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Abstract : This study was conducted to investigate the early life history by observing the
egg occurrence and development of autonomous fish form in the tropical ornamental fish
Danio rerio. The egg form was circular and was a separately invasive egg. The egg size was
1.10~1.28 mm (average 1.22+0.12, n=30). The water temperature was 26~28°C (average
27+ 1°C), and hatching took 56 hours after fertilization. The ruler immediately after
hatching had egg yolk with a total length of 2.93~3.66 mm (average 3.45+0.51, n=30),
and the mouth and anus were not open. On the 3rd day after hatching, the egg yolk was
absorbed with a total length of 3.65~4.14 mm (average 3.99 +£0.34), and it was transferred
to the preflexion larvae as the mouth and anus were opened. On the 5th day after hatching,
the total length was 4.29~4.55 mm (average 4.39+0.18), and the tail end was bent upward
and it transitioned to the flexion larvae. On the 20days after hatching, the total length was
9.12~12.4 mm (average 10.9£2.31), and the vertebral end of the tail was completely
bent at 45° and it was transitioned to the postflexion larvae. On the 25 days after hatching,
13.2~15.9 mm (average 14.0%+1.90) in total length, and the number of fin basins in each
part reached the number of dorsal fin 9 rays, anal fin 14 rays, caudal fin 19 (9 + 10) rays, and
ventral fin 7 rays, reaching the number of fish in each region and reaching the number of fish
in the form. D. rerio postflexion larvae differed in morphological characteristics from those
of Cypriniformes compared to the postflexion larvae in that most of the melanophore were
lost, the development of scales, and the development of dorsal fin and anal fins.
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I M = 813, Foll= 9S5ET 22 747 e, 1 ol89 fai=
S5 YofA vlZE Aot &
sto] wjfEo] 52, 29
Ath(Fig. 1). W42 o2& HolX|qt,
2 731 Ay} 4 3ol Hojuqa, &
Atolof| A gro] A AL §l= BAYolFoltt.
3L AlB gty Qo 22 A2 o|FE2 AFTE oY
EX8F BoloA o 217] = »d AyEo|n (Powers, 1989;
Rossant and Hopkins, 1992), -2 A7}, 37]¥qte] A% W
A AIZE, F7100 gt 4abgt F HojeAo] E4o s wd A

=2 @o| o] 851 = o] Fo|th(Streinsinger et al., 1981).

olfio] 27 ATE SHTNN BHBHE 717 BF
e 279 18 FASe| W AYE SO ot 27, 4

W A48 AF, o) BT Fo BEW BT, FAR
qt ol g} chofet Ao 7193t} (Song and Choi, 2000).
et AR B Aol TAE o]y
Al7]0] 2ol 5 01715 &t (Kim et al., 2011), ©]2]3F §4&
FEj7t B SRlE= X|oj7] o] d ] dAlA F FHol
F-&3 o] 7| & gt}(Kim et al., 2021).

A B2t @ (Zebra danio, Danio rerio)= %15 (Cyprini-

-lo

formes), TFH 2 ¥} (Danionidae), ThH 24 (Danio)ol| £3l= &
o R RN YAAE QU BAR A7 ] 5ol A4

Aueiy o] B S AR FAAB] 4L 2 @
& W/dH] L (Park, 2009), TF22 9] &24F(Oh, 2009), Hj
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Fig. 1. External view of Danio rerio (A: Male, B: Female, scale bar
in 10.0 mm).

o2 R FF HEZF & (Lee, 2008), Hio} F-HAlE *6"“-
T(Lee et al., 2008) 5 1009 Ao glow, =9 A{LZ = {4
Z} EASH(He et al., 2006), 5 A|Z (Miano et al., 2006),
YRRl 2 Micro RNA2} RNA 9] 7Hd (Begemann, 2008) 5 Z2
A77} =

Aroiy e o] vjAYrE 3= Kimmel et al. (1995)7}F W
S AT AojAl7] YRS Bustgol, FEF Wil =
dEEE F71Rol7Ig} Holzle) Bejd SRARI} BEa
ok webd o] ATeIAL AHetth oo Wiy Aol §
S wEste] 27| BARE Pk, I 23E AETHE
A9 7|2 R 2 B8t Hl E=0] ik shsich

| = 2wy

Aol AE Agol 20219 390 &R 100744 A
2009 S Wol BUiAAIE Bl 7Y F dFEE 24
AT Adols FEAZZ (50 x30 %20 cm) F7]9]
A EHAITE o] &8 «% AT o s ARSI, AT
AFE ¢l B=o 2EFS A AReE W AAsHh
(Fig. 2). A7]|3|E1 & o] &3] AR 26~28°C (Ft 27+ 1°C)

£ A8 £, Hol= A|HEE FAFo] H-EALE (Tetramin,
Germany)E 1% 23] 33tk AFHE =32 Noh er al.
(2011)9] & o] WS A&t oojAES A T/
o] A3 Yol L WA S5 EF S

SR 3070E Y F4F97] (Nikon JP V-12B, Ja-
pan)2 THGAE FESHL, F7)= AAHF-E 77 (Nikon

R
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Fig. 2. Hatching tank of Danio rerio reared in the laboratory.

Coolpix 995, Japan)2. 2 0.01 mm7HA| &35t ct A 1
7 &% =2 26~28°C (Bt 27+ 1°0)F FA8H UL, 2+
Aol ARE-E 73t & g 45 A7 Hol 35 SHA
akeon, I F5 5 % FF0] AlREE A7 ¥E 2
Y (Brachionus plicatilis)S 14 23] 353t} o]% A%
o wte} Lyu]ol B3L3-AY (Artemia sp. nauplius)S mLE 3~4
A FHBFRIL 2]0)7] o]Fof|l= 27| -AALE (Love larva,
Japan)E F55tGTE AHX| o FEdE W22 307141 A
3f) uk3 A MS-222 (Ethyl 3-aminobenzoate methanesulfonate,
Sigma Aldrich Co., St. Louis, USA)Z t}3] & H3} 2| S HH
AoJ7|74A] 1~5Y4 THH R YA RANF R RG] 7
Z 9 AAR5H A, 7]+ 0.01 mm7HA] AFEY7|E S5
k. 22| o] FeTg A= Ji e al. (2020)°] whRT

=
HIHE}T‘«M oo Pej dgon e
2ol Zheoks 4Ae 74 B el el 2]

= 1.10~1.28 mm (B 1.22+0.12, n=30)%c}.

2. LharaY opy

< [e]

Fof o] FAH UL (Fig. 3A), 74

= 304°] %%_—’ ﬁ—i wijto] 9= 3l (Fig. 3B). 74 %
2AZofl= o] ARHE| o] 24 27] o] &3 (Fig. 3C), 474

F 2417 1029 441 Z7)) 2okE.ou (Fig. 3D), 4 F 3
AZE 1080l 8H1327]0] Satsic(Fig. 3E). 4 & 341220
Rol 16X 7)) TSI (Fig. 3F). 474 F 4417l 32
AE7)o) otgom (Fig. 3G), 43 F 4412 1580 644



MEatct| 9| Lt 2l XpX|0o FHEfwet 95

Fig. 3. The egg development of Danio rerio. A: fertilized egg; B: blastodisc; C: 2 cells stage (2 hrs); D: 4 cells stage (2 hrs 10 min); E: 8 cells stage
(3 hrs 10 min); F: 16 cells stage (3 hrs 20 min); G: 32 cells stage (4 hrs); H: 64 cells stage (4 hrs 15 min); I: morula stage (5 hrs 55 min); J: blastura stage
(7 hrs 55 min); K: late gastrula stage (10 hrs 15 min); L: formation of embryo (13 hrs 51 min); M: 6~7 myotomes stage, appearance of optic vesicles
(14 hrs 56 min); N: formation of Kuffer’s vesicles, auditory vesicle 17~20 myotomes stage (32 hrs 56 min); O: formation of auditory vesicles and
eye lens (33 hrs 56 min); P: 25~28 myotomes stage, melanophores appeared on the embryo (34 hrs 56 min); Q: beginning of heart beat, caudal part
leaves yolk sac (46 hrs 56 min); R: embyro just before hatching (56 hrs); S: hatched larva. Scale bars = 1.00 mm.

7)o 2etgich(Fig. 3H). 74 £ 5417k 5580 A7)
SSIH L (Fig. 31), £4 & TAIZE 5580= Zujj7]of E3l%ch
(Fig. 31). 74 $ 8AIZF 55-v—°ﬂ“ gkl o] 1/3-& W=t
Z7] JHi7lel Bk, 8 F 10A1%E 152 0= =] 2/3
£ Hof =gt 717 28t (Fig. 3K). 78 5 134]
Zb 5180= 3ol ®Hof wiA7E 4= AL (Fig. 3L), 78

14A17F 5620l 27t FAE e, wiAlol= 6~7719
<do] AU (Fig. 3M). 4 F 3247k 5680l= 1e
Ut B Ho| Kuffer's vesicle®] 2383191, o] A]7]9] 24 4
= 17~20702 F7FsH3ith(Fig. 3N). 4 $ 33A1t 562
Lo A=7) Balsla, Wa] Fiof 3 9] o]zt FAEYTH
(Fig. 30). 4 & 34A]7F 5620 Kuffer’s vesicle®] A4
A, 2 FE 25~28702 ST THFig. 3P). 7% ¥ 464
2t 56R= woll SAaz7E A&, iAo SR Yol &
g o, Aol WAEUTHFig. 3Q). £ F 4941zt
o= WY i 5 &, ¢ SR 32T} J3tekqi,

o] A|I7]9] ZH £ 28~30702 Z7}5H4ith(Fig. 3R). £4 &
56A17tol e Rl UShe £1 UwA By} Az
ATk (Fig. 3S).

3. Xixloje] JEfuE

1) LH&kX1017] (Yolksac larva stage)

13} 2)139] 2po] 27)= HAo] 2.93~3.66 mm (He 3.45+
051, n=30)2 EHol Ure 27 I3iT, Ut o] A
QA ggrem, =20 Wl Zof USUTh(Fig. 4A). 2E A=
gul= ez FHol I, HA=u|= F Fof AJZRE o
2 AR aZEo] gon, FRE /1FOE ¥ B
SR =2fule} )= o] Sl wolls FMAET} g 4;401 2l
AL, = 7hedle T3] HEEHGY ALz TR TR
231 U AR, £F 3399 TN 3350
AL
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Fig. 4. Larvae and juveniles development stages of Danio rerio.
A: Newly hatched yolk sac larvae, 2.93~3.66 mm in total length (TL);
B: Preflexion lavae, 3.65~4.14 mm in TL, 3 days after hatching; C:
Flexion larvae, 4.29~4.55 mm in TL, 5 days after hatching; D: Flexion
larvae, 5.32~6.32 mm in TL, 10 days after hatching; E: Postflexion,
9.12~12.4 mm in TL, 20 days after hatching; F: Juvenile, 13.2~15.9
mm in TL, 25 days after hatching. Scale bars =1.00 mm.

2) M7|Xt0{7| (Preflexion larva stage)

B3} 5 394 zoje= AA 3.65~4.14 mm (B 3.99+0.34)
2 U4 giRE S5EA, 4T ee] FEHA ARk
712 o|851lrh(Fig. 4B). Tre 2 E meRA=gu|s FHERZ
w3el7] AAekGlaL, SMAEE § Z3) uE ofgiF] 3
2P, B 9% RH7t dgstdA 8 92 AF
SERTE o] Al7]ell= Bol 43 BFo] BEEH

3) £7|X10{7| (Flexion larvae stage)

H3l 5 5U7 2ol HA 4.29~4.55 mm (B 4.39+0.18)
2 e & g9g Fio] E0 2 3ojx]7] ARsIHA F7|A}
07|12 o]33}¢i Tt (Fig. 4C). W] A =gju|= A7|&Fe] Al
715k QA desiginh o] A7) 29 A= A9 60%=
eG4 2HE HEo HA|5H4T
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ol
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B3l & 1094 AFole AR 5.32~6.32 mm (B 5.76+
0.70)2 A =2u|e} RA|=2ju|7} 23617 Al&bstelaL, Ze]
A-gulol= 7171 167] HEetaon, 49 PR b
FOIA|7] A &3t (Fig. 4D). ©] A7l {853l E&s)
R, FEY A= AR 10%= BE5LNA FFE| A5t
St

4) £7|Xl0{7|(Postflexion larvae stage)

B3l & 20440 A 9.12~12.4 mm (Bt 10.9+£2.31)
2 ma] o] ARt BEo] 45°% 3] FlojxHA F7]2}
o]7]2 o|33}4t} (Fig. 4E). LA =gu|e} dog AAL o]
e Ex|mgn]e} BA-u)s A BalEa, BR o}
#Zo] utr|ugnjo|= vjR =u|7} Blalr] A&betgct. 2 B
Ad Argn| £7] £= SA=u] 97, FA=u| 1577}
FEsnt. o] A7lele B EHo] 370) A=Yt U
3193, of7tu] 7 QIR BRoj ul5o] Wdsly] Azt

stk

5) X|0{7| (Juvenile stage)

B3l 3 2597 Kol AR 13.2~15.9 mm (L 14.0+
1.90)2 7+ £91d Agu] &7] = A= 974, RA=
o] 1470, R =] 19 9+ 10)7, iR =2jq] 7742 A4
o] ZslHA ZJof7|e] Detgith(Fig. 4F). &9 Sl W3t 3
Nel N2E FHe oS TR s, & A o= vl
o] Wttt SA=Hn|e} RA| =], 22| =gu]| &7
ol 3709 M=E FH7F EESAL, 7Y Abolofl= 24
23271 WdEigitt. o] A7l o FH 4 2%0] IEE
Act.

| = =
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oAE F Joi= oimet 27BIAN tehts B
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Azt e o 2 A9 &2 IAHOE Joijnt ofF
ol B9}, Carassius auratus (Han et al., 2001a)2} o] Cyprinus
carpio (Park et al., 2017), gojokke] gof Tribolodon hakon-
ensis (Choi et al., 2021)2} F-AREE ABET o= 4%,
A 5 ohofdt 3o AlhS 3}, 3o](Choi et al., 2021)= &
ojuf HEY| Foll && Sof BE|HA ARES gtk o] 4d2
£ JAdHo| o, 5o (Han et al., 2001a)2} o] (Park et
al., 2017)= 20| #2tE = JA4FAHCR ZJolE Hoh
olefat Aol ojEuict Alega Aol nHE Aol A2
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