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Summary

Little is known about the ecological relationships
between stock size and subsequent recruitment in the
population dynamics of the northern Japanese abalone
Haliotis discus hannai. The study described here has
the aim of obtaining the fundamental information on
the recruitment structure identified as a limiting
process in a determining the productivity of fisheries
for abalone. The key problem in abalone population
dynamics lies in understanding settlement and recruit-

ment, which is essential to the ecological management

for preventing the overfishing and for establishing the
strategies of self-sustainable fisheries. This lack of
understanding has been partly due to methodological
problem through underwater research activity and fo
difficulty in measuring the abundance of larvae and
settled spats during early life history stages within the
rocky reef ecosystem.

Results are summarized as follows !

Larval development of 11 species of Archaeogastro-
poda was examined to establish a key to aid larval
identification for monitoring plankton samples. The
criteria from a practical viewpoint were the color of
shell length, shape and sculpture under
(1983—1997) in the larval

appearance of H. discus hannai and allied species

soft tissue,
microscope. Fluctuations
(Tegula spp., Septifer virgatus, Strongylocentrotus
spp.) were closely coincident with wave action caused
by a typhoon during the spawning season.

From these observations, the average date and
density of highest abundance, surface water tempera-
ture and effective accumulative temperature for
spawning were 10th September, 4.5 inds / 10m vertical
haul, 21.0C and 1,244°C degree,

minor differences between years,

respectively. With
spawning of M.
discus hannai  first began at sea temperatures of
about 20-21°C and after an effective accumulated
temperature (EAT) of about 1200-1300°C degree. How-
ever, there was no correlation between larval

abundance and temperature and EAT.

Peaks of H. discus hannai and Tegula larval abun-
dance were recorded from the 2nd to the 5th day after
tvphoons in late summer in each of the fifteen years,
1983 - 1997.

usually smaller in H. discus hannai, but of similar or

In addition, peaks of larval abundance,
greater magnitude in Tegula, followed 2-5 days after
minor storms (wave height 2-4m) from August to
October in every year of the study. Wind directions
after a typhoon went through a cycle of southerly,
easterly and northerly, winds during the post-typhoon
period consisted with a pronounced onshore compo-
nent, which wind-driven surface currents was expected
to return larvae toward the coast. Comparing the larval
distribution after a minor storm and typhoon, after a

minor storm larvae of H. discus hannai were mostly



I T T EONARERIZ M S R RE AT 79

within 100m of the shore and after the typhoon
Haliotis larvae were mostly within 1km of the shore,
whereas a minority of Tegula larvae were still up to 4
km offshore. After the typhoons, larvae of H. discus
hannai and Tegula were found up to 3km offshore and
to 30m depth, with some differences between years,
three days after the typhoon, Tegula larvae were
concentrated in the top 10m , whereas Haliotis larvae
were at all depths but in low number. Larvae of [
discus hannai and Tegula were concentrated within
100m of the shore, with Haliotis larvae mostly at 6m
depth close to the bottom and Tegula more common
at lm.
Larval settlement of [l discus hannai was
monitored to find a settled spat in time and space by
the natural boulders and shell-collectors. Natural spat
crustose  coralline  boulders

settlement  on were

measured at various sites of the bay after larval
monitoring. Averaged density was recorded 220 inds
m “ with 5102=20um shell-length along the sea-bottom
from 150m (5m depth) to 200m (7m depth) distance
from the shore. From the observation that the habitat
of post-settlement abalone was limited within the
boundary zone between FEisenia marine forest and
crustose corallines dominated area, where larval
transportation was permitted or where recruitment or
growth rates were high. Comparison of monitoring
quantitatively the settlement of abalone between
various sites, swimming larvae has a capability of
settled down the substratum covered crustose coralline
algae as a front area within the shallowest boundary
ZOne.

Natural mortality rates in the post-settlement ranged
from 9~14% day ' and the mean was 12% day '(=2%
survival month '), The number of daily survived spats
(y) were given by the formula : v =253 ¢ """ where
x Is day after settlement. Daily growth rates were
calculated ca.38um within a month after the settlement.
In some cases, dead shells of ca.500um length were
found in the samples from crustose coralline boulders,
which were regarded as first critical size caused by a
starvation. Comparing the shell-length between dead
spats of natural boulders and that of experimental
collectors, severe nutrient

mortality caused by

requirement were observed from 400 to 500um shell-
length.

Juveniles of H. discus hawnnai were dominantly
distributed around the depth layer of 5-6m at outer
site and 1-2m at inner site of the bay, which is
accordant to the lowest distribution of Eisenia. High
density of juveniles were formed in the depth of 5~6
m range at outer-bay and of 3~4m at mouth-bay and
of 1~2m at inner-bay, whereas these depth were
belonging to the boundary zone located between
Fisenia marine forest and crustose corallines-domi-
nated area from the viewpoint of floral zone.

Appearance ratio of 1 year abalone were devided
into 6% in Eisenia algal forest, 49% in boundary zone
and 20% in crustose coralline flats. Ratio of age-
composition among these floral zone were converted
around 2+ age class, 2+ cohort started to migrate from
settlement area of the boundary zone to on-growing
area of the FEisenia marine forest. The spatial
distribution of recruitment (measured as the abundance
of the 2+ age class) was correlated to the density of
whole the flora,

age classes. In conjunction with

boundary zone between Fisenia algal forest and
crustose coralline algal area is considered to bhe a
substantial sites for larval settlement and spat growing.

Yield per recruit (YPR) isopleths as a function of age
at first capture and instantaneous fishing mortality rate
for H discus hannai were calculated to estimate
management strategies in abalone population. The
isopleths were constructed using an instantaneous
natural mortality value of 0.16 for upper and Q.36 for
lower, Eggs per recruit (EPR) isopleths, expressed as
a percentage of the eggs that would be produced by an
unfished cohort, were also calculated to estimate
management strategies in abalone population. Parame-
ters were all identical with those used in YPR model.
Egg-per-recruitment analysis suggest that the present
minimum legal sizes, egg production would be
maintained at 19% of unfished population, even at high
fishing mortality rates. With estimate of M =0.16 , egg
production would be maintained at about 50% which
ideal level of protection of the recruitment determined
by EPR analysis, the biological reference point to

stabilize the population structure was recommended to
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attain the age at first capture over 4.7years old of shell-
length 98mm .

In view of the results mentioned above, recruitment
characteristics for H. discus hannai were discussed.
The case studies of pre and post-seftlement suggest a
model of dispersal of larvae of H. discus hannai and
Tegula spp. in which the scale of dispersal is related to
the intensity of the inducing storm event. Large
spawning and wide dispersal follow typhoons (Type 1)
and smaller spawning and local dispersal follow minor
storms (Type II). After minor storms larvae are
retained in the vicinity of the natal reef, and after
typhoons they are more widely dispersed in coastal

waters. Long-distance dispersal favoring genetic
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variability and short-distance dispersal favoring local
adaptability.

The concept of refugia has an important role in
abalone conservation by maintaining egg production
and by preserving populations for scientific study. Key
factor for promoting the rehabilitation of abalone
population judging from 15 year monitoring of plankton
appearance, the best approach to management appears
to be to conserve egg production. Furthermore, man-
agement strategies of abalone fisheries were enforced
by boosting egg production within ecologically im-
portant habitats aimed at controlling the abundance of

spawning stock and maximizing recruitment.
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