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Development of Eggs, Larvae and Juveniles of the Puffer,
Takifugu chrysops, Reared in the Laboratory

Shiro Fujita and Masaaki Shinohara
(Received October 24, 1985)

The artificial fertilization of the puffer, Takifugu chrysops (Hilgendorf), was carried out at
Sajima in Yokosuka City on May 22, 1984. Hatched larvae were reared for a period of about
150 days. The spawning period seems to extend from mid to late May in the eastern part of
Sagami Bay. The eggs were spherical, pale milky white and semitransparent, demersal and
adhesive in nature, measuring 1.32+0.04 mm in diamter, and with a cluster of small oil-globules.
The incubation period was about 162 hours at a water temperature of 17.4 to 21.8°C. During
embryonic development, the only pigment cells that appeared on the embryo were the black
chromatophores. The newly hatched larvae measured from 2.72 to 3.06 mm TL, averaging
2.87+0.1 mm TL, and 22-23 (9+13-14) myomeres. At yolk absorption, 4 days after hatching,
the larvae attained 3.64-3.79 mm TL. On the 11th day, postlarvae averaged 4.69+0.24 mm
TL. Larval finfolds disappeared and rudimental dorsal, anal and caudal fins were formed.
There were two large clusters of melanophores, one on the back, exteding from the mid-base
of the dorsal fin to the caudal peduncle region, the other along the anal fin base. The color
of the body began to turn pale green to brownish-orange and spinelike scales appeared on the
belly. Eighteen days after hatching (7.02+0.27 mm TL), the caudal notochord began to turn
up and a “constriction” appeared on the posterior margin of the caudal fin membrane. This
notch moved upwards as the notochord upturning advances. The larvae attained full fin ray
counts and reached the juvenile stage at 9.1-9.5 mm TL, 24 days after hatching. Characteristic
black blotches on the back and specific brownish orange body color appeared at the stage of
20 mm TL, 24 days after hatching.

The growth during the larval stage and early juvenile stage (24 to 51 days after hatching)
were expressed by the following equations, where y is total length (mm) and x is days after
hatching.

¥1=2.8424 x1.0509
y2=3.7872%x1.0372=

(0=<x=<24)
(24<x<51)

(Laboratory of Ichthyology, Tokyo University of Fisheries, Konan 4, Minato-ku, Tokyo 108,
Japan)
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ATERBEMHEA 1984 4 5 7 22 QR FER
WTHRESh, EEREOIEENICH 6 BINE,AIhT
WieT7h A7 7 18 BD 5 h, BINMKRH Li-4&E 176,
188, 201, 215, 247mm D SE o #ff & &£ 216, 248
mm D2 BOHEDOR Fa MW T AT T-7%. 48
14, 28 B, 5 A3 BIC b ALER 1Tk 5 & LA,
WIS B E T B B R - e

INOEEEFENOBEE  BREWH 1 ERI%IC 21 2K
WP BOWKE & DRI HAL, HEE,»SHR
A ORFUKEARZE & CHEHER Ui, MBI
2 B CEIEBHERIARL 19.3°C Th 7. EBRETI
20 AW A, MBLKTCTLIA 1-2 EfgkE E b
ZTCHEBEL, SLENC FEI4 601 T KMk L
fe.

MEFROHEF LATE SEFLD 5 by 2000 B
60 KHICINA LT, S8 HE TiilkABSE, 9H
LI BB K iR kH (600 #dis L T =7 —
V7 MIZ X » THj KBS O K2 JEIR S8 THAKSE 21T
ot FHEKTERE LK E]R L. fRRT
2Tk Fig. 4 R Lic. FHEBONE & FEilic
- Tit MS 222 CREE: LTz,

WREER

EINHR 1984 fE0RW D AL 4 A 14 HT6 J
BDIIRIEARYIE > Tw5. Zofo 1 HYH DA
But 0-10 R THH-7. 4 F 28 ATk, BT
PR T B KR o7, 5 A 3 BRBEDTETFO
MHEAR ORI, EHLORECH N ShicEBElE
BARAEERIL, 5 A 10 BUBXIETXTOUEL D
WFAEL L, M S I T BB HE Lic &b
NTw5. EELD) ATEBERXT-% 5 A 22 Hiix
i 13 B, #E 5 B X it 13 B 5 B
LEIIZN, 5% 1 BIIKEHOI% I Lk ofEk

THotehs, I TXTAEOBTE KB L. 5 A
25 1P BIZEINBOMEL #x, 6 Bihd i AN
IEsTWB DT, 1984 i i3 B0 Tk 5 Brhf)-T
IR fTebhictExbh 5.

EMAOKXE S, ik, £FEEAREEK 47148,
SA3 2N IhicT 27 70LE, KE, £
FHIRAREAEE TR BA Table 1 R L. BRAS G Uil
Ol R 176 mm (kT 1208, ¥TF & LiclEo
AT AR 136 mm {58 70 8. AFERRBAER UL,
M7 18.75+6.0 (M+SD), #ipy 13.5-32.8, #EFH
5.63+1.30, #ipH 4.10-7.60 TH-7-. L L, 4
REBEIRBIC DWW TR A TEFBICH B RERIPE
BRIE LT ieh - D THRA Lic. HRRERKC
M HHEoMHIE, AMBBEDS 4 A 14 HiX 50%,
BromEsnmosTRbhic S A 3 Hix 86%, EIIE
BRI EWE Exbhic S B 22 Hix 28% TEEN
KEh -7,

BEN T 27 7 OBINIERIY O LIRS HELMIT,
I D KE L HED B CEbLAAREHIEVEFZW TS
TUIHEEYETS. IR 1.29-1.38mm, iy 1.32
+0.04 mm THPE I 0.01-0.05 mm L DERD
LI MBI D D. RMOINIHEEN L # 5 A
REC LSBT, B)=F L VBl 773AF
v 7R EWIIHE Licu.

ORsed A LEER: B i KR 16.5°C, i 3% B % B
19.3°C, KBRZEIZ $1F % K 17.4-21.8°C CTHEREHR
162 I TSLAMA E D, 134T 24 RIS T L.
R BOME Y Fig. 1 A-H KR L, 3L
AHOZREINIFRETICIL LB TH 525, AR
HaA B 58k 49 RERIED B EIMET LATE
OEEIRIEE 7, T, BEE 111 ERE
DEWETLLEET 5. Bk 92 R cREaRs
AR OIE LB T 55, AfCxBaiiatisto
aFEre{ B LLy. 202 ik 3 7 ZBofio

Table 1. Total length, body weight and gonadosomatic index (GSI) of the spawning fish of
Takifugu chrysops. Five females, 176, 188, 201, 215, 247 mm TL, and two males, 216,
248 mm TL, captured on May 22 were used for artificial fertilization.

No. Total Bqdy
Date Sex spegim?et;ls l?rr;)%;l; w?lgg)ht GSI
Apr. 14, 1984 ? 1 210 240 18.3
g 1 176 130 5.6
May 3, 1984 Q 2 212, 224 270, 331 14.1-15.7
i) 12 142-226 70-265 4.1- 7.6
May 22, 1984 Q 13 176-247 120-420 13.5-32.8
i) 5 136-248 70-280 —
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FHAEOKE FHEAOSMEEIR D © £ &, W
B, thiEm e 2RE WHMER-2 R £ LT
Table 2 W iR L fo. ATEORMOEEE, BIE, KiEEo
TE4R EBHEFTHL, £ h F h, D 11-13; A 10-11;
P 15-16, Vert. 9+12-13=21-22 TH 3.

SLEEER 2.83 mm offff (Fig. 1 1) offfE
SRR REECE E D, BiRE - TIME#CK
BH, EERmCILERROMERH B, 11kl E,
isKaEr B D, RIIRFROATRERIE . BEaEh
DY LEECH G TEMBD 505, hUSMCIiZIRRES
FEHCIEORRI . I L BaREssi
BET 5. IMEEoBEmAMICAR OB E -
TWwa a3y, ZhihciiRfcBREaEz I ion. 1,
SLE#ROFHCIBETERUAOARRILL HML
TUTsus,

St 1.5 A4 E 3.02mm ofFfucit o FEHES
B L, BT & ISR O % o Ik # R aEzan
HEL, IS TVWEAZE LT3, Btk
EROFINIEIE Lo,

St 4 B4R 3.79 mm Offfi (Fig. 1 J) 13I0%%
FHRIRLOL L, FRABMCEL TV, ATHEROHR
BRI B ITBHIICE L, I oeLBHoR
HEmCHC 1I2@oREaRELEbA TV 5. BER
VIRAEMEE R EFE s H v, ITIE EoRBERCIX
BFELRAERENHS. FIRS» RSO R EaHE s
B 5WACITREROF A HH L, FRILS T LG
FELTWI2 ERBAEFRRIEEFE LTV

SEE T HEE 4.04mm offfa (Fig 1 K) 3%, g
SR ERREAENHBIL, TR Bl Lia» T

Wh. FERESEEOBAFET X FEELUILME LR
EL, BREmMOBRGEMCHELHEEDLH5.

St 11.5 A4£E 4.75mm offf (Fig. 1 L) 13,
friafEfEr iHsk LiEhE, BlE REoRKA LT
BA, ELEEELEFETINEL Tuv v ik EL
13-14 o4& iz bh s, SEZIERES HILFIRT
T TR LT B 28 E SIS B LT
. fanSHoRaRRIERTE, b EERSFE T
HEEL, & WCEEEEREA I b RIATIC T T
HEIBEENKBROFERELR LTS, FEERT
TP T o BB RIER S T » TAR o BEaRE,L D
B, WME R LTSS BBERTORmCIEAER
JaFEE Lo, FRRBIELEFREREY H O T W
5.

SAb# 13 A4E 5.90mm offf (Fig. 1 M) 11,
g8 4, MME8 &, RHE 10-11 LofELFENHI L
TWBD, BEOLBTIIEHE > Tisv. BEFRO
DI OWTIITRA EER oD, ThE CRERA
Th - ek @ ey O R B R ECE L L.

5% 18 H4&E 7.15mm offfa (Fig. 1 N) Tix
JLMoRLiA R RB L (Table 2). HF#Ed LI LR
DEEEBFERRDOPLRPWH I ThBRELTWB. Th
AECLTFEIEEI DREL, BRITEAR D
5. H@rHcEM S oTmCHE L, EEoMEHT
LM 2 SR O FHE % THA - T 5. fFEES TS
BHOPHOBHRETHD.

Sk 21 A4&E 8.45mm offFfa (Fig. 1 0) T,
#IEDIEEBULERD B bR T %2 (Table 2), B#
BB BRI REDTFITIH » TEE LL DEikokE
I Rz Uthpiiidbhs. BaglarkoBme s

Table 2. Measurements and counts ofl arvae and juveniles of Takifugu chrysops reared in the
laboratory.
Days after TL (mm) Body Preanal No. of No. of fin rays
hatching Mean=SD depth/TL L/TL myomeres D A P
Newly hatched 2.87+0.09 0.37 0.52 9+413-14
2.5 3.25+0.07
4 3.64+0.05 0.26 0.48 9+13
7 3.92+0.12 0.29 0.51 9+13-14
11.5 4.69+0.24 0.31 0.52 9413-14 13-14
13 5.31+0.39 0.34 0.59 94-13-14 8 8 14
18 7.02+0.27 0.34 0.59 9+13-14 11 10 14-15
21 8.16+0.51 0.34 0.59 11 10 15-16
24 9.32+0.50 0.31 0.52 11 10 15-16
35 11.544+0.92 0.33 0.56 11 10 15-16
43 19.6 0.32 0.57 12 11 15
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Fig. 1.

BEE - BR: T h A7 7 OFHER

Development of eggs, larvae and juveniles of Takifugu chrysops reared in the laboratory.
A, 8 cell stage, 1 h45 min after fertilization. B, morula stage, 7h30min. C, gastrula
stage, 26 h00 min. D, appearance of embryo, 34 h10 min. E, 11 myomere stage, 63h
00 min. F, appearance of eye ball, 84 h 30 min. G, appearance of melanophores on the
yolk and eyes were pigmented, 111 h00min. H, 12 hours before hatching, 150 h 00 min.
I, newly hatched larva, 2.83 mm TL. J, postalarva, 4-day old, 3.79 mm. K, postlarva,
7-day old, 4.04 mm. L, postlarva, 11.5 day-old, 4.75mm. M, postlarva, 13-day old,
5.90mm. N, postlarva, 18-day old, 7.15mm. O,.postlarva, 21-day old, 8.45mm. P,
juvenile, 24-day old, 9.45 mm. Q, juvenile, 35-day old, 13.02mm. R, juvenile, 43-day
old, 19.6 mm.
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WIFIEALIEC s B BARES & BB HICIIEE L T wb
25, EECIED 7o,

S 24 A4E 9.45mm offfa (Fig. 1 P) i,
HiE, BEE WEEczhth 11, 10, 16 £238x bh
RS ERICEL, ZEIIEER LERcEL T
Wb B EH» L EECE S BEEHE &R Odim o
DILFIAT CZE 2 Ak EE s oML T 5. R
HMTAEEEICL X FET 2R MIEFR L DTS
DHAIRABIEE R A7y, B, Mg, sk
JES 320 s B FEARER A A R B R 2 4 D BERUZ R o 2
AR OGRS, FEXS TEAYHFORBRAETS
5.

Skt 35 A4 13.02mm offfa (Fig. 1 Q) i1,
RIS, Moo i tiaml, WHEERE, R
RMEBHAR bR, RBEELRCT > CREFE R ET T,
5.

Stk 43 A4k 19.6 mm offfa (Fig. 1 R) Tix
fRoEHE, HEE, MESEROGM, SiEaT, &
eI R OMA R, RSN K T o i 20 o BARE 7o
Wisu LEEAFBORGHAATERERTW5. Chbd
BEASIIIEEARRCHM L, BUMEAZE D bR
By, EARHIEAEE A & KEER R . IRRE A
Wit b, RESFERAHOCBHBREICLEbL D, Ao
Y, B EoE#E B bR TS, UL, BEAOR
BAEIIRACHELTAE. HImXEL.

B DOMIA & SIIRERE > ThE L h, i
— IO SO W IR B. T A7 S ORED
TERREERN T, TERE LR TREA L/ EERT
L WERBROMMAHE T 5 2 &7, &Kk 26
mm OfEfClIEIFsER LT\ 5 (Fig. 2).

REFMRICH T ZEBOMELE RBETZBICHE S i
%o EDE s Fig. 3 A-Fior L, ZLo&E
Eofffansbtal, £k £HEoOHBIER% Table 3
TR L.

AEOFHRORIE#BITREE, BELOFLI HE
L, BROEMmSHERICE] LT 5%FH4E 5.60 mm
(516 16 H) O * Tk A (Fig. 3A), HEO
tasiiny EJE LR %P4 7.02mm (H10# 18 H)
DORHHIC BIEHBHROPLT HIC O 4 U, BiE
B ETHIECHTF DS &N TE, FEILEEL DAE
V. RBEERIITENC S » TR EMofES D i D IER
EelUhoMEs»rH5 (Fig. 3B). o hirEE
i BRI TR 2 B () BEL,
WeE 7.56 mm (S{E# 20 H) o BRI MEReh
koL EHICH B (Fig. 3C). UhrREEDHE &
EZEOMAIME L & X OBRIIERITE » TREBHEK S
EW RS L (Fig. 3D, E), REETHETCELE L &
F5ERRT 5 (Fig. 3F). REHRBTSONBEL, g
MEERT 5 F TIRILF 7 A& L (Table 3).

EBiEE R Fig. 4 1R Lic fBRRINCHE » T #8

B

Fig. 2. Photographs of the juveniles reared in the laboratory and a fully matured female of
Takifugu chrysops. A, juvenile, 60-day old, 26 mm TL. B, juvenile, 90-day old, 47 mm
TL. C, juvenile, 146-day old, 63 mm TL. D, female, 212 mm TL.
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Fig. 3. Development of the posterior margin of the caudal fin from preflexion to juvenile stage.
Caudal fin margin type: A, preflexion larva of 16 days after hatching, 5.68 mm TL; B,
flexion larva of 18 days, 7.02 mm; C, flexion larva of 20 days, 7.56 mm; D, postflexion
larva of 21 days, 8.16 mm; E, postflexion larva of 23 days, 8.74 mm; F, juvenile of 25
days, 9.56 mm.

Table 3. Frequency of the caudal fin margin type shown in Fig. 3 in reared larvae at the stage
from flexion to juvenile.

Total length Frequency of caudal fin
Days after (mm) margin type (%) Total g}lmber
hatching :
Mean-SD A B C D E F specimens
16 5.69+0.41 100 0 0 0 0 0 16
18 7.02+0.27 5.9 58.8 35.3 0 0 0 17
20 7.56+0.74 0 0 57.9 10.5 31.6 0 19
21 8.16+0.51 0 0 29.4 17.6 41.2 11.8 17
23 8.74+0.25 0 0 0 19.1 57.1 23.8 21
25 9.56+0.52 0 0 0 0 0 100 20
50
40

30

20

Total length (mm)

Rotifers
Artemia nauplii
Tigriopus japonicus
2 r Clam meat
1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90

Days after hatching

Fig. 4. Growth of larvae and juveniles of Takifugu chrysops reared in the laboratory with
supplies of rotifers, Artemia nauplii, Tigiriopus japonicus and clam meat. The horizontal
bars show supplying periods of feed.
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AT o7, B & RN X A& Lie, AR
TIAF AT b HEAN~OBAT NI RO
e EoEMIIE L BRI T, BTNCRT 5 A
Elghotedy, Skt 50 H A8 E B0 b HIEME 0%
RORFEL, —HMORBAIYEIE Lic. Fig. 4 Wi ¥
772 7% AT, SLE#E»D 90 B E ToLEOEL
Lt Fig. 4 Wkl Tsibtk 24 H, £KE#H 9.5
mm DFE L 51 B, £E& 25mm o £
HARDLNAL. £ THEMRE &Lk 24 A TL
24 AhH 5L BET, S1 BAH 90 0% To 33X
DT, BOKDODOERREXRDS LkD IX1AEBH
oo FREHVT y 34k (mm), x ZHLEAKT,
SAEEEE x=0 & L.
y1=2.8424x 1.0509*
y2=3.7872x1.0372= 24<x<51 (r=0.99)
¥3=12.441x1.0135* 51=x=<90 (r=0.97)
» AFR, y WRKRBEENMORERI, » 1 IRERE
EROMAORELZEL T 5.
THhAT/OMRUHFHBORME HED X » 5
Canthigaster |§ 1 &, Takifugu J& 7 fi, Lagocephalus
J& L #E, Sphoeroides |82, Tetraodon |& 4> 7 7

0=x=24 (r=0.99)

Table 4. Characters of eggs of tetraodontid species.

BagooM % Table 4 R, 7 7BARHED
D, BRI okt KHizE OB TE B D /MINER D B 752 B il ER IR
A L, JiE 0.6-1.4mm, FIOBHELIE 1.0
mm ATFEN Tl EoIhcit B8, $EH, N
FEROL DN DD, IEOKENLE LB TH S
2, WEEbDLbD. T H 27 7 OINTERRICIL
D7 FEHEEOIIE R B & Z Ak 2y, IIER
1.29-1.38 mm T7 7P R I ABCEL, IPERITE
PG EEN THHBY 2 LBRIEE TH D e &0l
WD D B, FRICEK L & 5 cIifE i BasEia
PatoaFElre B Ltw & &k BEERRETH
5. b otaFaotBlieowvTik, Takifugu &
o v = 7 7 T. xanthopterus (Temminck et Schle.
gel), b5 7 7 T. rubripes (Temminck et Schlegel),
== 7 7 T. stictonotus (Temminck et Schlegel), <
2 v A 727 T. vermicularis (Temminck et Schle-
gel), + ~ 7 2 T. radiatus (Abe), = = v 7 7 T,
poecilonotus (Temminck et Schlegel) (M, 1962),

77 7 T. niphobles (Jordan et Snyder) (Uno, 1955;
HEH, 1962),
Schlegel) (F )y, 1957; fEH,

v #'v 7 7 T. pardalis (Temminck et

1962), Sphoeroides

D, demersal; C, cluster; A, adhesive;

T, transparent; S, semitransparent; N, nontransparent; U, unstated.

: Egg size Qil- . Trans-
Species Type (mm) globule Chorion parency References

Canthigaster 0.66-0.71 C T Fujita, 1962

rivulatus
Takifugu D 1.00-1.10 C A Fujita, 1962

xanthopterus
T. rubripes D 1.20-1.41 C A N Fujita, 1962, Fujita and

Ueno, 1956

T. stictonotus D 1.06-1.14 C A T Fujita, 1956a; Fujita, 1962
T. niphobles D 0.90-0.95 C A T Uno, 1955; Fujita, 1962
T. vermicularis D 0.90-1.00 C A T Fujita, 1962
T. radiatus D 0.85-0.90 C A T Fujita, 1962
T. poecilonotus D 1.10-1.28 C A S Fujita, 1956b; Fujita, 1962
T. pardarlis D 1.15-1.25 C A N Shojima, 1957; Fujita, 1962
T. chrysops D 1.29-1. 38 C A S Present study
Lagocephalus D 0.61-0.70 C A T Fujita, 1966

lunaris spadiceus
Sphoeroides D 0.87 C A T Welsh and Breder, 1922

maculatus
S. hamiltoni D 0.94 C U U Munro, 1945
Tetraodon D ca. 1.00 U A T Schreitmdiller, 1929

schoutedeni Feigs, 1955; Beller, 1958
T. leiurus D U U U T Geiser, 1958

breviostris
T. fluviatilis D U U A U Schreitmiiller, 1929, 1930;

Randow, 1934

T. somphongsi D 0.79 U A U Liling, 1958; Haas, 1959
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maculatus (Schneider) (Welsh and Breder, 1922) T
R RBAaRRDACEERR, Fakk FHeHE
e, FREFEELED S b 1B EAEERTHZ &8
MBI TW5.

SHEBRRCHOMT S 7 7 TAE L EIN T
LTk h, ARCFEERCREINCFET 2N D
Aboikce s v 77 (Hdugh, 1984) L r+7 27 (B
WsizAs, 1976; ¥k, 1977; /bigas, 19785 #hizas,
1978; 5 « B4R, 1979; HrAuzh, 1984) 23h 548
Zh b 3EOINLIPE, INOFEWE (Table 4), FAK%
Mot BRafifotaRaolBoF g Sic k-
TR TES.

T h A7 FOFBROGAEL 94+13-14=22-23 L
FIRTOGRENL I THBD, HLD L5 7 VBD7 7{F
OILMMREEL8 TH Y, Sk rhll oo
iz b5 7 7 9+14-15=23-24) L exv 77 (9-10
+14-15=23-25) »Hbh T\ 2% (HH, 1962).

7 A7 7 DSLEBROFRICIIEETERUN 0K
o afied, Stk 36 Rk ER AR BT
57, BERRISECELFEE HBT 5 (Fig.
I M) FTRHEBI L. AFELUAD L Z 7 Znofff
T, SLEHZ? LA EHIIMEZFECE, KB
BEFiE & bRBEARERESM L TW525, K
T DT INFERIR AR b KB o R HBl
B it AETRFARESAEEL B OB B
fEoRED ST AR (Fig. 1 L) whthod s KE
DEEFIEFEIEEER L BIREAEMCHERTS. 7
7 7 BT FAREFEREOFCELUOK AR
MBI T RN, 7y 7 S TREOKER TILRL,
EEMBOEZTT ORI DOEEICKTET % D CTiljflio X 5
METHIENTES (M, 1962). AEOHERIIE
& 13mm (Fig. 1 Q) OB 2> b BEAEBLEDOIR AU
¥ b, 2K 20mm (Fig. 1 R) oRliciifEand
BIBBEOEE L BB OBERE S E b ITISIER
OB S bbh, ACHEVELUT ey 7 s
LB HXFTES.

# 33

APFFEIC Y b, EPRHRERCBEBOAFCOW-THIE
Wa B o BABRNTEM AR EANR ABRCEH OIS
ETSH, FLAREO—MILFHEAETEIRAMFO
MREHECT X >~ TITbh D TR L UR#oFE+»HRT
5.
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