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Abstract:  Based on the development of swimming- and feeding-related characters, ontogenetic intervals of
larvae and juveniles were investigated for hatchery-reared red spotted grouper, Epinephelus akaara. Five phases
each were recognized for the development of swimming and feeding functions as follows. Swimming: 1) the phase
with less active swimming (hatching to 1 day after hatching, D1); 2) the phase with body control by pectoral fins
(D2~D?9); 3) the phase with preparation of caudal fin propulsion (D10-12~D15-17); 4) the phase with caudal fin
and whole body propulsion (D15-17~D20-22); 5) the phase of juvenile swimming mode (beyond D20-22).
Feeding: 1) the phase with endogenous nutrient (hatching to D2); 2) the phase with initial feeding of sucking (D3
~D9); 3) the phase with sucking ability increasing (D10-12~D20-22); 4) the phase with sucking and initial biting
(D20-22~D35); 5) the phase of juvenile feeding mode (beyond D35). The present study revealed that the
difficulties of larval rearing of the species would be partly due to the delay of development of characters related to
swimming- and feeding-functions during the changeover from endogenous to exogenous feeding. After D30, the
juveniles with functional swimming- and feeding-mode showed both swimming in schools and posing with
“J-posture”, the latter being considered to be the onset of cannibalistic behavior. The results of present study are

expected to contribute to the improvement of larval rearing system in groupers.
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Fig. 1. Growth of hatchery-reared red spotted grouper,

Epinephelus akaara.
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Table 1. Mean BL (body length, mm), stndard deviation (SD),
minimum and maximum BL and individual number (n)

measured of hatchery-reared red spotted grouper,
Epinephelus akaara, shown by days after hatching, D

Mean BL SD Minimum Maximum n
DO 1.68 0.040 1.60 1.75 31
D1 2.03 0.084 1.85 2.23 43
D2 2.07 0.069 1.90 2.23 32
D3 2.18 0.077 1.95 2.30 36
D4 2.08 0.095 1.90 2.25 27
DS 2.29 0.093 2.13 2.45 27
D7 2.41 0.174 2.17 2.82 29
D10 3.14 0.455 2.45 4.45 35
DI12 3.85 0.512 2.90 4.84 46
D15 5.66 0.742 3.48 6.72 44
D17 6.04 0.487 3.91 6.70 41
D20 7.05 0.569 5.88 8.50 40
D22 7.29 0.744 5.00 8.63 42
D25 8.56 0.864 6.00 10.3 52
D27 9.18 0.817 7.75 12.1 47
D30 11.9 1.13 10.0 15.3 44
D33 13.6 1.26 10.4 16.0 47
D35 15.9 1.64 12.1 183 44
D37 16.9 2.11 13.1 20.8 35
D40 19.1 2.25 13.7 243 57
D42 23.0 2.55 16.4 27.4 56
D45 25.8 2.96 20.7 32.3 61
D48 29.5 3.53 21.9 37.2 49
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Fig. 2. Frquency of individuals with the inflated swim bladder
in hatchery-reared red spotted grouper, Epinephelus akaara,
shown by days after hatching.
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Plate I. Changes of swimming-related characters with days after hatching in hatchery-reared red
spotted grouper, Epinephelus akaara.
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Plate II. Changes of feeding-related characters
with days after hatching in hatchery-reared
red spotted grouper, Epinephelus akaara.
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Plate III. Schematic representation of the development of swimming-related characters with days after hatching in hatchery-reared red spotted grouper,
Epinephelus akaara. O: cartilaginous elements and fin rays start appearing or notochord flexion begins; ©: all cartilaginous elements appear,
numbers of fin rays and vertebral elements and notochord flexion become complete, or flexion points of morphometric characters appear; @, bony
elements start appearing, or cartilaginous elements start ossifying; @: all cartilaginous elements start ossifying, or all bony elements start appearing.

Developmental events are shown by boxes, and developmental phases are also shown in the bottom.
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Plate I'V. Schematic representation of the development of feeding-related characters with days after hatching in hatchery-reared red spotted grouper,

Epinephelus akaara. O: cartilaginous elements start appearing; ©: all cartilaginous elements appear, or flexion points of mouth width and

morphometric characters appear; ®, bony elements start appearing, or cartilaginous elements start ossifying; @: all cartilaginous elements start
ossifying, or all bony elements start appearing. Developmental events are shown by boxes, and developmental phases are also shown in the bottom.
Shaded boxes in developmental events indicate the characters related to teeth.




Photo plate I. Photographs of swimming-related characters in hatchery-reared red spotted grouper, Epinephelus akaara.
A: D10 larva, 3.6 mm in body length, BL. B: D15 larva, 5.5 mm BL. C: D10 larva, 4.0 mm BL. D: D12 larva, 4.6
mm BL. E: D15 larva, 5.5 mm BL. F: D20 larva, 8.5 mm BL. Blue, cartilages; red, bones; black or brown,
melanophores.
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Photo plate II. Photographs of swimming-related characters in hatchery-reared red spotted grouper, Epinephelus akaara.
A: D2 larva, 2.0 mm BL. B: D12 larva, 4.6 mm BL. C: D20 larva, 7.5 mm BL. D: D10 larva, 3.4 mm BL. E: D10
larva, 4.0 mm BL. Blue, cartilages; red, bones; black or brown, melanophores. Blue spots in A indicate neuromasts.
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Photo plate III. Photographs of feeding-related characters in hatchery-reared red spotted grouper, Epinephelus
akaara. A: D2 larva, 2.0 mm BL (ventrolateral view). B: D3 larva, 2.3 mm BL. C: D10 larva, 3.6 mm BL. D:
D12 larva, 4.6 mm BL. E: D10 larva, 4.1 mm BL. F: D10 larva, 4.1 mm BL. Blue, cartilages; red, bones; black
or brown, melanophores. Blue spots in A and B indicate neuromasts.
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Photo plate IV. Photographs of feeding-related characters in hatchery-reared red spotted grouper, Epinephelus
akaara. A: D10 larva, 4.1 mm BL. B: D10 larva, 4.0 mm BL. C: D33 juvenile, 15.0 mm BL. D: D35 juvenile,
18.1 mm BL. Blue, cartilages; red, bones; black or brown, melanophores.



