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Spatial and Temporal Distribution of Fish Larvae in the Southern Coast

of Korea from Spring to Summer
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We investigated the community structure and performed detailed characterization of fish larvae assemblages col-
lected from the southern coast of Korea in the spring and summer of 2021. The total abundance of fish larvae varied
from 193.6 to 1,915.6 ind. 10 m™. The species were distributed across 10 orders with 23 families, and 41 taxa. The
dominant taxa were Gobiidae spp., Engraulis japonicus, Nibea albiflora, Sebastiscus spp., Callionymus valencien-
nei, Pennahia argentata, Sebastes thompsoni, Parablennius yatabei, and Platycephalus indicus. Engraulis japonicus
individuals were collected from April to August and their presence contributed greatly to the total abundance of fish
larvae. The total number and abundance of species peaked in early summer and the Shannon-Weaver index was in
the range 0.11-1.49. Redundancy analyses revealed that the major environmental factors affecting the fish larvae as-
semblage differed according to the dominant taxa. Water temperature, zooplankton density, and Paracalanus parvus
s. L. density were the key factors affecting the spatial and temporal distribution of fish larvae in the southern coast of

Korea in spring and summer.
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Fig. 1. A map showing the fish larvae sampling stations (@) in the southern coast of Korea.
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Fig. 2. Monthly variations in temperature, salinity, and chlorophyll-
aconcentrations in the southern coast of Korea. A, Temperature; B,
Salinity; C, Surface chlorophyll-a; D, Bottom chlorophyll-a. Data
are mean with standard deviation indicated by error bars.
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Fig. 3. Spatial and temporal distribution of temperature and salinity in the southern coast of Korea.
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Table 1. Taxa composition and total abundance of fish larvae in the southern coast of Korea

248 - ol

- 47

T ks

Family Species April May June July August Total

Engraulidae Engraulis japonicus 80.8 131 468.4 774.3 181.4 1,518.0
Engraulidae Engraulidae sp. 04 0.4
Labridae Halichoeres poecilopterus 0.4 0.4
Labridae Labridae sp. 0.4 0.4
Sciaenidae Johnius grypotus 3.9 0.4 43
Sciaenidae Nibea albiflora 116.4 12.5 128.9
Sciaenidae Pennahia argentata 37.0 04 374
Sciaenidae Sciaenidae spp. 0.1 0.7 13.6 1.2 15.6
Scorpaenidae Scorpaenidae sp. 0.2 0.2
Blenniidae Parablennius yatabei 14.0 14.0
Blenniidae Omobranchus elegans 1.2 1.2
Leiognathidae Leiognathus nuchalis 1.2 121 0.4 13.7
Pinguipedidae Parapercis sexfasciata 14 0.3 1.7
Platycephalidae Platycephalus indicus 3.9 23 0.5 6.7
Sillaginidae Sillago japonica 0.8 0.3 1.1
Sphyraenidae Sphyraena pinguis 1.6 1.6
Gobiidae Odentamblyopus rubicundus 0.4 0.4
Gobiidae Gobiidae spp. 439.9 136.9 106.4 1026.5 141.3 1,851.0
Sebastidae Sebastes vulpes 0.2 0.2
Sebastidae Sebastes thompsoni 17.6 17.6
Sebastidae Sebastes inermis 20 2.0
Sebastidae Sebastiscus spp. 25.7 32.3 0.3 58.3
Cynoglossidae Cynoglossus robustus 1.6 1.6
Cynoglossidae Cynoglossus abbreviatus 04 0.4
Cynoglossidae Cynoglossus joyneri 35 35 7.0
Cynoglossidae Cynoglossus interruptus 0.6 0.6
Cynoglossidae Cynoglossidae sp. 0.6 0.8 3.0 44
Soleidae Soleidae sp. 1.0 1.0
Paralichthyidae Paralichthys olivaceus 0.8 0.8
Paralichthyidae Pseudorhombus pentophthalmus 0.8 0.8
Pleuronectidae Pleuronectidae sp. 0.2 0.1 0.3 0.6
Muraenidae Gymnothorax minor 0.3 0.3
Apogonidae Gymnapogon sp. 0.7 0.7
Trichiuridae Trichiurus lepturus 0.2 0.2
Lophiidae Lophius litulon 0.1 0.1
Callionymidae Callionymus valenciennei 1.0 22.3 9.7 6.0 49.0
Monacanthidae Rudarius ercodes 1.0 1.0
Monacanthidae Stephanolepis cirrhifer 0.5 0.5
Monacanthidae Monacanthidae sp. 0.8 0.8
Carangidae Caranginae sp. 0.3 0.3
Unidentified Unidentified larvae 0.6 5.6 5.4 11.6
Total (ind. 10 m?) 567.4 193.6 730.9 1,915.6 349.3 3,756.8
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Fig. 5. Spatial and temporal distribution of zooplankton and copepods abundance in the southern coast of Korea.
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Fig. 6. Spatial and temporal distribution of Paracalanus parvus s. 1. and Paracalanus copepodites abundance in the southern coast of Korea.
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%, Paracalanus copepodites, Paracalanus nauplii <& 7} A<=
of opo] Ak, Y1, 449l ¥l 23|11z Oithona copepo-
dites, Oithonanauplii, Oithona similis®} 2] A4S B S
W U 2] AR o) 52 374 Q9170 AFHd & Ho ] oFoltt.
o E

i o5 Fel¢tolA &8ss AR|ole F FEHA] &
A 244 28-S 235 233}, 417 Lol S, o] &2

sleke] Ax|o] FE 469

22 HX|(E. japonicus)2} &515(Gobiidae) AFX| 5

P AR A2} 3l-54 FEoll QlaliA] et o] A
© A& I 5 llon, 53], BA], H=ol R, SWolw
(Sebastiscus spp.) A2 o1 5] LI} 32 7o) EHH o]
Atk Falieh A s (A AQboll A o] AdYE A
T2 2o} 4= glof HHAQ W o AT e 24|
2 405E 87 ol FR@E-HAEANE oz
ZARSE 427] E5H(Yoo et al., 2017) Bof @A) Yelydct.
= wrafebal o] whs A sjelal A el RS o5l
A shefe] AAIsHe AR\l 50} F2 A A B BRE
YA o] 2 291 5300 oJeiiAl AR E L, o] 59
Ze A PS5 Sl (rare species)S2| FFE T
o & A QIth(Ramos et al., 2006). E3F, Z}2| o] 9]
744 B3sk HALe sleka 2710 v wzkshA] wkgat
(Shao et al., 2001), Ho|AE(Roman et al., 2019; Pepin and
Penney, 2000), 5~23} $+(Houde, 1989; Laprise and Pepin,
1995; Wang etal., 2021)2] #3}o] €]a4] &3-S w4 Tk &
3], o fF50] AMASh= 3|2 o] A5sHA HH AFAl7]
7} whe}x] 31(Thaxton et al., 2020), AF2t7|7ko] Zo]x]7]| % 8}
(Acha et al., 2012), &) H3} A|7F &3} 7] Al<ro] HAY
37 L (Hassell et al., 2008), At 3l & o] B-AFSF=(Auth et al.,
2018; Zhang et al., 2019) 5 AL o] ] A]-F7H4 B s Wsh
K120 2 Sl ke B mek &0 X4 0= Alatan
Q1o ™ (Park et al., 2019; Han and Lee, 2020), 3lju}t} o] 52 0]
E|H o) arap2o] WAk A 0= el A QItHKMA, 2017,
Yoo et al., 2018).
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Fig. 8. Spatial and temporal distribution of total fish and Engraulis japonicus larvae abundance in the southern coast of Korea.
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Fig. 10. Spatial and temporal distribution of Nibea albiflora and Callionymus valenciennei larvae abundance in the southern coast of Korea.
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Fig. 11. Non-metric multidimensional scaling (nMDS) ordinations
plot of sampling stations based on zooplankton abundance in the
southern coast of Korea.

A ApA] o7} HF EH sl 5 HAlrh

of w2} o] g5k wol g Aol HAlEIA
sinicus, P. parvuss. ., Oithonass Q779 42 FaA4d Q77
5o F Yo YEE o] §5t=t|(Uotani et al., 1978; Kim et al.,
2013), & AL9] FEwA Aol A A= P parvuss. .2+ 4
L neon], B AXol7t BEAL i slolS FAL
2 25} 8-S IR 4 93l SRR, 8ol WX A
olo) Ho| ¥ & o|- &5 = P parvuss. 1.3} Oithonas 821577}
TSl Eoal AA = S5 Al Qg gafieh A ol A
26°C o9 arg=2-0] PAJEHA PA] |0 9] ZdTFo| of

Table 2. Simper list of taxa contributing mostly to similarities
within the following periods, with a cut-off at 99%

g Contuion SR
similarity) b) (%)

A-group (April-May)

Gobiidae spp. 35.99 77.88 77.88

Sebastiscus spp. 6.76 14.63 92.50

Engraulis japonicus 3.44 7.44 99.94

B-group (June-August)

Engraulis japonicus 28.34 64.89 64.89

Gobiidae spp. 13.41 30.70 95.60

Callionymus valenciennei  0.79 1.81 97.41

sheke] 43 of £z
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Fig. 12. RDA biplot for environmental factors (red arrows) and
dominant copepods (black arrows). Labels are: Temp, Tempera-
ture; Sal, Salinity; Chl-a, Chlorophyull-a; Z. den, Zooplankton
density; P. par, Paracalanus parvus s. 1.; C. sinic, Calanus sinicus;
O. simi, Oithona similis; O. cope, Oithona copepodites; O. naup,
Oithona nauplii; E. jap, Engraulis japonicus; S. thom, Sebstes
thompsoni; Se. spp, Sebastiscus spp.; Cy. joyp, Cynoglossus joy-
neri; Cy. abbr, Cynoglossus abbreviates; Cy. robu, Cynoglossus
robustus; Cy. sp., Cynoglossus sp.; Jo. Gry, Johnius grypotus; N.
albi, Nibea albiflora; Pe. arg, Pennahia argentata; Pa. oli, Paralich-
thys olivaceus; Pl. indi, Platycephalus indicus; Ce. vale, Calliony-
mus valenciennel.

7 Asto] AA|E QI HollA 72 0 2 &3
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Table 3. Summary of redundancy analysis (RDA) for dominant taxa

and different environmental factors in the coastal waters of Korea

Axes-1 Axes-2 Axes-3 Axes-4
0.153 0.062 0.012 0.005

Eigenvalues

Species-environmental

' 0.615 0.372 0.467 0.419
correlations

Cumulative percentage

variance of species data 153 215 227 232
Species-environment relation 654 918 97.0 99.0
Sum of all eigenvalues 1.000
Sum of all canonical eigenvalues 0.235
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Table 4. Conditional effects and correlations of environmental variables with the redundancy analysis (RDA) axes

Environmental factors A F-value P-value X Correlation X
Axis-1 Axis-2
Temperature 0.05 8.95 0.002 0.674 0.0996
Salinity 0.01 213 0.074 0.0530 -0.1348
Chlorophyll-a 0 0.54 0.632 0.0436 0.0250
Zooplankton density 0.1 18.4 0.002 0.4723 0.0154
Paracalanus parvuss. |. 0.05 8.68 0.004 0.3501 0.2244
Oithona similis 0 0.61 0.610 0.3131 -0.1479
Calanus sinicus 0 0.53 0.654 0.0782 -0.0836
Oithona copepodites 0.01 1.23 0.284 0.3737 -0.0337
Paracalnaus nauplii 0 0.74 0.510 0.3695 0.0324
Oithona nauplii 0.01 0.72 0.536 0.2528 -0.0805

1HZ 0} 2 Gobiidae) AHAo} FHRH 02 TR 7} 18
of WA th o2 A7 7]ofsk= F o8 SRRIE =T, W=l
T} o) 752 Falihe] A Q1 7 F(resident species)©] 4]
TH(Lee et al., 2000), & tHd/d o] ot & 570l ol HaL = o]
A ol 59] R} AAof tigt A5k FEsith 53], i
djotol| AAlSH= WHEolf 5 = sl S (Amblychacturichthys
hexanema) (Myoung et al., 2021)3} |5 Chaeturichthys
stigmatias) (Ji et al., 2020)0] B3} o] 54 2 SEsH= 4
oz dHA Qlof & Aol ST HFolF AX| o5 ©f
= 7Y 7Fs/do] AR FEetA o ® F 5o o=
Aol A % defigtol] 8 sl= WEolFaol et FEiA &
23} g A5 RS Bo BAEY 4w Sl Wed
Ao g Holrh

=Z7|(N. albiflora)®] 42| o] = 5 WHE 8Y 271A] =2
19-23°C W Yol A] Abka](Takita, 1974; Kakuda and Nakai,
1981), AFt7]olli= Alo] W ke =2 o] Fsh= H4do] 9l
Loz o4 9rXianye et al., 2017). 2 Lol A= A
H7]17H1 6€ 3} 7ol 4lo] W oA FeebA] #a
SR, 8YHoll= =x7] o7k A AlskaL Abgtstr] A As)
7] Qe o] AR A ZAolH BdstA = A
oz gEglch A, o] B 14 elE Brskn A%
7}2(P. sextasciata), el (Platycephalus indicus), 2.5-*|(P. ar-
gentata)®] 22| 0|7} ¥ sk £ UEHEH, o= FolA]
H2|(P. argentata)2] 5= AFeh7| = 6-79 2 424 2lo](Jeon
et al., 2020), = A-tol|A] 8Ll ST X|oj52 T 4het
F3}eE 2o} 7} 2| o] 2 AgAsto] Adte] MERH JiAlE0] A
He Ao R FAE B3t B e SO JHH o R
2273t o521 8-A|(C. abbreviates), 7R HN(C. robustus), &+
ATH(C. joyner)®] AHx|o]7} E&s= S Bt ojop &
o] Ao E0 PSS L B, FefiehE oI5 H A
S5 A S o 2 o] 8 EE Fa% s de &4l

T UL, oot Ak} ol Al o] ApAJof TS FAL
75 B0 WA Bl Yolah, o] (Se-
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(Cynoglossidac) 12|05 0] ofa) §AE)E B4& o= A
© & ghE )
ol5e] 271} o] Tt AT e Akl 4
9 7t a 2 .91 7] HAE Akt S8t 9T of
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