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Egg Development and Morphological Change of Larvae and Juveniles, Characteristics of Spawning
Sites of the Korean Endemic Species, Coreoleuciscus splendidus (Cypriniformes: Gobioninae) in the
Jo-jong Stream, Korea by Ha-Yoon Song, Seung-Yong Kim, Kyeong-Mu Kim, Young-Ho Kwak and Hyoung-Joo
Jeon* (Inland Fisheries Research Institute, National Institute of Fisheries Science, Gapyeong 12453, Republic of Korea)

ABSTRACT The egg development, early life history and spawning site characters of Korean
endemic fish, Coreoleuciscus splendidus (Gobioninae), were investigated at the part of Jo-jong stream
in Korea from May 2020. The fertilized eggs were 2.05~2.23 mm (mean, 2.13 mm) in diameter and had
no oil globules. The embryo began to hatching about 98 hrs after fertilization under water temperature
of 20+ 1°C. The newly-hatched larvae were 5.03~5.68 mm (mean, 5.31 mm) in total length (TL), and
their mouth and anus were not opened. 4 days after hatching, Several rod-like cupulae were observed
on the head and lateral side of the body at 6.95~7.89 mm (mean, 7.51 mm). 7 days after hatching, the
post-larva stage were 8.39~9.29 mm (mean, 8.78 mm) in total length, and their york were completely
absorbed. The cupulae were completely distinguished. They entered the juvenile stage when all fin-
rays were formed at 29 days after hatching, and their TL were 14.16~17.04 mm (mean, 14.99 mm).
Squamation was initiated on the caudal body at approximately 18.21~23.74 mm (mean, 30.28 mm), 38
days after hatching, and completed at 26.82~33.33 mm (mean, 19.42 mm), 73 days after hatching, the
external characteristics from of juveniles were same to adults. The spawning site was characterized
by bottom structure of pebble (64~16 mm) and gravel (16~2 mm), environmental conditions of the
spawning sites were 6~18 cm in water depth, 0.43~0.73 m/sec in bottom water velocity. In spawning
sites, an egg mass or separated eggs were located a small gap of under the pebble and gravel.
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Hel4 olR7k Aelsh AR F 2EAH 7 (Song
and Bang, 2015)%¥ °o|%, G574 AFA G FAH 4271
gxez olqsel et w2 E7 A AT 2ol
B 159l o (Song et al., 2017a), Chae et al.(2019)= Z+E 7Y
ATdE TAZ H8& ofF 23 Lol AAA A7t st
A g Aer gEo] F O oFF (subspecies) WA Z T
gt A Slo] olF 4% o7 A ERE A4l
|&o] A57F AyHUD R Fef o F-43H2] A2 (Song
and Park, 2006; Song and Bang, 2009, 2015; Song et al., 2010)
B ohet Hel% off £ E7ke] WA EY AT 5 o
& 2uol4 el oiol et uZ AT Basic
AA201e] FeperS TPSE o7 e 27 ATASE A
Ao gt AF= £ E3}(Frost, 1965; Goto, 1983; Snorra-
son and Skulason, 2004)& EZ&3sle] FAEL A U ER
&7 S ABAE 1 (Blaxter, 1974; Balon, 1985, Kim et al.,
2014, Song et al., 2017b)3}7] 93t F423t 7|2 AT A=E=Z
ggstar Qlrt. 22y @4 BuE 429 At 9 2718
Atoll gt AeY dA= AA4EEE E4 (Song, 1977)3 it
Ay A zpx]ojer (Han et al., 2018; Park et al., 2019) T3t
7125t0] 2ol o] L4271 B (cupulac)®] W 5 FAETY A
T % EFSH FABAE FEsh] A AR AT A
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Fig. 1. Photos of spawning area (A, B, C) of Coreoleuciscus splendidus in Jo-jong Stream at Hacheon-ri, Chenogpyeong-myeon, Gapyeong-gun,
Gyeonggi-do Province, Korea (37°44'24.89"N, 127°26'09.58"E), 3 May 2020. The 27 black circles (A1-1~C3-3) were measured point of charac-

teristics of spawning sites.
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Proteinase K (GeneAll, Korea)E do] & ¥HS o] HZA
E4E AAT & FYFe R HEstgt. o] &, A% 150 mm
Eot2g g EU o] =TS BAF £85k SR E0H
(SZH-10, Olympus Co., Japan)2] 10~50 x Hj&Z #2314t
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A 2027 Bt +5F SASH Y
2+ A7) 50 cm AHE o]g-8to] BT Y (50x 50 cm) YA
715 Z7A38+¢g 2™, Cummins (1962)0]] oAl sHAFIAS
TS AP £ATL S EA 0| F (SZH-10, Olympus
Co., Japan)®] 10x Hj&olA FHS SH3A2H (n=100),
Proteinase K (GeneAll, Korea)Z ©|-&3lo] A4t H &
2 24 AAT F, /A2 Festo] ¢ (egg mass)
£ st #A"Y & Agsith AT 2e U
Aol g 9 Ax| o] A2 AT FYEHA Ao 7| 7HA] AL
=5to] 229 AT 2ol U FAsHAT
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Stage A. $12]9] A&TL oz Yol 1.52~1.71 mm
(B 1.61£005mm, n=30)2] HYS HPoy $HTe 3
2Hgo] et BEEH JAAAARCR 23T ke £V
of ZstA A=Atk AZA| §- (oil droplets)= =43k
A ggron, =4 T 107 5§ B F5te] G 3ol
F35HA BEEEey, 2479 W2 2.05~2.23 mm (B
I 2.13+0.05 mm, n=30)°| ¢t} (Fig. 2-A)
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B4, R3] & eHAR FEsIA o, LA 7]k (period) Tt
oA (stage)= Table 13} Fig. 2] AIAI5FATH

1) Step I. MIEZHE 2% (zygote)
Stage B. 74 § 20+4°] AH3tH FE=22 A2do] &
ke BiEk (blastodisc)o] F3F 9ol B4 = it} (Fig. 2-B)

2) Step Il. ket (cleavage)

Stage C. =74 F 1A17} 58S AFE wjuke] F4o] =32
2 o] FEEM 24272 o] Y33t} (Fig. 2-C).

Stage D. 4 & 1A|7F 308S AZ 2 24| 27]9] &7}
2 3712 o|FREH 44|27 = o| Y3}t (Fig. 2-D).

Stage E. o] % ¢F 208 74 o2 ddlo] gEo] 4 & 2
AlZE 20E-& A2 A 7] (Fig. 2-E), 2A17F 40& 3 164X
7] (Fig. 2-F), 3A|17F & 32X 7] (Fig. 2-G), 3A|7F 208 & 64
A|Z710l| =28ttt (Fig. 2-H).

3) Step lII. ZH (blastula)

Stage F. 74 $ 3AI7F 4085 AT =
olFel A7) =gskad g & SAZ 208 HER
wigkel g F27t AESS Holo, Zufj7|o] =g
skt (Fig. 2-1). =78 & 10A17HE ASE wijdkdo] d3he]
20~30%% 9ol WL HA 30% epiboly®] =Eal¢lth(Fig.
2-K).

128432 7] (Fig. 2-1)
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4) Step IV. Ll (gastrula)

Stage G. &4 & 12A17F AZE 50% epiboly (Fig. 2-L,
2-M), &4 F 19A17HE HEZ 70% epiboly (Fig. 2-N)oj &=
2otm vjRtgo] tgko] of o2 SHibE Qi

Stage H. 574 & 22417k A2 vjut¢do] H5he] 90% o]
AS gof YA 90% epibolyol]l =23t (Fig. 2-0).

5) Step V. 7|28 (segmentation)

Stage I. 74 & 23A17HE ASE Y47F &3] 23]
3 A 7P R £ v A (embryo)7t A= 7] AJ&}a}
FoH (Fig. 2-P), 4 & 25A7HS AZ =2 A Ho] 2~371=
25 o] Yehgar k= 7F A4 H itk (Fig. 2-Q).

Stage J. 4 & 2947 A& A|Ho] 6~107E £
ol Yehgon, ¢tz Hof o]lzrt AAAHUT. 8 F 33
Alzro] st Aol wet A-o] 14~2070 2 F7FsH S
H (Fig. 2-R), &4 ¥ 35A17HE AT E AE-2 20~24M8 F
7¥star oA ezt E3tE o] Wasty] A2kt (Fig.
2-S)

Stage K. =7 & 38A|7to] ZTstH A Ho| 26~300E F
7¥stal ol A27F FAE o, wjA7E AR o2 FH o]
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Table 1. Time required for embryonic stages of Coreoleuciscus splendidus at water temperature 20+ 1°C

Elaspsed
Stage — Chracters Fig.2
Hrs Min
Insemination 00 00 Sperm and egg are inseminated
Zygote period Swelling 00 10 Swelling A
Blastodisc 00 20 Blastodisc B
2 cells 01 05 2 blastodisc is cleavage C
4 cells 01 30 2 X2 array of blastomeres D
] 8 cells 02 20 2 X 4 array of blastomeres E
Cleave period 16 cells 02 40  4x4 array of blastomeres F
32 cells 03 00 4 X 8 array of blastomeres G
64 cells 03 20 8 X 8 array of blastomeres H
128 cells~ 03 40 8 X 16 array of blastomeres, cleavage planes irregular I
Blastula period Blastula 05 20 Flattening produces an elliptical shape J
30%-epiboly 10 00 20~30% epiboly K
50%-epiboly 12 00 Germ ring visible from animal pole, 50% epiboly LM
Gastrula period 70%-epiboly 19 00 70% epiboly N
90%-epiboly 22 00 90% epiboly (6]
Formation of the embryo 23 00 Formation of the embryo P
2~3 myotomes 25 00 Formation of optic vesicles Q
) ] 14~20 myotomes 33 00 14~20 myotomes R
Segmentation period 20~24 myotomes 35 00 Tail begin to extended S
26~30 myotomes 38 00 26~30 myotomes, formation of eye lens T
30~32 myotomes 40 00 Above 30 myotomes, Formation of heart, elongation tail (30%) U
) 32~myotomes 49 00 Beginning of heart pulse (47h), specialization of brain \%
Pharyngula period 91 00 Black pigmentation in eyes w
98 00 Hatching start X, Y
Hatching period Hatching (50%)
121 00 Hatching complete zZ
7] AZFslAth (Fig. 2-T). 3 & 40A]7to] AstH AEdL 7) Step VL. g}(hatchlng)
3071 oldo= FUlsti e, vt G2 RE 30% o4 Stage N. +7 5 98A|7to] st wjA| o] me]RE+
EeHUT Aol GAHC AuAos o] Asstant WS 1 $55] AsHAth(Fig. 2X, ). o] F 98~104
(Fig. 2-U). Az Apolofl HA] 247 23287 F 19.72%) 459747 H3
srgom, A F 105~112A17F Yol 1,1657 (50.04%)7} 2
6) Step VI. AMZEtED SMA SN (pharyngula) §]—6]-Of] AA AT =, 2 70%9)A B3Pt H3 =k =4
Stage L. 774 ¥ 47A& % HiAle] AgEsel & F 13~121A%F oJufe]l 70471 (30.24%) = ko] F3}5}o]

A= o
ZE o, 4 F 4943 o] Bystd AE7E 3070 o4 —rﬁ} AlZFZ 2347 Yo 317 4= H Ak (Fig. 4). 73} &
o7 Lojui o] Halel urtto] durs] Y Qi) (Fig. 9] zol= AAo] 5.03~5.68 mm (B 531 mm)ZE = A
2-V). g 7 MA= FAEYSHIT(Fig. 2-7).
Stage M. 4 ¥ 91A17+S A2 wjA 9o kol SA A
7h 2 E 7] Adsi e, wiAdle 212 SdEs & 3. Xjo| Y x|of{o| SHef et

A 3+ ig. 2- 5 5 5
A BFRE (Fie.2-W) ) poie] $3k AT A7), F7] Aoi7] L Hol7] o]



Fig. 2. Egg development of Coreoleuciscus splendidus. The animal pole is located on the top for the cleavage stages. A~I stage is views are
shown during cleavage stages. J~O stage is views are shown during blastula and gastrula stages. P~W After the gastrula stage, the views are of
the embryo’s left side. Y~Z stage is views are shown hatching larva. Time required for each development stage is shown in Table 1. The white

bar indicates 1 mm.

T T3U7HA] AR U A A% (total length, mm) W 3}=
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1) Step 1. 7| X}0] (pre-larva)
Stage A. 23} 14A 9] Zoj= A% 6.59~7.72 mm (F+

727mmE ZAAZ7L Y2E £ A =
A Frg 3kt (Fig. 3-L).

Stage B. 23} 3UA ] Aol= HAA 6.65~7.62 mm (B
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Fig. 3. Larva and Juvenile development of Coreoleuciscus splendidus. Li~L, stage is pre-larva; Ls~L4 stage is post-larva; Lis~Ls stage is ju-
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A" f+gsltt (Fig. 3-Lo).
Stage C. 53} 447 9] Ztoj= A 6.95~7.89 mm (F
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Fig. 5. Growth of larvae and juveniles after hatching in day of Coreoleuciscus splendidus. Circles and bars represent the mean and SD.

A7) Aol o] wgsln], v2js} Bgizo s B
2371 Yehtr] A#sich YA 02 cupulae (cupula)7h
Zd3t7] AlFFske (Fig. 6-A) Hejole g2 gfy] mges

T F% ob7tug Ao 3~4%, 7k A =] offFE u]H R
Apolell 10~14%0] %‘*éﬂfﬁ W T (Fig. 3-Ls).

Stage D. 23} 64 9] ol AA 7.51~8.42 mm (B
8.09 mm)Z2 F3o] 90% ol F47t Y= G em, A
wreh gEo| st gfn] QhFe Yx|5te] $hAs] dEfA] o
t}(Fig. 3-La).

2) Step Il. £7|XI0] (post-larva)

Stage E. £3} 747 9] Aol AA 8.39~9.29 mm (B
878 mm)E Y} o] ¥ dfon, L7t 2= £}
7] A&tk B3 G S5 s SREe $7|A
o]7] (post-larva stage) 2 o] stgom, deujo} &L gt
SHA| A A817] Al&FsETh (Fig. 3-Ls).

o] A|7] &}ol9] cupulac?] Wgo] wWo] AP o] ¢ F9
of 5%, = ZolAFH ot7tu|g7 Ato]of 8~10%4 0] #Z
Helon, 7t&A=gn] ofj BE ZeA|=2fu]|7tA] 28~32



7o) gt moko] Zzt7]o]l BAE U ojuf oo =k
o] AZ7|# Zol= vz RE 5720~73.63 um, A S HE
90.77~113.76 yum= &4 =] ¢t} (Fig. 6-B).

Stage F. 23} 8UA| 9] Aoj= HA 8.32~9.47 mm (B
8.87 mm)Z A =g|u|] £37} AJZtE o] HR|Lgu|oA F
Argjujet A7t £3F U Wdstr] A2
(Fig. 3-Ls).

Stage G. #3} 9UA & zpoj= A% 8.60~9.21 mm (B
8.89mm)E Hahdtho] 1% o0& ofF |5° 7hgF F3o] el
t}(Fig. 3-L7).

Stage H. £3} 11974 9] zpoj= A% 8.51~9.49 mm (B
8.92mm=E FA=Fu]9 7|2E 5~67|2 Yt FA
gu|7} x| =gu]of A E3tE o] WEslr] AZshet. HAk
Tobo] &As] gon mEA=en 712E 12~197H2 74
Aol whet thas Zpol 7t ATt Ao 9] cupulacs Y FH A
3~4%, = LoAAEE o7tu|RA Atolof 8~10%0] T E
QAL F S0l A 30~32% TFo] 7158 T (Fig. 3-Ls).

Stage 1. 3} 13¢A 9] ol HA 8.45~9.47 mm (B
900 mm)&E SA=u]9] 7]2E 6~77), HA=Fu|= 3~4
M2 goldth. Hahdwo] 40° o2 Fof A =2in|
7b A9 stger ol 7HestieH, Fd st &+

H2|e ZI|HEALRL RfAMRE 173

7} 8~1070¢] 7127} Vrepiitt. o e zpojo] whrff mok
cupulac= ZotA dn|Zdo g2 IFE A kT (Fig. 3-Lo).

Stage J. 23} 16¥¢# 9] ol A 8.73~10.98 mm (B
9.80 mm)E FA=ul= A gu|oA Ee7t 4R=HA
o, Wi =gu]7} g =2jn] QtojlA Westy] AlAbstiTh
(Fig. 3-Lio).

Stage K. 53} 19944 2] ztoj= HA 9.50~12.83 mm (P
1086 mm)E FALul= EA AR} BERA] Az9] 78]
7Festglen, ol 9] 7|24E i 72 Ueigth RA ==
gL gu| oA B =9 6~7742] 7]27t #2E QT (Fig.
3-Li).

Stage L. -3} 21441 9] Z+oj= A% 10.68~12.93 mm (B
11.70mm)E A =2u] 9] B AR} BRA] Ax9 F&0]
7Hsstgen, ojm o] 724k i 5~62 YERGT iR =g
n] 8] 7]127F 1~2707F Uebg oy SR =gujo A obz] ¢hd
A B2 25+ Th(Fig. 3-Lio).

Stage M. -3} 23U4A) <] ztoj= A% 11.83~13.50 mm (B
T+ 1276 mm)E HjRA =gu]7} SR =gu]o A Rl Eglon,
71245 4~5707F BEE AT ol RE nHEAX 5&
7FRA 2= HE o7t AgstA vebgth(Fig. 3-Lis).

Stage L. 23} 2644 9] ZFol= HAF 12.56~15.97 mm (B

i

e

Fig. 6. Dorsal view of rod-like cupulae appearing in larvae of Coreoleuciscus splendidus. (A) pre-larva, 4 days after hatching (TL, 6.95~7.89

mm), (B) post-larva, 7 days after hatching (TL, 8.39~9.29 mm).
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1440 mm)Z2 WA =2ju]E ALt BE =gu|Q 7]59]
SR o, A =guje] 7|24E Diil 7; Adii 6; V5~T2
Hj A =2fu] g A <] gt Hul] 7|2pE Aojot 54
SHATH(Fig. 3-Lua).

5 A=

3) Step llIl. X|0{7| (juvenile)

Stage O. 23} 2994A 9] Atol= A% 14.16~17.04 mm (B
T 1499 mmE H|59| dgo| FRHA WA= gkgrovt
(Fig. 7-A) A= n| ] 71ZA4l0] Diii 7; Aiii 6;V i 782 A4
of =&ste] 2|0} = o| s}t (Fig. 3-Lis).

Stage P. 53} 384 A 2] 2Joj= AA 18.21~23.74mm (B
1942mm)E SALu] FHEZEE vlgdgo| ZY= L (Fig.
7-B) vl EFE5E S A x7} IEstgth(Fig. 3-Lie).

Stage Q. £33} 504A) 9] x|oj= AR 23.89~29.67 mm (B
2747 mm)Z & AA o vlgdge] EistA AYE Yo
ERHE2 b2 vsd vl& td A Yehd ob 2 i
7|@o] Hol= e At (Fig. 7-C). £ & o2 Hlgo| T
ool wet SMvEL & Sl F35HA Yyt (Fig.
3-Li7).

Stage R. 33} 739 A 9] X|o]= A%} 26.82~33.33 mm (F o+
3028 mm)E EFR712] HlEo] &3] YolA = (Fig. 7-D),

ALgjn] yHES A Qe A 5 QP o] Jojet fAreh
(Fig. 3-Lig).

4. X}HARRIElO| EX

g9 A7|Qd 20209 5¢€ %29 FTEL =
x1mm)& AHgehel Aeaagel 54 9 54
iy @i}(Table 3) (Fig. 1) 78 &o] Bae A4t
L A 6~18cm, % 0.43~0.73 m/sec
| 4730 16~25cm Bl AR A2 B
Fol ¢l (Table 3) (Fig. 8-A), T+HHS 5
E = = oFEAA AHEHAT
(Fig. 8-B). &3] A& & M= F40] 0.43~0.58 m/sec
2 tha =g s EEH7P A Eo] glom, mefflof A
6.5cm olate] e B3 Aol 38 olFol HolgE A
oAM= Gt A ol FEHA G2 Ao7F AHEA
o} (Fig. 8-C). 2|3t /\X‘W/']'Q‘] A7]&= 201~234mm (2.17+
0.08 mm, n=100)°]9, 4o EEHI oz QF45H
= & &R A *@%—4 BFEA 2.13 mm (n=30)2}
Ztol gl #ATE B 5 ZFF vAIRE YRSl £l
A gren), AR 1~27el Sgol Bolglt o
EH (separately eggs) T+ EF2% el W (Fig. 9-A)=
3 2317709 S0l AUE UL UL Mo AN X
o 21171 A g0l FAUNLH, ol FH2FE Q= +

oX i .
e -
oo
i HEE Y
rlot
h‘.
r

o &
B=) rr

o © lo M [ I
du o o
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Fig. 7. Sequencing of squamation in reared juvenile Coreoleuciscus
splendidus. (A) 14.16~17.04 mm TL, (B) 18.21~23.74 mm TL, (C)
23.89~29.67 mm, TL, (D) 6.82~33.33 mm TL. Shaded area indicates
squamation.

N

ke WHEHA et &0l 0.60 m/sec ©1/F A&l A
< dY9 FH2 SATA F3 ATl EojA Ujlen,
F&ol 0.43~0.58 m/secql AEAE FH 9 FeHE W
o QR Fepatols o] F4EHA ¥ A7AZ 2
1= 6.14~891 mmY HYGT F& JPPA AL o4& &
Fiof vigo] ol A4 E= Fo] HAH 4 6~16
cm, §45 043~045m/secd] B )A A= sE YY
Ao wg oAl = AbRE 3 oF 4747 OI*J gt A
]

N

T oF 91AZE o) io] Bate RS WHEHS

29 AR LRy E2shs REY EIHFA
ot} ofFo| Y FAN FASHA AT HAAEE 7=
AdETS EAS HAn & Aol #dd veA A
%9 F7]= 1.52~1.71mm (1.61 £0.05 mm)] HY I &

>



egg mass_or Sepai

pre-larva

separately

Fig. 8. Underwater photography and collected egg types (egg mass, separately eggs) of spawning sites. A line photos, underwater photography of
bottom structure for each site; B line photos, collected area of eggs for each site; C line photos, collected eggs and pre-larva.

AL 205~223mm (2.13£0.05mm)2] HYS Ho] AFH
2 mm (Song, 1977), €47} 2.24 mm (Song and Kwon, 1993)
o 3T A717F fFAFSkTE 2y S (Park et al.,
2019y $ATe] 27]7} 1.86~2.01 mm (1.91£0.14 mm)Z
ot Zgkom, F7F 44 (Han et al., 2018)= 2.11~2.66 mm
243mm)E tha F HO g2 UEh dAAte] et Aol & B
%Th(Table 2). o] 79 FATLE 4 &, £ES F5HHA
WA= S 7L Qlo] AR &7 Al wet 4]
29 =A™ 27|71 v g2A 4] | Aoz #HHI
ot o] &, $HH A (Park et al., 2019)2 1.86~2.01 mm
(191£0.14mm)Z & A4 A% v|$RE J&7 27
el 1.52~1.71 mm (1.61£0.05 mm), A7+ 1.94 mm (Song
and Kwon, 1993)¢} 27|17} fAlSte] 4 A5 B 4 £
108 ool d3S St Yehd ol 2 o AZIt

rE Y AT R FA ok ZAFQA EFE7 (Kim
etal., 2019) 1.7~1.9 mm (1.8 mm), 25-¢] (Han et al., 2001)
1.62~2.77mm (1.9 mm), 7F=E117] (Ko et al., 2012) 1.8~2.1
mm (1.96 mm)9] AR} F7F F HolaL, E17] (Lee
et al., 2002) 2.0~2.3 mm (2.1 mm), Z=E37| (Lee et al., 2004)
1.9~22mm (2.2 mm), 915 *] (Ko et al., 2017) 2.10~2.40 mm

(22mm)%} 27|17} §-AFSHETH(Table 2).

® A7} 4219 B3} A7HE S 20+ 1°C] 27 A
SA T o8N Ralh AZER 44 F 11247 Yol
AA +4F F oF 70% o) F37h Ay, 4 F 1214
b Woll BE Fgto] B37 &= H o Song (1977)9 A+
Ao} B3t (Table 2, Fig. 4). 18U A H& o
Aoz s WA Park er al. 2019)9] AFATE 52
20°ColA] 172417k0] HBE AFele] 2 Aol g B ek thet
H %8 21~23°Ce] WA 54 T 121~12342 ol 2
35 g8e B 93 % Song(1977)2] Ao} Zpo]7} 9lo A
A 5ol e 23} A7 8l0] Wasistt.

oJf AT H3 AIHE 27] AEET dA¥o] jloH,
g 9 RE AIE 2 T 2P SH e, 39 2
7], g5 B o8 AEA W Ateste 59 AEA 8¢
of met Fol WE Apol7t A F 7|7t FAEeE &
2 714 R} B3} A)7to] w2t} (Balon, 1975; Beak, 1978;
Ko et al.,2012; Kim et al., 2019).

S g0 N Aojatel thg maRAol} ofRE)}
H9He WEE o2 eut Aalel Ba NS & 277} 2

i Fob Ajzto] whE =7 o (Park et al., 2005; Song
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Table 3. The characteristics of spawning sites of Coreoleuciscus splendidus in the Jo-jong Stream (Hacheon-ri, Chenogpyeong-myeon, Gapy-
eong-gun, Gyeonggi-do Province, Korea. 37°44'24 89"N, 127°26'09.58"E), 3 May 2020. Water velocity was measured bottom, and percent sub-

strate was quantified with a grid of nine 50 X 50 cm cells

Water depth Wat Water velocity Bottom structure
Site (cm) ater (m/s) (%)* Type of Number of
width .
No. (m) fertilized egg pre-larva
1 2 3 1 2 3 B C P G S

Site A Al 10 16 6 1.8 043 052 037 - 10 50 40 - Egg mass or separately -
(Line, A2 10 16 6 3.0 043 047 044 - - 30 60 10 Egg mass or separately 77
Al~3) A3 16 16 10 36 045 024 038 - 15 30 35 20 Eggmassor separately 135
Site B Bl 6 16 10 1.2 0.52 058 0.66 10 30 20 30 10 Egg mass or separately 36
(Line, B2 10 18 10 1.0 0.65 0.79 0.58 - 10 50 40 - Separately 5
BI~3) B3 14 18 10 13 077 073 066 - 10 40 50 -  Separately -
Site C C1 7 18 10 12 042 045 043 20 10 30 20 20 Separately -

(Line, C2 6 22 10 15 085 118 077
CiI~3) 3 14 30 20 15 0.75 095 0.6

10 35 3 20 - - -
- 40 45 15 - - -

“Cummins (1962): B (bolder, >256 mm), C (cobble, 256~64 mm), P (pebble, 64~16 mm), G (gravel, 16~2 mm), S (sand, <2 mm)

et al., 2017)9] H3} A|ZkQl 59~77AZEETE £9loH, &
L EE = g3 59 ¢ 2 353E Pungtungia, Pseu-
dopungtungias ©]15 (Lee et al., 2002, 2004; Ko et al., 2012),
RRg 271 25olo] 184~24041700] HlEAE e 3
3t A7+ 7HAE (Table 2). #19] 9] 73} AJZES 98~121A]7F
o) ARV, AAUVY 24} ATt SAB| SN A
23 A2 E Aolo] o) Fe= £ ol f4ol
ojgt seel §AT AL s SR RHRolo
AEES Fol7] ST Ao wadh

2. Z2AED} XX Al7| HE B

23l A% 3 zo]o] AL 503~5.68 mm (5.31 mm)
2 A3 5.20 mm (Song, 1977), FHH (Park er al., 2019)
527~6.63mm (5.95 mm)Z 37|17} ARG YU 37 (Han et
al., 2018 5.87~7.93 mm (6.90 mm)E THE X IS0 H]a) B
Spo}7} 2 AL U (Table 2) AAIA| o] et 2 8ko]
o 3717} A Aolstel olel Hat F7hHe A Basty
=2
7 Faatols R FA ot ZHFA E=7 (Kim er
al., 2019) 4.10~4.70 mm (4.40 mm), Z-45-¢] (Han et al., 2001)
4.52~5.45mm (5.16 mm), 71 &7} (Park et al., 2005) 3.30 mm,
A&7 (Song et al., 2017) 2.50~3.10 mm (2.80 mm)°]| H] 3}
= Hol|g o, Hemibarbusg ©1F2l o]& 2] (Ko et al., 2017)
5.60~7.60 mm (6.70 mm), Pungtungias3} Pseudopungtungia
£ o]&Ql E117] (Lee et al., 2002) 5.90~6.30 mm (6.00 mm),
Z=117] (Lee et al., 2004) 5.70~5.91 mm (5.82 mm), 7} =&

7] (Ko et al., 2012) 8.20~8.90 mm (8.60 mm)°]| H|3}| Zto} =
A FRoty ZAFEL RIRpo| o AN F3t 2715 B
of F2F U

2 Aol ot 3 38U (B WA 19.42 mm)o] Fstd
SA 9%, SA=Eu]e} R =gu] Afo] u|FFojA H|E0]
Hasly] Alzkste] Al wet R, WiE A3 5F &
o2 ulzol yejin, 23 7 73 (BF 4 3028 mmo] 4
s BR7MA HEE g Hsdgo] daEH It (Fig. 6).
Hemibarbus% 91521 H. barbus= & W& wia 42 0 H
HEE d)E5o] Wdsly] A& 2 1 (Takeshita and Kimura,
1998), YA B FX]|= v|PF HAFE vl5o] L] Al
Zksto] me| §, 5%, e <22 H|Eo] W E o] (Nakajima
and Onikura, 2015) 4]2] 2} Zo] & H AT},

ool Meleh A% wHlo] Wk o) wFe] cupulae
(cupula)= FEHAIZ AT (superficial neuromast)S 0| F+= 2
A3 (hair cells)?] A2 F2oz2 Aty 53 e 3129
cupulae (cupula)E FA3t 21 (Mogdans, 2019), 7|53}
FE7F 2529 A4 E ARA 2" FAsoh L G2 A
31t} (Roberts et al., 1988)

2] AololA] PRE cupulaeks o159 AZIHoR o
&t Yol= (Cypriniformes) o FoflA BEo] 7HsshH (Iwai,
1967, 1972; Mogdans, 2019), 2|7} &3 2R z|ola} o]F
Q1 Abbottina rivularis, Biwia zezera, Squalidus gracilis®] 3%
(Nakamura, 1969) @ Q&AL 2|5 2] (Nakajima and Onikura,
20155 tez EdA7Ie =2, o 5 A7 J3E ut
Urt.
ZLoJ Al 710 WERUE cupulaes HolAd ATk 42 AE



Fig. 9. Morphological characteristics of fertilized eggs (A, egg mass) and development stage (B) in natural spawning sites. Red arrow shows

black pigmented embryo’s eye.

o 7148 4= Jthdwai, 1972; Mukai and Kobayashi, 1991;
Nakajima and Onikura, 2015). 412 }ojA]7] o] ¥rgsl= gir)
2] cupulace A 9] G52 o] A= £3 T 4
A ZojofA WEsly] AZskg e, dE4T $REIL 9
o]F HAI87| AlZsts K3t & 7UA AojolA R U
sko] 417 &Fojo A UEltE cupulaes 27| TA oA A
A2 o} Hol e ol Wdsts 2o AdHr

S YEA mRRE A 5.0mmol| EEsHE A7)Rb]
A715-¥ cupulae7} W20l 4~5%, w2 HZ A Zof 38~40
ro) dhdstal Jagstel weh ok A% 11.2mm= A3t
71 A7 o= BEE A @t (Nakajima and Onikura,
2015). #18)= H3} 49 & A7|Z A 7]9] cupulae7} WE St
71 NZsto] welof 3~4%, v FHEA S 10~14%0] A
713 Z71%0 717k A ZE = 23 7Y Fof Yz st
o FHE ZFS v 13~15%, M FEOR 28~324
o7 et £3F § 1390] At F7|Ro A= An]F
o7 WAEZR gof At R R FUA TR A

719l cupulae ZrobA TEE A FUTt.

Zpojo] weE] HF, SMvs AF o2 UEhtE cupulaed]
FE QA ZHREAY AL HY 408eE SAHESY
447} (Nakajima and Onikura, 20152t} Z3lleH, 48 =
3t 320 2 ZAH]E4 39~427l (Kim et al., 2005) 2.t & A
el ZFojA]7] B El = cupulae?] = SAH] 40 H] 3
4 oz ArEt o] REE BT}t o} 7
271884 E AR o] WE AT A= cupulaes EFFE 7
2718 W Sol g ATFE olRolAA Yot BE A7, &
Z 9Y 5 30 Lt ¢ 4 9ok

o|lAY TYF Ex TY SUolA YEhve EERET =
718G} Aol F B Aol AASHE AA1R 9 2 A
54 Zpolgt Ae - AETH zpolo] gk Ao WTEM,
F8& ol f 2% LU HEEY shHol AAsta gl
H29 A AAA G} AFAbe| w2t 7o) EFJo] tha
Aolst7] fizoll AAlAo] o Blw 9 429t i 2F
of thgt vlw A7t B asirta Az



3. Xpoiakzbat

Song (1977) #12]¢] Akt & 2734 A& S8 AF
Aol AA = 49 At 44 10~20 cm, F+5 5~15
cmo|H, 3pF-E FH 37|19 Fo Bt Ao Ue &=
7o) 2mmQl $ATo| Eo $F 9] vigjulsro 7 Hzlr] o]
Tt BT, Han er al. (2018)S 27 A4 8] 4
AT $40] 20~30cm, S m ot ALE T F5

o] ghabet & xefofl ko] Hof H2Eof Yt 319
o},

2 dAFolA geld 2FH Wl 429 A2 Song
(1977) 2 Han ez al. (2018)7 EA3F o2 do|gloLt, 924
4 5 2938 dH e AT FEHe £
AT B +AU 2EHA B Ao FATL &
£:0] 0.43~0.58 m/secE A HOZ f&0] kgt o LojA

1007 o]4F9] o] BFHH T FHYE TP
mglon, 23} & Zo]52 F£0] 043~045 m/secE -
o) AH0R L o el A 29 Ao
ZE Qe AGoA LAAY. B F40] 0.60 m/sec ©]F
o BBSE 159l 2FTo] 42 Aolol R s
FEH 2 gEo] Sofl F2E e TS AT 71EY
¥ (Song, 1977; Han et al., 2018)2} 2}Fo]7} 1 ATt (Table 3)
(Figs. 7,8). 919t Zo] &4 £AIl 2FHolA &eld 429
FARE GIS FAS] 4 ATEY A BE B4
o] Hoke MAAEE S48 vTsh) Ya 27 +A
HAste A8 AAwD Aa7e 457 SA 22 A
& toR 27149 vad7rt Bastgtt,

S fARE BROIA A s dolat ofF 3. 9
& X (Phoxinus phoxinus)®¢ S7F%2 X (Rhynchocypris kum-
gangensisy= MZF Aoy Aol Z- $4 5~70 cm,
4 0.26~0.80 m/sec 'HH 9] oA sHol| Ho= Ak
3te Aoz &3 A 2™ (Song, 2000; Song and Son, 2002)

o|F T 4t HEE 9 ¢of| IE 4t FFEY &
£33 AF;o] 3tk (Song, 2000).

AdezyE ¢e nas) dal S A%l BL W

=
(
-
©
N
-

F

N o ofe b

I

mln rl

o

U BE geo) ARhe sk 49 do tﬂf& A2FF) EA
o AR Ho, G0l TE 2o £8BH FEo] 3
B gebas) 44 @4 Alole] BEA A8 Aol
@4 HhSong, 2000). 41219] Aol AT §45E 7
SRRk °ﬂ YHHE AL 29 £B0) GE AL FHE
o B85} 4B o2 oAU

o5 *J & A, o] Fejoh HAL e HFo ¥

=
A o]l AT g] AEL a3 IS T}t B3 ofF
o] Yo gAof wrebr] B84 o2 (pelagic eggs)Tt HAJ ol
(demersal eggs) 22 FEE I (Kim et al., 2011) BolF o

4zlo] Z7|ME AR RIGINBEE 179

% F hetokol SR Wy
waghal gahere

weba AR AL e g #3HE e
o] (Han et al., 2001), E117] (Lee et al., 2002), 7F==17] (K
et al.,2012)%} Zo] & ®H AL F&5t7] Y3 54
Hoe A G & FAsH L AZ Abel9 Tk 14
stof WA 717 et f&ol Qg 3 §A 84S S0l
A8l A2 Atolg] k=0 1AFE 5 Y=F JEAAEE 7MY
di= E4EE FHE " AR AALY

3tH ]9 4= 617~1,6907H (Song and Kwon, 1993)

ojn], 2 A4 E1H & Mo G E FAot= RS
o 21170012 £ATY] T DAV hFskTt. ESE A
T ol d7t £ Aae] 2ol QA gar YA FoA
Ue AL= n|Fof & of, 9 4t E = A Wof &
o MAZ FA4E o9 AT 487 A He At
of of2] Z}e| Abgtst= A2 FHE T 23 microsatellite
DNAE o3t 444 #4& &3 AdE ¢ 432
A5t ZolY] JH] 498 & B3l 47 A @A)

S ARAGC] RS G HEYY AR Bt &

o}

At Ao =go] d AR weH
o OF
I ]

ZZA MASHE =F7F 48] Coreoleuciscus splen-
didus (Gobioninae)2] Z7|A&ALe} AFAAFA ALE 2020
d 5¥o] sttt 3T A7]& 2.05~2.23 mm (B,
2.13mm)E F= AT £ 20+ 1°ColA £4 & <F 98
A|zro] Z st H3}st7] AlZstict TS‘—WOH A%
5.03~5.68 mm (B, 531 mm)E Y7} FEL 7] oret.
B3} 49 3 AL 6.95~7.89 mm (B, 7.51 mm)E R}o] 9]
W] ot ASHoA o) 2 cupulae7t TERE QT F3}
= 799 AL 8.39~9.29 mm (BT 8.78 mm)E o] &
3] FEol 710712 o[ H8AAL cupulaes BESH
HEEHY 73 F 2900 AL 14.16~17.04 mm (B,
1499 mm)2 RE Argu|o] 7]|z47} Ao =gt |
o]7|2 o3t H3}t & 38U 9] AL 18.21~23.74 mm
(B, 1942mm)2 HEL P REE dEo] AZEITH £
3t & 7390 AR 26.82~33.33 mm (B, 3028 mm)E 9
A 54 Aolet fARSHAH. 479 AdAREE
ZFE (64~16 mm)T AHZ (16~2 mm)©] Hp=to| Z2 %S
o, 524 6~18 cm, HFEHEE O] §4-28 043~0.73 m/sec?] %]
go|gth. AL Y1 (egg mass) = /fEF o BEajw
FEH = 25T A7 ot o] 22 7kl |8kt
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