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Species Composition of Ichthyoplankton off Dokdo in the East Sea
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Ichthyoplankton (fish eggs and larvae) were collected seasonally collected from 2017 to 2019 to clarify whether
Dokdo serves as a fish spawning and/or nursery ground. Fish eggs were identified and classified into 16 species. The
dominant fish egg species were Engraulis japonicus, Maurolicus japonicus, and Parajulis poecilepterus. Fish larvae
were identified and classified into 15 species. The dominant fish larvae species were E. japonicus, M. japonicus,
and Sebastes owstoni. A cluster analysis similarity percentages revealed two distinct groupings according to sample
location (stations) with E. japonicus and M. japonicus as the main group influencers. E. japonicus was the dominant
species off Dokdo. The species diversity and abundance peaked in summer. The diversity index, richness index, and
evenness index fluctuated seasonally. There were no predominant species variations among the years. Sedentary spe-
cies such as P. poecilepterus, Semicossyphus reticulatus, and Glyptocephalus stelleri occurred in the inshore stations.
E. japonicus, M. japonicus, and Trachipterus trachypterus occurred in the offshore stations. Our results show these

species use Dokdo as spawning and nursery grounds.
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GAC ATT GGC AC-3")¢} FishR2 (5'-ACT TCA GGG TGA
CCG AAG AAT CAG AA-3') primer (Ward et al., 2005)=
o]-8s}al, 16S rRNAY S-S 16SA (5-ATG TTT TTG ATA
AAC AGG CG-3"2} 16SB (5-ACG TGA TCT GAG TTC
AGA CCG G-3") primer (Palumbi et al., 2002)E o]-8-3}0] &
Z31 k. PCR 271, DNA A2} 97144 £ Palumbi
et al. (2002)2 Fustch A7]4AE ABI 3730XL DNA
analyzero| 4] ABI prism big dye terminator v3.1 ready reac-
tion cycle sequencing kit (Applied Biosystems, Foster City,
CA, USA)E o]85fo] ¢3it) COIF} 16S rRNA G714 €9
¥ BioEdit (ver. 7) (Hall, 1999)2] Clustal W (Thompson
etal., 1994)% ol &-ato] Falolct. A7 4 LL vlaa}r] 9
310 NCBI (national center for biotechnology information)
genbank database]] 558 A7|AESE o] &5, S F
82 &3 %9l Z5(Semicossyphus reticulatus)®] 87144
0] NCBI genbank databased] G-550] QJA| QkolA Zmof
A AR oo H7IMEe 7S F8ATh A ARl
MEGA 5 (Tamura et al., 2011)¢] pairwise distance S Kimura-
2-parameter % @)(Kimura, 1980)2 AAFSIL, 2AA%S
(Saitou and Nei, 1987)= MEGA 5 (Tamura et al., 2011)o]] 4]
233191 2.1, bootstrap 1,000 =35} %Lt
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ok 2324 $Isto] F o= 214%(Shannon and Wiener,
1963), % E5% 22 (Margalef, 1958), % F5% 2 2=(Pielou,
1966), Bray-Curtis -AH= A|4~(Bray and Curtis, 1957)5 o|-&
I, & 7| & EA)L- 9J3lo] SIMPER (similarity percent-
ages) 24& A A8kt - 7E4 7 SIMPER 4L primer
v7 statistical package (Clarke and Gorley, 2015)5 AM-5}%
o}, dlmd BEopt H|mE 9late] SPSS (v18.0)ol A Krus-
kal-Wallis 4 4-& AA5FA T, AFS-E24-2 Mann-Whitney 7
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Fig. 1. Sampling stations of ichthyoplankton off Dokdo in 2017-2019. A, inshore; B, offshore.
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Fig. 2. Neighbor-joining tree based on partial sequences, showing the relationships among ichthyoplankton and adult fish. Numbers at
branches indicate bootstrap probabilities in 1,000 bootstrap replications. Bar indicates genetic distance of 0.02. A, mtDNA COI; B, 16S
ribosomal RNA.
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Table 1. Seasonal variations in fish eggs and larvae composition off Dokdo in 2017-2019

(ind./1,000 m?)

Inshore (averaged at St.1-5in 2017-2019)

Offshore (averaged at St. 6-11 in 2017-2019)

Feb May Aug Nov Feb Jun Aug Nov
Eggs
Engraulis japonicus 531.9 149.9
Maurolicus japonicus 25 1.3 8.8 3.9 0.3 50.7 17.7
Parajulis poecilepterus 53.8 0.3
Semicossyphus reticulatus 27.5 131
Pseudolabrus sieboldi 11.8
Scomber japonicus 11.0
Seriola quinqueradiata 7.0
Coryphaena hippurus 1.1 0.9 4.1
Pagrus major 5.3
Girella punctata 35
Dinematichthys iluocoeteoides 0.4 1.6
Trachipterus trachypterus 0.6 0.3 1.0
Auxis rochei 0.5 0.2
Glyptocephalus stelleri 0.1 0.5
Tarachipterus jacksonensis 0.1
Others 6.9 0.1
Total eggs 25 55.6 607.7 23.7 43 1.8 205.4 17.7
Lavae
Engraulis japonicus 1.8 15.1 1.9 6.2 143.4 0.6
Maurolicus japonicus 8.9 0.9 7.2 0.6 20.4 5.0 21.5
Sebastes owstoni 0.5 1.0
Enneapterygius etheostomus 0.8 0.7
Cololabis saira 1.2
Glyptocephalus stelleri 0.4 0.1
Glossanodon semifasciatus 0.3
Auxis rochei 0.2
Gnathophis heterognathos 0.2
Hyperoglyphe japonica 0.1
Repomucenus virgis 0.1
Benthosema pterotum 0.1
Bregmaceros nectabanus 0.1
Malacocottus zonurus 0.1
Others 0.8 0.4 0.1
Total larvae 0.0 12.3 17.6 9.1 0.7 274 148.9 247
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Fig. 3. Vertical distribution of water temperature averaged at inshore (St. 1-5) and offshore (St. 6-11) stations off Dokdo in 2017-2019. -,

inshore; ---, offshore.
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Fig. 4. Vertical distribution of salinity averaged at inshore (St. 1-5) and offshore (St. 6-11) stations off Dokdo in 2017-2019. -, inshore; ---,
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o F

ol A= A ofghat 2px| o) 71 2 skl waf ol A=
2] F ARE7|7E 57990 Ao g2 g A 9l BH(Choi and
Kim, 1988), =50l A= BA] ofgto] 8Hof| th =35t
& A7l Fa ER-sHall g A ofgt E¥o] BalH vt
¢l © m(Kim, 1992, Han et al., 2003), 0| = v}& 0 & Z3jjo]| 4|
£ HR 9 ARV |7 A 5H] Ao R FAHCE WA ofto]
20179 8Lolqt 2351912 20184 8ol = 23 61A] Y=
oll, BA] ofgk F3kA|7to] 30417191 AL Fhekste] 2AF A 2
A7l & 5228 AMHE W, 2017H-L 25°C WOl Algt =
H2](15-25°C) Wl ¥, 201812 27°C Y9]8 4220] =
Q7] wiEel Ao wekEltk(Hayasi 1967; Yoo et al., 2018;
HYCOM, 2021). 2] ofgh2 Z3Rrh= At A &3 afo]
Hotom, 2px] ol = Lafjol| A @ eFo] Wikt o= A ofgh
o] F& o]l Bt x|of7| 2 ZAE a4 Sdsth
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S AQtoll A= FAH oFl s IdHEA =], =,
ShEef7]) ofgto] BA| thx o= S5t im0l ), &
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al., 2017). 3%&2] Aol i AdolA A5 Aldlo] ERI=A
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S AR & 2hls] o] 88k 4 0 & shE th(Kashiwagi et
al., 1992; Lee et al., 2010a). &35, -4=d7], =7 &
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9} Aol 5 = AREEAE M a2 AR ojuk A5
TH(Thresher, 1984; Wourms, 1991).
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21.5°C2 &4 Ath(Zenitani et al., 2014; Jin et al., 2020). =
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(Lee et al., 2010a; Jin et al., 2020). L5 FFA] o F(2159],
o], FAtkel)e] ot Edstgl ot Hafjet Fof Hal
ol A Abehgt ofgto] S 75 et FE o] & A o' Helrk
(Kim et al., 2019; Sassa et al., 2020).
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Table 2. Seasonal variations in ecological indices of ichthyoplankton at inshore and offshore stations off Dokdo in 2017-2019

Inshore (St.1-5)

Offshore (St.6-11)

Feb May Aug Nov Feb May Aug Nov

Eggs

Number of species 1 6 7 5 3 3 7 1

Diversity index 0.00 1.42 0.49 1.1 0.36 0.98 0.68 0.00

Richness index 0.00 1.24 0.94 1.26 1.37 3.40 1.13 0.00

Evenness index - 0.79 0.25 0.69 0.33 0.89 0.35 -
Larvae

Number of species 0 4 5 2 2 5 6 7

Diversity index 0.00 0.87 0.60 0.51 0.41 0.69 0.17 0.57

Richness index - 1.20 1.39 0.45 - 1.21 1.00 1.87

Evenness index - 0.63 0.37 0.74 0.59 0.43 0.10 0.29
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Table 3. SIMPER analysis identifying the contribution of each spe-
cies to grouping

Contribu- Accumula-

Group Species

tion (%)  tion (%)
Coryphaena hippurus egg 37.87 37.87
A Trachipterus trachpterus egg 34.73 72.60
Sebastes owstonilarva 13.42 86.02
Pseudolabrus sieboldi egg 35.40 35.40

B Semicossyphus reticulatus egg  30.03 65.44

Coryphaena hippurus egg 6.59 72.03
SIMPER, similarity percentages.

5918 7PsAo] 2o A0 R W) B8, T achyperus
= 8o A Aol2] A4jo] Bell v} gloit, B Fus) o]
9] Akgh oj ¥= 714101 9177} & @ 3}rl(Shinohara et al.,
2014). o] 2ol A, LB o], HHFLANE 5 R o)
of AAef7} chepstsl E@slg oL, o] et v FENIm}
AL F@FS Hol7] gl si7E weh 5= U 74
< Al 4 gick

ojfel AvE Higo g, S Ff fsfioll fAIsk Al
o= st EAEH7, &5, A7), 7Pl ek, &
25 AR o, AE T Y A o EAL AF
o] o At Ao =N A7t & AR AHtE &
A7 B S wfo] HojA Algh- 54 o] 8 o it =1
23t ofFol sl A= Alm AR At SleE 5L, Aol
ARRHY ] Aot ofgh- Apx|of pof] URE AE7E A =2
of#{oF g Zlo|tt.

Al AL

QT Rk Akt AR (R2021031 5
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