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Behavior of Long Period Waves on the Centinental Shelf (I)

——Measurements off Onagawa Bay——

Noriaki MASUNAGA, Toshihiko TERAMOTO and Akic MAEDA

Abstract: Measurements of water temperatures at the surface, 10 m depth and 20 m depth
together with velocity measurement at 20 m depth were carried out from R/V Tansei-maru
anchored 0.9 km north to Miyagi-Enoshima on the continental shelf off Onagawa Bay. Cross-
spectral analyses of these measurements and sea-level measurement at Miyagi-Enoshima in
addition reveal existence of barotropic long waves with periods of 12 min, 5.5 min and 3 min
and baroclinic long waves with periods of 10 to 7 min. Barotropic waves of period of 12 min
are the edge waves of leaky mode and Barotropic waves of periods of 5.5 min and 3 min are
both seiches produced in association with local geographical configuration of the region under

consideration.
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Fig. 5. Records used (2). From the top, water temperatures at the surface, 10 m
depth, 20 m depth, velocity components in the east-west and north-south
directions and sea level, respectively.
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Fig. 6. Results of spectral analysis of velocity
components in Records 1. Lower panel;
spectral densities of east-west component
(illustrated with black circles) and north-south
one (illustrated with open circles). Upper
panel; long-crestedness (illustrated with black
circles) and phase shift (illustrated with open
circles) between the two components. A positive
phase shift means a lead of east-west compo-
nent to north-south one.
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Fig. 7. Results of spectral analysis of velocity
components in Reccords 2. Lower panel;
spectral densities of east-west component
(illustrated with black circles) and north-south
one (illustrated with open circles). Upper
panel; long-crestedness (illustrated with black
circles) and phase shift (illustrated with open
circles) between the two components. A
positive phase shift means a lead of east-west
component to north-south one.
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Fig. 9. Spectral density of sea level
in Records 2.
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Fig. 10. Comparison-by-eye of velocity records
to temperature records (Records 1.). Records
were divided into three parts (1, 2 and 3 as
illustrated) by considering characteristics of
variation of records. Coherent wave peaks of
those records are counted and the numbers
are illustrated by open circles (temperature)
and black circles (velocity). On taking into
consideration the corresponding length of
records, periods of variations are roughly
estimated as indicated in the figure.
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Fig. 12. Frequency distribution of wave direction
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velocity (open circles) estimated from instan-
taneous records of east-west and north-south
components.
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are illustrated by open circles (temperature)
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Decomposition of Particulate Organic Materials in

Tokyo Bay at Summer Stagnation Period in 1972°

Humitake SEXIL** Hidec SHINOYAMA,*** Makoto MUTO***

and Haruo NUMANOI***

Abstract: Studies on some organic composition of particles with microorganisms in the
water column of Tokyo Bay show that sedimentation of the particles is much faster than
complete decomposition of easily decomposable organic particles before their arrival at the

bottom of the sea during summer stagnation period.

1. Introduction

The natural environment of Tokyo Bay is
now seriously destroyed partly due to the eutro-
phication as to form microaerobic zone in the
region of the coastal water in the inner part
of the bay during summer (TSUJI et al., 1974).
Contribution of herbivorous zooplankton to the
formation of the microaerobic zone in the bottom
layer was shown to be very important through
the process of their production of phytodetritus
and fecal pellets by repeated production, or
multiple crops, of phytoplankton in a red tide
at the summer stagnation peried in the surface
layer of the sea (SEKI et al., 1974).

The present work forms a part of this series
of investigations on the mechanism of forma-
tion and destruction of microaerchic watermass
at the bottom layer of Tokyo Bay, with special
reference to the dynamics of some particulate
organic materials and the distribution of micro-
organisms utilizing these substrates.

2. Materials and methods

Hydrographic observations and water sam-
pling were made from August 9 to October 17
in 1972 at Station 1 (Fig. 1). Seawater sam-
ples were collected with Van Dorn samplers
which had been washed carefully with hydro-

* Received December 15, 1973
** Ocean Research Institute, University of Tokyo,
Minami-dai, Nakano-ku, Tokyo, 164 Japan
*#* School of Education, Waseda University,
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Fig. 1. Station location and general hydrography
in Tokyo Bay. Station1(35°31.6’N, 139°53.9'F),
depth; approximately 20 m.

chloric acid.

Water temperature was determined with a
Toho Dentan ET-5 thermometer, salinity by
an Auto Lab 601 MK III salinometer, dissolved
oxygen by Winkler method, pH by a Toa pH
meter DM-1A, redox potential by a Toa redox
meter RM-1, light intensity by a Toshiba No.
9 submarine photometer, and microbial respi-
ration in seawater by the method described in
TSUJIL et al. (1974).
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Particulate matter was collected onto What-
man type C glass fiber filter. The organic
carbon and nitrogen were determined by a
Yanagimoto CHN analyzer. Carbohydrates,
crude fiber (analyzed chiefly as cellulose by the
method employed here) and chitin were meas-
ured by the methods of STRICKLAND and PAR-
SONS (1968).

Total number of bacteria was directly counted
in a bacterial counting chamber (Erma, Japan)
under a phase contrast microscope. The num-
ber of aerobic heterotrophic bacteria, anaerobic
heterotrophic bacteria, cellulose decomposing
bacteria and chitin decomposing bacteria were
estimated by the plate count method with the
following media:

Medium 2216 (ZOBELL, 1941) for aerobic hetero-

trophic bacteria

Peptone: 5g
Agar: 15¢g
Aged seawater: 1,000 mZ

pH adjusted to 7.8.

La mer, Tome 12, N° 1 (1974)

Medium for anaerobic heterotrophic bacteria

Peptone: 5g
Sodium thioglycolate: 2g
Agar: 15¢g
Aged seawater: 1,000 m/

pH adjusted to 7.8.
Medium for cellulose decomposing bacteria

Cellulose powder (Wako): 10g
Peptone: 0.1g
Agar: 15¢g
Aged seawater: 1,000 m/

pH adjusted to 7.8.
Medium for chitinoclastic bacteria (SEKI, 1965)

Chitin particles: 60 m/ (wet)
Peptone: 01lg
Agar: 15¢g

Aged seawater: 1,000 m/

pH adjusted to 7.8.

3. Results
1. Stratification of watermasses
Watermasses were completely stratified during

Table 1. Distribution of dissolved oxygen in the sea of Tokyo Bay (Station 1). g/m?® (%)
Sampling depth (m) August 9 August 31 September 13 September 25 October 17
0 10.7356(154) 12.4489(182) 11.4539(165) 6.7976(92) 7.3562(98)
2 10.5287(148) 12.0300(176) 11.5920(166) 6.7548(91) 7.3358(98)
4 5.1157( 73) 9.5899(140) 8.3666(120) 6.3106(85) 6.7212(89)
6 4.4512( 64) 7.7008(111) 6.5891( 94) 5.3200(72) 6.2698(84)
8 4.1936( 59) 6.1932( 89) 3.8850( 55) 4.2127(58) 6.2569(84)
10 4.2764( 61) 3.1752( 45) 4.7201( 66) 2.6438(36) 5.8535(78)
12 4.0210( 57) 3.3021( 46) 3.2442( 45) 2.4547(34) 5.6269(75)
14 3.8069( 54) 2.7291( 37) 3.6165( 50) 2.5157(34) 5.5040(73)
16 3.3277( 47) 1.3716( 19) 3.15657( 43) 2.0868(29) 5.1736(69)
18 2.3877( 33) 2.3860( 32)
20 1.9668( 27)
Table 2. Distribution of pH in the sea of Tokyo Bay (Station 1).
Sampling depth (m) August 9 August 31 September 13 September 25 October 17
0 8.2 8.4 8.75 8.2 8.2
2 8.3 8.5 8.6 8.25 8.2
4 8.2 8.4 8.4 8.2 8.1
6 8.05 8.4 8.4 8.1 8.1
8 8.0 8.2 8.25 7.85 8.1
10 7.8 7.95 8.05 7.9 8.05
12 7.8 7.8 8.05 7.85 8.06
14 7.8 7.65 7.9 7.8 8.05
16 7.8 7.6 7.55 7.8 8.0
18 7.8 7.8 — — —
20 7.8 — — — —

(10
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Table 3. Distribution of Eh (mV) in the sea of Tokyo Bay (Station 1).
Sampling depth (m) August 9 August 31 September 13 September 25 October 17
0 380 350 360 365 418
2 390 353 360 365 423
4 380 338 340 365 418
6 385 343 336 388 413
8 380 328 328 375 413
10 360 350 328 365 413
12 360 352 328 375 408
14 360 333 348 368 408
16 360 343 348 368 388
18 360 372 — — —
20 360 — — — —
Salinity (%) concentration of dissolved oxygen in the water-
mass was oversaturated (Table 1) because of
026 28 3]O o 312 : 3‘4 active photosynthesis of phytoplankton in the
Le oo ® A red tide as observed simultaneously by SEKI et
P i liz o al. (1974).
< B C o The compensation depth of photosynthesis
B 10 08 measured was approximately 4 m depth. As its
o - N o u] depth corresponded to the boundary of the
i AA ?;D@D surface and intermediate watermasses, the
L o e compensation depth was exactly coincided with
20 — o the critical depth for photosynthesis. As the
Fig. 2. Salinity of seawater column. photosynthesis of phytoplankton could be carried
O: August 9, ©@: August 31, out only within the surface layer, considerable
L_: September 13, [i: September 25, concentration of chlorophyll detected in the
A: October 17. intermediate or bottom layer must have been
belonging to phytoplankton in death phase of
2 Temperature (;:) o their growth or dead, because primary pro-
0 B OO duction cannot be expected there.
. t & : ate 2. Microbial biomass
= C S w0 Distributions of total bacteria, aerobic hetero-
g0 som Jioe trophic bacteria, anaerobic heterotrophic bac-
somn o teria, cellulose decomposing bacteria and chitino-
2 o o° clastic bacteria at the summer stagnation are
Fig. 3. Distribution of seawater temperature. Total Bacteria ( /ml)
Symbols are as in Fig. 2. 0105 | o7 108
T T et O T
summer at Station 1 in a gyre of the coastal F o e @ & °
water in the inner part of the bay (Tables 1, I B @gm ™ oo
2 and 3) (Figs. 2 and 3), whereas transition - - B 02 eu° g
from summer stagnation to fall overturn was g& 10 N $ a o
observed from August 31 to October 17. -8 4 °
The surface watermass was strongly influenced E 5 e 4 ° o
20 )

by freshwater inflow from rivers into the bay
during summer stagnation, which was shown
by low salinity of the watermass (Fig. 2). The

Fig. 4. Total bacteria in seawater.
are as in Fig. 2.

Symbols
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Fig. 5. Aerobic heterotrophic bacteria in sea-
water. Symbols are as in Fig. 2.
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Fig. 6. Anaerobic heterotrophic bacteria in sea-
water. Symbols are as in Fig. 2.
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Fig. 7. Cellulose decomposing bacteria in sea-
water. Symbols are as in Fig. 2.
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Fig. 8. Chitinoclastic bacteria in seawater.

Symbols are as in Fig. 2.

shown in Figs. 4, 5, 6, 7 and 8. Population
densities of these microbial groups were from
10 to 100 times higher than those at the pelagic
region of oceans (e.g., KRrIss, 1963), which are
good indications of the progress of cutrophication
of Tokyo Bay.

The distribution of total bacteria showed the
maxima densities at the surface and the bottom
layers and the minimum density at the inter-
mediate layer. Aerobic heterotrophs had the
maximum density at the surface, whereas an-
aerobic heterotrophs distributed without having
any particular maximum zone of their densities.
Cellulose or chitin showed concentration in the
water column without any specific relationship
with the vertical distribution of a group of
bacteria decomposing each substrate (Figs. 9
and 10).

Crude Fiber ( mg/m3)

! iC 1C0 1,000
0 T R e ]
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Fig. 9.

T YT T

Depth {m)

Concentration of crude fiber in seawater
Symbols are as in Fig. 2.

Chitin

(mg/m3)

1o 10,000

T

o]

T T

‘E .

Depth (m)

20

Fig. 10. Concentration of chitin in seawater.
Symbols are as in Fig. 2.

3. Dynamics of carbo-
hydrates

Vertical distributions of crude fiber, chitin,
particulate carbohydrates and particulate organic
carbon in the sea are shown in Figs. 9, 10, 11
and 12. At the stagnation period, concentra-

some particulate
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Carbohydrates (mg/m3)
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Fig. 11. Concentration of particulate carbohy-
drates in seawater.

2.
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Fig. 12. Concentration of particulate organic
carbon in seawater. Symbols are as in Fig.

2.

tion of crude fiber showed the maximum at the
surface layer and decreased with increasing
depth. Chitin showed heterogeneous concen-
tration probably as influenced by vertical mi-
gration of copepods. Copepcds, such as Oithona
sp. and Acartia sp., were predominantly ob-
served with forming patchiness in the plank-
tonic fauna, and about 5% dry weight of these
copepods have been analyzed to be chitin.
The concentration of both carbohydrates and
organic carbon were high at the surface layer,
but low at the intermediate or bottom layer.
On the other hand, vertical distribution became
more homogeneously on October 17 when fall
overturn was obviously chserved.

The f{raction of crude fiber in particulate
organic carbon or in particulate carbohydrates
was higher at increasing depth, and there was
a significant linear relationship between them
(Figs. 13 and 14), i.e.,

y=1.82x+22.38 or y=0.862"+7.48

where y=depth (m), x={fraction of crude fiber

Cryde Fiber 9
“50cC x100 (%)

Depth (m)

20
Fig. 13. Fraction of crude fiber in particulate
organic carbon in seawater. Symbols are as
in Fig. 2.
_CrudeFiber o
CarbohydrqfesXIOO( 2
| 10 100

Depth (m )

20l

Fig. 14. Fraction of crude fiber in particulate
carbohydrates in seawater. Symbols are as in
Fig. 2.

in particulate carbohydrates, z’=fraction of
crude fiber in particulate organic carbon. This
result must indicate that crude fiber was de-
composed by microorganisms slower than other
organic materials in particles during its sedi-
mentation throughout the water column where
the sedimentation could not be influenced
seriously by vertical mixing, because input of
crude fiber at Tokyo Bay was expected chiefly
from the surface layer through [reshwater inflow
and through production by phytoplankton
(LEWIN, 1962). Moreover, easily decomposable
organic materials must have remained still even
in the bottom layer, because the rate of in-
crease for the fraction of crude fiber in par-
ticulate carbohydrates or particulate organic
carbon was constant during the sedimentation
from the surface to the bottom of the sea.
There was no linear relationship between
the depth of the sea and the fraction of chitin
in particulate organic carbon or in particulate
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Fig. 15. Fraction of chitin in particulate organic
carbon in seawater. Symbols are as in Fig.
2.
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Fig. 16. Fraction of chitin in particulate carbo-
hydrates in seawater. Symbols are as in Fig.
2.

Respiration (mg/m3per hr)
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Fig. 17. Microbial respiration in seawater.
Symbols are as in Fig. 2.

carbohydrates (Figs. 15 and 16). This might
be greatly attributed to chitin being chiefly
produced by living copepods which migrate
vertically throughout the water column.

The rate of microbial respiration in seawater
of the surface layer was not significantly higher
than that of the intermediate or bottom layer
(Fig. 17) although the biomasses of phytoplank-
ton and zooplankton were significantly different
at each watermass (SEKI ef al., 1974). This
result supports the hypothesis of ZOBELL (1946)
that marine microorganisms are chiefly respon-

sible for the consumption of dissolved oxygen
in the sea.

4. Discussion

This microbiological study has a good agree-
ment with the former studies in biochemical
investigation (TSUJI et al., 1974) and in plank-
tological investigation (SEKI et al., 1974) that
efficient transportation of organic matter pro-
duced in the surface layer to the bottom layer
must be responsible for the formation of micro-
aerobic or anaeobic watermass in the bottom
layer of the inner part of Tokyo Bay, ‘.e.,
particulate organic materials supplied from land
or primary production at the surface layer of
the sea are actively decomposed by micro-
organisms during sedimentation, but the rate
of sedimentation is too fast for the complete
decomposition of easily decomposable matter
before the particles arrive at bottom of the
sea. Accumulation of these easily decomposable
organic materials in the bottom layer is very
favorable for the rapid consumption of dis-
solved oxygen which induces low oxygen ten-
sion in the watermass with slow diffusion rate
of dissclved oxygen from the surface layer.
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Petroleumliytic Bacteria in Different Watermasses
of the Pacific Ocean in January, 1973*

Humitake SEKI** Toshisuke NAKAT** and Hirotaka OTOBE**

Abstract: The population densities of petroleumlytic bacteria were studied in seawater of
watermasses with different levels of pollution in the Pacific Ocean in January, 1973. The

population densities per liter of seawater were from 10® to 10° in the very polluted bay of
Tokyo, from 10 to 10? in the coastal water of Japan and less than 50 in the western North

Pacific central water.

The density was a little higher in the southern region than in the

northern region of the western North Pacific central water.

1. Introduction

It has been suggested that the population den-
sity of petroleumlytic microorganisms in sea-
water is dependent on the degree of petroleum
pollution of the seawater and that the petro-
leumlytic microorganisms are only rarcly found
in the pelagic region of the ocean (e.g., ZO-
BELL, 1969). SEKI (1973), however, found the
petroleumlytic microorganisms to be a few per
100 ml of seawater from surface to 1,000 m
depths even in the pelagic region of the Pacific
Ocean, by concentrating microorganisms on a
glass fiber and by incubating them cn a silica
gel medium for the enumeration of petroleum-
lytic microorganisms.

In this study, the relationship between the
population density and the watermass of the
Pacific Ocean was investigated and analyzed
aboard the research vessel Hakuho-maru of the
University of Tokyo during Leg KH-73-1 ex-
pedition in winter of 1973 (HATTORI (ed.),
1974).

2. Materials and methods

The petroleumlytic microorganisms were enu-
merated by the methed of SExI (1973), as a
viable count using a silica gel medium.

Particulate matter was filtered onto a Gelman
glass fiber type A (pore size: 0.3 y), and organic
carbon of the dried samples were determined

* Received December 15, 1973
o

Ocean Research Institue, University of Tokyo,
Minamidai, Nakano-ku, Tokyo, 164 Japan

by Yanagimoto MT-1 CHN analyzer.

The sampling stations at the centers of gyres
in the inner part (35° 31.6" N, 139° 53.9" E)
and in the central part (35° 18.1" N, 139°
44.2" E) of Tokyc Bay as well as the coastal
water of Japan (35° 08.5" N, 139° 44. 2’ E) were
selected based on the report by HATTORT ez al.
(1973).

The determination of watermasses in the
western North Pacific central water was made
chiefly by the analysis of T-S diagrams and
dynamic computation for geostrophic currents,
based on the data of the routine cceancgraphic
observations (HATTORI (ed.), 1974).

3. Results

The results of dynamic computaticn for geo-
strophic currents aleng the line of 140° E in
the western North Pacific central water (Fig. 1)
show the existence of the subtropical counter
current (YOSHIDA and KIDOKORO, 1967) be-
tween Station 2 and Station 3 at the observa-
tion (Fig. 2). The eastward current had the
sneed of approximately 20 cm per second. On
the other hand, the westward currents were
observed at Stations 4, 5, 7 and 9. The T-S
diagram (Fig. 3) shows that cach water of the
mixing layer at Stations 1, 2 and 3 or at Sta-
tiens 4, 5,7 and 9 has the same characteristics
respectively but is a little different each other,
i.e., lower seawater temperature with lower
salinity at the northern water and higher sea-
water temperature with higher salinity at the
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southern water. On the other hand, the water-
masses in each deeper layer at every station
are little different each other.

The distribution of petroleumlytic bacteria
in each water of the very polluted gyre in
the inner part of Tokyo Bay, of the polluted
gyre in the central part of Tokyo Bay, of
the coastal region off Tokyo Bay (TSujl et
al., 1974), and two different water types in the
western North Pacific central water was shown
in Fig. 4 by using different symbols. The pop-
ulation densities of petroleumlytic bacteria per
liter of seawater were from 102 to 10? in the
polluted bay of Tokyo, from 10 to 102 in the
coastal water of Japan and less than 50 in the
western North Pacific central water. The bac-
terial density in the inner part of Tokyo Bay
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Fig. 3. T-S diagram at the northern region

(Stations 1, 2 and 3) (X) and at the southern
region (Stations 4, 5, 7 and 9) (O).
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Fig. 4. Population density of petroleumlytic
bacteria in each watermass.

: gyre in the inner part of Tokyo Bay

: gyre in the central part of Tokyo Bay

: the coastal region off Kurihama

: the southern region of the western North
Pacific central water

X : the northern region of the western North

Pacific central water

O <0

was the greatest, and the density was lowest
in the northern region of the western North
Pacific central water. These population den-
sitities at different watermasses were approxi-
mately in the order of the polluted degrees
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of watermasses, i. e., particulate organic carbon
in seawater was 720 to 1,500 mg/m?® (sample
number: 5) in the gyre of the inner part of
Tokyo Bay, 550 to 860 mg/m? (sample number:
5) in the central gyre of Tokyo Bay, 83 to 145
mg/m?® (sample number: 5) in the coastal water
and 38 to 62 mg/m?® (sample number: 8) in the
western North Pacific central water.

Although there were no difference on the
eutrophication indices, such as population den-
sities of total bacteria and heterotrophic bac-
teria, particulate organic carbon concentration,
microbial assimilation of organic matter, etc. for
each watermass of the northern and southern
regions in the western North Pacific central
water (SEKI et al., 1974), petroleumlytic bacteria
were a little numerous in the southern region
(usually 10-50/1) than in the northern region
(usually less than 10//). Assuming that the
population density of petroleumlytic microorgan-
isms is dependent on the degree of petroleum
pollution (ZOBELL, 1969), the scuthern region
must have been more polluted by petroleum,
and the petroleumlytic bacteria can be used as
a very sensitive indicator for the detection of
petroleum pollution. In this case, the baseline
density of petroleumlytic microorganisms may
be less than one per 100 m/ of seawater in the
watermasses of non-pollution by petroleum.

4. Discussion

The population density of petroleumlytic bac-
teria was measured in each watermass of the
Pacific Ocean in winter of 1973 with special
reference to the pollution degree. The densities
were approximately in the order of the eutro-
phication degrees of watermasses as indicated
by the concentration of particulate organic mat-
ter. To support strictly the hypothesis of Zo-
BELL that the population density of petro-
leumlytic microorganisms in seawater is dependa
ent on the degree of petroleum pollution
(ZOBELL, 1969), the density should be compar=
ed directly with the concentration of petro-
leum in seawater of each watermass. The
degree of eutrophication of watermasses ex-
amined at the neritic region here, however,
has been shown chiefly caused by the pollu-
tion of sewage and industrial wastes as indicat-

ed chiefly by the decomposition experiments
of organic matter (TSUJI et al., 1974). The
organic matter in Tokyo Bay with higher con-
centrations had generally the higher refractory
fractions against the microbial attack, many
parts of which are believed to be composed of
petroleum and its products discharged into the
bay (HANDA, N., personal communication). On
the other hand, at the pelagic region of the
Pacific Ocean, petroleum discharge from ship,
especially the dumping by tankers at the Kuro-
shio current and the western regions of the
western North Pacific central water, must have
been chiefly responsible for the petroleum pollu-
tion. The main oil movements by sea (e.g.,
ZOBELL, 1964) indicates the heavier pollution
of petroleum at the southern region than in
the northern region of the central water. This
might have been shown by the different popu-
lation densities of petroleumlytic bacteria as
the indicator species of the petroleum pollution
at the two regions in the pelagic watermass.
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On the Critical Transmissible Angle of Ultrasonic

Wave Signals in Underwater

Masuo KATO

Abstract: It is considered that the ship on sailing in the future will have more chance to
receive ultrasonic wave signals from astern remote point in underwater: such as to deter-
mine the position of the ship by the transponders which submerged at the sea bottom; to
pursue efficient fishery using telemetering instruments, and so on.

We experimented on board to measure the distance of the ultrasonic wave signals to be
received in vertical angle on the basis of sea surface.

The results are as follows: a critical angle, which is possible to transmit the ultrasonic
wave signals to the vessel, was 3 to 5 degrees on 200 G/T survey and work vessel (engine:
350 PSX750 r.p.m., KAPLAN type nozzle-propeller with four blades operated by oil pressure:

2 sets), and the sea state was 1 to 2 class and the speed of vessel was 4 to 7 knots. The

critical angle is comparatively small.

This can be utilized some other measurements on board.
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Table 1. Results of experiments for limit of answerable distance.
Mark of Depth (%) Distance (D) Min. transmis-
Speed Py LN 5
E p £ Transponder  (Position of (No receiving sible angle (¢)
XPEr- Date Station ﬁ. (Answer submerged signal by 3
No. S(klt% frequency)  Transponder) wake) sin 6 =D
(kHz) - (m) (m)
1 10/25  Tateyama Bay 7 c3) 90.0 900 5°50"*
2 10/25 Tateyama Bay 4 c(3) 10.0 120 4°50/
3 11/30 off Iwaya 6 AGD 63.5 1,150 3°10/
4 11/30 off Iwaya 6 B (40) 64.0 1,100 3°40/
5 11/30  off Twaya 5.5 Cc(43) 63.5 700 5°10/
Remark: The asterisk * needs correction.
Sea surface ' J] -
1 0L---"R
o --" m / |
\L M D 0 6) «-o-‘

Bottom

Fig. 6.

signal source and receiver.
0: transmissible angle,
(Transponder), R: receiver (ship), A: depth.

Transmissible distance (D) between
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Fig. 7. The record of Experiment No. 1.
The record which the vessel is leaving at a

speed of 7kt after submerging Transponder C
at 90 m depth, in Tateyama Bay, Oct. 25, 1972.

Weather:

fine

The limit of distance to receive a ‘signal is

900 m.
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g

1 minute

Fig. 8. The record of Experiment No. 2.
The record which the vessel is leaving at a
speed of 4kt from Transponder C submerged
at 10 m depth after approaching it, in Tate-
yama Bay, Oct. 25, 1972. Weather: fine
The limit of distance to receive a signal is
120 m.
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Fig. 9. The record of Experiment No. 3.
The record which the vessel is leaving at a
speed of 6kt after submerging Transponder
A at 63.5m depth, in off Iwaya, Awaji Is.,
Nov. 30, 1972. Weather: fine
The limit of distance to receive a signal is
1,150 m.
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Fig. 10. The record of Experiment No. 4.
The record which the vessel is leaving at a
speed of 6 kt after submerging Transponder B
at 64 m depth, in off Iwaya, Awaji Is., Nov.

30, 1972. Weather: fine
The limit of distance to receive a signal is
1,100 m.
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Fig. 12. Vertical temperature distribution in

Tateyama Bay, Oct. 25, 1972.
The solid line: observed, the dotted line:
assumed.
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Fig. 11. The record of Experiment No. 5.
The record which the vessel is leaving at a
speed of 5.5kt {rom Transponder C submerged
at 63.5m depth after approaching it, in Iwaya,
Awaji Is., Nov. 30, 1972, Weather: fine
The limit of distance to receive a signal is

700 m.
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Fig. 13. Vertical temrerature distribution in

off Awaji Is., Nov. 30, 1972.
The solid line: observed, the dotted line:
assumed.
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Numerical Calculation of Radiative Transfer in the Sea*

Motoaki KISHINO**

Abstract: We suppose that the sea consists of a number of thin horizontal plane parallel
layers of equal thickness and in each layer single scattering only occurs. This model was

applied to Lake Pend Oreille and Suruga Bay.

Using the inherent optical properties of the

lake water or seawater, radiance distribution and irradiance were calculated numerically.
After comparing the calculated values with the observed ones, a fairly good agreement
was found as expected. Then, we consider that this thin layer method is simple good model

of light field in the sea.

1. Intreduction

Solar and sky radiant energy falling on the
sca surface is partly reflected on the sea surface
but, for the most part, refracted and proceeds
into the sea. Underwater radiant energy is
attenuated as a result of absorption and scat-
tering by seawater itself as well as by suspended
particles and dissolved substances. This energy
warms seawater and plays an essential role for
the primary production. Moreover, the light
in the sea presents a large number of problems
such as feeding, swimming and orientation of
fishes, underwater visibility for divers, under-
water photography and television, etc. Then
it is certainly one of the most important sub-
jects in optical oceanography to make clear
how the light behaves in the sea.

The theoretical study of radiative transfer
in the seca was begun by LE GRAND (1939),
who considered isotropic scattering of the sun-
light only. Subsequently, various experiments
have been done by many researchers.

PREISENDORFER (1965) has treated the radia-
tive transfer on the basis of an invariant im-
bedding concept. He applied a model to Lake
Pend Oreille and calculated the radiance in
twenty six directions using the observed optical
properties of the lake water. After comparing
his theoretical result with the Tyler’s observed
data (TYLER, 1960), Le said that this model

* Received January 7, 1974
** The Institute of Physical and Chemical Research,
‘Wako-shi, Saitama, 351 Japan

could be reasonably regarded as a good one
of light field. This methods, however, is very
complex mathematically, and it is natural that
a simple method is desired to solve that prob-
lems more esaily with a similar accuracy.

PLAss and KATTAWAR (1969) havs made
investigation of radiance in the atmosphere-
ocean system based on the Monte Carlo method.
This method surely excludes mathematical dif-
ficulties contrary to the one mentioned above,
but the only shortcoming is to require enor-
mous computation to achieve the result with
sufficient accuracy and fine resolution for the
angular distribution.

JERLOV and FUKUDA (1960) calculated the
radiance distribution in the upper layers of the
sea by means of simple integration of scattered
light considering only the single scattering of
sunlight. The calculated radiance distribution
showed a satisfactory agreement with the ex-
After that, the method was
extended to the second-order scattering of the
light by KAwWANA (1972) and to the third-order
by SUGIMORI and HASEMI (1971), but the dif-
ference between the observed and calculated
values did not vanish increasing with depth on
account of neglecting the higher-order scattering.
On the other hand, extention of this method
up to the higher-order scattering is complicated

perimental result.

and requires a long time for computation.

To avoid the difficulty, we consider a set of
thin layers in which only the single scattering
is taken into acccunt. When the calculation is
repeated, it may be expected that the same

26
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effect as in the multiple scattering is produced
by the method. Using the optical properties
measured in Lake Pend Oreille and Suruga
Bay, radiance distribution and irradiance were
calculated. From comparison with the observed
data, a fairly good agreement was found as
expected.

2. Theory

Judging from the results of calculation by
JERLOV and FUKUDA (1960), it can be said
that the single scattering very conspicuous and
the higher-order scattering is negligibly small
as far as a thin layer is considered. Here, we
suppose that the sea consists of a number of
thin horizontal plane parallel layers of equal
thickness and in each layer the single scattering
only occurs. As shown in Fig. 1, on the top
surface of the nth layer we find the downward
radiance which has experienced attenuation
and single scattering in the (n—1)th layer
along with the upward radiance which has ex-
perienced attenuation and single scattering in
the nth layer.

Let Az be the thickness of thin layer and
(€, £=0% be direction of sunlight in the sea.
Radiance on the top of surface of the nth layer
is given by the following equation:

Irradiance by the direct sunlight, Esun(n),

DOWNWARD UPWARD

_____ -1 2

P

T

[N} ‘
n+] --t L

& — —
g — —

——
_and
: f
. ">
7
[}
nemx-l  |—-t -
t
nimx  |------

— > ATTENUATION IN THIN LAYER
————— > SCATTERING IN THIN LAYER

=% RADIANCE ON THE TOP SURFACE
OF n»TH LAYER

Fig. 1. Flow graph for calculation of radiance.

Esun{7)=Esun(n— 1)e—cdasect,

Downward radiance, L(n, 8, ¢), where 0 is 0<8<7/2

Ln, 6, )=Lsy(n, 0, $)+L(n—1, 0, §)e cdxsect

2z (n/2 21
+ S g Lay(n, 0, ¢; 0", ¢") sin 0"d0’ dp’ + g S
0 Jo Jo

T

Lu*(n: 05 @: é)l’ ¢’> sin ﬁ’d@’d¢’ H
/2

where the first term in the right-hand side is the radiance in the direction (4, ¢) produced by the
scattering of sunlight in the thin layer, which is given as follows:

- ﬁ(@) e—cd:cseci_e—c'dxsecﬁ

Esun(n—1) sec
Luin, 0, g Fommtrm1see

0=0

1—sec{cost

Esun(n—1) sec? {H(O)dzxecdzsect (=) .

The second term gives the attenuation of downward radiance in the (n—1)th layer.

And the

third and fourth terms are scattered radiance in the direction (8, @) produced by the downward
radiance in the direction (¢, ¢’) in the (n—1)th layer and the upward radiance in the direction

(0’, ¢") in the nth layer, respectively:

L{n—1,6",¢
Ld*(”) 0: ¢: ﬁ/: ¢,>:

/)ﬁ(@@ g—cdxsecd’ _ g—cAuzsectd
C

7
1—sec# cos@ 007

Ln—1,0, ¢")(O")Ax sec O’ e=cAzsectd’  (A=0")

C27)
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ﬁ(Q’) 1—e—¢4x(secd—sechd’)

Lu ;07 ;0,9 ! = ’0,5 ") 2
+(n. 0, ¢ #)="Lin ) c l—sec(m—0")cosb

and L(n, z/2, $) is given by

2r

L(n, ‘721, ¢> = Esun(n) sec C-‘B—(;@l-e—C-’“'fse‘?C —i—g j‘L(n, o', ¢’)_ﬁ@ e—cdasecd’ sin 0'd0' dg’
0 ¢

0
Upward radiance, L{n, 0, $), where 6 is 7/2<0<x,
L(n, 0, ¢)=Lsy(n, 0, §)+ L{n+1, 8, §)e—cdzsee(z-0)
2r (/2 2r
—I—g S Las(n, 0,4; 0',¢) sin 6'd0’ dg’ —{—S g
0 Jo 0

’ Lus(n, 0,0; 0, ¢")sin 8'd8’ dg’ |
where i
(@) 1— e—¢4x(secl —sech)
c 1—seclcos?
,3«")/) 1—e—cdx(secd’—sech)
¢

1—sec® cos @

LS*(”; 0: ¢): Esun(?’l) sec rﬁ

Ld*(”; ﬁ: ¢a 0’7 ¢,>: L(”; H’a ¢/>

50 —cdxsec(r—0') _ ,—cdxsec{r—0)

{L(n+1,0’,¢’)9< e e -
Lus(n, 0,6 0. ¢/>_? T—sec (z—0") cos (—0)
Lin+1, 06", ¢")5(0")4x sec (m —0")e—cdasecz=0")  (§=¢") .

In our numerical model, however, the calculation cannot be continued to infinite depth, and
we are obliged to find a depth at which the uncertainty of the upward radiance from below does
not seriously affect the result of the calculation of light field in the layers above. Let the number
of layers at this depth be (n+ma). The upward radiance is given by
56) 1

¢ 1l—seclcost

00"

Ln+-mzx, 0, §)= Egun(n+mx) sec &

27 P /2 86" 1
o’ n & . sin 8’40’ s’
+j0 J0 Lntmz, 0, ¢7) ¢ l—sect cost in 'dy’dg’,

where ¢ is the attenuation coefficient of seawater, 8(@) is the volume scattering function for
scattering angle @, which is obtained from the expressions:
cos @=cos { cos f+sin { sinf cos ¢ ,
cos @’ =cos 8’ cos @+sin 0’ sin 6 cos (p—¢') .
Downward irradiance E4(n), upward irradiance E,(n), and scalar irradiance Eo(n) are obtained
by integrating over the upper or lower hemisphere, or the sphere, respectively. The results are

2n(w/2
Ey(n)= KO SO L(n, 0,8) cos 0 sin 0 & dg+ Ewun(n)

En)= Szg/ L(n, 0, §)|cos Osin 6 d6 dp
Ja/2
Eo(n)= Eoq(n)+ Eou(n)

27 (7/2
:j S L(n, 6, ¢) sin 0 df dp+ Esun(n) sec
0Jo

2 ('@
+j j L(n,0,§)sin 0 d0 dj .
0 J=m/2
Depth of nth layer is
z=(n—1) + dx .
Then, if the inherent optical properties of seawater and the boundary conditions of radiance
L(1,8, ¢) and irradiance of the direct sunlight FEsn(1) are known, the radiance and irradiance at
any depth can be obtained.

(28)
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3. Numerical calculation and discussion

In our calculation, the optical properties
observed in Lake Pend Oreille and Suruga Bay
are used, which are shown in Table 1. How-
ever, since the values of volume scattering
function, A(#), in Lake Pend Oreille were not
measured simultaneously with other factors
such as radiance distribution and attenuation
coefficient in 1957 (TYLER et al., 1959; TYLER,
1960), we had to estimate them from the
measured values at the same season in 1960
(TYLER, 1961). The values of f(0) in paren-
theses in Table 1 are extrapolated by means
of the Spilhaus’ method (SPILHAUS, 1965).
The extrapolation is made by the equation:

In B(6)= A+ B0+ CH?
in the range of small angle, and
In §(6)=D+ E0

Table 1. Optical properties of water in Lake
Pend Oreille and Suruga Bay.

Location Lake Pend Oreille* Suruga Bay***
Date 1957-3-16~4-28 1969-1-24
Depth 29m 0~40 m
a 0.117 0.051
b 0.325 0.101
c 0.442 0.152
500) (1960-4-26, 9.2m)** (20 m)
0 (2. 462) (1.402)
10 (0.6478) (0.2315)
20 0.1968 (0.04930)
30 0.06927 0.01356
40 0.02823 0.004806
50 0.01328 0. 002002
60 0. 006905 0.001115
70 0.004027 0.0007825
80 0. 002626 0.0005739
90 0.001919 0.0005126
100 0. 001570 0. 0005021
110 0.001425 0.0004924
120 0.001386 0.0005895
130 0.001405 0. 0007500
140 0.001444 0.001037
150 0.001512 (0.001356)
160 0.001580 (0.001800)
170 0.001628 (0.002361)
180 0.001648 (0.003163)

* After TYLER et al. (1959)
** After TYLER (1961)
**% After KISHINO et al. (1972)

in the range of large angle, where A, B,C,D
and E are constants.

The layer thickness, 4z, and the number of
layers, mz, are important factors in this method.
These values were chosen previously after some
trials of calculation. Namely, 4z is determined
so as to satisfy self-consistency for the absorp-
tion coefficient. The absorption coefficient, a,
is estimated by the equation:

1 dE,—Ey
aﬁE dz

based on the calculated irradiance E4, E, and
Ey, and it was tested whether it accords with
the values used originally for the calculation
of light field. On the other hand, based on
the trial calculations, the reflectance, R, for
various values of mx is obtained and the result
is shown in Fig. 2. According to the figure,
we can recognize that R approaches a constant
value gradually as the number of mx increases.
Then, mx will be determined when R becomes
nearly constant. From these considerations
we chose the values of 0.25m for 4x and 25
for mz in Lake Pend Oreille, while 3.0m for
dx and 10 for mz in Suruga Bay.

As the boundary condition of L(1,6,4) in
case of Lake Pend Oreille, the values of radiance

w
I

LAKE PEND OREILLE
SURUGA BAY

REFLECTANCE (%)
N
I
~

I l 1 | ! |
10 20 30
mx

Fig. 2. Relation between reflecance R and m..
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distribution at a depth of 4.24m observed by
TYLER are used (TYLER, 1960). In case of
Suruga Bay, we made use of the values of
diffused skylight at 40° of the sun altitude,
which were measured by RICHARDSON and
HULBURT (1949). The ratio of irradiance of
the sun to that of skylight on the sea surface
was assumed to be 1:0.08181 according to the
values observed by KING (1913). Reflection and
refraction on the sea surface were also calculated.

In the numerical integration for the solid
angle, we used the same method as TYLER et
al. did (TYLER et al., 1959), and as the in-
crements 40=10° and 4p=20° were adopted.
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In Fig. 3 is shown the angular distribution
of observed and calculated values of radiance
at various depth in the vertical plane including
in case of Lake Pend Oreille. The
sun altitude is 56.6° and the refraction angle
is 24.4°. Although the maximum radiance is
smaller and the angular distribution is broader
for the calculated values than for the observed
ones, both values show a good agreement as
a whole.

The vertical distribution of observed and
of radiance in Lake Pend
Oreille is shown in Fig. 4 for four directions,
the zenith (=0°), horizontal (#=90°, ¢=0°),

the sun

calculated values
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Fig. 3. Radiance distribution in the vertical plane including the sun in case of Lake Pend Oreille.

A: Observed values by TYLER (1960).
B: Calculated values.
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nadir (0=180°) and maximum radiance (§=30°,
¢=0°). The radiance for the zenith direction
attains a maximum at a certain depth below
the surface, and the existence of such maximum
was clearly found in case of the measurements
of JERLOV and FUKUDA (1960). If only the
single scattering of sunlight is considered, the

Fig. 4. Vertical profile of radiance in Lake Pend
Oreille.
X ONA[]: Observed values.

Calculated values.

RELATIVE  IRRADIANCE

10° 10° ® ol
T lll]\H} T \lIIHw T ||l1\‘,r|' T 1.‘1\4l1r

Fig. 5. Depth profile of irradiance and scalar
irradiance in Lake Pend Oreille.
X O/: Observed values.
Calculated values.

RELATIVE : IRRADIANC E

C—r—rﬁ—r'uri' T TOATTIT] L S N RS

DEPTH (m)
w
O
I

401

Fig. 6. Depth profiles of irradiance and scalar
irradiance in Suruga Bay.
X O/ Observed values.
Calculated values.

maximum in radiance appears at the depth zn:

1 Insecf—Insecl
=
¢ secl—sec(
The value of 2w is 2.3m for 6=0°, whereas
in our case of thin layer, we have 5.25m as
seen in Fig. 4. Then, it can be said that in
the upper layer the downward radiance is also
under the influence of higher-order scattering.
Fig. 5 shows the depth profiles of irradiances
E; and E, and scalar irradiance E,, which

Table 2. Apparent optical properties in Lake
Pend Oreille and Suruga Bay.

Lake Pend Oreille
Measured values
Depth R

m) (%) Do Dv Ra @
4,24 2.15 1.247 2.704
10.4 1.84 1.288 2.727 .153 .115
16.6 2.04 1.291 2.778 .174 .118
29.0 2.27 1.313 2.781 .169 117
41.3 2.35 1.3156 2.757 .165 L1117
53.7 2.34 1.307 2.763 . 158 L112
Calculated values
PR g D Do Koo
4,25 3.13 1.246 2.501
10.5 3.58 1.371  2.679 .162 .107
16.5 3.71 1.407 2.729 .167 .107
29.0 3.76 1.423  2.749 . 169 . 106
41.25 3.77 1.424 2,751 .169 . 106
1.424 2.

53.75 3.77 751 .169 . 106

Suruga Bay
Measured values

Depth R -
SO Ke  a
0 2.38

10 3.01 .0621 . 051

20 3.08 .0637 . 053

30 2.91 .0637  .050

40 2.76 L0646 .049

50 2.77 .0662 .048
Calculated values

D<erlrjlt)h (0/12) Dd Du K(l a
0 2.39 1.237 1.945
9 2.55 1.294 2.038 .0780  .0566

21 2.62 1.325 2.087 L0742  .0524
30 2.63 1.330 2.100 .0742 . 0524
39 2.63 1.328 2.101 .0729  .0513
51 2.63 1.320 2.094 .0725  .0513
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were obtained from the measurement and
calculation of radiance in Lake Pend Oreille.
The calculated values of E; and E, present
generally a good agreement with the observed
values, but the observed upward radiance is
smaller than the calculated one. The depth
profiles in Suruga Bay is shown in Fig. 6.
In this case, the calculated values show some-
what more rapid attenuation than the measured
ones.

To understand the difference between the
observed and calculated values more clearly,
apparent optical properties such as reflectance
R, distribution function for downward radiance
D,, for upward radiance D,, and attenuation
coefficient for downward irradiance Ky, and
absorption coefficient a, are calculated from the
values of E;, E,, and E,, and the result is
shown in Table 2.

In case of Lake Pend Oreille, the measured
values of D, are 1.3 on the average, while the
calculated values of D; vary with depth from
1.25 to 1.42. It is found that the angular
distribution of calculated radiance becomes
broader with depth. The calculated values of
reflectance is larger than the measured one.
On the other hand, the agreement between
the values of D, and K, is good, respectively.

In case of Suruga Bay, the calculated values
of K; are larger than the measured ones.
to the
cannot be

Since there is no measurement as
radiance distribution, comparison
made satisfactorily.

As seen in Figs. 3~6 and Tables 1 and 2,
the calculated values show a pretty well agree-
ment with the measured ones. Then, we
consider that this method offers a simple model
of light field in the sea. But, there exists a
small difference between the calculated and
observed values, especially, near the maximum
of radiance curve and at the upward radiance.
These differences are presumably attributed to
the uncertainty of the form of volume scattering
function, especially, for small angle scattering.
In order to check this method well, we need
simultaneous measurements of the light field on
radiance, irradiance and scalar irradiance, as well
as inherent optical ‘properties including ¢, a, b
and B(0). Of course, the measurement of small

angle scattering is essential in all oi them.
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Analyse préliminaire d’enregistrements de courantomeétres

a rotor de Savonius*

Kenzo TAKANO** et M™¢ Hisako KAWAGUCHI***

L’océanographie japonaise s’est peu engagée
dans la courantométrie; un effort en ce sens
constitue un impératif de plus en plus pressant
dans ’étude de la dynamique de 'océan. C’est
pourquoi en 1968 nous avons entrepris des
mesures de courant par mouillage de couranto-
metres & rotor de Savonius (Geodyne 102),
alors que la technique de mouillage et de
récupération dont nous disposions était embryon-
naire.

Dans une note précédente, TAKANO et HARA
(1970) ont présenté une analyse préliminaire de
tous les enregistrements obtenus en 1968 et
1969. L’objet de la présente note est de com-
pléter la précédente par un calcul de corrélations
entre les vitesses de courant obtenues & deux
niveaux différents.

Le tableau 1 montre les positions et les
durées des mesures ainsi que la profondeur.

Comme il a été montré dans la note précitée,
d’autres enregistrements sont disponibles mais
dans un premier temps nous n’en avons pas
tenu compte. En outre, il convient de noter
que dans la plupart des mesures, nous avons
mis 'accent sur le mouvement de 'eau prés
du fond; les courantométres étaient suspendus

au sommet d’un tripode posé sur le fond, de
fagon & se libérer des mouvements perturbateurs
dis 4 la poussée de I’eau, sauf pour les couranto-
metres situés a 200 métres et a4 9 métres au-
dessus du fond (cas 4 et 5) qui étaient sus-
pendus a des bouées immergées.

ILLa série des vitesses moyennes sur une
minute est analysée de fagon suivante: les
composantes de période diurne (1500 minutes)
et semi-diurne (750 minutes), celle de la période
d’inertie ainsi que la composante constante
sont déterminées par la méthode des moindres
carrés et éliminées de la série. L’analyse spects
rale porte alors sur la nouvelle série dépourvue
de ces composantes.

Les hodographes de chacune de ces trois
composantes péricdiques sont des éllipses. Le
tableau 2 montre le sens de la rotation des
vecteurs vitesses sur ces éllipses: la notation
M signifie que les vecteurs vitesses tournent
dans le sens des aiguilles d’une montre, la
notation I dans le sens inverse. Dans les cas
3 et 4, les sens de la rotation ne s’accordent
pas 'un avec l'autre & deux niveaux différents,
quelque soit la période. Si deux couranto-
métres étaient suffisamment rapprochés et que

Tableau 1
N° latitude longitude capteurs au-dessus du fond durée profondeur
1 35°11’N, 139°25’'E 30 cm, 220 cm 3 jours 750 m
2 35°11'N, 139°25'E 30 cm, 220 cm 22 heures 750 m
3 35°07'N, 139°20'E 40 cm, 330 cm 1,7 jours 700 m
4 39°45’N, 133°52’'E 65 cm, 200 m 5 jours 770 m
5 35°12'N, 139°26'E 330 cm, 9m 25 heures 726 m

*7Manuscrit regu le 1°F décembre 1973
** Rikagaku Kenkyusho, Wako-shi, 351 Japon
*** Tnstitut de Recherche Océanique, Université de

Tokyo
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Tableau 2
N° hauteur 1500 min. 750 min. g%;fjie?

1 30 cm I 1 1
220 cm I M I

9 30 cm I I I
220 cm I I I

3 40 cm I I 1
330 cm M M M

4 65 cm I I M
200 m M M I

5 330 cm I M I
9m I M M

ces périodes étaient privilégiées, ils devraient
tourner dans le méme sens. Le désaccord
observé dans le cas 3 est da & I'importance
des bruits parasites dans le mouvement de
Peau; dans le cas 4, il peut é&tre plus ou moins
attribué 4 une erreur de mesure qui se mani-
feste aussi dans le spectre, comme il le sera
noté plus loin. A ces exceptions prés, Iaccord
est généralement bon.

Les spectres d’énergie et les cohérences sont
présentés sur les figures 1 4 5. Il est & signaler
que la durée des mesures n’est pas assez longue
pour obtenir un spectre d’énergie pour les
basses fréquences. Cela n’empéche tout de
méme pas de dire que les spectres mettent en
évidence une loi en —5/3 pour une large bande
de fréquence a Dexception du spectre a 200
meétres au-dessus du fond, dans le cas 4. Dans
ce dernier cas, les spectres s’écartent considér-
ablement de la courbe en —5/3 au dela de
0,5 c/h environ. Cela suggére que la flottabilité
de la bouée immergée était trop faible pour
maintenir le courantométre immobile et qu’un

™

bruit de fond a été introduit dans les mesures
par les mouvements perturbateurs du couranto-
métre lui-mé&me.

Les composantes vers I’est de basse fréquence
sont cohérentes entre elles mais les composantes
vers le nord ne le sont pas. Il est possible
que la topographie du fond intervienne dans
cette particularité de la cohérence en direction.
Bien que la précision de la bathymétrie et du
positionnement du site des mesures soit difficile
a estimer, les isobathes apparaissent dirigées
dans le sens Nord-Sud dans les cas 1 et 2 et
dans le sens Est-Ouest dans le cas 3 (voir
figure 1 de HARA et TAKANO, 1969 ou figure
2 de TAKANO et HARA, 1970). La direction
des isobathes ne s’accorde donc pas toujours
avec la direction de la cchérence privilégiée.
L’influence de la tcpographie sur la cohérence
donnera sans doute lieu & beaucoup d’études
approfondies.

Le manque de cohérence pour toute la gamme
des fréquences dans les cas 4 et 5 confirme
I’existence d’un bruit de fond important ou la
présence des modes barocliniques supérieurs.

Cette analyse a été faite lorsque I'auteur
premier cité était a ['Institut de Recherche
Océanique de I’Université de Tokyo.

Bibliographie
Hara, H. et K. TAKANO (1969): Mesure du
courant prés du fond. La mer, 7, 27-28. (en
japonais)
TAKANO, K. and H. HARA (1970): A preliminary

analysis of current meter records. La mer, 8,
205-228.

35D



36 La mer, Tome 12, N° 1 (1974)

Fo
o
Fro
~
N
~
EN
>

| s ™ ‘\
10 e ——
v 220¢cm
~. \\ \ ~
~ | \-5/3 o 2 1 02 gof n
. \. \
3 N
30cm \ N
1° \ -
™ ,
f“ | 0/ 220¢em
10 ¢
g
2
0
- | | | .
o | I 2 / : 10 ey T—
ol 62 05 2 345cn e N B e S VAT 5 o5 e
Fig. 1a. Spectres et cohérence Fig. 1b. Spectres et cohérence Fig. 2a. Spectres et cohérence
des composantes vers ['est des composantes vers le nord des composantes vers [’est
dans le cas 1. dans le cas 1. dans le cas 2.

8 I Oin
JEE— : R

/‘\
b ‘ N\ 330cm
8 ! ol \
1ol TR S SO 1091 .
' ! 40cm Y \
o5m A :
10 -
c
!
-2
)
i
! \ .
| “ \\‘
! i 4
1%k ;
i i
i
f
i
i
62| I A
LT T o c ! ' T ' ' - T . T IS
0 05 1 5 10 o/n oy 025 05 | 10c/h 0 025 05 | T e
Fig. 2b. Spectres et cohérence Fig. 3a. Spectres et cohérence Fig. 3b. Spectres et cohérence
des composantes vers le nord des composantes vers l’est des composantes vers le
dans le cas 2. dans le cas 3. nord dans le cas 3.

( 36 )



Savonius

Analyse préliminaire d’enregistrements de courantométres a rotor de

/2 n,

o aloz o

2 o5 1 2 36m
Spectres et cohérence des composantes Fig. 4b. Spectres et cohérence des composantes
vers le nord dans le cas 4.

5 1

(o]
Ko
e

Fig. 4a.
vers 'est dans le cas 4.

"5 oo

!

f
L . :
0 05 | 2 5  10c/h

Fig. 5b. Spectres et cohérence des composantes

Fig. 5a. Spectres et cohérence des composantes
vers 'est dans le cas b. vers le nord dans le cas 5.

375



La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 12, N° 1, pp. 38 a 55 Février 1974

1. Preface

The total production by fisheries in Japan

Compte rendu

Recent Aquaculture in Japan®

Yutaka UNO**

Table 3. Annual crop in the shallow waters
aquaculture in Japan (1970).

was 9,315,000 tons, which was record breaking. Fish . .
Table 1 shows the rough details. The produc- Seliola . 43, 300 tons
. . _ Chrysophrys major 460
tion by shallow sea culture is about 59 of the E A .
] ) i ; vynnis japonicus 5
total in quantity and about 13 % in value. Sparus swinbonis 9
Production by culture in shallow sea mainly Monacanthus (flefish) 63
consists of yellowtail Seriola quinqueradiata, Trachurus 2
Kuruma prawn Penaeus japonicus, oyster Cras- Caranx 36
sostrea gigas, pearl oyster Pinctada martensii Other 42
Shrimp (Kuruma shrimp) 301
Table 1. Quantity and value by type of fisheries. Octopus 109
Quantity: metric tons, value: million Other 94
yen (1970). Bivalves
Pearl 85
Type fisheries Quantity Value Crassostrea 190, 799
Distant waters 3,429,000 296,900 Scallop 5,675
Offshore waters 3,277,800 236,500 Other 4
Coastal waters 1,890,900 251,700 Aquatic plants
Culture in shallow sea 549,100 135,300 Porphyra 231, 464
Inland waters fisheries Undaria 76, 360
and culture 167, 800 48,700 Laminaria 282
Total 9, 314, 600 969, 100 Total 549, 083
Table 2. Products of culture in shallow sea. Unit: ton.
Year Seliola Kuruma shrimp Pearl Opyster Nori Other Total
1960 1,431 97 48 182,778 100, 457 1,017 285, 828
61 2,036 85 80 172,895 147,379 322, 498
62 4, 460 125 69 203, 594 154, 631 362, 897
63 5,038 179 80 240, 144 144,531 389, 987
64 10, 321 154 85 240, 564 111, 851 362,992
65 14,779 - 99 210, 603 140, 753 379, 797
66 16, 875 — 118 221,139 128, 440 405, 295
67 21,169 404 125 232, 200 157,550 470, 234
68 31,777 311 112 267, 388 144, 969 521,941
69 32,722 290 97 245, 468 134, 320 473,293
70 43,354 301 85 190, 799 231, 464 549, 082
71 306 49 193, 552 244,946 608, 390

61,743

* Received January 10, 1974

*% Tokyo University of Fisheries, Konan, Minato-ku,
Tokyo, 108 Japan
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and Nori Porphyra, and their annual produc-
tion in these years are shown in Table 2, with
more detail of the year 1970 in Table 3.

Quite a few species of aquatic animal are
commercially cultivated. Among them, the
production of oyster and pearl oyster by culture
has been stagnant, in spite of the development
of its production techniques, because of the
narrowing down of the culture ground due to
pollution and reclamation of the foreshore. In
the cultivation of aquatic plants like Nori,
Kuruma prawn, abalone and scallop, production
has been increasing and the scale of these
species will be larger than before.

Among all the species to which new cultiva-
tion techniques are being applied, the author
reviews about the empirical techniques of cul-
tivation being applied to Japanese oyster, scal-
lop, Kuruma prawn and abalone.

thing is to rear the seed animals of the species
and there are two methods for this.
A. Natural seed collecting method
Opyster Crassostrea gigas, scallop Patino-
pecten  yessoensis, ark-shell
broughtonii and yellowtail Seliola, their
juveniles are collected in the cpen sea.
B. Seed culture in tanks
Flatfish Paraichtys
Haliotis and Kuruma prawn
Japonicus, the seed cannot be collected
in the open sea, therefore, their juveniles

Scapharca

abalone
Penaeus

olivaceus,

are artificially reared in a tank.

In case A, larvae, spawn and grown in the
open sea, and collected when they attach them-
selves to the collecters. In case B, those
which cannot be collected in the open sea are
reared in tank almost fully artificially and in
this case eggs are collected, helped by the use
of injection of pituitary hormone, temperature

2.

Table 4.

Mass culture of seed for fish farming
In fish farming of specific species, the basic

mass rearing

shock or photo-schedule control etc.
of larvae,

For the
grown from eggs

The initial food-organisms for larvae in the laboratory. (Added to HIRANO et al., 1963)

Species

Prey

Author

Fugu rubripes
Paralichthys olivaceus

Kareius and Liopsetta
Seliora

Mylio macrocephalus
Chrysophris major

Stichopus japonicus
Echinoidea

Crassostrea gigas

C. virginica

Ostrea edulis
Scapharca broughtonii

Meretrix lusoria
Patinopecten yessoensis
Haliotis

Sepia esculenta
Octopus vulgaris
Penaeus japonicus

Mactra larva, Artemia Nauplii
egg and larva of Echinoidea and bivales, Brachionus sp.

Muytilus larva, Brachionus.

Echinoidea and Bivalves’ egg and larva

oyster larva

Echinoidea egg and oyster larva. Copepod nauplii

Monas sp.
Skeletonema costatum, Chaetoceros calcitrans

Monas sp.

Isochrysis, Monochrysis

Platymonas sp.

Monas sp., C. calcitrans,

Phaeodactylum tricornutum

C. calcitrans, Syclotellla nana

C. calcitrans

Navicula sp., Ectocarpus sp, Coconeis sp, Melosira sp,
Amphora sp, Platymonas, C. calcitrans, Gametophyte
and Sporophyte of Eisenia

Neomysis japonica

Zoea of Crangon and Palaemo

Skeletonema costatum

Portunus trituberculatus Artemia Nauplii

Fuiira, ’62, ABE ez al., ’63

MASUDA, OGASAWARA,
’68

Mrto, ’69, KURATA, ’56
HARADA et al., 69
HIRANO, ’69

HIRANO, 69, YAMASHITA,
60

IMAI, ’50

YAMABE, 62, UNO et al.,
’63

IMAI, 48

DAVIS et al., 58

COLE, 37

KANNO, ’63

Aomori Pre., 58

SAGARA, ’62

YAMAMOTO et al., '50
SAGARA, INO, KIKUCHI,
UNO

OSHIMA et al., 61
Hyogo Pre. St., '62
HUDINAGA, ’42
MAEKAWA, ’61
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knowledge of feeding ecology for the purpose
of nutrition and environmental conditions are

very useful.

Larvae which are hatched out from eggs,
grow on the nutrition previded by their own
yolk for 3 to 10 days but they will die with
the exhaustion of yolk if they fail to chtain
In other words,

food from outside. they can-
y

oF
> =
§ 300 . . Ar+Zp
i \“. °oﬁ .
w BOE N .
) S .
w200 .
g ‘oo Teve
g 150 %o °
j=} °000,, ".
= %00 0p
100 wass Somsg,,
i 1 1 1 ] 1
50 20 30 19 20 30 5
ec. 1967 Jan. 1968 Feb.

K=

s

=14}

=]

Q)

vt

>N

e

(@]

)

-4

«

PR

o]

=

1 ! ! L 1 ! ! 1 !
G 10 20 30 40
Days
Fig. 1. Variation of survival rate of the larva,

Japanese sole, Kareius bicoloratus in relation
to trophic levels. a: egg, b: prelarva, c:
postlarva, d: metamorphosis stage. Ba: ro-
tifer, Ar: Artemia nauplii, Zp: zooplankton
collected in the sea. Black circle: egg
spawned in the pond, white: spawned arti-
ficially. (MITO et al., 1969)

2. Relationship between the foods and
growth of larva, black sea bream Mylio
larva of oyster, Ba:
Artemia nauplii, M:
Arrows show
(Modified from

macrocephalus. O:

Barnacle nauplii, Br:
Neomysis, F: raw fish meal.
the critical point of larva.

FUSHIMI et al., 1968)

not survive through this stage without feeding.
Foods are, at this stage, called the initial foods
and they are very important, particularly for
aquatic animals. Table 4 is a list of the initial
foods. Essential characteristics for the initial
foods differ from species to species but general-
ly they are:

A. Taking into consideration size,
and floating ability, it should be easy to
be caught by larvae.

Easily digested and rich in nutrition.
Non-toxicating.
Can be produced in large quantities.

A< larvae grow larger they require focd of
higher trophic level and this in cther words,
means they show size preference with their

moticn
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Fig. 2. Relation between the ration, r and con-
centration of food, p of the larva, Macro-
brachium nipponense in the laboratory.
(UNo, 1971)
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Fig. 3. The scheme of the culture food-organism.
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growth and, therefore, when rearing larvae,
it is necessary to change foods to match their
growth. An example is shown in Fig. 1.

There have been many studies on initial
foods but the one known as the most effective
widest application is brackish rotifer
Brachionus plicatilis, for fish larvae and diatom
Chaetoceros calcitrans for bivalve larvae. In
recent years, in addition to these, active sludge
(bacteria flock), has also been used as an initial
food. When using this active sludge, seawater
in the rearing tank is agitated continuously by
agitating apparatus.

When rearing larvae, density of focd is im-
portant. Even if there is a gocd food is used
meeting all the above conditions, it its density

with

is low, ration of larvae will be small and a
good result cannot be expected.
is formulated by IvLEV (1961).

r=R(1—e*?)

7: ration, R: maximum ration, p: density
of food organisms, k: constant.
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Fig. 4.
Crassostrea gigas. Numerals show the annual
catch, 1970.

SHrzuoka 283
Mie 205

Main productions of Japanese oyster,

If we take as an example the freshwater prawn
Macrobrachium nipponense, it is like Fig. 2,
r=22.63 (1—e 0-3?) (UNO, 1971). In addition,
it goes without saying that environmental con-
ditions such as temperature and salinity of sea-
water should be well suited to the growth of
the rearing animal.

In Japan, mass production of seed is being
carried out in tanks conferming to all the
conditions mentioned above, as a result of
many these conditions.
Among other aspects in developing rearing
techniques special attention is being paid to
establishing a system for dealing with food
organisms in the rearing tank. One of the
example is the rearing of Kuruma prawn,
which is shown in Fig. 3.

studies concerning

3. Opyster culture

In Japan, oyster culture is being done mainly
with Crassostrea gigas. There are 17 species
of oysters but commercial culture has been
made only with C. gigas and C. rivulgris of
which the latter is, however, in very small
quantities.
are shown in Fig. 4, and the annual harvest
is shown in Table 5.
shima and Miyagi areas are the biggest pro-
ducing areas with a production of 23,149 tons
(without shell) in 1970. Production in recent
years has been very stagnant, as mentioned
before, because of the narrowing dewn of the
culture area, due to industrial polluticn and

Main culture grounds of C. gigas

Of many places, Hiro-

Table 5. Annual catch of oyster culture, tons,
excluded shell.
Main products

Year Total R — I
Hiroshima Miyagi
1960 25,977 16, 753 3,717
61 23,352 16, 444 4,248
62 30, 075 17,370 4,778
63 35,990 22,217 4,792
64 33, 506 22,429 5,109
65 34, 463 23,295 3,457
66 35, 361 25,417 3,993
67 38, 037 28,438 3,727
68 40, 928 31,188 3,814
70 23,149 14, 358 3,597
16, 362 3,605

71 27,836
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reclamation of the foreshores. Areas now
being used for oyster farming total 3,253.3 ha,
which consist of:

Sowing culture 209.6 ha
Bamboo culture 181.6
Hanging culture
Raft method 2,013.1
Long-line method 576.7
Rack method 272.4
Total 3,253.4

The majority of production is by raft method.
The sequence culture is:

SPAT COLLE

La mer, Tome 12, N° 1 (1974)

Seed oyster culture, growing culture, and
harvesting.

1. Seed oyster culture (Fig. 5)

Japanese oyster spawns in the months be-
tween June and October. After the swimming
larval stage that continues from 10-14 days
after being spawned, they settle to rock sub-
stratum and start sessile life. During the
transition period from pelagic from to sessile
from collectors made from a number of empty
oyster or scallop shells strung together on a
wire passing through a hole made in each shell
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are hung on a rack suspended in midwater.
The correct timing for putting the collectors
into the sea is important as it decides the
success or failure of spat collection. To decide
the correct timing, when the main spawning
run of the year is observed, start regular
ounting of the larvae in the sea and when
full grown larvae are observed check the settl-
ing condition of spats by using a test piece of
collector. The collectors on which spats have
settled are stacked on hardening racks and the
spats are hardened in order to make them

strong enough to undergo long transportation o

and high temperatures during export shipments.
As a result of this process the spats become
the hardened seeds which are also widely re-
commended for domestic culture as they are
very resistant to the pollution of the environ-
ment and therefore guarantee stable preduction.
2. Growing culture (Figs. 6, 7 and 8)
Oysters can be cultivated by the sowing
method, bamboo method and hanging method
of which the hanging method is predominant.
The hanging method is applied to sea-farming

more efficiently. At the same time
culture grounds are not dependent on
bottom conditions.

2) Animals can take in more food constantly.
Opyster culture has a long history and in
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Fig. 6. Raft method of oyster culture Kanawa-
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(435

Fig. 7. Rack method of oyster culture. (CAHN,
1950)
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Fig. 8. Seasonal activities of rack culture method, one-year crop at Hiroshima Pre. (left figure) and
seed oyster culture method at Miyagi Pre. (right figure). (CAHN, 1950)

1 B released area
cultured area

Pro T

1926 30 34 38 42 46 50

LT

54 8 62 . 66 7u e
Fig. 9. Total catch of scallop between 1926~70 Fig. 10.

The released area and cultured area of
in Mutsu Bay.

scallop in Mutsu Bay.

Table 6. Annual yields of spats in Mutsu Bay.

Tom T X‘faf 1966 1967 1968 1969 1970 1971
Total no. of equipments 101 228 683 1,000 2,049 2,467
Total no. of collector (X10%) 32 98 305 582 1,513 2, 486
Mean no. of attached spats per collector 201 1,012 2,089 405 10,124 10,734
Total no. attached spats (X 10°%) 3 176 893 229 15,725 38, 283
Total no. of spats used for intermediate

culture (X 10%) 1 75 325 85 1,594 2,087
Rate of use for intermediate culture in % 33.3 42,6 29.4 37.1 10.1 5.5
Total no. of spats for bottom culture (X 10%) — 52 324 37 1,215 1, 447
Total no. of seed for hanging culture (X 10%) — 2 23 27 79 126
Total no. of seed soled to other localities

(x10%) — 2 14 10 95 140
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Japan it can be said to be the origin of all
sea farming type fisheries. As the oyster cul-
ture grounds are bays and esturies, they are
now flocded by industrial effluents and sewage
which give rise to red waters and explosive
propagation of fouling animals. Because of
these phencmena and the biodeposition which
lowers the productivity of the culture grounds,
production of cyster in Japan has been badly
affected, giving rise to a serious problem for
the oyster producers.

Table 7. The possibility of scallop production
in Mutsu Bay. (HIRASAWA, 1972)

Total Stocking Culture

ton ton ton

Total 189,000 148, 000 41, 000
The area of

fishing right 117,000 106, 000 11, 000

stocking area 73,000 72, 000 1, 000

mixing area 21,000
cultivated area 23,000

The open sea in
the bay

20, 000 1, 000
14, 000 9, 000
30, 000

72,000 42,000

4. Scallop culture
In Japan, Scallops Patinopecten yessoensis,
are mainly prcduced in Hokkaido and Aomori

-

Apr228,- 31, 1964 May 7-12, 1964

Fig. 11. Distribution of larvae, Patinopecten
yessoensis in Mutsu Bay. (ITO et al., 1967)
Numerals show the density of larva (Ind./

m?).
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Fig. 12. Equipments for natural spats collection. (ITO et al., 1972)
1: float, 2: rice straw rope, 3: sand bag, 4: Japanese cedar leaves, 5: float, 24
cm, 6: float, 36cm, 7: polyethylene rope, 16-18 mm, 8: sand bag, 9: anchor, 40-50
kg, 10: polyethylene net for covering, 11: polyethylene or nylon.
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Prefecture by fishing, but of late there has
been remarkable progress in culture techniques
and its culture grounds are fast expanding. In
1970 production by fishing was 16,639 tons
while that by culture reached 5,675 tons. The
annual landings in Mutsu Bay in 1926-70 are
shown in Fig. 9. Up to 1966, production was
mostly by fishing annual production varied
widely from year to year. Since 1966, with
the commercial introduction of scallop culture,
fishing grounds have also been expanding and
in 1970 production there reached 15,000 tons.
The situaticn in 1970 is explained in Fig. 10.
There are still fishing
grounds and production is expected to reach
30,000 tons in the near future.

The tend in the development of seed scallop
culture is shown in Table 6. In 1970, the
total number of collected spats was 28,283
million ocut of which 2,087 millicn spats were
culture to be seed scallep, about 5.5% of the
collected spats. Therefore, it is possible to
increase the production further, by expanding
the culture grounds. Table 7 gives an estimate
of possible production which is 189,000 tons,
consisting of 73,000 tons by sowing culture,
21,000 tons by

many unexploited

combination of sowing and

hanging culture, 23,000tons by hanging cul-
ture and 72,000 tons by offshore fisheries. This
corresponds to 6.7 times of the largest annual
production in the past (HIRASAWA, 1972).
Japanese scallop start to spawn the water
temperature reaches ca. 9°C and this is from
the end of May through to the end of June
in Lagoon Saroma, Hokkaido and from March
through to April in Mutsu Bay, Aomori Pre-
fecture. One adult scallop discharge more than
100 million eggs.
sary to make tests to determine the spawning

To collect spats it is neces-

season each year and the occurrence and dis-
tribution of swimming larvae in the sea. One
such example is shown in Fig. 11, where will
find big fluctuation in larval distribution over
a short peried, which may be attributable to
wind direction, wind force and tidal currents.
The detailed mechanism of these fluctuations
will be known before long. When full grown
veligers appear, collecters, as illustrated in Fig.
12, put intc the sea. The spats that are at-
tached to the Japanese ceder leaves grow to
6-10 mm in shell length in July and Augus
and they stay on the ceder leaves, attached by
their bysuss untill the end of September when
they reach about 15mm in shell length and

LONG LINE

Fig. 13.

Various equipments for hanging culture.

1: float, 24cm, 2: float, 36cm, 3: polyethylene rope, 16-18 mm, 5: lantern net,
6: polyethylene rope, 6 mm, 7: weight, 500 g, 8: anchor, 40-60kg, 9: sand bag, 40
kg, 10: nylon string, 1.8-2.0mm, 11: polyethylene net, 12: pocket net, 13: lantern
net with seven compartments. (ITO et al., 1972)
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then release themselves naturally from the
collectors and begin their benthos life.
Collected spats are reared to be seed scal-
lops. They are put in a net of 1-5 mm mesh
and cultivated by the hanging method, and
as they grow larger they are selected according
to size from time to time and transferred to
pearl-nets of bigger mesh where they are
cultivated to about 3cm shell-length. All this
process is by the hanging method, of which
an example is shown in Fig. 13. Various nets
are employed such as book nets, lantern nets
and pocket nets and for cultivation, netted spats
are hung in water with a depth of 10-30 m.
Growth of the spats depends on the conditions
of the culture grounds such as water temper-
ature, availability of food plankton, tidal cur-
rent and others but among them the water

140°E 144°E

- 44°N

- 40°N

13

11

Shell length in cm
Ve

3 L P R SR

M AMJJ AS ON DJ FMA MJJ A

Fig. 14. Growth of the scallop cultured with
hanging method in various localities, Tohoku
region and Hokkaido, Japan.

1: Kesennuma Bay, Miyagi Pre., Ear-
hanging method, 2: Ofunato Bay, Miyagi
Pre., Ear-hanging method, 3: Mutsu Bay,
Aomori Pre., Lantern net, 4: Mutsu Bay,
Pocket net, 5: Lagoon Saroma, Hokkaido,
Pocket net. (ITO et al., 1971)

temperature seems to be the most important
factor, as shown in Figs. 14 and 15, and spats
grow faster in the southern waters. Scallops
are known to die if the water temperature
exceeds 23°C.

In hanging culture, scallops grow very slowly
in waters less than 5m deep while with oysters,
quite the opposite. Therefore, it is worth
trying to examine the possibility of combined
culture of oysters and scallops (Fig. 16).

The sowing methed, which requires no
materials is the simplest culture method but
this is very much influenced by the bottom
conditions of the culture grounds. In Mutsu
Bay, sites with a depth of 5 to 30m having
fine sand, coarse sand or pebbles on their
bottom and exposed to the tidal current are
thought to be suited to the sowing method.
Optimum density of population is said to be 5
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Fig. 15. Monthly growth rate of Patinopecten
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Fig. 16. The hanging culture of scallop in com-

bination with oyster (Osirea edulis).

1. Manila rope, 6 mm, 2. Straw rope coated
with coal tar, 2cm, 3. Scallop spat, 4. Oyster
spat. (ITO et al., 1971)

Table 8. The economic efficiency per ha of
culture and stocking. (HIRASAWA,
1972)

Iteﬁx . Me?{“‘ culture stocking
Catch (piece) 36, 600 31, 300
Landing value

(thou. yen) 1,080 751
Cost (thou. yen) 405 247
Income (thou. yen) 675 504

or 6 scallops per square meter. Grown scallops
are harvested by dredging 2 to 3 years after
sowing.

Economic comparison of hanging culture and
sowing culture is show in Table 8 where the
former shows higher productivity. Table 9
shows the outline of scallop culture business
according to the scale of the business. Class
A, using 5 sets of hanging racks each with
long-line 100m in length shows high produc-
tivity of labor is lower. Class C is just the
opposite of class A. From Table 9 the preduc-
tivity of scallop culture can be calculated and
this is shown in Table 10. From this, the
optimum size of scallop culture business in
Mutsu Bay is said to be class B (HIRASAWA,
1972).

Table 9. Cost and income of scallop culture by
farm scale. (HIRASAWA, 1972)

e Scale A B c
Ttem e (5 set) (10 set) (20 set)
Landing value (ven) 1, 900 3,110 5,758
Cost 544 1,088 2,902
equipment 62 121 253
cage 163 272 504
seed 79 132 250
wage 90 400 1, 600
dep. etc 150 163 295
Income 1,356 2,022 2, 856
Catch (piece) 66,000 108,000 199,000
(tons) 1.9 19.4 35.9
Family labor (man) 2 2 2
(woman) 1 1 1
Worker woman-days 90 400 1,600

Teble 10. Productivity of scallop culture.
(HIRASAWA, 1972)

Scale <

Item e A B € _
Cost per shell (yen) 5.2 9.9 14.5
Income per family labor

(thou. yen) 502 756 1,056
Value added per laborer

(yen) 172 210 189
Income per long line

(yen) 271 211 190

Income per 1 ha (yen) 753 631 396

5. Kuruma prawn culture

Following Fudinaga’s study (FUDINAGA,
1942), great progress has been made during the
past 20 years in the study of the pond-culture
of Kuruma prawn but the studies were mainly
focussed on the production of seed prawns with
little attention paid to the problem of rearing
prawning juveniles to adults. In recent years
there has been remarkable progress in the stud-
ies of intensive pondculture and it has become
possible to produce 2kg per square meter.

The Japanese government established the Seto
Inland Sea Fish Farming Center to restore and
increase the marine resources in the area.
After many feasibility studies on the rearing of
prawns from their seeds they now produce 173
million larvae per year including both fish and
shellfish to stock the open sea with them.

As Kuruma prawn, they developed a tech-
nique to produce 24 million pestlarvae by using

(48 )
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a 1,200-ton tank and studies are now being
made from standpoint of ecclogy and other
aspects about stocking the sea with the seeds.

Notwithstanding the increase in production
of Kuruma prawn seeds, production of this
prawn by peound culture was only 301 tons in
1970 and the main reasons for this stangation
in pond culture are firstly, a good portion of
the seeds thus produced are liberated in the
open sea, secondly many of the sites suitable
for pond culture have already been exploited
and not much room is left for new exploitation
and thirdly the technique for intensive pond

culture has not yet been fully developed, in
particular, not much is known about feeding.
The spawning season for Kuruma prawn in
Japan is from May through to October, and the
season comes earlier in southern waters.
During the spawning season, parent prawns
with matured roe are caught and placed in a
spawning tank (10x10x2.5m) in batches of 50
to 100 prawns to a tank. If the temperature
of the water is kept at 28°C, they spawn on
the day they are caught or the following day.
If the spent prawns are removed, the spawning
tanks rearing tanks. - The

become larvae

Table 11. Life history phase of P. japonicus. (KURATA, 1972)
. Approx. body length (mm)
Phase From begins D_uraéwna) Life form Habitats
n days Male Female
Embryo Fertilization 0.6 0.24» Planktonic Offshore
Larva Hatching 14—15 0.3—5.0 do do
Juvenile Metamorphosis 30 5—25 Planktonic- Offshore-
Benthic Esttary
Adolescent Development of 60 25—90¢)  25—1109 Benthic Estuary-
secondary  sex Sound
characters
Subadult Onset of gonad ? 90—1009) 110—125& do Sound-
maturation Offsho re
Adult Completion of ? 100—220f> 125—262) do Offshore
gonad maturation
a) Approximate number of days in summer. b) Diameter of egg. (mm)
¢) Minimum size with jointed petasma. d) Minimum size with stopper.
e) Minimum size with ripe gonads. f) Maximum size ever found.
Head
Thorax
Abdomen
Tail

Fig. 17. Larval development of Kuruma shrimp, Penaeus Japonicus.
A. Nauplius, B. Protozoea, C. Zoea, D. Megalopa (Postlarva).

(KURATA, 1972)
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zone exposed at low tide, Saijo, Aug.-Sep.,
1971. Each dot represents one individual.
(KURATA, 1972)

larvae emerge from the eggs as nauplius in about
28°C. Nauplius moult six times and pass into
the zoea. Zoea pass into mysis after 3 moultings
and mysis pass into postlarvae after 3 moultings.
During this larval period, feeding is controlled
as shown in Fig. 3 using diatom, Brachionus,
Artemia and minced meat of bivalves and fish,
Post-
larvae, after about 30 days rearing in tanks,
grow to 9 to 12mm size and becomes seeds
for stocking and pond culture. The seed thus
produced are mostly used to stock the sea and
partly for pond culture.

The life history of Kuruma prawn is shown
in Table 11 and Fig. 17. In view of their life
cycle, the best time to liberate the stocking
seeds in the sca is when the prawns, becoming
adolescents 70-90 mm in size, start benthos life.
In this period, their habitat is mainly in an
intertidal zone and when they grow to a size
of 40-90 mm they gradually extended their

depending on the stage of development.
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Fig. 20. Fluctuations in the landings of Japanese
abalones, Haliotis.

living spheres into deeper water (Fig. 18).

Prawns are preyed on the fish and other pre-

dators when they are liberated in the sea and,

therefore, the intertidal zones with many tidal
pools provide havens for the young prawns.

Optimum stocking rate is considered to be 10

to 20 pieces per square meter.

Problems connected with pond culture are
the difficulty in preparing good quality formu-
lated diets and the deterioration of the quality
of the water in the rearing tanks due to feed-
ing. As prawns stay in the bottom sand dur-
ing the day time they are also affected by the
decomposition on the bottom due to their own
biodeposits and food remnants. Many studies
have been made to solve these problems and the
most advanced methods of pond culture have by
SHIGENO (1972) the following characteristics.
1. Tank water is kept clean, (free from dete-

rioration), by supplying large quantities of
seawater.

2. In order to maintain a good environment
for the prawns which stay in the sand-beds
during the day, the tank is made with a
double bottom with sand of 10-15 cm thick
and the water is discharge through this

J??"?
)Lﬁ’v S 2 =) ,\
¢.D. bor. o=

Fig. 19.

WSV: water supply valve, WL: water level, CD: central drain,

S: screen, SP: shower pipe, SB: sand bed, AL: air lift, DP: drain
pipe. (SHIGENO, 1972)

Side view of round tank used for experiment.
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sand bed during the day time, (by over-

flowing at night).

A round tank is used and with a shower
pipe, a strong circular movement is given
to the water in the pond and this auto-
matically collects food remnants and moulted
skeletons in the center of the pond for

discharge.

In the hope of achieving quicker growth,
a formulated diet having a protein content
similar to the prawn itself is being de-

veloped.

U%ﬂ O ¢

Fig. 21. Showing the distribution of Haliotis
in Japan, basing on the commercial catch.

A: Haliotis discus hannai, H. discus, H.
sieboldi, and H. gigantea, B: H. discus
hannai, C: H. discus, FH. sieboldii and H.
giganiea.

1: Hokkaido, 574tons, 2: Aomori, 280,
3: Iwate, 1283, 4: Miyagi, 693, 5: Fukushima,
83, 6: Ibaragi, 39, 7: Chiba, 750, 8: Kana-
gawa, 65, 9: Shizuoka, 91, 10: Mie, 384,
11: Wakayama, 116, 12: Tokushima, 106,
13: Kochi, 33, 14: Ehime, 109, 15: Oita,
103, 16: Miyazaki, 7, 17: Kagoshima, 9,
18: Akita, 14, 19: Yamagata, 45, 20: Niigata,
37, 21: Ishikawa, 26, 22: Fukui, 29, 23:
Kyoto, 22, 24: Shimane, 102, 25: Yamaguchi,
315, 26: Fukuoka, 105, 27: Saga, 83, 28:
Nagasaki, 710, 29: Kumamoto, 67, 30:
Tokyo, 79.

Fig. 19 is an example of a representative
round pond. The tank has a 1,000m3 capacity
with a 23m diameter, 2.5m deep, double bottom
with 15 c¢m thick sand, average water supply
of 1,620 tons per day and the pond is used for
rearing during six months between September
and February with postlarvae P44 population
of 80,000 pieces (mean body weight 0.068 g) fed
with formulated diet; survival rate is 93.0 %;
production efficiency 2.65kg per square meter
(186 pieces per square meter); and about 1 ton
of prawns is produced. The basic ingredients
of the formulated diet are squid meal, mysid
shrimp meal, brine shrimp meal, petroleum
yeast, marine yeast, fish meal active sludge,
gluten, soya bean protein, whale meal and
casein. These twelve kinds of protein contain-
ing materials are mixed and formed into a
thread like shape and dried to a moisture content
of 109;. Crude protein content of this formu-
lated diet is more than 60 %.

6. Haliotis culture

Annual landing of abalone in Japan in the
past 60 years has fluctuated between 4,000 and
8,000 tons as shown in Fig. 20. Fig. 21 shows
the industrial distribution of abalone, of which
the commercial species are H. discus hannai,
H. discus, H. sieboldii, H. gigantea and H.
diversicolar spertexta. In the last several years
it has become possible to produce seeds of these
varieties. As it takes at least 4 to 5 years for
abalone to grow to adult size it is advisable to
increase production by the stocking method
rather than by the culture method.

In order to increase the production of ab-
alone through stocking in fenceless natural
environment, much ecological knowledge is
needed about their distribution, migration and
habitat.

As shown in Fig. 22, abalone spawns when
the water temperature comes down to 20°C.
Regarding spawning, a water temperature of
20°C can be taken as a physiological constant.
Utilizing this natural factor, a temperature shock
given to mature parent abalone, induces spawn-
ing and fertilized eggs can be cbtained. The eggs
thus obtained are hatched out in approximately
18 hours at a water temperature of 20°C, and

(51 )
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after 3 or 10 days of pelagic stage, the larvae
settle down to benthos life. As initial foods,
they eat primarily small size unicellular algae
such as Platymonas sp., Navicular sp., Coc-
coneis sp., gametophyte and sporophyte of
As they grow to a shell-length of
about 3mm they feed on small common algae
and with their further growth they like to eat
large algae, particularly brown algae such as
Undaria and Laminaria. For seed
production, water temperature and salinity are
important factors. Fig. 23 shows the outcome
of the experiments on temperature-salinity com-
binations which influence the process of swim-
ming larvae metamorphosing into benthos.
Optimum range is with water temperature of
16-24°C, and salinity of more than 30 %;. Fig,
23.A illustrates a seed collection system worked
out on the basis of the above conditions. The
collector used is made of transparent corrugated
polyethylene sheets the surfaces of which are
covered with diatom which have attached them_
selves beforehand. This type collector spatg
can be collector spats can be collected in a den-
sity of 40,000-50,000 per 3.3 m2.

Eisenia.
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Fig. 22. Relationship between temperature and

spawning of Haliotis. (From Data of Chiba
Pre. Fish. Res. Stn., 1962)

A. Showing the spawn of H. discus
(arrow) under laboratory condition.

B. Two methods for promoting spawn
by temperature control.
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Fig. 23. A. The Scheme showing the rearing |

method.

1: adult shell, 2: fertilization, 3: hatch
out, 4: floating of larva, 5: rearing tank for
larvae, 6: filer, 7: collecting tank for spat,
8: basket, 9: corrugated polyethylene sheets,
10: nursery tank for spat. (KIKUCHI, 1964)

B. The effect of the combinations of tem-
perature and salinity on the metamorphosis
rate of larva, H. discus.

F

Fig. 24. Typical rocky habitat of Japanese ab-

alone.
A. rock wall, B. exposed surface, C. cre-
vice, D. ledge, E. cave, F. place beneath stone.
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Collected spats are reared until they reach
a shell length of 3cm and are then released in
the open sea for stocking. Abalones prefer to
live in particular areas of a rocky shore as il-

lustrated in Fig. 24. As to their ecolegy in a

TR

[
VO xR

natural environment, much infcrmation has
been obtained through observations which the
author has made by diving. Abalone are found
distributed in a concentrated fashion in a parti-
and the individuals that

make a home of such a microhabitat tend to

cular microhabitat,

occupy that partucular place and, therefore,

. R Fig. 26. Showing the distribution of abalone,
stocking abalones cannot settle in those places Haliotis hannai in relation to structure
which have former occupants. Abalenes mi- man-made reef and food algae and water

current in the field.

grate vertically and those placese which have
former occupants.
and they move to shallower water when the

Abalones migrate vertically
water temperature drops in winter. Smaller
abalones migrate gradually to deeper water as
they grow larger. In releasing for stocking,
therefore, it is necessary to select suitable sites
with due regard to such ecclogical characteris-

(583)

A. Distribution of N-type concrete block
(1: piled up area, 2: 1 block/1-4m? 3: 1
block/10-20 m?).

B. Density of food algae (4: 1-3 kg/block,
5: less than 1kg/block, 6: rare).

C. Density of abalone (7: more than 15/
block, 8: 15-9/block, 9: 4-8/block, 10: 1-3/
block).

Dotted lines area, S R show the area
of block distributed, sand and rock bottoms,
respective (After Ibaragi Pre. Rep., 1965)
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Fig. 27. Transplantation of abalone spat, I1alio-

tis discus hannai occurred in Okujiri Is.,
Hokkaido through 1965-1968.

tics of abalone. Fig. 25 shows the result of

researches concerning bottom profiles and it is

known that the larger indviduals prefer to live

in kelp zones in Zone II.

From many studies, it has been established
that the habitat for abalone should meet with
the following minimal conditicns:

1. A shore reef of a type that shelters the

place from sunshine.

2. Food algae is abundantly available.
Accessible to a tidal current that helps the
concentrated distribution of abalcne.

When the bottom conditions are not suitable
for abalone, N-type concrete blocks are laid
to provide man-made reefs for abalone. It can
be seen frem Fig. 26, that the distribution of
abalone is concentrated in those areas where
the above-mentioned three conditions are well
fulfilled.

An example of seed abalene stocking in Japan
is shown in Fig. 27.

s}

Though of a northern
species, 14 million individuals of H. discus hannai
were transplanted tc scuthern waters in the

1965-68 pericd. The cutcome, shown in Fig.
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Fig. 28. Showing the growth of the abalone
spats stocked sea.

1. Growth of the spats artificially col-
lected. Black circle, H. discus. White cir-
cle, H. gigantea.

2. Survival rate of the stocked spats after
one year in relation to the size (shell length),
H. gigantea (Kanagawa Fish. Res. Stn., 1969)

3. Growth of stocked abalone, H. discus
hannai introduced to Ibaragi Pre. Solid line,
growth of the native ground, Okujiri Is.,
Hokkaido (1970).

28-3, revealed that their growth was much
faster there than in their place of origin. The
survival rate of stocking abalone depends on
the bottom conditions in the stocking area, but
generally speaking, the rate is higher with
indivials of larger size. Artificically collected
spats grows to a shell length of 2.3cm in the
first year, 6.7 cm in the second year, 10.7 cm
in the third year, 13.9cm in the fourth year
and 17.6 cm in the fifth year.
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