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Ecological Studies on the Propagation of the Japanese Abalones (Genus Haliotis)—1.

Distribution and Movement of Haliotis sieboldii in the Natural Environment

Yutaka UNO, Yasuyuki KOIKE and Haruhiro MONMA

Abstract: The tagging experiments of abalone (Haliotis) were conducted in the preserves
of Kominato Marine Biological Laboratory, Chiba Prefecture during September 1965 to
January 1966. Three species of abalone, Haliotis discus, H. gigantea and H. sieboldii were
tagged and released in the waters of the preserves. The distribution and movement were

observed by means of SCUBA diving.

After releasing, H. sieboldii dwelt in the study site but the other species migrated out-
side of the site. H. sieboldii tended to aggregate at the microhabitat as in case of H. discus.
The individuals first newly settled in the favorable microhabitat were apt to occupy it in
succession. The index of aggregation in I. sieboldii was culculated, attaining to the high

value in the spawning season.
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Fig. 1. The experimental area at the preserves
in the Kominato Biological Laboratory, Tokyo
University of Fisheries. Oblique lines show
the study site; solid line, high water level;
dotted line, low water level.
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Fig. 2. Physical bottom conditions and vegeta-
tion in the study site. Roman numerals show
the area defined basing on the dominant algae.
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Fig. 3. Bottom profiles of the transections at the a, b and c¢ lines in Fig. 2.
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Table 1. The physical bottom conditions and flora at the study site.

™

\\\I\tem ‘ Area | 7777\ Substratum Domin.ance Undergrowth™®
Area | Total, (@) | Rock, (b) | b/ax100 species
1 237. 1 m? 50. 4 m*® 21.2% ‘ Sand and gravel | Ecklonia 7 Mel. andﬁ Car.
I ¥A346.7 100. 7 29.0 ” ” Cor., Mel,, an;1 Car.
m 142.5 33.1 23.6 Stone and gravel | Sargassum 77Cor., Mel., ;md Cla.
W 169.5 | 40.4 1 os  Stone s : <o i\ﬁil’iafyl?", )
v 226.8 59.8 26.4 Gravel 7777# Efslﬂgf;’a V o Xil'ﬁ?a"’ |

* Cor., Corallinoidea; Mel., Melobesioideae; Car., Carpopeltis; Cla., Cladophora; Plo., Plocamium;
Phy., Phyllospadix.

Table 2. Number and shell length in mm of tagged abalone.
T Ttem \ \ Shell length in mm
) - Ind. tagged on land | Ind. tagged in water | -
Species - o ‘ Max. Min. Average
. | R
Haliotis sieboldii 68 10 156 64 104.2
Haliotis gigantea ‘ 23 2 ‘ 154 59 107.4
Haliotis discus ‘ 4 0 ‘ 122 92 111.3
Total | 95 12 - - —
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Fig. 5. Variation in moving distance of abalones
released, II. sieboldii in the study site.
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Fig. 4. Released positions of tagged abalones.
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Table 3. Comparison with sessile rates (number of sessile ind./number of tagged ind.X 100)
of H. sieboldii between two tagging methods.

R — Days elapsed ! | ‘
— 2 ‘ 3 26 50 70 104 ‘ 141

Method | i J |
Tagging on land | 580 | 488 | 448 | 3L7 w7\ 9.7 | 365 | 33.3
Tagging in water ‘ 60.0 ‘ 62.5 60.0 | 70.0 40.0 | 50.0 40.0 40.0

!
Table 4. Record of tagging experiment of H. sieboldii in the study site at
Kominato, Chiba Pref. conducted Sep. 1965 to Jan. 1966.

Days elapsed after tagging ] 9 26 50 76 104 141
Number of tagged and rempturegl R Zi 20 18 15
individuals. Figures show the \ \Q\
number of shells tagged, and @ @
those in circles shells left the area. ) Q0O
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Fig. 6. Variation of the standing crop of H. b C“HICK L, BOCHEHRLIEEKTEBRARL
sieboldii in the study site conducted Sep. L E < EFBonT, (B C b JaEs MR

1965 to Jan. 1966. Triangle, black and white
circles present the total, tagged and immi-

grated individuals.
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Table 5. Seasonal variation of density (number of Ind. per 1 sq. m) of
H. sieboldii in the microhabitats defined A-G in Fig. 7.
\i\\ Date expt. | Sep. 28, 65 Oct. 23 | Nov. 17 Dec. 15 Jan. 21, 66
\\\\ — S | | — e
N —Dars % 50 76 104 141
\ _ | S ;

Micro \ Rockarea 4 nod | on o d n d n  d
A 19.3 2 0.10 2 0.10 7 0.36 7 0.36 7 0.36
B ( 4.9 6 1.22 3 0.61 4 0.82 2 0.4 6 1.22
C 3 8.8 13 1.48 17 1.93 20 2.27 14 1.59 11 1.25
D w' 10.4 2 0.19 5 0.48 6 0.58 5 0.48 8 0.77
E ! 4.8 2 0.42 2 0.42 2 0.42 2 0.42 4 0.83
F 4.1 3 0.73 | 2 0.49 2 0.49 3 0.73 3 1.73
G 12.2 1 0.08 { 2 0.16 | 6 0.49 3 0.25 5 0.41

[' T T N T T
06 .
L o/
o/
05 4
Y |
" \\\\\ |
03 b 1 1 fl I .
30 60 90 120 150
Sep.28 0Oct.22  Novi7 Decl15 Jan.21
65 56
Fig. 8. Seasonal variation in the index of aggre-

H.

Fig. 7. Typical distribution of abalones,
Sieboldii in the study site on November 17,
1965. Black circle, tag-released individuals;
Triangles, emigrated ones from outside of the

site. A-G show microhabitats where abalones
are distributed according to clumped pattern.
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deviation from the average density of the
abalones; n, number of measurement.
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Ecological Studies on the Propagation of the Japanese Abalones (Genus Haliotis) —II.

Recruitment of Abalones in the Natural Environment after Catching

Yasuyuki KOIKE, Hiroshi YAMAKAWA, Syuji ISHIDA and Yutaka UNO

Abstract:

The recruitment of abalone after catching was researched at the study site (about

1000 m?) in the preserves of Kominato Marine Biological Laboratory, Chiba Prefecture during
October 1966 to December 1967. The distribution and migration of abalones recruited from
outside of the site were observed by means of SCUBA diving.

The study site were re-populated in number within two or three months, being due to

recruitment of abalones from other site.

H. sieboldii newly dwelt in the site tended to con-
gregate on the almost same microhabitat as shown in the previous report.

The process

of recruitment of abalone in the natural environment was discussed.
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Table 1. Seasonal variation in standing crop of abalones in the study site after catching.
\\\\\ Oct. 18 Nov.29 Dec.27 Jan.21 Mar.3 May20 Jun., 18 Aug.3 Sep.30 Dec.3
AN - Date
N | 1966 1967
~ T —
.. Days after) 2 W 136 214 243 289 347 4ll
Species : \7_\(7:‘atchmg
Haliotis sieboldii 44 29 32 33 42 42 49 59 49 49
Haliotis discus | 6 6 6 14 23 7 2 5 8 11
Halijotis gigantea 1 2 0 2 1 2 0 0 1 1
Total 52 35 40 48 67 49 51 64 58 61

* 1972424 F 6 HZH
*k HTUKEE KK EEREZHE Ecological Labora-
tory, Tokyo University of Fisheries
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Fig. 1. Seasonal variation in standing crop of

abalones in the study site after catching. Solid
line, total number; circles, Haliotis sieboldii;

triangles, F. discus; dots, H. gigantea.
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Fig. 2. :Frequency distribution of shell length
of H. sieboldii (white) and H. discus (Black)
recruited in the study site.
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Fig. 3. Variation in average shell length of
abalones, recruited in the study site. Circles,
H. sieboldii; dots, H. discus.

Fig. 4. Distributions ‘of abalones in the study
site. Dots, H. sieboldii; triangles, H. discus;
squares, H. gigantea. A, Oct. 18, 1966 (before
catching); B, Mar. 3, 1967 (136 days elapsed
after catching); C, Sep. 30 (347 days).
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Tahle 2. Record of tagging experiment of Haliotis sieboldii in the study site
at Kominato, Chiba Pref. conducted Oct., 1966 to Dec., 1967.
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Table 3. Record of tagging experiment of Haliotis discus in the study site
at Kominato, Chiba Pref. conducted Oct., 1966 to Dec., 1967.
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Basic Studies on Method of Farming Oysters
(Crassostrea gigas THUNBERG)—I*

On Distribution of Larvae

Yoshimitsu OGASAWARA**

Abstract: Oyster larvae, about the time of their birth, are extremely heterogeneous in
distribution. But this distribution tends to become homogeneous because of tidal currents,
wind and waves, and also because of the ascending currents liable to occur at complicated
sea bottoms, especially in channel and rugged bottom areas.

On the other hand, the distribution of such larvae becomes heterogeneous due to current
rips, haliclines and thermoclines. In a bay in which tidal currents are not strong, the
distribution is apt to become dense because the vertical movement of water masses is not

evident.

In such places as the Seto Inland Sea, the larvae are constantly moving to and fro at the
mercy of the tidal current, and this makes prediction of spats collection very easy. In
contrast, in bays facing open sea, this prediction is difficult to perform since the larvae,

once they go out of the bays, will not always come back.

In order to conduct a survey of oyster larvae for prediction of spats collection, it is
necessary to determine the survey spots, plankton samping time and frequency. And for
this purpose, the most important thing is to grasp fully previously the conditions of the
waters concerned, that is their geographical and oceanographical characteristics.

1. Present status of oyster culture in Japan

and purpose of investigation

In Japan, the production by a shallow-sea
culture showed an yearly increase and it
culminated to 549,100 tons in 1970. Production
of oyster, shown in Fig. 1 extremely decreased
just after the World War II, but it has shown
a rapid increase year after year, and the pro-
duction in 1968 was 40,928 tons (meat weight).
However, after 1968 it continued to decrease
extremely and it showed 23,149 tons in 1970.
Fig. 1 shows a total production in Japan as
well as a production in Hiroshima Prefecture.
This variation of the production shows that the
production of Hiroshima Prefecture always
accounts 60-75% of the total production of
Japan. The main reason for the decrease of
total production in Japan for these years are
that a decrease of production in Hiroshima as
main producing center and a decrease by enemy
and competitor or damage by typhoon. The

* Received April 8, 1972
** Tokyo University of Fisheries
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Fig. 1.

Production of oytser (without shell) in
Japan (total) and Hiroshima.
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Fig. 2. Production of oyster (without shell) in
each place (1970). (Unit : ton)

maximum production of Hiroshima is 31,188
tons in 1968. In 1969 it is 22,461 tons and only
14,358 tons in 1970 which is 36 95 decrease from
1969.

Opyster culture is important fisheries next to
Pearl culture and Nori culture in Japanese
shallow-sea culture, and main producing places
in Japan and their production are shown in
Fig. 2 and it shows that oyster beds spread
widely from Hokkaido to Kyushu, and Tohoku
district (Miyagi Pref., Iwate Pref.) have big
production second to Hiroshima.

Hiroshima district where have the biggest
production in Japan, is said to be a cradle of
oyster culture and it is said that oyster culture
began 400 years ago there. The greater part
of oyster culture method in Japan are raft
culture by hanging method and long line culture
except sowing culture and stick culture that
are used on a small scale. Rack culture, a
kind of hanging method is used in very shallow-
sea on a small scale in various places. 98 %
of production is made by raft culture “in Hiro-
shima and long line culture is prevailing in

Tohoku district.

Opyster production of Japan ranks the second
in the world next to U.S.A. and species of
cultured oyster is only Crassostrea gigas
(THUNBERG), and all of the oyster seed for
culture are spat-collected in Japan and a part
of oyster seed is exported North Pacific Coast
of U.S.A., France and other countries.

When starting oyster farming, the first thing
to do is to secure a sufficient quantity of good
spats. In fact, such spats, although limited in
quantity, have recently come to be produced
artificially with the rapid progress of shell-fish
seed farming techniques. The reality is, how-
ever, that the greater part of the spats needed
is obtained from the sea at the spawning time
by the use of spat collectors.

In Japan, the oyster spawning time ranges
from June to August.
actively in Hiroshima in July, and in Miyagi
in August. In these months, related research
organizations in various parts of the country
make a study of larvae emergence conditions
and predict the opportune time for collecting
spats.

Surveys of the larvae, on which the pre-
dictions are based, thus have an extremely high
significance. However, no reliable and accurate
method of surveying the distribution of the
oyster larvae in sea water has ever been
established. This is because sea water con-
ditions constantly show dynamic changes and
oyster larvae cannot live independently of such

Spats are collected most

changes.

This report deals with the results of the
survey conducted mainly in the Hiroshima and
Tohoku district for several years on the distri-
bution of oyster larvae to obtain basic materials
for the above-mentioned predictions of higher
accuracy.

2. Method

Locations of hydrographic
sampling stations in Hiroshima district are
shown in Fig. 3, at locations 1, 2, and 5,
surveys were made for a total of 24 hours at
intervals of 3 to 6 hours to study the kaleido-
scopic changes in the vertical distribution of
the larvae. In these surveys, sampling was

and plankton

(15)
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made on the water surface and in the depths
of 0.5m, 1.0m, 1.5m, 2.0m, 3.0m and 4.0 m.

All samples were obtained by
pumping out 100 liters of water through a net
of No. N.P. 75 silk bolting cloth. The samples
were preserved in 10 percent formalin solution,
and counting of the oyster larvae was made
at a magnification of 100 diameters.

At locations 3 and 6, many sampling sub-
stations were set up as shown in Figs. 4 and 5
to examine the horizontal distribution of the
larvae, and vertical sampling was performed
by the use of a plankton net (No. N.P. 75)

plankton

HIROSHIMA

2 %ﬁﬁﬁ
Lo U
° KURE
9 % '

Q__ 5 10km

Chart of Hiroshima Bay and established
locations for observations on the oyster

Fig. 3.

larvae

Fig. 4. Established station for observation on
horizontal distribution of the oyster larvae
at Kaita Bay. (L.. 6 in Fig. 3)
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observations on horizontal distribution of

the oyster larvae in Yoshizima. (L. 3 in
Fig. 3)
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Fig. 6. Chart of west coast of Ozika Peninsula
and established stations for observations on
distribution of the oyster larvae.
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30cm in diameter. The samples thus obtained
were processed as in the case of location 1.

A few surveys were made by almost the
same method used in Hiroshima at Ozika
Peninsula (Fig. 6), Miyagi Prefecture where
conditions of the sea are very different from
ones of Hiroshima and the results of the surveys
were discussed and compared with the same
surveys in Hiroshima.

At location 4 in Hiroshima kaleidoscopic
changes in distribution of larvae were studied
at mid-tide by the following method:

Sea water was pumped out from the depth
of 1.5 m continuously for 30 minutes, and the
number of oyster larvae was counted at an
interval of 1 minute. The samples were subject
to processing and counting in the same way as
mentioned above.

In the laboratory, a few simple experiments
were made for obtaining swimming patterns of
oyster larvae in the sea water with different
quantity of salinity.

Sea water of 11 grades with different percent-
age of chlorine containing from 2.85%, to
18.33 %, was made in glass test tubes and
about 30 pieces of oyster larvae 250-300 ¢ shell
height were put in each tube and distribution
of larvae was observed. On transfer of larvae
to a test tube, larvae were first put in the sea
water with the same percentage of chlorine as
water in the test tube, then larvae sank after
current was made, and larvae were transferred
to test tube by sucking up by micro-pipet.
Artificial halicline was made by putting sea
water with high salinity into lower part of the
test tube, sea water with low salinity on it
carefully and slowly, larvae were put in the
sea water with the same percentage of salinity
as sea water on upper layer of the test tube,
and larvae distribution was observed by using
the above-mentioned method of transfer of
larvae. Since artificial halicline vanishes slowly,
the observation was made within one hour and
the existance and duration of halicline was
confirmed beforehand by using sea water with
solution of carmin.

3. Results and discussion

On the horizontal distribution

175

Table 1. Occurrence of the oyster larvae
(number/100 /. sea water) in each station of
four times observations at Kaita Bay. (L.

6 in Fig. 3)
S\ Observed |-y ond  3rd Ath
N 11:20~ 16:40~ 23:20~ 5:45~
s No\ 13:20  18:40  1:45  7:00
1 34 4 94 21
2 27 17 159 135
3 30 12 116 76
4 20 26 83 90
5 18 48 235 143
6 29 90 148 256
7 40 36 245 1824
8 51 28 119 767
9 49 29 307 868
10 30 44 392 3176
11 2 16 266 4764
12 27 23 275 4170
Flood tide 12:00, 0:40
Ebb tide 18:05, 6:35

Horizontal distribution of oyster larvae were
surveyed in Kaita Bay (L. 6 in Fig. 3), south-
east of Hiroshima city, late in July when the
Table 1
shows the results of the four consecutive surveys
conducted at an interval of 6 hours at a total
of 12 survey points set up as shown in Fig. 4.

The 1st and 3rd samplings were made around
the time of flood tide, while the 2nd and 4th
samplings were conducted centering on the
time of ebb tide.

As clearly shown in Table 1, the number of
the larvae was relatively small at each station
so far as the lst and 2nd samplings were con-
cerned, with their condition of distribution
remaining seemingly almost unchanged. In the
3rd and 4th samplings, on the other hand, the
number of the larvae was generally larger.
Although no noticeable change was observed
in the number of larvae each time at Stations
1 and 4, the numbers were vastly different
among Stations 10, 11 and 12. The distance
between the two neighboring stations was only
300 meter, but nevertheless the number of
larvae differed largely, for instance, between
Stations 1 and 8, Stations 5 and 2, and Stations
6 and 11. This shows that the number of
larvae was great in some portions of the sea

number of the larvae become largest.
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Fig. 7. Horizontal distribution of the larvae at
Yoshizima. (L. 3 in Fig. 3).
Numerator: Number of the oyster larvae at
flood tide (/100! sea water)
Denominator: Number of the oyster larvae
at ebb tide (/100/ sea water)

and was extremely small in other portions.
Despite the tidal current running in the bay,
no correlation was observed, as in Table 1,
between the tidal rhythm and the rhythm of
changes in the number of larvae.

It has already been known that the number
of the larvae changed drastically with the
passage of time and thus the distribution of
the larvae was extremely heterogeneous. Fig. 7
shows the results of the survey conducted over
a wide area centering on the estuary largely
influenced by fresh water. (L. 3 in Fig. 3)
The black circles show the larvae sampling
spots. Of the fractional numbers shown here,
the numerator indicates the number of the
larvae sampled about the time of flood tide,
while the denominator indicates the number at
the time of ebb tide.

As these figures show, the number of larvae
was greater in water off the coast than in the
estuary area. In fact, in the estuary area where
the influence of fresh water was large the
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Fig. 8. Occurrence of the oyster larvae (number
/1001 sea water) in every minute at Kanawa.
(L. a in Fig. 1)

number of the larvae was extremely small at
the time of ebb tide. In contrast, the larvae
were very large in number at Station 7 through
12 where the coastal water encounters water
off the coast.

Stations 19, 20, 21 and 25 are seed beds for
the spats collection, but the number of these
spots are not so many as compared with off-
shore localities. Generally the seed beds require
dense distribution of larvae, but if the method
of spats collection has to be improved in the
future, it is possible to collect many spats easily
off-shore.

Fig. 8 shows the kaleidoscopic change of the
number of the larvae in sea water when it is
pumped up from a depth of 1.5 meter.

As clearly shown in these figures, the large
changes occurred in the number of the larvae
at the timelag of 1 to 2 minutes. From these
phenomena, it is considered that the larval
distribution pattern was very heterogeneous.
In this investigation, it is not easy to under-
stand the shape of water masses where the
larvae were distributed densely. However, it
is apparent that there are some dense masses

(18)
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of larvae in sea water and they are moved with
the current.

Collection of oyster seed in Miyagi Prefecture
is prevailing in the west coast of Ozika Penin-
sula (A sketch map of the west coast of the
Ozika Peninsula is shown in Fig. 6) rather than
in Matsushima Bay in recent years.

The condition of sea of this area is very
different from that of Hiroshima.
faces the almost closed Inland Sea with current
by tidal rhythm and sea water is exchanged
with sea water of the open sea repeating
reciprocal motion. On the contrary, the west

Hiroshima

coast of the Ozika Peninsula directly faces the
Pacific Ocean, and there is no land preventing
the flow, so that sea water of the open sea is
always flow in the coast. Therefore, salinity
of the sea water of the Ozika Peninsula is
generally higher than that of Hiroshima district
and besides a big difference of salinity between
upper layer and lower layer in the sea cannot
be observed. Since swell from the open sea is
always advancing towards the coast, directions
and scales of wind and current (Kuroshio,
Opyashio) strength of the open sea always
greatly influence temperature and salinity of

Table 2. Larval appearance at St. 1—St. 12 in west coast of Ozika Peninsula.

(Number: Opyster larvae/100/. sea water)
st | st St. St. St. St. St. St. St. St. St. St. St.
Date \\\“ 1 2 3 4 5 6 7 8 9 10 11 12
7/13 6 5 0 2 0 3 0 1
14 1 4 1 9 11 4 2 4 4 1
15 0 3 4 5 4 0 10
16 0 1 0 4 1 0 0 1 0 16
17
18 10 165 77 7 9 8 10 8 9 7 10 32
19 11 79 5 4 7 11 8 27 12 7 3
20 2 87 51 223 86 32 38 43 64 12 20
21
22 79 101 83 151 156 296 139 98 140 105 6
23 3 2 138 193 84 49 81 82 233
24 9 88 93 325 84 84 21 41 13 31
25 73 96 28 48 11 13 69 44 123
26 58 279 78 222 305 85 395 483 165 68 7
27 129 79 102 291 330 1060 310 745 108 83 322
28 76 45 9 169 568 568 422 945 536 962
29 191 318 373 708 307 364 410 233
30 542 275
31 540
8/1 177 27 143 283 664 2074 184
2 102 1136 864
3 399 609
4 339 835 279 303
5 201
6
7 172 213 19 29
8 67 78
9 49 10 2 2 2
10
11 16 9 9 3 2 8
12 76 60 62 29 15 15
13 455 12 434 228 102 102
14 117
15 152
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the coastal waters.

Contrary to that the sea water of the Inland
Sea is exchanged with that of the open sea
repeating reciprocating motion, a whole stretch
of the sea water of the Ozika Peninsula is
exchanged by one-way trafic method. Distri-
bution of oyster larvae is greatly influenced by
this phenomenon. Particularly, at the time of
oyster seed collection in July and August, it
is difficult to predict seed collection by survey-
ing the condition of oyster larva appearance
on seed bed because of this phenomenon. The

La mer, Tome 10, N° 2 (1972)

reason for the difficulty is that the results of
the survey lose the confidence due to change
of the sea without reappearance.

The results of the survey of larval appearance
made at the Stations numbering from Station
1 to Station 12 on the Fig. 6 at the west coast
of the Ozika Peninsula from July 13 till August
15 are shown on Table 2. Table 3 shows the
results of the same survey made at the same
stations as Table 2 from July 2 till August 5
next year. The number in the table means
the number of oyster larvae collected after

Table 3. Larval appearance at St. 1—St. 12 in west coast of Ozika Peninsula.

(Number: Oyster larvae/100/. sea water)
o St.| st St. St. St. St. St. St. St. St. St. St. St.
DEN‘ 1 2 3 4 5 6 7 8 9 10 11 12

7/2 4 0 0 0

3

4 2

5 0

6 2 0 1

7 2

8 0 5 0 0 1 0 0 0 0

9 0 0 0
10 0 0 0 3 0 0 0 0

11 0 0 1 4 0

12 0 0
13 0 0 1
14 1 0 0 0 0 0 0 0 0
15 0 0 0 0 0 1 0 0 1

16 0 0 4 0 3 1 0 0 0 0
7 1 0 0 0 0 0 0 0 0 0
18 4 19 1 2 1 0 0

19 105 18 18 0 14 1 36 25 1 3 9
20 23 97 4 22 83 19 27 52

21 3 45 29 0 33 30 1 7 1 3 0
22 2 2 3 3 6 9 7 0 0 4 8
23 12 21 4 31 26 40 21 3 11 7
24 6 9 9 1 0 0 0 0 1 4 2
25 26 16 21 6 0 4 8
26 20 186 30 26 24 3 5 4 4 7
27 57 84 25 14 2 3 1 8 0 9 3
28 45

29 33 68 30 0 5 14 0 5

30 16 5 101 3 33 26 46 2 4 8 2
31 7 22 18 12 3 10 23 10 7 3 13
8/1 1889 1444 141 302 112 349 131 100 69 155

2 1281 432 386 222 89

3 110 173 324

4 242 748 244 1033 517 448 328 1539

5 185 609 146 286 877 227 1246 774 286 28 48

(20)
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plankton net was drawn up vertically from 1.5m
water depth to water surface and it is changed
into the number of larvae per 100/ sea water.

It is observed from Tables 2 and 3 that
numbers of collected larvae show considerable
difference at each station. Table 3 indicates
that it takes a long term for appearance of a
number of larvae after appearance of very few
larvae. These results are influenced by unstable
meteorological conditions, and stations with
early larvae appearance and with slow appear-
ance are clearly indicated. However, a number
of larvae appear somewhat simultaneously at
each station in the beginning of August. Table
2 indicates that larvae seldom appeared in the
beginning of July, but a few of them appeared
in the middle of July and a number of them
appeared at the end of July. These slow or
rapid larval appearance in a short period is
greatly influenced by yearly meteorological
conditions. However, it is observed the same
in the both years that the time for appearance of
a number of larvae at all stations is almost the
same.

The results of observation of larval appearance
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Fig. 9. Pattern of larval appearance observed

every one hour for 12 consecutive hours at

St. 5 in west coast of Ozika Peninsula.

made every one hour for 12 consecutive hours
at Stations 5, 10, and 12 are shown in Figs. 9,
10 and 11. Larvae were collected by drawing
up a plankton net vertically from 1.5m water
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Fig. 10. Pattern of larval appearance observed
every one hour for 12 consecutive hours at St.
10 in west coast of Ozika Peninsula.
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Fig. 11. Pattern of larval appearance observed
every one hour for 12 consecutive hours at St.
12 in west coast of Ozika Peninsula.
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depth to water surface and the numbers are
changed into the number of larvae per 100/
sea water, and 3 types of shell height, i.e.,
under 150 g, 150-250 g, and over 250 4 are
observed. The conditions of larval appearance
at all these three stations indicate that number
of larvae changes very much as time goes by.
It is observed from Fig. 9 that number of larvae
changes keeping a certain percentage among
larvae of each size. This results indicates that
larvae of each size are mixed up very well in
a homogeneous condition and there are water
masses with or without dense distribution of
larvae. However, Fig. 10 indicates that number
of larvae between under 150 gz shell height and
150-250 ¢ shell height does not indicate any
mutual quantitative connection and they are
mixed up. It may be laid down as a general
rule that such an area has poor dispersion of
sea water and maintains permanently a hetero-
geneous distribution at the time of larval birth.

La mer, Tome 10, N° 2 (1972)

Condition of larval appearance shown on Fig.
11 is similar to one of Fig. 9. There is a
slight time difference of tidal rhythm among
these three stations but not big. However,
similaritly in time of larval appearance cannot
be observed and each three station show a
completely independent pattern.

The results of observation of larvae appear-
ance made every one hour for 24 consecutive
hours at Stations 2 and 5 are shown in Tables
4 and 5. (The observation of Table 4 was
made by Miyagi High school of Fisheries.) It
is not laid down from these results that con-
dition of larval appearance has big mutual
quantitative connections with night and day,
tidal rhythms, water temperature or specific
gravity of the sea water, but these two stations
are rather independent. Since larval appearance
is always changing and shows very complicated
pattern in the both stations the same as afore-
mentioned three stations, it is very difficult

Table 4. Pattern of larval appearance observed every one hour for 24 consecutive
hours at St. 2 in west coast of Ozika Peninsula.

Number of larvae/1001

Time  Wind YRR CET Tde Tigp g0~ 10~ 200~ B0 gy P
° > 150/,5 200‘“ 777&579/{ < Total
9:00 SE 1 25.8 23.3 30 50 17 1 0 98 0
10:00 ” 25.9 23.5 0 20 14 6 2 42 0
11:00 ” 26.8 23.1 0 10 6 15 1 32 0
12:00 ” 27.5 20.3 0 11 8 1 0 20 0
13:00 ” 28.6 23.3 Ebb 0 4 2 8 0 14 0
14:00 S1 27.6 23.3 6 26 6 0 0 38 2
15:00 ” 26.3 23.3 0 9 27 19 7 62 12
16:00 SE 1 26.2 22.9 5 109 71 38 0 223 0
17:00 ” 26.5 23.1 6 62 54 35 1 158 0
18:00 ” 26.3 23.3 2 27 16 7 16 68 0
19:00 ” 26.0 23.4 Flood 6 4 38 8 3 59 0
20:00 ” 26.5 23.3 0 16 22 18 4 60 0
21:00 S1 26.2 23.5 1 36 53 10 1 101 0
22:00 ” 26.1 23.3 3 146 134 17 7 307 0
23:00 SE 1 26.8 23.5 2 70 59 9 6 146 0
24:00 ” 26.8 23.5 1 36 22 5 1 65 0
1:00 ” 26.9 23.2 Ebb 0 0 7 5 2 14 0
2:00 0 26.5 23.3 0 8 6 5 1 20 0
3:00 0 26.0 23.3 0 11 14 2 6 33 0
4:00 0 25.9 23.2 14 39 20 8 1 82 10
5:00 0 26.0 23.2 81 7 24 17 1 130 8
6:00 SE 1 25.8 23.2 ] 33 48 106 65 32 284 13
7:00 ” 25.9 23.7 Flood 6 95 55 8 0 164 1
8:00 S 1 25.9 23.5 ‘ 4 55 26 7 2 94 5

(22)
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to find a rule of larval appearance from the
results of these surveys.

Some reports were made in the past con-
cerning larval distribution. Following opinions
are different from my report: HORI (1926)
reports that C. gigas larvae in Kanazawa,
Kanagawa Prefecture, can be observed much
in the flood tide, decreasing in falling, increasing
in rising, and few in the ebb tide, and few in
a place with rapid current. PRYTHERCH (1929)
reports that C. virginica larvae in Milford
Harbor can be observed much in the ebb tide
and sink on the sea bottom with current. On
PERKINS (1931) reports that
larvae can be observed much on the lower
layer without current and halicline, and the
most in the place with the strongest current
when current velocity is big. Contrary to these
above-mentioned reports, CARRIKER (1951)
reports that larvae are not controlled by
halicline, or they gather in a current pocket

the contrary,

Table 5. Pattern of larval appearance
hours at St. 5 in west coast

without regular distribution, and AMEMIYA
(1931) reports that C. gigas larvae swim in
slack water at the ebb and flood tide, gather
most densely at the ebb tide and horizontal
migration is not performed.

On the vertical distribution

In order to study the vertical distribution
pattern of the larvae, a survey was conducted
at Spot L. 5 in Fig. 3 for a total of 24 hours
at an interval of 3 hours. The results are
shown in Figs. 12 and 13. ,

As is clearly shown in this figure, the vertical
distribution of the larvae changed with the
passage of time, and the change was closely
related with the quantity of chlorine contained
in water.

Similar survey was conducted also at L. 1
(shown in Fig. 1.). The results are shown in
Figs. 14,15, 16, and 17. As a rule, the water
temperature distribution is correlated with the

observed every one hour for 24 consecutive
of Ozika Peninsula.

Number of larvae/1001.

Time  Wind  Aones Yaer WA Tide 506 150~ 250k .
¢ eC , > 250u < Total

20:00 W 26.3 30.2 24,3 1630 850 72 2562
21:00 ” 26.1 30.0 ” 420 760 75 1255
22:00 ” 25.7 29.5 24,1 1780 780 20 2580
23:00 ” 25.5 ” 24,2 Ebb 380 1870 350 2600
24:00 ” ” 29.4 24.1 2030 530 57 2617
1:00 WNW ” ” 23.6 450 2370 560 3380
2:00 ” ” ” ” 660 3050 350 4060
3:00 E ” 4 ” 1560 910 61 2531
4:00 " 25.1 ” v 5110 1426 57 6593
5:00 ” 24.9 ” ” Flood 7900 1060 86 9046
6:00 S ” 29.2 23.5 2240 2050 136 4426
7:00 SSE ” 29.5 23.9 15200 780 139 16119
8:00 SSW 26.2 ” 23.1 22800 650 345 23795
9:00 S 26.4 30.0 23.5 18300 3040 79 21419
10:00 SW 27,8 30.2 22.8 13900 1440 38 15378
11:00 ” 30.6 30.3 ” Ebb 4700 1340 52 6092
12:00 ” ” 30.6 22.9 5800 1450 68 7318
13:00 ” 31.2 30.5 ” 700 430 60 1190
14:00 S 31.7 30.1 22.7 2800 450 17 3267
15:00 S 29.9 ” - 7 3900 990 55 4945
16:00 SW 29.6 30.6 22.9 2700 610 20 3330
17:00 ” 29.3 30.7 23.5 Flood 11300 3240 216 14756
18:00 ” 28.7 ” 23.8 3700 758 59 4517
19:00 S 27.4 30.2 ” 2700 270 32 3002
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chlorinity distribution to some extent. This
was the case also with this survey spot. It
may be said, therefore, that the larvae distri-
bution is correlated with both the quantity of
chlorine and the temperature of water.

As already mentioned, the condition of sea-
shore of Hiroshima is different from seashore

Depth
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Fig. 12. Vertical distribution of oyster larvae
and chlorinity in each depth. (L. 5 in Fig. 2)
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Fig. 13. Vertical distribution of oyster larvae
and chlorinity in each depth. (L. 5 in Fig. 3)
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Fig. 14. Vertical distribution of oyster larvae
and chlorinity in each depth. (St. 1, L. 1 in
Fig. 3)
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of the west coast of the Ozika Peninsula in
various points. In inner part of the bay in the
Inland Sea, since the difference of salinity and
temperature between upper layer water and
lower layer water is remarkable and halicline
or thermocline is easily formed, many cases are

Depth
%m 2nd  3rd  4th  5th  6th 7th  8th  9th
05 \ [
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40 \"‘“zz_o'\c / Z,IQ N\

Fig. 15. Vertical distribution of oyster larvae
and water temperature in each depth (St. 1,

L. 1 in Fig. 3)
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Fig. 16. Vertical distribution of oyster larvae
and chlorinity in each depth. (St. 2, L. 1 in
Fig. 3)
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Fig. 17. Vertical distribution of oyster larvae
and water temperature in each depth. (St. 2,
L. 1 in Fig. 3)



Basic Studies on Method of Farming Oysters—I 67

observed that much of oyster larvae gather
near halicline or thermocline. The reasons for
this phenomenon are presumed that larvae
gather by themselves because of its own select
ability but it is preferably presumed that larvae
with little swimming ability cooping in a water
mass at birth place are always transferred with
sea flow and besides, water mass is not easily
mixed up with other water mass and remain
for some period keeping the difference of salinity
or water temperature.

Of course, since water masses are mixed up
each other due to violent ascending current or
descending current particularly at places with
rapid current, complicated coast, or places with
rugged sea bottom because of geophysical and
chemical action, larval distribution cannot retain
the regular form and it gradually get homo-
geneous. However, on the other hand, halicline
or thermocline are formed and such an unusual
phenomenon is occurred because water mass
where a number of larvae are swimming is
pushed up to near the surface of the sea or
pushed down by offshore sea water with high
salinity, or inflow of river water, low temper-
ature of layer or slow moving of sea water
with high salinity due to tidal rhythm.

with different salinity is put in each glass test
tube and the larval distribution in the tube is
in Fig. 18
indicates the larval distribution in a test tube
with two different salinity of sea water.

It is indicated from Table 6 that most of
larvae gather on upper layer with over 15 %,
of chlorinity, and larvae gather only near the
surface particularly with 18.33 %, of chlorine
and no larvae sink in middle or lower layer.
On the contrary, it is presumed that most of
the larva sink in the bottom with low salinity
as under 4.92 %, of chlorine and larva die within
one hour with under 3.419%; of chlorine. A

observed. A type-graph shown

Cl%e0

1401 1207 on 821 g g
1833 1833 1833 1833 1833 1833 1833
Cl%o

1207 1011 821 1011 821 616
1665 1665 16.65 1401 1401 1401

Cl%o

Fig. 18. Distribution of oyster larvae in sea
water with halicline. (water temperature:

Table 6 shows the results that sea water 25.3+0.1°C)
Table 6. Distribution of oyster larvae in each sea water with different
chlorinity. (water temperature: 23.5-25.1°C)
\51\?\—1111}3 After 5 minutes ‘ After 15 minutes After 30 minutes ’ After 60 minutes
] l [
2.8 f All larvae died
—— ‘ Same Same
341 All larvae go down to Do not move
) bottom, do not swim i
: i
4.92 Egzzokrvae swim. at Same | Same
>>>>> Majority of larvae swim } i [
6.76 at bottom | Same
—_—— | Same Same | —
8. 43 Majority of larvae swim Majority of larvae
: in lower layer | | swim in lower layer
[
10. 80 ‘,
11.80 @}hella;vae distribute Same Same Same
13.32 i
_ 15.01 | Majority of larvae swim S Same
16. 65 in upper layer ame T S
) | All larvae swim at ‘ ame
i All larvae swim at near surface
18.33 | near surface Same ‘\ |
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few larvae are swimming in the bottom but
they will weaken and die at last after a long
time in the sea water with 4.92 %, of chlorine.
Many larvae are swimming from the middle
layer to the bottom in the sea water with
6.76 %,-8.48 %, of chlorine but they are alive
for a long time and will not die because of low
salinity.

Larvae are widely distributed and swimming
actively from the upper layer to the bottom in
the test tube with 10.80 %-13.32 % of chlorine.
It is difficult to decide optimum range of chlo-
rine directly from these results but it can be
understood that chlorine with under 7.00 %, is
not suitable by this experiment.

Larvae seldom gather densely in artificial
halicline with under 14.01 %; of chlorine of high
salinity in under layer of a test tube. Fig. 18
shows 7 types of experiment that high salinity
is 18.339%, of Cl and low salinity in upper
layer is from 14.01 %; to 2.03 % of Cl.- In this
experiment, high percentage of larval gathering
can be clearly seen near halicline as decreasing
This type-graph
indicates that larval distribution has strong
relation with specific gravity of the sea water
but it cannot be explained simply only by geo-
physical specific gravity because dead larvae
sink in the bottom of the sea with 18.33 %; of
chlorine. This experiment will be made many
times in the future in order to certainly com-
prehend the pattern of distribution and to prove
a reason for such a distribution.

of chlorinity in upper layer.

Some investigators have an opinion that larval
growth is strongly influenced by salinity, and
other investigators have an opposite opinion
that larvae have very wide ecological range.
AMEMIYA (1926), CLARK (1935), LUCKE and
Ricca (1941), CLELAND (1947) belong to the
latter, and CLARK reports that salinity range of
C. virginica is 14.5 %;-39 %;, AMEMIYA reports
salinity range of C. angulata is 21 %-43 %,
optimal range is 28 %,-35 %, salinity range of
C. virginica is 15 %;-35 %;, optimum range is
25 %29 %. RANSON (1948) reports that larvae
of Gryphaea (Crassostrea) type cannot grow by
salinity of open sea and equable salinity under
23 %, is required. He reports the following:

Ostrea edulis 25 %:~28 %,

(26 )

N°® 2 (1972

0. lurida
Grypi aea angulata

18 %23 %
18 %-23 %s

G. gigas 18 %:-33 %
G. virginica 12 %-19 %

It is understood that salinity range extends
widely from the results of our several experi-
ments.

On the other hand, SATO (1948) reports that
larvae of C. gigas swim in shallower water
than 2m in Matoya Bay, larvae gather in
crowds at the edge of current flowing out, and
they are floated at the surface by current.
And a lot of larvae can be seen in upper layer
in daytime and in lower layer in the night.
On the contrary, COLE and KNIGHT JONES
(1949) reports that larvae of O. edulis perform
a vertical migration in day and night and a
lot of larvae can be seen in lower layer in the
daytime in Conway, Millford River. KORRINGA
(1941) at Oosterschelde, and CoOLE (1939) at
Helford River report that number of larvae is
almost equable without diffcrence between sur-
face and bottom. LAMBERT (1946) reports that
almost equable distribution of natural larvae
can be seen at Oosterschelde.

The above-mentioned investigator’s reports
are mutually different and do not agree to my
report but the main reason for the difference
are considered that oyster species as the object
of survey are different and the conditions of
each place and surroundings are different.
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