Japanese Journal of Ichthyology
Vol. 38, No. 2 9

1991

LT T DREFIEE, INFRALEFICK SFHADOTRE

B H KBRS - AR &

1852 EiASEHET 16-13
295021 FBMHAE+E O 8050 FEAFERFM

Induction of Ovarian Maturation and Development of Eggs,
Larvae and Juveniles of the Puffer, Takifugu exascurus,
Reared in the Laboratory

Shiro Fujita' and Yoshiharu Honma’

'16-13, Oomiyacho, Nagasaki 852, Japan
?Faculty of Science, Niigata University, 8050, Igarashi-ninocho, Niigata 95021, Japan

Ovarian maturation of the puffer Takifugu exascurus (Jordan et Snyder) was induced, and embry-
onic, larval and juvenile development was observed. The brood fish were collected in Tassha Bay, Sado
Island (38°05’N, 138°15’E), during the spawning season in 1986 which seemed to extend from late June
to mid-July. To each female 3 mg acetone-dried pituitary of Hypophthalmichthys molitrix was injected to
induce ovarian maturation, which took place in about 77 hours at a water temperature of 19.5-21.0°C.
The eggs obtained by hormone injection were artificially fertilized with the milt from a collected male.
The hatched larvae were fed successively on rotifers Brachionus plicatilis, Artemia nauplii and minced fish
meat, and reared for a period of about one year.

The eggs were spherical, 1.24+0.04 mm in diameter, demersal and adhesive. The egg-membrane was
transparent and yolk was orange in color, containing a cluster of small oil-globules. The incubation period
was about 160 hours at a water temperature of 18.5-21.0°C. The newly-hatched larvae, measuring 2.9
3.1mm TL, had 8+ 15=23 myomeres. Absorption of the yolk was completed 3 days after hatching, by
which time the larvae had attained 3.5-3.6mm TL. Larval finfolds disappeared and rudimentary dorsal,
anal and caudal fins formed at 4.1-4.4 mm TL, in 6 days after hatching. In 9-day old larva (5.4 mm TL),
fin ray rudiments appeared on the dosal, anal and caudal fins and spine-like scale formed on the belly. In
16-day old specimens, 9.1-10.2 mm TL, the full complements of fin rays were completed on all the fins and
the fish reached the juvenile stage. The growth of larvae and juveniles reared in 1986-1987 is expressed
by the following equations, where y is total length (mm) and x is days after hatching.

y1=2.9420-1.0639* 0<x<19 (r=0.998)

y,=4.0286-1.0464" 19<x<33 (r=0.998)

y3=9.8854-1.0180" 33<x<72 (r=0.996)

y4=20.1555-1.0080* 72<x=<115 (r=0.998)

ys=28.0610-1.0049" 115<x<202 (r=0.995)

4 ¥ 7 7 Takifugu exascurus (Jordan et Snyder) (3B
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BH LA &

ERBELERR AERMIIRNES & EETLMIES
EO/NUEEBEHETIE, FIFE -7 HicABBABET L
BHISHh T\, £2T, 19858 6 A 11-13 H, 1986 4F
5SH2024H:6H29H-7TA9 BicRMICRES 1L
LY 7 7ICD0WT, BEEREIC & - TIERBFORH
LD, 20T, HHAROLE, AE, LRREERE
ZREL, HREIRARAESE (GWX100/BW) 2B H L
#= (Table 1),

NILVDORTEKEHICKLIRMIBESEATER
HEWRD, EFEBNO/NYUEBMTE, REERICHR
HFEHT sHERIIEB O ot £ T, 198646 B
29 HA 57 H 1 HoORI, EERNO/NEBRTRES
h, FEFOEEREBERO 4t BAKETIASHE
THEShTWELY 77D L, BHMOEHL2E
147-162mm O 7 (Table 2) %:&A T, THSH 15

BRIZ, T b VERBRED/ N7 v v Hypophthalmichthys
molitrix DR FEEEZBERLI:bO%, 1RBYED 3mg D
ZETLOROAEBANKICRBS ¥, FEHARICESH
L. THEZEAD 1.2t FAKKEICNE L THREE
FEofo. WRIIERE TR LR S oT, BRI’
EEH 3T D - f. HERIIESTE, 76 B 30 43 & 96
R0 2 ERINE RS, B SNIESIC3BYEET
ALIEET - 1. ERBOBHAZEE LioKiEokE
13 19.5-21.0C T, EIZOKEBICE LD 1,
ZWIOHX 1986 £ 7 A 10 H, ZHEHL 30 BERY,
R CIPASHHRK) 3 B0 IR %, i BB A S REUKEE
REET, HIHOEERMEEIT-72. EK) =7
LUBIORICIIME LT VWOT, Bticik Rz FL v
R4fERAVL, SRICDBOHEKE FEEIIH 2000 {E
ZNAEL, ROEHICEKREETEH L. @kici3kBo
ERER 2D, BEXF o—VOREF L kBEEH
Wiz, EEIKIR 2BARERE 7 BFIC 19.4°C, & 13 B 30 43
12 18.5°C, E[EFF 16 FFi 19.0C AN KR 24C)TH -
1.

Table 1. Size and gonadosomatic indices (GSI) of Takifugu exascurus captured with set nets in Tassha Bay,

Sado Island.

Date Specimen Sex Total Bqdy Cona.dosomatic
no. length weight index
mm g
June 12 1985 1 g 142 63 15.2
2 J 166 100 7.6
3 g 176 112 16.9
4 J 182 132 17.0
5 % 212 190 10.2
May 21 1986 6 g 145 57 11.9
7 J 152 68 12.8
8 J 155 74 12.8
9 g 165 94 10.1
10 J 170 115 14.7
11 g 173 110 15.6
12 g 175 111 149
13 J 185 125 16.8
14 g 185 129 18.8
15 2 152 64 6.3
16 ¢ 155 61 49
17 % 160 72 5.3
July 9 1986 18 J 150 80 13.3
19 J 151 73 —
20 g 160 90 17.0
21 J 163 93 18.2
22 % 145 72 16.4
23 2 151 65 21.5
24 ¢ 154 80 16.3
25 2 160 110 17.5
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BROER BE%R ERETOMREE IS L
RuE)zFLYEO LEOE Y20V 1 A% 05
#2000 HZNA L, HABEKICHESBKL, JIAEICKG
IR T AIREEICE D, 1 H 2@k L. MbdED
&, EFREABKECHE L T3 fba i, IIFEK
Bid, KEKIcEBY +— 5 —RRKEOE v 2EEL
TH21° ISR - 1=,

FHADET MUFROEBFICIE, 60X60X36cm
THI 60l A D/kiE2 % 1 & LT, —H%2PiaiE
WKL Tz 7— ) 7 Mk - THI/KEBEREH, K
BEHE( L 1SS REEEKIC K -> TEBKET- 12,
SMEEROFADONEREIIF 2000 BTH - 1245, &
EREBD - HEEICH > THIFI 22TV, 1986 FE 7 A
51987THE 6 A TH I EREF L. EfOKRBRIE
RICHKE L7cp, 11 AUBRLA M BAFRHORAS
E— 9 —ZHW, 131F 20°C I2{f - - (Fig. 3). $HEIRY
i Fig. 3 IC/RL 7, S{tk4EH» 52108 F TR
Nannochloropsis oculata & HISEEREZH O THEREL 2V
A 3 X K7 & v (LIF 7 4 ) Brachionus plicatilis % Fi
Wi SMMEE 10855 51 HE TR, LA HEFHTHS
ENERRE DB LIS EEIT- 1T VT I THEEEZ, 4
{b#% 33 H2K 16mm 253, $IVIL/2BNAES A
¥, LIEEBRET  TRNAOKE AT 1.

B AERLEFEE PRERGITFHAOHE LA
E L, MS222 THRBE L CHBSEEIKEE T CfT - 72, fEEIC
REEEE SR L BRI 5% A< ) v TEER
FLi

BERLEEER

ERROXE I LEREBRARMERERN (GSD EEEK
UBBO/NITEBRETIR, Av77135HBE-TAT

BICAMET 205 1451 A4 oRERKIT 10 BT
T, AWLEVWHEGEL, MERKIIDWV. 19854,
1986 EMEDOFHABHMPICHRES Wity 7 S DRE,
&8, GSI ZHEHER]IC Table 1 IR L /<.

L E#F I3 142-185mm, Ftg 164.4+13.8mm, M
145-212mm, ¥ 161.0+21.1mm. (KB IIHE 57-
132g, F#995.6+23.7g, M 61-190g, 15 89.3+43.6¢
Tdh - 1. BB, #TR2E 1492mm, (AF 63
g, GSI 152 TH b, HETId2EK 145mm, {A&F 72g, GSI
16.4 TH -7z, T OHEHEKD S 3HEHETIEBINEFHL
LS » 723, GSIENEL, MFEOEIPHANICEIRD
FHEENBZ6DTH 1.

AT O BRER O GSI OFEHEOKH (LI,
Hiz s ATAENC 143, 6 AhA) 142, 7B LA 16.1 TH
BEbTFombsRES . iz s ATEICSS, 68
h] 102, 7T A LA 179 TH 7. 1, 7 A LA HE
Sh, bEHICERMLBONIHED GSIIZ21.5TH
D, dNEVEFED S BEAPIRBONLE, - 105,
IREEAE L CIER L 7 fE{AD GS1 13 222 TH » 12,

ERRAEIKIE 1986 EDEEBBIBRD L > 7 /Y DE
OPHRIE, HEDRHOREIRI, #oD GSIEDKEAZE(L, +r e
vHIEFhC & 2 S5EORIFER, TAIHICRES L
D 1B S hFHhTRHIZUBHEIELB O LN
Ews, 6 HTHED S TAhEIEEZ S, i, O
M OEBREORmAE/KEIR 19.521.0C TH-7:. &
BELUANDEBIBRTO L v 7 FOEPRHIc>WTIE, (LOg
HABREOHET6A La~STHEMONATWVS
», 19604 6 A 6 HDEIMI D EIBKIR 1L 204C L&
TW3 (BH, 1962). ARICHT SEPHIZEELD
20-30 HE WS, EIRHKEIRIZIZRICTH 5.

IR S ATISHN 19864E7HASHI5H, TR
DHEIZ/N 7 U v i N AN S S LT, 19.5-21.0C

Table 2. Results of Hypophthalmichthys molitrix pituitary homogenate injections to female specimens of
Takifugu exascurus. Three mg of acetone-dried pituitary were injected into each specimen. After injection,
the fish were kept in a 1.2 ton tank at a water temperature of 19.5-21.0°C.

Specimen Total Body Time required No. of eggs Fertilizing
. GSI . .

no. length weight for ovulation obtained rate
mm g hr : min %

1 147 79 20.0 76 30 2400 18.8
2 162 94 22.0 76 30 8400 93.9
3 151 72 16.4 — 0 —
4 152 65 21.5 — 0 —
5 154 85 222 — 0 —
6 160 80 16.3 — 0 —
7 162 110 17.5 — 0 —
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Fig. 1. Development of eggs, larvae and juveniles of Takifugu exascurus. A, 4-cell stage, 3hr after fertiliza-
tion; B, morula stage, 11 hr 30min; C, appearance of embryo, 29 hr 30 min; D, 10-myomere stage, appear-
ance of eye ball and Kupffer’s vesicle, 54 hr; E, appearance of melanophores on yolk and embryo, 88 hr; F,
apperance of pectoral fin rudiments and orange pigment cells on the caudal portion of embryo; G, 20 hours
before hatching; H, newly hatched larva, 3.0mm TL; I, 3 day old postlarva, 3.6mm TL; J, 9 day old
postlarva, 5.4mm TL; K, 11 day old postlarva, 6.0mm TL; L, 19 day old juvenile, 9.7mm TL; M, 33 day
old juvenile, 17.3mm TL; N, dorsal view of M; O, 54 day old juvenile, 29.0mm TL; P, dorsal view of O.

OFKKERTEEL, 7H 8 B 19 K 30 i Es1k 76
3045 C, 2K 162mm & 147mm O 2 BH ST
fo. Bb o 5 BIZESE 96 B THURMNERAS 1247,
2RI TELE -7, BRIVEUT 162mm OFE{ED S i3
14g #78400 99, 147mm DOffEDL 513 4g £ 2400 90T
Bt SHERIFIETIZ93.9%, %EIL18.8% TH -

#= (Table 2).

Ly 7 T3SHEMRRONTEY, 7, RERKLD
KOO TEABHADAFORLIEOHTLL, L
L, #i & ICEEIR AT ¥, GSI20 itk DR
s Ly ONTEEAEZEH TN, ZHAELSIELES
N, AL TE 2 L5H0ERERD S FHlS
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hs.

SHBO®WE HEPOKER 18.5-19.4C IR
h, HRUKERFIER O EERRE LSS TTON
7.

B BRI oSBT LRI, P
35%&0H, PP 1.17-1.30 mm, ¥ 1.24+0.04 mm, Bp#Eh
i3, EHO/NEERD» SR EZMEOHI2OKEED 1
WERBEASH B, IIHOBBOEIIIINFAED SRIGZE S
&L, AEONOHEE /Y TH S, FELZTOD
HETRETVY, REEY, B 56 75 XEEICEE
ET50, H)xF Ly RIOYSEICEEE LTV, F 1z,
JIEIRE DRBH IR LD THIITH 5.

BIRE L S IRAEOHEHEL, 1986FETH8H19
B 30 S ATIRKE, SRR 93.9% 0Ifx AV T, K&
18.5-21.0°C TREIA 15 H 11 Bz, HE% 159 B 30 43
T3AL LI BRic W TIT- 7o, KR 2 B5 10 TH 1
SYE, 3BRRITE 2 58 (Fig. 1A), 3303 TE 3 4
), 4850 103 TE 4 NEDE 72, 11309 T
REWHA (Fig. 1B), 29 B 30 3 TldMEDFEEHA U
(Fig. 1C), 33 BffRICEEOMERSE L 72, 54 BEfEi&IC
IIHHAET 9-10 XK A S, BBEK, 7 v /¥ —EKfadnsonk
STV 5 (Fig. 1D). 64 B 30 %% 1 I3FFUET 20-21
AL L, BEIEINE, SBEih, InE Eic/NERRELS
HEL TV 3, 88 Bk ic I3 IbEES) & I8 o Mk
Roh, BEZEMVEEE RIS, B, RLCREL
TWaH, Bic@ELBENA TV (Fig. 1E). 117 B
RICITAMORENE L L, REDOFEENLHbO, BRI
ReZsmE L, BRcREORE0E»i, BEKR
ERBERDHBEL TV 3 (Fig. 1F), 141 Bi% i i3 0R
HIRIEE—A L T3 (Fig. 1G). AL ATRAER
159 B§ 30 431, SABE/KEFESHEKTIRH L LBEK I
EV>HFWICED - 12,

FHADOERE AEORAOREESRKIL D 12-13,
A 10-13, P 14-16 T, BHHERIL 8+13~14=21~22 T
b5,

SHMEE®OFA (Fig. 1H) 34BCITEREEET)L
E 3.0mm (35 3.03+0.08 mm) THIIETEL 8+ 15=23,
fFREERE R EmIcEE D, BiR%E b - TIFIEK
Y, SEICENIREESD 5. ORBE, IIF9b&A
EohR T, MaiuiErsd 5. PHRIREE
BTERO/NHERYES S, BicREBZENEBELTL
5. RATEA, SEHIE L RBE@EIcH I TRERE S
v, BEDRETRIERDD SEEICH T TEIROES %
ep L Twa, B L L REERIC, SROREBFR
w5, T, FBORESRAE, NEORE, B

HEHERIC B 5.

51L& 3 HOF A (Fig. 1) 13, 25 3.6 mm (£
3.53+0.04mm) THIFEZMINL o< L, FRBHICEL
TW3, BRI 8+15=23. [IFIAEDHRTIZH
(. BOBEEMSEL, MEEIIRERKET LN, 156
&idw, FRTEEcEERES L HEL, BT
Rifo BEFa L FBERIEL 0 L aEFIGERL TV
5. BEEDS, RIKEmE, HALBRZICE, BEeRREER
BaZlEsamL, WEEETcIRBRENEET
5. GARSSIIERREREEET 5.

HMt% 6 H, 2F 44mm (F154.241+0.17mm) D% HH
FRE, FREESESIRTOER T Th, &, B,
BHOFENMEL TV B, F7HREITV. Mg
B9 TIC 14-15 ROFEERMSHEL TV 5. HHiRERK 8+
15=23, AIFEPPHBL, REOTRI Y bTHES
B, SEEEIEE A O REREEE <1, BRRESASHER L
BHTHWE, D S REERICE 2 Ak LIcEBIRE
EEESFEL, WEEERICIEET 3. £BAER
LHEREREEET 5.

Stk 9 H ORMFA (Fig. 1J) i3, 2K 54mm (F
¥5.161+0.34mm) T, HEE 135, BEE 105, BRI
TREBOREELERI0EIHZI S0 S, BRIk
iR LR 2HIC K REL, TRLEE, RERE
ESCEET 5. TRE®RE LIS 1 otk BEHRR
PH 5,

St 11 HO BT A (Fig. 1K) i, 2K 6.0mm (CE
3 5.30+0.22 mm) TEREEFESREZ, T 1245, BEE10
% MEEISSK RENRTHS. WEEITEKS his
HBTW3E, BROEREIOTIICEE LY, RERR
ERHEOREROKIEARIC TEAW S SBALTY
3. TERELIEHHMOREICZ>T, 2-3H0KEER
Zhahid s, WHELBEOELSTHRCIEGREELS
3,

HME#% 198, 2K 9.7mm (FH 9.61+0.41 mm) D
fk (Fig. 1IL) i3, H#E 125, BEI1L RE14K B
1 RTREOHESKITTERIGEL, BELTRLT
MRFIGEL TV 3. AEOEOKIL, RESRLE
, HiELBEGREEICES, BEOERIIY, BEEL
EEcihE 20K IER b EN S, BARMONE & Bl
KBS Br S 5. 2FIcBEERLSSE L, BEEEHIC
ITREEE, MEEEN CEERNH CAHERSELVER
EEsLROND,. i/, BHEEERILEROBEERV
BHIEBRETEODNWREBREET S, TNXTOED
HERick, KUoRBRAGFEL TV, FERY
BEEOHRIEERIC T » CEBFR, REPREICIIE
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Fig. 2. Photographs of juveniles reared in the laboratory and a matured female Takifugu exascurus collected
from the sea. A, 202 day old juvenile, 75.6mm TL; B, dorsal view of A; C, 332 day old juvenile, 99.2 mm
TL; D, dorsal view of C; E, matured female, 156 mm TL; F, dorsal view of E.

BEELNHT L. BEERXKCIEERREIRSHEG
W, B oORRRREREZEL TV,

3ti% 33 HOMES (Fig. IM, N) i, 2K 17.3mm (F
¥ 18.51+11.03mm) T, FRIEEMIERS N, FEFOH
BERSTEON TV, HE13L BELNR K
15 & BEROEAOMBERBET, BHED SHE
RIS A T 8-9 RO P PIRAVWEBB OB OB
b, BWIMICSHED SEEICH I TEBOEEHNH
3. BERERAL L THOHEFERIGREARTHS. B
Lo RRERRIBERRESSHEL, BERE
BEET S, BECIBRERTVL. EikdoRERR,
AR T IIRBRICRR 5.

31t 54 B O#EM (Fig. 10, P) i3, 2K 29.0mm (F
14 26.20£2.02mm) T, HEOHIE IZKIERE, YW,
RfE, HREASE, IEH, MEBERKRUOFEERERSOTH
IC9RDPPIBLVERLH O, HEEEEREN, BWER
HFEHICOARELERBOEHMLH S, BECIBEORIELE
ERlasFEEL CBEELEL, HHEcbmBRarH 3
7, BEEICIBRIIEV.

HME%E 72 2, 2K 37.8mm (F¥ 35.17+£2.21 mm) D

MR TR, FEo BB 3TN hFIRA RIS
L, HICHBROEED S MR LY, 205
D SHRBEOMEBELDOEF VTV S, FEHO BEERHK
RSB L T Siciih sirah, SRR
BEOMEO/NIRMBEHE D ED STV S,
L% 91 H, 2K 45.4mm (FH5 42.95+2.52mm) D
AT, HEHOoMEIHEL, BEEHMETATH
DOREEEBL, BMEOMBASILAYD, &RITIBX
MEMBICSBALbDbH 5. £/, HTEEEDOKES
B & BRI E DERICIE, 2, 3HoAtORRIM LS
HELTW3S.

51k#% 202 H DA (Fig. 2A, B) 132K 75.6mm T,
HEROBEEHSUIREEFTBEO 27072 SIKRDOBHHL
(PH, 1930) &730, HKERBOMED, SRR
Ot T UVHDH 2B LS Kl BshTW3, ¥
EEEOEEBEH L ERLOBERoaEMalE, B
SAZTHOUHND, ABEETERL TV 3.

3{ti% 332 HOMEf (Fig. 2C, D) i, 2E 99.2mm
(3E14 91.70+10.20mm) ¢, HEXR RO EEEEHM
BUIILD » T, BROBOESEE Y, KEHBONA
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Fig. 3. Changes in total length, diets and water temperature during rearing experiment of Takifugu exascurus

from July 15, 1986 to February 2, 1987.

EIBEEhTWS, LL, TLEFROMHAIRKEL,
A b BEEET, B (Fig. 2E, F) O &L 5 SHEHRE
Dk, HHOBFALO/N R/ NMEIROBHP, &
R OFBIRZROBIRE R L HMO S 28R HEL T
WS,

FELHME Fig 3 CERRT, fFKRL2RICK
BEAR L. 7AY, TAFITYHHE, BNET v
F% Fig. 3 DFIc & > THRE L85, WTFhofEkhic
SVWThbELEMELEL 2V 7 7OFHAE, BED
27-28°C DEEMFIC SEHOBETPHEORTE 3D S
N1 h 5 72h5, 10 Bic/kiEDS 18-19°C IT{E R4 5 & 86
MHZ DT, 11 AUBLHEIATEHOKAS £ —
¥ — 2BV TKEEIZIF 20°C IR - 7.

WAEDERIL, Mtk 13 H, FELE 64mm TY
TRIEE->THBY, SBCESRIHBELABERLEY
i, EHARVLDEEED, REOEN Smm LITOFR
NERRLB SN D Hh, RBECIEBEEZ I . FROH
12 2[5 0CTEEE T, LbRBVERVIEA, MLk
20 HEXFICHU L bRVARED, —HMOHATIIEED

BHE & R DS A U e,

Fig. 3 ICH %7 5 7 #HWT, SfLEHED S 202 0
FTOLEDHRESE R LI, Lk 19 AEELE 9.6
mm, [6)33 H 18.5mm, [&42 H 20.3mm, [§72 H 35.2
mm, [G 115 H 49.8mm O LICTHEHED SNt
z T, BEMRE, £2E%y (mm), SHMLEBEEE x &
LT, MU I9BEET(v1), I9HS2S533HET (v2),
BHLST2HET (v3), 2 HHS 115 HE T (yo), 115
HA 5 202 BE T (ys) O 5 XRica ¢, EXEDKE
EEBRERD -

y1=2.9420-1.0639* 0<x<19 (r=0.998)

y,=4.0286-1.0464* 19<x<33 (r=0.998)

y;=9.8854-1.0180% 33<x<72 (r=0.996)
¥4=20.1555-1.0080* 72=x=<115 (r=0.998)
ys=28.0610-1.0049* 115=<x<202 (r=0.995)

yi BFEE, v, 3R EAET LT I THRIMTHEE L
HERFI, v, RENWICET 2 ROMEAH(ER), v &
9 ATAIN S 11 A5 £ TOKEH 21C 5 16C ~
DT, ys 311 BLIE2 A T8 -5 -1tk D
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K% 131X 20°C IR - - IO E T 3.

BB, FHADIE AREOINOHMIL, INEHSEEAL
BETHY, IR 1.24£004mm & + 5 7 78 Taki-
Sugu PTRHKAKE, PEIFEAED SKIEERTSH
5. (CEER)IETHE AR & B icERT 2 7 7
Y3, 7 4 7 7 Takifugu niphobles (Jordan et Snyder) 6
A_Lf]-7 A T4 (Honma et al., 1980) &%EE S DAE
DHFBEICBH S hclE - 2 3= 7 7 T. stictonotus (Tem-
minck et Schlegel) 6 A L) -7 Athf)pidh 345, 3ED
PRI o, IR, REdcHBRT s mEMICL-T
BrlTE D (BEE, 1962: HEM, 1988). SLEKD Sk
BB OARBFRICIE, VEH» SEEIE, FEREmE:
BEsE L CRERRSREL, BRhREIC3ERD
B, FReFaoEHE 5 5. 2K 45Smm LIBORAT
2, HEEEIOAKZIGEH & HHEIERME OERICK
oM EXiEAETE S 5.
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