South Sea Larvae Chromis notata

East Sea Larvae Hoplichthys langsdorfii South Sea Larvae Chromis sp.

East Sea Larvae Jaydia lineata South Sea Larvae Coelorinchus multispinulosus
East Sea Larvae Labridae sp. South Sea Larvae Conger myriaster

East Sea Larvae Lateolabrax japonicus South Sea Larvae Coryphaena hippurus

East Sea Larvae Lepidotrigla hime South Sea Larvae Cynoglossus joyneri

East Sea Larvae Lepidotrigla kishinouyi South Sea Larvae Dentex hypselosomus

East Sea Larvae Lophiomus setigerus South Sea Larvae Echelus uropterus
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South Sea Larvae Eleutherochir mirabilis South Sea Larvae Siganus fuscescens
South Sea Larvae Engraulis japonicus South Sea Larvae Sigmops gracilis

South Sea Larvae Eopsetta grigorjewi South Sea Larvae Sillago japonica

South Sea Larvae Erisphex pottii South Sea Larvae Stalix histrio

South Sea Larvae Glossanodon semifasciatus South Sea Larvae Stephanolepis cirrhifer
South Sea Larvae Gobiidae sp. South Sea Larvae Synagrops philippinensis
South Sea Larvae Halichoeres tenuispinis South Sea Larvae Syngnathus schlegeli
South Sea Larvae Helicolenus hilgendorfii South Sea Larvae Synodus macrops

South Sea Larvae Hemitripterus villosus South Sea Larvae Trachinocephalus myops
South Sea Larvae Heteroplopomus barbatus South Sea Larvae Tanakius kitaharae
South Sea Larvae Hexagrammos otakii South Sea Larvae Trachurus japonicus
South Sea Larvae Hime japonica South Sea Larvae Trichiurus lepturus

South Sea Larvae Hoplichthyidae sp. South Sea Larvae Trichiurus japonicus
South Sea Larvae Hoplichthys langsdorfii South Sea Larvae Tripterygiidae sp.

South Sea Larvae Hoplobrotula armata South Sea Larvae Vinciguerria sp.

South Sea Larvae Iniistius sp. West Sea Larvae  Ammodytes japonicus
South Sea Larvae Jaydia lineata West Sea Larvae Auxis rochei

South Sea Larvae Labridae sp. West Sea Larvae Benthosema pterotum
South Sea Larvae Laemonema nana West Sea Larvae Callionymus valenciennei
South Sea Larvae Lateolabrax japonicus West Sea Larvae Conger myriaster

South Sea Larvae Lepidotrigla microptera West Sea Larvae Cynoglossidae sp.

South Sea Larvae Lepidotrigla sp. West Sea Larvae Cynoglossus joyneri
South Sea Larvae Lestrolepis japonica West Sea Larvae Engraulidae sp.

South Sea Larvae Lipolagus ochotensis West Sea Larvae Engraulis japonicus
South Sea Larvae Lophiomus setigerus West Sea Larvae Erisphex pottii

South Sea Larvae Lophius litulon West Sea Larvae Gobiidae sp.

South Sea Larvae Mugil cephalus West Sea Larvae Hexagrammos otakii
South Sea Larvae Muraenesox cinereus West Sea Larvae Laemonema nana

South Sea Larvae Myctophum asperum West Sea Larvae Lateolabrax japonicus
South Sea Larvae Neobythites sivicola West Sea Larvae Luciogobius grandis
South Sea Larvae Notoscopelus japonicus West Sea Larvae Minous monodactylus
South Sea Larvae Ophidiiformes sp. West Sea Larvae Sciaenidae sp.

South Sea Larvae Opistognathus sp. West Sea Larvae Sillago japonica

South Sea Larvae Opistognathidae sp. West Sea Larvae Trachinocephalus myops
South Sea Larvae Paralichthys olivaceus West Sea Larvae Trichiurus japonicus
South Sea Larvae Pisodonophis sangjuensis West Sea Larvae Xenocephalus elongatus
South Sea Larvae Psettina tosana East China Sea Larvae Acanthaphritis sp.

South Sea Larvae Pseudopleuronectes yokohamae East China Sea Larvae Acanthaphritis unoorum
South Sea Larvae Pseudorhombus pentophthalmus East China Sea Larvae Acanthocepola schlegeli
South Sea Larvae Rhinogobius leavelli East China Sea Larvae Acropoma japonicum
South Sea Larvae Scomber japonicus East China Sea Larvae Amblychaeturichthys hexanema
South Sea Larvae Sebastes pachycephalus East China Sea Larvae Apogon cathetogramma
South Sea Larvae Sebastes thompsoni East China Sea Larvae Arnoglossus sp.

South Sea Larvae Sebastiscus marmoratus East China Sea Larvae Auxis rochei
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East China Sea Larvae Benthosema pterotum East China Sea Larvae Neobythites sivicola
East China Sea Larvae Bothidae sp. East China Sea Larvae Nettastomatidae sp.

East China Sea Larvae Branchiostegus japonicus East China Sea Larvae Notoscopelus japonicus
East China Sea Larvae Bregmaceros japonicus East China Sea Larvae Odontamblyopus lacepedii
East China Sea Larvae Bregmaceros nectabanus East China Sea Larvae Ophidiiformes sp.

East China Sea Larvae Bregmaceros sp. East China Sea Larvae Ophisurus macrorhynchos
East China Sea Larvae Callanthias japonicus East China Sea Larvae Opistognathidae sp.

East China Sea Larvae Callionymidae sp. East China Sea Larvae Pennahia argentata

East China Sea Larvae Chaeturichthys stigmatias East China Sea Larvae Pisodonophis sangjuensis
East China Sea Larvae Champsodon snyderi East China Sea Larvae Pleuronectidae sp.

East China Sea Larvae Coelorinchus multispinulosus East China Sea Larvae Pleuronectiformes sp.
East China Sea Larvae Conger myriaster East China Sea Larvae Psettina tosana

East China Sea Larvae Coryphaena hippurus East China Sea Larvae Rhinogobius leavelli
East China Sea Larvae Cynoglossus joyneri East China Sea Larvae Saurenchelys sp.

East China Sea Larvae Cynoglossus robustus East China Sea Larvae Saurida elongata

East China Sea Larvae Dentex hypselosomus East China Sea Larvae Saurida wanieso

East China Sea Larvae Diaphus sp. East China Sea Larvae Scomber japonicus

East China Sea Larvae Echelus uropterus East China Sea Larvae Scorpaena neglecta
East China Sea Larvae Engraulis japonicus East China Sea Larvae Sebastiscus marmoratus
East China Sea Larvae Erisphex pottii East China Sea Larvae Seriola quinqueradiata
East China Sea Larvae Gnathophis heterognathos East China Sea Larvae Sillago japonica

East China Sea Larvae Gobiidae sp. East China Sea Larvae Synagrops philippinensis
East China Sea Larvae Gonorynchus abbreviatus East China Sea Larvae Syngnathus schlegeli
East China Sea Larvae Gymnothorax minor East China Sea Larvae Synodontidae sp.

East China Sea Larvae Harpadon nehereus East China Sea Larvae Synodus macrops

East China Sea Larvae Helicolenus hilgendorfii East China Sea Larvae Trachurus japonicus
East China Sea Larvae Hoplichthyidae sp. East China Sea Larvae Trichiurus lepturus

East China Sea Larvae Hoplichthys langsdorfii East China Sea Larvae Tanakius kitaharae

East China Sea Larvae Hoplobrotula armata East China Sea Larvae Trichiurus japonicus
East China Sea Larvae /niistius sp.

East China Sea Larvae Jaydia lineata

East China Sea Larvae Laemonema nana

East China Sea Larvae Lagocephalus wheeleri

East China Sea Larvae Lateolabrax japonicus

East China Sea Larvae Lepidotrigla microptera

East China Sea Larvae Lepidotrigla sp.

East China Sea Larvae Lestidium prolixum

East China Sea Larvae Lestrolepis japonica

East China Sea Larvae Lipolagus ochotensis

East China Sea Larvae Macroramphosus scolopax

East China Sea Larvae Minous monodactylus

East China Sea Larvae Muraenesox cinereus

East China Sea Larvae Myctophidae sp.

East China Sea Larvae Myctophum asperum
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Table S3. Sample information and sequence-processing statistics for the 41 pooled fish egg DNA metabarcoding libraries

. Raw Adapter& Quality . . . non-chi- ASV

Sea area Season  Station data anmgr Filter denoisedFor denoisedRev mergedPair meric Le.ngth
Trimming Filter

West Sea Summer 307-03 484,832 477,442 472,005 471,453 471,386 464,388 460,058 460,058
West Sea Summer 307-05 512,698 504,791 500,247 499,874 499,749 490,293 489,039 489,039
West Sea Summer 309-03 447,122 439,806 435,738 435,437 435,551 428,362 404,746 404,735
West Sea Summer 311-05 513,817 505,434 500,709 500,362 500,297 484,867 470,308 470,308
West Sea Summer 311-07 495,748 487,658 483,340 482,947 482,889 476,638 464,839 464,839
West Sea Summer 312-03 465,707 458,077 453,653 453,317 453,439 443,564 429,399 429,399
West Sea Summer 312-05 496,749 488,663 484,085 483,800 483,875 472,802 461,900 461,900
East China Sea Summer 315-12 476,410 469,229 464,718 464,000 464,340 457,430 440,137 440,137
East China Sea Summer 315-13 483,674 476,031 471,865 470,879 471,262 464,439 462,820 462,818
East China Sea Summer 316-12 488,238 480,489 475,295 474517 474,696 466,651 445,634 445632
East China Sea Summer 317-19 507,604 499,425 495224 494,854 494,703 483,665 448,332 448,328
South Sea Summer 203-01 544,097 535,231 530,587 529,589 530,026 517,328 491,405 491,401
South Sea Summer 203-03 399,491 392,969 389,757 389,295 388,801 383,905 368,464 368,464
South Sea Summer 204-04 484,043 475900 471,821 471,438 471,397 464,437 416,379 416,379
South Sea Summer 205-03 463,010 454,948 450,962 450,560 450,575 439,369 419,435 419,433
South Sea Summer 205-05 460,172 452,834 446,402 446,036 445,993 439,852 434,001 433,976
South Sea Summer 206-03 573,808 564,931 557,001 556,239 556,480 548,878 520,990 520,982
South Sea Summer 207-03 565,125 556,699 548,935 547,761 548,198 534,079 497,702 497,702
South Sea Summer 314-03 551,756 543,397 536,020 535,169 535,406 526,767 515,733 515,733
South Sea Summer 314-07 535,463 527,331 522,122 521,870 521,926 515,509 484,046 484,011
West Sea Autumn  307-05 548,330 539,752 533,946 533,143 533,335 512,182 470,826 470,815
West Sea Autumn  307-07 518,987 510,994 504,518 503,925 503,995 489,457 450,464 450,307
East Sea Autumn  209-03 432,698 425,680 420,775 420,311 420,317 407,758 382,430 382,430
East Sea Autumn  209-05 430,662 424,355 420,200 419,937 419,985 410,123 410,102 410,102
West Sea Autumn  312-03 371,437 365,553 362,395 362,110 362,222 359,123 356,612 356,610
South Sea Summer 400-25 359,461 353,927 350,192 349,839 349,850 345,472 344,872 344,872
East China Sea Autumn 315-12 515913 507,598 502,757 502,228 502,288 492,968 491,783 491,783
East China Sea Autumn 315-13 424,656 417,920 412,594 412,074 412,338 407,754 407,693 407,693
East China Sea Autumn 316-12 445,084 438,112 432,501 432,192 432,244 428,345 428,332 428,332
East China Sea Autumn 316-22 411,243 404,721 400,606 400,351 400,300 396,822 396,663 396,556
East China Sea Autumn 317-22 324,571 319,415 316,263 316,049 316,102 310,562 310,469 310,469
South Sea Autumn  203-03 492,343 484,926 479,398 478,730 479,074 471,767 467,545 467,545
South Sea Autumn  204-04 529,121 521,320 517,006 516,557 516,736 510,425 508,059 508,059
South Sea Autumn  205-03 593,021 584,076 579,121 578,465 578,424 568,146 562,797 562,789
South Sea Autumn 207-03 536,613 528,392 524,348 524,035 524,019 512,987 512,977 512,977
South Sea Autumn  313-03 450,611 443,790 440,403 440,046 439,953 431,761 431,589 431,589
South Sea Autumn  314-03 479,404 472,588 468,955 468,559 468,681 457,111 450,918 450,918
South Sea Autumn  314-05 414,679 409,313 405,874 405,399 405,339 401,117 400,379 400,379
South Sea Autumn  400-14 351,725 347,189 344,408 343,906 344,112 336,003 328,658 328,635
South Sea Autumn  400-25 256,956 253,352 250,570 249,986 250,254 245941 245,076 245,076
South Sea Autumn  400-27 404,271 398,431 394,297 393,920 393,899 388,781 388,140 388,140




