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Development of Eggs, Larvae and Juveniles of the Puffer,
Takifugu rubripes reared in the Laboratory

Kyung-Nam Han
Department of Oceanography, Inha University, Inchon 402-751, Korea

The early development, growth, and morphological changes of Tiger puffer Takifugu
rubripes are described on the basis of a series of reared specimens. Detailed on the early
developmental stages are illustrated with special reference to morphological transformation.

Egg and sperm of puffer fish Takifugu rubripes were obtained from mature adults under
natural conditions, fertilized artificially and incubated in the laboratory. The incubation
period of fertilized eggs was 160 to 180 hours at a temperature of 15.1~18.0T. Larvae
were fed successively with rotifer, Artemia nauplii and artificial food for 90 days.

The mean total length of newly-hatched larvae was about 2.8mm. Mouth opening
occurred on the 1-day yolk-sac larvae and initial feeding was observed on the 4-5 days
after hatching. The morphological transitions from the larvae to juvenile and juvenile to
young stages occurred when fish reached about 10mm in total length(about 30 days after
hatching) and about 32mm in total length(about 60 days after hatching), respectively.

The coefficient of variation in total length distribution increased with growth. Fol-
lowing the appearance of its peak at the size of about 18mm in total length, the
coefficient value declined.

Many changes in proportion of the body parts to total length were observed at about
9~10mm and 30~33mm in total length, corresponding to the transformations from
larvae to juvenile and from juvenile to young, respectively. Also one big morphological
change was observed at about 18mm in total length that divide the juvenile stage into
two sub-stages.
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Fig. 1. Body parts of larval(upper) and juvenile
(lower)puffer fish measured in this study. TL,
total length; BL, body length; BD, body depth at
the portion of pectoral fin; PAL, pre-anal fin
length; PDL, pre-dorsal fin length; HL, head
length; ED, eye diameter; UJL, upper jaw length.
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Fig. 2. Embryonic development of the puffer
fish at 15.1-18.0TC.
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Table 1. Embryonic development of the puffer fish

Time (hr : min) WT* () Figure Descriptions
Fertilized egg
1:30 151 Elevation of blastodisc
3:30 17.0 A 2-celled egg
4:20 17.0 B 4-celled egg
5:50 16.8 C 8-celled egg
6:30 16.8 16-celled egg
7:50 16.9 32-celled egg
9:10 16.5 D Early morula
23:25 16.0 Late morula
36:05 16.5 E Blastula, germ ring appeared
48 :10 16.8 Gastrula, blastoderm 1/2 of yolk-sac
55:15 17.0 Blastoderm 3/4 of yolk-sac
60: 50 17.2 F Formation of embryonal body, optic vesicles
appeared
84:10 18.0 Melanophores appear on the side of embryonal
body and yolk-sac
96 : 00 17.5 Formation of eye lenses
120: 05 G Xanthophores appeared on Yolk-sac,
10-15 somites
136:20 18.0 Heart pulsation began, motility
157 :30 179 H Active motility, tip of tail reached to hcad
161:05 17.8 Free larva, hatching began
169:10 17.7 1/3 hatching
180:30 18.0 Hatching completed

*Water temperature.
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Table 2. Results of measurement in total length during the first 91 days of the rearing experiment

of the puffer fish

No. of Total length (mm) “ “”
Age (days) specimens Mean ’ SD. V. Skewness
0 20 2.77 0.14 5.1 0.81
2 20 3.03 0.11 3.6 0.98
4 20 3.17 0.15 47 0.07
6 20 3.39 0.14 41 0.63
8 15 3.73 0.26 7.0 0.70
10 20 412 0.28 6.8 0.73
12 13 4.38 0.19 43 -0.54
14 20 4.76 0.32 6.7 -0.70
16 16 5.36 0.32 6.0 1.70
19 19 5.87 0.55 94 0.45
21 12 6.25 0.62 9.9 2.00
23 15 6.84 0.50 7.3 2.40
25 20 7.83 0.65 8.3 0.96
28 21 8.86 0.87 9.8 1.40
31 25 9.73 0.79 8.1 1.10
33 20 10.7 0.81 7.8 0.17
37 15 12.6 1.0 82 0.16
42 13 15.9 21 13.0 0.48
46 18 17.9 1.5 8.5 0.32
57 10 220 3.0 14.0 -0.12
63 18 27.5 2.5 8.9 -0.14
68 20 334 29 8.7 -0.21
73 15 39.2 21 55 -0.30
78 15 43.8 41 9.4 -0.49
83 13 50.7 51 10.0 -1.20
91 17 58.2 41 7.0 0.04

“Coefficient of variation; S.D. x 100/ Mean.

5=1/ 6 % 1/N Ifi(xi-x); ¢: variance, xi: sample of | th, x: mean; N: number of samples.
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Fig. 3. Development of the larval, juvenile and
young puffer fish reared in the laboratory. A,
newly hatched larva, 2.77mmTL; B, 1 day old
larva, 2.91mmTL; C, 6 days old larva, 3.23mmTL;
D, 16 days old larva, 5.30mmTL; E, 23 days old
larva, 7.20mmTL; F, 30 days old juvenile, 9.80
mmTL; G, 37 days old juvenile, 14.5mmTL; H,
60 days old young fish, 31lmmTL; I, 80 days old
young fish, 48mmTL; J, 90 days old young fish,
57mmTL.
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Fig. 4. Ontogenetic changes in number of soft
rays of each fin in the larval and juvenile puffer
fish.
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Fig. 5. Changes in water temperature and feeding
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Fig. 6. Changes in frequency distribution of to-
tal length in the larval puffer fish. H means
the age(days) of larvae.
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Fig. 7. Changes in frequency distribution of to-
tal length in the juvenile and young puffer fish.
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Fig. 9. Relative growth of body length(BL), pre-
anal length(PAL), body depth(BD), and eye di-
ameter(ED) against total length(TL) in the puffer
fish. Arrows show growth inflexions.
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Fig. 10. Relative growth of pre-dorsal fin length
(PDL), head length(HL), and upper jaw length
(UJL) against total length(TL) in the puffer fish.
Arrows show growth inflexions.
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<, positive growth; >, negative growth; =, 0.98-
1.02 in relative growth coefficient; >, 0.95-0.98;
>, 0.90-0.95; >>, 0.80-0.90; >>>, less than 0.79; <,
1.02-1.05; <, 1.05-1.10; <<, 1.10-1.20; and <<<, more
than 1.21.
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