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ABSTRACT

This study investigated the temporal patterns of species composition and abundance

of larval fish assemblages through seasonal samplings in the coastal waters off Uljin, East Sea from
April 2022 to February 2023. A total of 27 taxa of larval fishes were collected in the study area. The
dominant fish larvae were Pseudopleuronectes herzensteini, Sebastes inermis, Ammodytes japonicus,
Pseudopleuronectes yokohamae, Rudarius ercodes and Parablennius yatabei constituting 86.6% of
total larval fish abundance. The number of species, abundance, and diversity index fluctuated according
to season, showing the highest species number and abundance in April (spring) and diversity in July
(summer). Larval fish assemblages were divided into three seasonal groups, including spring, summer
and winter groups based on relative abundance of each fish larvae. Among abundant fish larvae, P.
herzensteini predominated during spring, while P. yatabei and R. ercodes were abundant during summer.
S. inermis, A. japonicus and P. yokohamae constituted the most abundant larval fish group during winter.
These temporal changes in larval fish assemblages were attributed to seasonal changes in surface water
temperature. The results from this study may elucidate our understanding of larval fish diversity and
contribute to evaluating the nursery function of coastal habitats in the East Sea.
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et al., 2009). E3] 53] FAE 9 (Fe= ,1

< RkEhRY A7l 53RO GO R oFFHANA W5
A o]F9] EEH|E0| 2 S B9 E]-(Lee etal.,2018). 1
2t 1980 o]F 7| S St whE tjupdRe] gog
3 S22 F7Fete A HHon, o]of vhgste] Faf
FAHA H\skE YERa 913 (Kang er al., 2000; Tian et al.,
2011), B8l A o2 24 W ol Fehd ojFo] F7lske &
A5 Ho|1 Qith(Jung et al., 2014).
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Fig. 1. Locations of the larval fish sampling stations in the coastal waters off Uljin, East Sea.

gk Zpx]o] FFRE Aol AFAY|, AX| 9] fFFA, AL
A F ¢Hote gy EA Foll A 93 WH=th(Gray,
1993). hF-E 289 ojF= 2 H3tol ot 54 AE
Ahshe §4S 7HA7] tizoll (Aida, 1991), o] &t 4dol9] 4k
TE Foto] B3lgt Ax|o] E3F T3 AHY A B
A 4= Atk wEba] Acts oA Azlo] 2 A= T &Y
Woll A 4ttsls o7 SR ARMIZIE 288 5= Sl= &
23 AT F SR gHA o

A7 =W At oA W2 AX| o] FHATLT} =3
=3t} ol=gt ARo] F2A At ERE v Hall, Al
8 e AFE AglA 2 FYEHL, FedAe 5= F
H3 A (Kim et al., 2002; Lee et al., 2010; Shin et al., 2021), =
3] ¢9t(Cha et al., 1991; Han et al., 2003; Han and Kim, 2007;
Baeck et al., 2012), 53l <3 (Huh et al., 2011; Choi et al.,
2022) oA BE A7t XgEo] iAoz thE o H]
o FES AAolh. Aol AA| o] FHATE 7 oF
o] AFt7] 9 AR dish Rt 873 SARY HEE
9gt Z83k A2 E AlF3c}(Rutherford, 2002). E3E, 3%Fst
7do] A&AH o WIsta glon® o]of ZHE dA Auf= F
Fol Alzko] Ao wste sjgFetgof whet s Al -t
AEAO HIE v B4 5 e S 72 ARV E &
Ak wEhA 2 A= vt S SRl 1A &3 At
oA @ AR o] TR AdHES A

ERTET

2 Aol AR AR o] AEe T &1 R EEL F
7 A 1070 BolA A-E (2022 44, 74, 104, 2023
| 28)E A FH] HEAA JHE (T 0.8 m, T 300 um)
£ ol8sto] AT (Fig. ). A& HH2 HES &F Im
AollA FH A shelen, AFAYHS skl Aol A
(Hydro-Bios, Germany)& &35l 2 A= 48 B
EZ o|gstel 4x|o] ARE AW BB ANRE 2
YotA] gttt AEE AAo] FRE A7 it & e
Qg utetslr| 35k CTD (Sea-Bird Electronics, SBE 19plus
V2, USA) o]-gsto] zF AHd sAE 23 gE88 S48
th 2 AFolA AXol= oF A 1 molA 7] diol,
T2 G2 B304 4 1 m 7R 9] B ol-8-5H3T

AGE A dFNA 95% ofghZo] 1A% F A=
Rtsto] sjR-&u] 7 (Leica EZ4, Germany) oFefjoll A A2 &
7Fsdt & FE7HA S5 Ao Fo FEEhy 58S
Okiyama (2014)5 Zat4 1L, EFAIA 2 82 FishBaseE
F3to] &It (Froese and Pauly, 2023). AHX|o] A& 5 &
B7F EAEPAY SETATE 27191 A FHEE0] oF7]
gzl olF AA| o] AEe LEZR w2 FET BARAS
A X819 . Total genomic DNAE 10% Chelex resin (Bio-Rad,
Hercules, CA, USA)S ARESHe] &351900, n|EZE g o}
COI 99L& $Z317] Ysto] VF2¢&} R2 Zato|HE ARG
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T} (Ward et al., 2005). 23&4A A4y 8-S (PCR) Z2Z-2 total
DNA 2 uL, 10X PCR buffer 5 pL, 2.5 mM deoxynucleoside
triphosphate 2 puL, Z+ Z2}o]® 1 pL of each primer, Ex-Taq
DNA polymerase 0.1 uLE 42 Sl 3% 5574 139 ul
£ 9o & 25uLE TE thS Thermal cycler (MJ mini PTC-
1148, Bio-Rad, USA)E ©]&3}o] £Z35}4c}t. PCR ZACR
+ Initial denaturation 95°CoJ|4] 5%, PCR reaction 34 cycles
(denaturation 95°CoJ|A] 18, annealing 50°Co]|A] 1&, extension
72°Cof|A 18), final extension 72°COJ|A] 5& AA|8}H T} AA|
+= ExoSAP-IT (United States Biochemical Corporation USA)
£ ARSI, G714 82 ABI 3730x1 DNA analyzer (Applied
Biosystems Inc.)o|A ABI PRISM BigDye Terminator v.3.1
Ready Reaction Cycle Sequencing Kit (Applied Biosystems, Inc.
USA)E o83t Aot 7+ $2] ¥714¥-2 NCBI (National

Center for Biotechnology Information)?} BOLD (Barcode of
life data system)®f] 5E5 ] = o]F2] COI FH¥} vH|ws}o
99% ol A= T2 FATIA

o4 22AL oslr| €3t Shannon and Wienerd] Zt}
F = A4 (HNE 51 tH(Shannon and Weaver, 1949). SA| 54
2 98 A=2E A3} (normality)dkal F-EAHS (homoceda-
sticity)& W50 £HF Y HIFS £ol7] fsto] AAo] Ed@F
9] 2 3%} (logarithmic transformations, logio[x + 1])= %
sich @4 e Ax o] 3 2@ A4WHA = Pearson
ABAGE 0|85t 45T

AEE ZAx o] FRFE O ZFT2E 4517 flstod]
Bray-Curtis fFAH=A|E 0] 881t a7l A=+ group-
average WS ©]-838to] &4 (cluster analysis)= AA|
3 F, 71 27E dendrogram 2 UERHQIT. Apx|o FE &

Table 1. Species composition and abundance (inds./1,000 m®) of larval fish assemblage in the study area

2022 2023
Family Species name Total %
Apr. Jul. Oct. Feb.

Engraulidae Engraulis japonicus 134 134 0.3
Scorpaenidae Sebastes inermis 107.7 633.8 741.5 16.5
Sebastes pachycephalus 333 333 0.7

Sebastes vulpes 349 349 0.8

Sebastiscus marmoratus 28.6 28.6 0.6

Hexagrammidae Hexagrammos otakii 13.1 13.1 0.3
Cottidae Alcichthys elongatus 234 234 05
Furcina ishikawae 234 234 0.5

Gymnocanthus herzensteini 38.0 38.0 0.8

Icelinus japonicus 11.5 11.5 03

Cottidae spp. 18.0 18.0 04

Lateolabracidae Lateolabrax japonicus 333 333 0.7
Stichaeidae Ernogrammus hexagrammus 11.5 11.5 0.3
Lumpenus sagitta 64 64 0.1

Ammodytidae Ammodytes personatus 366.0 366.0 8.2
Blenniidae Omobranchus elegans 26.6 26.6 0.6
Parablennius yatabei 195.0 195.0 43

Callionymidae Callionymus beniteguri 389 389 09
Callionymus curvicornis 8.6 8.6 0.2

Callionymidae spp. 222 4.6 26.8 0.6

Gobiidae Pterogobius zacalles 352 352 0.8
Paralichthyidae Paralichthys olivaceus 55.1 55.1 12
Pleuronectidae Cleisthenes pinetorum 99.7 99.7 22
Platichthys bicoloratus 11.7 11.7 0.3

Pseudopleuronectes herzensteini 2,152.0 2,152.0 479

Pseudopleuronectes yokohamae 308.4 308.4 6.9

Monacanthidae Rudarius ercodes 1359 1359 30
Total abundance 2,504.4 5583 4.6 14229 4490.1 100.0

Number of species 11 8 1 8 26
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software (IBM SPSS Statistics)2} PRIMER v7 statistical pack-
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2 =1 Parablennius yatabei
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Fig. 2. Relative abundance of larval fish species with respect to season
in the study area.

ol ST A o7 XHX|0] SxYH ARHES 159

ZAL 717 Bt F 137 27E7Eo| &3t 4,490.0 ind./
1,000 m*9] Zpx]o)7F Y= otk (Table 1). P& @ EAEA
= Bt ¥ 25F (TR 7%, £AFAE 18F)0] F %
oA FAEHUL, 270 BRI H(Family) o2 75
Aot 7 @o] £33 o2& A} T] (Pseudopleuronectes
herzensteini)® 2,152.0 ind./1,000 m*7} AR = o] AA| I
9] 47 9%E AASHELE. 1 tf2 o2 BE(Sebastes inermis)
o] 741.5 ind./1,000 m*, 7P} (Ammodytes japonicus)7} 366.0
ind./1,000 m®, X 7}&}1) (Pseudopleuronectes yokohamae)
7} 308.4 ind /1,000 m®, 1EFHX] (Rudarius ercodes)7} 135.9
ind./1,000 m®, AW =2}X] (Parablennius yatabei)7} 195.0
ind./1,000 m* Y= At Yol AFet 652 100 o] &
EFE HoW A dEF 86.8%F ARG

AR o] 4= AFE 1~11F0] A=, 24 (4Y)
of 7H wtew FA 0ol 7HE Ak Ax| o] AEF
ESF EA9) 2,504.4ind./1,000 mM*2 7 @9k, A9 4.6
ind./1,000 m*2 7H Wokth FogFEA s 5HA (8€)0
17422 71 =901, 27419 0.6952 7% At 2ok Ex]
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Fig. 3. Cluster dendrogram derived from the Bray-Curtis similarity matrix constructed from the abundance data for fish larvae. The thick lines
indicate the groups (A-C) that were separated by the SIMPROF test at a significant level of 5%.
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Fig. 4. Seasonal variations in surface water temperature and salinity in
the study area.
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ZAF Ao A Aol FHL ST ALEE F3E
Zpol & Heth(Fig. 3). A0l A7HAm7F AA| Ax|o] &
EF FEQA 859%F AASAL, I thFo 2 Eo]
43% k. A (8Y) o= Arl=eta], =52 F A, &71A ]
(Cleisthenes pinetorum)7} Z¥Z} AA| AETF2| 35.9%, 24.4%,
17.9%%5 ARt FAll= = Fe}(Callionymidae) AHA]
ofRt S, A Y ole B, 7hdte], ZX7HEAM o
2 2 A3 Uelth

AEE R0 AFEE e R JARLE 35 2
370¢) aFol T38| FEEHATHFig. 3). A WA 15 A= I
7V&4a), Y& (Paralichthys olivaceus), 97-3 ) (Gymnocanthus
herzensteini) 5 & 10&°] &3l AoH, EA 28] &
< aFoIt F WA 15 B)S A S8l 2 8%
o] ZaEo] glgleH, 8 oFL £, 7ive], ZX7HA] &
ol gt} ukAt IF (C)2 sHAlo dE7Fo] A Hul|=zatA],
IEIFA F 7FY AA oot 2LEHTY H S5 /W (Cottidae
spp.)oll &= AR o)7} 23FE| Qi)

2. 2ZQ21ut Xtx|of S

ZA|H 9 428 AFE 9.7~21.8°C2] HAS Ye=d,
A @ gl 7P WAL sHA| (78)ll 71 w3 TH(Fig. 4). F&
2 32.3~343psud] HAE B, A QYN 7P =%eH,
A (109)] 7P wokth dE-2 AL 717 e AEEE 2
Aol & HolA] ghgrout, 142713 sHAISE FA ol £33 FEl
b ol A Btk v 2 AEEE %5 230
2 A 2 ol & HolA] Yttt
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Fig. 5. Relationships between abundance of larval fishes and envi-
ronmental variables (temperature and salinity) in the study area. Blank
symbols indicate no fish larvae caught.
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£ AHEY, AHX| o] FEFL 237 F(—)9 KTt 4
£ 233, &Y F(H)Y AT JHHAE 2
(p<0.05). &, =20f wa} &F 10°C Ao A ZpR]o| 2] HE5Fo]
EU, FE2 9F 33.8psu oAl A FEFFO] w3hTh(Fig. 5).
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o
el Aokl +E o] TAATANH Aot
o 98 ol2 BYTk YopdRe] IS W Y (AF,
gal, 5 g Held TEH0R WA $HFOR ek
3! (Lee et al., 2006; Baeck et al., 2012; Choi et al., 2017; Baek
et al., 2021), Tl oA thuptRe] A7 FIEFIF AFe
2 PREEs s A AR ol= Fl et Lol HA
3t Ex AQtAE 28F 02 YEIGTtH(Kim ef al., 2002; Lee
et al., 2010; Huh et al., 2013; Choi et al., 2022). §FH dF
59| G W= Fal Aol st Ao oA W=
oj3} o] 77} -3l AYS ERTH(Kim et al., 2003; Choi et
al.,2015). & AFoA= A7, &2 7], £271A &
o] $-¥Follen EA| AR} HlEZ 1% vkl BA
doll (A= ZhHet AsfollM +3E diFE AolA $HF
< 527]0) Ash= oF9] Ao (AT (Lee er al., 2006;
Kwak and Park, 2014; Choi et al., 2017; Baek et al., 2021), &
AFolM= Ae27]ol 28T AA|o)7F S8k S EA
ok Syt 53 ERe 9L 5l dinhd R 2o E =
e IR TS AT 2 AFA G A 59 36
& o]R9 At AF 2ol ¥ FIRIFY dFE = 3l
Ho = &A Uth(Kim and Min, 2008). Th2hA] o] 23 A2
S3)9] Rrom $A Agrolzo] Axlo] Aol £k AL
= weker,
2 Agolx AR AR o} Azt AR ole] Pejsty &
A3t BAEHOR 25%0] F RN ERHAL 250 7

(Family) =20l A £FE ek SeluetollA +35 oA g%



B ATE o] B BRE 90 BAL B0 A vz &
F5He Zo] Ao|gla, olof ket thiE AT AjelA] u]

gl ojFo|tt T (Family) E& 4 (Genus) £l EF75x=
A|59] Hl&o] £8th A& &0l AF AFALNA E8TT F
5959 AHH]0] % 28%(47.5%)0] & SENH BREA getu
(Lee et al., 2006), 3ot ksl 283 AHH/o] 0% 2
22%F(44.0%)°0] & 45 oA 0]tk (Choi et al., 2017). Ht
A 2T 2 dAoAe & Ao 2ol AR £R71E
= E{dste] Ao 23 A s, 1 A% F aF
oA EFEHA g2 T H|Eo| 20% nHo| it (Baek er al.,
2021; Myoung et al., 2021). |23k DNA 42 §3 £4+F
3] &2 FH ddo] SHsHA o] FojRAR] S 271EAL
Al719] & T4Y WEEE =Y 5 YA A B89 7
AR 71X HRLE 13 tlo]EHo]A BE FO2 oAzt
A AR o] EAITH(Azmir et al., 2017). W2hA FF 7 P
& AR 93 271 E9ol] das)

2 AollA Aol AME SEYES v e R 3709 1
o2 72 ¢ UAHEA, 54 % s 25). YRt
At oA zpx|ol 2] FH ESHAI7] o] AltAl7]of whet
Zpol7} yehdtt. a9 9] o] F= 2ol WhE AE A A2
e Frof wet AEA7)17F DEkAH (Aida, 1991), o2& Ak
FA7|o w2t ZRRjo] E@A17|17F 249t 2 Aol 54
o AT AX o] F 7htE|et EX| 7] &) A= 119 oA
thadl 349, B9 A7) 10904 oh23l 192 g3 A 9
o] =7REolA Aol AlRtsh= o1F<l 7, £, &
2He] z}Rjoj= FA|o £33+ 1 (Shinomiya and Ezaki, 1991;
Seo et al., 2010; Kim et al., 2020), AZo|A Z&of A=
F71AH] 2R = Aol 35432 (Cha et al., 2006), &l
Al AF7HA] Adbeke 283 FA], 71|, A =2kR] o] &

= 31A|9) &d o] Wttt (Lee and Hanyu, 1984; Kim et al.,
1992; Yang et al., 2018). 0]&} Zro] o] A}x]ojo] ZANE ofF
o Akt AAR|e}F At B2 HUEHPE 4 = 4% a7
7F € 4= Qo (Pritt et al., 2015).

HE 20 A oA AR5 T W2 YA
o B2 Bl S vA= 2o, 53] £
27188l S vIAE Tt acles o
t}(Raventos et al., 2021). 22 $UtE 233 A AlA
o2 7|5Hsle]| TE S A ol AAoj9] Hold 7
&, BRA7] A, EQA)7] Wl 22 B SOl 932 1A
th(Genner et al., 2010; McLeod et al., 2013; Costa et al., 2021;
Raventos et al., 2021). Costa et al. (2021)2 thAF GAR
W) ofel sjelol Al ol AAjole} ul o] o] 2ol BE
7} 7|5 HSte] wet o EE (SAY RHeE S ZeE 9
S3llch & A7 A9 Y2l 53R fFdY sjdes
tuidFel AYEQ FFE B AF Ee Jof A 29

X rlo mo
N 9 fl

A7) At o}Fd} 2o A4lFo] $Aske e B
ok 22y vl 7| S-St whe} 12 7] Akt 0}F Ei= ofd
o] o]F zL20]9] & 7IsAo] & AL 2 A tH(Figueira
et al., 2009). WA w2 7] sto] iRt YA FF=
A7) A oI RE TUT HPYE S A& Y
E|go] Zasir}.

o OF
L =

2 AFE B8 &2 gk 107 FEA AEE (20224 4
o, 74, 10%, 20239 29)Z Ring netS o]&3to] Y3t 2
Ao T2 ALHUETS AR F 27 Rl &
gt ZAHA o7 AP =Gl ol F AA

(Pseudopleuronectes herzensteini), =2} (Sebastes inermis), 7t

SAFL B

U= (Ammodytes japonicus), BX7FAH0| (Pseudopleuronectes
yokohamae), 123ZF X (Rudarius ercodes), AW Z=T}X|
(Parablennius yatabei) FL A7) 6532 AA| Ax|o] HEFF
86.6%% AAISHATE AAx| o] 28T, EF, FY=A = Al
Aol wet Wl 8ot @EFE 48 (EA)N 7P
EXA, =R eE T @Dl 7HE E3tth 2AR S ol A
AHxo] £ A SdSl et EA4, 5HA, TA 152
T2 = U $HF T AR EA40 48, 3
H gk et 5 F A= sHAlo -8t at 18| B, vt
g, ZA7HA = FAll @EFFo] Eoith. o]et Ao #3
O AJ7HA WFE AFo| e 2 Zolof] FRFS UYH AL
= gotE & A7 2o FolA o AA|of oS B
8|3 At o] A 75 B7kshe H 7T Aoz A
2)=

p

N

At Al

2 =52 =g dag Y “hEER AFHE FUHR
IET AX 9 A e e datered e ke
W) SIS/ A A B B D A I7F 733} (grant
number: PEA0201)” ZHA| 2] X €& who}l =3 =] 51 Th.
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