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ABSTRACT

The larval development of Haliotis asinina was observed from fertilization to
the formation of the fourth tubules on cephalic tentacle under water temperatures of
25, 28, 31 and 34°C. The larvae had 42 stages of development. The time period for
larval development depended on the water temperature, lasting 65, 49, 41 and 41
hours at water temperatures of 25, 28, 31 and 34°C, respectively. After settlement,
the development of postlarvae through to the formation of the first respiratory pore
was observed under room temperature (28-35°C). The velum was shed and the
mantle began to secrete a new shell. Mouth, radula and digestive organs were
developed on the third day after settlement. The heart was seen on the fourth day. A
prominent structure apparent on the roof of the mantle cavity was the ctenidium. The
second pair of epipodial tentacies began to form and the eye stalks were completely
developed by the eighth day after settlement. Between days 9 and 24, the postlarvae
increased in shell size and number of epipodia and tubules on the cephalic tentacles.
The ctenidium was more developed. The first respiratory pore began to form between
day 24 and day 30, depending on the temperature, diatom type and larval density in
the settlement tank. The development of nervous system, digestive system and radula
was observed 1n 1-month-old abalone. In 2-month-old abalone, pedal ganglia,
hypobranchial gland, esophagus, intestine, rectum, kidney and ventricle were
observed. In 3-to 6-month- old abalone, nervous system, digestive system, excretory
system and circulatory system were completed. In 7-to 8-month-old abalone, small
testis and ovary were observed surrounding the digestive gland. The reproductive
system was completed in 9- to 12-month-old abalone.

The shell sculpture of juvenile abalone, H. asinina, of 1-12 months old were
observed with a SEM and the shell mineral composition was analyzed by EDS-X-ray
microanalysis. The shell lengths of 1- to 12-month-old abalone were 1.5, 4.5, 9, 12.5,
16, 18, 21.5, 24.5, 27, 28, 28 and 31.5 mm, respectively. = One-month-old abalone
still retained the wrinkled embryonic shell while 2-to 12-manth-old abalone had
juvenile shell, which was composed of fine transverse, and strong and wavy spiral
growth lines. The distinct structure on abalone shell was respiratory pore which was
increased in number as the abalone got older (1 pore in one-month-old, 24 pores in
] 2-month-old). The major elements in abalone shell were C, O and Ca and the minor
elements were Na, Cl, Al, Mg, Siand S. As abalone aged, there was an increase in C
and a decrease in Ca; O remained rather constant during shell growth.

The radula of 1- to 12-month-old abalone, H. asinina, were observed under a
SEM. In each transverse row, there were 1 central tooth, 5 pairs of lateral teeth and
numerous marginal teeth at both sides of the central tooth. The central tooth had a
broad and curved base and a broad and blunt end. The central tooth of 1-to 2-month-
old abalone was multicuspid, while that of 3- to 12-month-old abaone was unicuspid.
As the snail got older, the base of the central tooth was wider. In 1-to 2-month-old
abalone, the lateral teeth were multicuspid while those of 3-to 12-month-old abalone
were unicuspid. The first lateral tooth was similar to the central tooth but its base was
uncurved. The second lateral tooth was moderately long and slender. The third to
fifth lateral teeth were similar in shape with pointed cutting edge. The marginal teeth




were stalked and multicuspid laterally. As the snails got older, the marginal teeth
were longer and larger.

Five benthic diatom species were isolated and maintained in culture (Navicula
sp.1 (8x3 um), Navicula sp.2 (13x8 pum), Navicula sp.3 (18x3 um), Navicula sp.4
(38x3 um) and Nitzschia sp. (38x12 pum). The species were grown on small bowls
and tested in settlement experiments with abalone, ff. asinina larval. Settlement was
very high in two-day-old larvae fed five species of diatoms (89.8-94.3%). Survival
rates declined when the larvae were older (6-7 days). The highest survival rates were
found in larvae fed Navicula sp. 4 (1.75%). A flow-through system with large
fiberglass tanks was developed to compare growth and survival of post-larvae feeding
on diatoms, Navicula sp.2, Navicula sp.4 and Nitzschia sp. (control) for 114 days.
The shell length of post-larvae was measured once every two weeks. The best growth
rate was obtained with post-larvae fed Nirzschia sp. (SL 85.61 pum/day, W 1.58

mg/day) and Navicula sp. 2 (SL 78.60 pm/day, W 0.96 mg/day).

Juvenile H. asinina with mean initial shell length of 0.53-0.56 cm were fed
artificial diets for 90 days. Diets contained 30% protein from different sources :
casein, fish meal, soybean meal and rice bran. The diets were fed to abalone at 2.5%
body weight once daily in the afternoon. Abalone fed Acanthophora sp. served as
control. The results showed that the abalone fed fresh Acanthophora sp. had the

highest growth rate in shell length (95.56 pm/day). Those fed diet containing casein
showed the highest growth rate in weight (84.44 mg/day). The best surrvival rate was

found in abalone fed Acanthophora sp. and casein (83.33% and 80%, respectively).

The effects of low —level lead (2.0 ppm) and cadmium (0.3 ppm) exposure on
the structure of digestive organs of abalone, H. asinina were observed. At the hight
microscopic level, the columnar epithelial cells of the esophagus and intestine showed
reduction of cilia, increase in mucus secretion, dilation of cells and enlargement of
vacuoles. In addition, the nuclei became dilated and lost most of their
heterochromatin. The histological alterations of digestive gland were increase of
mucus secretion, lysis of some acini, enlargement of vacuoles and a breakdown of cell
apices. At the electron microscopic level, in the columnar epithelium of the
esophagus and intestine, there were an increase in the number of mucus-secreting
goblet cells and proliferation of basement membrane. In addition, dilation of RER,
reduction of ribosomes on RER and abnormal mitochondria were observed. In the
digestive gland, the digestive cells showed destruction of membranes such as cell
membrane, RER and digestive vacuoles. There was lysis of cells and the contents
were released into the lumen.
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