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Morphological Development of Egg and Larvae of Squalidus japonicus coreanus (Gobioninae) by
Kyeong-Mu Kim, Yeong-Ho Kwak, Seung-Yong Kim and Ha-Yun Song™ (Inland Fisheries Research Institute, National

Institute of Fisheries Science, Gapyeong 12453, Republic of Korea)

ABSTRACT

The egg development and early life history of short barbel gudgeon Squalidus

japonicus coreanus were investigated. For the experiments, the mature adults were collected at
the stream Jicheon in Korea. The eggs from the females were obtain by injecting 10 IU/g of human
chorionic gonadotropin and inseminated by wet method in the laboratory. The fertilized eggs were
1.12+£0.03 mm (1.10~1.16 mm, n=30) in diameter. The embryo began to hatch about 49 hrs after
fertilization under water temperature of 23+ 1°C. The newly-hatched larvae (Yolksac larva) were 3.7 £ 0.1
mm (3.4~3.8 mm, n=16) in total length, and they haven’t Melanophore. 5 days after hatching, the
Preflexion larva were 5.3+0.2 mm (5.0~5.5 mm, n=16) in total length, and they began to eat a Rotifer.
19 days after hathing, the Flexion larva were 6.0+ 0.3 mm (5.4~6.5 mm, n=16) in total length, and they
began to eat a Brine shrimp. 29 days after hatching, the Postflexion larva were 9.6 + 0.5 mm (8.3~10.5
mm, n=16) in total length, and dorsal fin rays are were formed. 44 days after hatching, the juvenile
were 15.5+1.0mm (13.5~17.0 mm, n=16) in total length, and all their fin-rays were formed.
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E7045 (genes Squalidus) 15+ %15 (Cypriniformes) T2
TR otk (Gobionidae)oll &38l= 2% FolRE A AlAll 5
T 9 170F50] BarEo] §ltk(Neleson, 2016). $-2ute} A4
st= B4 AR+ 71E7N (Squalidus gracilis majimae), &4
(Squalidus japonicus coreanus), &N (Squalidus chankaensis
tsuchigae), DEN (Squalidus multimaculatus) 4522 2% 11
62 4l ofFo|th(Chae er al., 2019). 71E7, =7, EME= A
3ot Fall2 s2= shHol Bxsi, HEe R 32
YR shHof| AAsh= Aoz LA AR (Kim and Lee,

AR A9 ART (@), FHE A ARATY), D5 (AT AE
A74)), $5h& (AT AD
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1984), Z ¢19& 2l =¢Jo 2 213 (Jeon et al., 2018; Chae et
al.,2019) |59 A4 Ao thgt &2 A1 Ut

=W AAshs Bl 452 FHA SR FARSHATE A A
X H]E& 4= (Transverse row above LLs)2} ¢t o) tjst <
Zo|g v] FoA Zo|7t Uz Ao g UBA Jlom, olg F &
N&E sk 2719 SAdFEE = 467009, 44
= QH3 Zolofl vl Zot thE 353 FHH L= polE Helrk
(Kim and Lee, 1984).

E7l= A Berg (1906)°]l sl BA= A4 HHE &
Ho| Leucogobio coreanusZ 7| A= 21, Uchida (1939)=
EMNE Gnathopogon& L2 EZ3}4t}. 0| % Banarescu and
Nalbant (1973)= ZejFX|olte] £784 HAEE &5t &
M ol Foll Squalidus%78S& AL, =3t ditof A28}
£ Squalidus japonicus7t 4R 9] Zojet o] FHY Ao|&
Zol5te] gt=roll AAlSlE S. japonicusS Squalidus japonicus
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coreanusZ QE| IS Squalidus japonicus japonicusZ OFF
$&02 FESFHLE E3F Kim and Lee (1984)& $HAF E7l<
ojR o] B2std AEE F319 Squalidus japonicas coreanuss
Gnathopogon®} 93] F-E341T}. ©]% Byeon (2012)2 3t
7ol MASRE BAe AR 87, A%, 4, Tde 9 A
A71, A & Este] S0l et 25 9 AEsHe At
ZyE v glet

T golA Falste] oo SHE 7RI Ao17] A7A|

7 WAz S0 DA Fo) WA Fehrh S48
Ao A A o3 A|7]of|A Rfo]F Hol= ALz LA
em (Kim et al., 2011), o213t £ FEi7} BetstA
£ Z|o)7] o] A9 SANA F T F-&3F FHo| Hrt
Holnel 274 Be ATl WE 971% U 4
AAH o7 Fa3F F(Lee, 1998; Song, 2008, 2009; Ko, 2011)&
ALt B2 F dak 2o X719 FEj7E BrE AR T
oR0) b WAT WY WA Fo 1§ FUL F HRE
3t B8235k7] 7|& 0 2 &-go| 715351A] T (Blaxter, 1974; Balon,
1985), S-uztol] B2l 27l ojFEol it 27|24
AT 27K & EAY ol Bt AL (Park et al., 2005), FHEN
o] it iy ol px)of o] e Ieto] tfgh(Song er al., 2017) &
T AU webs & dtoa e vt AfF EA
SR Btel o) Feoh wAl 34, o] F Aejo] 4
A A% DAE FEHE ASHA 7188t 2d S5

P

(o
o

tt 1o oX 1o
1)

et wlmet BRot 5 BAe 7|27 W 27T
st gt

=
Hu

2
0%
rE

= Aol ARgR 271 Aol 20199 59 $HEE Foi2
THE Ao Ao o (P 4x4mm)E &3t
o

gk 3 30704, A 307A1E A- AN &A ¢ 23+1°C

APAE 29 7IA| F Ste s Abgol Adwio] Ho

tropin) 2L 101U/g9] =2 GH WA Brfo FARRE
. 1017 A & ERE gHlsto] Juds Adste] 319
AT FAeR AFeAsAh TS A% 15cm Petri
dishol| &g 4 485t 2 23+ 1°C2 A & #e|st
k. Foirrol o] A2 I ST 95% ol He H3 5Y
B AMZF $2%(400 X 200 X 150 mm)E &4 A% Aol wlat
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8% (rotifer), Artemia sp. (brine shrimp) 43, 0] H=} vl &AL
28 Ao TRAUG A% S5t Y LT 2ol
1724 ot

Xt
=

5

3. oh 2l 3 xjx|of

7 FATE ARAEE 7= EA0] o & I S
T3] Y3l Song et al. (2020)% w2} Proteinase K (GeneAll,
Korea) 10 mL =85 ARg-sto] Wt A 2 EEE AA
94 o] golstA stgle, o|% s|7-&n| 7 (SZH-10, Olym-
pus Co., Japan)2| 10~508]&= #&sgich. & WA 7o) o
A #2718} §ol= oA APH E7l& oAF I T AF(Park
et al., 2005; Song et al., 2017)2} Kim et al. (2011)& 213}
ou, ARgA o w2 Fx)o o] Fef Iy 23} A FHE
B3l & 4647HA] vl A (MS-222, Tricaine methanesulfonate;
Sindel Co., Canada)S AR&3to] oh3fet 5 19 167049 A%
<= S48k

1) Step |. 't W2 Al 53 0= MEZE S (zygote)

Stage A. &7 A& YFC= W7H0] 0.92+£0.03 mm
(0.87~0.98 mm, n=30)2.& &elE|glon, 24ehe BEw
AR FFe JAE H3l Ao Azde] {4
(Oil droplets)= EAY5HA] gkorom, =4 § E-& F4517] A
Zste] A T 108 o= W3 Y (perivitelline space)
o] FsHA ReYHAUL AT FAHL 1.12£0.03 mm
(1.10~1.16 mm, n=30) %t} (Fig. 1A).

Stage B. 74 ¥ 15& o|H &2 A|lZAo] FEFLE SH ==
Ao| JHEJL, 74 F 3580] HustHA MELZHE F
E502 §Ho] A&E o] vi¥k(blastodisc)©] FE=Ol B4
At} (Fig. 1B).

2) Step II. t&tnpHE (cleavage)

Stage C. 77 3 1At HjHke] Fofo] o] F&5 o] 24|27
2 o3k rh(Fig. 1C).

Stage D. =7 & 1A]7F 10820] 24| 2£7]¢] &7} o] 5E=HH
4A|27]°l| =25t¢iTh(Fig. 1D).

Stage E. 78 & 1AI7}F 2085 A$3to] 8A|27| = o353
t}(Fig. 1E).

Stage F. 7 & 1A|7F 4020= & 47} B 5716k 164
7)o =5ttt (Fig. 1F).

Stage G. 4 & 1A7F 50829] 32472 o] 3T} (Fig.
1G).
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Stage H. % F 2417 AF5te] 644 E7]o] mesteo

o, @7} 2obA| i 2-SH S = et (Fig. 1H).

3) Step Ill. ZH{EM2}H (blastula)

Stage I. 44 ¥ 2417 208 ¥ 879] 27)7} B8 Zopx| 1
A22f =7} F7kste Al (morula)yE F/93HATH(Fig. 1D).

Stage J. % & 3A17F 108& A5 3}t wigto] Yo} vkt
£ @/95te] Zej7] (blastula)o] ELSHAHFig. 1).

4) Step IV. HiE M 1HH (gastrula)

Stage K. 4 $ 4A|17F 5088 AF3te] vijgto] ofj&o
2 sgelol Bael 132 9/ Eigon, vk hgael st A
2} F7eteo] AESS Y &5 (epiboly)o] A= 30%
epiboly A7)l =&3}th(Fig. 1K).

Stage L. 27 5 6417 2082 AF5t0] vjRAYo] BT
%02 SAEn vijgto] W&o 1/2& € o] 50% epiboly A]7]°]
11, vi 2k (germ ring)©] F|hE A= It} (Fig. 1L).

Stage M. 5% & 8A|7} 5082 AZslo] ujjdto] Usko] i

Stage N. =7 & F 9A|7F 508-& A5l 100% epiboly®l
=519 2H, A7 <5 (neural fold)©] W3 9ol A= A ch(Fig.
IN).

Stage O. 74 ¥ 2F 1047t 5022 AFslto] FEA2] vljA|
(blastoderm)7} &A| YelGth(Fig. 10).

5) Step V. 7|28 M1} (segmentation)

Stage P. =73 & 14X+ A$sto] vjA|e] Fej7t F3HsH
e, m2]of QFE (optic vesicles)7} FAEAL 2 +=
5~6717} ﬁ“ﬂ“‘:}(ﬁg 1P).

Stage Q. 78 = 15AI17HS M F-sto] wjA| 9] k=7t o
on, 23 $E 8~10717F Y= AcH(Fig. 1Q).

Stage R. 4 & 23A|7HS 7133} 28] o] Kupper’s vesicle
7F gAEN oY, 28 == 18~197] Ktk (Fig. 1R).

Stage S. 43 & 25A17HE AG3ste] otk HEOZ o|X
(aduitory vesicle)7t FAAE 1 H3lo] Yo 2 ARFE o] HY
ol Wzt ;) ko = el WolA A1gE] AZich of
A7) 28 = 25~267] F Tt (Fig. 1S).

2} 5

E-& o] 90% epiboly A|7]oll =&3HSITh(Fig. IM). Stage T. % % 26417+ A 53}o] Qtxof A=7}F A=
Table 1. Time required for embryonic stages of Squalidus japonicus coreanus at 23 +1°C
Elaspsed
Stage Characters Fig. 1
Hrs Min
Insemination 00 00
Zygote period Swelling 00 00 A
Blastodisc 00 15 B
2 cells 01 00 2 blastodisc is cleavage C
4 cells 01 10 2 X2 array of blastomeres D
. 8 cells 01 20 2 X 4 array of blastomeres E
Cell cleave period
16 cells 01 40 4 X 4 array of blastomeres F
32 cells 01 50 4 x 8 array of blastomeres G
64 cells 02 00 8 X 8 array of blastomeres H
. Morula 2 20 I
Blastula period
Blastula 03 10 J
Early gastrulation 04 50 30% epiboly K
Gastrula period Middle gastrulation 06 20 50% epiboly L
Late gastrulation 08 50 90% epiboly M
Formation of the embryo 10 50 (0]
5~6 myotomes 14 00 Formation of optic vesicles P
Embryoric period 8~9 myotomes 15 00 Q
18~20 myotomes 23 00 Formation of Kupper’s vesicles R
25~26 myotomes 25 00 Tail begin to extend S
. . Hatching start 46 00
Hatching period .
Hatching complete 49 00 U




2709l o LM 3 Xtx|of e &E 255

Fig. 1. Egg development of Squalidus japonicus coreanus. A~H stage is views are shown during early cleavage stages. I, J stage is views are
shown during early blastula stages. K~O stage is views are shown during early gastrula stages. P~T stage is views are shown during segmenta-
tion stages. Face views are shown during cleavage and blastula stage. U stage is hatching larva, 49 hr after fertilization (Scale bar = 1.0 mm).

2o Kupper’s vesicleZ7} 2H = 1t (Fig. 1T).

6) Step VI. 53} (hatching)

Stage V. 78 & 46A17+-& ALsto] vljA 9] mejiE ks
£31 B3] ARSAT, 4 F 49AKHE AFSte] AF 7
A F 50% ol ¥at GEEYc. $ak AFe] Aol Y

3.7

|
0] 3.7+0.1 mm (34~3.8mm, n=16)2 & ZA|o] SAAx7}

TEER kgt ojnf Rfrtole] 2H 4 34~377%Th
(Fig. 1U).
2. Xtx[0{2] el e

1) Step |. 'H&HXI017] (yolksac larva)
Stage A. 3} & 19A| 2] zpoj= AR 4.1+02mm (3.6~4.5
mm, n=16) (Fig. 42 =& SM23zo o3 FA 2HHEgle
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Fig. 2. Larval development of Squalidus japonicus coreanus. A~D stage is Yolksac larva; E stage is prelarva; F stage is flexion larva; G~I stage

postflexion larva; J stage juvenile (Scale bar = 1.0 mm).

o, £ oFE O R o] FAE 7] A&SHTH(Fig. 2A).

Stage B. £3 & 2R AFoj= A% 4.9+0.1 mm (4.6~5.1
mm, n=16)2 ol H2 MAZ7} 5L s ZHE7] A
Zrstglon RAAE 2| 7iEA=gu)7t 7t22 A A
Aok A =gju| 7} drdste] F3lxtojo] vls| wrx|=gjn| ] &
o] tha F7FsHKITH(Fig. 2B). ©] Al7] Ato]€] cupulae (cupula)
7} E@3st7] MRSt mEls & F obrhv| ') FEol 1~24,
= S 7ISALY] FERE ¢ ERETA 6~7480] ¥
A =o] BREITH(Fig. 3A).

Stage C. 53} & 3UA 9] Apoj= AA 5.1+£0.1mm (4.8~5.4
mm, n=16)2 ¥o] $F£o2 EZE oM, 43¢ Fo] 94X
L2jn| gre = A= T (Fig. 2C). & 589 cupulae= "'
5 E7HA] B E| o] 12~14%0] TEE| YT} (Fig. 3B).

Stage D. 83} & 49749 Aol A% H+ 52+02 mm
(4.8~55mm,n=16)2 233 9|0 By} FA=7] A|ZF
sl A 0 2 ol E el 43Kt Eo] 45°2 7|&oj Rt
Aol o] AIZIRE 7HEA =& AMS F-F5H] AlEFet
t}(Fig. 2D).

2) Step II. T 7|Xt0{7|(preflexion larva)
Stage E. 23} & 5UA 9] Zol= 53+0.2mm (5.0~5.5 mm,

n=162 48 47t SR ¢o] g3loH, 575 &
stA| skt 43k Y150 2 gy 27t A A% E
AL HA2ZL2 Haof o YF o g XA = 3ich(Fig. 2B).
o] A|7] F3}Ato] 9] cupulaed] o] F718to] el o 9
o7 5%, ol ARE op7tu7R] 7~840] HEE| o] HElof F
12~13%0] WU (Fig. 3C-1). & SHL 12~14%°] Le
won, o vitjY A o2 Yelyith(Fig. 3C). o] F, #3F & 15
U7HA] Ao 9] cupulae= F7F8HA] &qkth(Fig. 3D, 3D-1).

3) Step lll. £7|X0{7|(flexion larva)

Stage F. 3 & 194A ] #}ol= 6.0£0.3 mm (5.4~6.5
mm, n=16)Z A2} Yko] Z3Fo| ZP=7| A2statt. 55
SR =2ju]= AR 7] AJZbel o FE Zof 7|27} s
7] NzFskGiTh 3] Eells 1719 A S Z7F HAE Qi
3717} A4AgH] w2} brine shrimp (Artemia sp.)-232 WiEHAL
&29| A4o] 7Hssi ATt (Fig. 2F). F3F 3 2090] 33t 571
Rofiz vl2jofl RE3He cupulac®] 47} FolLt o) 43} g) of
g 9 opyin] QI FHOE Uron, RolY wz|gjolA &
Z4H cupulae & 11~15%0] TZE T & SH T3 19~22
o] WA= ik (Fig. 4E).
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Fig. 3. Dorsal view of rod-like cupulae appearing in larvae of Squalidus japonicus coreanus. (A) yolkac larva, 2 days after hatching (TL, 4.6~5.1
mm), (B) yolkac larva, 3 days after hatching (TL, 4.8~5.4 mm), (C, C-1) pre-larva, 5 days after hatching (TL, 5.0~5.5 mm), (D, D-1) pre-larva,
15 days after hatching (TL, 5.2~6.6 mm), (E) flexion larva, 20 days after hatching (TL, 5.7~6.6 mm), (F, F-1) postflexion larva, 25 days after
hatching (TL, 7.7~8.4 mm), (G, G-1) postflexion larva, 35 days after hatching (TL, 9.5~11.1 mm), (H, H-1) postflexion larva, 40 days after

hatching (TL, 11.5~13.9 mm).

4) Step IV. £7|XI10{7]|(postflexion larva)

Stage G. 23} & 2497 <] Zol= 7.6+0.5 mm (6.9~8.6
mm, n=16)2 Z}te] Z3jo] Am =} 1719 F7t 2712
rojgon, SR =eno 7|27t FAEUeH, TR =
olE Ao =Esto] 4dn st e s FREUTH(Fig. 2G). #
3t & 2590 At T|Aboj= HE o] Hlsf F SH| EiE
8l= cupulae Zo|7} AhH o2 Frobr]7] A|Z&s13iTh(Fig. 3F,
3F-1).

Stage H. £3} & 20UA9] Ztol= A 9.6£0.5 mm (8.3~
10.5mm, n=16)2 FA=2jn| 4 x| =gu] 7|27} G40 =

gatgen 4F 7|2 (1~3)o SALET HHE T Aok
9ZBE nHE7R] SMAE7L AEsH d = Qich(Fig. 2H).

Stage I. £33} & 3594%) ] &= AR 10.9+0.5 mm (9.5~
11.6mm, n=16)2 & ¢F vpxeto g ool kx|
ojo]] wijx|=gfu|7} Westr] AlFstch(Fig. 21). ©]A17] Zpof
o] 2o} B Ziof| BE3} cupulacs A3 et @A &
2E9lth. Cupulacts 2] 9] 3¢ of7tu] @7 Fuof 5~8%
o] TAEIL (Fig. 3G-1) & SHollE 30~347H7}F T=| o] 7Y
Al ZF Zol7h ASATH(Fig. 3G). F3t F 409 & 2E 7HA|oA
cupulae”7} HZ = ] k9t (Fig. 3H, 3H-1).
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Fig. 4. Growth of larvae and juveniles after hatching in day of Squalidus japonicus coreanus. Circles and bars represent the mean and SD (A:
yolksac larva stage, B: prelarva stage, C: flexion larva stage, D: postflexion larva stage, E: juvenile stage).

Table 2. Comparisons of egg developmental characteristic in Cyprinidae fishes

Time of hatching

Newly hatched Juveniles size

Species Egg size (mm) (water temp.) larvae size (mm) (mm) Reference
Gnathopogon
Gnathopogon strigatus a .6éz? $8mm) (2354_r7 1h °C) (4.14~'44I.gmmm) a1 éi?;nsm mm) ~ Kimetal,2019
Squalidus
Squalidus gracilis majimae 2.9 mm (26+1.5°C) 33mm - Park et al., 2005
Squalidus japonicus coreanus (1.1 (l)i% rlnén mm) (23+1°C) 3. 43;7;%?““1) (1135 555117%?::]) Present study
Squalidus multimaculatus (O.S()jgorgn;lm) (24£1°C) . 52;8;321111) Song et al., 2017

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

Stage J. 33} & 449R) 2] Rpoj= AR 155+1.0mm (13.5~
17.0mm, n=16)Z i =2 u|7} G0 =Lt o, 2k 2=
#Hule] 7|2 = D: 11, 9; A: 111, 12; V: 1, 6; C. 2022 2]0]7]
2 o35ttt (Fig. 27).

1]

al

E J7E vt 185 7N (S. japonicus coreanus)®] %
NBIAE Ao Belsgen, o] e G7E 2UFE
271 YALS B mhelct.

(Cyprinus carpio)®} 8] (Carassius carassius)= 1S $329]

3245} (Byeon, 2014), §rr0] BHE BRI A4 B Ak
= Fg¢ 27l &g =3 AEE F&(Lee et al., 2002;
Song et al., 2020)3t= 59 o R Ho] FAS #R]5k o
et AT FE FEshe AeE dEA ok & dAtolA &
Q18 Bole] ST S BASHA Foo] WAL A
WAL T ANSHE 2 Soll 43 127 Park er
al., 2005)2} HE (Song et al., 2017)2] ¢+ 522 EAS
B R Sl AA8ke Squalidus argentatus®] ‘2 -4
S wE Ao oA 9ol (Wang er al,, 2010) Hol Rc.
Wb digto)] M &Sk= Squalidus banarescui-> FARAHE 5
WiRo) 0] Xkt AR oA Qch(Chen and Chang,
2005). @3l AAske E719 AT AHE A7 Byeon
(2012)& 8M} F27F B2 do|AY 27t $AX S E
o o] st ezt lEH oA Al 2l



STk 2 Aol AE Adet B2 Aols AT AHe
SR B9 RES el B o] Sulte] 2uAE
Zero] wesh $740.2 Byeon 2012)9) AT Ane} Y3
PR BRI PR O e
e Sune) g Bay| AR AT Ao s BeE,

B AT A 270 o) RN 208 A7HE 4947k0]
Qo AENY F& 65A17F(Song e al., 2017) S. gracilis
majimae= 2 58A|7F(Park, 2005)°] 28 % o] Zjol& B
ot oJFY o Iy A ot 2k, G, §344L, R F
o] theFer 78Rl FFE W= Ae=E dEA oeH (Kim
and Jang, 1994), 53] W2 oFoA 27t 2545 W4T
A AQA7ro] EEEE A0R YA gt (Forrester and
Alderdice, 1966; Hwang et al., 2005; Han and Cho, 2007). ©]&=
o ) wjote] Wil Lol wel targol S7ieo] met 2a
AlZbo] Wt = Ao R d# A QIth(Weltzien et al., 1999). £
Aol S T T e 2223+ 1°C ¥ S,
multimaculatus+= 24+ 1°C, S. gracilis majimaet= 26+1.5°Co]|
A Aglo] A= Tk (Park, 2005; Song et al., 2017). WkA] A
ot R ML ABIAE SUT B 270IA ) vz
7t dag Aoz gaE

2. Z2AS 0| XHx|0f Al7]2f HE HIw

2717} &3 R0l olFel mARA HaRole] WA
L2 4.6 mm (Lee et al., 2008), 412 (Coreoleuciscus splendidus)
5.31 mm (5.03~5.68 mm, n=20), E4°] (Gobiobotia brevi-
barba) 5.5 mm (Ko et al., 2011), ZE117]| (Pungtungia nigra)
5.8 mm (Lee et al., 2004), 2=/l 4.4 mm (4.1~4.7 mm, n=20)
(Kim et al.,2019)2 &=A Ut & AtollA &l| =71 73t
Aoje] B ARE 3.7+£0.1 mm (3.4~3.8mm, n=16)2 22
B0l T & B3} Aojo] Hlsle] 27|/} He Aoz
SR1E 3tk oiRo] glo] AFAI|o) wet e WA deke v
Az AL dA ok AL 4RSS & 47 & &olE A4t
Sk HhH 2p2|09] Hol7} FRE o Fofl AF-S A 2z
Z Aol & giFom PAbshe W4 A AEskar ok (Ware,
1975; Kim and Zhang, 1994). WgtA] Z-E117], 8401, 8], &
£7) 5 ohni maRRlols} o}5e] 4|7} 4~59 (Chae er
al.,2001; Chae et al.,2019; Kim et al.,2019; Song et al., 2020)
of H|sto] 6~8U7 AHst= =7 (Byeon, 2012)9] F3}A}o] 9
2717} A2 AL AARA 7)o g W14 Aoz Yzt

Azlo) A7) FE R BEole T AA, 2E 24
&FZ BE 5 (Kim et al., 2011)°] AT & AFol|lA = HlaLZ]
o] golgt S Zfolof el =dtarx} gk, R FA]|
I o7 T EEY Aojs AR} SA=2n| 9] 7|27}
ol mgshe F71Rk07]o SAI=2u] 9 RA|=u]9] 7]
Zo| SMAz7E B3R A9 (Kim er al., 2019) 712 &

2709l o LM 3 Xtx|of e &E 259

ol Sxejnle S enle] 727} Ho] EEsHe 7]
Roflol SAejolel HALene] 7|0 FAAEI} Bk
stof of Al7] Ao1e] BALE BENA Fo| Ho] & T2
Sick. w2t Bolek 2L o AEA W ) WA ek U
3} 2elE o] F W T 9 e} ZALT| o) FY
91Tk (Song et al., 2017). 2127 & o} iR s Bk B
25 A)7)o] QHE7} SALE] of3) AHE T Rejrjoli: £
AR TR B Bl el SHAES} BEHE Ao
2 e} (Park er al., 2005)900] k1 WA R RakRtolrt 5
Namo} AR e B Aol T &e] 257} Holg
R} o) % W BAGAE 2Rl 4RE F7|R017]of
S. multimaculatus®] A}o]Q] njHXo] it Jej=2 L= A|qt
(Song et al., 2017) S. japonicus coreanus®] Z7|Z}017]2] ol
o= SAAZ7F RE8HR] ghot T3 Aol E Hinh HETN
ZE 27E olF 5 2% IEFEH7E 7P ARt o=
= Xt Aol A7)0l SO FEjeF EZoA Zpol7} &
Aok sHA e &M= §3F o] % po] W o] o] P} &
A7 ggkon, Ze Lo &3 FEMe 2714SAF BHEA|
A] gkol o] 5] gt /1Al ArF Bad Ao wekE

ojF9| mejet A& A Tt I 2YFY cupulae
(cupula)= FEHAIZH A (superficial neuromast)E 0| F= &
A2 (hair cells)d] A2 FSo=2 Ay 53 22 123
cupulae (cupula)E FA3I Y™ (Mogdans, 2019), 7153}
FH7E AFEEY 34 D APALE T FARsioh . S A 9
t}(Roberts et al., 1988). & dFoA IHEH cupulaee o F
o] #ZA7|He =2 ¢Jo& (Cypriniformes) o] FollA #Zo] =
I Yo (Iwai 1967, 1972; Mogdans, 2019), E7)7} &3t =
B FEX| ot} o] 721 42 (Song er al., 2020), Abbottina rivularis,
Biwia zezera, Squalidus gracilisi’—] 3% (Nakamura, 1969) ¥ &
EAF B2 A] (Nakajima and Onikura, 2015)5 tjAle 2 &
A7 B, Fejol] B3t dF A7 IgE B gl of
5 AojAl7]of] WEh== cupulaed] EIHYE Bol4d A3} A
A2 Ag 5 Aol 27| BED ABEH| QUtk(wai, 1972;
Mukai and Kobayashi, 1991; Nakajima and Onikura, 2015). I
3t cupulae= F F7 BUAL HolE AH4lske A7l Hd
2 gty AEkste, $71xpof Al 7o) Htigte 2 FrobA
A 4= Ao 2 By v} §lok(Nakajima and Onikura, 2015;
Song et al., 2020).

=19 ¢ F3F 3 2UA Ao HEH cupulae7t BEE 7]
Al&rste], 23} 49 $HE Uehts 412 (Song er al., 2020)°1
H3j o] 2 AIFRE Yehgoy H3} & 5Y0] Aaste] GEE
47 SRET Holg AAsk A7lo] cupulac} vlzlsh B &
woll s AL o)e) ATET} FUsle] AololA] wT)
i cupulae®] TEIAL #pojo] 27] Bo|d 43} Bdo] U=
Ao 2 B

fr e

o

[
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Cupulae®] T2 71742 BATAY B3 FAAHoA1Y A
2} 11.2 mm (Nakajima and Onikura, 2015), 42| E3t {3} &
13 0] A3t Z7]|=x1oJ A 7] (Song et al., 2020)1| cupulae”} T
ZHE|Z] grol 37| ojA] 710 cupulaet BEER] = A2 2
st B F3F F 40g0] FgE AlFNA cupulae7t B
x| gro} o] Ao AtH B FA|eF 4l B8] cupulae7t &
st 717ko] A= 71 ApolHo] glo] FLE R FA| ot

I YoM = & E= Foll w2} cupulaed] T 9 {2]7]7H0]
0E A0 oA
Apolo] weE|et & Sl UBhuh= cupulaed] e P34 2

AEAo) A o d0mom A el 4t Hgle
o, #12] E3F 3240 2 (Song et al., 2020) SA 8| &4 39~4274
(Kim er al., 2005)2t} 27| UeRgey. B749] A9 23} & 35
AR zpojo| A WA EE cupulae 7} 30~34702 SAH]ES
36~387l (Kim ez al., 2005) .0} Tk 2 A Yep o] e] At
S FLH Aol A7)0l UEk= cupulaed] = SAdHlER
o tha AA vehts So] it

mretA fuete] #xss EE ofE Fo met
cupulac®] Wgatgo] Alold 4= gleo vz x| Ya A g
A=7het a7 Foll ek & 2o] WEIgof izt ¥l
A7t 27k o= Wastgn,

o OoF
e -1

2 A= G ZAF oo P 2 A AR e
Squalidus japonicus coreanus®| Z7|&Ate] tjste] H73}
AT} S. japonicus coreanus® Foj= EHEE FFA|Q] XA

oA ER3}HTH A4t 4 Z oo HCG (human chorionic
gonadotropin)E 101U/g%] FE=2 FASIe] LS 4o,
Astath AT EFHT M Ug9] A
Ao 2 WAL 1.12+0.03 mm (1.10~1.16 mm, n=30)%]
ok PATE 2 23+ 1°ColA 74 49A17F & RI3Pt deE
Qom, ydskzto]o] HAL 37+0.1 mm (3.4~3.8 mm, n=16)
= —§-* 227} WEEA] Fodeh. 735U T Aol AL
53+02mm (5.0~5.5mm, n=16)2 439 47 4RrET
S35 XS AEE A7Ape)7| = o]kt 73 19Y
Aol AFolo] AR 6.0+0.3 mm (5.4~6.5mm, n=16)2 AL
o] o] AIFEL meA|=gu|9 7|27t FAH F7IA}
o|7]12 o|gstutt. #3299 & Apoj WAL 9.6+0.5 mm
(83~10.5mm, n=16)2 HMatcio] Zo] ghawlo] F7]2
o]7]2 oty H3l 449 T AA 155+1.0 mm (13.5~
170 mm, n=16)2 BE Agu|e] 7|27} §2o] B2k 2
07|12 o] s}t

SAMoF ol 2

Al Al

B ATE 20219E FYUSAH SAPATAY W
SAY BETY 27 D SR AT (R2021036)9) %)
2 = gaUct

e

e rR
o
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