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Egg Development and Early Life History of Zacco koreanus (Pisces: Cyprinidae) by Wan-Ok Lee*, Kyeong-
Hwan Kim, Jae-Min Back and Mi-Young Song (Inland Fisheries Research Institute, NFRDI, Cheongpyeong 477-815,
Korea)

ABSTRACT We investigated developmental stages of egg and early life history of the Korean
indigenous fish, Korean Chub Zacco koreanus from the South Han River in 2011 for phylogenetic
study and conservation of this species. Eggs of Zacco koreanus were artificially fertilized by the dry
method in the laboratory. The fertilized eggs were demersal, almost spherical in shape, transparent
and unpigmented, with a pale yellow yolk, and no oil globule and average 3.09+0.07 mm (n=10) in
diameter. The hatching of the embryo took place in about 68 hrs after fertilization under water tem-
perature of 20.0~ 23.0°C and the newly hatched larvae were average 10.30+0.40 mm (n=10) in total
length (TL). Six days after hatching, the larvae grew up to 16.12+0.42 mm (n=38) in TL and york sac
absorption, mouth and anus opening were shown postflexion larvae stage. 17 days after hatching,
most of fin-rays appeared at 18.21+0.38 mm (n=6) in TL and brown spot appeared on the abdomen.
27 days after hatching, the larvae were brought up to 20.01+1.12 mm (n=5) in TL and all their fin-rays
were formed. 120 days after hatching, the larvae (juvenile) were 23.29+3.12mm (n=10) in TL and their
body shape and color pattern were similar to the adult fish.
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1993)7} AgH ez Y=t Aske] 44 AT ol
Z. temminckii= 97) A& A HehH A A
(Kim et al., 2003)F F3led F 2| e 2ol Fal
A HR3, e 2 A 5] Aolrt AlFom FlEe]
Z. temminckiio| A 2| 2-& E<2] Z koreanusE 237 H
ek (Kim et al., 2005). o] F ojofst ool Hz3le= Z
temminckiio]l A2} AR HefH zpol7} Sl Awhe]
ZA=e] RaEg o, FUZ FAQ] FE5Ttel = o type
9] Z koreanus 7N A o] WAE ] A= BFEHH Aoty
7FeAdel Hste] A|&H oz AFEHa k(R 2k &, 2006,
2010).
AENA WAL ABEAS WHEsl7] wiEe] i
Koz Fo] o ATt A Abelel] F&
A FdRAE AFskedH lelM 271 AR
ATFE WS Ggein, B3] olFe] WANAY Fol zeld
T FAES TAFTES] EREHQ fAdAE B3l
%z 7 A =} (Blaxter, 1974; Balon,
:r,]. HH WAy W 27 AR
BE W7ol BA
i A7 %ﬁ‘}ﬁ}- 551 o] Edl= oF
o] FREIN UL ST FE AP 7ES FRIE
geFgt &-8-o] 7hssAl "ok (3} 2, 2000). v ¢
A3t 2718k AF-E 93l AAHoz A%5E o ]
FHaG ARESlelof = 5 Zejo] FHnel Alh
9 AR, R A2 27189 oelE oz AR
2 g2 "JeolFEe] W A 27| st
7S Lok A Aol A AGHY A
o2 Fgolf Foll BEHVIFH HAHREETS A
5“34 5‘—%-"4 FoA ol Al AAHHA W

rulru ol

2009; 71 %, 2012; 21 %, 2012)

20059 AEA 7)1AE oguel 189l Z. koreanusel
ek A= MAAE 549 AT (3 5, 2006a,b; 2011),
HefA Zel7h ol A AAA F=E: (9 &, 2006,
2010), AR w]AFx (31, 2006), B ob2 22 ] w3}
(Al 5, 2008), ko] 2284 (-2l 1Y, 2008), E2H
AMAz71el T3t A7 (39} A, 20115 3 5, 2011), g8
(Kim etal., 2008) 502 thefst FA2 A77} o] o]z 1
et ARt $-2luete] Zaccod of ] 27|ARAL A
L+ Uchida (1939)¢]] ©]3ted 2} sFaoA] Bsbgl =} - X]o]
o o3t Fzr| =20 3}2 o, dRoA = Z temminckii
9} 7. sieboldiie] = & 95k o I 27|
B3t 17} & o ]Dl-(Sado and Kimura, 2002).
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9 649 159 =B A HAw 9o Fs7) %
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Co., Canada) 2 w}F|sle] IA3}eic) B3tz 14 7}
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Fig. 1. Egg development and hatching of Zacco koreanus. Time required for each embryonic stage in water temperature at 20.0 ~23.0°C is
shown in Table 1. A, Formation of perivitelline space, 20 mins; B, 2-cell stage, 1 hr. 44 mins; C, 4-cell stage, 1 hr. 50 mins; D, 8-cell stage, 2 hrs.
8 mins; E, 16-cell stage, 2 hrs. 26 mins; F, 32-cell stage, 2 hrs. 45 mins; G, 64-cell stage, 3 hrs. 40 mins; H, Morula stage, 4 hrs. 26 mins; I,
Blastula stage, 5 hrs. 25 mins; J, Early gastrula stage, 6 hrs. 5 mins; K, Middle gastrula stage, 8 hrs. 10 mins; L, Late gastrula stage, 16 hrs. 40
mins; M, Bud stage, 21 hrs. 38 mins; N, 4~5 myotomes stage, 24 hrs. 30 mins; O, 8 ~9 myotomes stage, 26 hrs. 20 mins; P, 21 ~22 myotomes
stage, 28 hrs. 11 mins; Q, 25~ 30 myotomes stage, 35 hrs. 59 mins; R, Beginning of heart beating, 41 hrs. 20 mins; S, Hatching, 68 hrs 14 mins.

The bar indicates 1 mm.
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208 Folie BE B3] Fasjel b
el = At (Fig. 1A). 44

50%0] A3}spH ZEE= (Germinal pole)ol] wjjHk (Blas-
todisc)e] WO, 1412 403 Fol = vite] % Az
Yol d 24276 =287 (Fig. 1B), 1417 503 %ol
= 442707k A5 (Fig. 10). 44 F 2417 80l 84)
27)e] =2sted om (Fig. 1D), 2417 268 Fol| 16427
= PAsld3 (Fig. 1B), 2417 458 Fol = 324 27]7} 5
ST} (Fig. 1F). 3217k 408 Foll = 644 £7]0] =alg]on]
(Flg 1G), 4A)7F 263 Fo]| A 7] (Morula)dl] =93}e] &
38 78T 5 gdolen 0 S Wl zopes Wl
A} (Fig. 1H). 3 5A17F 258 & xu)7] (Blastula)ol] =
23} 1 (Fig. 11), 6A17F 53 Foll= winkio] A&
(Vegetal pole)o.2 Az} Fdi=o] FES Ao s
30% 7} Yol 30% <3 (Epiboly)2 W3}l o (Fig. 1)),
8AIZF 103 Folt= 50% 7} o] 27] ‘dul7] (Early gas-
trulation)ol] o2} (Fig. 1K). o|F& 43 16A17F 402 &
= 9)%r} o] 90% o)A Y el (Fig. 1L), 21A4]7F
383 Fofl 2] wiA (Embryo)7} Fake]ell vfeht
Z Ju)7] (Late gastrulation)el] =g3}gom, o7} 13}
AAE e %3—7—7]- |3 = At (Fig. IM). 4 5 24X7F
30Eel] WAl Tk w3 FEe] FElEizom, 4~5
Mol 24 (Myotomes)O] A= 9} (Fig. 1N). 26A]7F 2]
T 2257 8~YHE Hefutor (Fig. 10), 28A17F Fofl=
SAG7} 21~220 2 FUVsk L, qhze) o2t 3l
AlzFsled et (Fig. 1R). 24 36417 3 A 57F 25~3070 =

wohor] dipe] Yeirt nAYow WA me|yy
o) oz ¥2l57] s Wl 5 A
ek (Fig. 1Q). 54 41413 5 2847} 34~407 2 57}
S I EV E L %“—1 ¥l s £
o)7] Alztaksiet (Fig. 1R). 574 68A17F Foll me) ¥y
dog 3 e} yaksiglond, Ol“HTEi—t— Aoie] £49
o] ¥A3] ZoI B (Fig. 1S) (Table 1).

3. Xtof 2 x|ofo|

0z

B &E oty

1) M7|xtod

53 A% Aol A T e, 27]E A7 10.30
+0.40 mm (n=10)3]t} (Fig. 2A). 53} 2 Fojl= HA o)
13.744+0.35 mm (nle)g AAsld a1, ol S Az} F
AEe] AA Wty I Feew SMLEr) BFES)
o, FA 47 A F o] *tJZJOl 71 #2= Ao (Fig. 2B).
33} 39 Fo= A 14.5940.27 mm (n=10)2 A3}
3, Tt A& Foell FALEE FIEH dehtr] Al
zhsked et (Fig. 20). H-3F 49 Foll&= A4k 15.314£0.21 mm
(=52 AA3IR 1, 3 o] d3lon, mex| =]
7|z} R27t §AA= 7] Aztebodet (Fig. 2D). -3 59 &
o= A7} 15.29+0.29 mm (n=8)2 A3} 1, A =
Hule] 7|27t 18742 ok on, ek AA|8] EolEn
e 7b Az AAHEA FHR eeld Z7]7F vl A
t} (Fig. 2E). %3} 69 _roﬂb A 16.1240.42 mm (n=8)
2 AR, Fake] Ao FEslen, melxgn] e
7|27} e EEA Eﬂ%lhﬂiﬂl/l Eo] AHG3HA Heol F
712ke] 7] 2 W 3tE 7] A 2Hskod o (Fig. 2F).

Table 1. Embryonic development of Zacco koreanus at water temperature 20.0 ~23.0°C

Time
(hours : min.)

Developmental stages

Corresponding figure

0:00 Formation of perivitelline membrane A
1:44 2-cell stage B
1:50 4-cell stage C
2:08 8-cell stage D
2:26 16-cell stage E
2:45 32-cell stage F
3:40 64-cell stage G
4:26 Morula stage H
5:25 Blastula stage I
6:05 Early gastrula stage (10 ~20% epiboly) J
8:10 Middle gastrula stage (50% epiboly) K
16:40 Late gastrula stage (90% epiboly) L
21:38 Bud stage (formation of the embryo) M
24:30 4~5 myotomes stage N
26:02 8~9 myotomes stage o
28:11 21~22 myotomes stage P
35:59 25~ 30 myotomes stage (elongation tail) Q
41:20 34 ~40 myotomes R
68:14 Hatching S




Fig. 2. Larva and juvenile development of Zacco koreanus in water temperature at 20.0~23.0°C. A, 1 day after hatching, 10.30 mm in total
length (TL); B, 2 days after hatching, 13.74 mm TL; C, 3 days after hatching, 14.59 mm TL; D, 4 days after hatching, 15.31 mm TL; E, 5 days
after hatching, 15.61 mm TL; F, 6 days after hatching, 16.12 mm TL; G, 13 days after hatching, 16.98 mm TL; H, 17 days after hatching, 18.21
mm TL; I, 23 days after hatching, 20.10 mm TL; J, 27 days after hatching, 20.01 mm TL; K, 129 days after hatching, 23.29 mm TL. The bar

indicates 1 mm.

2) E7|Xt0

B3} 139 3ol AR 16.9840.56 mm (n=6)= A3}
Ao, 5 %o oz JAFUD DA A=Hr]e F2
Fito] FolLo] oF - Hl2 el R]7] AAEllaL, Helz
THE AdHmetE AAEte] FRIF Aoz Wk
(Fig. 2G). 33} 179 3ol AA 18.21+£0.38 mm (n=6) =
AAstgon, 5 £ Btor d JAA 2w F4EW
A k- ¥z gA8] EelE ) Fe] ez § YAA
s H o] H4F v $A =g Slx] =n| g
7127 HAE7] ARt 242 S R Sl (Fig.
2H). 23} 239 o= AA 20.1£0.9mm (n=5)= A3}
Az, wiA =2ju]e] 7|27} wHEeixlon, mejz]| m2jn)s}
A} 7ol kw7t she] Bolzkr] fdEe] VvalE o
o] Aojel vl wsly] Al=bsledh (Fig. 2D).
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Fig. 3. Growth curve of Zacco koreanus after hatching at water tem-
perature 20.0 ~23.0°C. The bar indicates standard deviation.



), 25 A =gu]o] 7|2p7) ofu]e} e 2 gl
2|o]7] 2 W3} (Fig. 2)). o] & X o] 5L 423 WolA
Aol wel Aol xfolE MHA|RE AP A w9 b

gtslich. B3 1204 Foll= HAo] 23.29+3.12 mm

=177 A3 on, A Soll= SR =ejn| e me

Ar=gu] 7|77 ojule} FARE 7t EFH 7 FAES

3, FEolM Aol vlsdt 58 Bl (Fig. 2K) (Fig.

3).

Kl
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2011 64 1549 37} A4
eanus®| 7l A sFE el 2] 3fed é
+110 (n=3)7f= ©i-¢- H= l%
temminckiie] Z& 47} 6,2507) (1A 1222 mm)E 48 Al
723t vlaste] wig- A2 2 53 "W/P?ﬂ_ B & 7Y
EAow o3 AN 4 Qe Agdte] A, v*P%"J
dro] 7 temminckii,\;l):} d7do] A o= Z 7 korea-
nuse] EAo= ¥ QJro] Z temminckiiel A wlmz
A7} 8 28190} (Nakamura, 1969). §F2h o2 2 A=t
9] Hel= 33 d3 3le W A o] okt Ka| A
ol i, drhe TARGsgon, 75 BAHA shoke
d, ol e SR Pue 54 BA% Z playpus
(Uchida, 1939; Nakamura, 1969)¢} «dEAL Z. temminckii, Z.
sieboldii (Sado and Kimura, 2002)¢} = ®]-$ §-A}8}l53 o}

E3] B A9 thAr=el Z koreanus $£AEHe] ==
Fig. 16]|4] B+ v}e} 7Fo] 3.09+0.07mm (n=10)2 YEA}

el A A8 Z. kor-
- A&k 383
Qeal FA1ES Z

BEofUel o WMTL £7|MBAL 205

Z. temminckii 2.02 mm (n=20)¢} Z. sieboldii 1.67 mm (n=40)
Hops= w)j$ =y, B3} A5 zto] =7]= 10.30+0.40
mm (n=10)2 dxA} Z temminckii 5.05 mm (n=5), Z. sieb-
oldii 4.12mm (n=8) 2.t} wj-% 7} (Sado and Kimura, 2002).
3t 92 ve} Zaccod o] 72 £A=ta} vlwsld Z kore-
anus¢} Z. temminckiiz} of2 o2 FTREXA] ¢ty ALLE
= A]7]el 19379 A&l Al A A3 Z. temminckii o] A7
o] &7I7F 1.2~1.4mm=z 2= )} (Uchida, 1939). &
A= Z temminckii®} Z. sieboldiiz FE3}1%] 4wl A]7]
Ql 1941 2ARE AFA | A A7 E}dﬁé—_i 1.28
(A7) X 1.19 (7)) mm (n=10) ] 22, 40 Foll E& {53}
o 7 =717k 1.9 mm (n=10)Z JF3}e] P oz W3t
o1 7153k 0, 19536l 2AFE A3 ¥ 1.65mm
(n=10)g}1 7)=38}31 9Jr}(Nakamura, 1969). o]Are] Ax}p=
2 o ¢evelel dEe)| REx3l:= Z temminckii species’
group®] W17 wlwsle] Be peujetel F23h= Z kor-
eanus’} 713 =1, SEjvtele}l dEe) B ¥ s Z temmin-
ckiiz} tho 7 Fm, Yof|Rt F25= Z seboldii =02
BaE 3 Qe sHA T f2vteke) g FEHor Rx
3= Z temminckii®] 432t =7)12 AA v)wskA] ek
ol 35 F vetell Ex3h= Z temminckii o] el & A
A wlaste]of gAls) A 7ol

SARe] e ¥agele] mv)sh AgHoz wes
7) el Aol e T RHRjele] 27w Ao,
o) 3} Al7kel}t Eekele AAA o] glo] A
0 A97h FAR Lol 3 2] Aol A7)
Fo| 27lMA QA A% e} Qi ol=iat WA
A2 24 F FEA L85 = ARtel Z koreanus

Table 2. Comparison of embryonic development of Zacco temminckii species’ group from Korea and Japan

Japan Korea

Sado & Kimura (2002)

Present study

Developmental stages

Z. sieboldii
(24.0~27.6°C)
Elevation of blastodisc 0:42
2-cell stage 1:17
4-cell stage 1:42
8-cell stage 2:00
16-cell stage 2:25
32-cell stage 2:32
64-cell stage 2:42
Blastula stage 3:20
Closure of blastopore 16:35
Beginning of embryo formation 18:09
formation of optic vesicles 20:30
Formation of optic lens 25:00
Disappearance of Kuffer’s vesicle 25:40
Beginning of heart pulse 35:53
Beginning of hatching 46:50

End hatching 59:30

Z. temminckii Zacco koreanus
(24.5~27.8°C) (20.0~23.0°C)
0:39 0:20
1:01 1:44
1:10 1:50
1:36 2:08
1:55 2:26
2:45
2:18 3:40
3:15 5:25
14:13
15:45 21:38
17:50
21:20 41:00
21:48
30:56
40:09 68:14
53:40
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Table 3. Total length (mm) of each developmental stage of Zacco temminckii species’ group

Japan Korea
St Sado & Kimura (2002) Nakamura (1969) Uchida (1939) Present study
ages
Z. sieboldii Z. temminckii Z. temminckii 7t inckii Zacco koreanus
(24.0~27.6°C) (24.5~27.8°C) (24.5~27.8°C) ’ (20.0~23.0°C)
Yolk sac larva 49~17.1 3.5~59 5.0 - 9.8~14.1
Preflexion larva 6.7~8.1 59~6.3 5.7 - 13.9~14.9
Flexion larva 7.8~8.3 6.1~6.8 6.8 9 15.0~15.8
Postflexion larva 8.2~17 6.6~13 7.1 10 15.2~17.0
Juvenile >17 >13 >12.7 >15 >17

68A17F AZF (4 20.0~23.0°C)E Z. temminckii 40A] 7k (5=
£ 24.5~27.8°C), Z. sieboldii 46A] 7} (42 24.0~27.6°C) B
o A8 20417 o4 A Rers, ol ] 3
Sjake) 4] 4-goll Hl Aolw U W=ATo] A 57
2e) =77} = spAIzre] Arldew AelAe Assl
U3 FHo] ¢l Aoz A= Ft}(Sado and Kimura,
2002) (Table 2).

w3k Z temminckii species’ group®] 7z Z7dd hAE
2 AAe] zpo] & vlas] B F8kxle] 7] (Yolk sac larva)
o= Z. koreanus7} 9.8~ 14.1 mmo]l 1, Y&-2] Z temmi-
nckiiz} 4.9~5.3 mm, Z. sieboldii7} 3.5~4.8 mm (Sado and
Kimura, 2002)2 & x}o]& H.gt}. A7]x}e] 7] (Preflexion
larva)el| = Z. koreanus7} 13.9~14.9 mm, 424} Z. temmin-
ckii7} 6.7~8.1 mm, Z. sieboldii7} 5.9~6.3mm= 7}7}2] =
o] =7 AASGAT Z1719] Aol 5mm o4 A 2F|g)
o}. x}ed7] (Flexion larva)el| = Z. koreanus 15.0 ~15.6 mm,
A BA}L Z temminckii 7} 7.8~ 8.3 mm, Z. sieboldii7} 6.1~6.8
mm= z}o]7} Al&E ANt F7)2}e] 7] (Postflexion larva)
o= Z. koreanus’} 15.2~17.0 mm, Z. temminckii7} 8.2~
17.0 mm, Z. sieboldii7} 6.6~13.0mm= AA] z}o]7} A}

Z0]E59) 31, #o]7] (Juvenile)ol]= Z. koreanus7} 17.0 mm
o] Ak, Z. temminckiix= 17.0 mm o]Atoe g n]S3ld A4t Z
sieboldii7} 13.0mm o]}z x}o]7} wie}.

dEkRbe) 7)ol = -2zl Es= Z koreanus7h U
o] Bx3l= Z temminckiiz} Z. sieboldii®c} ) o}t X|o]
9] HE7) dAEE 27| 2 o]3]E A]7]e|= Z koreanus
o} Z temminckiiz} =77} w|Es| 3 o1}, Z. sieboldii= Z
koreanus$} Z. temminckii 2o}= 2}9)t} (Sado and Kimura,
2002) (Table 3). o243t Wt} A o] w2 A7} F7]9] X}ol
L olE FAFEC] MABE rHIMAIA 2] Aot Al
A, At A3t o zlsEe]of FAlsA Aoz b
25w, Z koreanus7} VA $AZHo w2 949 o
Sol 4eR Aow JeiAT Yol olg} BAR Ao
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