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2 (AR 0.3~07Tmm)E 2D, AL (AR 4~6cm)
#} ERFFA 15~20em)E o] &3l ARIAALE A
QA AL E 2EES 132 SR 10 um)E
ERAA Y ERAS AAT F, GAstoz 23 23}
A4gA g FANA AFALE AAT F e
2o exzAy)d SIS ol 43T, LXb AYe
=M £1°C oz FAs T, FF7)e 4e dre
2E e, AzAsle A4 PFzoz 16
(light) : 8 (dark)A|Z+e] A 2oz A3 Ho
2x 2 3% 3 AREUR s, o], FobAse
Helg FFshech
AR B oo whE AR F7), AVS4E
zAbel7) ASIA 47 S8 21~20°C P92 AAE S
zo B A4 Yol FUT, 1009 A& 715 At
2% 9% AR 3% 5& Y FF, 7SS0 B
7]8-& video camera®} 4% cameraS A3} Fof
sl z, Akl 7))} A4S xPH AIg3E] fd AR
2% dA| ALl B3E Ko} AAZ o] A3
AR 26+£1°C3lellA ARSSIEA E]R-3n)
73 (Olympus SZH10)& A48 &, #49 9 7| E313
o} 3 Ao fojel A R7]E= Balon (1975)9)
Ae w3
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1. A4y 5
Abghg 93 52 Fig 1904 2o F+ A3 el
44z 7EE 4 de
HAPA FA
AR7)e]] o] & 7S el E AV 2L £ 3
o] trtew Zoh: 5L BYon, £33 E ol

f=3
A 2 Pow A ISR #U]E o] Ldled RF
HAEE AA3L AL E F4)319H (Fig. 1A).
GHE F7lo] upEd AR FAE 9EH AR

E Yollr AFslg o (Fig. 1A).
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<)} (Fig. 1B).
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Fig. 1. The schematic drawing for spawning behavior of
Odontobutis interrupta in exxnmental aquarum.
Each phases are A; Ferritory formation. B) Court-
ship, Ci, C2) Spawining and sperm release, D)
Egg-guarding.
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Fxolz Ww wlEhs AEFsA HHH, ¢Fel G
e Aol Boll AR Bo] WEkshH 7o) ofo]
Eo] Az Bolr ubA s} (Fig. 1C1 & Co).
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S0 BE A% 77 % AI5

fo X K 2 H
S

o

Fgo) wE A F7] F ARbeE 222 1°CelXM e
FA71ZE 1009 FollA 33]9] ARbE #Fspl e 7
7} 98271, 1,0737] & Alatsted & 3,17970) & 24+1
CollM = 539 Aghe FAsigom Zh7h 8057Y, 768
7, 9077, 8767, 85672 Aretsted & 4212719 F&
26 £1°Col| A= 63]9] AbabE Tasigl.on zbz} 65671,
7217), 78370, 68171, 65974, 7067Hi *]—a}‘d}o:} & 4,206
Mo & 28+1°Col| A= 33]9] Abate A8l w, 7+
7+ 50971, 61270, 52705 Atzlsled & 1,6487]9 ¢
Arztaled el (Table 1).

3. A=A

A 3 dg3AlEe] ¢ wAHEe B 2
(Figs. 2, 3, 4 and Table 2).

Step 1.1 B33 FEIFoze Axd A

1) A (Fertilization), A 2-& elgddj o=z A7 o
Ao}l 27t HF 4.0+0.83mm, 1.7+0.1 mm (n =20)0]™,
WEFG HAE A Ay dolch 2T AzLE
F(oil droplet)7} Ex18c}. 2 4 AF 8L I
ste) WA Do} (Fig. 24).

21 HA27), $AFE 508 A= Ad F A A

Table 1. Number of average eggs of Odontobutis inter-
rupta to different water temperature in aqua-

rium
Water Number of Number of Number of
temperature spawning total eggs  average egg
- 224+1°C 3 3,179 1059
24+1°C 5 4,212 842
26+1°C 6 4,206 701
28+1°C 3 1,648 549

AzAe] FEIHo2 $A57) A2sichFig. 2By).

3) 1 M =7] (st A, AT 1A 178 A= 35
3w AEU2RE FEIZ o2 S0 A&H ] u
"} (blastodisc)S 3] Al &t} (Fig. 2Bg).

Step 2. ¥ &7 A (Cleavage)

4) 2 A7), A3 127k 518 AAsid winte] F
o} B9} 4] o] FEET 24 7|7} F gl (Fig. 20).

5) 4 X7, AT 2A7F 263, 24| £7]19] FE0]
A 43 2———‘?‘-51% 44 £7]7} =it (Fig. 2D).

6) 8 M E7), A F 3AI7t 014, Ml TR Ao} A<= o]
84 27)7} =} (Fig. 2E).

7)16 A £7), 3 F 3A17} 378, 747t o F718t
o] 16 N =77} 5]3—;151_, 79 =771 ulmA zepx o
(Fig. 2F).

C@%

Fig. 2. Egg development of Odontobutis interrupta time
required for each development stage is shown in
Table 2.
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8) 32 A7), $£RAF 447 198, AT RFL 3=
717} H A+ (Fig. 2G).

9) 64 A £7), A & 47} 558 644 £7)7} He] &
S N g
ZHagd Byl (Fig. 2H).

10) AFA 7] (Morula), 3 % 6A]7F 01&, 372 =7
7} w4 zlolx|m, M £ 4= F713le] AFA) (morula)
£ At (Fig. 2D).

Step 3. X v 3 A 3} 3 (Blastulation)

11) ¥ul7] (Blastrula), £33 TA|7} 123, F&e] A
&xo2 8= vyt (blastodisc)®] 7}AIE7} A&
FZoz us 7)geld 8RS 9o (Fig. 30).

Step 4. ‘1}.“]] 3} A 7} 4 (Gastrulation)

12) Yl 27] (Barly gastrula), $4 % 11417 1138,
wjute] ol Zoz o] AsEel W) 13E YA

Fig. 3. Egg development of Odontobutis interrupta con-
tinued from Fig. 2. time required for each devel-

opment stage is shown in Table 2.

& o], 3] 884 (epiboly) & #7131+t (Fig. 3K).

13) }ul =7] (Middle gastrula), 3 ¥ 2547} 37H,
wivte] 3te] 1/2& 4, Wi gk (germ ring)o] Z el
o] 239} (Fig. 3L).

14) Full %7] (Late gastrula), =3 & 32A]7F 484, 1)
uho] 3ol 2/3 oA YlX, ¢&A (yolk plug)e]
ehdo} (Fig. 3M).

Step 5. 71 A3 A 3} A (Organogenesis)

16) uj A] (Blastoderm), $~% ¥ 33A] 7} 458, WA=
o] Al&Ee] Il AAEe] el o] Fd 41A
w7} A=l (Fig. 3N).

17) A (Somite), 3 F 35X 2k 04-%, v A& Hefr}
Fglo] vhehtar, 5~6702] AA- o] HA=HLYH (Fig. 30).

18) ¥ (Optic cup), 4 F 36417} 578, v A 9] =]
Hol| ot (optic vesicle)7} FAEH7] Azt z, MA
9] 4= 15~16707} 3 A= ¢} Kuffer's vesiclee] u)3-
Zoll H4H = (Fig. 3P).

19) m2] AJA (Tail bud), 3 F 47A)17F 278, <G=®7}
B3 B4 o 30~317F HAR Aol 5
9} ZA "ot w37t AAEe] FEolA B o (Fig.
3Q).

20) A= Y o] L (Auditory vesicle), & 3 5047t 56
&, gtz glel] F=(lens), ©| & (auditory vesicle)7} A
S3ich o] A4=EN msh Agss] Ashel
o o) %l WA w¥ 2Ae] veksA BAH] A
23193 ot (Fig. 3R).

21) ¥ 53} (Brain differentiation), % & 624]7},
WA 3 32 o7k B AR Eooh o) %)

ou, WiAd7|#e W7]7F FAANA ol F2] wjA g
A de] AA e} FislA RIS (Fig. 39).

Step 6. A A8t5 7 < T xR

22) A1) ¥} (Heart beating), £33 65A]7F 152, o)
Aol JAE T melRFo] XA F7he {F o
opegtem Ao 47)7F JAHAUYSR =3 n] A
AAar= o) HaAE o) (44 ~48 time/min). WA 2] £
go] oldnr} WA U 3HFeo| WA
2 95 (Fig. 4T).

23) 34§ 4~ % (Melanophore in optic vesicles), % ¥
T0A)1 7} 554, 2ol EMAZ7L HYAH 7] A7, AR
ubgo] o)A WA RY F71E (75~ 79 time/min). 4]
7o} upgol os] FH o o] FAF T} (Fig. 4U).

Step 7. A mejw] A} AW FH 2xYA
24) $HF 107413 458, F)3o] A =2w]7} o
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A= gkl A=e] FHo] FAEA Ho(Fig. 4V).

25) A F 13447 408, A =gnrt FAHT
w7t AR Fhel| s FREYAE ] BF
=} (Fig. 4W).

26) $A F 143417k 258, Yo] F) 3 olrju] F7e]
FRoA "ol Qlu} AlAbe] Al&Ee] FRF ]
9] AAel AutA 2ol Fae} (Fig. 4X).

27) £ F 170417t 458, me] x| =2ule] 7247}
6~7N, EA=ulet vz =&n|7} & T =f=]7}
HAE G =3 ol AFAE oty ERLEIL
A= et 17 AU (Fig. 4Y).

28) 196 4|7t 458, F2-E E3sle & Al T4z
E7} AAsle Qla, Belrl 2RFoz vHeA i
=3 HEZEY Y FEZ Ao AAH &2 A&

A}, e x| =g 9~10, FX|=2jv]] 5~67]2] 7]

Table 2. Egg development of Odontobutis interrupta

27} JAHAS e ¥t o 12 =2 £
(Fig. 4Z1).

Step 8. %3} (Hatching)

A F 248X 058, wi A7} 329 QhellA whg- &
W3l HAEFE shed T3} v B8 $AE oY
shod Rzl 3 Zct e AL EFe AR
grol 3 o] F wjA9) HWeEjRie] WA 4L 3 v
3o}, 1k B3kEo] v larvaey® A o] 5.8+0.2mmeo|
I FAE 3.0+0.5mgelsich FHe AS2 el s
of TAALZIL go] R AT Jlex v} me
ArGuz 5T 4 UL Fig. 4Z).

_T'_.ﬂ'

o 2%212) (Odontobutis interrupta)s= EA2]#} (Odon-

Elapsed t?me temvggr?gzure Stage Figs.2,3,4 Stage of egg development
hours(H) minutes (M) °C
00 00 26.1 I A Fertilized egg
00 50 26.0 B1 Swelling and beginning of cytoplasmic concentration
: to the animal pore
01 17 26.2 B2 Formation of blastodisc
01 51 25.9 II C 2-cell stage
02 26 26.3 D 4-cell stage
03 01 25.9 E 8-cell stage
03 37 26.3 F 16-cell stage
04 19 25.9 G 32-cell stage
04 55 25.7 H 64-cell stage
06 01 25.8 I Morula stage
07 12 25.9 111 d Blastula stage
11 11 25.8 v K Early gastrula stage
25 37 25.9 L Middle gastrula stage
32 48 26.1 M Late gastrula stage
33 45 26.3 A% N Formation of embryo
35 04 25.9 (0] 5-6 somites
36 57 25.7 P 15-16 somites, beginning of optic vesicles
and Kuffer’s vesicle formation
47 27 26.0 Q 30-31 somites, beginning of tail prolongation
50 56 26.1 R Beginning of auditory vesicle
Formation of Lenses in optic vesicle
62 00 25.8 S Defferentiation of of brain, embryo wiggled
Beginning of anus
65 15 25.9 VI T Beginning of heart beating
70 56 25.7 U Beginning of melanophore in optic vesicles
107 45 25.8 VI \% Beginning of caudal region (fin) formation
134 40 26.0 w Beginning of pectoral fins formation
143 25 26.2 X Opening the mouth
170 45 26.1 Y Beginning of dorsal fin fold formation
Formation of air chamber
196 45 25.9 VA Formation of melanophore in body
248 05 25.8 VIII Z2 Hatching
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Fig. 4. Egg development of Odontobutis interrupta con-
tinued from Fig. 3. time required for each devel-
opment stage is shown in Table 2.

tobutidae), SA}e) <4 (Odontobutis)el] <3h FW o] =
Atel4 o] e £ £3 FAMe (Odontobutis platycepha-
la) 2&0] B u¥e] gl3, dRr]E Odontobutis obs-
cura obscura®] 1&0] B uEe] gt} B Fo djgF 2
£ Sakai(1993)7} 4] Odontobutis obscura obs-
curaf} & o] o}FAI} obd MFolzty B b
e, & A7 dSFAE Y] AAdARE A3 ARE
AF R LA Hakel AT,

g A4 R ABRLY BAL fdel =
Dx Aol wked, ol (198N wush YA
& U AT AR e FHE HEATOG FE
slod B8 13714 KA Fol Fob A (1979)e] Mud
ulel o] eI HARLFHTY ez 7)) HF
A Zm gdelth =8 ARl Asel A % o
(1982)% Ateh7)7} 496l A 8Y 2 4-2o] 17.4~27°CA}
olobi FlAs ubE, 2 (1989) 17.5~22°C2] 4+
7= 49utvE] 89E47lR|7l ARIAI el B Tsly
ovh, B dyeMe lF AR AlghgZo] 24~27
CH I, 25~27°Col| A} 7P &g} Algtel o] g
024 AAAMAR A= o]e} FAME $2E 2= 64
ZF ol FHE 8YT o|F7Hx ARG Y FAHE 4

A

A 5 o] ARMAE wiRdEt A Alshst wbA &
SA2E Bagoza 1 - HiF(1961), ¥ Goto
o] fo}, W 519959 53

Nt ol FellMe] ARt E3 §AMEE o4 gsich A
7} 0] (1982)% FAlElel Wdt Rl AbstaES- Ak
G Rl A FHUE AMER 2ot ovt
2 Qe Algt 52 wiskat wlA Al A
710l 3] Exlo AFE HAFozH Aozt 9l
% 44 e

2 d3EH 22 & &3l SAlgd A8 Iwata
et al. (1988)2] RItoll & Azl w2 ¥He]x EAo o
sty RIER] ISkY] wfitel it @aye] wg A=
FAkEl et vlmslsd A ok A A o
(1982 FAte]ol| Wigt B TeA wuldgiAde] A% 1
AlZE 308 ~2A17E, 2H 27| 2417 308, A7\ 7HA &=
of 1A} 1089] 7tH o= 32M 27744 Aoz
go] o]Foixictn M w3t wiF AAT)e A]7]7}
FAF TAZE 508 ~10A17F 308 AHA7]7E 10A17E
303 ~154)7F 4080 =w]7]7}, 18A17F 308-~36A17F
308l Ful7), i A FAFL $AHF 32A7HFl] o] F
o] B 1sle] ov}, 644 £7] 2} Kupffer's vesicle2]
HAe H3tedE Z1A A kst

Iwata et al. (1988)2 AAN7)7 A F 695l A
H3 AAPE 2Tl Rasigov £ FoAes A
4471 $AHF 6547 15820, A-L FAHF
47TA17F 278o) ofn] Aejs} 2 49l 30~31747} §
AEe] B F3 FACA Ae|7t F& 4 Uk
ol = FAkElS #BF<el IS4 & #AAAF
£2-2] Apoletz AtRFH T AlAe] wbe2 A7t 3§
A E)¢)-&w] 44~48 time/min, 70A]7} 5580 75~79
time/min, 77X 7} 058-¢]] 99~ 101 time/min, 8147} 30
Holl 114~115 time/min, B3% $of|= 128~130 time
/mine 2 ALl F7HE B o] Z|Fe] LAY
wiAe) Aoz JAEgFe) Zvle) wpep dA}o=
Atz F et A3 o] (1982)% SR dIAM AAtEo] A
2= A17]17F 18709 AAS e A F 76417 30%
ol2} #1931, Iwata et al. (1988)2 A% 6ol A7 o)
PG R usige. o] =3 £AF 6547 158
Ae] 4717F YARE B F9 Adst zlelE Re|n
gl 2% AAEF Hart oo Iwata et ol. (1988)2
A 9] 252 F zpe]o] HA o] 525 mmety R 313}
g, A3} 0] (1982)= 5.6 mme}l B v) B o
A= BElx Fea] Apo]e] AAbo] 55+02mmE A}
2] Aol el= £ ztel7) 9K, FAE 3.0+0.5mgo]
Ak
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2 Fo WA Xele AlgAle] £ 26+£1°C
2 fA18kg o1} Iwata ef al. (1998)-2 Ay o] 28
718 gkska, A} 0] (1982)% & 22~23°C2
FAgET Bastdd. aebd FAlee Wi Bad
W43 2 FollM 2ol A dAdA ) 3t =7}
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AA= W3] ARE sofd ool slvtn AlsH
At

ol g 2 3
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The Spawning Behavior and Egg Development of
Odontobutis interrupta IWATA and JEON, 1985
Shin-sok Choi and Young-un Na!

Department of Biology, College of Natural Science,
Chungnam National University, Taejon, 305-764,
Korea, 'Division of General science, Konyang
University, Chungnam, 320-711, Korea

Abstracts - Early life history and spawning for Odon-
tobutis interrupta were observed in the laboratory dur-
ing May-August 1999 with a condition of natural ha-
bitats in the field. Optimal water temperature for
spawning was between 17.5 and 22.0°C and appropriate
water depth and current velocity in the natural habitat
ranged 0.3~0.6 m and 0.1~0.3 m/sec, respectively.
Ovary maturation index peaked at about 100mm in the
total length and their values gradually decreased after
the size. Male fishes showed a territory and courtship
behavior to adult females and the males frequently
pushed upper—ventral part of females for egg releases.
After females spawned, the males guarded the egg
masses and supplied dissolved oxygen using pectoral
fins. According to observation of egg development in the
laboratory, blastodisc formed in 1hr 17 min after the
fertilization, cleavaging at 36-minute interval regu-
larly. Blastulation occurred in 7 hr 12 min after the
fertilization, with gastrulation after 11 hr 11 mins and
formation of york plug after 32 hr 48 min. Embryo was
formed in 33 hr 45 min after fertilization and optic
vesicles appeared in 47 hr 27 mins when 30~ 31 somites
were formed. Cardiac primordium was formed in 65 hr
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15mins and its beat averaged 44 ~ 48 time/min. Pectoral
fins were formed in 138 hr 40 min, air-bladder and
black vesicles were observed in lower portion of young
fish. Embryo hatched from she-1l membrane after
about 10 days and juvenile was 5.8+0.2 mm in total
length, 3.0+0.5 mg in weight.
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