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Species Composition of Ichthyoplankton and Spatio-Temporal Variations
in Relation to Marine Environmental Changes around Ulleungdo (2021-
2024)

Ui-Cheol Shin, Eun-Ho Kim*, Seok-Jin Yoon' and Young-Il Seo

Dokdo Fisheries Research Center, National Institute of Fisheries Science, Pohang 37709, Republic of Korea
Fisheries Resources and Management Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

In response to increasing sea surface temperatures and the intensified Tsushima Warm Current in the East Sea, ichthy-
oplankton were seasonally sampled from 2021 to 2024 around Ulleungdo to assess species composition changes and
evaluate spawning and nursery functions. Sampling was conducted at eight stations using bongo and ring nets, and
environmental data were recorded with CTD. Fish eggs and larvae were identified morphologically, and COI gene
analysis was applied to morphologically ambiguous samples. A total of 37 egg and 48 larval species were identified,
with Engraulis japonicus and Maurolicus japonicus dominant in both stages. Cluster and SIMPER analyses revealed
interannual variation in eggs and spatial differentiation of larvae after 2023, largely influenced by E. japonicus and
M. japonicus. No significant correlation was found with temperature or salinity. However, the increased presence of
warm-current larval species in 2023 and 2024, such as Thunnus orientalis, Champsodon snyderi, and Scomber japon-
icus, coincided with strengthened surface currents, suggesting possible transport from external spawning grounds.
The continuous appearance of dominant coastal species supports the role of Ulleungdo as a stable spawning ground,
while the irregular occurrence of warm-water species larvae suggests the potential use of the area as a nursery ground
under changing oceanographic conditions.
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2=l th(Fuiman and Werner, 2002; Miller and Kendall, 2009).

5= oA AFt= FREY F= 2T, AA
A&, o 59 AES SHeR o] FofA fIth(Yoon et al.,
2007; Chung et al., 2015; Kim et al., 2016, 2023). Z1&{1} o5&
9| Z27] AygAte] aligsh= ofgtal AHx| o] & it o= g A
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physics reanalysis (interim version) At GLOBAL MULTI-
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Fig. 1. Map showing the eight sampling stations for fish eggs and
larvae around Ulleungdo from 2021 to 2024.
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Hislo] 8|58 u| 7 (SZH-10; Olympus, Tokyo, Japan)< ©]
ato] 5 58tk & 5> |, Gt A, S h ol B
3, Agjn] A 5o AR FHFES SIHAL, i et al.
(2020)7} Okiyama (2014)E 115t £ E27HA] S431
o} FE 540 E7FE of et Apx| ol = EAMYESHA] 5
< 53 Eeksl4itt. 10% Chelex 100 Resin (Bio-Rad, Hercu-
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AA-3") Zzlo]m(Ward et al., 2005)E o]gslo] ZZ319ch.
PCR t}-S-31} 7h2 A of| A 4=83} % ti{Initial denaturation
95°C, 5 min; PCR reaction 37 cycle (denaturation 94°C, 30
sec; annealing 52°C, 30 sec; extension 72°C, 1 min); final ex-
tension 72°C, 7 min]. &7]4 42 ABI 3730XL DNA analyzer
ol 4] ABI prism big dye terminator v3.1 ready reaction cycle
sequencing kit (Applied Biosystems, Foster City, CA, USA)
£ o]&3to] LItk COI 714 49| A &E-2 BioEdit (ver. 7)
(Hall, 1999)¢] Clustal W (Thompson et al., 1994)E- ©]-8-31%1
31, AEEH g7 4 €2 NCBI (National Center for Biotechnol-
ogy Information) genbank database®l| 553} tHPV993760-
PV993814). g7 - G- 7|&0l T5H Aol @71- g} vl
stk $743 Agl= MEGA X (Kumar et al., 2018)2]
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er v7 statistical package (Clarke and Gorley, 2015)E A5}
ek 12] 31, % thoFE X]5>(Shannon and Weaver, 1964)2} %
= R|4=(Margalef, 1958), % v+ A|<=(Pielou, 1966)=
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(Maurolicus japonicus)7} 37.0%2 WIT). o] F £ Ao
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S5(Semicossyphus reticulatus), == Oplegnathus fasciatus)
5 TR ofFo] AL S OY SRS W
ol 3lct.
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O] T8.5%E ApA8tH] S-¢AsH3lnh 551, 2023\ <J3)4
A4 o] Hal ik 2.5 B BLEH Table 2). o]0 4 5ol
(15.1%)2} A&)<5(Chromis notata; 2.5%)2 ZAL7|7F Zwto]
AA Mg o & Z¥st9rt 20234 o] F Ad Aol A = 2
v -5 Luciogobius grandis), 7% x| (Paracentropogon ru-
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bripinnis), 32l 7](Pseudolabrus sieboldi)e} 22 Atz
3 olFo] Edstalen, sl AHollA= Frhdol(Thunnus
orientalis), °}1*|(Champsodon snyderi), ‘d-5-%o|(Echelus
uropterus), 1°5-°1(Scomber japonicus)2} - WA 0]Fo]

TR BAAT o2 FARE 60% oA Ao u)
2} A 7He] 8 180 & LEE QI THFig 2A). 2021'd 32022
| oloty} Q3 Ao Group 1, 2023 Aota) 95 A7 o]
Group 2, 2024 At} eJaj A & o] Group 302 FAJ = At
SIMPER+-4] 23}, Group 19]|4= d¥Folet A7} 2+ 3
o FAHE 28.7%, 15.1%= 592 7|ojF 2 & YERdtt Group
20 A= H2](39.5%), Group 394+ WE0](69.8%)2] 710
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%Ath(Fig. 2B). SIMPER-A o] A= HA]7} 60.7%, W-5ol7}
31.7%E I3 FAHd ol 2A 718kt 15 7t vl A=
2024 <Jsf o] o 1FI FAHIol 7 Rttt o=
H2| 9} dlFo] o] Qo ke Y FFA 0]F] Sdo] 4 7T o]
AL ol=l 710 A o = Yehyitt
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2to) 7} EPA] IQItHP=0.725). & Q91& H&= xEst &
o o A &= ofghe] Az Afol= oo Y= AC R g
%] tHR?=0.894, P=0.007). we}A], o]gke] ExAL F2
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Fig. 2. Cluster analysis and non-metric multidimensional scaling (nMDS) plots showing the similarity in species composition of ichthyo-

plankton based on Bray-Curtis similarity of square-root-transformed abundance data. A, Fish eggs; B, Fish larvae. Vertical lines in dendro-
grams indicate the 60% similarity level. Stress values for the nMDS plots are shown in the upper right corner.
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2 umd QA S AA5HATH34.2-345 psu). AEHY

zk HIEOM%, okl ﬁvl 71ol1A1 lsf o] it Aol
Hlg)| A =20] il JRE w2 AFS Bk Ty
Tﬁq o] 422 Birof tfgt PERMANOVAEA] zgﬂ A

_L}-O:]E 247 EA A 9-0)3} 2o 0404013:] A 5
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FET R FE oI FoR A e 9%
(Fig. 3). ofgte] ¢, 8 Fof dgdo] Wil SAH 2
oko}

OJBFA] YARFTHP>0.05; Fig. 3A). Apx]0]2] -0 = A &
g ol S A mRo A fo o] =l A] kTh(Fig. 3B).
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Table 1. Temporal and spatial variation in fish egg composition around Ulleungdo, 2021-2024
(inds./1,000m?)

2021 2022 2023 2024

Offshore Inshore Offshore Inshore Offshore Inshore Offshore
Maurolicus japonicus 97 227 205 38 41 262 124
Paracentropogon rubripinnis 9 6 7 1 + 2 1
Semicossyphus reticulatus 8 1 + 7 9 3 1
Pagrus major 7 2 1 15 13 8 1
Oplegnathus fasciatus 9 + 4 9 1 +
Hyperoglyphe japonica + 1 3 6 1 8
Engraulis japonicus 36 42 36 211 515 +
Paralichthys olivaceus 3 + 2 3 5 +
Acanthopsetta nadeshnyi 1 1 1 +
Auxis rochei + 5 8 2 1
Trachurus japonicus 1 2 8
Parajulis poecilepterus 1 5 3 3
Seriola quinqueradiata 8 2 1
Seriola aureovittata 2 1 38
Halichoeres tenuispinis 2 1
Microstomus achne +
Evynnis cardinalis 2
Girella punctata +
Uranoscopus japonicus +
Coryphaena hippurus 2 3 2 + +
Hime japonica 1 1
Repomucenus valenciennei + 1
Pseudolabrus sieboldi 2 1
Parapercis decemfasciata 1 1
Lotella phycis + +
Gnathophis heterognathos + 1
Glossanodon semifasciatus +
Zebrias japonicus +
Pleuronichthys cornutus 2 + 2 +
Scomber japonicus 1 +
Cleisthenes pinetorum + +
Thunnus orientalis +
Etrumeus micropus 1 +
Synodus sp. +
Glyptocephalus stelleri 1
Acanthopagrus schlegelii +
Others +
Total 184 293 275 295 658 291 130
+<0.5.
7 AT}, ofiut ApFol Zhzt A, FrpAR wEgk B2 HYck ol Aol Feka o] wish % ol % Ale) 47
g o2 Helom, AR Aol i of 2] 277k Bl A BRlo] Y o= Helth
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Table 2. Temporal and spatial variation in fish larvae composition around Ulleungdo, 2021-2024
(inds./1,000m?)

2021 2022 2023 2024

Offshore Inshore Offshore Inshore Offshore Inshore Offshore
Maurolicus japonicus 8 23 1 13 5 15 6
Chromis notata + + + 8 1 4
Engraulis japonicus 31 99 12 240
Scorpaena onaria +
Sebastiscus marmoratus
Bothidae sp.
Paracentropogon rubripinnis
Glossanodon semifasciatus
Parascombrops philippinensis
Symphurus longirostris
Bregmaceros nectabanus
Hexagrammos otakii
Oxyurichthys sp.
Thunnus orientalis +
Calliurichthys japonicus
Ophisurus macrorhynchos +
Halichoeres tenuispinis
Gobiidae sp. 1
Sebastes pachycephalus
Auxis rochei
Labroides dimidiatus
Carangidae sp.
Benthosema pterotum
Sebastes owstoni
Luciogobius sp. 1
Luciogobius grandis 1
Gobiidae sp. 2
Opistognathidae sp. 1
Champsodon snyderi
Pseudolabrus sieboldi
Echelus uropterus
Repomucenus virgis
Tetraodontidae sp.
Trichiurus japonicus
Pseudopleuronectes yokohamae
Scomber japonicus
Sebastes schlegelii 1
Pseudanthias squamipinnis
Eviota prasina
Callanthias japonicus
Callionymidae sp.
Acanthocepola limbata
Ostorhinchus semilineatus
Hippocampus sp.
Lophius litulon
Parapriacanthus ransonneti
Opistognathidae sp. 2
Others
Total 47 56 112 41 248 23
+<0.5

w
®
+ + + =+

+ + 4+ o+ 4+ o+ + o+ o+
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CCA - Larvae vs Environmental Variables

200 earore

Fig. 3. Canonical correspondence analysis (CCA) plots illustrating the relationship between species composition and environmental vari-
ables in the Ulleungdo waters. A, Fish eggs; B, Fish larvae. Red labels species, and blue arrows indicate environmental variables (tempera-

ture and salinity).
A 2= oftholl A Aot BFolof T Fol =
519131, AFX] o] o] A= 2023 o] % ot} 9] s A
4 287} sl Uehie, AL SelolA Al gk
Sfd olFo®, Adft 2 B Hol s wef 4ket Al7]9t
A5 245l = AFS HJtHKim and Lo, 2001; Yoneda et
al., 2014). o]2]3t EAJ-S Bang et al. (2022)2] 42| kg H.4
|45 Sl = )l om, ek Sgo] S 2 Rl(2, 222,
94 5)9] L 27 W A0 ek ole) gl
L 22 AajlzoA] AR o] E-ol= & &3
2 ol F3to] Alehsh= S-S Holw, Akt Al719F Hae
2] 423 JLzof ule}t Gl 4= QI Th(Watanabe et al.,

(NI
1o
SR

2
o [0 o{g olw

> ol 2 kM
4>

=i
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Table 3. Ecological indices of fish eggs and larvae at inshore (W1—
'W4) and offshore (U1-U4) stations around Ulleungdo, 2021-2024

Inshore (W1-W4) Offshore (U1-U4)
2022 2023 2024 2021 2022 2023 2024

Eggs

Number of species 17 16 10 20 18 24 15
Diversity index 0.87 1.14 052 1.62 1.02 0.98 0.30
Richness index 282 264 151 3.64 3.03 3.54 2.72
Evenness index 0.31 0.41 0.22 0.54 0.35 0.31 0.11

Larvae

Number of species 6 6 5 1 13 14 23

Diversity index 0.83 1.52 1.04 0.61 0.47 0.18 1.86
Richness index 124 134 128 259 254 2.36 9.47
Evenness index 0.46 0.85 0.64 0.25 0.18 0.07 0.59

2010; Paraboles et al., 2019). 0| & £2] YA A JHF £ &
A5 A I 25 20 WE T 2 2o Hste <l
aff, AFZHAIAE Q] YA A o] F E= ARt S o] FsHom
S 7ol ek AR of el A= AR ofFol At
AAoflA AeH o= Uepd v, G 052 2 98] 4
HollA Zds}GTt. ol gt Al 371 F2/d Afol= &5 @
o] o] FHE A& ot AeF] TS st U= |

wshs Fas 277 =,

HA|ZE B 427 e 2 8 glo] HlwA Qg Al
2 XS HITHP>0.05). CCA Btof| A e =23t Aol
ofRt ofthaf ApR| ol o] 4 s iRt e HolA] ek
o)l= AL 7|70l 4 02 At A o & BT XOL7]7<40 _/’\%
do AFE AR Y] o Y] wWied 4 3
A2 Fdl s o] A7 WS = & s Aol Eﬂﬂ"*
O 1(Yoon et al., 2007), 37| 2L 21A|7] FHF 0|2 7
F 529 27} A ol &5k Ith(Kim et al., 2024). =31
cheo) Bl9)% ZHT AL FUES Hol thpet ofFe &
o] M EE Y Q0lo 7 28908 7sAd o] It (Clarke
and Warwick, 2001). w2}A] ojgka} xpz]ojo] AJ3-7HA Bk
£ Hop Gl olslfst] HsiM = sl S22 B-a, I¥ A,
Ho| & B 5 riofel g agle] 53 nert Hasict
(Bang et al., 2022; Choi et al., 2022).

shE, ofgk 9 Ax|ofo] ZA FAL SR} B BAQ &
AR ke 0 E B 9L 7540l 9lck. CMEMS 4
B Ao w29 (Fig. 4), 202193} 20224 o= #3 8157

7b &= EAR Aol =3tE o] 50 et Wk ARt
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Fig. 4. Surface current vector fields around Ulleungdo in (A) August 2021, (B) July 2022, (C) August 2023, and (D) September 2024. Vec-
tors are derived from CMEMS reanalysis data and visualized using Ocean Data View. The scale bar represents 1 m/s. CMEMS, Copernicus

marine environment monitoring service.
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Fig. 5. Fish eggs and larvae collected around Ulleungdo during 2021-2024. A, Paracentropogon rubripinnis egg; B, Semicossyphus reticula-
tus egg; C, Thunnus orientalis egg; D, Seriola quinqueradiata egg; E, Scorpaena onaria larva; F, Champsodon snyderilarva; G, Pseudanthias
squamipinnis larva; H, Acanthocepola limbata larva; 1, Echelus uropterus larva. Scale bars=1 mm.
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Fig. Al. Neighbor-joining tree based on mtDNA COI sequences
showing the phylogenetic relationships among ichthyoplankton
specimens collected from Ulleungdo. Numbers at branches indi-
cate bootstrap support values from 1,000 replications. Scale bar
represents a genetic distance of 0.05.
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