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<45, Takifugu pardalis (Temminck et Schlegel)9]
AeksA B 274

Spawning Behavior and Early Life History of Takifugu pardalis
(Teleostei: Tetraodontidae) in Korea
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Spawning behavior of the Takifugu pardarlis (Temminck et Schlegel) was observed on the
Jook-do coast in Tongyong from March 1997 to June 1999.

The spawning ground was locted in the intertidal zone between Tongyong and Koje-do. Its
bottom was mainly gravels and stones, and its depth was 0.5~1.0 m. Spawning season was
from the end of the March to the middle of May. During the spawning season, the mature
fishes formed school a of 10~ 30 individuals, then moved to the spawning ground together.
When a mature female spawned eggs, the attendant males fertilized them at the same time.

The fertilized eggs obtained from the parent fishes caught at the spawning ground were
adhesive, opaque and spherical, measuring 1.14~1.24 mm (mean 1.19mm, n =50) in diameter
with numerous tiny oil globules. Hatching period was about 205 hours after fertilization at
water temperature of 18.0+0.5°C. The newly hatched larvae were 2.92~3.10 mm (mean 3.01
mm, n=20) in total length (TL), had a large yolk, and 11 ~13+14~15=25~28 myomeres. At 5
days, the larvae had attained 3.79~3.85 mm (mean 3.82 mm, n=20) in TL and had
transformed into the postlarval stage. At 15 days, the postlarvae had attained 7.78~7.90 mm
(mean 7.84 mm, n=20) in TL. At 21 days, had larvae attained 10.15~10.27 mm (mean 10.21
mm, n=20) in TL and had reached the juvenile stage. All fins were formed with a complete set
of fin rays having the following counts: dorsal fin rays 11~12; anal fin rays 9; pectoral fin rays

14~ 15; caudal fin rays 11~12.
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Fig. 1. Map showing the sampling area of Takifugu par-
dalis (Temminck et Schlegel) on the Jook-do coast
in Tongyong.
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Fig. 2. Frequency distribution of egg diameter of Takifugu
pardalis (Temminck et Schlegel).

3 g o
Rty ol

so| Aetg

EESIIVE 183

X 164 =7 (Fig. 3F), =& = 9A| 7ol = 324 E7|7}
H9e}(Fig. 36). 2L F dde] A% Ao e 3
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Table 1. Egg development of Takifugu pardarlis (Temmi-
nck et Schlegel)

Times of
after Fig. 3 Characters
fertilization
A Fertilized egg
45 min. B Formation of blastodisc
2hr. C 2cells
3hr. D 4 cells
5hr. E 8cells
7 hr. F 16 cells
9hr. G 32 cells
14 hr. H Morular stage
17 hr. | Blastula stage
30hr. K Gastula stage
41 hr. L Formation of embryonic body
70 hr. M Formation of optic vesicles
Formation of lens on the optic
85hr. N vesicles P
Formation of heart (heart beat
130khr. o 114~117 times/r(nin.)
205 hr. P Hatching began
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Fig. 3. Egg developmental stages of Takifugu pardalis (Temminck et Schlegel) reared in the laboratory.
A: Fertilized egg; B: Formation of blastodisc, 45 min. after feritilization; C: 2 cells stage, 2 hr.; D: 4 cells stage, 3
hr.; E: 8 cells stage, 5 hr.; F: 16 cells stage, 7 hr.; G: 32 cells stage, 9 hr.; H: Morula stage, 14 hr; I: Blastula stage,
15 hr.; J: Blastoderm extention and germ ring formation, 20 hr.; K: Gastrula stage, 30 hr.; L: Formation of embryo,
41 hr.; M: Appearance of optic vesicles, 70 hr.; N: Formation of eye lens, 85 hr.; O: Formation of heart, 130 hr.; O:
Embryo just before hatching, 205 hr. Scale bar indicate 1.00 mm.
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Fig. 4. Morphological development of larvae and juvenles
of Takifugu pardalis (Temminck et Schlegel) reared
in the laboratory. A: Newly hatched larvae, 2.92
~3.10 mm (mean 3.01 mm, n=20) in total length
(TL); B: Three days after hatching, 3.21~3.28 mm
(mean 3.25 mm, n=20) in TL; C: Five days after
hatching, 3.79~3.85 mm (mean 3.82 mm, n = 20)
in TL.; D: Seven days after hatching, 4.34~4.38
mm (mean 4.36 mm, n=20) in TL; E: Fifeen days
after haching, 7.78~7.90 mm (mean 7.84 mm, n =
20) in TL; F: Twenty one days after hatching,
10.15~10.27 mm (mean 10.21 mm, n=20) in TL.
Scale bars indicate 1.00 mm.
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A AstelA e wheA] d2A) e o ofzke] Ak
o] o]Foix, fxA|¢} Z& IAE 7pxl Zor Hel
3, o2 ¥t F Hel¥ FA4-2> FA, T. nihpobles®] Akt
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ol Fe] Ag Albe Y3t vl WA BAS} Qe
Aoz Az

g, & AFolA BAE e Ak A7) 39 2



186 A5 - =xfH - of

oA 59 F<eold wldte] dEo] A= (LRl
Akl Al E5-0] AE7|7} 29 shiE 3¢ dleo=
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717kel]l o] Folxvta Egivt. 2] vl Ao AR A
717F Aol 3] g Relx 22 i Abelel= A7)
Al Apolg BolEH, o]H 3 ARRA7]e] 3 x4k
o] zpol ¥ M WRF ohzl A4, T. rubripesel| A4
kA 2, 2] et A ApFE-2] Alk7| & ARk
AAFEZAAN 549 FHeRE 69 A, Ad EAL
TE AkelME 59 FEAE ste7bA <l vk,
B2 A AFEe] FAlEto] 34 d&RE 59 A
72 AQH oz e Akt A7]e] W3 g Aol E
e A (Fujita, 1962; & )113+ 4, 1966; o]<} 7],
1969) 0.2 o} ol FRA oA EHe| AFREA 7]
apoli A A7ke] spelz A7k,

FuFrl &b olF F B4 ARA)E 59 3
SXHE 79 %2$71A|, AFE3 7HEE T. stictonotus
(Fujita, 1962)2 59 F<<HE 69 3e7bA], W,
Lagocephalus lunaris (Fujita, 1962)2 6% Akg=ol|A] 7
o st 7bA], ZulE] &, T. vermicularis (Fujita, 1962)-2-
64 FEHE 7Y e R Foldt o FelM EF
o] Algte] diAlZ wha 7] o]Foixm, o]2|3 AlRI7|:=
4B E] 5Y Alolo A= 7bx]E, T. xanthopterus
(Fujita, 1962)3} -&-A}s}9ict.

E ATelA EEFS AR Aavt 2204 AR A
I Zuk917E Ak E o] QlE el WAl HE 1
ZF Aol FAE o] Feo] AlRlEE AL YA =5
(Fujita, 1962)3} v}3t7}x) 2 Algl 24
Qo 23] ogqt 2 HAHA A $4S 2AFE
¢ B]5=g A3 el ¢t} (Katayama et al., 1964;
Katayama and Fujita, 1967; Kobayashi et al., 1978;
Tsutsumi, 1978; Tsutsumi et al., 1978).
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o 7o) FAAH A2 AAA HE EAG &
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50 e 7 AT e wEE F7le
olz 5 Mz Axz FldETS FHsta, 7H
iodon holacanthus (Sakamoto and Suzuki, 1978)2]
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T FsHHA WS = §
el Aol Heolm2A F SolidS vl
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382 T. obscurus (A %5, 1996)°] 3} 7ol HFHiAMS-
ww BEHIAT, B FolFel Fe] @ AfT
(1.8~61.0pum)E 72|22 slict. kA 2
AT Azh, Al 37 ste] ofzhe] R g 7Rl R
AAd&elsl ot Fujita (1962)2] fzol] HAF ozl
<+ ANAsAY, AR A 19 23] ZhzAlel] 6~9A]%F
H s 2o $Aste] e sk delr)
gl =8 g9 =7]= 1.14~1.24mm (FF 1.19
mm)Z dEA FF (Fujita, 1962)°] 9 7 o
1.00~1.35mm (FF 1L.18mm)z 2 FAL¢} n]%=d 2
}g e G e Bol el dAw vlws) nw, A
FE- (Fujita, 1962)2] 172 1.20~1.41 mm, 7}A] &
(Sakamoto and Suzuki, 1978)2] 1.73~1.86 mm, &
(3 =, 1996)°] 1.45~1.51 mm Hrole= =gty 7pd e
(Fujita, 1956a)2] F7 o] 1.06~1.148 GAlslglon], &
4 (Oh et al., 2000)2] @37 0.87~0.95 mm, A&,
Canthigaster valentini (Stroud et al., 1989)2] 0.68~0.72
mm, =1 2] & (Fujita, 1962)2] 0.85~0.90 mm, w2 &
T. snyderi (Fujita, 1962)¢] 0.90~1.00 mm, - (Fujita,
1966)2] 0.61~0.70 mm, 7}2] & (Fujita, 1962)¢] 1.00~
1.10mm Bo= o] =7)7) Zlo (Table 2).

AT AR EH o] Rajo] 2ed A AR
422 18.0+0.5°Col| A} 44 & oF 2054 7bo] £22%|¢)
L), dBA 2 (Fujita, 1962)9] 79 AFS4o] of
22°CY w H3}ol| o]2Z3= AJZke] of 192X|7ke] A2 F
o), Absra-eol Te obhe] Aolx glgiort As wls
g A3z e gl (Table 2).

S2) el d Q7 wTE HolFel AFH (o
1992) A% B3ke] A9 52 19.3~233°CelA 131
A Zbe] A 2% )a1, ¥A (Oh et al., 2000)2 & 21.2~
22.3°Col| A 43 F 146A|7ko] &9l Zle ws] i
Aol 2eHE A7l fAREAL okt oo AP A
kS Hglom, £ 17.0+0.5°Col|lA] 2804 7te] 40 F
% 5 1000)0] ML w2A vehdeh 3
she] 2 Bolfe] REHAF wms wH 7H=
(Fujita, 1962)¢] & 16.9~17.8°Cel|A] 216A]7to =
vl A §AFsle] a7, =3 3B T. poecilonotus (Fujita,
1962)0] 42 13.9~17.6°CollA] 32447}, 742 2 (Fujita,
1962)¢] 4= 20.1~21.0°CollA] 152A|7F FE/HE T.
chrysops (Fujita and Shinohara, 1986)¢] 42 17.4~
21.8°Cel|A] 150A]7F, A E-(Stroud et al., 1989)¢] 42
235°CollA] 126.5A)17F 2 wj] & (Fujita, 1962)0] &
25.2~27.2°Col|A] 100A|7te] AQ = o] vlwA H3pA|7E
of whg Helglon, A& (Fujita, 1962)] 7 52
21.7~245°Cel| A 67A|7ke] Q¥ o] 7} wh=A] e}
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Table 2. Comparison of egg characters in Tetraodontidae fishes
- Water temperature Time of hatching Egg diameter
Species C) (hour) (mm) References
Takifugu pardalis 17.5~18.5 205 1.14~1.24 Present
T. rubripes 15.0~19.0 222 1.20~1.41 Fujita, 1962
T. niphobles 18.4~23.7 146 0.87~0.95 Oh et al., 2000
T.chrysops 17.4~21.8 150 1.29~1.38 Fujita and Sinohara, 1986
T. xanthopterus 16.9~17.8 216 1.00~1.10 Fujita, 1962
T. pardalis 11.0~14.0 696 1.15~1.25 Fujita, 1962
T. stictonotus 20.1~21.0 152 1.06~1.14 Fujita, 1962
T. poecilonotus 13.9~17.6 324 1.10~1.28 Fujita, 1962
T. snyderi 25.2~27.2 100 0.90~1.00 Fujita, 1962
T. vermicularis 18.7~19.8 130 0.85~0.90 Fujita, 1962
Lagocephalus lunaris 21.7~245 67 0.61~0.70 Fujita, 1966
Table 3. Comparison of larval characters in Tetraodontidae fishes
Water . Days
: Prelarva Number of Postlarva Juvenile
Species temperature after References
°C) (mm) myotomes (mm) (mm) hatching
Takifugu pardalis 17.5~18.5 2.92~3.10 11t ;tg~ 15 3.21~3.28 10.21 21 Present
T. rubripes 15.0~19.0 2.72 9_5_-;;:22 3.00~3.50 9.50 29 Fujita, 1962
T. niphobles 18.4~23.7 2.14 8—&_—2;:;2 2.96~3.20 7.60 28 Oh et al., 2000
9+13~14 Fujita and Sinohara,
T.chrysops 17.4~21.8 2.83 —99.93 3.79 9.45 24 1986
T. xanthopterus 16.9~17.8 2.65 8+14=22 2.95 - - Fujita, 1962
T. pardalis 11.0~14.0 2.50~2.85 9:;(3)—t;:~15 3.20~3.25 1150 45 Fujita, 1962
T. stictonotus 20.1~21.0 2.60~3.05 8_“2?:;3”15 3.35 8.30 23 Fujita, 1962
T. poecilonotus 13.9~176 2.82~3.08 8+14=22 3.20~3.44 11.90 43 Fujita, 1962
T. snyderi 25.2~27.2 210~2.20 gt;izg 2.25~2.60 - - Fujita, 1962
T. vermicularis 19.8~20.9 2.00~2.25 Btgzg 2.70~2.85 8.85 33 Fujita, 1962
Canthigaster valentini 235 1.30~140 6+11=17 1.68 - - Stroud et al., 1989
Lagocephalus lunaris  21.7~24.5 1.91 8+13=21 2.40 - 30 Fujita, 1966
o} (Table 2). 74+ - (Fujita, 1962) 2.60~3.50 mm, 24 £ (Fujita,
E ATelM E5 F3 A5 Aol AAE 292~ 1962) 2.82~3.08 mmel= Z7|7} th4 H|Ekglem, &
3.10mm (B4 3.01mm, n=20)2 dEA = (Fujita, B (Z} % 1996) 3.00~3.54 mm Ht}= =gt}
1962)2] 73§ ¥3} 2 ZF zlo]e] HA 250~2.80 mm K Z 2 13 2] ZAHSLLE 10~11+14~15=24~26

o} =, AFE-(Fujita, 1962; o] 2} 71, 1969; 1}, 1992)2]
AFe] KA} 2.13~2.75 mm, 3=E7) - (Fujita and Shinohara,
1986)2] 2.83 mm, 7}x|E- (Fujita, 1962) 2.65 mm, £-A
(Oh et al., 2000)2] 2.02~2.2 mm, & E-(Stroud et al.,
1989) 1.30~1.40 mm @ ©2] & (Fujita, 1962) 2.10~
220mm Rop= F Hell &35

=

Mz dEA ZE (Fujita, 1962)2] <-4 9~10+14~
15=23~257] 9} §Aslodeh. Tutel w270 % (Fujita
and Shinohara, 1986)2 9+13~14=23~257}], ¥4 (Oh
et al., 2000)& 8~9+14~15 =22~ 247, 7}%] - (Fuijita,
1962)2- 8414 =227, AAFE-L 10411 =217, 7}A =
(Fujita, 1962)2 8~9+14~15=22~247, 34 &
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(Fujita, 1962)- 8-+14 = 227}, v 2] & (Fujita, 1962)-<
9+12~13 = 21~227), W& (Fujita, 1966)-> 8+13 =21
7§, A& (Stroud et al., 1989)2 6+11=177]& o|& &
A olF F T2 TA4L e Aoz vehin
spu (A 5, 1996)2] 25~ 26719} 52l

E3e) 28l A Aoje] FAHe] ot FAxEs)
S LI N I P
)=o) BERRolN A morow AN AN F2E
ool BHA e 1l Aole] dapel} & 79
of Aazr} FxsT glom, o] 9s F4R o)
AR SAZT dolgIA T, 22 w83 (Fujita
and Shinohara, 1986)| A= S A% )2 MA T =
PR b, W F4 ol FolE U] gaaEe
& 5}R] ek=c} (A, 1977, Fujita and Shinohara, 1986).

23} Aolol] ehte A4zl 28 B9: 7} i
o e} oFzhH B2 »}E}»H%l F2e 5A e,
A wefw), we) <) mejn) o) 9717 ek A6l 5
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& w3 A weAF 299} AS el Sl T
Ax7) B2x314 Hoh B4 (Fujita, 1962; Oh et al.,
2000014 7 A=eule] 9717 FRG Wl wmAF
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> Z7)el He7|R =l el I8 (F %,
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ZHo pABL Loz HEMS] J_:,La]ilx-lal-o]m]
gL 114~ 124mm(«!ﬂiL 1.19mm, n=50) ¥4 A
& 2 f7(1.8~61.0pym, n=50)7} H= J;lé"

FA7E AR 58 18.04+05 C°ﬂ/\1 A F 458
Z3FA] wibe] HFAE T, 4 F 13A7F 50+ A2
Foll AA7)e =t on, 24 5 2054 7hell F 29
537F deofwd

B3} 20 zto]= HA 2.92~3.10 mm (FF 3.01
mm, n=20)2 $]3} o] opx] dsdA ¥k, A7
of Al oF 13 A =S 379 F IFEE AR e
o, d3e| A= B 77 R o] wo] 2
11~13+14~15=25~287] 4t} 23} & 3UA ] o]
= AA 3.21~3.28mm (- 3.25mm, n=20)& t3+&
7 aL sl o, Fa 9o f7= d R FEe]
T7F AAA Aaste B3 5 597 o] F7|A}e]
7 3.79~ 385mm( & 3.82mm, n=20)2] 7=
FEE ] FaEe] F|Atelz ol EGlom, 7
A =2jn| 7} %71371 AlzFslodct K31 3 157 zpo]
A2 7.78~7.90mm (F 7.84mm, n=50)2 FH-
7F A9 A E o] AFH o] Holfeo] AFHA A¥A F
oz W3telr] Altstsiet. 331 F 2194 A9 A
#+-e 10.15~10.27 mm (37 10.21 mm, n=20)Z D.
11~12; A. 9; P. 14~15; C. 11~127§2 7+ A xgju]7}
Aol et om, Aot HhEe] Aofel G2 Ao
71& o 336}%“:}.
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