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Summary

“Zuwal crab” (Chionoecetes opilio) is an important fisheries resources in south
-west area of the Japan Sea. In recent years, however, annual catch of the crab
has been reduced by 1/10 of the catch recorded at the time of rich haul, indicating
considerable reduction in the amount of its resources. Consequently, a counterme-
asure for the recovery of the resources became a subject to be solved immediately.

This study was performed with the object of obtaining basic information which
can be applied to the increase in the resources of Zuwal crab and its stable fishe-
ries. As the first step, ecological investigation was performed on this species,
such as distribution, migration, habitat segregation, maturation and oviposition, at
a sea around Okinoshima lIsland, which is a main fishing ground. After that, we
have succeeded for the first time in completing a five-year-period experiment on the
rearing of a newly hatched larva into adult, which revealed the process of ecdysis
and growth and the mode of oviposition of this specis. These findings were used
for the verification of information estimated from the result of investigation at
the fishing ground. Based on the biological characteristics of this species confirm-
ed by these findings, discussion was made on the measure for its propagation and

resource-control. The following summarizes the achievement of this study.

1. Ecology of the crab in a sea area around Okinoshima lsland
1) Distribution and migration

Individuals of planktonic larvae at their stages of first zoea, second zoea
and megalopa emerged mainly within a period between March and April, April
and June and April and July, respectively, with a high frequency of emerge-
nce at the depth of 200~400m (temperature, 10~18°C. ) Among individuals
who entered into the stage of benthonic life, immature females and males (cara-
pace width, over 20mm) and female adults showed a high distribution density on
a continental slope at the depth of 200~250m, while male adults were distrib-
uted densely on the slope at the depth of 300m over, which indicated a habitat
segregation between female and male adults. In addition, distribution of imma-
ture individuals and female adults was concentrated within a limited area,
while that of male adults was scattered over a wide area. Temperature of the
habitation area for benthonic-stage individuals was below 5°C, hardly changin-
g throughout the year, and the distribution density was high especially at
certain area where the temperature was 1~ 3°C. When migration of female
adults was investigated by means of tagged fish liberation, 75% of the tested

individuals were found to be moving about within 10km in a beeline and 85%



of them within 20m in depth, showing that their migration range was relatively
narrow. Difference in the catch in number during the daytime and night indica-
ted that both female and male adults were nocturnal.

2 ) Maturation and oviposition

Investigation on the size of female adults at each area showed geographical
differences. Mean carapace width and biological minimum size (shown in paren-
thesis) at each area were Yamato bank, 64.8mm (52mm); around Okinoshima,
74.9mm (54mm); eastern offshore of Korea, 756.8mm (67mm); and the eastern
Bering Sea, 58.2mm (43mm). When monthly changes in the maturation index of
the sexual gland and hardness of the carapace of females were investigated at
the area around Okinoshima, it was confirmed that development of the sexual
gland started as they reached last instar of immature stage from July to
September, and one year after that (July-September) as they came to maturity,
they grew into adults performing the final ecdysis and started immediately the
first oviposition and brooding of eggs.

In addition, it was found that the female adult was brooding eggs on its
abdomen throughout the year, because, in view of the seasonal changes in the
progress of embryogeny in the eggs, the gravid female seemed to start next ovi-
position as soon as the larvae were out of the fertilized eggs and released
in the water. It was confirmed also that such a process of the hatching and
release of larvae and the following oviposition is performed only from January
to March in every year. Consequently, duration of the egg-brooding at the fi-
rst time of oviposition was estimated to be about 18 month, though those after
the second oviposition were found to be about 12 months which coincided with
general knowledge. In other words, it was thought that the first oviposition
was clearly different from the second and follwing ovipositions in terms of the

time of oviposition and the rate of embryogeny in the eggs.

2 . Bcology under rearing conditions
1) Embryogeny
At a mean temperature of 3.9°C, blastopore-forming region was observed 47
days after oviposition, scutellum was formed after 96 days, maxilliped base
appeared after 128 days, chromatophore was formed in the compound eye after 195
days, chromatophore was formed in the maxilliped after 248 days and then the
larva emerged from the egg and went in the water after 299 days. Accumulated

temperature from the oviposition to hatching was 1,156.3°C - day.




2 ) Growth of hatched larva

3)

4

~—

The duration required for the development of each larval stage at 10°C and
15°C was 20 and 16 days for first zoea stage, 21 and 15 days for second zoea
stage and 22 and 18 days for megalopa stage, respectively. Accumulated tempe-
ratures throughout these stages were 669°C - day (10°C) and 644°C » day(15°C).
Growth of juvenile crab

Juvenile crabs at the stage of 1 st instar, who have just entered into bent-
honic life after metamorphosis from megalopa larvae, were reared in 3°C water
tank (2.3~5.3°C) and 8°C tank (7.0~10.2°C). As the result, the duration
required for their growth into 10th instar stage was found to be 1,121 days
(accumulated temperature, 3,429°C * day) in the 3°C tank and 555 days (accumu-
lated temperature, 4,659°C « day) in the 8 °C tank. In this case, relationship
between each instar stage and accumulated days required to pass over the stage
was expressed as a regression line having an inflection point between 4 th and
5 th instar stages, which coincided with the stage of the appearance of the
secondary sexual character.

Mean growth rate of carapace widths increased by ecdyses during the period
from 1st to 10th instar stage was 37.2% in the 3°C water tank and 32.9%
in the 8°C tank. Quantity of the growth at each ecdysis, obtained from the
HIATT finite difference table, was able to be expressed as follows (Ln
+1, carapace width at the stage of n+1 inster;Ln, carapace width at the
stage of n instar) Lm+1=1.39 Ln—0.180 (3°C tank) and Ln+ 1 =
1.265 Ln+0.408 (8°C tank). When the growth of these reared juvenile crabs
was compared with that of natural juveniles, the duration from 1st to 10th
instar stage was found to be reduced by about 172 in the 3°C tank and 1/4
in the 8°C tank, but the size of carapace width at the stage of 10th instar
in the 3°C tank was almost the same as that of natural 9 th instar and the
size in the 8°C tank was close to that of natural 8th instar.

Although the ecdysis is performed mostly at night, it can be predicted,
because decolorization of carapace and inactivation of feeding behavior occur
in 2~ 3 days prior to the ecdysis. In the case of ecdysis from 9 th to 10
th instar stages in females in the 3 °C tank, duration from the commencement
of ecdysis (opening of bottom-edge of carapace) to its completion (extrication
of legs) was about 7 hours.

Ovipositional behavior and cycle
In the case of the first oviposition, continuous confronting behavior was

observed between female (10th instar stage) and male (11th instar stage) indiv-




iduals 7 ~10 days before the oviposition, copulation was performed within a
day just aftar the female’s ecdysis into 11th instar stage and oviposition was
performed immediately after the copulation (August-December). In and after
second ovipositions, the female performed oviposition with no ecdysis or copula-
tion, and most of the ovipositions were performed within 10 days after hatching
of larvae from the brooding eggs and their release in the water. In the 3 °C
tank, the first oviposition was performed in August, the second in February
two years later (18 months after the first one) after 12 days of the larva’s
hatching and release and the third in February one more year later (12 months
after the second). In addition, when only gravid females were reared at around
3°C, hatching of larvae and their release in the water and subsequent oviposi-
tion were observed every year from January to March, and the maximum number
of ovipositions by one individual reached 5 (for 5 years). On the basis of
these results, it was confirmed that the oviposition cycle was 1.5 year during
the first and second times and one year after that, copulation was made only once
just before the first oviposition and, in the subsequent oviposion, fertilized
eggs were produced with the aid of spermatozoa formed in a seminal receptacle
in the gravid female.
3. Measures for the increase in the resources and their control

Plans for the culturing of the fisheries resources and their control were
discussed, by analysing the catch of this species and actual stage of progress
in the fisheries in recent years and based on the ecological information on

this species so far obtained.






