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Organogenesis and Behavioral Changes during Development of
Hatchery-reared Black Rockfish, Sebastes inermis

Nobuhiro Suzuki*! and Satoshi Aida™?

Abstract Organogenesis in hatchery-reared larvae and juveniles of the black rockfish, Sebastes
inermis, was investigated in relation to behavioral changes in early life stages. The fish were
extruded out at an early stage, when the mean body size was 5.64 mm TL, at early January. Newly-
extruded larvae possessed free neuromasts on the head and trunk, corresponding to the myomeres.
The head canal system was completed its formation significantly earlier than the trunk canal
system. External openings of the canal organs in the head were apparently completed by about 17
mm TL at 50 age in day. About 30 mm TL at 90 age in day was attained full development of the
lateral line system on the trunk. Behavioral shift at that time was related to the development of the
canal organ. It was completed by 50 age in day that fundus gland in the stomach and pyloric caeca
and digestive system with the adult type loop structure were differentiated. Morphological trans-
formation from larva to juvenile was apparently completed by about 17 mm TL. The completion of
basic juvenile formation behaviorally and physiologically occourred between 17 mm and 35 mm TL

at body size.
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Fig. 1. Water temperature in brood tank of black rockfish. Solid circles with vertical bars and arrows denote mean
water temperature with variance and spawning period, respectively.
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Fig. 2. Growth of hatchery-reared black rockfish. Solid
circles indicate mean total length.
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Fig. 3. Survival rates of hatchery-reared black rockfish and water temperature.
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Fig. 4. Development of larvae and juveniles of black rockfish, Sebastes inermis. A, Newly extruded larvae, 549 mm TL.
B,4ageinday, 6.53 mmTL. C,7ageinday,6.73mmTL. D,9ageinday,6.92mmTL. E, 16 ageinday,7.53 mm
TL. F, 20 age in day, 8.36 mm TL. G, 30 age in day, 11.03 mm TL. H, 32 age in day, 12.32 mm TL. I, 40 age in
day, 13.24 mm TL. I, 70 age in day, 20.64 mm TL. K, 90 age in day, 29.79 mm TL.
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Fig. 5. Light micrographs of sections of middle and posterior parts of the body , the inner ear and the eye in newly-extruded
larva. A, transverse section of middle part of the body. gb, gas bladder. he, hematopoietic organ. k, kideny. 1, liver.
0, oval neticular vessel. pa, pancreas. s, stomach. B, pneumatic duct (pd) of gas bladder. C, transverse section of
the inner ear.  ca, crista ampullaris.  sc, semicircular canal. D, transverse section of the eye.  E, enlarged veiw of retina.
F, enlarged veiw of cone(c) and rod cells(r) inretina. G, posterior part of intestine. eg, eosinophlic granule.
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Fig. 6. Relationship between development stages of stomach shape-loop formation of digestive canal, pyloric caeca and total
length with growth.  For developmental stages described by Harada, 1962. i, intestine. pc, pyloric caeca. s, stomach.

Fig. 7. Light micrographs of sections of stomach on day 50. A, posterior portion of stomach. B, enlarged
view of epidermis of stomach. fg, fundus gland.
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Fig. 8. SEM view of nostrils. A, opening of olfactory pit onday 0. B, enlarged view of olfactory cell having long sensory hairs
into olfactory pit on day 0. C, enlarged view of olfactory cell having short sensory hairs into olfactory pit on day 0.
C, nostrils on day 30. D, olfactory pit flap of anterior nostril on day 100.

Table 1. Average number of free neuromasts and sensory cells on the left
side trunk during growth of Sebastes inermis

Average number of Average number of

Age in day trunk neuromasts (mean+SD)  sensory cells (mean+SD)
0 10.3£1.6 19.2+3.5
40 24.7+3.4 35.6+8.3

Average caluculated from counts in ten individuals and ten free neuromasts,

respectively.
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Fig. 9. Distribution of free neuromasts in newly-extruded larva (A) and SEM view of free neuromasts (B—E). B, free
neuromast on trunk in newly-extruded larva. C, free neuromast on trunk in 40 age in day. D, free neuromast on the
head in newly-extruded larva. E, free neuromast on the head in 40 age in day.
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Fig. 10. SEM view of development of epidermis. A, canal organs on the head in 50 age inday. B, cupula of free neuromast on
day 50. C, swollen epidermis around lateral line on day 80. D, E, side (D) and top (E) views of depressed cupula
(stick-like shape) of free neuromast on day 80. F, completed lateral line system on day 90. G, free neuromasts

sinking into canals around nostril on day 90.
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Fig. 11. SEM view of development of body surface. A, epidermal surface on the body in newly-extruded larva. mv,
microvillus. B, developed microvilli (mv) on body epidermis in 70 age in day. C, exfoliated epidermis on the body
in 70 age in day. D, scale plate in dermis on day 70. E, scale projections on epidermis on day 90. F, trunk fully
covered by scales on day 100. G, enlarged view of spiny scale ridges on day 100.
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Table 2. Correlation between organogenesis and behavioral changes during growth of Sebastes inermis

Developmental stages Morphological changes

Age in day Behavioral changes

Hatching commence

Eyes deeply pigmantation
Mouth opened

An bladder inflated

Inner ear ossified

Free neuromasts on the head
and the trunk not submerged

preflexion
larva
Anus opened
Yolk disappear
Lower jaw elongated
Brain developed
flexion Head spines develop
larva
Pectoral and caudal fin rays completed
Head spine formation completed
Canal neuromasts appeared
postflexion in the head region
larva
Canal neuromasts completed
in the head region
Differentiation of pyloric caecum
and gastric gland
Free nuromasts with cupula
on the trunk submerged
transfoming Feeding on Cyclops sp.
larva and Moina sp.
Scale formation completed
Preocular and cleithral of
migrating head spines appeared
juvenile Loop formation of digestive canal
and full development of pyloric
caeca attained to the adult condition
settling
young

1

— 20

0 Dispresion on surface water colmun
in daytime

Aggregation in middle to bottom water
colmun at night

4 Horizontal and vertical swimming
in daytime
First feeding on Branchionus spp
Aggregation in middle to bottom water
column at night

7 Active S-strike
T First feeding on Artemia nauplii

Intermittent swimming in middle water
column in daytime

40 Intermittent swimming in middle water
column in daytime

Sluggish swimming on the bottom
at night

—— 50 _I: Benthic habitat

Strong be hiding an object

80 Schooling in the bottom water column
in daytime

—— Active swimming in twilight

Migration in Zostera and Sargssus
community

“— Migrating young accompanied with
drift seaweed
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