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We investigated variations in diel fish communities and compared the structures of two oceanographically distinct
coastal regions using environmental DNA (eDNA) metabarcoding. Surface seawater was sampled from Samcheok
(East Sea) and Taean (Yellow Sea) between June and December 2020. A total of 128 samples were pooled into 16 rep-
resentative groups based on the sampling period and diel phase. Analysis using MiFish universal primers identified
87 species across 26 orders and 56 families. eDNA exhibited high sensitivity, detecting up to 4.7 times more species
in Samcheok than traditional gear-based surveys. While the community structure did not vary significantly between
day and night, specific species, such as Sebastes sp. and Engraulis japonicus exhibited distinct diel activity, with
high ecological resolution. The seasonal variability associated with temperature fluctuations and significant regional
differences were observed, alongside site-specific haplotype distribution in sedentary species. eDNA metabarcoding
reflects coastal fish community dynamics beyond simple species lists, providing a critical baseline for long-term bio-
diversity monitoring in Korean coastal waters.
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& 540 w2 FA A1 AAR] o] & o]F Ftel gt mm; Pall Corp., Port Washington, NY, USA)E A}§-5}0f o
Zazt ek 53] At o7 AHAF2E o2olu AP & Fsteict. o 1E vbdl e = A2k B =(MP Biomedicals,
2 =84 274 Q2lof o) AA = WH(Henriques et al., 2017), Irvine, CA, USA)7} 228 2 mL screwcap tube (Watson Co.
A4, 4] 33, Ak o] mE €1%7] 5o o8 ©71He  Lid., Tokyo, Japan)oll §-& F, DNA 32 27 -70°Coll A
2% WEAS HelcHHelfman, 1986). maba] Ac ejAle] 5 MPSIITH DNA 23S 918 e $50] 630 uLe] lysis
A7 AUt Adslr] flsiAe o7 d57] WEd buffere} 70 pLe] proteinase K& 715141 2.1, FastPrep-24
= e = U E o] BaAo|t), 7]E0] YEjsH (MP Biomedicals)E ©|-§-5to] w+A3}sk¢itt. ©]F, DNeasy
ZAPHE 2 o 75 AT A, A 5 A A AR Blood & Tissue Kit (Qiagen, Hilden, Germany)& Al-8-5}¢]
£ = 7 AUcke Aol IR, RGAolaL o4t AEA Y A|zALe] vl Lol utel DNAS $:&313th 5% DNAE
oJeke- dko i E2]% 317 o] W= A} A|eko] Ath= 3HA| 7} spectrophotometer (NanoDrop One; Thermo Fisher Scientific
A

CH(Valentini et al., 2016). o|& RE¢517] ¢l =% 34
DNA (environmental deoxyribonucleic acid, eDNA) HE}H}
P2 HAEH 0] 3L B A&Ao]m 41&5HA Wi Hlo|E
S AT 4= Slo, s AET S At Bk = ole
tfjoro & cloFst Fopo| A-8-% 11 QITh(Valentini et al., 2016;
Andriyono et al., 2021; Kang et al., 2022; Lee et al., 2022a,
2022b; Miya, 2022; Pranata et al., 2022). &<+ =FUjof| A = 3}
F AT A= U A F HAIE $I5l eDNA 7|=o] &
9k5] A8 ¢ S W(Kim et al., 2021, 2022; Lee et al., 2025;
Yoo et al., 2025; Yu et al., 2025), E2]%] &§to] 743k At 3
8ol Al okt =710 whE ol T2 ARt Hs2 St
A= F=oit.

2 A sgEha] S/do] Aol Fal o] A at Asfef g
ohe A = sl A o o2 tiupdRo] ek 2
HAog vrof ofsd Bl WA o]Fo] felo] gt vk
(Cho et al., 2004), EfQt 2l -2 2 =AlTF & 20 Hg) 5
A @A Hajd o] =37 54 A dek(Koh et al., 2016). o]
o 229l F 3745 vl o 2 eDNA eI Y-S 2831
A Rsh] A8l thEat e 7S AAsknh A,
eDNA H[EHHIE Y o]-&3 ol 79| dF7] Zgo theE Hs
= I 4= A& Aotk &4, A= b2 st 545 A
AT et s Ttoll = &3 o] FERE ofu 2} haplotype©]]
A& Zpol & B Aotk 7 A= ot 7 HSE Sl
AQk ol 79| U=7] s s} s F 24 o] HIlE 41
Skl BF% 3k Sk o A9 s A7) HUHE A
Al 52 fIt 18H4 712 AR E Alehs dl H4]0] Jloh

2020 695E 129712] AFA 3} gjete] 2+ 871 Aol A 4
A= Fofzhol A4 & 128749) B3 4 AR 2 D)3 A4
Shck(Fig 1). @4 U5 Ao R s, B 24 ¥
sfof ek Ayefsta) wete Al g elnnt 2 skl (Korea
Hydrographic and Oceanographic Agency; http://www.khoa.
gokn)ol 4 £ABHE QT £9MSAES U ThAHRIE 2
A7 DA E S ARAFE, AA L A1 5SS 3
oot A4 s+ 0.45 um membrane filter (GN-6; 47

Inc., Waltham, MA, USA)E o] -&a}o] Aakst & 70°Coll 1
Bahoint.

NGS (next-generation sequencing)+= MiSeq 221 (Tllumi-
na Inc., San Diego, CA, USA)S Al8-5lo] =3 & qict. o] &
9 128 g9 dF-E FE317] ¢l MiFish Zefo|HE
AR5 tHMiya et al., 2015). 12} polymerase chain reaction
(PCR) 31920 uL)2 1 uL9] template, 2 uL.2] 10x EX Taq
buffer (TaKaRa Bio Inc., Kusatsu, Japan), 2 uL2] dNTP (2t
2.5 mM), Z} 1 uL9] forward ¥ reverse MiFish =Zg}o]H, 0.2
uL®] EX Taq Hot Start (TaKaRa Bio Inc.) ! DNase/RNase-
free waterS 55t 12} PCR 2748 94°Col| A 387+ %
7] ¥A &, 94°Coll A 20%, 60°CollA] 15%, 72°CollA 1525
353] HhEskglon, npx|ure 2 72°Col A SE1t Alstelch
1A} PCR AHz-2 Loading STAR (Dyne Bio Inc., Seongnam,
Korea)@ FASE 3 1.5% agarose gelo| A 7] %45alo] E2
skt H7196-S Ball ol 271(250-350 bp)<] W=7} &
Q1% 12} PCR 45 tiA o=, 54 aj9(4H4 E=Hi¢h, &
A 2AF Y, T9A FURE AF7|(FAE B o) 2290 B
Fol= 870 442l Al=E poolingstitt. o=t & 71A
T 1287119 7§ A =5 167]19] pooling A|R2 /5131 0.,
Z} pooling A] Z+= AccuPrep® PCR/Gel DNA Purification Kit
(Bioneer Co., Daejeon, Korea) & AME-310] A3}t

2} PCR-2 Nextera XT Index Kit (Illumina Inc.)E A3}
of 3H.0 = 235}gick. 22 PCR E24(20 uL)2 6 uLe]
template, 4 uL.2] 5x Phusion HF buffer (New England Bio-
labs Ltd., Hitchin, UK), 0.5 uLe] dNTP (2 10 mM), 2} 1 uL
o] ol A zzto|n], 0.2 uLe| Phusion® High-Fidelity DNA
Polymerase (New England Biolabs Inc.) ! DNase/RNase-
free water®2 TLAJSFYITE 22} PCR 2748 94°Col|A] 387+ %
7] WA &, 94°Coll A 30%, 55°CollA] 30%, 72°CollA 3025
123] BHE3}aL 72°Col| 4] 5871 A145k9iTt. 22F PCR AHE<]
7195 9 44 24 13 PCR} EUa7) Sasiolr. 5
== Quantus™ Fluorometer (Promega Corp., Madison, W1,
USA)E ARgs10] 2451500, 97142 242 MiSeq S
29 Eo .

Raw read A €< Python 2.7.18% AM-3}¢] pairing & Mi-
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Fig. 1. Location of sampling stations in the coastal waters of Korea. a, Samcheok; b, Tacan. Blue circles indicate the specific sampling sites,

and the inset maps show the relative geographical locations of each study area within the Korean Peninsula.

Fish pipeline (http://mitofish.aori.u-tokyo.ac.jp/mifish)of| ¢
29ttt Raw read®] quality filtering> FastQC &~ZE 9
o}5 &l A=, AEFE AL(QV<20)= SolexaQA
£ AME31o] trimmingdl$itt. Pair-end read+= FLASH (fast
length adjustment of short reads)& A[8-5}9] assemblys}i Tt
Read clustering= usearchE ©]-8-3f 99% identityof| A 434 &
o, 7|vgt ¥ UCHIMES 3 74 2 Al A5kt
Haplotype-& 99% o]4He] identityol| 4] % 22220 2 90% oA+
99% u|TtAul & =02 90 % u|THL W] unknown o 2 £
zeloirt.

3 9170] 4 g ol 9 haplotype 42| AFE
AE g2Ist7] 913l R 97| 4] phangorn (Schliep, 2011)& 2
g5to] ABSE T2ohe0h Q714D A B wES GTR+GH
£ 28514 2™, maximum likelihood (ML) 7| & 7]Hto. 2
1,0003] 2] bootstrap £4-& 5=35t0] AB0] A S he

RL |

SFRILE. FFoRto] whE o T A S WsS 245 9
of tf-s EE LIS B4 (paired wilcoxon signed-

rank test) HAI5H1 oW, HE H& 2fo] 7k 2 A9 2070 o1F
S o= BAH 9 PP B7sI9I 5he 71
A2 8 7E 93] read 4 0] €] Hellinger #ig-S 214
3t &, vegan 97| %] (Oksanen et al., 2025)5 ©]-8-3+ SIMPER
(similarity percentage) 4] &2 H]-FAMEOf| 7]o5l= £ AF
9] 107 oFL =&3FHHP<0.05). =3 F 3 7H 35 2
5ol &3 olF @32 Wl tholo] 1 0.7 AJZfSlsigl o, &
& = 24%9 haplotype £/ A}o]= AlF 4] A2} heat-
map: 17]3ke] BAIS}eIc BE 5 £4] 9 2B R 4
ZE gJof(version 4.3.3; R Foundation for Statistical Comput-
ing, Vienna, Austria)E 2-8-5}31th. 3H, 2 A9 glolg Al
2e ] Qs A FY Ee AR oA aE
o7 ZAF AFHLim and Choi, 2000; Hwang and Lee, 2011;
Choi et al., 2012; Park et al., 2013; Jeong et al., 2014; Kang
et al., 2014; Lee et al., 2018; Song et al., 2020)%} H] 15}
eDNA tEfH}a1T o] AL 3842 B 751l th(Table 1). o

2] s A E ol whE F 72 42 A8l Michaelis-

=
=
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Menten 2H& 48510 G4 § FHES st

2 o

167112] 35> A|Zoll that eDNA HeltEy BA Ax) &
1,413,18971 2] raw reads”} A4 =] $it}. MiFish pipelines &
3fl, 1,266,045702] merged readsE A 2.H, ol+= AA| raw
reads2] 89.59%%t}. 1387112] thE haplotypeo| SHd=| gl
o, o]F 12271(88.4%)= & T2 TFE O, Y|
167 haplotype2 3% 7Fe] A€ 5YA == 3= dlolH
Hlo] 20 HH HE0 2 lsf & 0 2 AFE| T 2AF7]
7F &% 265 5630 &8k= 87F0] ERIE G B BE
= 50 (Perciformes) o157} 21522 714 Wk, Euper-
caria incertae sedis ©]5F7} 95, 7}AH0] & (Pleuronectiformes)
0577} 8%, 4 o] E(Clupeiformes) o157} 6&0] gl ]},

T o2 IE 12270 haplotype®] ML Al 241 2,
-2 2570192 ™ haplotype2 424 F-AdA o w2} Qb2
© 2 5919 clusters B /d5h= A2 UEFTHFig. 2). ©
3t AE 2 2AF A0 2 A E4S vhd skt &3¢
el A, ref x| o] whdst eiete] A9 AKX olFo] o
o X 7R =0l & (Gobiiformes) 50| Q1%
on, 4lo] a1 kR 7 WA= 4 9] 79 WA ofF
S| 23 Fol & Fol YEhyith

TRt A 7F AAAQ] ofF F-UFEY AolE PER-
MANOVA 2412 &8l 4743t A1}, AXC= Fo35t 2t
Ol= WERFA] 23 th(F=0.39, P=0.889). ZL2{ut 7l ofF 4=
Foll A= Aolgt 47| B sidl o] FRIE I rk(Fig. 3). th--
i YFE R eodd 2at, 22(Sebastes sp.)y T4F
(1.83%) thH] oFZH(10.41%)0] Hl&-o] oF 5.74] f+2J51A| 57}
= AFAAS B AtH(P=0.080). B x| (Engraulis_japonicus)2]

- glolt - o13E - HAv - BAF - Ao

A9 5AA GO SARHP=0.234), o] 744 2 Ho
= Hlgo] F7IRITH(12.48%). o] 2lol|%= A o(Clupea pallasii)
2} s}l =2 (Sebastes koreanusy2 oF74oll, t+-4(Gadus sp.)
3} 7hg2l(Ammodytes personatusy= S0l H& ¥ &S K
A}, &3] =7 (Pseudolabrus sieboldiy= Z7 o7t A%
(6.27%)%]= 1t S5 = Zelstint.

20209 6€5H 1297hA] AFA T} Eigt s ol 4] LE of
2 249 ATHA WES 2Rlsh] fldl, s ot
N&E T8t & 14 ERI5ItHFig. 4). F a9 BF 4
29] A A W Fo whef ofF o] Mslels e Ealth
2 s8] B9, AA| 24 717 ot BA9} dftEo] 22t
15% o= AHAJ8to] & HlES Ui o, 6doll= Ao
(28.0%), 10d0lli= = 71(25.1%)7F H] 4] -8 HE-3 o
Effi A7 2ol BT v et 392 6ol Eehs
(37.0%)3}F 7142(34.3%) 2] H[&-0] =3koL}, =20] A3t
8L} 10¥ o= B 2] H]&o] 75% OF 2 FobHitt. o] %
20| §43] spet 12¢0ll= 7hte]7E 90.1%E ZFA| 510
Aok S vET

Hl cholo] TS 283t oo &3 F v} SIMPER &
Mg ol AR} Bt s 9 o) f AFRE Blaet A,

5 74 Apojef o]of| 7]ofsh= Q. ofFo] FRIE lrh(Fig.
5). ¥l tho]o] Il HA A}, 4HA oA = F 80F, Hi¢tellA=
T 455 e, o] F F YA sEor EFN F
& 28%0|ItH(Fig. Sa). H4 s elofAut ST T2 52F 2
2 viek s1ol(17)el w3l oF 30 )4 & chepe w
= ae) 2 2419 B AR Fefeks 78 52 sletal]
&l SIMPER 24& =33t EA 2 22 F23t 7] & dh=
5 1071 F(P<0.05)= &AghS wl, 42 ol A= t+-<
I} AJoj 7k, et s ol A= FellEeto] w2 7] = E HolH

Table 1. Comparison of fish species richness and survey effort between eDNA metabarcoding (this study) and conventional survey methods

(previous studies) in the East Sea and Yellow Sea

Number of Number of

Area Site Survey method Period samples  species Dominant species Source
Samcheok eDNA metabarcoding 2020 8 80 Gadus sp. This study
Uljin Trammel net 2011-2012 4 17 Dasycottus sefiger ~ Choi et al. (2012)
E:Zt Samcheok Set net 2006-2007 4 25 Trachurus japonicus Kang et al. (2014)
Uljin Trammel net, bottom gill net 2011-2017 24 46 Glyptocephalus stelleriLee et al. (2018)
Uljin Otter trawl 2016 20 48 Engraulis japonicus ~ Song et al. (2020)
Taean eDNA metabarcoding 2020 8 45 Engraulis japonicus  This study
Tacan  Castingnet kicknet, small- - 1gq6 1999 43 73 Gobiidae Lim and Choi (2000)
Yellow scale set-net, gill net, pot
Sea  Taean Two-side fyke net 2008 4 22 Sebastes schlegeli  Hwang and Lee (2011)
Taean Shrimp beam trawl 2010 12 54 Okamejei kenojei Park et al. (2013)
Taean Otter trawl 2010-2011 4 44 Okamejei kenojei Jeong et al. (2014)
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Anguillformes Muliformes
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Fig. 2. Maximum likelihood (ML) phylogenetic tree of fish haplotypes reconstructed based on mitochondrial 12S rRNA gene sequences.
The tree was inferred using the GTR+G+I substitution model in the R package phangorn with 1,000 bootstrap replicates. Colored strips at
the periphery represent 25 distinct taxonomic orders. The scale bar represents 0.1 substitutions per site.

Engraulis japonicus |
Sebastes sp. | *

Clupea pallasii |
Sebastes koreanus |
Cololabis saira
Acanthopagrus schlegelii |-
Pleurogrammus azonus |-
Seriola lalandi +

Mugil cephalus |-
Ditrema temminckii
Leptojulis poecilepterus |

Hexagrammos otakii |

Fish species

Scomber japonicus |-
Hyporhamphus sajori |
Chelidonichthys spinosus |-
Hexagrammos sp. |
Gadus macrocephalus |
Pseudolabrus sieboldi
Ammodytes personatus |-

Gadus sp. |

1 1

-5 0 5 10
Mean difference (Night-Day, %)

Trend direction . Day dominant . Night dominant

Fig. 3. Diel variation in relative proportions of the top 20 fish species. Bars represent the mean difference in relative proportions (Night-Day,
%). Blue and red bars indicate higher detection at night (positive) and day (negative), respectively. Asterisks (*) denote significant trends
based on the paired Wilcoxon signed-rank test (P<0.1).
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Samcheok Taean
100

75
\ Species
Engraulis japonicus
. Gadus sp.
Ammodytes personatus
Sebastes sp.
Clupea pallasii

[l Pseudolabrus sieboldi
Hyporhamphus sajori
Gadus macrocephalus

Relative abundance (%)
()}
o
(D,) @inesadwa |

Trachurus japonicus

[l others

Sampling months & sites

Fig. 4. Monthly variations in fish species composition and water temperature. Stacked bars indicate the relative abundance (%) of major fish
species. The dashed line and error bars represent the mean, minimum, and maximum water temperatures (°C), respectively (Data: KHOA).
X-axis labels denote sampling months and sites (SC, Samcheok; TA, Taean). Day and night samples were pooled for each month due to the
lack of significant differences in overall community structure.

S T2 A F0.2 Ueiti(Fig 5b). 3 7) ZATIE)E A el A3 7} vl LS
AHT el o FEOR BT ol FF 4F W HYHOR O F U UPEES Lehct,

Al ] 2429 18O 2 ML AlE A4S 3519 1”]-(Fig 6). Rarefaction &4 ﬁJ—} eDNA glojgl= Altfjao g Ao %

A& 959 heatmap S 538l ZF 2|34 haplotype?] 45 AL SIeRE 7|8 Aol =2k 4= Q= olF] EAE

Al Zksket Aat, |9 7T haplotype /9] ZFo| 7} ghQl=| it QIsFATHFig. 7). IS o] ZARY] AlEZ FHAR Qlsf 4
H}o|(Seriola quinqueradiata) 2] haplotype-2 5-4] thAl & %= 7} o] ebAEE L3} A H o) Euslx] = ¢kok oLt Michaelis-

a2 5790, s o &2 A & ok haplotype©] LFEFSITE Menten model |5 A3b= ¢ AP A4 A 7|E &
ESH A H 2| H(Sillago japonica), 5-7301(Conger myriaster)2} o) 2}z o} Aglslo] e sl ol o] MAjA el & FHE-E ¢L
Z 3135 (Amblychaeturichthys hexanema)©] haplotype % < A AA =AY 5 -3 A|ASH
3= 54 solol At Lk,
DNAE RS B el o5 AR e dspen T R

st A3}, TAs AVSE ZAF Bl tfjn] H o A ghelsk

et sratot L(Table B Q17 eDNA vEutag & 5ol Saloh e Aol
b, 8] S 412l olo] 79, 8710 Az Hae ma) 2 g T AT BANH off TATE Aolot A ol 9%
—4—4 o.] =N=4 93}0]0]-02] 7]2 Z/\]‘*——EOH EJ_E] %=z (17—48%‘) 7] %}% ﬁH]ﬂ‘% ‘l_‘lLEgg]'?iE]ﬁ “%‘O]:Z_]'Oﬂ EI'E‘ X']iﬂ :’LX]?'Z{—Q‘] ‘IQF

OJgt ato|7} glgoll e 7 oF ol Al EelE I &

o} H S uf, oF 1.6-4.74) T} LS Fo| BholE|Qich A5 H

oF 8jo] 34522 BHolsto] Thoks) o] 12 HakA 0 2 AL oFAb} Y 7+ 35 S H 29| haplotype 24 *Fo]= c_;-l;o} o]
F 79 t&%*o.—% ZJUsHA| Wrgsl= Aatolet. o] gt g
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A dolEt Hett F S SNE o, §F 95 A
oo BTIPY WES FUSPA Ak Belsh] 918
7 B e AA F59) A2 7| % AREA SR 9

= Ji
£ 2=t

o[l ATolA A8 AT the] AThA o2 Bhe of o] Bl
° AL, 71E ofF APRAY of T Heye] FAE AT
] eDNA 415 5ol Z=G7] o= A2 ch(Fraija-
Fernandez et al., 2020). & 112] 442 3o 4] =2 HE H]
28 ekl B, Hol, e B REIR SHY
7)& A ZAF Aol Aro| g O k(Lee et al., 2018), 28 7|41
ARALE o83 Al Aol HEHo = Axahs AL
HAHSong et al., 2020). ©o]+= 1A 4] o] 9] Ao =2 &
HEjAo] 712 24} Aol QaFE 1 HE 54 A4,

PERMANOVA 4] A3} =07t 14| of 7 w3 G-20l 4 &
AH oz oI5k 2po| 7} ek A] k2 212(P=0.889), 3 ¢
ok #}o] off 2Ao] YR/ WolH UV TEE A5
1 98-8 A ARgttH(Pessanha and Aratijo, 2003). 5=410] 731
SO 55 efsfi ol dafiet gel, & A7 RE
ok Bjole Aol Fafol ofgt sj4:0] At Edte] Thush
7 dojit= F7ko|ti(Mann and Lazier, 2005). ©]2{3t 9%
Al g oA e 2 2409 HNEA Q] Eo] A&E = AL+
OFTFe] LAl 2 WSt Th A0 -xlo] 9 ¢
e GAISHe B4 7RI AHgah] e 4 9lekMonuki
etal, 2021).

E3E, ol At apAlo] Al Bl Eo] RIvIgH A
79 B4 DNA 4127 Fs 91 7Hs Aol hgolE
(Olds et al., 2018; Hervé et al., 2022; Gold et al., 2023), 4=

N

O
o

a2

F

T

(@)

Samcheok Taean

Pleurogrammus azonus |-

Gymnocanthus herzensteini |-

ol5 274 o M 149

718 Y5 Hol= EA TY A7t A Qi) E5450 F
- o]l Aol A] ofgtol| fol5kA| F7toh= AR e ek
L4, o] olto] w2 E2)(Sebastes inermis)> oFtol|
o] &% 918l FF W7t oA AL thAl Fgo] Edsxich
(Mitamura et al., 2009). oF7Fo]| -2 H|-&-& B2l HA] 9] 72,
ol ol g9 Aol 22 274 alef wef ofxt
#3550l FEHE 4= S Ao Atk 7| At
H EA = 424 20 m ool HFE|o] glow, Y& Al

4] gHzo] Z7)8F 4= 9lth(Takagi et al., 2009). 51H 327+
T HEE SEdr]E 71 AqtelAl ARE] 58t o] & oFl
o & wnE AFsh= TS Hol= Aoz lE e
(Kitano et al., 2011). o]2jgt Aab= 2 Aol A Z-g23t 4]
7|Ho] AAQte] Eef meho] A|&E = 2 HolA = A F
O uAlRF AETA P52 HAE o e w2 At EE TR

(o]

3
=] [e] Z &
5t 922 AFTh

AR F 27 2l Ak AR gk 7 o HFofl A 2
O A2 wzto] whE of i 4] Wlso] TR Aol A
6dol &2 Hle= 23l Ho|o] A5, A Hol| QoA Akt
= ¥4 olFe17] wiol(Moon et al., 2019), Abeh - =
g0l wet o] &dh= Al717F 2AF Al7I9F AR 7140l
Iohar AzHElch Bsd7]= obdi g oF 2= (Froese and
Pauly, 2026), 109l =2 H]& = SHRIH A& 4~ 5P oA
AF =TI Qe 7ol Altk 64 120 &8 ]
e Bl e 9] B, Ao Zds] EEskal Al
719l= o5& (aestivation) F4& Hol= Aoz A Qlrt
(Tomiyama and Yanagibashi, 2004; Kim et al., 2020). w-2}A|
64 2] =2 79 vle2 54 Ao S8y U4 o=

o rl.o ol

b4

Sebastes koreanus [~

Hexagrammos sp. |-

Ditrema temminckii [~
Pseudolabrus sieboldi [~
Trachurus japonicus |-
Gadus macrocephalus |-

Clupea pallasii [~

O Samcheok (SC)
@ Taean (TA)

Hﬂﬂﬂﬂﬂﬂﬁﬁ

Gadus sp.

S

0.05 0.05 0.1

Average contribution to dissimilarity

Fig. 5. Comparison of fish species composition and community structure between Samcheok (SC) and Taean (TA). a, Venn diagram showing
the number of fish species (including genus-level taxa) detected via eDNA metabarcoding; b, SIMPER analysis identifying the top 10 spe-
cies significantly contributing to dissimilarity based on Hellinger-transformed data (P<0.05). Bar length represents the average contribution,
with blue (left) and red (right) indicating dominance in SC and TA, respectively.
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Fig. 6. Maximum likelihood (ML) tree of 12S rRNA haplotypes from 24 fish species. Tip labels include species name, site (SC, Samcheok;
TA, Taean), and GenBank accession numbers. The heatmap shows haplotype presence (blue) or absence (white) at each site. Vertical bars
indicate taxonomic orders. Bootstrap support (1,000 replicates) and a scale bar (0.1 substitutions/site) are provided.
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Fig. 7. Species accumulation curves for fish communities in Samcheok (SC) and Taean (TA). Solid lines with circles indicate the observed
species richness as a function of sampling effort. Dashed lines and shaded areas represent predicted species richness and confidence inter-
vals, respectively, based on the Michaelis-Menten model. Triangles denote species richness reported in previous literature for comparative

assessment of sampling efficiency.

A2 W A A4 o] F 3 EF sl H ol AT =& gt haplotype
| 9lol 7} 3o} ] haplotype B-5] xjo|5 Skelgt 4 9131
chah, & o atof| A 2-8-3F MiFish Zeto|m o] -2 7|4 Y 2
o|(¢F 172 bp)e} ARt A7 =2 Qlelf Yot {4 23k
w=0fal7]ofi= B A A g7} ek, mhebd i Ak 9
o 7+ haplotype 49| 2}o| & BolFi 7|2 AR 2A oo|S
71A ], g5 et Ak ek 2 BAS QA= 1l
71D A S 83 F=71HAQ A7F QT

2 A-toll A -85 MiFish Zefo|H= S Ak o7 o4
O AnkA Q] S5 uiofstal MU B skt Slo Est
B4 a8 dSstl o 54 SRkl tith F =
A oA 244 SIS UeblTh 53] ATt g
oF s} W oA SETH 2|7 pahul & Pseudopleuronectes)
T} E2kao] A A A toll A wiE2(Sebastes stein-
dachneri), E2}(S. inermis), Z3]=2(Sebastes schlegelir), 3F
Sf=2H(S. koreanus) 2 FX]7}A0]( Pseudopleuronectes yoko-
hamae) 5 ThoFgt Fo| 115 v} 3] © WK(Lim and Choi, 2000;

[*]

Hwang and Lee, 2011; Choi et al., 2012; Park et al., 2013;
Jeong et al., 2014; Kang et al., 2014; Lee et al., 2018; Song
et al,, 2020), & FA M= BF & o2 S o]
ot A7= MiFish Z2}o]H7} 2] & 3} 12S rRNA 4
©12] Z2 200](F 172 bp)7}k ' B2l 4 Aere oIs), £
2 fAHEZL 2 S191% 7he] TRk Wol 2 $hs] Al
ol = A W gfo] HEBHS AJAlSHCH Miya et al., 2015; Collins et
al,, 2019). w2 5 RUE Y] FUEE A1) S
L g Tefoloje}F So| 2 Lefolu] S AT T 1l £
oo maE B4 714 0] mgjo] Woaole} ghargc).
¥ ¢4 eDNA vehil e S Fo) A2} et At of 7
o] FAT%} Fof BE AL b7 BAsc} 44} )
ok ARt s Aol F 87F2] ol 75 Akl o, A I
2L Follo] AH ATH S FABGOL Bekdt
A 5 A ol SEoAL A% BF e Blshich. &
o 2 2.0) A2 Wl ABH off 2219 A W 5
ool B354 05 FHAE|o], eDNA ety o] At of

ofi

£

X



152 11-8A] - Shantanu Kundu - 2 EjA

7209 AHA Fo mUE Yol §aTE HelFoirt. ok
o AHE3} et 5 3h 7he] o] F 23 Aol S TR Ak B2
sfelsteon], Huelut $ao] 5 A2 ofolAl

haplotype %ol SHelstgict. & gItolAl 2hole)
7 24 ARt 5] BF PP FF A A
ol 7] BUEY AAS sk e
$9 Zolrk

TR S <7
o

2
_QHJEE
Het 0% @ AL

N
o
b
e
i

Al AL

o] =S 2021dE AR AYPor ATt
Ake] AL ol S 7] 2ATFAR] 0| B (RS-2021-
NRO60118) 1ol] AG-El A &= SHeAbal ¢ geh 20201
AhtchE ol wa o (47h4r) AT IAIS T S
A&y

References

Andriyono S, Alam MJ and Kim HW. 2021. Marine fish de-
tection by environmental DNA (eDNA) metabarcoding
approach in the Pelabuhan Ratu Bay, Indonesia. Int J Adv
Sci Eng Inf Technol 11, 729-737. https://doi.org/10.18517/
ijaseit.11.2.9528.

Bang M, Sohn D, Kim JJ, Choi W, Jang CJ and Kim C. 2022.
Future changes in the seasonal habitat suitability for ancho-
vy (Engraulis japonicus) in Korean waters projected by a
maximum entropy model. Front Mar Sci 9, 922020. https://
doi.org/10.3389/fimars.2022.922020.

Cho KD, Kim SW, Kang GH, Lee CI, Kim DS, Choi YS and
Choi KH. 2004. Relationship between fishing condition of
common squid and oceanic condition in the East Sea. J Ko-
rean Soc Mar Environ Saf 10, 61-67.

Choi KH, Han MH, Kang CK, Park JM, Choi JH, Park JH, Sohn
MH, Baeck GW, Choy EJ and Lee CI. 2012. Seasonal varia-
tions in species composition of fish assemblage collected by
trammel net in coastal waters of the East Sea. J Korean Soc
Fish Ocean Technol 48, 415-427. https://doi.org/10.3796/
KSFT.2012.48.4.415.

Collins RA, Bakker J, Wangensteen OS, Soto AZ, Corrigan L,
Sims DW, Genner MJ and Mariani S. 2019. Non-specific
amplification compromises environmental DNA metabar-
coding with COI. Methods Ecol Evol 10, 1985-2001. https://
doi.org/10.1111/2041-210X.13276.

Deutsch C, Penn JL and Lucey N. 2024. Climate, oxygen,
and the future of marine biodiversity. Annu Rev Mar
Sci 16, 217-245. https://doi.org/10.1146/annurev-ma-
rine-040323-095231.

Fraija-Fernandez N, Bouquieaux MC, Rey A, Mendibil I, Co-
tano U, Irigoien X, Santos M and Rodriguez-Ezpeleta N.
2020. Marine water environmental DNA metabarcoding
provides a comprehensive fish diversity assessment and re-

- glolt - o13E - HAv - BAF - Ao

veals spatial patterns in a large oceanic area. Ecol Evol 10,
7560-7584. https://doi.org/10.1002/ece3.6482.

Froese R and Pauly D. 2026. FishBase. Retrieved from https://
fishbase.se/summary/Pseudolabrus-sieboldi on Mar 23, 2026.

Gold Z, Koch MQ, Schooler NK, Emery KA, Dugan JE, Miller
RJ, Page HM, Schroeder DM, Hubbard DM, Madden JR,
Whitaker SG and Barber PH. 2023. A comparison of bio-
monitoring methodologies for surf zone fish communities.
PLoS One 18, €0260903. https://doi.org/10.1371/journal.
pone.0260903.

Helfman GS. 1986. Fish behaviour by day, night and twilight.
In: The Behaviour of Teleost Fishes. Pitcher TJ, ed. Springer,
Boston, MA, U.S.A., 366-387. https://doi.org/10.1007/978-
1-4684-8261-4 14.

Henriques S, Guilhaumon F, Villéger S, Amoroso S, Franga S,
Pasquaud S, Cabral HN and Vasconcelos RP. 2017. Biogeo-
graphical region and environmental conditions drive func-
tional traits of estuarine fish assemblages worldwide. Fish
Fish 18, 752-771. https://doi.org/10.1111/faf.12203.

Hervé A, Domaizon I, Baudoin JM, Dejean T, Gibert P, Jean P,
Peroux T, Raymond JC, Valentini A, Vautier M and Logez
M. 2022. Spatio-temporal variability of eDNA signal and
its implication for fish monitoring in lakes. PLoS One 17,
€0272660. https://doi.org/10.1371/journal.pone.0272660.

Hwang HB and Lee TW. 2011. Species composition of fish col-
lected by a two-side fyke net in the coastal water off Taean
in 2008. Korean J Fish Aquat Sci 44, 173-178. https://doi.
org/10.5657/kfas.2011.44.2.173.

Isobe A. 2008. Recent advances in ocean-circulation research on
the Yellow Sea and East China Sea shelves. J Oceanogr 64,
569-584. https://doi.org/10.1007/s10872-008-0048-7.

Jeong GS, Cha BY, Im YJ, Kwon DH, Hwang HJ and Jo HS.
2014. Comparison of species composition and seasonal
variation of demersal organisms caught by otter trawl in
the coastal waters off the Taean peninsula, in the West sea
of Korea. Korean J Fish Aquat Sci 47, 264-273. https://doi.
org/10.5657/KFAS.2014.0264.

Kang HE, Yoon TH, Park JW, Lim WA, Kang CK and Kim
HW. 2022. A study on the possibility of early warning for
Cochlodinium polykrikoides blooms, using molecular meth-
ods. Water 14, 3115. https://doi.org/10.3390/w14193115.

Kang JH, Kim YG, Park JY, Kim JK, Ryu JH, Kang CB and
Park JH. 2014. Comparison of fish species composition
collected by set net at Hupo in Gyeong-Sang-Buk-Do, and
Jangho in Gang-Won-Do, Korea. Korean J Fish Aquat Sci
47, 424-430. https://doi.org/10.5657/KFAS.2014.0424.

Kim AR, Yoon TH, Lee CI, Kang CK and Kim HW. 2021.
Metabarcoding analysis of ichthyoplankton in the East/
Japan Sea using the novel fish-specific universal primer
set. Front Mar Sci 8, 614394. https://doi.org/10.3389/
fimars.2021.614394.

Kim EB, Sagong H, Lee JH, Kim G, Kwon DH, Kim Y and Kim



eDNA 7|5 A4

HW. 2022. Environmental DNA metabarcoding analysis of
fish assemblages and phytoplankton communities in a fur-
rowed seabed area caused by aggregate mining. Front Mar
Sci 9, 788380. https://doi.org/10.3389/fmars.2022.788380.

Kim SR, Kim JB, Lee SJ and Yang JH. 2020. Maturity and
spawning of Pacific sand eels Ammodytes japonicus in coast-
al waters near Donghae, Gangwon-do. Korean J Fish Aquat
Sci 53, 19-26. https://doi.org/10.5657/KFAS.2020.0019.

Kitano H, Irie S, Yamaguchi A and Matsuyama M. 2011. Diur-
nal dynamics of S-phase entry of germ cells in the secondary
testis of the bambooleaf wrasse (Pseudolabrus sieboldi). J
Exp Zool A Ecol Genet Physiol 315, 232-241. https://doi.
org/10.1002/jez.669.

Koh EH, Joo HW, Lee DW, Cha HK and Choi JH. 2016. Com-
munity composition and distribution of fish species collect-
ed by bottom trawl from the middle of the Yellow Sea in
summer (2008-2014). Korean J Fish Aquat Sci 49, 849-855.
https://doi.org/10.5657/KFAS.2016.0849.

Lee CL. 2004. Review of the fish-fauna of the West Sea of Ko-
rea. Korean J Ichthyol 16, 60-74.

Lee CI, Jung HK, Kwon SM, Han MH, Seol KS and Park JM.
2018. Depth-dependent variability of fish fauna in the coast-
al waters off Hupo, East Sea. Korean J Ichthyol 30, 36-45.
https://doi.org/10.35399/isk.30.1.5.

Lee JH, La HS, Kim JH, Son W, Park H, Kim YM and Kim HW.
2022a. Application of dual metabarcoding platforms for the
meso- and macrozooplankton taxa in the Ross sea. Genes
13, 922. https://doi.org/10.3390/genes13050922.

Lee S, Lee JK, Park G, Oh W and Lee K. 2025. Analysis of fish-
ery resource distribution and seasonal variations in the East
China Sea: Utilizing trawl surveys, environmental DNA,
and scientific echo sounders. Water 17, 2477. https://doi.
org/10.3390/w17162477.

Lee SR, Choi SG, Chung S, Kim DN, Kang CK and Kim HW.
2022b. Geographical differences in the diet of Dissostichus
mawsoni revealed by metabarcoding. Front Mar Sci 9,
888167. https://doi.org/10.3389/fmars.2022.888167.

Lie HJ and Cho CH. 2016. Seasonal circulation patterns of
the Yellow and East China Seas derived from satellite-
tracked drifter trajectories and hydrographic observations.
Prog Oceanogr 146, 121-141. https://doi.org/10.1016/].
pocean.2016.06.004.

Lim HC and Choi Y. 2000. Fish fauna of the coastal waters off
Taean in the West Sea of Korea. Korean J Ichthyol 12, 215-
222.

Mann KH and Lazier JR. 2005. Dynamics of Marine Ecosys-
tems: Biological-physical Interactions in the Oceans. Wiley-
Blackwell, Hoboken, NJ, U.S.A.

Mitamura H, Uchida K, Miyamoto Y, Arai N, Kakihara T, Yo-
kota T, Okuyama J, Kawabata Y and Yasuda T. 2009. Pre-
liminary study on homing, site fidelity, and diel movement
of black rockfish Sebastes inermis measured by acoustic

olF 27 Fob % 153

telemetry. Fish Sci 75, 1133-1140. https://doi.org/10.1007/
$12562-009-0142-9.

Miya M. 2022. Environmental DNA metabarcoding: A novel
method for biodiversity monitoring of marine fish com-
munities. Annu Rev Mar Sci 14, 161-185. https://doi.
org/10.1146/annurev-marine-041421-082251.

Miya M, Sato Y, Fukunaga T, Sado T, Poulsen J, Sato K, Mina-
moto T, Yamamoto S, Yamanaka H, Araki H, Kondoh M
and Iwasaki W. 2015. MiFish, a set of universal PCR prim-
ers for metabarcoding environmental DNA from fishes: De-
tection of more than 230 subtropical marine species. R Soc
Open Sci 2, 150088. https://doi.org/10.1098/rs0s.150088.

Monuki K, Barber PH and Gold Z. 2021. eDNA captures depth
partitioning in a kelp forest ecosystem. PLoS One 16,
€0253104. https://doi.org/10.1371/journal.pone.0253104.

Moon SY, Choi JH, Lee HW, Kim JN, Heo JS, Gwak WS
and Lee YD. 2019. Distribution and characteristics of Pa-
cific herring Clupea pallasii spawning beds in Jinhae Bay,
Korea. Korean J Fish Aquat Sci 52, 534-538. https://doi.
org/10.5657/KFAS.2019.0534.

Oksanen J, Simpson G, Blanchet F, Kindt R, Legendre P,
Minchin P, O’Hara R, Solymos P, Stevens M, Szoecs E,
Wagner H, Barbour M, Bedward M, Bolker B, Borcard D,
Borman T, Carvalho G, Chirico M, De Caceres M, Durand
S, Evangelista HBA, FitzJohn R, Friendly M, Furneaux B,
Hannigan G, Hill MO, Lahti L, Martino C, McGlinn D,
Ouellette MH, Cunha ER, Smith T, Stier A, Ter Braak CJF
and Weedon J. 2025. Vegan: Community Ecology Package.
R package version 2.6-10. https://doi.org/10.32614/CRAN.
package.vegan.

Olds AD, Vargas-Fonseca E, Connolly RM, Gilby BL, Huijbers
CM, Hyndes GA, Layman CA, Whitfield AK and Schlacher
TA. 2018. The ecology of fish in the surf zones of ocean
beaches: A global review. Fish Fish 19, 78-89. https://doi.
org/10.1111/faf.12237.

Park J, Jo HS, Im YJ, Cha BY, Kwon DH, Ryu DK and Hwang
HIJ. 2013. Species composition and community structure
caught by shrimp beam trawl in the marine ranching ground
of Taean, Korea. J Korean Soc Fish Ocean Technol 49, 238-
249. https://doi.org/10.3796/KSFT.2012.49.3.238.

Pessanha ALM and Aratjo FG. 2003. Spatial, temporal and
diel variations of fish assemblages at two sandy beaches
in the Sepetiba Bay, Rio de Janeiro, Brazil. Estuar Coast
Shelf Sci 57, 817-828. https://doi.org/10.1016/S0272-
7714(02)00411-0.

Pinna M, Zangaro F, Saccomanno B, Scalone C, Bozzeda F,
Fanini L and Specchia V. 2023. An overview of ecological
indicators of fish to evaluate the anthropogenic pressures in
aquatic ecosystems: From traditional to innovative DNA-
based approaches. Water 15, 949. https://doi.org/10.3390/
w15050949.

Pranata B, Kusuma AB, Sabariah V, Kim HW and Andriyono



154 g4 - Shantanu Kundu - 2B}

S. 2022. Environmental DNA metabarcoding reveals biodi-
versity marine fish diversity of a small island at Manokwari
District, West Papua, Indonesia. Biodiversitas 23, 5982-
5988. https://doi.org/10.13057/biodiv/d231152.

Schliep KP. 2011. Phangorn: Phylogenetic analysis in R. Bioin-
formatics 27, 592-593. https://doi.org/10.1093/bioinformat-
ics/btq706.

Shi W and Wang M. 2010. Satellite observations of the seasonal
sediment plume in central East China Sea. J Mar Syst 82,
280-285. https://doi.org/10.1016/j.jmarsys.2010.06.002.

Song KJ, Lee SH, Han SJ and Han KH. 2020. Seasonal fluc-
tuation in abundance and species composition of fish col-
lected by a small otter trawl in coastal waters off Uljin. J
Fish Technol Inst 13, 50-57. https://doi.org/10.15399/
jf1.2020.02.13.1.50.

Takagi K, Yatsu A, Itoh H, Moku M and Nishida H. 2009. Com-
parison of feeding habits of myctophid fishes and juvenile
small epipelagic fishes in the western North Pacific. Mar
Biol 156, 641-659. https://doi.org/10.1007/s00227-008-
1115-8.

Tomiyama M and Yanagibashi S. 2004. Effect of temperature,
age class, and growth on induction of aestivation in Japanese
sandeel (Ammodytes personatus) in Ise Bay, central Japan.
Fish Oceanogr 13, 81-90. https://doi.org/10.1046/;.1365-
2419.2003.00272.x.

Valentini A, Taberlet P, Miaud C, Civade R, Herder J, Thomsen
PF, Bellemain E, Besnard A, Coissac E, Boyer F, Gaboriaud
C, Jean P, Poulet N, Roset N, Copp GH, Geniez P, Pont D,
Argillier C, Baudoin JM, Peroux T, Crivelli AJ, Olivier A,
Acqueberge M, Le Brun M, Moller PR, Willerslev E and
Dejean T. 2016. Next-generation monitoring of aquatic bio-
diversity using environmental DNA metabarcoding. Mol
Ecol 25, 929-942. https://doi.org/10.1111/mec.13428.

Yoo YJ, An SY, Lee SH, Lee SJ and Gwak WS. 2025. Spatio-
temporal patterns of fish diversity in the waters around the
Five West Sea Islands of South Korea: Integrating bottom
trawl and environmental DNA (eDNA) methods. Animals
15, 2613. https://doi.org/10.3390/ani15172613.

Yu TS, Kim WS and Kwak IS. 2025. Underwater drone-based
eDNA metabarcoding reveals regional differences in fish
communities and early detection of alien species around
the Korean Peninsula. Sci Rep 15, 18827. https://doi.
org/10.1038/s41598-025-02685-6.

- Zof -



