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Development of the Artificial Hybrid Pufferfishes
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Table 1. List of the materials for interspecific hybridization of the pufferfishes, genus Takifugu

Combination Sampling Standard Date of Fertilized Incubation
location length (mm) insemination ratio(%) periods(days)
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*' Nagasaki Prefecture; ** Yamaguchi Prefecture;

** Kumamoto Prefecture; *' cryopreserved spermatozoa.
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(1) EHv 77 () Xe#Hvas (&)
3MbE® (Fig. 1A), ££2.84mm(2.9120.06mm,

mean * SD, n=10), Miffifk 9+15~16=24~25
(BEOBHEEE 9+13~14=22~23), 1EFAWT
Wi, IIFIRAEORIFHRICNET 5, TRIE
DATN/NERIDSEA 4 5, NS EESH 5, 7
BB T/ N EIc N 5, Bk

Fig. 1. Larvae and a juvenile of Takifugu pardalis.
A, newly hatched larva, 2.84mm TL; B, 3-day-old
3.39mm TL; D, 14-day-old postlarva, 3.96mm TL

prolarva, 3.09mm TL; C, 7-day-old postlarva,
; B, 21-day-old postlarva, 4.93mm TL; F, 35-

day-old postlarva, 8.24mm TL; G, 50-day-old juvenile, 12.09mm TL.
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Fig. 2. Larvae and a juvenile of the hybrid between female Takifugu pardalis and male

T. poecilonotus.

A, newly hatched larva, 3.13mm TL; B, 3-day-old prolarva, 3.41mm TL; C, 7-day-old postlarva,
3.74mm TL; D, 14-day-old postlarva, 4.19mm TL; E, 21-day-old postlarva, 5.17mm TL; F, 35-
day-old postlarva, 8.84mm TL; G, 50-day-old juvenile, 14.65mm TL.
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Fig. 3. Larvae and a juvenile of the hybrid between female Takifugu poecilonotus and male
T. pardalis.
A, newly hatched larva, 2.96mm TL; B, 3-day-old prolarva, 3.33mm TL; C, 7-day-old postlarva,
3.60mm TL; D, 14-day-old postlarva, 3.81mm TL; E, 21-day-old postlarva, 5.47mm TL; F, 35-
day-old postlarva, 8.01lmm TL; G, 50-day-old juvenile, 14.35mm TL.
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Fig. 4. Larvae and a juvenile of Takifugu poecilonotus.
A, newly hatched larva, 3.00mm TL; B, 3-day-old prolarva, 3.26mm TL; C, 7-day-old postlarva,
3.55mm TL; D, 14-day-old postlarva, 3.88mm TL; E, 21-day-old postlarva, 4.62mm TL; F, 35-
day-old postlarva, 7.90mm TL; G, 50-day-old juvenile, 10.51mm TL.
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Fld D BRI & T 5, FRIEE D2 m I/
BRI ERT 2, /NS BMEED S 5, TP P
M T/NRER DB IC T 5, BEFERE, EHO
RIFem, EHOTEmEC ZHEAE L, RATHE,
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Fig. b. Larvae and a juvenile of the hybrid between female Takifugu poecilonotus and male

T. rubripes.
A, newly hatched larva, 2.93mm TL; B, 3-day-old prolarva, 3.10mm TL; C, 7-day-old postlarva,

3.68mm TL; D, 14-day-old postlarva, 4.66mm TL; E, 21-day-old postlarva, 5.95mm TL; F, 35-
day-old postlarva, 9.47Tmm TL; G, 50-day-old juvenile, 20.03mm TL.
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Fig. 6. Larvae and a juvenile of the hybrid between female Tuakifugu rubripes and male

T. poecilonotus.

A, newly hatched larva, 3.16mm TL; B, 3-day-old prolarva, 3.40mm TL; C, 7 day old postlarva,
3.84mm TL; D, 14-day-old postlarva, 3.94mm TL; E, 21-day-old postlarva, 4.99mm TL; F, 35-
day-old postlarva, 7.96mm TL; G, 50-day-old juvenile, 18.47mm TL.
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Fig. 7. Larvae and a juvenile of Takifugu rubripes.
A, newly hatched larva, 2.88mm TL; B, 3-day-old prolarva, 3.28mm TL; C, 7-day-old postlarva,
3.80mm TL; D, 14-day-old postlarva, 5.43mm TL; E, 21-day-old postlarva, 7.33mm TL; F, 35-
day-old juvenile, 17.61mm TL.
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Fig. 8. Larvae and juveniles of the hybrid between female Takifugu rubripes and male T. niphobles.
A, newly hatched larva, 2.85mm TL; B, 3-day-old prolarva, 3.18mm TL; C, 7-day-old postlarva,
3.49mm TL; D, 14-day-old postlarva, 3.74mm TL; E, 21-day-old postlarva, 5.21mm TL; F, 35-
day-old juvenile, 8.63mm TL; G, 50-day-old juvenile, 17.43mm TL.
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Fig. 9. Larvae and a juvenile of the hybrid between female Takifugu niphobles and male T rubripes.
A, newly hatched larva, 2.06mm TL; B, 3-day-old prolarva, 2.55mm TL; C, 7-day-old postlarva,
2.95mm TL; D, 14-day-old postlarva, 3.82mm TL; E, 21-day-old postlarva, 5.25mm TL; F, 35-

day-old juvenile,19.99mm TL.
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Fig. 10. Larvae and a juvenile of Takifugu niphobles.
A, newly hatched larva, 2.34mm TL; B, 3-day-old prolarva, 2.64mm TL; C, 7-day-old postlarva,
2.85mm TL; D, 14-day-old postlarva, 3.48mm TL; E, 21-day-old postlarva, 4.54dmm TL; F, 35-
day-old juvenile, 15.0lmm TL.
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Fig. 11. Larvae of the hybrid between female Takifugu poecilonotus and male T. xanthopterus.
A, newly hatched larva, 2.87mm TL; B, 3-day-old prolarva, 3.21mm TL: C, 7-day-old postlarva,
3.50mm TL; D, 14-day-old postlarva, 4.14mm TL; E, 21 day-old-postlarva, 4.61lmm TL; F, 35-

day-old postlarva, 7.76mm TL.
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Fig. 12. Larvae and juveniles of the hybrid between female Takifugu xanthopterus and male
T. poecilonotus.
A, newly hatched larva, 2.69mm TL; B, 3-day-old prolarva, 3.25mm TL; C, 7-day-old postlarva,
3.44mm TL; D, 14-day-old postlarva, 3.82mm TL; E, 21-day-old postlarva, 5.06mm TL; F, 35-
day-old juvenile, 14.01lmm TL; G, 50-day-old juvenile, 24.78mm TL.
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Fig. 13. Larvae and a juvenile of Takifugu xanthopterus.
A, newly hatched larva, 2.58mm TL; B, 3-day-old prolarva, 2.87Tmm TL; C, 7-day-old postlarva,
3.20mm TL; D, 14-day-old postlarva, 3.46mm TL; E, 21-day-old postlarva, 4.68mm TL; F, 35-
day-old postlarva, 7.39mm TL; G, 50-day-old juvenile, 13.89mm TL.
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Fig. 14. Larvae and juveniles of the hybrid between female Takifugu xanthopterus and male

T. rubripes.

A, newly hatched larva, 2.80mm TL; B, 3-day-old prolarva, 3.00mm TL; C, 7-day-old postlarva,
3.26mm TL; D, 14-day-old postlarva, 4.07mm TL; E, 21-day-old postlarva, 5.43mm TL: F, 35-
day-old juvenile, 11.95mm TL; G, 50-day-old juvenile, 18.47mm TL.
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Fig. 1b. Larvae and juveniles of the hybrid between female Takifugu xanthopterus and male
T. radiatus.
A, newly hatched larva, 2.76mm TL; B, 3-day-old prolarva, 2.94mm TL; C, 7-day-old postlarva,
3.33mm TL; D, 14-day-old postlarva, 4.0lmm TL; E, 21-day-old postlarva, 5.22mm TL; F, 35-
day-old juvenile, 10.52mm TL; G, 50-day-old juvenile, 18.08mm TL.
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Fig. 16. Larvae and juveniles of the hybrid between female Takifugu xanthopterus and male T. porphyreus.
A, newly hatched larva, 2.76mm TL; B, 3-day-old prolarva, 2.80mm TL; C, 7-day-old postlarva, 3.32mm
TL; D, 14-day-old postlarva, 4.14mm TL; E, 21-day-old postlarva, 5.29mm TL; F, 35-day-old juvenile,
8.75mm TL; G, 50-day-old juvenile, 21.06mm TL.
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Fig. 17. Larvae and juveniles of the hybrid between female Takifugu poecilonotus and male
T. radiatus.
A, newly hatched larva, 2.83mm TL; B, 3-day-old prolarva, 3.18mm TL; C, 7-day-old postlarva,
3.65mm TL; D, 14-day-old postlarva, 3.60mm TL; E, 21-day-old postlarva, 5.76mm TL; F, 35-
day-old juvenile, 11.45mm TL; G, 50-day-old juvenile, 23.24mm TL.
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Fig. 18. Larvae and juveniles of the hybrid between female Takifugu poecilonotus and male

T. porphyreus.
A, newly hatched larva, 3.08mm TL; B, 3-day-old prolarva, 3.43mm TL; C, 7-day-old postlarva,

3.93mm TL; D, 14-day-old postlarva, 4.37Tmm TL; E, 21-day-old postlarva, 5.67mm TL; F, 35-
day-old juvenile, 10.68mm TL; G, 50-day-old juvenile, 16.28mm TL.



EARER : M7 7 OYIERE

ARATE > © RER Il 434 L, B R U R R
JEMEIC &AD 5N 5, KREFRKIGRAETE, HED
Ao, ERERUCRIHRCEN, iR EicEmn
T 5%, Fo e icEBREBIMT %,

H#621(Fig. 18E), ££5.67mm(5.63+0.56mm,
n=6), EHEIHHE BEXUCRECHLT S, BE
FhahozELmicsm L, BRHICBVL TRYER
poREHICERL RY LN G, REARKREIERED
T, EERURHIBICE IR 5N b, HEHR
fad g0z F2mcnmd 5.

H#635(Fig. 18F), 4£:10.68mm(9.65+1.24mm,
n=6), WKV BEESH (FHiE15% BiE12~135)
DSERICEL, MAIcs 5, BEERAOLH
L, FRiclofE FA RO E & BRI RN
T %, FRERRIELKUCRBWTRICE»ICRBD SN
%, BEMRRADFZTLEICHMT 5,

H #5350 (Fig. 18G), 4516.28mm (15.64+2.35mm,
n=5), Mefal, BRI EARUEEE BiE
B 5 BWNEICEAM T 5, SFEEITERIICE
PICERD 5N B, KO FIF2H I IBEENESDH
L, EBWEicidmaRziasiinsn s,

] =®

FiD L Hich 57 VEHHTRIESMEE 3 ~6 H

THE 2 BN L TR A D o BB B I ik
L, #50H#E E Cic3RicET 20T, AL
E#%MNO RS, B.H#R7~21, CHEMHLIT,
REROIESERHME 7 7 O RE, BRILESOLERE
BEET), 1B, VHREIMNEKE, HEEE
Lick->TELLWERPRONDT, KEDHLK
3 LEBR XU HER 3 1IZfR-> TiT- 72,

(1) eHvz7,
EVIIIRCIRY T T EX T VT TS OHESF

aIEVIS, AT ITEXT
AlcHoWT
A SALER KO HE 3

a2V 7 S /RUZEDOIEHRM 7 7D
SALBEER MU HE 3 02K, HEi%%ETable 2 12K
Ltco E# V7 7 OB 9+156~16=24~25,

2EV7 73 8+14~15=22~23,
IRV IITAE 9H16=BKTFTEVY TS EXERN
V77538 +16=23TH B, BRIKOPVTE, EH
v 7 7D MEFEIZ2.91mm ; BE 3 Ti33.13mm,

aEy7733.09mm ; 3.17mm, TEVY IS Xt

AT,

EH 778X

Hv 7 7S32.93mm ; 3.2Tmm, EH v 77 %X
Y7 773.07Tmm ; 3.3Tmm7T, SHLFREFIE
70, eAVvITEXAaEVT TS,
XeHvI7I RGNy 7 7, HiEh3
LA IS XaEey7 IS,

VIUA, 3EVIITROCEN T IDIHICKED -

aEVTITR
KBV TE

IEVTTEXEH

Table 2. Total length and myomeres of the reciprocal hybrid larvae of T. pardalis X T. poectlonotus, and the parental

species

Combination

Total lenght of newly
hatched larvae(mm)

Number of
myomeres

Total lenght of
3-day-old larvae(mm)

T. pardalis($)

+
XT. pardalis(5) e
T. pardalis($) +
XT. poecilonotus(s") e
T. poecilonotus(¥$) +
XT. pardalis(s") 2955012
T. poecilonotus(%) 3.09--0.08

X T, poecilonotus(s")

3.13%£0.09 9+156—16=24—25
3.37%0.06 9+16=25
3.27%£0.04 8+15=23
3.17+0.14 8§+14—15=22—-23
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Table 3. Total length and myomeres of the reciprocal hybrid larvae of 7. poecilonotus X T. rubripes, and the parental

species

ool iy hatched larvae(mm)

Total lenght of newly

Total lenght of Number of

3-day-old larvae(mm)

myomeres

T. poecilonotus(%)

0920, 170, +14-15=22—
XT. poecilonotus(s") 3.09£0.08 3.17x0.14 8+14—156=22—-23
T. poecilonotus($) " n

910, 15%0. +16=
XT. rubripes(d) 2.91+0.07 3.15%0.15 8+16=24
T. rubripes($) » n _ C{R—99_
XT. poecilonotus(a) 3.06%0.12 3.3510.13 8—9+156—16=23—-25
T. rubripes($) 2.87-£0,08 3.23%0.12 9+15—16=24—25

XT. rubripes(s")
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Table 4. Total length and myomeres of the reciprocal hybrid larvae of 7. rubripes X 7. niphobles, and the parental

speciles

Combination

Total lenght of newly
hatched larvae(mm)

Number of
myomeres

Total lenght of
3-day-old larvae(mm)

T. rubripes($)

+
XT. rubripes(d") 2.87%+0.08
T. rubripes(%) .
XT. niphobles(a) 2.8240.04
T. niphobles( %) N
XT. rubripes(d") 2.21%0.10
T. niphobles($) ) 4340 04

XT. niphobles(s)

3.23%+0.12 9+15—16=24—25
3.15%0.08 9+16=24
2.54£0.09 8+156=23
2.54%0.12 8+16=23
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Table 5. Total length and myomeres of the reciprocal hybrid larvae of 7. poecilonotus X 7. xanthopterus, and the

parental species

Eomibination hatched larvae(mm)

Total lenght of newly

Number of
myomeres

Total lenght of
3-day-old larvae(mm)

T. poecilonotus(¥)

X T, poecilonotus(d) 3.09+0.08 3.17+0.14 8+14—15=22—23

T. poecilonotus(%) —1R—07_

XT. xanthopterus(a) 2.93%+0.08 3.25%0.05 8+15—16=23—24

T. xanthopterus($) L\ e

XT. poecilonotus(#) 2.62x0.06 3.20+0.06 8+16—16=23—24

T. xanthopterus(¥) .

XT. xanthopterus(s) 2.6210.06 2.9340.05 8+16=24
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Table 6. Total length and myomeres of the reciprocal hybrid larvae of T. xanthopterus ($) X T. rubripes (&), and the

parental species

Total lenght of newly

Total lenght of Number of

Combination hatched larvae(mm) 3-day-old larvae(mm) myomeres
T. xanthopterus($) + +
6270, .93=+0. +16=
XT. zanthopterus(a) 2.627*0.06 2.931+0.05 8+16=24
T. xanthopterus(¥)
2.78+0. 2.961+0. +156—-16=23—24
XT. rubripes(s") 78+0.08 96+0.07 §+16—16=23
T. rubripes(%) 2.87+0.08 3.23%0.12 9+15-16=24—25

XT. rubripes(s")
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Table 7. Total length and myomeres of the reciprocal hybrid larvae of T. xanthopterus (%) X T. radiatus ('), and the

mother's species

Combinati Total lenght of newly Total lenght of Number of
A hatched larvae(mm) 3-day-old larvae(mm) LIYOIRCHES
T. xanthopterus($) o+ n
.62+0. .93%0. t+16=
XT. zanthopterus(s™ 2.62%0.06 2.98310.06 8+16=24
T. xanthopterus($) 2.7840.06 2.95%+0.06 8+16=24

XT. radiatus(s")
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Table 8. Total length and myomeres of the reciprocal hybrid larvae of T. xanthopterus ($) X T. porphyreus ('), and

the mother’s species

Combinati Total lenght of newly Total lenght of Number of
ombination hatched larvae(mm) 3-day-old larvae(mm) LOYOINENES
T. xanthopterus($)
9 62+0. 2.93+0. +16=
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Table 9. Total length and myomeres of the reciprocal hybrid larvae of T. poecilonotus (%) X T. radiatus (&), and

the mother’s species

Combmeiion hatched larvae(mm)

Total lenght of newly

Total lenght of Number of

3-day-old larvae(mm) myomeres

T. poecilonotus($)

+
XT. poecilonotus(s") 3.09+0.08
T. poecilonotus(¥)

+
XT. radiatus(d") 3.07£0.08

3.17%0.14 8+14—15=22-23

3.36%0.07 8§+16=24
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Table 10. Total length and myomeres of the reciprocal hybrid larvae of 7. poecilonotus ($) X T. porphyreus (&), and

the mother's species

EoTbITaIDn hatched larvae(mm)

Total lenght of newly

Total lenght of
3-day-old larvae(mm)

Number of

T. poecilonotus($)

] .0920.08
XT. poectlonotus(d) &

T. poecilonotus($)

+
XT. porphyreus(d) 3.090.04

myomeres
3.17*0.14 8§+14—156=22—-23
3.43%£0.05 8+156—16=23—24
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Fig. 19. Larvae and a juvenile of the back-crossed hybrid between % 7. rubripes and &' F 1 of

+ T. niphobles X &' T. rubripes.
A, newly hatched larva, 3.13mm TL; B, 3-day-old prolarva, 3.26mm TL; C, 7-day-old postlarva,

3.07Tmm TL; D, 14-day-old postlarva, 3.70mm TL; E, 21-day-old postlarva, 5.24dmm TL; F, 35
day-old postlarva, 8.41mm TL; G, 50-day-old juvenile, 20.19mm TL.
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Table 11. Comparison of total length and myomeres of the hybrid larvae between T. rubripes X T. niphobles, with paren-
tal species and T. rubripes (£) X hybrid () between 7. niphobles ($) X T. rubripes ().

gt hatched larvae(mm)

Total lenght of newly

Number of
myomeres

Total lenght of
3-day-old larvae(mm)

T. rubripes($) N
XT. rubripes(d") 2.87+0.08

T. rubripes( %)
2.99+0.09

X The male hybrid between 7T'. niphobles ($) and T. rubripes ()

T. rubripes(%)
X 2.8210.04
T. niphobles(s")

T. niphobles($)

X 2.21x0.10
T. rubripes(s")
T. niphobles(%)

X 2.3310.04

T. niphobles(s")

3.2340.12 9+15—16=24—25
3.29%£0.08 9+15—16=24—25
3.156%0.08 9+15=24
2.54%0.09 8+15=23
2.54%0.12 8+15=23
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