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Abstract Two pufferfish individuals from the Seto Inland Sea, having an appear-
ance intermediate between Takifugu vermicularis and T. poecilonotus, were mor-
phologically and genetically examined. Both individuals showed a pattern of body
spination intermediate between those characteristic of the two species, although
principal component analysis (PCA) of the morphological data placed both speci-
mens within the range of T. vermicularis. Isozyme analysis showed replacements
of major alleles between T. vermicularis and T. poecilonotus at 11 loci, the totally
heterozygotic condition of those alleles suggesting that both specimens were F,
hybrids. Other morphological and whole genetic characteristics also indicated that
they were F, hybrids of 7. vermicularis and T. poecilonotus. The inclusion of both
individuals within the morphological range of T. vermicularis by PCA may have
been the result of coupling of their parent species.

*Corresponding author: Koji Yokogawa, Kagawa Prefectural Fisheries Experi-
mental Station, 75-5 Yashimahigashimachi, Takamatsu, Kagawa 761-0111, Japan
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Fig. 1. General aspects of hybrid-like individual of
puffer between Tukifugu vermicularis and T poe-
cilonotus (TKPM-P6093, 165.0mm TL).
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Table 1. Enzymes, protein and tissues examined
Enzyme or protein name Enzyme Locus Subunit Tissue
number structure
Aspartate aminotransferase 2.6.1.1 AAT-2* Liver
Acid phosphatase 3.1.3.2 ACP* Dimeric Liver
Alcohol dehydrogenase 1.1.1.1 ADH* Dimeric Liver
Aconitate hydratase 42.13 AH* Monomeric Muscle
Esterase 3.1.1.- EST-1* Monomeric Liver
Fructose biphosphate aldolase 4.1.2.13 FBALD* Tetrameric Muscle
Fumarate hydratase 42.1.2 FH* Tetrameric Muscle
Glyceraldehyde-3-phosphate dehydrogenase 1.2.1.12 GAPDH-I* Liver
GAPDH-2* Muscle
Glucose-6-phosphate isomerase 5.3.1.9 GPI-I* Dimeric Liver
GPI-2* Muscle
L-Iditol dehydrogenase 1.1.1.14 IDDH* Tetrameric Liver
Isocitrate dehydrogenase (NADP™) 1.1.1.42 IDHP-I1* Dimeric Liver
IDHP-2* Muscle
IDHP-3* Muscle
Lactate dehydrogenase 1.1.1.27 LDH-I1* Tetrameric Muscle
Malate dehydrogenase 1.1.1.37 MDH-I* Dimeric Muscle
MDH-2* Dimeric Muscle
Malic enzyme (NADP*) 1.1.1.40 MEP-1* Tetrameric Muscle
Mannose-6-phosphate isomerase 5.3.1.8 MPI-T* Monomeric Liver
Phosphogluconate dehydrogenase 1.1.1.44 PGDH* Dimeric Muscle
General protein PROT-I1* Monomeric Muscle
PROT-2* Muscle
PROT-3* Muscle
Superoxide dismutase 1.15.1.1 SOD-I* Dimeric Liver
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Table 2. Allelic frequencies of Takifugu vermicularis and T. poecilonotus, with genotypes of
hybrid-like individuals at polymorphic or divergent loci between the two species

Frequency Genotype
Locus Allele
TV! TC? 6093° 6094°

ACP* *140 0.023 0.024 *100/100 *100/100
*100 0.977 0.976

ADH* *—55 0.023 0.000 *—100/—100 *—100/—100
*—100 0.977 1.000

AH* *100 0.938 0.000 *75/100 *75/100
*75 0.063 1.000

EST-1* *100 1.000 0.000 *90/100
*95 0.000 0.024
*90 0.000 0.976

FBALD* *—80 0.273 1.000 *—80/—100 *—80/—100
*—100 0.727 0.000

FH* *100 1.000 0.969 *100/100 *100/100
*85 0.000 0.031

GPI-I* *100 1.000 0.048 *85/100 *85/100
*85 0.000 0.952

IDDH* *100 1.000 0.026 *0/100 *0/100
*0 0.000 0.974

IDHP-1* *160 0.295 0.048 *100/100 *75/100
*145 0.000 0.310
*100 0.705 0.452
*75 0.000 0.190

LDH* *0 0.000 0.048 *—100/—100 *—100/—100
*—100 1.000 0.952

MDH-I* *130 0.000 1.000 *100/130 *100/130
*100 1.000 0.000

MDH-2* *800 0.068 0.000 *—100/— 600 *—100/—600
*—100 0.909 0.071
*—600 0.000 0.929
*—900 0.023 0.000

MEP-1* *140 0.000 0.905 *100/140 *100/140
*120 0.000 0.095
*100 0.886 0.000
*80 0.114 0.000

MPI-1* *100 0.773 1.000 *100/100 *100/100
*80 0.227 0.000

PGDH* *100 0.727 1.000 *100/100 *100/100
*85 0.273 0.000

PGM* *—60 0.023 0.976 *—60/—100 *—60/—100
*—100 0.977 0.000
*—175 0.000 0.024

PROT-1* *200 0.000 1.000 *200/—100 *200/—100
*—100 1.000 0.000

SOD-1* *830 0.000 1.000 *830/100 *830/100
*460 0.386 0.000
*100 0.614 0.000

! Takifugu vermicularis.
2 Takifugu poecilonotus.
3 Catalogue number (TKPM-P).
At the EST-1* locus, genotype of TKPM-P6093 was not identified because the activity of the enzyme was insuffi-

cient.
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Fig. 2. Electrophoretograms of malate dehydrogen-
ase (MDH) and superoxide dismutase (SOD). TV: T.
vermicularis: TC: T. poecilonotus; H: Hybrid. Arrow-
head indicate origin of electrophoresis.
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Fig. 3. Spinule on ventral body surface. A: Takifugu
vermicularis; B: T. poecilonotus; C: Hybrid (TKPM-
P6093). Solid bars in each photo indicate I mm scale.
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Table 3. Results of morphometric measurements and counts of Takifugu vermicularis (n=22),
T. poecilonotus (n=21) and hybrids between both species

Takifugu vermicularis Takifugu poecilonotus Hybrid
Average Range Average Range 6093' 6094'

Total length? 121.28 118.16-123.91 125.56 123.05-129.27  124.06  120.61
Pre-anal length? 69.95 64.30-75.68 68.26 63.56-72.84 68.72 68.57
Body depth? 23.80 20.04-27.62 23.23 20.51-26.03 24.96 22.45
Body width? 20.67 17.67-25.00 20.15 18.61-23.21 25.86 21.43
Caudal peduncle depth? 7.64 6.96-9.05 8.02 7.25-9.04 7.97 7.76
Caudal peduncle length? 24.90 20.58-30.02 27.04 23.49-30.68 29.92 23.06
Pre-dorsal length? 66.74 62.08-69.36 67.37 64.48-69.88 66.92 64.39
Dorsal fin length? 14.51 12.47-17.05 15.76 13.95-19.95 10.60 13.98
Anal fin length? 14.35 12.12-17.28 15.38 13.26-17.53 14.74 14.49
Pectoral fin length? 14.90 11.94-17.93 15.36 13.68-18.01 13.16 14.29
Head length? 32.01 26.62-35.19 30.92 28.56-32.80 31.13 30.82
Snout length® 41.48 35.90-46.63 38.42 32.2045.32 45.89 43.05
Orbital diameter® 22.95 17.74-25.38 23.70 19.31-28.57 21.26 21.52
Interorbital width?® 41.16 32.43-47.27 39.18 32.91-46.76 49.28 41.06
Sub-orbital width? 38.24 29.03-50.00 34.55 28.21-39.84 39.13 38.41
Mouth width? 27.03 22.12-32.37 26.84 16.02-30.19 27.54 24.50
Dorsal fin rays* 13.27 12-15 11.71 11-13 9 13
Caudal fin rays 9.77 9-11 9.67 8-11 11 11
Anal fin rays 10.29 8-12 8.90 7-10 9 10
Pectoral fin rays 15.91 15-17 15.38 14-16 16 15
Gill rakers

upper limb 0.52 0-1 0.90 0-1 0 1

lower limb 7.64 6- 9 8.48 7-10 8 7

total 8.14 7-10 9.38 8-11 8 8
Vertebrae

abdominal 12.95 12-14 12.52 12-14 13 14

caudal 8.18 7-9 8.67 7-10 8 8

total 21.14 20-22 21.19 21-22 21 22
Interneural spines 12.50 11-14 12.00 11-13 12 12
Interhemal spines 7.86 7-9 7.28 6— 8 8 8
Condition factor 36.53 31.20-40.93 37.27 28.59-43.47 36.39 30.47

! Catalogue number (TKPM-P).

2 Percentage of standard length.

3 Percentage of head length.

* Dorsal fin of the TKPM-P6093 is transformed.
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Principal component 1

Fig. 4. Principal component analysis for Takifugu
vermicularis, T. poecilonotus and hybrids.
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