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Morphological Development of Egg and Larvae of Gnathopogon strigatus (Gobioninae) by Kyeong-Mu
Kim, Hyoung-Joo Jeon and Ha-Yun Song* (Inland Fisheries Research Institute, National Institute of Fisheries Science,
Gapyeong 12453, Republic of Korea)

ABSTRACT This study is to observe species identification and early life history of Gnathopogon
strigatus and to use it as a basis for taxonomic studies and conservation of species. For the
experiments, the mature adults were collected at the Wang-suk Stream located in Namyang-ju city,
Gyeong-gi Province and eggs were artificially fertilized by the wet method in the laboratory. The
shape of the fertilized egg was globular, adhesive, opaque white in color and had no oil globules. The
fertilized egg was 1.66~1.88 mm (average 1.76 mm, n=30) in diameter. The blastular stage occurred
at 3 hours 05 minutes after fertilization and the gastrular stage was detected at 8 hours 30 minutes
after fertilization. The embryo began to hatch about 54 hrs after fertilization under water temperature
of 23+1°C and the newly hatched larva (yolksac larva) were 4.1~4.7 mm (mean 4.4 mm, n=20) in total
length (TL). The fourth day after hatching, the postlarva were 5.4~5.9 mm (mean 5.6 mm, n=20) in total
length, their york sacs were completely absorbed and Start eating Artemia sp. Ten days after hatching,
flexion larva were begins Notochord flexion were 7.5~8.6 mm (mean 8.1 mm, n=20) in total length.
Sixteenth day after hatching, postflexion larva were complete Notochord flexion were 8.2~9.7 mm
(mean 9.1 mm, n=20) in total length. At thirty-eight days after hatching, Juvenile were arrive integer all
fin rays and similar to those of adults were 11.3~15.5 mm (mean 13.3 mm, n=20) in total length.
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A = Bogutskaya and Naseka, 1996; Kottelat, 2006). G. strigatus+ =
ol el & T 9 AATHE oRE Adelz B2k 8

Z270 % (genus Gnathopogon)ol&F= 9o % (Cyprini- Hof| Aalstz Ao2 dEA glon, olF A=l et A=

formes) R 2o} (Gobioninae)ol] &3H Ao} ofR =
Z A, =, T, T 5 FoMotl da st 24
4 " olRE A AlA 8F0] AT Fo= HiHol gt
(Kakioka et al., 2013; Froese and Pauly, 2019). $&|Ugtol=
1908 Regano] AZ=oA A3 3AHE mARROZ AE
71A8t Gnathopogon strigatus (E271) 150] GE7F 9 A3
o d3i2 B2 Aot Ao B8k oH (Chae ef al.,
2019), =9l S, 8=, Aot FE3FAL et (Zhu, 1995;
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IA 220 &
caerulescens®} G. elongatus 7 F& AR HEs= 4 3}
SHE219] ko) W3t ﬁ—_y’-(Nakamshl et al., 1987; Tsuda et al.,
1992), At A (Kikko et al., 2014), 7HA+ A€} (Maki, 1966,
1967, 1968), g~2°f] w2 “Ju] 24 (Fujioka, 2006), g=2°] w}
2 we] B} (Kikko er al., 2015), 012 39 (Kikko er al.,
2015), AFoj 9] Ao st ¢ (Mukai, 1995; Mukai, 2006), &
A ATIEE T 719 T 8ol Bt A (Kakioka er
al.,2013) & t}%h& #ofo]l gt A7F e o] ket 5hA|
ot $Euztel| M5k G. strigatuse] e ATE 49 59

o] that H7k(Misheel ef al., 2019)FF AW QYL B & Fof
AT 2/ S0 7 2BEY ATE A9 v
7h gtk o] W WA 9 2R AT ATEA TE
St o FA 9] HERRbe] Z-8-8tar QIoh(Kim et al., 1987;
Kim et al., 2008; Song et al., 2009; Ko et al.,2011a). T=2hA £
At G strigauss WL E AT 88 ¢ W4 o3
I} o] 9] Z2jof W IS wEste] Y ofF9 AA| o]
RS A% 7 A v 25 2 9 AT ol
u) gt F HEo| 7]ofstarzt g

ME U

B Ato)) ARR3EE G. strigatus A ol= 20199 49 A7|E @
FFAl S GEAAA S (TE 4x4mm)yE o83t &
307041, A 307HA1E RS F AN & 23£1°C

AR WA F st AES A T HCG (human chorio-
nic gonadotropin) $2E& | IU/g—J L2 BT} FARHA
o] 12417b0] A3k % Hoje] BRE Spuleo] ekt 3 4
Moz Qg4 STk 2L A7 15 em HELTIHo] 2
BT ASHES A WIS o]88k0] 23°C 1°C
2§70 9 Belelsich, 25 Aol Ue F47} 00% e
B3} 39 FHE AZF $2(200% 100X 50 mm)E §74 SFF
(Rotifer)& 14 33] Fa3t%L, £3}F 49 Fo|= brine shrimp
(Artemia sp) 43} 91212} WIBAIRS 19 38 R AT
% 95 231 7 U2 9 AT 250 134 Bek

3. h 2 ol XpX|of 2HE
A2 |2 En| A (SZH-10, Olympus Co., Japan)2] 10 x

goto] hAIT F

~50 x Bl &2 TSI AATAE 24209 Fe| Hgduy
o whe 27] AL Rot AFR Rt F A7 vhAA
(MS-222, Tricaine methanesulfonate; Sindel Co., Canada)S A}
19 2070314 A% (Total length)& Z43515
ok A By |l Akx| o] of g eA| 9 E7]9F §-01= Russel
(1976), Kim et al.(2011), Okiyama (2014)& w5ttt
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Stage A. G. strigatus®] A& QP02 Hd FHo] 1.16~

1.33 mm (B 1.24 mm, n=30)01111,-r7< 4 7%

& BN BRST] ARSI} 44 % 1080] Arel v

wo} g Ajolo] SR B0l AREYT SHUE BT

gt 3 S‘ 2oz Az {1 (Oill droplets)7t EA3HA] &

e o] W A
30)0]°*E}(F1g 1A).
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G. strigatus®) ‘& WA BAHL F 6GA R FLESFF o (+=F,
e, e, FulE A, 7183 A, £3h A 717k (Period) 2t
HHAY oA (Stage)+= Table 10] ZFzE A A 84Tt

1) Step . SE2229| MZZE 2% (zygote)
Stage B. 74 ¥ 30&°] AstH AEzdo] FEFOE §F
o] 213Y=] o] vjHk(blastodisc)©] F/d= It (Fig. 1B).

2) Step II. t&tabd (cleavage)

Stage C. 74 ¥ 5020] vfjwte] ¢ Fito] 202 o]FE
Ho] 241272 o] &ttt (Fig. 1C).

Stage D. 78 & 1A7F 103290 24|71 8] &7} 22 272
o5 R E o] 44|27]9] ETelich(Fig. 1D).

Stage E. 441 27] ©|% 205 1HA 02 30| olfoid 24 3

1At 302 & 8Aﬂ£7l°ﬂ =gttt (Fig. 1E)
Stage F. =7 & 1X|2F 5082 1681 Z7]9 =23ttt (Fig.
1F).

Stage G. =74 & 2AI7F 102 ¥ 324 27]9]] =233t (Fig.
1G).

Stage H. =74 & 217k 308 AF3to] 64X 27| =39
t}(Fig. 1H).

3) Step lIl. ZH S M }H (blastula)

Stage I §79] 2717k 44 0 2 Bop 3 AE47} F715



Fig. 1. Egg development of Gnathopogon strigatus. The animal pole is located on the top for the cleavage stages. A~E stage is views are shown
during early cleavage stages. F~I stage is upper views are shown during cleavage stages. Face views are shown during blastula stages. After the gas-

trula stage, the views are of the embryo’s left side (Scale bar = 1.0 mm).

o 4 Z 247k 5089 A7 =t Th(Fig. 11).
Stage J. 4 ¥ 3A7t 308 M Z3te] wjvte] glFel7t 4
E3& £ o2 dof Zujy]of =Esth(Fig. 1)).

4) Step IV. i M01H (Gastrula)

Stage K. 7 $ 8A|7F 30+20f| vivtgo] ko 1/3& A
=0} 30% epiboly A|7]o| =23} T} (Fig. 1K).

Stage L. 57 ¥ 9A17He AFsle] mE Axto] 423 Fo
2 3} 2Elo] Hjubdo] Waye] 1128 ©ol 50% epiboly A17]

ol =gairh(Fig. 1L).

Stage N. =4 & 10417t 158-& A35to] wjgtgo] T3}o
2/3& H o] 70% epiboly A17]°] oIStk (Fig. IN).

Stage O. 574 ¥ <F 11A17F 1588 A $3to] ufjgigo] dte]
90%Z E o] 90% epiboly Al7]oll HolEiTth(Fig. 10).

Stage P. o] % A& A&sto] 24 T 13A17F 202-S A5t
of d=ho] 7Pgate 2 £t v A (embryo)7t 3]w]sHA LrEkkk
t}(Fig. 1P).
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Table 1. Time required for embryonic stages of Gnathopogon strigatus at 23+ 1°C

Elaspsed
Stage Characters Fig. 1
Hrs Min

Insemination 00 00
Zygo[e period Swellmg 00 10 A
Blastodisc 00 30 B
2 cells 00 50 2 blastodisc is cleavage C
4 cells 01 10 2 X2 array of blastomeres D
. 8 cells 01 30 2 X 4 array of blastomeres E
Cell cleave period 16 cells 01 50 4 X 4 array of blastomeres F
32 cells 02 10 4 X 8 array of blastomeres G
64 cells 02 30 8 X 8 array of blastomeres H

128 cells 02 20
Blastula period Morula I
Blastula 03 05 J
Early gastrulation 08 30 50% epiboly M
Gastrula period Middle gastrulation 10 15 70% epiboly N
Late gastrulation 11 15 90% epiboly (0]
Formation of the embryo 13 20 P
4~5 myotomes 14 00 Formation of optic vesicles Q
12~14 myotomes 22 00 Formation of eye lens and Kupper’s vesicles R
Embryoric period 14~18 myotomes 22 40 Tail begin to extend S
18~20 myotomes 24 00 Disapper Kupffer’s vesicles T
25~29 myotomes 29 00 Formation of heart U
32~34 myotomes 51 00 Black pigmentation in eyes v

. . Hatching start 54 00
Hatching period Hatching complete 57 00 \\4

5) Step V. 7|2t&d-d1pH (segmentation) 6) Step VI. H3t(hatching)

Stage Q. 74 & 14A17HE AFsto] d7F flof] FaAE w= Stage W. 4 54A17F & A7} Gdalg me] REHe £
H1] (embryo)®] Weh7h FSHA Uekith wiAe) vl R Bsjelr] ARSAT £ F ST At Rabt gy
off ¢HE7} A7 AlFstgen, 4~5719] ZHo] AT AT (Fig. IW).

(Fig. 1Q). o o
= - - [e] (=1 =

Stage R. 574 & 22417+ AFlod Qbxo] A=yt FAJE 1L, 3. Xto] & x|of2| Hef LE
w1 ] za] FEo Kupper’s vesicleZ} FAE T 229 =& 1) Step |. LH&tXI0{7| (yolksac larva)

12~14712 7§ Ao w2t Zpo]7} ekt (Fig. IR).

Stage S. 7 F 22A|7F 40822 AFsto] vijA| o) me7)h

oA E2=7] Aztst o 2EL 14~1870= iAol wet 2}
o]Z R th(Fig. 1S).

Stage T. 78 ¥ 24A17HE A Fsto] vijA|¢] o] TEE
AE FEOZE o|Z7t FAHI. iAo e FHEEA
Kupper’s vesicleZ7} AFFA| L 8- 18~20712 Aol whzt ¢
°ol& Eth(Fig. IT).

Stage U. 48 & 29A]7

he ATt} mep} gl oA
spl Relsglon, 4ol sl nEH] XA

1 A1

kATt (Fig.
10).
Stage V. 4% ; 51A17HE ASsto] mejzt Z4A A=
o, QFE7F S Lo o)) F2A o2 AHE QI (Fig. 1V).

Stage A. 53} 21%.9] zoj= HAo] 4.1~4.7 mm (Bt 4.4
mm, n=20)2 0|9 SR Lu], :az]Lau] UL PARSEA R
£ A =u2 A2 A2 Ut w2 ALt & AAol
1 W27 TRER] ghorow, AN deks Egete] FA
Fg5th Aol o] W Eo] glom THY =
32~347H§ WAt Rpo] S B ATH(Fig. 2A).

Stage B. 3} & 1979] 2oj= 7% 4.8~53 mm (Bt 5.
mm, n=20)2 W7} U3Fo 2 HE o3| Halgo] k&g
SHAl H 3t = ol 2 {lo] A= AIX*oWOD#,Y‘%LL
SER] oRotth HF 9] TMEA = ur HEEH e, ¢
Zog 22 B SR YR WS
3} Apol= AT FF S 2A| Z5H4T(Fig. 2B).

Stage C. 53} & 2UA 9] Apoj= % 5.0~54 mm (B
mm, n=20)2 92| =g{n] Fo| F7}3t3ict. gR A3He J3

10 :

o 1% off

12

°| /\171

4z

l\)



Fig. 2. Larva and Juvenile development of Gnathopogon strigatus. A~C stage is Yolksac larva; D,E stage is prelarva; F,G stage is flexion larva;

H~J stage postflexion larva; K stage juvenile. The white bar indicates 1 mm.

H £O2 AFE I Zof Il TEEHY] A&t (Fig.
20).

2) Step II. 7|Xt0{7| (prelarva)

Stage D. 73} & 4R 9| zoj= HA 54~59 mm (B 5.6
mm, n=20)2 43} gFo] E2]1L brine shrimp (Artemia sp.)
$A& 457 Attt 149 Bt Gages g
of Zaio] 9iEE Fjol A7 B FE FE R T ol
7HA] 199 S L7} ekt th(Fig. 2D).

Stage E. 13} 3 5UA 9] 2tol= 54~6.5 mm (B 6.1 mm,

n=20)2 FAR AL, A G SNLEI BASGL
o, 4o 9% 199) SA2ET} WAl me ofehZe)
S0 A2 9k (Fig. 2E).

3) Step lll. S7|X}0{7] (flexion larva)

Stage F. 23} & 104 9] A= 7.5~8.6 mm (B¢ 8.1 mm,
n=20)2 HALeto] FTo| A2 D, majx|=ajn|o] 7|27}
FAE7] AAsHTh A7l ob7tr] HIi7E WEstgl e,
el 72 Beko s AREHT TRt Ao S
7} Z718}th (Fig. 2F).
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Stage G. -3} & 129# ¢] Aof= 7.2~9 4 mm (B 8.6 mm,
n=20)2 | =2n] offofjA] F|=en|7} Wty X2t}
% ch(Fig. 2G).

4) Step IV. £7|Xt0{7] (postflexion larva)

Stage H. 73} & 164A 9 Aoj= 8.2~9.7 mm (BT 9.1
mm, n=20)2 UG F3o] ARET 17§ B 7} F
e BaEo] Wasty] Aztstqich. A =gulo 7|2E 3~8
M 2k AR} Aol ket Fol g mlon], FE 5 % uix|
Lju] offjoll A SR =n|7} WEst7] AT (Fig. 2H).

Stage I. 73} 3 28UA 9] Zpol= A% 8.8~9.9 mm (Bt 9.5
mm, n=20)2 Sx)=u]e} maAau)7} o] ELalg
o RARe BHLTE Be W PR BSHAT AR
o 2k A 2FY FAAZT} ) (Lambda)” ] FEHE W
s LRAE T W ofF) 2 BMAESo] Bo] 2
Hge] FeE W ek (Stage 21).

Stage J. 73} & 31 4R 9] Apol= A 8.6~12.1 mm (B 9.8
mm, n=20)2 RALu]7} o] EEsln Bpe] x|z
ojof] A =2 u]7} sty AlAbstglen, £ o deo] # 9
ghewgick. T Afote] Toe] S LT} W] AR
Th(Stage 2J).

5) Step V. X|0{7|(juvenile)

Stage K. 53} & 3847 9] Aol A% 11.3~15.5mm (B
13.3mm, n=20)2 vjR|=&jn|7} H4of E=gsto] 7} 2| =gu]
9] 7|24 D: I, 7~8; A: I, 11~12; V: 1, 6~7; C. 20~242

B ALn)7h Aol =EetEit(Stage 2K).

4. Xtx|0je] 9F

G. strigatus A}019] F3} 2T HE X|of7| 2 o]Ysl= F3}
38U7HA] 4% o ©AE AR WSk Fig. 30 Ueh AT

L

2 3= et MRS G. strigatus?] & A 14

9 5] o] 0] ) o] Wste] 7123t

1. 2HZT} t Hel Y 282 bl
G. smigans®) $3RE T ML A WIHR
o2 2o mARA] 4% FEF AAT WS BY

ot B EXokt o}F 5 Pseudorasboras:8 P. parvas $%
U & FHo| 4 A= Aoz IdHA Yo, Pungtungia
2291 P. herzi, Pseudopungtungias P. nigra®} P. tenuicorpa+=
Corcoperca herzi®) Ao SRS SHA AHe & o Ak
3= Zo 2 ¥ A Tk (Chae et al., 2019). G. strigatus= 1S
B AAAE BRI AR B A P4 D HA WS
RlI3t7] 3l E G. strigatus] A=t 5743 T 9 ZFAA E] o
A At 3 uRt © TS Fste] ERIske Bl 2R 9]
=9 Akt Aol g AE A7t 2o Ao g wE
E Ao A ER1H G. strigatus] F] 371+ 1.7~1.9 mm

20.0

180

160

Yolksac Prelarva Preflexion

140

100

Total length (mm)

- f+HMt++i
i | 4 ¢

40r

20 1

f&ss++totf?$|**1

Juvenile

Postflexion

0.0

PR S TR ST SR T S TR TR T T PR S T T S T
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Days after hatching

Fig. 3. Growth of larvae and juveniles after hatching in day of Gnathopogon strigatus. Circles and bars represent the mean and SD.



(1.8 mm)°|H 22 mjFEz|olate) &3t oF F P herzi 2.0~
23 mm (2.1 mm), P. nigra 1.9~2.2 mm (2.2 mm), P. tenuicorpa
1.8~2.1 mm (1.96 mm)®]| ¥]3}| 2k}, Coreoleuciscus splend-
idus 1.5~1.7mm (1.6 mm), C. aeruginos 1.6~1.8 mm (1.7 mm)=
3 & ojF7e} *o] 277t SAKHATH(Lee et al., 2002; Lee et
al.,2004; Ko et al.,2012; Song et al.,2019a, b). F3}X|7+e] 7
L G. strigatus®} Z9% 5 P. tenuicorpas £ A1} FAFSH
221 23°Col|A R3] 2404]7t0] 28 FH UL, P. nigra=
20+2°C 2204 179A]7F0] &8 F|Q1 oW, C. splendidus®} C.
aeruginos= 20+ 1°C $220)| A 12+ 98 A7kt 9447 0] A Q E
o] & A9 G. strigamus®] ‘Fo] FI7HA] 54A17t0] 28H A
of vl w71 Aj7to] 2 FHATh o 7o ' f ALY A
e 2 Y BHE 89l o Fo] 7)o whet ZfolE Hol
o] ol 2717} 24845 2AFE sla) 3} AZko] HE 7
FS Hole= Aoz UdHA Uh(Back, 1978; Song et al., 2008).
SHARE G. strigatuse &S] 27|17} vlgt AT HE) F3t
AlZbo] Zhotedl ol WE HIket A4S ool HEES =
ol#= M4 Ak Ygte = wrter

G. strigatus®] ‘& T I F 271 g7 2
FA o] FHAFEH]Y] Holof|A= P. nigra= 9~1074, P.
tenuicorpax= 20~21, Squalidus gracilis majimae} S. multi-
maculatus= ZYZ} 25~26, 26~287) L& o] w3, oFxx
of W=7 FAE X9 (Lee et al., 2004; Park et al., 2005; Ko et
al.,2012; Song et al.,2017) G. strigatus®] A= A A|7]o &
A At 12~ 142 2RSS} olg By 1 o] o]
5 o529 W 34 % vjA|e) 3] o] Uehit Kupper's
vesicle®] A Al7]oA 2tolE HW, P. tenuicorpa= Y=
o A=7t FAEHA Kupper’s vesicleZ} 2o YelUGI G.
strigatus EZE QFEo]| A=V} FAEE AF 0| Kupper’s vesicle
7t FAEAAGE o] A7) ZH9| Tfgof|A] AfolE Hof LEE
ot T 2AEQA S. multimaculatus®] Kupper’s vesicle &4
A7l ¢k27F B4 =™ Kupper’s vesicleZt YERIL o] A]7]
24 7 B3 20~22702 XpolE B G. strigatusSt Z TE
H3ch, ol 4 ZAZ 7ol W ] A T F Kupper's vesicle
o] 4 A7t 254 Aol Y ZAom AAFARE o]H
XBE P. herzi, P. nigra, S. gracilis majimae®] Z7|YSA} A
ol A= Kupper’s vesicle®] 34 472 34 Al7]o tigt A
o ol oI Fol et Kok AT A7} BT Ao Wit
.

SHLZE 23} 47 WA oldn ARo] A7lY E
ol 783 FE= LA Uk (Kim er al., 2011). §3+ 7|3t
o] 12¢UE L AR Fo|F (Microphysogobio yaluensis,
Cobitis choii, Koreacobitis naktongensis)+ §3} & z}o]9] &
o] AA AAE= Aoz dEA lou(Back, 1978; Song et
al., 2008; Song et al., 2009), G. strigatus®}; 2= ZFA]otat

e SR

p=
>

txlof SHewdd 137

o) &3t g HEE22] oJF(P. herzi, P. nigra, S. gracilis majimae, S.
multimaculatus, Gobiobotia macrocephala, G. naktongensis)=
F3} AJZbo] 71 F3 A2 F BF A I g o] A
A AN e = EAS BTt (Lee et al., 2002, 2004; Park et al.,
2005; Ko et al., 2011b, 2013; Song et al., 2017). G. strigatus
3 U wo)o] ol A7) s o5 F57 BFA
P4 BT WA P nigra= 23 A 029} S A4 TS}
e Ae|2 13181 (Lee et al., 2004), S. gracilis majimae
E3 FYRet WA AgAee] SALEA} TS RO
2 QAT (Park er al., 2005) G. strigausts =& AT &
AAlol] SHLZ7} BESR) ot Aol S Rt

2. Z2HE0fO| XHx|0f Al7[2| HE HIw

B3l A% G. strigatus A1) AL 4.1~47 mm (B 44
mm)2 ZAE2 P herzi 3201 9] AHAFo] 5.9~6.3 mm (F
o 6.0 mm), P. nigra®} P. tenuicorpa £33} z}o] o] ZHzfo] z+
Z} 57~59 mm (B 5.8 mm)2} 8.2~8.9 mm (F+ 8.6 mm)
2 (Lee et al., 2004; Ko et al., 2012) G. strigatus®] F3x}ol=
Pungtungia2:3} Pseudopungtungias; ©15°] v]sle] QLR qk,
S. gracilis majima®} S. multimaculatus -3+ A}o]2] AR 7}
Zt 33 mm} 2.5~3.1 mm (B 2.8 mm)E (Park et al., 2005;
Ko et al., 2012) o] &3} W&t AFol& B G. strigatus F-3}
Aol thE ZAFTEL Rt AAA FREHUT E
gk o] 59 A o] A|7] AtolE BRI EH P. nigra= F3+ 215
= AAl] Sz EqFASA Y Rl EEHA 24
2327t A5E w2t EdsAen $7|Rpo)7|o] FFoldA =
& A BRI S L27)F DDA T (Lee et al., 2004)
G. strigatusi= 530 0| A ZJoj7| & o] sk HE Al7]o] A
Zof| SAaE7} RESHA| 9ot P nigra®t SAAE9| FiLo
A Zo1E BT} P. tenuicorpa®te) o)X= P. tenuicorpa
Firtol FE UE A 3 o] 5Y 56.3~583%° =
SFA| (Ko er al., 2012) G. strigatus F3A o= o] dgd A
W3}k To] £9] 63.0~67.1%° =23} P. tenuicorpa F-3}A}0]
o] ket 7lea 71 FHE B E3E P tenuicorpa A1)
of Relt Humeel 23| AFEE Al 242 A
Tt G. strigatus®] F-dE HALTe] FZo| g F7]x}o]7]
of £7} 2712 RFEHUT. olF G. strigatus= LB AT o
7 moFo]l ZMAR7L DRI P, tenuicorpa= X 0]7]0] A
27 FO|RE w2 7IRAY ZYAR o2 I "E
B8k (Ko et al., 2012) EEsHA F&EEH AT

G. strigatus®} ZAF0|H, B £ (Squalidus) 157 5 Y
sHA Axeje] Fert B S. multimaculatus= 'FFA017]
of W&o U7k 2ok SMAxT} WEsto] (Song er al.,
2017) d3ho] Q)& SMAZy} dX BElE= G. strigatus®)
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Table 2. Comparisons of egg developmental characteristic in Gobioninae fishes

Species Egg size (mm)

Newly hatched larvae size (mm) Reference

Genus Gnathopogon

Gnathopogon strigatus 1.7~1.9(1.8)
Genus Pungtungia

Pungtungia herzi 2.0~23(2.1)
Genus Pseudopungtungia

Pseudopungtungia nigra 1.9~22(2.1)

Pseudopungtungia tenuicorpa 1.8~2.1(2.0)
Genus Coreoleuciscus

Coreoleuciscus splendidus 1.5~1.7(1.6)

Coreoleuciscus aeruginos 1.6~1.8(1.7)
Genus Sarcocheilichthys

Sarcocheilichthys nigripinnis morii 2.5~29(2.6)
Genus Squlidus

Squalidus gracilis majimae 29

Squalidus multimaculatus 0.8~0.9(0.8)

4.1~4.7 (mean 4 .4)

5.9~6.3 (mean 6.0)

5.7~5.9 (mean 5.8)
8.2~8.9 (mean 8.6)

5.0~5.7(mean 5.3)
5.2~5.7 (mean 5.5)

Present study

Lee et al., 2002

Lee et al., 2004
Koetal.,2012

Lee et al., 2002
Song et al.,2019a
Song et al., 2019b

Song et al.,2019a

9.6 Song et al., 2019b
Song et al., 2019a
33 Park et al., 2005

2.5~3.1 (mean 2.8)

Song et al., 2017

wskzjo] 7)o A zolS EJTh E3L S. multimaculatus Aol =
o] 93| BAHL ArIRol/1NE A2 Foo] TAL
27h wAE] ARson Jauae 23 Fol 7150l
7] m o] S rE WiE Roko] FEj 2 WH Hof (Song er
al.,2017) A7) 9 F7] ZoA7] v2] AR e} 23kof|A] uHg
5 ooleoll 198 ST} BESH= G. strigatus@t ZpolE B
Atk o]F A oJ7loll= S. multimaculatus®] SR =g u|et HZ|
LEu]9] 7]z ME e SALZTF Yehtal wiz]| =2 n]
714 F&L A =2n| 7]A o] ALz} 25 W= A vE
(Song et al.,2017) G. strigatus®] Aol = ZF A= u] 7] A< 2}
2 SALant Esto] PEsHA LEE U o 79 27| S
Aboll it A= o] FEjA, e SR wEo] uf HA
4 z27] AAE AXEA Uehdes 9 14 FE35 2
E4 5 olFol tidt B2 FAEE g gon I 1 d
1}1101—4 g apg oA WAsHA %l EAS hotste] AR
o] FejA Zpolo] &l & B{IA FAWAE +¥sh= H At
L=t} (Blaxter, 1974; Blaon, 1985). G. strigatus®] AFx|oj&= It
PR R|otte] UX 2 (P. nigra, P. tenuicopa, S. multimaculatus)
T g o 2 Hlwrt 73t AT G. strigatus®t ZAEQ
Squalidus%; 015 % S. gracilis majimae$}; S. multimaculatus
23T 27|EAE B E o] (Park et al., 2005; Song et al.,
2017) Q191 S. japonicus coreanusd®} S. chankaensis tsuchigae 2
Fol 3t 27182 QT2 B SAKE 2 ol 2 Aol
telo] 714 BT & 9 FoT Fe) FLo Felo] Ba
g o= doE

]

OF
=

2 A7 vt Axlofe] e L AT} HHAA ghe

strigatus®] Z71EAL sty AFSIAT. G. strigatus®]
ol 712 EFAY SsHolA FHRET AsE gR
o]o] HCG (human chorionic gonadotropin)E 101U/g9] 5= 2
ZApste] 44EE ARom, SAROR AT SReTt 27
e BEAT BN AP PUIILOE 4B 166158
mmo|th. £AH/E £22 23+ 1°ColA] 3 54;]7} = B3}
gaEgon, Boiziol] ML 4.1~4.7 mmE FAEPEY
o} 23} 49 & 2ol 54~59mmE Y} FHo] G L
ulol& 4415}l 27174017] 2 o|AaksAh. 33} 102 F Aol
75~8.6mm&E HAPdto] F3XE|1 mR| ]9 7|27t §
K5|o] Z714p017]2 ol WAL 23 162 F Aol 82~97
mn. AuYTe] 2Ro| YREYT Ra T AR el
S7|x}o)7| 2 o|g¥sttt. 13} 38Y & E X-gu|9] 7|=7}
ol mEste] AojgA = o5ttt

rﬁ 2

%

L]

Al Al

2 ATE 20199 FARAT SR ATAY Y4
FAAY BE 7§17 9 A AT (R2019028)2] A
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