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Seasonal variation of larval fish species composition collected from
Uljin, Gyeongbuk and Taean, Chungnam, Korea

Yun Ju Nam

Department of Marine Biology, The Graduate School,
Pukyung National University

Abstract

Fish larvae were collected every month from January to. December 2010 to
examine the spawning characteristics of selected fish species in the East Sea of
Korea and the Yellow Sea. The seasonal and spatial distributions of larvae in Uljin,
Gyeongbook | (East Sea of Korea) and Taean, Choongnam (Yellow Sea) were
investigated in relation to environmental factors (surface temperature and salinity). A
total of 30 taxa of 21 families under six orders were identified in Uljin, Korea, and
a total of 37 taxa of 20 families under four orders were identified in Taean, Korea.
The number of taxa and individuals in Uljin increased most during the summer and
decreased during spring-to fall.. The number  of taxa and individuals in Taean
fluctuated substantially between the seasons.” A significant correlation was detected
between surface temperature and the population number of the dominant species.
Larvae of Engraulis japonicus were collected in Uljin from May to October and in
Taean from June to September. The abundance of fish larvae also differed, with the
greatest number of total individuals collected in July in Uljin, while the most
individuals were collected from June to July in Taean. The larvae of Ammodytes
personatus, which were collected during winter in both regions, were most abundant
in December to March, with the greatest number of individuals collected in January

in Uljin, while in Taean they were most abundant from December to April, with the

- Vil —
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greatest number of individuals collected in February. Moreover, warm-water dwelling
fishes such as Halichoeres poecilopterus and Chromis notata, which were not found
in Taean, were collected during summer in Uljin, and cold-water dwelling fishes
such as Pholis fangi and Liparis tanakai, which were not found in Uljin, were
collected during winter in Taean. Throughout the study, spawning seasons for the
major dominant species in the East Sea of Korea and Yellow Sea, such as E.
japonicus and A. personatus, were similar regardless of the water conditions.
However, the spawning season for E. japonicus, which spawn during spring and
summer, begins earlier and lasts longer in Uljin compared to Taean. The spawning
season for A. personatus,which spawns during winter, lasted longer in Taean

compared to Uljin.
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olgt gl AAlofef tfgh A= HfFFelA 1800t Fukel HufA e of
(Gadus macrocephalus)$} ™8 Bl (Theragra chalcogramma)®] o &kof] th3t A= Az
91 © w(Miller and Kendall, 2009; Sars, 1865), %-2lugtoll A= 19700l &= =
alo] ofgk 9l ApA|o] H3of tdt AtE Al ZHE ]l tH(Cha, 2002; Im et al., 1970).
olgt Bl Ao} o] i A o] Fo A o] AHAE ol
T 7124 AREA B olygk Aoje 7 Adulsel tig e ls st
3 o F3t=d S olti(Chun et al., 2004; Kim, 1991; Lasker, 1975; May,
1974). 22yt Aol AlF3HA EdI FxE Aorh AA e A, AbEHA
71 2 FH, ARG FH AR WEkd, ARl 2, A F A

HE 3 2 BE2 Q(Leis, 1991)3 @l 7, HEE, 480

HEaksl ge e T@ss BUy Q9 A5 g el o 9L
Wk (Haury et al. 1978; Owen 1981; Denman and Powell 1984; Norcross and Shaw
1984; Kingsford 1990; Gray; 1993), 1 % 3l W xH{ek 22 =84 221&9
el FetAl S W wzel AATF HAE AAYHE e a8 S

2 s stel| wel & WolE LR th(Saville and Schnack, 1981).

o
Ak
°
AL
1o
ol
12
flo
H
X
offl

3, s @ galE ol o, Al s el
7193 s gefshs tdd a7t SAlsk=l(Bae and Kim, 2012), -2
o= 2, 11Y¥9 thupkF(Tsushima Warm Current) o] 312 #]F<l &
St (East Korean Warm Water) 9} 538 SH¥Z3E Aore ulel Falsts A2,
A e E3H3F(North Korea Cold Current)”} Eajot ko] xjujz <l ks =+

Il QltH(Park et al., 2013). ©] F &l A} 7dEA wel fF9F 2 FY
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BAE7F Wgtelm, F2AAY X7 vl AT E5dd 2 dag @Y
o] FAIZ Yrtyr] wiel = Fall 579 FHES HAtk(Lee and
Chang, 2014; Han and Kim, 2007). 33l+= &l (Yellow Sea Warm Water)7} &

ASATE 1 A mokate], 2pgbuke] b 27) wlEe] SRR 27

ato] ado] Far, B diekd Y A 2 gho® o]Fo] A 9lrh(Jeong et al.,

AR 5 ALEY] FF
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=
1o
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o)

= YA HER Feirt Y m2bd 223 gQlsel ol et ddF= T

SEete) ol A & {4 olFE o 685%E £ WE
o (FH7HEA T, KOSIS), HlF-Eel A olft el dael Bt
AN gEetw BAol HHoR I, & 1HS T, A & aFe
Fa) 2 o FFThL el A QITHNFRDI, 2005). T Sebete] B.ahds) BT
o A23A| 7k Gwak and. Nakayama (2011)9)] 2lsl¥l 3tRbL FH o] A2 1l

e dias FAstEoR Fall, e 9 Falo] A A ALer F2E
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30
o
Kl

ow, A e FeiAel wstel A7]7F Za(Seo et al,
2007), + AbsbA719] A9 E A o= 1~2€(Chyung, 1977), S&iAl o4+
12195 Hau¥o] #YER o7} v= As & 5 Utk 7 (Ammodytes
personatus) H=3F FA-FEsA o w Falol el ATow R F Tl B
¢ =d(Kim et al., 2008), F43 A% Z& A7t gaAe] nvske] Ao

}_?:
W, HFEIZF AxuiErle B3 gz dolsigith webe U FAA
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gt FPEE FE4 54 9 ANA7F A Apolrh yE R, of {Fo] A&A A
AF FAE Q8 2 Sl ERE o] AraAY] 9 atREA S dhetste] T EXA
2 A A ks mhdsto]ol St

g8y Sy of@ © AX o] el #ek AT FallolAE FE(Kim et
al., 2002, Lee et al., 2010), &7]7t~24% 7% (Chun et al., 2004), &Y wH(Han et
al., 2003), &%l(Han and Kim, 2007) % ¥/J(Cha et al., 1991)¢|4] 3= gl o,
gajo = SForel 2 #8(Kim et al., 2005b), oFAFRHKim et al., 1994a) 2 =+
3] Z%5*-(Cha et al, 1990) 52 ®W2 dGelA FHEHAO, a2 3l el
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21 AR A, A7) L By

Zko]l EE o AP AE 231 W F HQE Ao et &1 Y
o= 67 AA, Bl oA 5719 HAoA] 2010W 12FE] 12€97+4] uj
4 F 123 AA A THFigs. 1~2).

#Fef o] A% RN8O net ("7 0.8m, & 0.330mm) 2715 A5t o] &5

of wig 4, T Ut g Fa e FHAFRAIL Y =Ttk
ARAAE 2R T ARl AT o F R 2 BFA0lA AolE AT

Aol B dato] ZPH AR(AR TN FYRAI 2, KOOFS)E ol G35tk

23 #Aol9 F 3, A % A = 4

AR BELS A Ao NI A A(dE 200m)o] Fo] FEEE A
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Z)(washing)3t 3, A F3A ] (Olympus, SZ51)& o]g3eo] #ojE E

(sorting)atil s oM, 7t FFRTEE Al (counting)sFATE ZFol ] A

rr

A A A

2]

A o ofae s5He Astel wel AXY )

[e]
o
A FRAIL,000 m)E FHabsATh AFole] s Kim et al. (1981, 1986, 2011)

4l Okiyama (1988) 5= astlow, E7AlAlet 8 Kim et al. (2005a)=

NEow stk

24 A5 FAF A=

24.1 I3 vl

7 slolo] BE £ BE dvel wws dlekel, WL 99 B 44

H 82, et AlddE 282 SPSS (IBM Inc., ver.12.005 o]&3fo] Al

M
1%
o
>,
>,
ol
ol
2
K
N
N
ko
O
ﬂJE

pebdh ¥ Aol Z2 Aol B HAWRA ZAE A (ANOVA, analysis
<

of variance)= AAIstaL, FHAdol T ol HEF ALY

Kruskal-Wallis test=- 2 Al 6}$ T}

2 Levene HAO R FAFe] &7 /d(homogenety)S

Q]

R4

2 gl A Ed A o vas slsked &9l AT HA =RA

/1,000 m')E 5 S (log(x+1))= sk AFE=E SPSS (IBM, ver.12.0)5 ©]&3to] i

>

RS AAEEAT BAEA S 7 QU™ E Levene HAHO® ko] FA

(Levene)S stebet ¥ FAAJol e Afele By ATHA 2R
(ANOVA, analysis of variance)= AAletow, F2dA o] e Aol HE

A7) Kruskal-Wallis testE A3}t
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24.3 AR

THTE A4S AT AHATE 2 el AHE Al BRI o
@9 AAFT A FENAL000 m) AEE ARSI SW, PRIMER (Plymouth
Marine Laboratory, ver. 5.0)& ©]-&3lo] FtheF=(H', Shannon and Weaver, 1949),

S I2(d, Margalef, 1958) ¥ 5 %=(J', Pielou, 1966)E =3}t

244 TREA

S

T A (cluster analysis)> ZF sl oAl A Ajojo] 99 4 FHH =4

ek w9l AAT A FERAL000 m)e] AsE AHESRe] PRIMER

|

(Plymouth Marine” Laboratory, ver. 5.0)5 ©]83t6] AAISITE 3 EAAl ©he] A
A AA 7 ARE AHEekE WEAlole] &gk 5o HFS Hhy] & 21
(log(x+1)) A= ¥&e ZARE o]&sigicth Ao w38 4 2 AW A=

=745 98] Bray-Curtis f-AF: #55(Bray and Curtis, 1957)2 T3}, GAME A<
= SAE T Ht(group average) A WA O = A A|Sle], %] % (dendrogram)E
ZA3F & v A% vhap 2 d =9 (nMDS,  non-metric - multi_dimensional scaling)& !
Alstoy 22k FRbellA Ftx ApolE spolsigivh sk TR T Y A9 weld
zZh R e S vAlE EFs 9okl 918 SIMPER (similarity-percentages

procedure) 415 A A]SFSItH(Clarke and Warwick, 2001).

5 58 W 23 QR Aol 28 A £ 9 Aol Av]ske wAel ds)
of #ReAWR 77 BAsGow, 7 Al SHE Aol AA FH AA

FORAL000 m) B Aol Ar\(mm) ARE AHESE, @9 ALY AA 5
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ko] G715 5 SH(log(x+1))S 3 AFEZ SPSS (IBM, ver.12.0)E o] &3lo] A
HEAS AASE Y. AR Avojwl =9 AFdAIS(r, Spearman rank

correlation coefficient)E -3}l T
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[ ] [ ]
St.1 St.2

36° 45'N

36°40"'

129° 26’ 129° 30'E
Fig. 2. Sampling stations of fish larvae collected monthly from

January to December 2010 around the coastal area of Uljin,
Korea.
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36°30'N

36° 257

T - T

126° 15’ 126° 25'E

Fig. 3. Sampling stations of fish larvae collected monthly from January to December 2010 around the
coastal area of Taean, Korea.
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T2 86~223TC (F 15.0C) W=, 2010 1€
4€97+4] 8.6~106TC=E W 25 FASIH7t 5EHE S71st7] Alzste] 7€
Ha 223CE 7P =gkor, 10858 A4Skt A &< E 20To]

Aol 4L 7|HE 6, 7 W 99 % FHEEHG A 89O FH T2 17.0CE Hol

B ol Sy 3 Wt Y4 e 2o HA AT o

garEch agan AHDY F2 Aol AA 2gky, FH 1-49M = 3l &+
20] 7} ko), A 59 6ol 49 20 7 wkw, 4 29 4~6
AME 7€l 7hE =oy, A 13 39A = 9€el /P =okth 7 9
T2 ARE o|gste] ate] FAA(Levene F7%=10.988, P=0.000)= 753+
Z, 0217 W ol Kruskal-Wallis test d v, F&& 9@ {23 AJo]7} 9l
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T2 AAEE Fold zko)7F LA THP>0.05).
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Fig. 4. Monthly variations of-surface water temperatures from ‘January to
December 2010 around the coastal areas of Uljin and Taean,
Korea(Vertical bars indicate standard deviation).
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Fig. 5. Monthly variations of surface water salinity from January to
December 2010 around the coastal areas of Uljin and Taean,
Korea(Vertical bars indicate standard deviation).
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32 BE =R A T2 AZHT

SR AYE Aol= F 65 213 3070 RF, Far 106.1 7HA/1,000 m
2 o] F T B TS H(family) E F(genus) FE7HA, I EFTS vEA
Aol Z Agatdlnh ols T 5 =8 ¥ 59 EFT v 5ol F(Perciformes)
Zpel7b 117 137 EFT(43.3%) o E g ol Edon, thorE ¥
o] £ (Scorpaeniformes) A7} 43 771 &77(23.3%), 7FAFH] - (Pleuronectiformes)

AFo1 7} 23} 37) EHF4(10.0%), E-o]E-(Tetraodontiformes) #}ol7} 23} 27} H7F3+

(6.7%) 12|31 “J o] & (Clupeiformes)Z} 5] (Stomiiformes) #Foi7}F z+7; 13} 1
N EFTER3%N) clE EdAY. HHE E9 ¢ BT TE B FEFH

(Scorpaenidae) 2} ¥ W] =212 Z}(Blenniidae) #to] 7} 37) FEHTFo® Jh Wol ¥
st or, o2 FHw v ZH(Hexagrammidae) 2k @ X] 2} (Paralichthyidae) Ao 7}

727k 27 BHes S (Table 1). A ol QoiA A $H A

Y

=
T

e

& X (Engraulis japonicus)® 89.6 7BA|/1,000 m7F AAEHS HAA AA 9
84.4%% AFA|SFA AL, L e 02 B4 oFE 4 (Repomucenus spp.) 1= 7F 11.1 7l
A/1,000 mE AA HA F 105%E AR H, dH A zpol= HA A

2] 10.0% ©o]3stzE ZA3tStH(Table 2).

321 €4 oo FXA Hlw

dEE AT 2R ¢ % e AsE AYEY, 1130 ER

En

0.2~972.6 7NA0/1,000 m'e] HH=Z, 1¥€el= 571 =+ , 13.0 73A1/1,000 m’, 2Ll

© 5/ &7+, 6.2 Z1A/1,000 m' 1813l 3€el= 3 R, 2.1 Z1A1/1,000 mf
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e A S A EkdTh 7€el= 1370 R, 972.6 70A1/1,000 m b EE St
o, 28 w4 A F7F Mg S7reka, 1 5 @A 7F 953.8 70 #1/1,000
mzZ 3 A 2 98.1%E AAEH st 8ol 7 R/, 56.8
AA1,000 m'7F @8R o, 578 AT A2 WA F7F FAEA
3, FAGHSE AR 24 MA 79 77.3%E AA S SR s 9ol
1070 ®F<5, 181.8 7HAI/1,000 mE 8¥e HlStel & R o A U
S7tetslon, HX7 tal -dste Edsdnh 10€el= a7l R, 252 70
/1,000 m', 11¥el+= N 75, 0.2 ZHAL,000 m, 12€el= 27 7, 1.0

ZRA/1,000 m'=2 10€ o] FE TR T4 WA FUF B gasksiorn, 12€99

= YA oFQ 7hdEzr gl 45k wE A AY Y Fd SR 9
MA G 79l 7 wekar, 119l 7 A Auk(Fig. 5, Table 2). X oA A

A 7ol €8 Fd JNA FF ol gske] At F34d(Levene 5 Al E=6.374,

P=0.000)S #HE3 5, B A Wy Kruskal-Wallis test 23, x}ojo] 94w
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Table 1. Number of taxa of fish larvae collected every month from January to
December 2010 around the coastal area of Uljin, Korea

Order Family No. of taxon N (%)*

Clupeiformes Engraulidae 1 3.3

3.3

Stomiiformes Sternoptychidae

Scorpaenidae

Platycephalidae
Scorpaeniformes 23.3

Hexagrammidae

Cottidae

Sillagnidae
Carangidae
Teraponidae
Pomacentridae
Labridae
Perciformes Pinguipedidae 43.3
Ammodytidae
Blenniidae
Callyonimidae
Gobiidae

Scombridae

Paralichthyidae
Pleuronectiformes 10.0

Pleuronectidae

Monacanthidae
Tetraodontiformes 6.7

Tetraodontidae

Wk P[P NP P P ®W R P P P P P P[P NP [P

Unidentified species Unidentified species 10.0

Total : 30 Taxa, 21 Families, 6 Orders

“ N (%) : Percentage of the total number
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Table 2. Monthly taxon composition and abundance of fish larvae around the coastal area of Uljin, Korea

(unit: inds./1,000 m')

Family Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean N(%”
Engraulidae Engraulis japonicus 0.8 9.6953.8 6.71035 0.8 89.6 84.4
Sternoptychidae Maurolicus japonicus 0:2 <0.1 <0.1
Scorpaenidae Hypodytes rubripinnis 1.6 01 0.1

Sebastes pachycephalus 0.3 <0.1 <0.1
Sebastes schlegelii 0.2 <0.1 <0.1
Platycephalidae Platycephalus sp. 2.4 02 0.2
Hexagrammidae Hexaqgrammos agrammus 0.3 <0.1 <0.1
Hexaqrammos otakii 59 09 03 0.7 06 0.6
Cottidae Cottidae spp. 03 05 11 0.2 0.2
Sillagnidae Sillago japonica 1.3 0.1 0.1
Carangidae Carangidae sp. 0.5 0.1 0.1
Teraponidae Rhyncopelates oxyrhynchus 0.9 0.1 0.1
Pomacentridae Chromis notata 0.4 2.3 0.2 0.2
Labridae Halichoeres poecilopterus 3.5 0.3 0.3
Pinguipedidae Pinguipedidae sp. 0.3 <0.1 <0.1
Ammodytidae Ammodytes personatus 6 3= i6 WNO.W 0.3 09 0.8
Blenniidae Omobranchus elegans 1.3 0.1 0.1
Parablennius yatabei 0.9 0.1 0.1
Blenniidae spp. 5.4 2.0 0.6 0.6

VN (%) : percentage abundance

% Blank : Larva was not collected.
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Table 2. (Continued.) Seasonal taxon composition and abundance of fish larvae around the coastal area of Uljin, Korea

(unit: inds./1,000 m")

Family Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean N(%l)
Callyonimidae Repomucenus spp. 1.7 52 438 60.2 215 0.2 11.1 10.5
Gobiidae Gobiidae spp. 0.2 1.4 3.8 05 05
Scombridae Scomber japonicus 0.3 <0.1 <0.1
Paralichthyidae Pseudorhombus pentophthalmus 1.7. 11 17 04 04

Tarphops oligolepis 0.8 0.1 01
Pleuronectidae Pseudopleuronectes yokohamae 0.9 01 0.1
Monacanthidae Rudarius ercodes 1.0 01 01
Tetraodontidae Takifugu niphobles 0.2 <0.1 <0.1
Unidentified species Unidentified spp. 05 03 03 1.4 2.4 04 04
Unidentified sp. 1 0.8 01 0.1
Unidentified sp. 2 1.4 0.1 01

Total 13.00 62 21 09 11 1169726 56.8181.8 252 0.2 1.0106.1

No. of taxa 5 5 3 3 2 3 13 7 10 4 1 2 30

VN (%) : percentage abundance

% Blank : Larva was not collected.
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Fig. 6. Monthly variations of taxon richness and abundance of fish larvae
communities around the coastal area of Uljin, Korea.
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XA AFE Ao FAE =4
(Levene % 7%=0.418, P=0.835)2 753t

(one-way ANOVA) A3}, #pofe] HHH =

(P>0.05).
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Table 3. Taxon composition and abundance of fish larvae by station around the coastal area of Uljin, Korea

(unit: inds./1,000 m')

Family Scientific name St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 Mean N (%)"
Engraulidae Engraulis japonicus 38.3 158.3 36.8 87.3 110.0 107.0 89.6 84.4
Sternoptychidae Maurolicus japonicus 0.1 <0.1 <0.1
Scorpaenidae Hypodytes rubripinnis 0.8 0.1 0.1

Sebastes pachycephalus 0.1 <0.1 <0.1
Sebastes schleqgelii 0.1 <0.1 <0.1
Platycephalidae Platycephalus sp. 0.7 0.5 0.2 0.2
Hexagrammidae Hexaqgrammos agrammus 0.1 <0.1 <0.1
Hexagrammos otakii 1.2 1.1 0.1 1.0 0.3 0.3 0.6 0.6
Cottidae Cottidae spp. 0.6 0.2 0.1 0.2 0.2
Sillagnidae Sillago japonica 0.3 0.3 0.1 0.1
Carangidae Carangidae sp. 0.3 0.1 0.1
Teraponidae Rhyncopelates oxyrhynchus 0.1 0.3 0.1 0.1
Pomacentridae Chromis notata 0.2 1.2 0.2 0.2
Labridae Halichoeres poecilopterus 0.7 1.1 0.3 0.3
Pinguipedidae Pinguipedidae sp. 0.2 <0.1 <0.1
Ammodytidae Ammodytes personatus 1.1 0.6 0.5 0.6 1.4 1.3 0.9 0.8
Blenniidae Omobranchus elegans 0.6 0.1 0.1
Parablennius yatabei 0.2 0.2 0.1 0.1
Blenniidae spp. 0.5 1.4 0.2 1.0 0.6 0.6 0.6
VN (%) : percentage abundance
% Blank : Larva was not collected.
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Table 3. (Continued.) Taxon composition and abundance of fish larvae by station around the coastal area of Uljin, Korea
(unit: inds./1,000 m')

Family Scientific name St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 Mean N (%)“
Callyonimidae Repomucenus spp. 14.3 195 6.2 135 6.2 6.6 111 10.5
Gobiidae Gobiidae spp. 15 0.4 0.5 0.2 0.2 0.5 0.5
Scombridae Scomber japonicus 0.1 <0.1 <0.1
Paralichthyidae Pseudorhombus pentophthalmus 1.2 0.9 0.2 0.4 0.4

Tarphops oligolepis 0.4 0.1 0.1
Pleuronectidae Pseudopleuronectes yokohamae 0.1 0.3 0.1 0.1
Monacanthidae Rudarius ercodes 0.5 0.1 0.1
Tetraodontidae Takifuqu niphobles 0.1 <0.1 <0.1
Unidentified species Unidentified spp. 0.3 0.8 0.1 0.8 0.3 0.4 0.4
Unidentified sp. 1 0.4 0.1 0.1
Unidentified sp. 2 0.7 0.1 0.1

Total 59.6 184.6 45.7 106.2 120.8 119.3 106.1

Number of taxon 13 11 12 14 10 13 30

VN (%) : percentage abundance

% Blank : Larva was not collected.
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Table 4. Number of taxa of fish larvae collected every month from January to
December 2010 around the coastal area of Taean, Korea

*

Order Family No. of taxon N (%)

Clupeiformes Engraulidae 1 2.7

Scorpaenidae
Scorpaeniformes Hemitripteridae 18.9

Liparidae

Apogonidae
Sillagnidae
Carangidae
Sciaenidae
Stichaeidae
Pholididae
Perciformes Pinguipedidae 59.5
Ammodytidae
Blenniidae
Callyonimidae
Gobiidae
Sphyraenidae

Scombridae

Paralichthyidae
Pleuronectiformes Pleuronectidae 16.2

Cynoglossidae

R (W N R P O R N R P P P R P R N[N RPN

Unidentified species Unidentified species 2.7

Total : 37 Taxa, 20 Families, 4 Orders

“ N (%) : Percentage of the total number
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Table 5. Monthly taxon composition and abundance of fish larvae around the coastal area of Taean, Korea
(unit: inds./1,000 m')

Family Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean N(%D
Engraulidae Engraulis japonicus 5395 7357 1357 52 118.0 13.3
Scorpaenidae Sebastes inermis 2.3 0.2 <0.1

Sebastes longispinis 12 0.1 <0.1
Sebastes pachycephalus 21 0.2 <0.1
Scorpaenidae sp. 16 0.1 <0.1
Hemitripteridae Hemitripterus villosus 14 0.1 <0.1
Liparidae Liparis tanakai 84 54 87 69 06 25 0.3
Liparis sp. 11 0.1 <0.1
Apogonidae Apogon lineatus 31 0.2 <0.1
Gymnapogon spp. 47 177 24 21 0.2
Sillagnidae Sillago japonica 368 635 07 84 0.9
Carangidae Carangidae spp. 19 0.1 <0.1
Sciaenidae Nibea albiflora 395 33 04
Stichaeidae Stichaeidae spp. 11 27 20 0.2
Pholididae Pholis fanqi 398L7 1,008 4400 857 11 4615 51.9
Pinguipedidae Pinguipedidae sp. 0.9 0.1 <0.1
Ammodytidae Ammodytes personatus 134623 256 . 94 65 97 1.1
Blenniidae Omobranchus elegans 12.6 09 0.7 1.2 0.1
Parablennius yatabei 1.0 17 0.2 <0.1

VN (%) : percentage abundance

% Blank : Larva was not collected.
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Table 5. (Continued.) Monthly taxon composition and abundance of fish larvae around the

coastal area of Taean, Korea

(unit: inds./1,000 m')

Family Species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean N(O/d“
Callyonimidae Repomucenus spp. 34.8 7167 418 88.6 10.0
Gobiidae Acentrogobius pflaumi 1742 228 07 165 1.9

Favonigobius qymnauchen 3292 1689 6.2 42.0 47
Luciogobius sp. 11 0.1 <0.1
Tridentiger trigonocephalus 22 0.2 <0.1
Gobiidae sp. 1 413 1478 15 159 1.8
Gobiidae sp. 2 3599 53 304 34
Gobiidae sp. 3 0.9 0.1 <0.1
Gobiidae spp. 13 10 1.0 2.6 05 01
Sphyraenidae Sphyraena pinquis 21 0.2 <0.1
Scombridae Scomber japonicus 18 0.1 <0.1
Paralichthyidae Pseudorhombus pentophthalmus 24 0.2 <0.1
Pleuronectidae Pseudopleuronectes herzensteini 10 34 0.4 <0.1
Pleuronichthys cornutus 0.9 0.1 <01
Cvnogdlossidae Cynoglossus joyneri 13 9116 731 822 9.2
Paraplagusia japonica 1.0 0.1 <0.1
Cynoglossidae spp. 28 0.8 0.3 <0.1
Unidentified species Unidentified spp. 82 0.7 0.1
Total 40049 10975 4743 103.0 136 5432 16488 26039 1437 12 09 298 8887
No. of taxa 4 3 3 4 8 3 14 18 14 1 1 3 37

VN (%) : percentage abundance

% Blank : Larva was not collected.
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T 1,969.2 71A1/1,000 m7F EHSFHN O, o] F FojE oyt 137 187 i

o, R et e 2

S
u
SV
U
it

o

A= }x 7} 1,325.1 71 #)/1,000
m (67.3%)% 71 ol Edalth wEbA R/ v g Eg % Al

of AN A 34 S wRow, AA i sbg Al 9% P 5ol

2

T e HA ¢ B P A =Y

e

Mg wel ST, 37 4l

3} thH(Fig. 12, Table 6).

ox

gietel A AP E Aole] FHE 2 WA FE o8t ZAte 4
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(Levene 5 7%=0.463, P=0.762)3 753t

e

(one-way ANOVA) A3t #ole] A Ed A F+= #93%

(P>0.05).
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Table 6. Taxon composition and abundance of fish larvae by station around the coastal area of Taean, Korea

(unit: inds./1,000 m")

Family Scientific name st. 1 St. 2 St. 3 St. 4 St. 5 Mean N (%)’
Engraulidae Engraulis japonicus 61.6 105.1 124.4 117.2 181.7 118.0 13.3
Scorpaenidae Sebastes inermis 1.0 0.2 <0.1

Sebastes lonqgispinis 0.5 0.1 <0.1
Sebastes pachycephalus 0.9 0.2 <0.1
Scorpaenidae sp. 0.7 0.1 <0.1
Hemitripteridae Hemitripterus villosus 0.6 0.1 <0.1
Liparidae Liparis tanakai 3.4 0.5 2.4 4.8 1.4 2.5 0.3
Liparis sp. 0.5 0.1 <0.1
Apogonidae Apogon lineatus 1.3 0.2 <0.1
Gymnapogon spp. 2.2 1.8 1.8 1.3 3.3 2.1 0.2
Sillagnidae Sillago japonica 6.8 9.6 4.7 3.1 17.8 8.4 0.9
Carangidae Carangidae spp. 0.4 0.4 0.1 <0.1
Sciaenidae Nibea albiflora 5.4 2.4 1.3 2.3 5.0 3.3 0.4
Stichaeidae Stichaeidae spp. 5.3 3.2 1.5 2.0 0.2
Pholididae Pholis fanqgi 187.5 149.7 516.1 129.2 1,325.1 461.5 51.9
Pinguipedidae Pinguipedidae sp. 0.4 0.1 <0.1
Ammodytidae Ammodytes personatus 5.3 15.9 8.5 10.2 8.9 9.8 1.1
Blenniidae Omobranchus elegans 1.3 2.0 2.7 1.2 0.1
Parablennius_yatabei 04 0.4 0.3 0.2 <0.1
VN (%) : percentage abundance
% Blank : Larva was not collected.
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Table 6. (Continued.) Taxon composition and abundance of fish larvae by station around the coastal area of Taean, Korea
(unit: inds./1,000 m")

Family Scientific name St. 1 St. 2 St. 3 St. 4 St. 5 Mean N (%)’
Callyonimidae Repomucenus spp. 111.4 108.5 76.6 82.1 64.4 88.6 10.0
Gobiidae Acentrogobius pflaumi 11.3 24.5 15.1 10.5 21.0 16.5 1.9

Favoniqobius gymnauchen 46.3 67.9 29.3 35.2 315 42.0 4.7
Luciogobius sp. 0.5 0.1 <0.1
Tridentiger trigonocephalus 0.5 0.4 0.2 <0.1
Gobiidae sp. 1 17.7 13.7 16.5 7.8 23.8 15.9 1.8
Gobiidae sp. 2 9.0 8.5 20.1 9.1 105.5 30.4 3.4
Gobiidae sp. 3 0.4 0.1 <0.1
Gobiidae spp. 0.8 0.9 0.7 0.5 0.1
Sphyraenidae Sphyraena pinquis 0.5 0.4 0.2 <0.1
Scombridae Scomber japonicus 0.8 0.1 <0.1
Paralichthyidae Pseudorhombus \pentophthalmus 1.0 0.2 <0.1
Pleuronectidae Pseudopleuronectes herzensteini 1.4 0.4 0.4 <0.1
Pleuronichthys cornutus 0.4 0.1 <0.1
Cynoglossidae Cynoglossus joyneri 65.3 46.2 58.9 70.0 170.4 82.2 9.2
Paraplagusia japonica 0.4 0.1 <0.1
Cynoglossidae spp. 0.4 1.1 0.3 <0.1
Unidentified species Unidentified spp. 2.2 0.9 0.4 0.7 0.1
Total 538.1 557.4 890.6 488.8 1,969.2 888.8
Number_of taxon 19 18 26 17 24 37

VN (%) : percentage abundance

% Blank : Larva was not collected.

Collection @ pknu



36° 30 'N

st.1
Oepasu-do
Yo
1 Winter 7?.
B Spring (o]
B Summer 0
H Fall
M 150 inds./1,000m?

S
0 5km

126° 15’ 126° 25'E

Fig. 13. Spatial variations of taxon richness and abundance of fish larvae communities around the coastal
area of Taean, Korea.
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333 THTE
1) €8 THT=
48 F FH¥E(d)x 000~2.68(Fw 0.98+1.02), vs=(J)= 0.00~0.95(F v

0.35+0.31) 181 % TS E(H)E 0.00~1.98(H 1 0.71+0.75)% =7 590 714

w3l 1089 1180l 7P @A deEle § 3H R, deE 8§ O9E B
59, 7¢¥ 4 8dof = I 1190 yokEd), 5¢, 7€ W 8do= EH B

ngell= 2d 277 9% A F7F 7P A3lv] dEl R S h(Fig. 13).

4 A0 FAIEE B GAE 60.0%E V|=Oo R 2719 1E3 671 9%

TEEIY, 25 [+ 799 8L (FAE 62.9%), 15 IS 1~49L(FAE 78.6%)%
TRATERZE vREla, UM AE 98 ool OFY ta ot s RAe

AATHFig. 15). ¥ EA A " 2708 15 Aol Tloste ERT
59 7 E Aend, 05 I (7€ 89)2 AU EO] 194% 183

F I (1~49)= IEd7l 53.8%2 710125 Yehfgith

2) ARE #H+=x

AAE F THE)T 258~3.68 (B 2.97+043)= FH 3eA M =,
A 4 7 S A YERsTE #5505 0.40~0.69 (3 0.58+0.14), & TR
(H)= 1.27~2.00 (H 1.742032)% #5559 £ k= A 2004 7H4 =,
43 5ollA 7B @A debged, 3 204 g - vlste] 2 2R

T oA S AR AAEA, AL ol F, WA, THlF § o
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ARoR FEHY, 25 [ AFe] X dF 19 2 (FAS 88.5%), 1w
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Fig. 14. Monthly variations of ecological indices of fish larvae

communities around the coastal area of Taean, Korea.
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Fig. 15. Spatial variations of ecological indices of fish

communities around the coastal area of Taean, Korea.
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Fig. 16. Dendrogram (a) and nMDS (b) from cluster analysis that shows the
relationship of fish larvae communities among sampling periods of the
coastal area of Taean, Korea.
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Fig. 17. Dendrogram (a) and nMDS (b) from cluster analysis that shows the
relationship of fish larvae communities among sampling stations (c) at the
coastal area of Taean, Korea, from January to December 2010.
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EA)

SR o= 5~10€ 0] 1.52~17.62mm WY A7]|~-F7|=pol7} s o,

3.4.1 Engraulis japonicus (=% :

Eloto| A= 6~9Y ol 2.55~32.11mm W] A 7| AFol~x 07} E& BT,

=3 AL ik A BF 52 7bel AW, Feols o mEeta, 9

i

Qe w9 9% gAY Atk FA=uE B Fguth A 9xs
o, SAnn] 74 Barel FRO X7} AAdck 40 B SMLTE

Qash 2ohw PO W gAuel 19% gon, g wore FAs¥: v}

®K
offl
K
B
i
N
§
)
=
W
-z
=
rr
=
il
A
2
%0,
v
E
[
o2
Ao
ok
[
B>
F
rlr
=
i)
1o
=

el Hy JZs AmEd, dr7|Re]vle X AR AR
1.52~3.82mm " (F+ 2.26mm)H I loH, Bt JHA S A2 2.55~5.04mm (FH
3.36mm)H AR AL, F7|RA 7]l &3 A L) AL 4.67-8.54mm. (B 6.17mm)
Heojgdon el MA el AAe 552~855mm (P 71TmmE YR, 18 T
ANA A el &2 A Y HS 8.41~17.62mm (- 9.40mm)E 1 o1, Bk 7Y
Aol AL 8.74~13.97mm (H 1 10.30mm)H ¢ ot wpEbA] wEdAE e EA
2 FAREA R, A H A 2xle nske] Hgr AAZE ZTH(Fig.

17).

3.4.2 Sebastes pachycephalus (&7 : 7j&e
SXlo A= 2€e 516mme] F7|AoiRt ZddE oH, HQtelA = 6€el

6.81mm<e] F7] Aot &3 EFSTh
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0 26.7% TL), T AF2 Ao (&% 1 521% TL, Bt : 51.1% TL), SAAX
v =% Al nlste} Bick A A Exsta gl on, &3 A=

Aagche] EALEE eto, Bt ARt SAREA UERA okt

3.4.3 Sillago japonica (5% : X H)

SR A= 780l 2.76~6.56mm W2 2] H7)~F7] 2] 7k @Gl o, Bt
M 7~9¥€e] 2.09~17.39mm W 9] 2] W 7])~F 7)Ao 7 FHA 63

=3 A e Bt A RE-GE el wbwe SHstal b djlor,
SAEEE A7~ 71Ae 7] Aste] wiFo = ok HE BT A,
%02 HEoNE FE/A o Stk mel o wiFoz gzt s ek 93
3 FEOE Rk B 7L EAT S]] $tell= ofdlE HEF 243
Folell 17 AL, F71Apo ] els WrbA Beke] SAAxTE mel] A5 &

& FHEe 270, SA =] vpA ey 7] offel ATk

2

7N

=30 NAek Bek JHA dE2 B wo FYERG Fe] Aoy &

Aol aEAGLE A7|AFe] 7| of] 435%N A Tz 7)o 42.7%E FHA%E HibdE, )
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ol A2l FEAAL 45.9%0A TP 7)o 41.2% %2 ZrAadte] &R A e
Hl3le] o Wol] 74kl Ao wI 23 A= A7) Ao] 7)o 18.5% A T
Z12ko1 71l 13.6% = Frast Hb, EQE A= A7 Rpe] 7)ol 14.3%00 A $-7] Ao
7ol 127%E Frastel &3 Al wigte] Bt AAZE o 7HEx A AThFig.

19).

3.4.4 Ammodytes personatus (=% : 7kuta])
SR = 12~39 0] 2.63~15.40mm WYL A7|~F7|xpol7} EHEFF o,
gl qloll A= 12~49 ol 4.42~16.73mm ® $19] A7)~ 7| Ao]7} 38T
A NA Bk A EF 5 ke AW, o2 A3, e 59 9

o
o 23 A% A EALEE de et $E AT Aol s,

fx

=3 AAA s A7 7l MY H2e] el 7, AEel ] YElbge, &
™

7b BREn SR el TR 48 SALETE o uEhdy, A 9
TE SNLEE AV R AR 2 g e vEbsth Eib A
A AE BE AE w8 A FAERARE &3 AlE T2 Aol 7)ol W
HE & 9 e SMAETE o dEhARE, HE Al dEREA] o
o, 78 553} W% SMLE BE w3 Fadl nlste] AA vebsith
Bd, A7|Ro7le] &1 AL AFE
2.63~5.01mm (3 3.59mm)H LA, Bl A AL 4.42~8.66mm (F 1t
6.04mm)H A 11, F7|AF 7] X A2l AL 4.15~9.04mm (HF 5.79mm)

Mol om, ek A AL 517~11.17mm (i 7.86mmyH 9, 18]
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F7)1Apo1 7)o &7 WA HAA-E 8.61~15.40mm (F 11.64mm) S om, ok

MA Y] DAL 11.42~16.73mm (B 13.70mm)E Ak webd dadaAE 3§

=

S542 frAFsEARE, Bt A2 2o ety Bt JHAI7E ZATH(Fig. 20).

3.4.5 Omobranchus elegans (=44 : &EZ4H|=g}X])

SAGAE 8D 7.07mme ZT7|RFolwt 23 3Fg] o), QoA = 7~9€ 9

O

3.28~10.27mm HW 9] Z7]~F 7)Ao 7t =d sk}

=3 A Biel JRA B e gEekglon, welg wol Aa, Y &

Fe] SRk AN P HRE B AOAAY B wE 2 2880l 1)
o oA ol EAQOM, AAsd Ful @ @l v s Aol FALE 1}

Ebwkoh(Fig. 21).

3.4.6 Parablennius yatabei (=% : ¥ H#H|=&}x))
SR M= 79 256~11.43mm2] 7] 9 F 7|z}
A= 893 99l 4.11~4.62mm W2 S Ao R &
22 JRA g Eit A BEF 5 gdEE e, welel ol A3, FEe

w0 TYEY dFe ot FALxE FAF HFY T, & FAel A,

7 8ol 1A% &S Aol EAYoM, HMBY Ful 2 meX v 7|4
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of A AETF EFSTHFig. 22).

3.4.7 Scomber japonicus (= : 115 °])

SAGME 79 8.15mme T Atolnt HdF P oL}, Eioto = 7Y
3.42~5.44mm W 2] A7|~F7]Ao] 7} 8 k)

el A FAlel sLs A JNAZE Ed A fkob Hlw & S glal

th(Fig. 23)

3.4.8 Pseudorhombus pentophthalmus (=7 : 2 g A])
SR M= 7~9¥ol 2.63~4.96mm W A7|~F7|Ao7t HHE o),
Qrefl M= 726l 2.74mme] A7 Ao vE 383

A7 o7 e dEAFLE 22 A= AFS 43.1~-51.2%Q 11, Hor A=

Aol 385%= i AU =R ARG oA Sk oy, SAMALY
A= I ek AA BT oldyg AR, 240 5% 7o %, ng 9
5% 4wz s ue Jebgon, 53] wele] §$%3 wi% shake o

g Aoz 178 VEFRETH(Fig. 24).
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Uljin

Taean

Fig. 18. Developmental stages of Engraulis japonicus larvae.
A: Preflexion, 5.04mm TL_; B: Flexion, 6.28mm TL ; C: Flexion, 7.85mm
TL ; D: Postflexion, 17.62mm TL ; E: Preflexion, 4.31mm" TL ; F: Flexion,
7.22mm TL ;- G: Flexion; 8.35mm TL ; H: Juvenile; 32.11mm TL.

Uljin

Taean

B

Fig. 19. Developmental stages of Sebastes pachycephalus larvae.
A: Flexion, 5.16mm TL ; B: Flexion, 6.81mm TL.
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Uljin Taean

Fig. 20. Developmental stages of Sillago japonica larvae.
A: Preflexion, 2.76mm TL ; B: Flexion, 3.93mm TL ; C: Postflexion,
4.26mm TL ; D: Postflexion, 6.56mm TL ; E: Preflexion, 2.26mm TL ; F:
Flexion, 4.66mm TL ; G: Postflexion, 6.48mm TL ; H: Postflexion, 9.14mm
TL.
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Uljin Taean

Fig. 21. Developmental stages of Ammodytes personatus larvae.
A: Preflexion, 3.10mm TL ; B: Flexion, 6.39mm TL ; C: Postflexion,
9.12mm TL ; D: Preflexion, 5.10mm TL ; E: Flexion, 9.07mm TL ; F:
Postflexion, 11.42mm" TL.

Uljin Taean

Fig. 22. Developmental stages of Omobranchus elegans larvae.
A: Postflexion, 7.07mm TL ; B: Flexion, 4.29mm TL ; C: Postflexion,
10.27mm TL.
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Uljin Taean

A C

&_w?

B

Fig. 23. Developmental stages of Parablennius yatabei larvae.
A: Preflexion, 2.56mm TL ; B: Postflexion,11.43mm “TL ; C: Flexion,
4.11mm TL.

Uljin Taean

Fig. 24. Developmental stages of Scomber japonicus larvae.
A: Postflexion, 8.15mm TL ; B: Preflexion, 3.42mm TL ; C: Flexion,
5.44mm TL.
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Taean

Fig. 25. Developmental stages of Pseudorhombus pentophthalmus larvae.
A: Preflexion, 2.63mm--TL ;
4.96mm TL ; D: Preflexion, 2.74mm TL.
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B: Preflexion, 3:.83mm TL ;

C: Flexion,
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A Wss Btk webd 2ol fAss feve FHelA o7 At

& A AE AT olF AR O R oA e, ofF Abdao] iR
AAetaL 9lol, EdHE o5 Hel 7P worn, uE AEels EAINKCha,
2002), el A AAole] FAFEE AFl 2574 o]FY Abstel we} 2dH
of Wi, 7k&ell w48 #AAad F, ALl WFA oF Abdde] wel FH

Al F713HoH(Yoo et al., 1987; Cha et al.,, 1990)= 23} ¢} £ A3}t

=
2 ATelA Falsl Fale FL AT A FAG Ty 9] ZF AdRE e
2 vetgod, FAI9F shAlel Abgkslh WA 9] Abgk
71 XA Eetrt w2y Ao, FAC Atgsts v Ak
gieteld &R A ol F2 AololA ZIRlgh o FAHM, o]
=8 WA ok FAR(ET T 2 99 WAE AREASs w8 A4S
A3, e AFE EA Aole BF F2¥% 9E IF F93 AudA
(r=0.707, P<0.01, r=-0.445, P<0.01)7} U= Z o= UelRty, 7tve] Ao BF

T o FaaATE = A(r=-0431, P<0.01)O.2 YERROT, EitelA
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AR Ex 9 e ZolE BE FL(r=0.695, P<0.01, r=-0.704, P<0.01)%} <

T dadAE = Ae® e

A AtEE Bk Fol SXelA] EiclET W] FA, e TA A
S FEg SXEY Y fASEZ B XA AghS Sk o] EIbE
ot FHste Aoz wadd. = 23 APgE EX e}

P<0.05)7h AL, St AR E BA Aol AFS BF £e D BF ¥

o] fFAFeRAI R, Ht A ek AAIE R A wste] A9, 7hde
o B, SMAE Bxo A7t ddE Aolatiled, &1 AAE 71 A
ol7]el Wzl FHEL FFol B AL SAEEV B UeALL, Bt HAE W
BhupA] ko, mgjol Sy wj%e] SMAY EX ES Fdo] Hdte] A
e, Kim et al. (2010)8] ®are} w=oskelch. whebA s ol e A EA o] Ao
of wadAE el FFS vA= FoE FFHANE Seo et al. (2007), Kim
et al. (2008, 2010)°l &jst™ Alwtel wel FEA zol7p LA ER, 25 T
2 PR ool e 29l JFL /] W oz o wehy F5
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43 A9 AW ] AT HEL
[2A]

EXeA FA A7 el AHE HA o] 4~9€e] FH o,
7ol 7HE w@ol Edelth 4de] AFY] EF RS B 92T ol#
2 9o AT 1) FAAM FHER o, 52(14.9C)el ol 57 AH
I
Rom, 8Y(17.0C)F 9€(22.21C)oll o && 37] FHA vlwg AL AA 7}
=d skl

HA Aol 5-1087H4 AL Ao, 7ee 7k wel =dsiith 5

<
X

283, 69(21.10)F 7¥€(223C)0l oje> BE FHA Wo] =33}

4(14.9C)¥% 6€(21.1TC)ell Abol= 27] AR lA AA Edskqa, 79(22.3C)0l
v BE AH-eA "ol FdsI 8¥€(17.0C) e 7€(22.3T) HlE EF
F2o] sk, &Aoo =3 A R FAAsN o, 9€(2220)N= 2T
F2ol F7FEAL, Aeld Ed A ¢ EsE TSIt 108(17.47C)0 T
o] astdA Aol FE A 4 Ee Fastd, 119 PN 24
sk webd EX oj gy Alejs 79 g Wol FAsGw, dAdew o
ARTHE 9IS, HFERTE WSolA] Wol ZdspATH 79 AP¥E EA
2kl o] A Wl 3.82~8.54mm, 4ol FHWIgES 5.00~5.33mm= WS BT
10mm olakoict. AAGElel A AT HA A= dERES F 109 =9 A
%ol °F 10mm (Cha, 1990)= H.a1d A3 vluws] B SxloA AP FA 2}
olo] Yi¥-ieo] AL F3 T oF 10U olule] AER Hth whgbr oA

Hx o] FARY = 78, AR A2 22,0~22.7CE FoHE CH(Fig. 25).

-

Bt dlel A sdst Al7Ie} FaelA AdE HA oJFS 5~-6ge] A
o 690 7 wo] E3altt 590 A TF &L 90TE TS

Wotrmsl sk Abolel 1) AT EReAT, 68(144T)°) of e W
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oA Edsglon, el AdFor A wol AU

rn
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Fig. 26. Abundance by temperature of Engraulis japonicus around the coastal area

of Uljin, Korea (open circles: eggs of E. japonicus, solid circles: larvae of

E. japonicus).
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Fig. 27. Abundance by temperature of Pholis fangi around the coastal area of

Taean, Korea.
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