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The purpose of present the study was to describe the spawning behavior and early life his-
tory of the grass puffer, Takifugu niphobles. The grass puffer was caught at the spawning gro-
und on the coast Dolsan, Korea from May to the 1998. Artificial fertilization was carried out to
get fertilied eggs.

Spawning season was from the end of May to the beginning of July on the coast of the Dol-
san, Korea. Form 2~ 6 days before the spring tide the aduct males and females began to aggre-
gate in the shore water, and they spawned in the upper part of intertidal zone exposed to air
among pebble stone. The fertilized eggs were demersal, transparent and spherical in shape,
and its diameter were 0.87 ~0.95 mm with several oil globules of 0.0014 ~0.0540 mm. Hatching
began about 146 hours after fertilization under water temperature 21.2~22.3°C.

The newly-hatched larva was 2.02~2.24 mm in total length (TL, mean: 2.14 mm), with 22~
24 (8~9+14~15) myotomes, and mouth and anus was not yet open. In 3 days after hatching it
was measured 2.64~2.93 mm in TL (mean: 2.76 mm), and yolk sac was completely absorbed
and transformed to postlarval stage. In 15 days after hatching it was measured 4.43 ~4.82 mm
in TL (mean: 4.59 mm), and the caudal notochord flexion started. The larvae reached the juve-
nile stage in 28 days after hatching and attained 7.55~ 7.65 mm in TL (mean: 7.60 mm), and all
fin-rays were formed.
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Aol AMAlsha, Abd7)els WRke] Zidle] Eejg)
w9 Aol g P SAE A, BAL Helf
F 7P 22 o1F9 dhteld(Kimet al,, 1994).

ZolFoll #Y A2y JEAME AFE(Takifugu
rubripes)®] FHAAF(EI I ¥, 1963; LHA LS,
1982; FRH A 21K, 1983), dBAL F:2 EHol {2 WA}
9} ©kA] (Fujita, 1962), 7}A] - (Diodon holacanthus)2)
Abebg4Al 9l Z27] ) A} (Sakamoto and Suzuki, 1978),
7} B-(T. stictontus), 8 E-(T. poccilonotus), 7} x| E-(T.
xanthopterus)®] Z=71A (Fujita, 1956a, b; Fujita,
1962) -0l e} St M= AF5-2] R AYAH(Lee
and Kim, 1969; Rho and Jung, 1993), 253%* 43 (Kim
and Lee, 1989; Lee, 1993), A}5%-9] Jiz} ffHERY 3
e (Park, 1992; Han, 1999), 3} 2-(T. obscurus)?] A
3} zpxje] Wt (Jang et al., 1996) B FHEFL (B H) o]
F B 92y = (Han and Kim, 1998) 52| o
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ANAE(20x32cm)ell 200te)E 43 ¥ AMLE FF
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Fig. 1. Spawning behavior of the grass puffer, Takifugu
niphobles (Jordan et Snyder).
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2. 2] e

KL TPz RAHe] ¥ Il 9P

< A 29315 (Fig. 2, A). &9 Z7]+ 087~
0.95mm (B 0.92mm, n=50)g om0, JiE = G
9] =3 =he Bk (0.0014~0.0540 mm, n=50)5o] &
=34

3B EBRE

Z¥ 1tk 1568l [REEe] A= om (Fig. 2, B), 24
7t 25% kol BRElel AlzEe] 24277 H
T(Fig. 2, C), 3717} 3650] A3l 44| Z7]2 o]3)H
Ak (Fig. 2, D). 45 1% 4A 2 258 84 27]71 H
glow (Fig. 2, E), 647k 5582 44l 32427171 =<l
a1 (Fig. 2, F), TA1ZF 252 #heoll: 644 27]o 23t}
(Fig. 2, G).

I F gpdle) A& A K & 9T 35%9
HEA REH DI (Fig. 2, H), ¥ % 1241
580 = HEif#AC] 2slslen (Fig. 2, D), 3047k 30%
kol IRIRe) JIEE Dol FHO7F A= o] FitHFl
2319l o} (Fig. 2, J).

o] & g TF Fo| I FEHAAHA K
ol g} &2} 245 % 3143 158 KR~ FAH
7] A #skd = (Fig. 2, K).

ZHs th 40A17F 3TRE= WhENel Aeoz 7~97
7} 2dstga, IREEe weRRol Riert 3438949
(Fig. 2,L). % % 51717} 36%-o+ el 12~137
2 Z7813, vl A=st Jehdr] AlabsidEA
7} E-3}8k9 o (Fig. 2, M).

ZHE 1% 62417 38Rl WEiol 14~16702 Fv)
sl on, [FfEe] me| o] HFEAA F=7] AlF
sl m, Alhabgo] AlztEWA HEAH o2 IRERVE £
o|7] Alztstddeh. KHE % 7T4A1T 49Fe FHEIS 17
~18/M 2 Zristdy, Higel HAel A=,
A7l Afoz Hmoke] BaFiurt Kege elrin)
HZ, pEe] =, REge &% ¥ mREe] dFo
2 233199 (Fig. 2, N).

A R TN 308l BaXit BEREY 5
Zox 2339, K % 8927 36EA woll 2R
Ml A=A BaFirl e A= i
o, &oz fRfEel TAxrirt FAFHAUS LK
% 102717k 518l IRE87E IS ShalT] 2 A
712 Agoz e el FaRiurl o] H

28 % 11177 193] B2 20~2270= F7}s
A, e TR mnrt 2o, BERRE

o) =W M Wiy R B59) £ 2o
A 27}319c} (Fig. 2, 0).

BN % 146N Ka87t AsA FEAREA
B E1 vEvE BLs) Azeido Fig 2, P,

4. friefs] Jeaee

(1) R R

¥L Bk e A 2.02~224mm (¢ 2.14
mm, n=10)2 7} F2 ok dHUYA U, AL
°F 173 Z7]e] & JE S 7ML sl SiEN = B2
MER7E Rt BE-S 8~9+14~15=22~247]%
3, woll e R FaEe e, 3L A
55.0% XAl =5le] Fo] Fdreh 4zt FHFo ¢
2 etoict. BeaXie HEFke PE =4, 3E
Az B 9 HEYRY & GRPM HES)o=
Fx3lget Fit Bkl Az YoM 9L 3
2 dskot Bk 1% 1~2A Ao meE]E 3 o|w A
Fo3€ 7] XA A, o] Al7)elle fFfaEel B &
02 Rol= §A ] JENY (Fig. 3, A).

Mt % 1949 fas A 228~248 mm (HF
2.38mm, n=10)2 o] vta F=wA HEkEH
HAA EAET, vl BFMrt 9L s &
fEder, BaFie £ I3 g 29 9
SF $Fe] wFolA] Hmefe] HEo] HEYGoz W
3}3led veh}r] A zkslad o (Fig. 8, B).

(2) HMF

Bt % 3¢49] fFARe AH 264~293mm (HF
2.76 mm, n=10)2 JiF o] F4E o] RIFEME o
3w A o] A7t ozt dFom o]F3le] 79
E A5 A5, I ke R E5
o] ofzhe] EAU ol St el dEwA H:
5ol AIRE, o] F dFo] d3id. BAaFR:
T OSRE R Foe 3 FHM RS AY
2AFT, o] F Moz vepgon XEo2 B
THEANA Huokz} Muckor Z#3)r] Alzsidd
(Fig. 3, C).

Bt % 5d4A19 #%fFARE A 2.96~320mm
(H+ 3.07mm, n=102 7z} A x=u|7} §7]|57] Az}
gled FA =2 n], A =2u] @ me|A]ejn]e] Jeir}
FEH AR 7T AlAsEA 3, AfRe] M) dA 3
sl v Astgte] Mgl Wi #F-E U
sl om, hEk7E A 2AENUR, W ARRa
Wi Zo] AHZoz mRIo] FH3) o] A7) K
i8] e AT, Bafis A8 AEH
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Fig. 2. Egg developmental stages of Takifugu niphobles (Jordan et Snyder).

A: Fertilization egg; B: Formation of blastodisc, 15 mins. after fertilization; C: 2 cells stage, 2 hrs. 25 mins.; D:
4cells stage, 3 hrs. 36mins.; E: 8 cells stage, 4 hrs. 45 mins.; F: 32 cells stage, 6 hrs. 55mins.; G: 64 cell stage, 7hrs.
25 mins.; H: Morula stage, 9 hrs. 35 mins.; I: Blastula stage, 12 hrs. 5 mins.; J: Gastrula stage, 30 hrs. 30 mins.; K:
Embryo formation, 31 hrs. 15 mins.; L: 7~9 myotomes stage, appearance of optic vesicles, 40 hrs. 37 mins.; M:
12~ 13 myotomes stage, formation of eye lens, 51 hrs. 36 mins.; N: 17~ 18 myotomes stage, melanophores
appeared on the embryo, caudal part leaves yolk sac, 74 hrs. 49 mins.; O: Appearance of auditory vesicles,
development of pectoral fin, 111 hrs. 19 mins.; P. Embryo just before hatching, 146 hrs. Scale bars = 1.00 mm.

SR rdu] G2 FF AdelM mea}dl o277t
A Wmerow Zylsled velgdon, HLEREAAM
o8 Z7hsksch =3, QERR gz Hmge
BaFRMo Jehdrl Aatsiglen, gl Fotel aE
A= fpEiollo Wk Heo] YRyIA oz Wi}
3}7] Al=bsledc) (Fig. 3, D).

Bk % 1044 #HMfFARLE A3l 3.83~4.64mm
(7 4.24mm, n=102 7}&3xgujd= 9~107} 2]
27), A =gule = 7~8702 &7] ¥ SlAgrje 3
N 717} kst el BaRiRe w22 EIR
oA #IEHZF o2 Z7lste ep A BILFA
FxolZzow Hweke] Ao AFA T, £ W

=3} oprlnlFAREN ok Hueke el 27}
o epew, Agoz FAuejulel A men]d
AARET %ol s} Wmpe) Ao FWshadch
(Fig. 3, E).

WL % 1594 BAMFRE W3] 443~482mm
(47 459mm, n=102 FEH7 AN 2Leied A
o] Holfel WYA FHo2 W) Axsisich
o) Aol =ape] Arejulzl Bajeted Aze] A
2vl7} Qs Eelsel vehds] Aztalss, $A
ulel 1071, AA=ulel 8~970e] 2717 WAs el
Z7bsron, melx waimle] 6~88 £7171 23
WA FEk#el Aoz FoiNs) Az B
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Fig. 3. Larvae developmental stages of Takifugu nipho-
bles (Jordan et Snyder).
A: Newly hatched prelarva, 2.07~2.24 mm in
total length (TL); B: 2.28 ~2.48 mm in TL prelar-
va, 1 day after hatching; C: 2.64~2.93 mm in TL
prelarva, 3 days after hatching; D: 2.96~3.20 mm
in TL prelarva, 5 days after hatching; E: 3.83~
4.64 mm in TL postlarva, 10 days after hatching.
Scale bars = 1.00 mm.
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Fig. 4. The larvae and juvenile developmental stages of
Takifugu niphobles (Jordan et Snyder). A: 443~
4.82 mm in total length (TL) postlarva. 15 days
after hatching; B: 5.73~6.45 mm in TL postlarva,
20 days after hatching; C: 7.55~7.65 mm in TL
juvenile, 28 days after hatching. Scale bars = 1.00
mm,

% meAelele) 1109} 2717k §4=) U B
@FieE Wile] Aoz Aer daston 1
217 ERAAL Al e FFel chrgAAE
AmepolA W % b Refo s Frbsted et
sowl iie) 53 MEAMNE R REe R o
ssto] Vieksich(Fig. 4, B)

(3) HEfRIN

b % 28dA AL AL 7.55~7.65 mm (BT
7.60mm, n=10)2 D. 13; A. 11; P. 14~16; V. 11~ 127}
2 7 A egju)rh Aol Do, B Wl FHAA
A3 AL wr] AAEEA ol Bl A
7] XAt fERMR o8 = %= (Fig. 4, O).
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Ao EIRAE oA EAbddedA 5d skt
B 74 2&7HA] dew, s Bl o)A A7lE
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Table 1. A comparison of egg characters in Tetraodontidae species

Temperature

Time of hatching

Egg size

Species “C) (hrs) (mm) References
Takifugu niphobles 18.4~23.7 146 0.87~0.95 Present study
T. rubripes 15.0~19.0 222 1.20~1.41 Fuyjita (1962)
T. chrysops 17.4~21.8 150 1.29~1.38 Fujita et al. (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 Fuyjita (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 21.7~24.5 67 0.61~0.70 Fujita (1966)

Table 2. A comparison of larval characters in Tetraodontidae species

Speci Temperature Prelarva No. of Postlarva  Juvenile Days after Ref
pecies cC) (mm) myotomes (mm) (mm) hatching elerences
. . 8+14~15
Takifugu niphobles 18.4~23.7 2.14 ~99-93 2.96~3.20 7.60 28 Present study
T. rubripes 15.0~19.0 2.72 9+ 14~_ ;g g4  300~350 9.50 29  Fujita (1962)
_ 9+13~14 Fujita et al.
T. chrysops 17.4~21.8 2.83 9993 3.79 9.45 24 (1986)
T. xanthopterus 16.9~17.8 2.65 8+14 =22 2.95 - - Fujita (1962)
T. pardalis 11.0~140 250~285 0~ lot ;‘;:;i 3.20~3.25  11.50 45 Fwita(1962)
T. stictonotus 201~210 260~305 © 1110 3.35 8.30 o3  Fuita(1962)
T. poecilonotus 13.9~17.6 2.82~3.08 8414 =22 3.20~3.44 11.90 43 Fujita (1962)
T. snyderi 952~27.2  2.10~2.20 9+12i£~ gy 2:25~2.60 - - Fujita (1962)
T. vermicularis 198~209 200~225 4D . 270~285 885 g3 Fuitta(1962)
Canthigaster . _ _ _ Stroud et al.
pningas 23.5 1.30~1.40 6+11=17 1.68 (1989)
Lagocephalus ..
T 21.7~245 191 8+13=21 2.40 - 30  Fujita (1966)

¥ Takifugu pardalis (Fujita, 1962)2} 7-$-¢t= AEHp=}
433 FAE A dAsH o, EIEA A
83 AF3-(Fujita, 1962)9] 3€A 649 Hoe o
A A ERE ol =3 EIR Tl s X
(Fujita, 1962)2} 74 318 A4t e FE 5
el 7HEA HEZde A= FAYFE HAsARL ¥
Ao} A9 @7l weka] $710] FAAR A Z AA
A HE 2 EF9) wiRES B 3, 22 B
o] ol A ut EINFTEIN UM AeolE B

B0l SIS =7)7} 0.87~0.95mm=E B /Nl
HE 7= 78 £H4E ez I ey, Taki-
fugu vermicularis (Fujita, 1962)2] 0.85~0.90 mm, v} 2]
B Takifugu snyderi (Fujita, 1962)2] 0.90~1.00 mm 2
AN} §AEE e, WE Lagocephalus lunaris (Fuji-

ta, 1966)2] 0.61~0.70 mm$} B Canthigaster valen-
tini (Fujita, 1962)2] 0.66~0.71mm Xrle =7, 713
2 (Fujita, 1962)2] 1.00~1.10 mm, 7}%E (Fujita,
1956a)¢} 1.06~1.14 mm, E¥-(Fujita, 1962)2] 1.15~
1.25mm @ AFE-(Fujita, 1962)9) 1.20~141mm R
o= ohA 2Rk} (Table 1).

¥ifbol A89 AZEE AFS 21.2~22.3°CollAM £
¥ & 146A17ke] AQEYEH, dEAF B A (Uno,
1955)9] 74-$- 42 21.0°C A 3ollA] 144~ 168A|7be] &
25)0) A% M Yhgew, e B olFe AAR
(Fujita, 1956a)2] 7% 4-& 20.1~21.0°Col| A 15247},
8N 8- Takifugu chrysops (Fujita and Sinohara,
1986)¢0] 4= 17.4~21.8°CollA] 150A]7}o] A QH el A
9] fAs o), B (Fujita, 1962)0] 42 11.0~14.0
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°CollM 696A] 7}, AFFB-(Fujita, 1962)¢] 42 15.0~
19.0°CellA] 22277}, 74X E-(Fujita, 1962)¢] -2 16.9
~17.8°Coll A 2167}, A B Takifugu poecilonotus
(Fujita, 1962)¢] 4~2 13.9~17.6°CollA 324A)7}, &
Takifugu obscurus (Jang et al., 1996)c] 42 17.0+1.0
Coll A 280A17Fe] AQ o] 22 B o] Foll oM #
fLoll 225E AL F7ke) thi zpo)7t gl Aoz
et} (Table 1).

B Bk RS AL BA4de] 202~224mm=
dE AL B4 (Uno, 1955)2] 2.20~2.40 mme}= coh4 3}
°l7} sleden, A2 (Fujita, 1962)2] 2.60~2.80 mm,

ZE-(Fujita, 1962)2] 2.50~2.80 mm, +87] & (Fujita
and Sinohara, 1986)2] 2.83 mm, 7}%] 8- (Fujita, 1962)2]
265 mm Y 3B (Jang et al., 1996)2] 3.00~3.54 mm
Botx zeteh(Table 2).

B PR HES 2o 8~9+14~15=22~24
N2 AFB-(Fyjita, 1962)2] 23~ 247, 7}%] - (Fujita,
1962)2] 2271, &7 ¥ (Fujita and Sinohara, 1986)2]
21~2202 A FAstg 3, 2 (Fujita, 1962)9)
23~257) % #HE-(Jang ef al., 1996)] 25~267] Bt}
t o4 H 9t} (Table 2).

zZ+ Axgule] £7)71 A Esla, uhEo] Alois)
o7l AAshe HERRE olgsl AlV]e 249
745 BML % 289AQ] HF AAe] 7.60mmell A v}E}
wor], dEA B4 (Uno, 1955)2] 7Z-$ 34YAQ JF
H7te] 6.60mmo2 tha o7} veltEd, o) A}
|52 I ARRFRAANA 2 zlelz AzH o AH, 2}
8- (Fujita, 1962)2] ${t % 25~30dA<l AF AA
9.00 mm, &% (Fujita, 1962)2] ¥t % 454AIQ HF
A 11.50 mm, ¥27) & (Fujita and Sinohara, 1986)2]
mie % 244AQ FHF HA 9.45 mm, 3B (Jang et
al., 1996)2) JfL % 60U A< FF AA 23.50~30.10
mm 3 7}3 8 (Fujita, 1962) HF AA 12.00mm 2}
2k FZ7lelA HEARME oI, ol Y
el gt zholol 71k1d 7oz AYz+EcH(Table 2).

¥ g

19984 5A%E TAZA Hebds 354 B4 o
ﬂhi%@°hl°l§*é%dﬂwhﬂéwi_i
ool B R4 BAIAL 18 F I3
%iﬂhﬁh1d¢ﬂﬂﬂﬂ{%%ﬁﬁéinrii
ATRM MRAERE 3 fFHA JsE B2
shoieh.

FHY EIME A5 B4 DBl 51 aheolA

‘1‘*r..~_r'.$l

CHEE - A4S - YR

TH Z2&7HA] den, stxrl o3 A Eiige
2 94z 2~6% Hell ZHE o|F] = 2~3X7 A
o EINE 3t

Ao KNS T3 wHiies TAHR9sh,
gpe] =71% 0.87~0.95mm (FF 0.92mm)= g 7Y
9 AW 2 WERE A3 glew, HEkY U=
0.0014~0.0540 mm ] o},

Abg42 21.2~22.3°C(HTF 21.8°ClllH £¥ 4%
146 7kt A HE{E7} Al=F= Sl

B B 7R AL 2.02~224mm (FF 2.14
mm)Z fHE-S 8~9+14~15=22~247]%] o, A)e]
of 13 =718 &S 7HA 2 A, Yt o] d34)
2l oksket

B % 394 fFa:s AR 264~293mm (FF
276 mm)z JiFEe] ¥ FHe HBEUTAME ogfslyd
a, el A dEiwiA " ggo] Alztyl & §Eo)
A

BHME % 15944 s AA 443~4.82mm (7
459 mm)2 FX7} ¥AtA Wil FAEIF oz
HA] AF o] FolfFol 77k T3P oz Wlalr] Azt
A FHEEKEG] oI 7] Al=tatg o)

Bt % 284A) A= HEF AR 7.60mmz 7t
A zejn]7} Aol @ala vbEo] gifaet 7] A=)
A HERIAE o)l

o g 2 #
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