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Abstract - Seasonal variations in the community structure of larval fish assemblage in Jinhae Bay
were investigated in February, May, August and November of 2015, and in the same months in
2016. During the study period, a total of 28 larvae species belonging to 24 families were collected.
The dominant species were Clupea pallasii, Liparis tanakae, Callionymidae sp., Sillago japonica,
Ernogrammus hexagrammus and Engraulis japonica. These six species accounted for 77.6% of
the total number of larvae during the survey period. The larvae of C. pallasii and L. tanakae were
exclusively caught in February 2015 and 2016, while those of Apogon lineatus and Sillago japonica
were exclusively caught in August 2015 and 2016. Overall, species diversity of the fish larvae
was highest in February and August, although it was relatively low in May. The results of the
non-metric multidimensional scaling (nMDS) analysis using the number of individual larval fish
showed that they are divided into four seasonal groups. Our results showed that the community
of larval fish in Jinhae Bay was affected by seasonal changes in temperature and the emergence of
spawning fish species. Additionally, we suggest that the high abundance of larval fish came from
around Jam-do and the northern part of Chilcheon-do; these locations are the main spawning

grounds of Jinhae Bay.
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2 (hypoxia) @] HIHEE Ao o2 A 2137 Bt oAy
£ E29 Ao & F3L JArH(Lim er al. 2006; Jang
et al.2015; Seo et al. 2015).

BEFAHAE olF= U HETE F 74 +4YY
Aol BE A= o] &9 AT S-S ghofst=
M AR 8T 4 AT 74 oldel 274 @
P AR A wEda Bel © BrE ATl
=g $23% ARZ AFE 4 Ath(Fuiman and Werner
2002). SHAIRE T S o] Aol F2AHY 2EFE 2
o JFE 7P¢ ol ¥E ¥ ohZH(Houde 1989; Blaxter
1991), 4oE9Y AAEA 2 Aoy P53 o] %5
L 3kstA EA (Gray 1993, 1995), 183 - HH o) ot
oA Zolg Hol7] ] Heje] FHE | FEY At
$43 23 7 Aot BESHE 2412 Telw A
A F o] F a3}t (Colton Jr et al. 1980; Cyr et al. 1992; Lee
tal. 2014). Ao] BE 2AE AANE YES Sfelshs 1}
Hol 2 o] &E=t £4E 1dte] Y2 i &
BAHE st fAlo] Bk ZE A9 W 2o 4
AeEo 2 Aolo SARE HGlo]| oA EAFTT &
o] B2zt d 4 o] BARRR ] Z 2381tk (Cha and
Park 1994; Lee et al. 2004). £3], Ad||qto]l A A-&dof Azt
gt e IAEES ARSte olFE0] diFEol7] o
Toll #3F & AZ g A A4sts Aolg= EFE
o] S1o] (Lee et al. 2014), |55 A7 YaliA= it
A BT AT 5= e AARIR o] && 2 ot} (Colton
et al. 1980; Cyr et al. 1992; Lee et al. 2014). 3}A| 9+ Z a9t
o QAo SR Aole] AW BE| B ATE L3
G4 10m oS AR S +RAYG) Sl A7
7} g F-E o™ (Huh et al. 2011; Kwak and Park 2014), 7
ARYE BE AIRE AL ALH) FaHl gt
(Lee et al. 2014).

weba], & Aol A e Hsfnte] iy S AE whet
S o7 Y AHRFAT Aol EE A4S 1T A
MRS FAste o5 FRAAY AEE PSS I
ofsto] Zlsfigt Wo] 8 AR a&4Ql AP E
A 7| 2ARE A F ok © YrE F3ih

ERTETE

LAg #3

Ao} Az 137 Aol 201593 201690] 7 A=
M2 28 (A23), 59 (B2), 89 (153, Telm 1At
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Fig. 1. Map showing location of sampling station in Jinhae Bay.

2ol 23T Fig. 1). AR E AR AL Aol
YEEZ 1m, #8327 L1SmmE o g3kl AAAU
93 2APAY AL 0~36m WIAOH, 2k FHA
9 YE ARIAZHE 5~10& H K =314 zpo] 2@
A A7) 7S sl Tl £ (438 115, Hydro-
Bios, UK)E %2k51o] olef 4] ofhel sjgpe spebahl
t} 34 2ALE 918 CTD (Seabird 19plus)S ©]-8-3}o] uj
ZAF A ZF Ao 23 GRS ST AFE A
Be ARNA FAHAEZE=ETH(GR)LE 15 AYPA
2 ukeE th, 24417F ool 70% ole-E= X|¥sto] U
4 712 BBSHAPE $& BRI 59 A ek
%A th(Watannabe 2010). #Fo] 2] £ AL Kim ef al. (2011)
¥} Okiyama (1988)9] 28-S Fasto] F $+E7HA] 844l
oo, B2 A2} 812 FishBase (Froese and Pauly 2017)
£ otk Aol o] FejA wEe A EERA (Olympus,
SZX10, Olympus, Japan)< ©|-&3t%ct. £ HAl4+E &
AR AEE dReieg S ol8ste] dRIY A
(inds/m’) & EHAF3LGITH,

2. AREH

o] o)AMY & hpS shetalr] s £ )
A ARE vt o2 £ohoFA X4 (H')(Shannon and Wea-
ver 1963)5 AT Abo] 29 A 7 A 54
< 93}, PRIMER (ver. 6.0, PRIMER-E, New Zealand)E ©]
&3t9] Bray-Curtis frAHE |45 HIBO R H|7}54HETE
& (UPGMA)|| oJste] 233}t AR Z-EA4 (hier-
archical cluster analysis)¥ nMDS(non-metric multidimen-

sional scaling) ®4& st Ao EFLEY 28N
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A Are A7 7Y A dratolo] ot &
RHFY £2E5 Asst7] fste] 23 A4 (log(x +1)
2 Hgste] E4s5ch Y 15 71 94 H3st
7] 913l one-way ANOSIM(analysis of similarities) %42
AT, 2H G 2 2RTZES ek Sl
SIMPER (similarity percentage procedure) H4& 4=33}%
t}(Clarke and Warwick 2001).

1.37%

ZA7|ZE Bot 2 (44 10 m)S 5.9~29.3°C9] H¢
£ 29t (Fig. 22). A5 $2& 20159 ALEL I
7.0°Co|3loH, o} 5] Hat 24.5°CO| T 2016 A&
He B 7.1°C, Sl EHolE B 27.9°CE Ut GELS
31.1~333 psud] HHE Uetd{ch(Fig. 2b). A=E @R
20159 Aol Bt 319 psu, A&Ee] Bt 33.1psuZ =

35
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Fig. 2. Seasonal variations in (a) mean temperature and (b) mean
salinity, in Jinhae Bay in 2015 and 2016.

ZAZIZE B 8 Aol 75 243 37 ERFOE
F £EVHA 254 28%0] AYE Ath(Table 1). 5015 (Per-
ciformes) o177} 113} 14522 714 Ho| A= (L, o
© 2 &uol & (Scorpaeniformes) 177} 63} 10F, 74A1u] &
(Pleuronectiformes) o157} 23} 3%, 95 (Clupeiformes)
ol77} 23t 2%o] YU AFH Ao F 71 wol A
A" 2L HoJ(Clupea pallasii)@ B 288.5 inds./1,000
m'7} YR AA JHMAS 34.8%2 A5G}
1 oo g A% 8 FY Ed/MAe= BA (Liparis
tanakae)7} 126.6 inds./1,000 m’7} Qo] AA ZEMA
9] 153%E A AR EFE T sp. (Callionymidae sp)
o] ZEMASL HHF 1234inds./1,000m’ 2 HA] 2N
59| 149%% AA|8Hs A2 YESTH(Table 1).

zpolo] A-E £d FAL AHEY (Fig. 3a), 2~18%
o] Wog 20159 oS 18222 71 @ol] YA
I 201593 20169 B 22 254 71 A A=A
o AEE Ed/MAe WES A9 R (Fig. 3b), 20154
ALAH ) 2260inds/1,000m’2 7 =91, 20164 £
ol 4inds./1,000 m’2 713 AA YAt FoHFA A5
(H)9] AZAE H5-S 4w HH (Fig. 3¢), 0.65~1.672] ¥
220169 AEH 7P £%3 BHf Wkt

ZA717E Bt Ao] EEAMAFY Al - FHH B o
A AmEE, 201590 AYERA k2 AHE ALt
4~2260inds./1,000 m’9] Y2 ALH3} = 3|
T AA BRe FE AT HnE g2 A
+E BAAW 7H2E A 3 A By e Eg »
= 24 APNHE 2@AA 27 50 inds./1.000 m® o]gHO
2 A Yestth(Fig. 4). 2016W0= A=A ¥ HH
< AQ5HH 4~2260 inds./1,000 m*S] He2 ALH| A
9 201597} FARE £2 S BIA T YA AZd&
201599 3 W2 2A/MA+E YEWT (Fig. 4). 3],
ALHol = Holet FA7F AA EF A LA G F
Aoz FdFo] A Uegton, o 58 U4 sp.,
AR H (Sillago japonica), 57125 (Apogon lineatus)©|
A3 11914 E@NA 7 A vebgeh.

2APIZE B AE Aolo] AAS 42 E olgstel 2
NEAS ANT ABE A HA Fig. 5), Brary-Curtis F
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Fig. 3. Seasonal variations in (a) number of species, (b) number of
individuals, and (c) species diversity index, of larval fish in
Jinhae Bay in 2015 and 2016.

R A% 30% SEAMN 4] 1FOR AAE 2ol F3
a7 FEET. 3, nMDSe] o8] 2219 B2elH AR
¥ QAS BE 49 FRE 2HOE B 47 Aot
One-way ANOSIM £.4& 53] ZHHA 025 e o
7} 2 7+ $o4E AT A FosHA Urehdeh(R=
1.0, p<0.05).

7 2§ 7t 240 G Fr /A2 Hers] 9
SIMPER £4& 53 +27]o&0] 70% o] ERis=
AT A% 2o B2 Aol S AT 4 Ugich(Table

=L O =
¥ F
7

2). 201593 201699 AL A 719 T2 H ol
oF FA&2 Yebga, 58 FHol 7193 & FEE, o
EH3o e BA (Engraulis japonicus), ZA M (Cynolossus
Jjoyneri), 328, 7F& Aol = 2 E2 (Sebastes hubbsi) Tt
AW = 2] (Pictiblennius yatabei)7} A1AE &9 gt 7]
oj&o] A Ueith

|
hy

&

at
T 2t
H 28 Aol BE FAHO Uk AT FHYT
(Cha and Park 1994; Huh et al. 2011; Kwak and Park 2014;
Lee et al. 2014; Choi et al. 2015). Aafgto A A= e
Aol B ATES AHEH, ALH Ao] £ AFolA
% 12 £F2o] E¥sglen, 28 5 5 54, 7
=2 u] (Hexagrammos otakii), 0|7} F8 Fo]31L (Lee
et al. 2014), 1987A 3} 1988A7HA] 9] AY At A& 27
N BFol F¥ser, FaF5L A, Fkdn], 5
) (Leiognathus nuchalis), S5 ZW =X (Omobranchus
elegans) <°)1th (Yoo et al. 1992). AR YH T O
2 A=Y e IeT &R FA A Edst= 2
of € F2AW AANTF AtolMe F 467 ERTl
ST o F Bol7l 40.1%F AASFAIL, F=
u], Ao} (Konosirus punctatus), BX &2 2 UEFGTH(Huh
et al. 2011). E3 5jek Bajelo] sk harg &
olo) AW W AFANE B 247) BRTol 2HY

X e r

=
(Acanthogobius flavimanus), Fx= o7t £-3t= o=
B389 th(Kwak and Park 2014). 2 A7 A &8st 2}
o= T 37 ERTeE APEHUY A= HlshA ohget
Rofgo] AE e Aal 2 ke ez o
L Aol BT ATE AHHE o|S] gt Atas o
2420152 1T BAARe] Aol AL )
3t} (Cha and Park 1994; Lee et al. 2004). 3}X|5F 2015¢ 2}
201649] EHol: zko] Z@MNAS7} 20 inds./1,000m’ o]
St2 WA Yebg=d olA ¥ Aol SdAAeTE ¥ A
o] Al7]ofl AN Ho| TS ol F= olFo] HIstHA A
ol stz oF =Y FA o 719 22 AE
Aafgk zpo] Exxof gt A3 AFoA= ASE At
o1FQ FA, Ao, Fx=afn] AHoi7t 12¥RH 2974 &

o

o ox
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Fig. 4. Spatial distribution of larval fish in Jinhae Bay in 2015 and 2016.
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Fig. 5. Dendrogram for hierarchical clustering and nMDS ordina-
tion plot for larval fish communities based on Bray-Curtis
similarities of the individuals density of the larval fish in
Jinhae Bay in 2015 and 2016.

ZdNALE Eol=H (Yoo et al. 1992; Lee et al. 2014), 0|
= 352 s ARG AtskE olF rF7t F
AtAY BT o] gl X A= ﬁ.‘li adHA 9l

t}h(Hirai 2003; Lee et al. 2017). & AT AE o5 3Z(F
1, o], Fidu)yo] 2014} 201599 ALH ¥ A
gt A=A 73 8)9k AR HREHH (FH 9~1)= FA
oz FANAS7E ==t oI5y ARtsAS 1T o
(Hirai 2003; Kawakami et al. 2011; Lee et al. 2017), =2}
AA BRGS thket sjxFE0] BESF (Kwak 2009;
Park et al. 2011), AZAEE 747 gi}g} Hol7} Abgka} 1
S 4 At HUH QUS 2ED Y= AR ARG
53], Fo] Aoj= AH AaoA & SHFS 2ol
0] 0 & (Huh et al. 2011; Lee et al. 2014), F=2} AA|
BR A Bxdt= f27FA HF27MA (Grateloupia
angusta), TN 715 (Gracilaria sp.)2} B o] LA (Sar-
gassum horneri) 5°| o] £ATo] EE3IT) (Lee et al.
2017). skA|RE Zlafgtol Al MYE po] HiE2 Afolr= A

o] ZFol7} 1990 o]Ao|= &&3IA] &Yl (Yoo et al.

Wi

e o

Table 2. Results from SIMPER analysis showing the species con-
tributing between four groups

Average I Cumulative
Lo Contribution o
Taxon similarity (%) contribution
(%) (%)
Winter (February, group-a)
Clupea pallasii 17.77 40.28 40.28
Liparis tanakae 1441 32.67 72.95
Spring (May, group-b)
Sillago japonica 31.6 100 100
Summer (August, group-c)
Engraulis japonius 9.96 25.32 25.32
Cynoglossus joyneri 9.21 23.42 48.75
Sillago japonica 8.36 21.25 70.0
Autumn (November, group-d)
Sebastes hubbsi 28.89 52.02 52.02
Pictiblennius yatabei 13.79 2482 76.85

1992), 2000 o] A= Hoj7} 2AF 72L& Qrtw 9
v} ¢tk (Kang and Kim 2014). 9-2|u2t AL3fjof] £33}
AFEZ Auprt /T A4 & A2 AUERYS
Zth(Kang and Kim 2014). F |7t o] 2000 0] o] &
Zd3t 7150] AR 200090 FAEE SAA9 bRt
A3 E GA )0 LNG EGAYAL7| R 7} o) EA o7}
o1 =7] AFstg e ol#g LAE Wl gk A4
2 2HEY HIlZ A AEFY T (Kang and Kim 2014).
= $Evet 5 A FElidtell A wie WA 3Reke
?&Wé 0]F O 6~10°CY] ¥ =2 W oA F2 A4
S} (NFRDI 2004), AFHA| 7|7} BH AFHG o2 3|45}
27t T2 F27|do] gl ol AEtshe
o}jZo|th(Hoshikawa et al. 2004; Lee et al. 2017). WehA A
Bjgtoll A o] Zo] EATFo| ¥4 Uit ML LNG 59
A7 oA A&AH o wjEE Yl 93t Ao
F2 37Fo] Fork A = e A #2370 2
JElof Abghe]] Zrofshz oo JfAIG F7tel 71Q0% AL
2R3 4 9lr}h. 3FA U LNG G472 o] WHf47}
3Rt o Aol @z F7tol| A= FEFS B
“E }71 HOHHL Yol wiE A3t 59 A7) A 27
F EHO | FAFRAE B3 A= A

1

N =

3
o] A
—
A

-

B ol
=540l =

HU

X}OH T2 48H B At
of Foldt= ojFo] WH ALHY w2 AR FH
ot 20159131} 2016W EHo| £ 3 Ea7o] 2dsgn
A5 F 17 EFLoE £YHI, FEd, 27
7 FaFo|qdnh. 7 Eole & S ERTELE $YEY
o] FQFOT FHT. o] E ERFT T A= Yy
A AtolA BERE 7HEE7A] AR o]F 22 (Kim
and Lo 2001), & dA7olA= BE 59 ALe Ade| &

d
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L 220 8§~30°CE L9
+ % © 2 (Yamanaka and Ito
1957; Kang and Kim 2014), 232tz g3 Atojr= AL
Hox £¥st= Ao2 RIFEQTH(Yoo ef al. 1992; Park
et al. 2005). TehA] 2 At A ALHL 240 HXA| Ao
7 8% AL SEve deEl Aol EA)7h A% At
S}l (Park ef al. 2005), ©] Al7]of 27t Awtez (¢
HHA EA] &oj7t S8 AHE FAT = (Yoo er
al. 1992). 3, 54 8¥oll= EFE T sp.oF FHeHo|
=2 9% S Ugilon, o]E F oFL oFH 4tst
FRFOR A JfHolup miutto] Abgtels AL
o2 A §lo] (Takita 1983; Park er al. 2005), AT+ o]
20| 4t} 37} o] fod 4= Ql= A A o] gt
Aoz AlmHch,
011 A ZlEEEe] Zpo] #32 FEE AE ¥HE
b 3F o= /9% Aol & B4t o] A A
A TEQ AAFA 2 gue HXW@
7149 A, Aol W2 2 Hske}t o o] =
g, 283 27 o|F & oFY HIE gt *J%Oﬂ
9by 9l Aoz Algdch A
of whebA] f49] W3t H%EW
T Ao s R E ApojEo] 4~
HEEL 7l o] 3{ | W&ol (Lee et al. 2014), B3k A}
T 2 gA gt AT 2 A Fate ALE 2Y
7 453 8Yol| st Aol EEFE T & o, o

2

o

7o) AR} 48 )5 fAHE RO BAY 5
S19Ich. WebA S AshEe] 2Aed R B LAl A
A E YA AAste olFEol gt A 45
d ol A BE=E wojof st=tl °olE HsiA= 4t
ol Fostz oF =9 gk 4bst - AEjEHY %‘5‘% 3
3t A4 RAE 535 A 32l (Lee er al. 2017)3} 3

FE 22T ARAZI YE 7)o 2 ZH ‘ﬁol 8
O]-E':] (Colton Jr et al. 1980; Cyr et al. 1992), AL ES] =
7] 7HdE AR A e Aol Raef A& FaT HolBE
BX A (Gissel and Munk 1998; Pepin and Penney 2000)
T A 3 Eofof & Ao|tt.

¥ 2

st A @t Aojo] gt AEE 1 WEsS o
oF3l7] A3l 201593} 20161 9) 29 (A&H), 59 (BH), 8
d(0154), 28 11%(7PQ§)”}X1 AdER 85kt
ZA7|7F B9k 23 Alole E 22714 & 247} 28%0]

Edstath. AP B 293 $38F2 H o (Clupea
pallasii), B (Liparis tanakae), % T} sp.(Callionymidae
sp.), AX2|H (Sillago japonica), A1 &M =+X] (Ernogrammus
hexagrammus) a3 "X (Engraulis japonica)Z EF
o, ol 62 RAIZE F £8T Apo] HAA EdAS
9 77. 6%—‘% X}XloP@‘E} +HE T Holeh Eil—L— 20154
3t 20169 ALHo] Ed3 wiHe| FRYEL qEH
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