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Optical Properties of the Water in Adjacent Regions
of the Kuroshio (II)*

Motoaki KISHINO**, Noboru OKAMI**, Gohachiro OSHIBA**
and Tadayoshi SASAKI***

Abstract: Irradiance, scalar irradiance and attenuation coefficient in various layers were
measured in the region of the Kuroshio and its surroundings. From these data were calcu-
lated the values of absorption coefficient a, total scattering coefficient &, reflectance and
attenuation coefficient for irradiance and scalar irradiance at wave length 520 nm. The values
of a=0.03~0.04 m~! were obtained at Stns. 8 and 9 off Hachijo Island and off Miyake Island.
It is considered that these values are nothing but the absorption coefficient of the Kuroshio.
The minimum value of them is nearly equal to the value of absorption coefficient of distilled
water (a=0.028 m~*) obtained by HULBURT.

The total scattering coefficient & is generally larger in summer than in winter. The
minimum value is 0.052 m™~' obtained at Stn. 3 at depth of 60 m. It is considered that this

value is due to scattering produced by low concentration of suspended matters.

1. Introduction

Many optical phenomena in the sea are
governed by the inherent optical properties of
sea water, such as the attenuation coefficient,
absorption coefficient, total scattering coefficient
and volume scattering function. So, it is one
of the important subjects in the optical oceanog-
raphy to determine the values of these quan-
tities of sea water. A few values of them
have been measured and reported by a number
of investigators by means of various methods
(TYLER et al., 1959; TYLER, 1961; IVANOFF
et al., 1961; JErRLOV, 1964; HIsSHIDA, 1966;
SASAKI et al., 1968; MORRISON, 1970; LUND-
GREN and HgJERSLOV, 1970).

The authors have been carrying out measure-
ment of these optical properties of the sea
water in adjacent regions of the Kuroshio for
past few years. In a previous report, the
absorption coefficient in the Sagami Bay and
the East China Sea was determined by the
measurement of downward and upward irradi-
ance and scalar irradiance (SASAKI et al., 1968).
Now, the measurements of attenuation coeffi-

* Received July 10, 1972
** The Institute of Physical and Chemical Research
*** Tokyo University of Fisheries

cient in the Sagami Bay, the Suruga Bay and
off Tzu Islands were carried out using a beam
transmittance meter, together with the measure-
ments of irradiance and scalar irradiance, and
the absorption coefficient and the total scattering
coefficient in every layer were also obtained.
As a result, it is realized that the Kuroshio
water is clear compared with water in the
Clater Lake and in the Sargasso Sea.

2. Instruments

Irradiance and scalar irradiance were measured
by use of an irradiance meter and a scalar
irradiance meter as in the previous measurement
(SASAKI et al., 1968). The wave length of the
center of gravity which was controlled by in-
serting a color filter in front of CdS cell was
520 nm and half-width was 86 nm. The errors
due to incomplete collectors of these meters
were about+4 % for the downward irradiance,
about+9 % for the upward irradiance and about
—7 9% for the scalar irradiance in case of the
clear sky by calculation using the data of
radiance distribution in the Lake Pend Oreille
obtained by TYLER (1960). The individual
errors in case of the overcast sky were slightly
smaller in comparison with the case of the clear
sky.
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Fig. 1.

underwater beam transmittance meter.

Optical system and electric circuit of

It is presumed that the cause of the errors
is the incomplete diffusibility of opal plastics,
the shape of collector and the partial hindrance
of the incident flux by the flange of the receiver.

These errors in the measured values of
irradiance and scalar irradiance due to the
collector were of a similar degree as in the
values of the absorption coefficient and apparent
optical properties.

The attenuation coefficient was measured with
a beam transmittance meter. A schematic
diagram of the optical system and electric
circuit of this meter is shown in Fig. 1. A
light from the tungsten lamp is condensed
through the condenser lens, converted into a
collimated beam through the collimater-pinhole
system and reaches the light receiver through
the one meter optical path. The light receiver
consists of a lens-pinhole system and a detector,
which is a solar cell of photovoltaic type. The
same color filter used in the irradiance meter
is inserted in front of the solar cell so as to
limit the wave length of the center of gravity
to 520 nm and half-width to 90 nm. The col-
limated beam is 25mm in diameter and its
divergence is 0.5°. The acceptance angle of
the light receiver is 0.85° and the error of the
attenuation coefficient caused by the forward
scattered light is small.

The value of the attenuation coefficient ¢ is
calculated by the following equation:

C:hl<la//1w)+0-074 (mkl) E] ( 1 )

where I, is the radiance measured in air and
The second term of the
right side of Eqgn. (1) is a compensation term
for the reflection loss of light flux at the ex-

I, is that in water.

terior window interfaces, when the instrument
is changed in the measurement from air for
calibration to water, and calculated from the
Fresnel’s law.

3. Calculations

The values of absorption coefficient a, total
scattering coefficient &, attenuation coefficient
for downward irradiance K,, for upward irra-
diance £ and reflectance R, in every layer were
calculated by the following equations (2)~(7):

~E2In[Eiz—42/2)/Ez+42/2))

_ -1
4= AzEy(2) (m™)
E2)=Eu(2)—Eq(z) (2)
b=c—a (m) (3>
K,— In [E,l(z—dz/i)/Ed(z+Az/’2)] (mh)
Az
(4
C (— /DY) P Ae /¢
K, — In[Eu(z—4dz/2)/E 2+ 42/2)] -
dz
(5)
e ]n[Eo(z—~Az/”2ﬁ)1£1§0(z+dz/2ﬂ =Y (6)
E
Re= T (0

where E; is the downward irradiance, E, is the
upward irradiance, E, is the scalar irradiance
and ¢ is the attenuation coefhcient.

4. Results of Measurements and Discussion

The measurements of irradiance, scalar irra-
diance and attenuation coefficient were carried
out in the Sagami Bay and off Shimoda in
March, 1968, in the Suruga Bay in January,
1969, and off Izu Islands in August, 1970, on
the R. V. Tansei Maru of the Ocean Research
Institute, University of Tokyo. The measure-
ment was performed at every five meters down
to the depth of 70m or 90m. The location
of measurement is shown in Fig. 2.

The vertical distribution of apparent optical
properties: Kg, K,, k and R;, at Stn. 1, which
is a typical example at near coast, and at Stn.
9, which is a typical one at open ocean, is
shown in Fig. 3.
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As shown in Fig. 3-a, the vertical distribution
of K;, K. and k£ at near coast is variable
according to the depth. Due to the reflection
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at the sea bottom, the value of K, at 70m is
small and Ry at 70m is large. On the other
hand, as shown in Fig. 3-b, K;, K, and £ at
open ocean are nearly of the same values;
0.04~0.055 m™! at the shallower layers and
0.03~0.035m™! at the deeper layers. And Ry
is decreased from 0.037 at the surface to 0.025
at depth of 90m. It is considered that the
apparent optical properties: Ky, K, and £ of
very clear water at open ocean are very small
and nearly of the same values with one other.

The values of absorption coefficient a, total
scattering coefficient b and attenuation coefficient
¢ at each station are shown in Table 1.

The minimum value of a is 0.030 m™! at 80 m
depth at Stn. 9. This value is nearly equal
to a=0.028 m™! of distilled water at the same
wave length (520 nm) measured by HULBURT
(1945). The values of a at the surface lie in
the range of 0.071~0.064 m™! except Stns. 3,
5, 8 and 9.
large amounts of dissolved organic substances

It seems that sea water contains

33°30'
due to influence of land. At the Stn. 3, the
sms values of a are varied little with depth and lie
HACHIJO iS.| ©° in the range of 0.042~0.053 m™!. These values
138°30" 1300 139°30' ‘% 140° are not different so much as compared with
. : the values of a; 0.042~0.049 m™!, previously
Fig. 2. The location of stations.
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Table 1.

La mer, Tome 10, N° 3 (1972)

The values of absorption coefficient @ (m~'), total scattering

coefficient & (m~!) and attenuation coefficient ¢ (m~Y).

Stn. 1 1968-3-2 Stn. 2 1968-3-10

Stn. 3 1968-3-11

Stn. 4 1969-1-23  Stn. 5 1969-1-24

34°59.7'N 35°01.6’'N 34°27.0'N 35°01.0'N 34°43.8'N
139°07.6'E 139°24.7E 138°58.0'E 138°40.0'E 138°34.0'E
Depth a b c a b c a b c a b c a b ¢
(m)

5 .078 166 .244 .064 .076 .140 .048 .093 .141 079 .105 .184 .050 .101 .151
10 077 177 254 .065 .074 .139 .048 .097 .145 .073 115 .188 .051 .100 .151
20 .070 .184 .254 .061 (116 .177 .048 .085 .133 .067 .123 190 .053 .103 .156
30 L0567 .197 .254 .063 .112 .175 .050 .075 .125 L0564 124 .184 .050 .104 .154
40 L0563 191 .242 .061 .105 .166 .050 .065 .115 .054 100 .1564 .049 .096 .145
50 .046 . 198 .244 .061 .103 .164 .054 .054 .108 .056 .089 .146 .048 .084 .132
60 .054 189 .239 063 .096 .157 .056 .052 .108 .044 .075 .119 .043 .080 .123
70 .043 191 .234 .063 .096 .157 .046 .057 .103 .044 075 .119 .040 .079 .119
80 .065 .093 .148 .042  .055 .097 .044 066 .112 .042 076 .118

Stn. 6 1970-8-4 Stn. 7 1970-8-5 Stn. 8 1970-8-6 Stn. 9 1970-8-7
34°51.6'N 34°24. 4N 33°14.7N 33°48.0'N
139°29. 1'E 139°39.4'E 140°09. 2'E 139°50.4'E

Depth a b c a b c a b ¢ a b c
(m)

5 077 . 863 . 940 .073 .481 544 .034 .122 . 156 .034 . 130 . 164
10 .074 . 866 . 940 .073 . 440 .513 .034 . 110 . 144 .035 .129 . 164
20 .072 421 .493 .073 434 . 507 .034 .095 . 129 .034 .120 .154
30 .071 147 .218 .075 .418 .493 .034 .101 . 135 .042 . 100 . 142
40 . 056 . 144 . 200 . 067 . 308 .375 .034 . 108 L 142 . 049 . 107 . 156
50 . 056 . 100 . 156 .059 .222 . 281 .034 . 125 . 159 . 045 .132 177
60 . 055 . 084 . 139 048 .167 .215 .036 .120 . 156 . 039 .135 .174
70 .053 .061 114 .043 .124 .167 .038 . 104 . 142 .031 . 128 . 159
80 .044 . 057 .101 . 045 . 104 . 149 .037 .091 .128 .030 . 105 . 135

obtained by the authors in the surface layer of and lie from 0.166 m™' to 0.198 m™! without

the East China Sea in the region of the Kuro-
It is considered that the Kuroshio was
near the Izu Peninsula at that time. The
values of a at Stn. 8 are 0.034~0.038 m™! from
the surface to depth of 90 m and the values of
a at the deeper layer except Stn. 2 lie in the
range of 0.03~0.045 m™!. Then, it is considered
that the value a of the Kuroshio is 0.03~0.04m™*.

The values of b are larger in summer than
in winter. In winter, the values of b except
Stns. 1 and 2 decrease with depth. The mini-
mum value of b is 0.052m™! at 60 m depth at
Stn. 3. It is considered that this value is due
to scattering produced by suspended matters
in the sea water, but in this station the con-
centration of suspended matters is relatively
small, because the value of & of sea water
itself is very small at the same wave length.
The values of & at Stn. 1 are considerably large

shio.

It is considered that this
region causes large effects of land and contains
many suspended matters.

The values of & measured at Stns. 6 and 7 are
very large in comparison with those measured
at other stations. It seems that the large
values are due to the high biological production
on the surface layer in summer.

The fluctuation of the values of ¢ with depth
is small at Stns. 1, 2, 8 and 9. But at other
stations, the values of ¢ decrease with depth
in a like manner as 4. The minimum of these
values at all stations is 0.097 m™! measured at
that depth of 80m in Stn. 3. This value is
about twice as much as that of ¢ of distilled
water at the same wave length measured by
HULBURT (1945).

TYLER et al. (1972) predicted the optical
properties of a clean-water type as a function

regard to winter.
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of wave length. This prediction is based on
extensive experimental spectral values for K,
and R, for clear natural water, together with
an analytical expression for asymptotic radiance
distribution. He said that the values predicted
for ¢ are found to be favorable compared with
recent data for ¢ obtained at several wave
length by AUSTIN, in the Sargasso Sea. The
values of ¢ at depth of 80 m in Stn. 3 are
nearly equal to those obtained by TYLER et al.
and AUSTIN. The average value of K, at Stn.
3 is 0.055m™ and nearly equal to the value
(¢=0.0507 m™!) obtained in the Clater Lake by
SMITH and TYLER (1967). Then, it can be
said that the water at about 80 m depth in the
Kuroshio region is clear compared with water
in the Clater Lake and in the Sargasso Sea.
The ratio a/c at Stn. 1 is 0.3 on the surface
and decrease to 0.18 with depth. The ratio at
Stn. 3 increases from 0.35 at the surface with
depth and its maximum is 0.55. The ratio at
Stns. 6 and 7 is 0.07 on the surface and 0.3~
0.45 in the deeper layers. While, the ratio at
Stns. 8 and 9 is 0.2~0.3 from the surface to
the depth of 90 m. Accordingly, it is considered
that in these stations the ratio of a/c¢ is about

0.0+ Kd=1.2 a
. B
E L
©
X 0.05—
AN TR N VR N A M N N B
0 0.05 0.10

a(m-)
Fig. 4. Relation between attenuation coefficient
for downward irradiance (Kgq) and absorption
coefficient (a).

59

0.1 at a place of large scattering, about 0.5 at
a place of small scattering and about 0.3 at
other places. It seems that the fluctuation of
¢ is mainly due to that of b, namely, the
fluctuation of concentration of suspended mat-
ters, because the fluctuation of « is little except
the values on the surface layer.

In Fig. 4 K, is plotted as a function of a.
The values of K, is about 1.2 times as much
as a. The correlation coefficient between K,
and a is 0.91. Then, it can be said that K,
is mostly determined by absorption.
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Migration of the Tagged Spiny Lobster, Panulirus japonicus,
on the Southern Boso Peninsula, Chiba Prefecture:
A Continuous Experiment, 1951-1968"

Kazunori TAKAGI**

Abstract: A continuous tagging experiment was made for 1951-1668 of the Japanese spiny
lobster on the southern Boso waters. It is analyzed on their migration and dispersion. Total
rate of recovery is 10.2%, higher in summer than in spring, showing no sexual difference.
Regional recovery records suggest the higher activity in male than in female, and in summer
than in spring, and also the westward bias of dispersion within the range of 29 km distance
from the station. These facts are given some tentative explanations from the environmental

or biological viewpoints.

1. Introduction

The Japanese spiny lobster, Panulirus japoni-
cus (von SIEBOLD) is an important fishery product
of especially southern Japan, and the southern
Boso coast of Chiba Prefecture embraces in
mid-Japan as yet remarkable grounds of the
shellfishery including that of spiny lobster.

Since 1951, some tagged spiny lobster have
been liberated out every spring and summer in
the marine preserves of the Kominato Marine
Biological Laboratory, Tokyo University of
Fisheries (INO, 1942; KUBO, 1954; NAKAMURA,
1934), facing on the mouth of the Uchiura Bay
within the wide range of the shellfishery
grounds of Chiba Prefecture (Fig. 1). This
long term experiment has revealed some inter-
esting facts of fishery biology, and the present
report concerns first with the migration, activity
and dispersion of the stock found in the Uchiura
Bay, as well as with some other biological
evidences of the spiny lobster.

2. Material and Methods
Samples are caught in the definite area (Fig.
1) through the study (TAKAGI, 1970), mostly

* Received 31 July 1972. This paper was read at
the annual meeting for 1972 of the Franco-
Japanese Society of Oceanography, 31 May 1972,
Tokyo.

** Laboratory of Fishery Biology, Tokyo University
of Fisheries, Minato-ku, Tokyo 108, Japan.

by gill-net which represents the local spiny
lobster fishery. The station is in an inlet,
which is located on a northern part of the
preserves set in the Laboratory. The catches
are landed every morning (around 5:30) for the
Some
trap catches are added to them in some cases
for 1951-1953. The trap (NAKAMURA, 1937)

is set near the station on the rocky shore in

daily tagging and liberating operations.

the preserves. After measuring and tagging
treatments, all living samples are liberated cut
by afternoon (around 15:30) of the day or by
next day at latest at the mouth of the inlet,
or off the station.

The tag used is of the Atkins's type, oval
in form, principally 6x9 mm in size, made of
colored celluloid plate. This is attached by
enameled copper wire of about 0.4mm in
diameter to the base of one of the second
antennae of the fish. Each recovered tag from
the open area is forewarded with the particu-
lars of capture, or detector’s name, date and
location to the Laboratory through local fisheries
cooperative associations. The tag returning is
rewarded. In some liberations tagged fish are
marked on the other hand by cutting on telson.
The recovery may recognized by this mark,
when tag was breaked away off.

As referred to above, the seasonal experi-
ments have been made twice a year in spring
and summer, except of the first 1951 experi-
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Fig. 1. Experimental station of the tagged

spiny lobster set in the marine preserves of
the Kominato Marine Biological Laboratory,
Tokyo Univ. Fish., in the Uchiura Bay (in
smaller quadrate), Chiba Pref. Hatched area,
sampling area; cross mark, liberating station
of the fish. Coast lines at both high and low
tides. Polygonal line across the coast lines,
limit of the preserves; broken line, limit of
the laboratory. Vertical lines of quadrates
latitudinal. Scale (under smaller quadrate)
represents 100 m in the main map. Based on
the unpublished drawing by Dr. T. MASUDA
et al., 1957.

ments in summer (September) and autumn
(October). The spring experiments are operated
in mid-May, and the usual summer ones in the
first part of July to that of August. Each
seasonal experiment is composed by a series of
daily experiments for 2-5 days. The two days
operations of them may be said exceptional;
they are affected by a stormy weather of the
day, which makes fishing operation impossible
within a scheduled term. There is no evidence
in records of liberation of any July 1954 catches,
and the present report goes upon no liberation
in this season by unknown reasons.

It must be noted here that the term of Ist
June to 31 July is closed for in Chiba Pre-
fecture against any scales of the spiny lobster
fishery, because of protection of the spawning
The spring experiments, then, cor-
respond in term to the end of annual fishing
period, while the summer ones to the period
during or just after the closed season.

The recovery records referred to

females.

in the
present report are exclusively related to the
recoveries informed by August 1968 from the
open area, after liberations during September
1951 to July 1968, and always treated in terms
of a part of any released masses, but not of
any actual landings.

3. Results
A. Records by seasons (Table 1)
The 1951-1968 experiments release 5763

tagged spiny lobster in total (Appendix Table 4).
As the daily catches may contain in itself some
tagged or marked fish, the released fish are of
5118 in net total, or seasonally speaking, 2341
individuals in spring and 2777 ones in summer,
except 132 fish released from the autumn 1951
catches. Each seasonal experiment makes 57-
362 tagged fish free in spring, and do 67-325
ones in summer. By the way, the gill-net and
trap catches at our disposal are of 6433 in total
(Appendix Table 4), containing the autumn
1951 catches. The rest is dead before liberation,
or else omitted to be supplied to laboratory use.

The recovery records from the open area
are summed up to 524 in number. These
records comprise those of 148 tagged fish from
spring liberation, and of 376 ones from the

( 8)
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Table 1.

97

Summary of the liberating experiments, 1951-1968, of the spiny lobster at the

Kominato Mar. Biol. Lab., Tokyo Univ. Fish., Chiba Pref. Rate, recovery rate; DPI,

days per individual.

Numerals in parentheses, including Autumn 1951 data.

Recoveries

are limited to those which come from out the open area.

Liberated Recovered Rate (%) Elapsed days

Season Sex - — e - — -
Range Sum Range Sum Range Total Range DPI
Female 13-111 794 0-12 73 0.-23.8 9.2 2-477 77.9
Spring Male 36-251 1547 0-15 75 0.-16.9 4.8 1-135 31.3
Sum 57-362 2341 0-23 148 0.-13.5 6.3 1-477 54.3
Female 21-112 894 0-22 109 0.-39.3 12.2 1- 74 26.5
Summer Male 46-230 1883 0-43 267 0.-38.7 14.2 1-401 27.0
Sum 67-325 2717 0-65 376 0.-38.9 13.5 1-401 26.9
Female 1688(1739) 182 10.8(10.5) 47.1
Total Male 3430(3511) 342 10.0C 9.7 28.0
Sum 5118(5250) 524 10.2(10.0) 34.6

WADA @
CHIKURA REGIONS

KAMOGAWA
AMATSU

FUTOMI

KOMINATO

BOSO PENINSULA

KATSUURA

Fig. 2. Topography of the experimental station and some related locations on southern
Boso coast. Cross mark, liberating station of the tagged spiny lobster; circles, along coast

line, fishing ports representing: home region (double circle), destinations by records
(closed circle), and other adjacent waters (open circle). Concentric circles drawn by
every 5 km distance from the station; isopeth lines at 20 and 200 m depths; broken lines,
remarkable banks. Detailed map of Chikura region in polygonal frame. Based on the
Hydrographic chart No. 87 by Japan Maritime Safety Board.

summer liberations. that the rate (6.394) from the spring libera-
The rate of recovery is, then, 10.2* in total tions is lower than that (13.5%) from the
records. The seasonal total recoveries show summer ones. As for the rate per seasonal

*10.0 %, when the autumn 1951 liberation is
considered in this case.

(

experiment, it is 0.-13.59% and 0.-38.9 %,

respectively.

9
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B. Records by sexes (Table 1)

The 5118 tagged fish consist of 1688 females
and 3430 males. Of these females, 794 indivi-
duals are made free in spring, and 894 ones
in summer; and 1547 and 1883 individuals of
the other sex in these seasons respectively.

The recovered 524 fish are composed of 182
females and 342 males. Seasonally speaking,
the formers consist of the 0-12 fish, which are
of 73 in sum, from each spring liberation, and
the 0-22 (109 in sum) ones from each summer
liberation; The latters comprise the 015 (75 in
sum) and 0-47 (276 in sum) fish from each
spring and summer liberation, respectively.

The total rate of recovery by sexes is similar
each other, 10.8 % in females and 10.0% in
males. The rate from the total spring liberation
is higher in females (9.2%) than in males
(4.8 %), while the same of summer is rather
similar in both sexes, 12.2 and 14.2 % respec-
In
detail, the seasonal treatment of each experi-
ment gives the rate of 0.-23.8% in spring and
of 0.-39.3% in summer of females, and the
rate of 0.-16.9 and 0.-38.7 % respectively of
the other sex.

C. Horizontal distribution of records (Tables

2 and 3, Fig. 2)

Most of the 524 records are rather concent-
rically distributed in the Uchiura Bay (445
records), and the others (79 ones) occur from
outside of the bay, while some of the latter is
distributed far to the region about 29 km
distant off the liberating station in the bay

tively, as seen in the total rates by sexes.

Table 3.

La mer, Tome 10, N° 3 (197%2)

(Fig. 2). The most distant records are re-
presented by the male, 15.5cm in body length,
coded by Tag No. 1542, released 16 July 1967,
and recaptured 9 August 1967 (24 days elapsed)
off Senda, Chikura, Chiba Pref. Even in the
Uchiura Bay, the records are biased in the same
side with the station; the 375 records occur in
the same side (Table 2, West), and 60 ones in
the other side (Table 2, East), though unspeci-
fied 10 records exist besides.

The records from outside of the bay is
apparently bended in distribution (Table 2).
First, more records occur westwards (63) than
do eastwards (16). If represented by some
local base port of fishery, the recorded regions

Table 2. Regional distribution in number (left)
and rate (right, %) by sexes of the 524 recovery
records (Table 1). Numerals in column Region,
distance in km from the liberating station.
East, east side; West, west side; ?, unspecified.

Sex
Region e Total
Female Male
Okitsu (4.7) 3 1.6 13 38 16 3.1
% | East 21 11.5 39 11.4 60 11.5
o West 141 77.5 234 68.4 375 7L.6
E‘ ? 1 05 9 26 10 1.9
S Sum 163 89.6 282 82.5 445 84.9
Amatsu (2.5) 7 3.8 27 7.9 34 6.5
Futomi (9.5) 8 4.4 14 4.1 22 4.2
Chikura (29.0) 1 05 6 1.8 7 1.3
Sum 16 8.8 47 13.7 63 12.0
Total 182 100.0 342 100.0 524 100.0

Distribution by season of liberation (Season) in number and percentage (Rate, %)

and days elapsed after liberation of the 79 records (Table 2) from 4 regional groups in

outside of the Uchiura Bay.

Days elapsed

Distribution . .
Region = @ ——r - — Range Days per individgalﬂ
Season No. Rate Female Male Total
Osawa to Okitsu Summer 6 100.0 243 24.0 27.5 2.8
Ammat Spring 2 6.1 82- 88 85.0 — 85.0
matsu Summer 32 93.9 3-116 22.0 37.7 35.2
Kamogawa to Emi Summer 22 100.0 12- 50 28.3 29.1 28.8
Wada to Chikura Summer 7 100.0 16- 33 33.0 23.5 24.9
Total Spring 2 2.5 —_— — —_— —
ota Summer 77 97.5 25.9 32.1 30.7
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are of 6 westwards: Amatsu, Kamogawa,
Futomi, Emi, Wada and Chikura; and of 3
eastwards: Osawa, Hama-Namekawa and
Okitsu (Appendix Table 5). In the westward
waters a decline of records are proved in
number; 34 records from the nearest Amatsu,
7 ones from the farmost Wada and Chikura,
and 22 ones from the intermediate waters.
Second, the records reaches far more distant
waters westwards (29 km) than eastwards

(4.7 km).

As for the trends of the sexual composition
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'55 '60 '65
Fig. 3. Recovery rates (ordinate, %) of tagged
spiny lobster in terms of summer liberations
at the Uchiura Bay, 1951-1968 (abscissa), total
(upper, black bars) and by sexes (middle and
lower, white and black bars). No libration
confirmed in summer 1954.

C11)

of these records (Table 2), rather much more
female records (89.6 25) are given within the
bay than males (82.5 %), especially on the same
side with the station (77.5 % against 68.4 %),
while much more male records (13.7 %) occur
in the westward waters than female ones (8.8 %),
as seen in the eastward waters (3.8 % against
1.6 %). Especially among the farmost Chikura
records, much more males (1.8%) are found
by 3.6 times than females (0.5 %).

It is remarkable that the bias of the records
from outside of the bay is recognized also in
connection with the period of liberation (Table
3). All these records, then, are derived from
the summer liberations, except in an adjoining
region, Amatsu, where occur a few records
originated in the spring liberations.

D. Recovery rates by

(Table 1, Figs. 3 and 4)

As referred to above, the summer liberation

summer liberation

is characteristic by following of most recovery
records {from outside of the Uchiura Bay.

The recovery rate originated from the summer
liberations is 0.-38.9 % in range, and 13.5%
in total (Table 1). These rates are variable
year to year, and they appear yet to fluctuate
in total with a general tendency of unimodality
for 1951-1968, having a mode in 1960-1961
(Fig. 3, upper). This tendency is apparently
supported by features in both sexes (Fig. 3,
middle and lower).

Regionally speaking, the recoveries from out-
side of the bay are 0.-10.3 % in rate, and 1.5 %
in total, or 0.3 9 eastwards and 1.29% west=-
wards. Among the westward regional records,
the decrease of rate is seen; or 0.6 % (0.-5.7 %)
in the neighbouring waters, 0.4 % (0.-3.0%)
in the intermediate waters, and 0.19% (0.-2.3%)
in the farmost waters.

The fluctuation of the rates from outside of
the bay seems to be different in general trends
from that of total summer rates. It shows a
remarkable increase in the latter half of the
same term. As for the records from westward
destinations, the rates show no remarkable
differences from the total trends, and the in-
creasing trends of them are given weight to
by the farmost Chikura records (Fig. 4, black
part). It is interesting that a unimodal tendency
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Fig. 4. Recovery rates (abscissa) of tagged spiny
lobster, reported from outside of the Uchiura
Bay by westward (left) and eastward (right)
destinations in terms of summer liberations at
the Uchiura Bay, 1951-1968 (ordinate). In left
part subdivisional rates are given: white parts,
rate from Amatsu records; hatched parts,
from Kamogawa to Emi records; and black
parts, from Wada to Chikura records. No
liberation confirmed in summer 1954.

is suggested yet in the fluctuation of the regional
rates in a close range; rates from the neigh-
bouring Amatsu waters are of 0.-5.7 95, mode
of which is in 1960 (Fig. 4, white part in left
bars).

It may be difficult to define smaller eastward
records as of gradual increase in trends, while
they are noticeable by showing some close
relation to the westward group of records. It
will be discussed later in relation with the
dispersion of the fish.

E. Days passing by before recovery (Tables 1

and 3)

The 524 recoveries from out the open area
are recorded by 477 days after liberation, The
elapsed days per individual are 34.6 days in
total. The tagged fish may be recaptured in
shorter term in the summer liberations (26.9
days) than in the spring liberations (54.3 days),
and in males (28.0 days) than in females (47.1
days).

Among the records from outside of the bay,
the 79 tagged fish are recaptured within 2-116
days after liberation. As mentioned above,
most recoveries (77 tagged fish) come from the
summer liberations, and in this case the elapsed
days per individual are 30.7 days in total, or
25.9 days in females and 32.1 days in males.
Regionally speaking, the elapsed days per in-
dividual appear to be in an inverse relation

with the distance of destinations, and 26.8
(easterly) or 35.2 (westerly) days in the neigh-
bouring waters, 24.9 days in the farmost waters,
and 28.8 days in the intermediate waters.
Nevertheless, exclusively in female records, a
directly proportional increase are recognized;
22.0, 28.3 and 33.0 days per individual in the
nearest, intermediate
respectively.

and farmost waters,
Such a tendency is seen in the
regional minimum records (Table 3). The
minimum records in total range (2-3 days)
occur in the adjeining waters of both westerly
and easterly directions. Among the summer
records, then, the regional minimum records
appear also proportional to the distance of
destinations; the more far off from the liberat-
ing station, the longer is the elapsed days
(from 3 days to 16 days).

After all, the spiny lobsters may migrate
within half a month, from the station to Chikura
waters, about 29 km distant off. This statement
is based on the record of the male, 14.7 cm
in body length, coded by Tag No. 1734, released
21 July 1967, and recaptured 6 August 1967
(16 days elapsed) off Hiraiso, Chikura, Chiba
Pref. (Appendix Table 6.)

4. Discussions

MIGRATORY MOVEMENT OF THE
SPINY LOBSTER It is apparent that our
seasonal experiments are related with the benthic
migration (BAINBRIDGE, 1961: 449) of the
Japanese spiny lobster, which is well known
to move alongshore, even if not so lively, in
spring to autumn. By the way, their vertical
or offshore-onshore movement in winter to
spring has been suggested (KuBo, 1947; 12;
1949: 27; OsHIMA, 1935: 81), as well, though
this is not yet given any detailed evidences.

MOVEMENT AND SEASONS As referred
to above (Table 3), the longer distant travel
of the tagged fish may be closely related with
the period of liberation but not with the term
of staying in the sea. The recovered fish
librated in spring are free from catch for longer
term (54.3 days against 26.7 days per individual)
than those which are originated from summer
liberations (Table 1).

As for the 34 fish recovered off Amatsu

(125
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(Table 3), where the other westward travellers
may come along, the 32 fish are released in
summer, and the recoveries of the spring
liberations are only two fish. It may be not-
worthy that both of the latters remain in the
sea before recapture during the succeding
summer, or until the first part of August.
Their 80-90 days staying in the sea seems not
so short as give them any chance of a 50 days
travel in the summer to Futomi waters, for
example.

The months of June to July are proved as
the active breeding season of the spiny lobster,
and the breeding is known as an initiating
factor of their benthic migration (BAINBRIDGE,
1961: 452). The shorter elapsed days in summer
should be
affected by the urge of activity of the animal.

As the stress of activity should affect equally
to the fish in the field, such a difference in
movement by liberating seasons may come
from the experimental operation itself, which
is used to act fish life as a negative factor.
The spring experiment, then, must be distin-
guished the stress in succeding summer for
bearing upon them, while the summer experi-
ment may not affect so remarkably already
activated fish.

than in spring, as seen above,

In this connection, some lines are given
here on the season of experiment. As pointed
out by KUBO and HATTORI (1947), the liberat-
ing experiments of the Japanese spiny lobster
has been in effect mostly in May. Of the 20
liberating works on the Pacific range of Oshima
Is., Tokyo, to Kumamoto in 1931-1958 (HATA-
NAKA and IKEMATSU, 1940-1941; Kanagawa
Fish. Exp. Stn., 1936; NONAKA, 1959; OKADA
and KATO, 1946; OsHIMA, 1934; Tokyo Fish.
Exp. Stn., 1938-1939; Wakayama Fish. Exp.
Stn., 1933-1941), most (25 %) of them are put
into operation in this month, and the accumu-
lated total number of the fish liberated in the
month (more than 2500 individuals) is exced-
ingly much more than any of those in the other
months. Anyhow, the season of the liberating
experiment has been discussed no more.

If the fish are made active in summer, the
May liberation seems not preferable to the
purpose, as far as the movement is the problem.

Beside this, as the months of June to July are
closed for to the spiny lobster fishery of any
regions in Japan, the travelling of the fish in
this term may be free from the fishing operation.

After all, it seems to show us that the season
of summer should be more considered than
ever as a beneficial period of liberation of the
fish in question, at least in comparison with
the spring season represented by May.

DISTANCE OF MOVEMENT The maxi-
mum record of movement of the tagged fish
is, as seen above, about 29km westward in
summer 1967. Such a long distant movement
has been first recorded of the Japanese spiny
lobster. The maximum distance ever known
is 9 km, based on the tagged male, 18.0 cm in
body length, travelling on the middle part of
a longitudinal coast of Wakayama Prefecture,
released 30 July 1933, and recaptured after 86
days, 24 October 1933 (Wakayama Fish. Exp.
Stn., 1935: 46). The second record was of
7.2km, or else about 6km according as OSHIMA
(1934), based on the tagged female, 6.5cm in
carapace length, released 15 July 1934 on the
distal coast of Miura Peninsula, Kanagawa
Pref., and recaptured after 18 days (Kanagawa
Fish. Exp. Stn., 1936: 79).* It is noticeable
that both of these records come also from the
summer liberation.

Our Chiba records of maximum distance
The long distant
records from the Chikura waters are represented
by one female and 5 males (Appendix Table 6),
and all of them occur concentrically in 1967
during the 18 years, except of another male
record from adjacent Wada waters in 1956.
The recoveries from Kamogawa and Futomi
waters, 8-10 km distant from the station, does
not show such a concentrical tendency. The
22 tagged fish (8 females and 14 males) are
recovered from these waters in almost every
one or two years during the same term. No
difference of trends is shown in the recovery
records from the neighbouring Amatsu waters
as well. Taking the preceding records into

appear uncommon as yet.

* In this connection, KUBO (1947, 1949) refers to
this Kanagawa record, but not to the Wakayama
record, without giving any reason.
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consideration, the movement of 8-10km distance
seems rather occasional for the Japanese spiny
lobster.

The alongshore migration has been observed
on some other Panulirus species. The maxi-
mum distant record of them is given on the
Australian marine crayfish, Panulirus longipes,
which, according to GEORGE (1957: 484), may
remove over a distance of 64.8 km (35 miles)
within ““only’” 42 days (6 weeks). This is
known as a possibly maximal long distant
record in the world of the bottom living crus-
taceans (SHEARD, 1954: 6; cf. BAINBRIDGE,
1961). In the southern Californian spiny lob-
sters, Panulirus interruptus, a maximal move-
ment of 7.4km (4 miles)* within 120 days (4
months) is recorded by LINDBERG (1955, Table
9). The Phnulirus argus in Bermuda is re-
cognized a migration of about 13km (acc.
BAINBRIDGE, 1961: 449),** while in the other
Bermudian spiny lobster, Panulirus guttatus,
no evidence of a noticeable migratory behavior
has been given (SUTCLIFFE, 1952, 1953a, b).
From this viewpoint, the Japanese spiny lobster
may be compared to P. interruptus and P.
argus, rather than to P. longipes and P. guttus.

It is interesting that the disconnection of
rocky shore (Wakayama Fish. Exp. Stn., 1935)
or the ‘“‘extensive open areas (LINDBERG, 1955:
183)” or even ‘‘the channels between the
separate island groups (SHEARD, 1949: 14)”
have not necessarily been proved to play a role
of barriers for such a migration of the Panulirus
species.

As referred to above, a sexual difference may

* ALLEN (1916: 142, 144, 147) records a tagged
male of P. interruptus travelling a longer dis-
tance of 17.8 km (9.6 miles), which is liberated
in winter (12 November 1911), and recaptured
in 28 Pay’s time (cf. OSHIMA, 1934: 102). This
record, however, is not concerned with the
breeding migration in question, but probably
with the vertical migration, because their breed-
ing season is known to extend from May through
July (ALLEN, 1916: 150, LINDBERG, 1955: 189).

** LINDBERG (1955: 182) refers to their travel of
““a hundred miles in as many days,”” as a pro-
bable breeding migration, without presenting
any detailed data.

be recognized among the Chiba records (Table
2) from this viewpoint.
more females stay in the bay than do males,
while more males travel a longer way off from
the bay than do females. It may coincide with
more occurence of the male records (5) than
those of the other sex (3) in available preceding
records of the maximal long distant movement.
The bearing of eggs should be related with
shorter travel in females.

MOVING SPEED The days elapsed between
liberation and recovery can not be a direct
factor of the speed of movement, because the
route for destination and the time of arrival
are both actually beyond assessment by any
Nevertheless, if it
occurs a migration of a distance of more than
29 km within 16 days, the distance of movement
per day of the fish is not less than 1.8 km.
The maximum speed of movement of the
Japanese spiny lobster, then, may be compared
to that (more than 1.5km per day) of the
Australian P. longipes, and must be higher
than the speed ever estimated of them as more
than 400 m per day by Kanagawa Fish. Exp.
Stn. (1936).

The speed of 1.8 km per day is convertible to
0.21 m per second, which should be reasonable
as a walking speed of the Panulirus species.
According to LINDBERG (1955: 171, 174; cf.
LOCHHEAD, 1961: 332, 354), the maximal
walking speed in P. tnterruptus is of 0.3-0.6 m
per second and a reliable swiming speed in
backward leaps is of 0.9-1.2m per second. If
the swiming speed of 0.9m per second was
adopted in P. japonicus, they should theoretically
swim away the distance of 29 km by 2.8 hours.
The speed of 400 m per day is convertible to
It is apparently slower

Generally speaking,

methods in use so far.

0.46 cm per second.
than the walking speed of the Panulirus species
mentioned here.

RECOVERY RATES AND DISPERSION
The recovery rate is usually a minimally in-
forming indicator with some insecure factors
for the moving of tagged fish to the destinations.
Even if this condition is accepted, the fish
tagged in summer must be much more active
in the middle of the term of 1951-1968 than
in the other periods, preceding and succeding.
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It seems very probable that this unimodal
tendency is in close relation to the density of
the Uchiura Bay stock of the fish in question
(Fig. 5, open circle). The sum of summer
catches in the Uchiura Bay are remarkably
higher (5.1-6.7t) in the beginning and ending
period in the same term than in the other
(1.8-3.6t). As the summer catches of the
fish are suggested to be more or less in relation
to their local density (TAKAGI, 1970), the higher
recovery rates can be a reflection of lower
density of the fish in the bay, and vice versa.

Some other interesting trends are recognized
on the longer distant records from outside of
the bay.
the bay seems to depend upon the year, be-
cause especially the recovery rates of the west-

First, the outward dispersion from

ward waters show a remarkable agitation by
vear, and that rates of the eastward waters
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Fig. 5. Total recovery rates (bars, in left scale,
%) of tagged spiny lobster by summer libe-
ration at the Uchiura Bay (Fig. 3), in relation
to summer catches (open circle, in right inner
scale, tons) in the bay, and to the Wolf’s
sunspot number (closed circle, in right outer
scale) during 1951-1968. Subdivisional re-
covery rates given as white parts (rate in the
bay) and black parts (rate in outside of the
bay). Summer catches in the bay represented by
accumulated weight in August and September.

develop according as the higher rate in waters
of the opposite direction. If paying attention
to those leading years (1956, 1958, 1960 and
1967), the fish must be activate to disperse
equally for both directions in the definite years,
although a few exception of years (1951 and
1963) is included (Fig. 4).

From this point of view, the westward regional
recovery rates show that the dispersion of the
fish may be relatively independent from the
density, and rather follow fluctuations of other
factors. These trends are different from the
trends seen in the bay, and distinguished from
the latters by a gradual increase in rate of
longer distant records and by the remarkable
occurence (59%) in the end period of the term,
or in 1967, of the longer distant records,
especially including concentrated farmost records
(2.39%). It must suggest that the 1967 con-
dition of environment activates most the Uchi-
ura Bay population of the spiny lobster to
disperse away. This is supported by the east-
ward recovery records attaining this year in
rate the maximum (3.1 %) for the same term.

THE SUMMER CONDITION IN AND
AROUND THE UCHIURA BAY, ESPECIAL-
LY IN 1967 The Pacific coast of Boso Penin-
sula embracing the Uchiura Bay is washed by
the Kuroshio current system, which should be
an important factor affecting the life in the
temperate Boso waters.

The most remarkable evidence as a referable
factor should be the water temperature, as well
as the percipitation (Figs. 6 and 7). The
Kominato Marine Biological Laboratory has
deposited some continuous oceanographical and
meteorological data (YOSHIHARA and TAKE-
UCHI, 1969). According as these data of the
1934-1968 observations (YOSHIHARA et al.,
1969, Table 3; and the original data table),
the monthly mean temperature of the surface
water in July reaches the maximum (25.47°C)
in 1967, when most of the farmost recovery
records are reported. It is higher than the
total monthly mean in August (24.82°C), and
such a higher temperature is not recorded since
1946 and 1948. It must be added here that,
as for the term since 1951, the second highest
July mean {23.90°C) occurs in 1956, when the
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Fig. 6. Surface water temperature (ordidate,

2011

°C) in monthly average observed at the
Kominato Marine Biological Laboratory, Tokyo
Univ. Fish., 1934-1968 (abscissa). Dots,
annual average: larger dots, for July; smaller
dots, for August. Broken lines, total average;
upper, for August; middle, for July; lower,
for June. Drawn after Yoshihara et al. (1969),
and original data table.

other farmost recovery is reported.

The maximum water temperature in 1967
corresponds to the minimum percipitation (20.6
cm in accumulation) in the rainy season (May
to June) of the year during the term of 1951-
1968 (YOSHIHARA et al., 1969, Table 7*; and
the original data table). The percipitation of
the rainy season in 1956 (33.9 cm in accumu-
lation) is merely not higher than the total
mean (34.3cm in accumulation)
term of 1942-1968.

The higher water temperature in summer
1967 can be affected by the access to land of
the Kuroshio current. According to the Tokai
Reg. Fish. Res. Lab. staff, the current axis of
the Kuroshio in 1967 is close the Boso coast**
during July to August after a remarkable
agitation of the current axis especially during

June to July (Tokai Reg. Fish. Res. Lab.,

during the

* Some errors are found in the Table 7. In
caption, read monthly accumulated value, for
monthly mean value; read cm, for mm. In line
of 1956, read 5.9 of column August, for 15.9.
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Fig. 7.
season, represented by accumulated hight (dots)
in May and June, observed at the Kominato

Percipitation (ordinate, mm) in rainy

Marine Biological Laboratory, Tokyo Univ.
Fish., 1942-1968 (abscissa). Broken line, total
average. Drawn after Yoshihara et al. (1969,
a little modified) and original data table.

1967a, b; Tokai Reg. Fish, Res. Lab. Fish.
Oceanogr. Cond. Forec. Comm., 1967a, b, c;
FUJIMORI, 1967; UEHARA, 1967a, b; UEHARA
et al., 1967).

It must be noted here, however, that they
report besides a sudden fall around 11 August
1967 of the coastal water temperature on the
southero Boso Peninsula, as well as the similar
trends shown 8 August in the Oshima waters
(Tokai Reg. Fish. Res. Lab. Fish. Oceanogr.
Cond. Forec. Comm., 1967¢). During the term
of our observation, these trends are recognized
as a 10°C fall in range for 5 days after 9 August
by the Mominato Mar. Biol. Lab. (original data
table), and the minimum values are observed
on 14 and 30 August (Fig. 8). These sudden
falls of water temperature, however, seem to
have few chance of affecting to the activity
of the longer travellers recorded from the
Chikura waters (Appendix Table 6), because
it is very probable that they reach the desti-

** ISHINO and OTSUKA (1970, Fig. 6) show that
the Kuroshio flows away 18-21 August 1967
northeastwards about 30 miles distant in axis
off the southern Boso Peninsula, based on the
R/V Shinyo-maru observations.
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Fig. 8. Daily surface water temperature (ordi-
nate, °C) during the term of 15 July to 5
September 1967 (abscissa), observed at the
Kominato Marine Biological Laboratory, Tokyo
Univ. Fish. Broken lines, monthly average
of the years 1934-1967; upper, for August;
middle, for July; lower, for June. Based on
original data table.

nation before happening of those conditions.
The water temperature as well as the per-
cipitation has been known to affect the life of
the Japanese spiny lobster. Above all KUBO
(1957: 132) points out close relationships be-
tween their abandance on Chiba coast and
water temperature. He proves that their Chiba
characteristically subject in
abandance to a periodicity of every 8 years.
It is supposed, said he, in relation with the
periodicity of every 7 years known in tempera-

population are

ture of the Kuroshio, that it comes from their
sensitivity to fluctuations of environmental
factors, especially as they are in the (northern)
limit of distribution. The percipitation is also
discussed in this viewpoint by KuBo (1940),
MARUYAMA (1966), or OKADA et al. (1960).
These facts may suggest that the activity of
the spiny lobster is affected by the approching
movement of the Kuroshio current, or by
If the fish
activate under such an environmental condition
of the sea in 1967, it may be reasonable that
the summer catches of the fish in the Uchiura
Bay show a peak in this year (Fig. 5), for the
efficiency of the gill-net fishing should depend
depend in larger part upon the coincidental
trends of the spiny lobster in the locomotor
activity or the metabolic rate in relation to
temperature, as refered to by Maruyama (1966:

warmer and more euhaline waters.

92).

Some lines may be added to here in relation
to the movement of the Kuroshio current.
YOSHIDA (1961; in HONJO, 1968) points out
that the Kuroshio changes in 1956 its movement
from the meandering phase (Type 1I) to the
straight phase (Type I), and that based on the
observations during 1925-1961, such a change
of phases (Types I to II, or II to I) is con-
siderable to occur always around a minimum
year of the Wolf’s sunspot number.

As referred to above, the farmost Chikura
records occur in summer 1967 as well as in
summer 1956. It is interesting, then, that the
summer 1967 (1967. 6, as defined by early
days in August) corresponds to 2.8 years after
the preceding minimum year of the sunspot
number (1964. 8), and that the summer 1956
(1956. 6 defined as above) follows the same
trends, by corresponding to 2.3 years after the
preceding minimum year of the sunspots (1954.
3). After all, both of the farmost travel records
of the fish come together in fact after 2-3 years
from the minimum year of the sunspot number
(Fig. 5, closed circle).

In this connection, it calls their attention to
the interval of these farmost travel records
corresponding to the periodicity of every 11
years in the sunspot number, of which Kuso
(1957: 130) points out the close relationships
to the fluctuation in abandance of the Japanese
spiny lobster.

DIRECTIONAL BIAS OF THE RANGE
As far as our tagging experiment goes, the
stock found in the Uchiura Bay is recognized
their travel out of the bay, westwards to the
Chikura waters, and eastwards to the Okitsu
waters. These localities of the records may
define, if tentatively, the longitudinal limits in
the range of movement of the stock.

Recently from the Ubara waters, 7.7km
distant from the Uchiura Bay, a tagged fish is
reported. It is the male, 16.9cm in body
length, coded by Tag No. 650, captured 14
June 1972 on the station, released 17 June
1972 off the opposite shore of the station in
the bay, and recaptured 29 July 1972 (42 days
elapsed) off Ubara Is., Ubara, Katsuura, Chiba
Pref., by a young yellowtail gill-net. This
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destination is near eastwards to Okitsu waters
(Fig. 2). Anyhow, the directional bias in
question is still recognized.

The directional bias of recovery records can
be first illustrated as such a bias in movement.
It is interesting here that the relationships are
suggested between the movement of the animal
and the current flow. Along the southern Boso
coast, the southwestward flow of the onshore
current is generally recognized as a couter-
current of the axial flow of the Kuroshio,*
and it may be emphasized by the access to
land of the axial flow of the mother current.
If these conditions are accepted, the trends of
westward travel of the fish should be denatant
upon the onshore flow, even though the positive
rheotaxis is effective in the marine crustaceans.

In this connection, the bearing of the other
current system Oyashio must be hardly negli-
gible to the bias in movement. The Boso coast
is known as convergently washed by the south-
westward QOpyashio, as well as by the north-
eastward Kuroshio, and the escape reaction of
the fish to lower temperature is very probable.
Most of these problems remain to be proved
in further investigations.

Another illustration is in relation to the
character of the tagged fish recovery itself. It
is apparently known that the recovery rate is
used to increase or decrease among relatively
poor and rich populations respectively. As for
the Uchiura Bay fisheries, it is probable that
within the 29 km distance range the eastward
waters hold much more stock than do the
westward waters (Fig. 9).

When the regional catches during 1958-1968
in the official statistics (Chiba Stat. Surv. Off.,
1959-1969) are summed up by a 10 km distance
from the Uchiura Bay, and converted to an
index or ratio to the catches from the bay, the
annual catches from any of the three westward
regions of 10km distance are in a range of
0.3-2.5 (0.5-1.7 in total westward waters),
while those of any eastward regions in a range
of 1.1-5.6 (2.0-2.7 in total eastward waters).

If the total fishing efforts in these regions

* It is supported by the clockwise flow, usually
proved in baies on southern Boso coast. (Acc.
private communication with Dr. T. MASUDA)
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Fig. 9. Regional catch indexes (ordinate) of

the Japanese spiny lobster in terms of annual
catches in the Uchiura Bay Chorizontal line at
index 1). Regions (abscissa) devided by every
10 km distance, eastward (E1-3) and westward
(W1-3), within the range of 30 km distance
from the bay. Horizonta bar, regional average;
rectangle, range. Broken line devides eastward
and westward regions at the Uchiura Bay.
Based on the official statistics of regional
catches, 1958-1968.

could not be independent from the amount of
population, and such a eastward increase of
population density is reasonably accepted, it
should be natural that the recovery records
are less in eastward waters than in westward
waters, even though tagged fish are suggested
to disperse out of the bay in equal extent to
More-
over, the trends of denatant travel to the west-
ward, if present, must give weight to poor
recoveries in eastward waters by putting down
the stress upon the locomotor activity of the
spiny lobster.

both easterly and westerly directions.

After all, the onshore countercurrent running
southwestwards of the Kuroshio system appears
to make as a result of a denatant travel the
summer 1967 stock in the Uchiura Bay rich on
one hand by bring in the bay any part of the
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larger eastward population, and start away off
in part from the bay on the other hand.

4. Summary and Conclusions

1. The behavior of the 5760 (1867 females
and 3893 males) tagged spiny lobster released
every spring and summer 1951-1968 at the
preserves on the mouth of Uchiura Bay, Chiba
Pref., are analysed by the 524 (182 females
and 342 males) recovery records from the open
area.

2. The total rate of recovery is of 9.1%
through the term of 18 years. The total rates
from the summer liberations are higher (11.3%)
than those (6.1 %) from the spring liberations.
The sexual differences of the rates are not
remarkable in total; 9.7 % in females and 8.8 %
in males.

3. Recovery records are concentrically
reported in the Uchiura Bay (85.1 %3), especially
on the same (west) side with the station (71.8 %)
in the bay. Records from outside of the bay
are less and narrower in range on the eastward
waters (far as Okitsu waters), while more and
broader in range on the westward waters (far
as Chikura waters). These records are repre-
sented by males, while those in the bay by
females.

Another remarkable trends on the outside
records are a bias by liberating season. All of
them come from the summer liberations, except
of a few records at the adjacent Amatsu waters
of the bay from the spring liberations.

4. The farmost distant records are reported
at the Chikura waters 29 km distant off from
the mouth of Uchiura Bay, and the shortest
elapsed days between liberation and recapture
is 16 days. These records are comparable to
those of Australian P. longipes in moving
speed, and to those of the southern Californian
P. interruptus and the Bermudian P. argus in
moving distance.

5. The recovery rate of summer liberations
fluctuates in trends as forming a peak in middle
of the term studied. Nevertheless, records
from outside of the bay represents a increasing
tendency in the same term. Especially records
from the farmost Chikura waters concentrates
in the end of the term, 1967. The dispersion

away [rom the bay appears to be in effect to
both easterly and westerly directions together
in definite years.

6. The characteristics seen in the behavior
of the fish in summer 1967 are discussed in
view of the environmental factors, or temper-
ature, percipitation, flow patterns of the Kuro-
shio, as well as abandance represented by
catches in fishery. The activities of the Uchi-
ura Bay stock seem to be accelerated by on-
shore access of the Kuroshio, higher water
temperature, and more euhaline waters.

7. The westward bias of the longer travel
records seems to be illustrated first by the
denatant travel depending upon the southwest-
ward flow of the onshore countercurrent of the
Kuroshio, second by the larger eastward popu-
lation, higher density of which should make
the recovery rates lower in the eastward waters
than in the westward waters.
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APPEDIX

Tables 4-6, pages 110-112.

Table 4. Summary of the seasonal operations, 1951-1968, of the spiny lobster tagging experiment
at the Kominato Mar. Biol. Lab., Tokyo Univ. Fish., Chiba Pref. A, tagged fish in catches;
including the animals identified as tagged by marking; B, newly tagged fish after catch; C,
released fish out of tagged catches; D, released fish in total; A, C, D, total number; B, net
number. F, female; M, male; S, sum; UK, unknown. In column Date: A, August; J,
July; M, May; O, October; S, September. In sections F-UK in the second column: nume-
rals after +, trap catches; the others, gill-net catches. On line J/21-25/54: ?, no tagging

experiment confirmed on records.

Catches in total Tagged Release
Date - — A B C D
F M UK S F M S F M S F M S F M S
S /25-26/51 60+30 91+22 221 6 7 13 86 101 187 5 4 9 91 105 196
0/5-7/51 60 93 153 6 8 14 51 81 132 6 8 14 57 89 196
M/13-17/52 94+22 225436 377 4 5 9 111 251 362 4 5 9 115 256 371
J/9-12/52 140 269 409 9 21 30 112 213 325 3 17 20 115 230 345
M/9-12/53 60+29 88-+57 234 0 2 2 69 120 189 0 2 2 69 122 191
J /9-10/53 81 173 2564 6 12 18 75 155 230 6 10 16 81 165 246
M/9-12/54 27 56 3 &6 2 1 3 22 50 72 2 1 3 24 51 75
J /21-25/54 81 182 3 266 ? ? ? ? ? ? ? ? ? ? ? ?
M/12-16/55 60 103 163 1 10 11 52 77 129 1 5 6 53 82 135
J /12-15/55 105 111 5 221 3 7 10 88 92 180 3 6 9 91 98 189
M/9-13/56 57 88 145 2 7 9 53 77 130 2 2 4 55 79 134
J/11-14/56 98 244 342 4 11 15 91 230 321 4 11 15 95 241 336
M/12-16/57 47 83 130 0 3 3 47 80 127 0 3 3 47 83 130
J/9-11/57 32 87 119 1 5 31 81 112 1 5 6 32 8 118
M/10-13/58 55 106 2 163 0 11 11 50 83 133 0o 11 11 50 94 144
J /9-12/58 35 120 155 1 8 24 89 113 1 8 9 25 97 122
M/13-16/59 81 143 224 1 5 6 69 124 193 1 4 5 70 128 198
J /12-14/59 32 93 3 128 5 13 18 24 74 98 5 12 17 29 86 115
M/17-20/60 76 130 206 2 10 12 73 109 182 2 9 11 75 118 193
A/17-19/60 35 78 113 8 13 21 25 62 87 7 12 20 32 75 107
M/8-11/61 39 80 119 6 5 11 28 69 97 6 2 8 34 71 105
A/6-9/61 66 129 1 196 6 6 12 56 111 167 5 6 11 61 117 178
M/10-15/62 21 37 58 0 1 1 21 36 57 0 1 1 21 37 58
A/9-11/62 56 108 164 5 8 13 44 83 127 5 7 12 49 90 139
M/16-19/63 57 102 159 1 1 2 55 92 147 1 1 2 56 93 149
A/2-4/63 41 100 141 8 22 30 29 70 99 7 19 26 36 89 125
M/9-11/64 34 115 3 152 2 12 14 31 97 128 2 12 14 33 109 142
J /23-25/64 28 61 5 94 6 15 21 21 46 67 4 13 17 25 59 84
M/13-14/65 14 60 2 76 1 4 5 13 54 67 1 4 5 14 58 72
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Migration of Tagged Spiny Lobster 111
J /2-4/65 51 111 1 163 3 16 19 46 94 140 3 15 18 49 109 158
M/15-17/66 30 88 118 1 9 10 29 79 108 1 9 10 30 88 118
J /30-A/1/66 47 113 6 166 6 18 24 38 92 130 5 18 23 43 110 153
M/16-18/67 32 57 89 3 3 6 29 54 83 3 3 6 32 57 89
J /15-16, 20-21/67 103 226 3 332 11 24 35 79 183 262 11 24 35 90 207 297
M/17-19/68 47 110 157 4 10 14 42 95 137 4 10 14 46 105 151
J /10-12/68 27 123 150 0 10 10 25 107 132 0 10 10 25 117 142
Total 2098 4298 37 6433 124 323 447 1739 3511 5250 111 290 401 1877 3886 5763
Table 5. Regional distribution of the 524 recovery records (Table 2) by sexes from summer
1951 to July 1968 liberations of tagged spiny lobster at the Kominato Mar. Biol. Lab.,
Tokyo Univ. Fish., Chiba Pref. Date, month and year of liberation, details of which are
given in Table 4; A, August; M, May; J, July; S, September. In regional columns:
left, of famale records; right, of male records.
In the Bay
©
2
=
g - = 7 s w©
Date S é) .J:: § B i ~ £ s
2 < B © 2 - 2 9) g ] Z I —
o =P & 5 = < £ & & B 22 © &
S /51 3 2 4 9
M/52 3 3 6
J /52 4 3 17 1 1 26
M/53 1 6 15 1 23
J /53 1 1 8 14 1 1 26
M/56 1 2 3
J /56 1 1 1 813 1 7 10 1 1 2 1 47
J /57 2 1 7 4 1 15
J /57 4 4 3 1 1 13
M/58 4 14 13
J /58 3 2 4 10 4 1 24
M/59 12 6 18
J /59 1 3 7 1 12
M/60 1 11 11 23
A/60 1 1 6 18 1 4 1 32
M/61 5 4 9
A/61 1 6 18 3% 1 2 2 65
M/62 1 5 6
A /62 1 5 4 8 2 20
M/63 1 4 5
A/63 5 5 1 3 2 16
M/64 2 4 2 8
J /64 3 14 17
M/65 2 2
J /65 1 1 6 8 1 17
J-A/66 1 7 8
M/67 2 2
J /67 1 7 3 6 1 5 1 2 5 1 5 37
M/68 1 6 3 10
J/68 1 2 4 7
Total 04 3 9 213 1 9 142 234 627 3 3 510 0 1 0 1 0 0 5 524
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Table 6. Recovery records from Wada and Chikura waters, of the tagged spiny lobsters released
at the mouth of the Uchiura Bay, Chiba Pref., 1951-1968. BL, body length: F, female; M, male.

Date

. emarks

Region S T ella)asyesd Sex BSIIZ(E m) R’i -

Recaptured Released p cm Tag No. Detector
Wada 9 Aug. '56 12 July ’56 28 M 13.7 317 Y. Okada
Sirako 18 Aug. 67 16 July ’67 33 F 16.7 1543 T. Tomita
Seto 9 Aug. ’67 21 July ’67 19 M 15.1 1750 T. Ishii
Kotto 12 Aug. ’67 16 July ’67 27 M 15.3 1586 N. Tamura
Kotto 12 Aug. 67 16 July 67 27 M 16.0 1589 S. Horie
Hiraiso 6 Aug. '67 21 July ’67 16 M 14.7 1734 K. Sakamoto
Senda 9 Aug. 67 16 July ’67 24 M 16.5 1542 T. Yasuda

1 & =, Panulirus japonicus, O FGIBISEIC 51T 5 268E):
1951-1968 £5 L foi i52 Ak It s S

T NI U

BE: TEENMEDICS 2 FTFUKERZN B/NEERIE O BB T 2 2R N T, 19514ELBEERE 2 H
12D e DQEBRREERL T0d, TD1968FEE TORENDL, [ T DN (KFE) HEETOEEY
i Cico @¥MZEC T, BREERIZ24ThHD, BHRIZI0% b0 THs0, EHITIIE 6%) L
DdHE 4%, HNOMRERRBD b\ (f, 11%; H, 10%). Bl OB 1 k%D
34.6HTH D2, FHAHTIEAE G4H) X0LHE (27 H) OF, HAHTIRM 7E) b (288) o
FHR e WIFEI D OB TICDONTHL L, M (10%) XD 3H (18 %) O HFREHRIRE N
L, TREDIREAETRTRECKE IR D TH S, BHOEELEETAT (TE) Hi%k D 29 km
THDo WL 29km OHPANT, BHTHKIER & SICHRERNLRT, B FL O
WEEKICH L, I OLNRIERELD 5km K ThH B, BREIIE (FRaHET) A (72:12%) T
4 (12:3%) THREORHEFELEDOENL D BELL ST 5, FHMFHES OFEUNBHE (0.~38.9%) 13
FHRMMNT 1960~61 FETEHRE L THRER L RT LS CAZ D, ZOMEARKAICHETHED K, 3
SMRLEBRAZ DR D &, FIFRIL 1967 A TEM & 2 WM T4 R T & DB EHOBRTHEOE LA E
TRTHRERL TN D, E/, W TOBMEOGMECH - THEF TOBMAEEIN, HERGH TOE
BB R EN D, INHDHICOWT, BEERA Y & OGNS EFTDERY RS/,
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Biological Studies on the Deep Scattering Layer
in the Indian Ocean—1L.*

Animal Constituents of DSL

Tatsuyoshi MASUDA, Sri RAHAJU and Masaaki TANAKA

Abstract: The “Umitaka Maru’’ of the Tokyo University of Fisheries took part in the
International Indian Ocean Expedition (IIOE) from October 30, 1963 to February 17, 1964.
During the period, collections of macroplankton referring to the deep scattering layer (DSL)
were carried out at 29 stations in the eastern Indian Ocean (Fig. 1). The observations were
made through 87 times in different depths of water at all the stations (Table 1).

In case of hauling, a 270 cm Umitaka square net, provided with a Netz Sonde before
the aperture of the net in order to keep the net at the accurate depth of water, was horizon-
tally hauled at the stern for half an hour at a depth of water where a DSL was previously
confirmed by means of an echo sounder. In contrast with the above hauling, a larva net
provided with the ring of an Indian Ocecan standard net (IOS-net) was horizontally hauled
at the starboard of the stem for the same time with the foregoing square net at the surface
of the sea. The net hauls were usually operated after sunset, to be exact, between the zone
time from 18:36 to 21:05.

As a whole, 43 sorting groups of zooplankton occur in the DSL at all the stations
(Table 2). Major constituents of these are Copepoda, Euphausiacea, Siphonophora, Sagit-
toidea, and Thaliacea. As the latter 3 groups, however, show about the same distribution
ratio at both DSL and sea surface, it may be regarded as appropriate that those groups are
common to both layers. On the other hand, the former 2 groups are remarkably abundant
at the DSL, so that Copepoda and Euphausiacea appear to be purely major constituents of
the DSL. Especially, there is no room for doubt that Copepoda is the most dominant of
the deep scattering layers in the eastern Indian Ocean.

il

* 1972427 H 26 HZH
ABIFRO—HMRILHERLH IR L -

R FUKER K ER I E

Fisheries 1956),

(255

M. Challenger ¢ Start liHnic 8\ T, TFEH
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Zoological Laboratory, Tokyo University of DSL WD ER THD L i T b (UDA,



114 5% B10% B35 (1972);

TP, HFEHECET LIRS S oA e
Sh, 4H® DSL S35 Kkb0RKEFco
WCOBH L ERIC T Ic b, FORR, BHN-
EARC ook TS hi4rnEr b s
WE L, HOFEz b Twicx i, DSL
RFT R RRBEE T, HbWLEich
B35 2 ENRBEHLN T > TE I,

o DSL DJERERIC >WTIE, BHEE TIC
ZLORMMNEMEEINTWBED, Th b EHY
HEEDRKRTHZIENTEDTHSH. LD
F—lIKPEYOREFHC LS LT HEYMER
FH, BT OES  MEEOZMRE .
Wi KB O QHEGEE - KT s T A B I
BAEZOYHFNG, SHEFEZL TR LEHED
BEFERHETH S,

IhHD 5 b, DSLOERE UL T—RIZEDH D
RTOBDEHE—-DEYRFETH DN, LD
EYzonWCEFHE R L T#EH T 92 h,
Macroplankton #t (JOHNSON, 1948), Euphau-
siacea 3 (HERSEY and MOORE, 1948; MOORE,
1950; &k - i, 1961; #AK, 1963), 1 » &
(LYMAN, 1948), wwmii (CHAPMAN, 1947,
MARSHALL, 1951) 72 P THREI R TS,

L, fEko@E I DSL O Y 5
FELTWAHIEEED, TOREHELARIR
T b DL <, DSL AR T 5/ EMBESY
MR L e bR VERD VWL ) Thd,
F v, EEA v FEFEERCRBCTR DA
HEg U CREA ML oR, DSL oAy
DN TEH AR A B0 To e fiETHIX
HThb,

KL ABICRUL B, AR W Toiiu
T HEENPEARE « HEUKERY BRI EUE,
L HEEARE - BUNRBUREIZ LT 3
MEBOEAMELNLO#BEYETDH LI, BE
e X OB I SEH 20 - o R R EEIK
EEMTHELHM L BERO#HEEXR LI\,

2. MHELUAHE
2 EEEA v FPERTCEE LT, REKEKXR
SRy S DSL O s A i 5 7o iz

R{LdrEs ek

Fig. 1.
samplings in the eastern Indian Ocean from
November 1963 to January 1964.

Showing the stations of macroplankton

1963 411 H 211 L H 19644E 1 A 2201 F % AR,
Macroplankton DFRER A v FPEHIED 29 A
B Fig. D, 1 WaAHcd 2-4 [, B+
87 mEHM L 7= (Table 1),

HRCEL T, b oS ©DSL
HERL, R EERRETAICODE R v b
S FREHLTC, FEDKER 2710cm oM
F oy PEBEAL, 30 MBI TATER L,
7oL, St. 28 OKEE 395m D 1 FID Rt fE
HTHbH, chrite, HFEELL T I0S o
Fo b VI ERHALLES = - %y P TER
D KB 2 N AR B80T 30T 5 7o
BERLITRTHERBTHHM, S HICHEMC
AN, HFFEC 18:36 - 21:05 e T L e
(B5E, 1966),

F v FPABHR LS HORERBRWT, Bbh
Fo T RCOELRIT~F Y 1 v TCHRIL, 77V T
Btz Ar<Y v 109% EKAE CHEHELL:
%, FASAEE RS S BREEY 40T
SHELT, ThEROWEELY S L ., £L
T, TORMMBETHRC L DHEMERTRS
2o
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Table 1. Data on macroplankton samplings in the eastern Indian Ocean
from November 1963 to January 1964.
St.  Lat. (S) Lon. (E) Date Time Wire out (m) Depth (m) Remarks
01 11-35-6 119-44-7 11.21 20.30 50 0
01 11-35-6 119-44-7 11.21 20. 28 305 60
02 12-37-4 120-03-8 11.22 19.20 50 0
02 12-37-4 120-03-8 11.22 19.17 120 28
02 12-36-8 120-04-2 11.22 20.09 423 95
03 14-06-5 120-05-7 11.23 20.17 50 0
03 14-07-0 120-04-3 11.23 19.12 50 0
03 14-07-0 120-04-3 11.23 19.08 240 70
03 14-06-8 120-05-2 11.23 19.55 440 125
04 15-44-3 120-02-5 11.24 19.12 50 0
04 15-44-3 120-02-5 11.24 19.09 110 27
04 15-44-0 120-04-4 11.24 19.53 320 70
05 17-12-0 119-59-2 11.25 19.19 50 0
05 17-12-0 119-59-2 11.25 20.07 130 30
05 17-12-0 119-59-2 11.25 19.17 290 70
05° 17-03-7 119-52-1 11.26 19.09 50 0
05° 17-02-5 119-53-2 11.26 19.43 130 30
05° 119-51-8 11.26 19.00 240 67
06 08-56-4 113-02-5 12. 5 19.35 50 0
06 08-55-3 113-03-8 12. 5 20.19 56 15
06 08-56-1 113-02-4 12. 5 19.37 140 37
06 08-57-4 113-01-8 12. 5 18.45 290 75
07 11-02-9 112-54-5 12. 6 19.34 50 0
07 11-03-0 112-55-4 12. 6 18.53 120 33
07 11-02-8 112-54-3 12. 6 19.40 240 65
08 12-59-6 112-49-9 12. 7 19.30 50 0 Net broken
08 12-59-2 112-50-5 12. 7 19.59 50 0 Net broken
08 12-59-2 112-50-4 12,7 19.54 200 50 Net broken
08 13-00-1 112-49-3 12. 7 18.49 590 150
09 14-50-8 113-04-0 12. 8 19.29 50 0
09 14-49-9 113-05-6 12. 8 20.28 120 33
09 14-50-6 113-04-2 12. 8 19.42 170 55
09 14-51-4 113-03-2 12. 8 18.44 530 150
10 16-55-5 113-11-4 12. 9 19.36 50 0
10 16-55-5 113-11-4 12. 9 19.35 130 32
10 16-55-6 113-09-7 12. 9 18.36 380 90
11 18-53-9 113-04-0 12.10 19.32 50 0
11 18-53-8 113-05-0 12.10 19.43 121 40
11 18-54-3 113-03-9 12.10 18.52 340 100
12 20-53-3 112-55-5 12.11 19.32 50 0
12 20-50-6 112-56-1 12.11 19.43 100 25
12 20-58-7 112-54-3 12.11 18.52 320 80
13 22-53-2 112-50-1 12.22 20.30 50 0
13 22-52-9 112-51-0 12.22 20. 48 100 25
13 22-53~7 112-48-8 12.22 20.01 240 70
14 24-54-4 106-07-0 1. 5 20.05 50 0
14 24-54-2 106-07-2 1. 5 20.09 100 26
14 24-55-4 106-06-4 1. 5 19.19 302 70
15 23-11-0 106-09-3 1. 6 20.07 50 0



116 5 #H $H10% H3EB (1972); BILMEASLEE
St.  Lat. (S) Lon. (E) Date Time Wire out (m) Depth (m) Remarks
15 23-10-9 106-09-5 1. 6 20.16 112 28
15 23-11-3 106-08-9 1. 6 19.15 250 55
16 20-44-1 105-52-1 1. 8 19.55 50 0 Net broken
16 20-46-7 105-52-1 1. 8 18.56 200 50
17 18-45-5 105-59-3 1. 9 21.05 50 0 Net broken
17 18-46-3 105-59-1 1. 9 20.52 250 65
18 16-47-3 106-07-9 1.10 20.45 50 0
18 16-49-3 106-07-4 1.10 20.02 120 30
18 16-51-0 106-07-2 1.10 19.13 240 60
19 15-00-3 106-05-3 1.11 20.09 50 0
19 15-00-5 106-05-1 1.11 19.49 120 30
19 15-01-0 106-04-9 1.11 19.02 238 65
20 12-49-2 106-05-6 1.12 20.15 50 0
20 12-49-9 106-05-5 1.12 19.34 120 30
20 12-51-3 106-05-4 1.12 18.51 240 60
21 10-58-4 106-02-2 1.13 19.37 50 0
21 10-58-6 106-02-6 1.13 19.53 120 30
21 10-58-2 106-01-8 1.13 19.04 240 60
22 08-52-8 105-47-9 1.15 20.04 50 0
22 08-53-0 105-48-4 1.15 19.56 120 30
22 08-54-3 105-49-7 1.15 19.03 240 60
23 10-53-5 99-51-1 1.17 20. 38 50 0
23 10-53-8 99-51-3 1.17 20. 28 120 30
23 10-55-4 99-52-4 1.17 19.41 240 60
24 09-16-7 100-09-4 1.18 20. 40 50 0
24 09-16-7 100-09-4 1.18 20.33 120 30
24 09-17-3 100-10-5 1.18 19.44 250 60
25 07-57-6 100-19-7 1.19 20.05 50 0
25 07-57-0 100-19-0 1.19 20. 40 110 30
25 07-57-8 100-19-8 1.19 19.50 240 63
26 06-51-3 99-51-0 1.20 20.41 50 0
26 06-51-3 99-50-6 1.20 20.51 110 30
26 06-51-0 99-52-6 1.20 20.00 220 60
27 05-13-6 99-51-9 1.21 19.52 50 0
27 05-12-2 99-53-3 1.21 20.43 130 30
27 05-13-8 99-51-8 1.21 19.39 240 60
28 03-52-0 99-10-6 1.22 20.50 50 0
28 03-52-0 99-10-8 1.22 20.43 1400 395
3. # B » Table 2 ThH %5,

S EIOFHE T 1 8 D FERE b e fiE o
WL EE T 66 (St. 05°)—14,212 (St. 19) /7
f, *7- DSL cix 198 (St. 09, 55m)—14,655
(St. 22, 60 m) fBUAT, BWHEOBICIZIKRELED
Bhich oTce UL, MERC(EEERDKE
NREVWDT, REL LK DSL ok
DRFHEAR D e oL, SUEASEREEBCHEREY
AU DEMBC L, TR ERDMHER L %R
RO EHER Kig L DSL @it TRLED

Thic ks &, HEREIMEYMCE XA TH
D705, A4 DB, RE T 36 #E2MBE L
DIt L, DSL TASEENA bR, BEDOHMN
Macroplankton B L UCEHMMHA R LT,

INBD 5L, REFOESEME Copepoda,
Siphonophora, Euphausiacea, Luciferidae, Hype-
riidea, Brachyura, Thaliacea "¢, 3" 4 il
EHRNRE % iz Twborex L, —J DSL ¢
Rk 5% VI ED Dk 3 7 5 i Copepoda,
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Table 2.

4 v FEE 8T % DSL O A —I.

Average distribution ratio (%) in in-

dividual number of macroplankton occurring

at sea surface and deep scattering layers (DSL)
in the eastern Indian Ocean during the period

from November 1963 to January 1964.

Aste-

risks indicate the ratio in percentage under

0.1 %, and neither numeral nor mark is given

in case of no occurring categories.

T~ Depth

Categories T Surface ,D,S,I;
1. Sarcodina, Foraminifera # 0.5
2. Sarcodina, Radiolaria 0.2 0.1
3. Hydrozoa, Siphonophora 11.2 10.2
4. Scyphozoa # #
5. Anthozoa, Hexacorallia #
6. Ctenophora * %
7. Tentaculata, Cydippida * #
8. Trematoda 0.1 *
9. Nemertinea, pelagic adult *
10. Mollusca, misc. 0.3 0.3
11. Heteropoda 0.7 0.5
12. Pteropoda 3.2 2.6
13. Cephalopoda 0.1 0.1
14. Polychaeta, pelagic adult x *
15. Polychaeta, pelagic larva % 0.1
16. Polychaeta, Tomopteridae ¢
17. Oligochaeta x
18. Cladocera x
19. Ostracoda 1.2 2.4
20. Copepoda 23.0 48.3
21. Cirripedia, pelagic larva *
22. Mysidacea 3.4 0.3
23. Isopoda 0.3 #
24. Amphipoda, Gammaridea 0.4 0.3
25. Amphipoda, Hyperiidea 7.4 2.3
26. Euphau51acea 9.8 15.8
27 Decapoda, misc. #
28. Natantia, misc. 3.6 1.6
29. Natantia, Luciferidae 7.5 1.5
30. Reptantia, Phyllosoma 0.3 @
31. Reptantia, Anomura * x
32. Reptantia, Brachyura 6.6 0.3
33. Stomatopoda, pelagic larva 3.4 0.5
34. Insecta 0.8 *
35. Sipunculoidea #
36. Chaetognatha Saglttmdea * x
37. Hemichordata, Tornaria *
38. Echinodermata, pelagic larva * %

117
T —_ Depth Surfdce DSL
Categories T R

39. Thaliacea, misc. 6.6 4. 4
40. Thaliacea, Pyrosomidae 1.0 0.4
41. Appendicularia 0 5 0.2
42. Fish egg 0 1 E3
43. Fish larva and young 4.1 2.5
44. Unidentified # 0. 2
Total 100.0 100 0
Euphausiacea, Siphonophora @ 3 Btic-4 &7,

F I IRNT Sagittoidea & Thaliacea 728 4%
BORMERTD - e,

Tlebb, Afkl LTk DSL OBuAEYINE
EERD X 5w EMEE 2L b, EBEEIT
LABMEAYRLTHBZ EAHH L, chid
AR OFREIC W ERERHIEFA O b O Tl
<, BIMROA v PERFEALLZ KR KD
Hitk 5, DSL # 30 K ER L, HHET
%M KO Macroplankton & X4AAM LS
DEFEE RS, oL, FOETBREN LR
bRibDThBHND, DSLOERIEMHEY ZE
CHE LI THA I N, TOREERE(EL S
FOEBIE2 eh -obDEEbRS,

FD L5 el bRE - DSL OREEEA M
#-4+7% &, Hyperiidea, Luciferidae, Brachyura
D3BERFOFAL KOG HREL RV &n
5, KEKREBTHD LRDOLND, hbiext
LT, Siphonophora, Sagittoidea, Thaliacea ®
3EHIEE R L O DSL OfFMEIERMZIEFL <,
WD IERAIRLTCWA DT, WEOH @
ZIcTONFEY TH H 5. ¥k % Copepoda &
Euphausiacea @ 2 #tiz DSL O#FEM RO F1FEH
LAEWC &b, AHOA v FEREIICET S
DSL o ¥k At O 1t = ;v B Copepoda &
Euphausiacea D 2#EThHBH EZ 2 bbb, T T
3 Copepoda 1% 509% iWEERLXRLTED,
DSL OHEBELEBTHD Z EEHLNTHD,

4. ZEEIUESR

fiEk, DSL » BHEE &hic Macroplankton B
# L L CiX Medusa, Ctenophora, Copepoda,
Euphausiacea, Natantia, Sagittoidea, Fish larva
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mENAHBIN TS, ZhbD DSLERAY D 5
b, BEE TICHE Sh-BE BB ML Euphau-
siacea Th b, SHIULHEIKR IN E D THLD T,
DSL ot ic BREMA BT 5 = Lk +2ieE
L, DSLIc kit 2BHERIREBEORERLD B
Win b 2Ll b LbfEEEnTwb (MOORE,
1950),

ASEIOPFETE, 1 v FIERE B0 % DSL
kg% & ¢ Euphausiacea & b ¥ Copepoda
DFMNFEHERL LTS EAHBA L, 8K -
B (1967) 1 ILFEIRASE# KR 817 5 DSL A
D YR O CREE ORI S L O EERD
EHor R A R 7o R, DSL DEsEY 4% Cope-
poda % FEuphausiacea /s ¥FO®E 75 v 7 + v
NEBELLTHDZEEREL T B, ZOHK
RasEOFHERK Rc—HT530THD, DSL
D RERAE YRR IO LB e WIREN
DY S ERUKBCE oo L EFEHCETS 2
EThHAHS,

g ¢ DSL #mkAYMH & LTk Euphau-
slacea 2\ 7s D WEMIN T E 7Dt L, Cope-
poda B INTELMEEIRD S, £ O HME
LT, WEONIBEDOEN LT LRATHA
% o Euphausiacea ¢ Copepoda iz >\ TR/ 5
RO L w HET 5 L, Copepoda @ K
HEDENPREVCZ EVADLRTED, il
B+ 5 MEDKREZ LBIRER & &5 < B4
BHETHLEHELZLN TS (AR, 1969),
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Brief Comments on the Upwelling Phenomena on the Sea Adjacent
to the South-east of Taiwan (Formosa)
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~
17
\ ‘\\\\717 —
Ses—
Fig. 1. Vertical section of water temperature

along the line of latitude 20°55’. (20-22
August 1971)

L

Fig. 2. Vertical section of water temperature
along the line of latitude 22°36/. (20-22
August 1971)

LWk s, RoJbmaR (Taitung) O AICILHEH
KBTS %o REAFIZHS (Lu Tao, Fig. 4

Bl s &S HE: (197148 AD

4 20H 231304y (GMT)
5 6, 7 21 H 11 ~ 61

8, 9 21H 81% ~ 10%F

17 21 H 120

21, 20, 19, 18 21H 130§ ~ 208

15, 16, 14, 13 o 1on

12, 11 10 } 22H Ol ~ 120
o St 13 12

" ﬁséﬁ

::: §

Fig. 3. Vertical section of water temperature
along the line of latitude 22°117. (20-22
August 1971)

2230

22°

Fig. 4. Isothermal lines of surface water of the
eastern part of Taiwan (20-22 August 1971).
Wind direction force (short feather indicates
3-7kt, long feather, 8-12kt) and salinity in
%, are attached to the station.

32)



No. 11 ?ii<) H#r#H L TlhbaHEL TS5 LK
Bbhb, BEAKOFEREL 29° LIE, Fig. 2 ©
No. 10 HAlH I X 5 & 100m T3 20° KELTW5
ok, AMICET B 4 12 FH 33.67%, 100m T
34.63 %, 200m 2% 34.63 %, 500m 34.47%, &\5 X
SIhfBlaFEEN CH S, Fig. 4 BHEDIMCH Sy OHF
BT 0, WATLTIE 34~35 % & 70 - TRER X
DEEEHCR - T D, BEMTICIZEERE (Pinan)
EWHHFRILAR (3,000 m 75_*;@2‘;“) N B TR T D IEBWE
ROBWMIAALTHAB L, ThEOEARELC D RNEL
DEWBRRAHRECE E 5 LA BHRA TS, B 5
Aoy FDWKOEBEHBE LML TR b0, Bl
5 No. 4 ® No. 12 FTEZORENIENR - TWD LI
FUBRV, EEIC No. 12 KR HH 5% 35.0%
L, KiRl: 26.9° TH D, Fig. 1 AT No. 4
L No.5 (BETH 10 BN TW5) DACHREME R
K&V, ZOFIBIT 2R mE D OSEE (7, 8 B
C DHHRIE Z DOFAD ALK L) A EERKEED D E
HAIRHFRCE - EBZTEINAD,

YiEE topography AN THA % & 100 m ZEARITMR
DTHRIEHELE->TED, Hcmd TRICEI X T,
HHEDPRh BB T TR ridge 2381 L T
W 500 m ST ENZ O It 2 /NEBRITEL,
FD3E L RAI 2,000~02,500m DHEICEBHAT, &
D ridge Mz CIL EH A WICHEET D, L0
PFINCRERHDE 5LV, $ 100m LIEOFED
2 < AWk ERIZ O ridge I B Bhf%ﬁh@'&%@
&H Y, F& ridge Ty TIEHF BTV, WK
MEL LB DN THEAL TR EdE2HRD, AH
THOBAKZZDO L3 L HETrO>TWEndbAN
W, Lal, BHNEOLORAEDA ML AL D HOD
ThH 5, COBETDBK (WMTFLIERBETTHEAL
) REE (1972) ORMTORFOL EHIEEL, L
HMOZH RSN EO DL ST AU Wi, TD
ridge DAt b#E 23° UL D EEE 1T b X Bk
Hobhb, Thd, LTUBEDA P L ABERHIRIC
A THD &b B LBV, EE (1972)

i

i 121

1+ potetial vorticity —EDEHIA D, ridge k2 /o
K E e U TRICHY, IEAEL A3 THA
LicdDEHFg L, BHNCHELHNTAT, TDL
’5&7’% HHET Bh“é EERPIEEL 2, Wi ¥

, BVSH B ED F SRS O BT AR ME o g IE P
ﬁmUCkéa%%an,m@k?ﬁﬁﬁmﬁfmk
(19735 7 4 ) H DK (Y. HsugH, BEH) O
T T ER A D OB A 3 A EHE A2 LT
W,

DL F g i BT L bRE 24°, BE#E 123° D F
72D 1< dynamic topography DEWE T ANRELET D,
OB EL T TR EbHDL, T E
STEE LT, ZOE0H AR BENTNDE DT
WhHEEDLNET EBH D, TN YAEFOSHBOE
b SHEDO—2>ThHD, HEOIKFHERILDOES
ity 5 BRI C o clb A ciz C, £DOA ML
ADNEMCE N THEROREOBXE TR LTV he D
Bbh s,

HARDWHESESSHE S OO B B2 1
FWEDE AL, BEE QMR BIEEHE
FHRVWTW BRI,

X ik

Oceanographic Data Report of CSK No. 1~No. 4

(1966~1970), Chinese National Committee on

Oceanic Research, Academia Sinica, Republic of
China.

HsuEH, Y. and R.N. KENNEY IIT (1972):

coastal upwelling in a continuously stratified

Steady

ocean. Journal of Physical Oceanography, 2(1),
27-33.
ToMINAGA, M. (1972):

phenomena near the eastern coast of Taiwan.

Brief analysis of upwelling

Acta Oceanographica Taiwanica, No. 2. (in
printing), (BERZFWEEMITHITEHRE £ H,
AR .

(33)



1.

La mer (Bulletin de la Société franco-japonaise d’océanographie)
Tome 10, N° 3, pp. 122 a 134 . Aofit 1972

o
TR

5

RSB IR DS, B~ v 7 MBS o By

M

¥

Development of the Ocean Miuneral Resources, Especially
Prospect of Commercialization on Manganese Nodules

S| x
LA T DWW T
D F
2) Fm, KK A
3 Wk
4) BEERIEGY
1) = vH R
i) ALHESEIR
i) Y R
< v # YT 2T
D HEE, BEke, K
1) = A MO MR & RA
1) Bk
) RO
2) gL
3 BpE
4) BRIEMGAS
5) HEEEIEER

Jun Tam

i) HEEEEOREEE L, FEREEOFXED N

|
1) PR TR
) P& EEN IR
iv) SedEREME O RO Bk
6) =vA U HBBEREEO RS
i) SREPEFRORERBO LI
i) BIREZRoNN, HhZEIL
i) BEZERT
iv) DS
v) RH

* 1972457 H 21 H%ZH
OER RS E RN

(34)

URA

1. BESEHERICDONT
D ¥

WM E RO KR, TTmERRATATHY, Th
k< H DI, Wy (placer) Thd. Wikiciish, &
1 ¥=vF, @06, F2 880130, B, BRR
At LT, BEnt v bR, (LEFOREE LT
WENTW5, BRCEYD, #EEHRE O & 5 et
W, EEEDOHY, bbb, =y [ (manga-
nese nodules) %, #LMED4HEIE (Red Sea metallif-
erous muds) AT VKL (phosphorite) 2%, 7.
— 2T v TEINT &I,

FOIENC, WAKBFIHTH BT, AHEBARO
BEL LTS OEE L Bbh b s, R TEZOMmD
WKBEHEE LT, =74 v 7 L BORFE AN, 4
EINTED, €, 77, WTH JILDNTd,
I 2 & D HN TV, METOEARICH B
R, REE BRI TERY, Babii#c s 5 T
BHEINTED, RUL A+ aBoBE F oA
HEMHFIE, K= IR DRSS T %, $/2iE
EHDEACHBEFAR, T 72 A BN THRUIR
WARD BTN D 2, TH b SEEREERO—D &
52k%,

Kimcid, ¥R, KAH 2 W0 ME i
BT, 19704120 H1980FEMRIC 21 T, Fiic Ml s
NBETHEALS LEEINRTWABEEE~ v # HEDO M
HHBICE LA ALY THIVERD,

2) Aauh, KA A

TR OREA 2, WHEME HO KREY 5D 5 O
BT, WFELAREFCHEHENRD 2 £ TH S, ¥
T, SHBIBBIC S0 5 AMBOKA T 2 BFEDRAE
WEEAMBH L, FCBEAMSTOR TWae 5 i



MESYEROWRR, i~ v/ NpEsiZo Ry 123

w1 %
| | & i W i
Wom R ME B OW 4 K WRa EE | R & Kk | Mz EE
R | eom | mow|em | wa|em | xn %‘”% #

E ‘IPE 1000]‘/ ‘

Tﬁﬁx 1%Tvb*‘8%bw 5&%2

' 1,923,800 31,302, 0| 1,075,901

48, 356

14, 986. 81 697,477 9,07L.2 649, 098‘ 8, 452. 2

277. 6} 34, 212. O 388.9 1,895.7 61. 2

#1974 (HUEL1000T Fv)

BDNERNRD, CNDOEERBUHHE, WXTE
HAE 1 BB 5, AMOEEREMG20MEL, &
30068 P MR, RS AR 9 T8 m?, 5018 Fv
THb, G FEZMROAEBOKERAEST S,
FD65% %t LERERZ D CWDBIRTH 5,
i, TPk AMBEY REd 2197000 1 HIEBRE
i, 4,60077/85— LV TH B A, 19801 2 4%, 2000
FRB S EOMBRICETADDETFHII A TV S
(% 2 RBHD

2R 1970~2000FE0AHHEREL .
T |4 Lo v E—7H
‘$ﬁ$&§*WQiKL®5%

4 01‘)umﬁv\~ ]

Ll TED (%) moE& (%)
w0 | 46 47
1980 90 7 57
1990 154 5.5 65
2000 208 3 59
#1971 4R

WFEr 7 7 v 2AHEmVIER
Hie, AMEHROMEEABELCAD L, F3ROBE
DChHBH, HREERZ, KE200m FTOAMEMES
T4, 900 N — LT b biB0E + v H 5D T, B
ED20E v OEFERDEE L LT, 0FENHDRTH
L0, HEBYRBT ESBR0ELVCHEEREY
BIRLRLTCLEW, #HETHEEXKEHEERITIR LR
WO TRIEWhEEZ DD, KIRH X DIEFEILE 4
RO\ TH D,

£, AEOSMEREMEEO I D 5 WA
BROH &Y, H5RKICRT, AERIEZ, EHEHR7 5 2
AWM (I FP) B AFLZB D THSA, HRE
MR, 0% O BEEEFOTHEROT, ¥17.5%H
WHEHXThH D, THET, BEDOSDEEH1249% L
Lo THED, 0ERKE, AROERIZEENSHEHX
N5HDETHINTWD, FROGHEROHIEDI1Z

F3E fEEE. (196941 A 1 HHE)
BA7 0 10077/ — Lov
EEE AR
MER  EE | SR
ﬁé;iﬁ(zjﬁ €1 56,000 45,000 200,000

k7 2 ) (b Y 7R
RGO =D 6,300 7,200 35,000

B7 AU 23,000, 17,500 80,000

P SIN ISy 85,300/ 69,700 315,000
M7 74 40,700 16,700 37,000
FoMoT 7 ) 4 6,000 24,200 95,000

77 h KBEAF 46,700 48,900 132,000
oo 300,000 246,000 305, 000
T YT - RTEM | 14,200 18,300, 120,000
ZERSIEIPN 1,800 900 35,000

Vo - B
& it
*BE R &K BE200m ¥ TOHHE R E
W EE (77 v 2ARAMFIERAT L 0 Fd1D

BAFE 196HEDKKN A EHE,

42,000 41,300 155,000
490,000 425,1001,062,000

| 19694F A BE 1T

B g@)~f5@ﬁg®%

, - A ®R/P)
> o4 0 » om0 13
A 51,951 26
o5 v & 85,532 110
A 326,664 43
= o  fh 571,807 210
A A 1,311,063 39

Wi Eat (7 41 # - g50L/F Commodity Data
Summaries p. 99, 19714E 1 H X b Bi| )

) s 10fEv 74—~ (PS:14. 73 60°F)
B EEZHOBO L TEINTWAMEEE, COhH
BFE—D% & - THTDH, BRUEBREL Lokt
BIc#hthh, - THEAMRSHAEERTEY
ZABEREHETHBEVZL S,

(35)



124 5 A HI0K

BEE LMEERIC LD L EEEHEEROE S,
(@w%$<ﬁoéwﬁémmabf % Tf)

. _ ,, Itﬂlﬁii
\
it;&ig)(?yxﬁ jt; 14 } 18 ‘ a5
PRk TV 2w
T A A KEEAE ;17 .Y 44
k77 A L6 o 32
FRMmOT 7 H toss 71 63
T 7 HKEEAE | 9.5 | 44 55
i H 20 22 45
TUT « KEEM 7.5 20 | 75
Wa—uo s -8 83
v e BRI 9.5 19 33
A 2t ; 17.5 24 49
*LLEOBMERE I RCESNT, chr t—k T
—VRBELZ D TH D,
T Ee (75 v 2AWpER L © /318D
CDWEEHTHD 5RO RE L TR 510 5 TOHE

O—Di, FMM#ESID T &anD, BEMCERY
DONEINENS T L THDB, BIE, KEB+mOHH
¥ COWHIZBCAERRETICERBINR T D5, o
DRKEFMEME T, $RPEWE - TWHME R LT, st
BHETHDNEVWIETH D, TDOHIDNWTIE, HY
FIR>VBFLHEBL T, V. E.MCKELVEY and
F. F. H. WANG DIRD#HKFZZDIRENRBDTH
5o

FERMAPED 2 A P AR, IO b - &k ik
LAMAIEL Rl A B I, 7K 200m % 2 5 Hulg s
BOARER, SHRICERILER G HR RO KBk
RICEIND LS5 clibhd, ThiZE4r, 19804 % T
WCAER] 5 8 LI0EAN— LVt E LW Th B 5, b
- &b, REHERBENNS DIc—BlEFT LK E T
ik, BlofE Ny —rvaeindsad Liticn,

3) 8. (Placer)

DR, HEPCABEMOB A SRR IS, T
b, KENECEBSHRTHD, oIS
W, Wi, WINTCREXEDbN T boREAIRT
W5, BE, BROEEALBEDEEY, BRlTHh, B
Kic N Td, HHBFIEEBELS2H5DT, WM
LORPRRETETSEZLTHESS. XN ERTH
Do HAETRAVFAINTHARWS, HRINCIZ A
DEBERINTWDS, FORICIEATH D05, §52 %

B35 (1972); BILEE¥S&k

CREBRGE, F % v#, D% 0 &4 (Rutile) &4~
F v NETHB, B, &, 70— LORBRCEERDEN
BORKREBITINTRVWEWS, RITOMFCK T
W3,

T DWW ELD AR, 1969FIC B\ C 4R
#9300 FrTHI900ME M (25FH F) & RIEIh T s
PENC H5D DM ER, BEOIRLSED TEN, LT
W ZDDHEE 2R,

BO6R WEMIAER (F01),

1967~684£ ) T 4 ) HiEELES
|

#w o w M 540(&F
R#&-a K 108

) 87
FAY e DTy 47
i} i} 25
£ 4 7 ® v F 14

at 828 (& H

BTk BEDEEES (o 2),
M.]J. CRUICKSHANK 1% 4> : Offshore mining present
and future (Engineering and Mining Journal, 169

(1), 1968) 196743

A W AE

won mewowow f 0 EUG

| H/m? m?| &1

Wwew R, 38 470 76,500 | 360
H | H/’/ms Tmi

H ®9 705 15,300 108
H/itv Fhv

5 4 870,000 %*%A 10 | 87
L e 4

WEED 15 3,600 1,307 47

g
F4¥ErF 1 169 | 32
! B/ s T b
B #& g 3 | 36,100 | 36 | 13
| | |
it ‘ 647

LT 2N ERDEIIC DN TIRRD, MEDORI4S
W, TIAHNROHY 7 5 =T ICIEET B 2 &4
LTV 2, BEDHDSHFKREERRE/NZ S, &
BB 72 DFR T R I

Wk, BELoSEBEESREL T, HASRIRD
WEE-s THRTLUTERLEERTCH S, 77 24,
YT A NV=THROEHF LD/ N2 a7 REHRCiR

36



BB ROMSE, o~ 7 TR EEo RS 125

OO ENFILL, FMcEEIR TV 5, WK
£ THTEEO S5 DI, REFERIN TV,

Wik, WEWHEEE L TREBEEROD—DT,
REABRECEEINR TV 5, Wi, §He L i3
Ti (cassiterite) THY, EHHHIEMED TREICEH
T 5, MWROTEAGHOEML, TEEHFE, <L —F
B, 41V Fxv7, HvyU7T, 4 FYRRFA—R
SYTDARA=Z=TET, ThbOHRCIIREHITEE
L, E#T 5 EBECREEDHHIENEET 5, 411
v — /4 BFRETIE, WHERIRL Tk, 19684 HE
W0HIVEB LT WA, 4 Y FA YT TR, ~NYHE, v
VI TRCECTHEEN D SBMHERIL TWD, 1 F
2D a vy x VTR, galihbHEEINLEEN,
VET A TRABCRERAASL, A BEEER L T W
%o

4 YEy FR, FEFCEF N—F 4 FERZR
5, BfEMETCEEIHE L TREET S, ZO0F Y
N=5 A4 FEESRLT, EREERTWIEEA v E Y
MR & e TR L THHEKRAYER T 5, 414 v =
VR, RMET 7Y KERC Y EBOY 7~ s
FCXEL, FQEMH, 77 I, 4V F, Kxndh
LYDRIEMT S, WEND LS YE Y FRRHEL TN
01, MAT7)HDY 27 v VBN A LY IR
OECcoM<, FEAOREDOLDTH S0, Btk
L TwWb,

EFYPAL M, VTV, VFI, ANAFA b, Bk
D BEWEIRIL, FOERMNCHERLT LTV F
A&, =R HA L, ¥ 2 L EDF TR
SRR DN YBECTH D, DRFER, FErER
AR TEERE, DRI L CRAEIRE e D, EID
SRR, A=A +7 )T, =LA VT, 41V F, 40
v, BIEERRE, 75U, BT ERRESENLERLT
KO, ThOOHCBREEDIKGIEEL T DH, 4 —
ALY TD, TJAXY, =2—F & v ZANVJET
1%, A¥phosvay, VvFL, S0 AFA L+, TS
FA FORBIBAFHTHEHEN 1 %THY, chbOgHD
HEIZFRFR 30~40%, 35~40%, 20~35%, 0.2~
1.0%Th b, A—AZ 7 VTR, Yrar vy AR
DI8%, EFFA bH35%, ANVAFTA FH20%, VT
LHENGEEH LT WS (1968), 7ok, HARTREMIZ
BEAEEHL W,

Wik, WHOBRICEWEERCS T 5. Wikt
W DRBGLELBDA N A F A ME, KRE, HR
s, ERENSHELTWS, MR, gk

RERMCH DD T, BIE, WEDHKLTEIEL WY
DEFAEDBTH 5,

BB, KEMCE £ L TW5, BIROMEIZX
BB L TETWDLDT, WELD DRI EBICH
ML TETY D, BE»SUELERL THBEIR, %
E, #+%, AFVR, Fve—0, 749—, HAR
EThb,

R, BEBICHKASKOZ LW THRRINT
W5, TR, &4 bR R A KER L
FERTH D, BBAEELOERL AL TV AE
1, KEOD A XM, #Y T VTR, T4 R
FYN, T4 V=, EFEIRET, T4V~ P
KD NN T, K EHREL T3, AARTIZ
ERARBERO T, BBIRERL TV,

PO FIVTIRE TITARbR TR, FOEELFIR

THIXFSROBED TH 3,
® 8 X
‘ T

2 % A A O kE<10m

& AV ERVT - 44 <45m
H oA )T s =T Z10m
otk A %; T4 A5 v K =45m

® CEaAYIIVE <30m
TITFA N N 2 < <30m
AAYEYFIEET 7 U H <30m

i : Marine Science Affairs, 1970

CNDOBEIL, ST v bR ST TTRFLyYENRD
TEdHY, BRYITRIT YT MXBY T v s v
THRIENRSZ LB H D,

4)  REESY
i) = # v (manganese nodule)
BB, HERO I MR A LB TH- &
A, WAL RCH#EREL (o ik o h
T, REOFOEFRORIAESRE L L TCORERYF
O, RBIL/u—XT » 7INT&k, LHL, Thid
FHMERC T 5 A0 EERKE BAECERLY, &
LI RBERENIC T L 2 RS EY b L, W
PERRLLS>ETDHHDTH D, PO EREY %
LUTRPICEBT 2REDDIZ, TokiBiNbs=r iy
[MBcH 22, fheTlmeBERe, BKLDONTDH
FDOWMEARIRR, BRIC= v H v HRICOWTEHEMEZ R
WD &ICT B,
¥—1d i, WwiFIHER Challenger (1873~76)

C37)



126 5

2, EEEL D BRRARET 0 BT RS, Chaask
MO =BT, ThUdz M, FifinE
EHLCHERED DR T &, O~ VAR
Bo B0y 1 2D LI RBOERT, KTFEARED
R IRIC RRICBIE, B L TW5 3D ThH 5,2 DN
IR sBOSRELAELTED, BEHOBWL2ED
HHER, RO TREEROBY TH D, (Dr. John
L. MERO)

1 ;
Ni ‘ Co ‘ Cu Mn Fe
|

0.99% 0.35% i&w%

24.2%, 14. 0%

v VA RO, Wkl DIEAE L%
LRTWES, RERLEBO BT B5IETIE, 2R
OHRMBETE TEF Y RWLSTEL v, KFEETIZA
TR v EHEIRD,

CNREDMMEFEE TN TEELPIRYHREL,
EELIET O ENEE LT IEBTH- T, %
{LDBE—HI D, < v i HROFETRLMEIR
BEME, RCEECKSD AMNBOMELERT L ey
AL T~ v v HRO RAIRESL IR 4 KRR T
DB LTHD,

< VN ARORGLEB L, WAENCKTHIE IR T
T, TR 7~ )7 v RRATHEY 7 s VR TH
DA%, BARTREK IV — T I8 T o TR A BI%R
FThD, BOkE SO TERDEREZBI TS, 7
Vs VHROBRRORERZ, $¥OBREDKYEE CHEW
BTHINENWS ZETHHL, HENT v PR TR
WBOERXOREZ AL TR, BEBLF 7 5
VHRRBERL LDV ASD EXNT WS, LEIRE
SR W EF 52 808 TEDH, WS I LTH
%,

< Vi VSBRREIC R E R R IR A REEME LT
W, BE, EoEMe Ko, BESOHRHERESS b,
I~ AR, SEE L CREBRAEREThH -
T, {EROELDO =y v v VO BEEA D
FERATHILERTER VDT, ALZHLICKED
HERPFEINR TS, ARIRTHSb00h, &
Ko7 & DRKEIEILR O MIREST v £ =T H AN £ —
b, K Deepsea Ventures, Inc. DL AFEEZD
ERBEETH 5. —F, BAC IV T SIHEIII
L PR, SISO BIIE N L 0 #S, TR
o O MREH I RFHOMBEEES,

< v v AROBEE TR, TOHEME L RN HE

A HB10% H3T (1972); BLMIEAE

TELHEBB 5, Tibb, Flom® Ni, Co, Cu,
Mn, Fe#D4BEASICOWT, YR&ZEW L, She
BT D0, Wi B 0 BRGS0 it T T,
TRICHAAT D0, ZL T, TRbBELIZ EDHEBIC
RO, TR BEEE G2 D0 E WA EY &<
BRI B,

i) FLvES e

WY 2 PR B R T, BoREsib L C &K
ERHS, WEEATIC T, KPESCKEED EE
ERIEBICH » THBUTHRABNTE, HIEIE A
BB LT L3R THD, TEHFD1FTH 5,
HBEDHFE LT, KFFTEAT A KUB BRI i
DI L, L TRESEBE e MR RSB LTk
0, O SEEIE RSBSOS D5 D
DT THB,

FLUFD K PIZ200m~500mFEE TH %A%, F D i
WIRT b7 VT 4 ZdEsE (2,170m), F 4 2 H N —HE
& (2,200m) 7 EOYENRD B, T T LT 4 R W
DHEEORBHREIL62°C THY, BKEREZENL T
B, IhArb TEERREOREXIIHIOM, HiIZS,
6 Hm! THoH, COROEEEHIZ, Fe2.9%, Zn
3.4%, Cul.3%, Pb0.1%, Ag54ppm, Au0.5ppm T
b0, MEELZEETHE, Fe24,300,000 >, Zn2,
900,000 + >, Cu 1,060,000 F >, Pb80,000 >, Ag4,
500 b v, Audd b vl b,

T DALHEEBIEOZMTIEIL, Woods Hole ¥iERIA
JIr® DEGENS and ROSS :
metal deposits in the Red Sea, 1969 icftF I 5,
nDT, KHE Kennecott #t GEgk4BEaH) 28 - ha
WD EFrez &03dBh5, SHEEIR FA Y DOPreussag
AG. GEE4EAH) 25, #FALEH Valdivia 2 FH L
T, PREEL T 207bb, BEEEZRIL WS E
Whhb, Thid, HrLWHOBFEMERTHD, &
AUC TR 3 % P O PRI R B ICF R € & D gekk AR
H %o

i) ) »JKd: (phosphorite)

VoA ED Y vERIE (phosphate) & B EIT R 5
&DT, KBEMIE KEMFE, T7bbEE, b ER
I €, #BIEIC nodule DJECRET HHENREZ VWA
sandDJE CIET 2HEDH Do KiEE CRIBEL Ml
D, BFAWTEEL T B IR KB IE AR R &
N5, AR, BTEF VCRSR, [15 10ECRE
BEDEBZOEND ) VEREBEN Y THDLWbIRT
Wa, WREFHEEE, KEOEAMER, > ¥ D San

Hot brines and recent heavy
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Francisco, California & (¥ 6007 1 — b, 10f& b >),
Blake Plateau, Chile, Peru, Argentina, AXFiEE 4
NEE L OB, Spain B, Africa O &dk, Tasmania,
New Zealand (MZE 6007 1 — +), BERETH 2,

) UKL DR v BRAKL DD, Y YRRIL
BHER & LCHA I, 19684FICiE 8 T b v A HE S
N, BEEO ) YK+E, PO OEHFER20~30%
T, BEEDHDIIP0s R256~36%ThH D05, HHE
EED S B 01K

R, REFRINTHARWD, air lift IK X D%
W ETF B, STy PED FLy DIl b EBbh,
EORMEEZEES LAY VIKE 1 F 40 5 P
(Mero) &2y, 8 Fi (Overall) & FREINTWES,
BBERAAE FLD ke iuE, AERETN
Eillbns,

2. RUHVEKICDNWT
D HEEBERERLPK
1) = vH EBO MR E A

- v vEHRIRAR, BE, HREO Y1 2RO
M ED T, WHICE - TRITBOAEZON TR
WHEL TV ABA Eh, BRI AIED OV TEL0mD
N WERICEELTWAZ L dh 5, Th & H 5
L, BAOFEmOEABELAROEENRREZ T, Forh
M RHRe, SHDOEBA-TWAT EnHD, <D
BEBEELTAE k-2 Evbnd, ORI
TR WEAT, HERMWAEZLDT271b2.5TH 5,
g% T, ABES0%IC b RS B X3k < T
WDT, BADET I LNTEE, TOMNL~ T v
RRAFOHWECILSREL, ThnlcdbRRINS
A, FERC K TPEHO RIB2HER L T % 5k i AR i
BELTWD, ATFEORBOEEZ, 4,000 &
R, HEZETEC L TH PRI h s &%
ZRE, LWHKERTERRBD SR TWSh, BEHR
D ERS,

<A VHRICER IR SRR, KHEOHILI
FHHBHH, Dr. MERO I X HZ, (XOMY TH 5 ,(B
9%)

Ni, Co, Cu, Mn, Fe O X% A4 BERBILHDIT
T2, F0iEMe, V (NFYo ), Mo (217
F), Zn (FEH), St (AtavyFya), Y L4y b
Y ), Zr (Dnvza ), La (5 vs+2) ZoFRE
BARHEEEN TN D, T DO RAISEHERLEHLR
Bl o T, MR AEIRTW55, EAORS L&

WOR KPP H Y FBRICE TN D27TRERS DR
SERILE (LER).

KAFEEC CEREG4Y v v X D
PO |
'TY BE LY BEE

B 0.06 | 0.007 0. 029
Na 4.7 1.5 2.6
Mg 2.4 1.0 1.7
Al 6.9 0.8 2.9
Si 20.1 1.3 9.4
K 3.1 0.3 0.8
Ca 4.4 0.8 1.9
Sc 0. 003 0. 001 0. 001
Ti 1.7 0.11 0.67
v 0.11 0.021  0.054
Cr 0. 007 0.001 ' 0.001
Mn 41.1 8.2 24.2
Fe 2.6 2.4 L14.0
Co Lo2.3 0.014  0.25
Ni 2.0 0.16 0. 99
Cu 1.6 0.028 0.53
7n 0. 08 0. 04 0. 047
Ga 0. 003 0. 0002 0. 001
Sr 0.16 0.024 0. 081
Y 0.045 0.016 0.033
Zr 0.12 0.009 . 0.063
Mo 0.15 0.01 0. 052
Ag 0. 0006 - 0. 0003
Ba 0.64 0.08 0.18
La 0. 024 0. 009 0.016
b 0. 0066 0.0013 0. 0031
Pb 0.26 0.02 0.09
L.0.1 39.0 15.5 25.8

1 X, BessarsefliEh e &k %,

2. Ag R TFHS v Iroh, 14Tt
63

3. WAMEE, EREE 1 100E/BHTH D,

LZEOBFRY - TR, k&2 EHDMR T, B
LRI 2NV b EELSFATED, v v F Vv
DR EBRTIHEO—2DWRIE - T B,

< v H yHRORRRRIE A BRI N TN D8, B
IhkboRAV, AL, ZLOXRELRD, bhb
NEEI/YLLEIHERBIZIROBDTH S, RENARD
I3 1005ERT D Challenger S¥E ZohT, M HE
Ko BB 5 L WA AR, Thik, T
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LEN YA ZT T B, F D%, GOLDBERG & ARR-
HENIUS 23BRZEHREZENL TR, Thngbl

SFZFANDBR TS, Thid, EZHCRRT S &0
SHHmTH D, KB e "ML~y H Y OFE L2
o4 FRTR, HBRLIT WA A va ke b Ek%S
Do D%V, WicEDBRTH D, K TRILIN, #
Blicaod FRFELTCHBLASRE< v H VId, K
R 5 b &kt DT, FAEOKBOEER, DB
A4 v anEDLT LR TE S,

MURRAY & Challenger 5$R& 85T, < v 4 v [HBEA
KB - TW BT &R iEfE Lk, T hicEEd
B THBHH, GUMBEL 1ZEEUEIED B M R 5,
v UH I P REBHC I EE L, TO
Ble UTid, Kilips &7 AR ACSERE LR Tk 2230
FEEIRENE WA S B D, ORI, &
CHEATED DO TRV, WO nd ST
¥530L BB,

< VH VHRORERECOWTHEIEEZ V. Bl
OFETIE, ZLOMBMIZ3FIEMDEITHS L X
nTnb, MRS REICIREL, S5 Rk
Ea D TnHENS T EXRVELT, LBIIHTE
LD 1~6mmpUEETD2EHELBIL TN D,

i) Ak

SR D P E L TR FESHE IR TED, B
MR GE L S EH LT &, BIFEPERICDVTH
FhBE T, RO, D RES T, £
D%BBM AT/ - THERYHEREL TS, v v
MBI ERECRET 20T, EROIFELEIH LWL
AN ESERIN TN B, BHCHIRD NI E DR E &3
W7 LR EL THRAERT S L, EEBIRD
HEHCA5,

BEFIHOB 1L, BFENYBHBCNEST 5228 T
Fho KEEHMCHABEL T kbbb F ik, Hizy
Byt < v v HRERINT 270 s, &
NHEBETH S, RELDESERCATELT, #B.EE
R NLHERH D OB 2 Z T A BRMREE R DWW T
B, HER SO VAT ABRERTWS, £D % 1 1%
Omega T, 10.2 KHzD BEFEO B2 FH L TW5,
CHIREHRTRIEBRSBTL VWS, REERINT
WiV, F, WEDZERCOBARERERDONT
KD, BELTWEVWOTRARERDZ L&A 5,
BEZ 1~ 2 BomAI 5,

B, BHHEATOIRVAEERATERELRER
L 3% Navy Navigational Satellite System (NNSS)

A H10% B35 (1972); A{lEEE4est

ThHo, MENDLDRIFEL, BEOEED Fy 77 —%h
REFMAL, BoFH, MEDT — 2%, By
YE L —F—THTHLITHD, TONNSSOFGH
i, KE®D Magnavox #:& I.T.T. #THELTE
D, ZORKEIZ 50m YRICEIDDLI ENTE b,

HEMANFHERICA- T, EFECATRET &I
MEHEOHEE TH D, ~ v 7 v HBUZAZE 4, 000mE]
BDHBEICEZ WA, FhEER K b LD EPS
HiC bEBICIRIET 5. 7277, BED < v 5~ BRI
Bl B2 %L, L SRR #IES RIS 2 BE S
DDCHENRI Ve TOBWT, BEMT 0 EEH#E
DT TH D,

EEAEERM LD FEEREL, BENLDOMEY
LbZ, TORMEL VEEYRDDLDTH 52, ik
FEEOHENOE CHERDONTL 2, Z O W K%
1%, BATIREAES, KETIX Hydro Products %
BZHODONRBEINT WD, HEDHINTIR, EBH
ERHWTIRBEET 22 &R TES, TRDLERKRE
JETH 23 B 2, BEORARIETROIRTL %,

< Y B BANFR OB LML T, BENRE
WEHERDTENTETCELDIR, #4575 T LEHTR
BEF L IccdTh D, #4757 Ll axHTm
ORI TED Bk, EEECERIE bW L,
FEDM < a— FE O EEBO BRISE ST Ln
MEETH - 720 KED Hydro Products 12 Z ua f#s L
T, 6,000m QEEED < ¥ v MO BRI A B i
T L BRI T 5 2 ERTED L ST e

ZOT LEBZEIKD, bhvbhid < v i IR
EHCHRELTCWATROE LMD ENTES L,
Mo kExd, BEORT OHFMCHMDH T &8 TE
b, £LT, HEHOAEHHN T A ET S
EMTEHDUTH %,

BAO AW, JRRRER LTSN E RS 2 LR
ARTHD, #oT, FLEEBEOKICIE, ¥ Ve
B THMEITRY, (EZRSEMD, TORM, DF
DaEYHETBIEFE D, v Tk s BiCiditE
T =, Fly P —EWT 58EAEBEICHE
ALT, MOBFCHONTOEFT - T & (drag), ¥
EOMMPRBELFRINT 520005 54, BicldEE i
TreBgas L Ttond s (grab) & bbb, DO
HEDIIETHAF LB/ D &, coring & 22 boring
LT T HDDT, BEOREYINCEL &5 2 &l
k5,

TALTE Yy IR, B, METHRT S,
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METR, BN WRTRERSDT, BEFCHk-
TV B EBESTIE, ROBGEIINI . XERE M5 4047
E2, BRLTUIT &b srs,

BRI, ULoRRFHCHRbhbds, chbos
—4HEEL, AHELT, AEEAOHNE, FEER
BoRKBERE TS

i) RO R

WBEISIROBEE L FIE L Tiils- iR, $#tok
DOFBILBFEMMILIES, FERINLABIE, Fhrdun
C—EBROBEEZ A, R IETS 2 &)t
Do TDOHA, WL L CEDHR A RERT 5 20 B 3E
LD, TRAIIETIED < v 2 DIREW A J64 2 Ui
EOREEHMONIEARDOTHY, FNRIIVED =7
YRMHD, BREE COFHROEBRER, /25 ieE
MEOEHERIC AT 2 HB D ERSHEDRE L 7
- CTEMKEL 72,

PARFELTTR DO AEOTHE L TR, TOXH7AH
RERLRB XD LD LSRRG 5%
B, UL, TOKM, A0 REEEOHIX 4 fS

L, A ECREEREZTR5 UL, @500F0EE
FIGED M, SLREFEO RS R4 D hHn a0

iz, ﬁ%@%ﬁ%ﬁi%??%v DRNDD D & H
Zbhbd, TOERTIE, RUAEOHM LD D0RE
TOFMESOTH Z A& Uk, AR E B H
BORNWLETHDHEEZZ DD,

—J, 197U4F, ¥ 2 4 — 7 CBA 7o i SE AR o5
KRERATIE, SlEEWREE IFEOBROMINE
U<, 1973 FE0EEE RS ® T T, EBINR4EI
RELZRWOTRAVLWhEBIRENE, Lrdic, <
VB BRI ERCESLDODOH B

7/ﬁ/ﬂ%%%@%%k@twmf,:®i5&@
BRI/ TR O MR U ST ER & 72 5 2%, U e bt
HOKFE LT, WHEEFEORKELHEL, HRD
BEHHRO S B RELLY RT L & bic, MEEPEL %
L, ECHAMBOBESNEXED, BRE O
Ba D, bhbhAZENHAD THO i a3
ZLUTHREL, FEEXTR0I 2hHlxEz s L5
WL EHEIND,

OBREIC KT D EEO R, EM4EL, P
B WT, BRBILU CUFERENTRDR, B45FEE
BPFIRTPEL £ FHC BT, BREEED T A Pt
LT, AERTbhiz, 48 H, 9Bk THG
WA S W TR EBED 7 2 b LU, FEBAE
17T, FARXETLS TETH D, NEFC B NTIL

47, BEFC I - T, MENEN A EEL, 49451
FEERHIR O BT 5\ 13, EW O BEA I Bargc 1T H
ZRONLTETH S, L LEWAEEDZ L TH D
DORED BiE D HIIZ KA & 8 28 2% 4 20
Do TDIdIE, —H bR KRN EE Y R+ 5

LI, V27 DBNEEEEC T, BFO AR
BV EHFEINBDTH 3,

2) WRELER

LB D% 2 I, HEZSOmRIhRE 5, KEH
ZERELT, FAYERINTEHENEZFIZ A T
LW FFFRTH D, HATIRERE 7 o RN
RE SN THRTHER T B 5,

KEDREFL, Deepsea Ventures, Inc 23 1970 4F
T, Blake Plateau ™2,600 7 4 — b DWETIFis - 72
ERThHD, hix, airlift FR, 37 b bUeL0E
%ﬁ%ﬂmbﬁﬁ%m®ﬂA%®L%a#V g% E
AENT 2D HTH -0 TR, EELHETHD
,u‘ixLb\irﬁ‘*@kmzfﬁglihﬂi T5ZENRTEHRE
MWAH D, 2L, 15,0007 1 — b4 520,0007 4 — b
DERBEICHEN TE A0 E » X, BUEBREWED
RIEE - T D

ARG T » P T RIIEAEEROEMC L 5 3
DT, HAMEOEMEEZISAL, #LeEELES
v—=TRN—TE L, TRICERE S EB AT SN
b e ZEGERAICHR D [0, BOMEREAL D — 7
FWMEICEALT, o—7 %IV FLACEEIRT,
M A BRI L & 5 & WD D ThH B, 1970EH I 2
E TP 3,760 m DU S, RSO I BRI L T
éo:@ﬁﬁm,ﬂvyb%m~f@%ﬁmﬁﬁwﬁ@

, BHEPHBREN 2D T, 4BOo%BIcE > TR
fzﬁmg@i@j\%@ FLGD BB E 5755, ©
DEEDOWFNL, K/ NV—THBT 02— PLTWAD
2, Wk ZDMFICIE, ZADBELEY B - TnD &N
Hhd,

3 B

< VI IR, TEROBE ESRE LML A & S D
T, BEESEHL ARSI NRITR S, B, iR

~HUEETCOREEL HHBEALL T HHE

7{<l§| Deepsea Ventures, Inc. TdH - T, [HEkIZ

Pilot Plant #%&#& L, , =v 7, a1, <v
W EEBOECTHEBMERT 2 2 IR L {525
NTWoH, Zofliicd, kETREIFECHSESRO R
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M4k, 7% & 21E Kennecott #:, I N CO#h7 & T
FTIRPN TN D, BRTHAFEGRIFEHDIE 0,
Rl 50T dIFRRED DT %,

= AV HROMECBIL T, O FILESRE X
NTW22, £BBIEYSHEMSHELY L TRDT, %
TR T /NI VDT, BIIC X BREMRLICL
Vo Bt T, BSHIRERD D5 WidR0c X 2B HE
EBIDHBIN. UPTCARIN TN DBISEED S
HORENL D EMHNT 5,

FTHNX, DEVRTBHEERZ BT ETH >
T, VERVY RFEBROBRAFERL TV D, HAD
NEZEIRA S, [EAREEL San Diego WTEIRL
Jeth v TNEE S CTTOMIEARTTE - oo KE® Ken-
necott 1L - KR, = v A VlE 2 -2 2%
BEV O CHEBIHEI LD TH D,

wiciii=tik g, U. S. Bureau of Mines 236 i (bl
Betic, KCRIET2HEERKL ThD, = H M
HUZEIR ORI G EIn BN E N &, TR BEHRT
MR DBEBE N &, ERF[MNOELDELHD
CERTREENDZ &b, B, BANERX
DEBREBZ BN TN B,

Deepsea Ventures, Inc. @ Pilot Plant i X k8
BB ERED- - T, hydrochlorination & HiEh,
WALKHRIC L » THATOSBBRIM ALY EZ T
KTERET DHIEE & - T, i, REINEEPOE
BA A O X, FHER L LT A H (rare
metal) LD CRACFEBILINTHDHE KT
B4 4 o5k, Thb bR EA L T\ 5,

< A RO MER, Bk REORE ¥ &£ C
engineering O BIFIC A - Tk D, 72 F feasibility study
DB A S Tnd L lbh b, BEIC< y 7 LIl
PEFCH 2L 32 P T, AETLIHTENTRT 50
HaHKMOMEE Bbhd,

4) BERE

TOHERFIBRBICENT, FREFEETHIARE
BN, HOHLUDZTOXREHE. L TRriadrx
LT, HE, ZZ2bNDBDIRKD 2/ TH S,

1) % %

RiEL b ORIRFRCBEEL T, BBEDEYCH
2B BEBEOAEEZIEBT YT RbI R bhREE 2D
o, BloH 7 v s v OBARRBRKRE S ECESLE
Thbo HMEOHETIE, HEDLIAINDDHILD
X, MERAWEIRTWAED, bhbiHE THER

THEHBEBICHETRETH D,
i) g
R BT 256, BRIk - THER, B
HEONHEDELN, HoOrUDTOMKEREITS
PERH D,

5) HFEER

EED MR TH WIS TERAIEZEL 0, FEE
B LW ERERREOEBEEEEY AT 5 TET,
CHAREBAS TR E TS TWBR, —TJF, kERKIZ
ERgrd - THEL AT THEIAETHHELHD,
M (EBFEICIZ, Moratorium 1€ X O EREOHR %
HRESRLDLT2HEBAONE, AT oV 7+ %
< DR FoBES EGTE, Tidow< th
Do

1) I ORI E & PRHEIE O §L X HE O I

AR, HECHEFNHMAZAATEE I N TS
0, HEICERGRORMYEET 2 &k, HEE
B> FEEHE-EE2OD, REBEOMX L ER
ELDHALTDHHDTH D,

i) EREEERE

v VY HIBOMRE R, ko 2 FABBRE I T
B, AXZPECREFIBRBELHL 0D, —DIF
EEBMS~ 7 R A EE LT AR TH
D, fhizEEHBEASECERELYRBTL, &H (&4
) REEMTIHRTH D,

HXEERNT 554, $XREAE (license fee)
L, FREAE (royalty) 3B Z BN TWBAR, O
OBMF RO BN PR X B LREDEH ST
RO HEE B g\,

KICBAgE g EH &~ v 7 VBB SE 7 v — 77 & DR
Hj4 & (economic implication) DWW Tid, BEIE& F
FCcik HEOARE, T 28ERTERS, < iy
(B8 DA » THREIND Z & 2BNR TS, Bt
ORER, TOLEIRIZEAERVEZZ BN TWDH
EEBFHOER L TEOHEBEI > X, HEMOALY
PEE$ 5L S b AN S B,

Ol & Ic A pETI %

O= v 77 v x5 5 BREE S B O A pEfhl R

Ot Rk Fi xR 5 00%8 FEc ¢ 2 BAME
O= v vEIROEFEN & B FIHOAREN & OO/

SE

AHEOFRYHICOWTR, < H oI EL
PRI THE LR, BE Y 2T AN EEL D
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DT T 2RHIC B b T, EREMEHEHERRER
95 K I RETRITE b,

i) PAFeiE FEXTR

FAgER RO, FEEOMRE A HE L HE
OW%E, ERAEDTEMIELIS5LT2H &I 5
A, THRAMO#ES EERCYTS 52 O ThoHn
B, AATERV, KL, HEOHE LSO BE
I DOHNE K EBZ D LERDH D,

iv)  SeiEE MO O
SeEERFPER A ED T, EWIERe - oFET N
LTl 5 & Bbh, &EH, SeEOFEHEIMLTITEH
55, Bk L TN YER S &3 58 &
BT, FEEERLREEOMICR T, KED
Bl b, W, vETHEMELTRY, HRDEHA
ELTRWENRWHEETH S,

fJ7, BAFEE b OB S U eER [ Ion
w, BOBKERSCED, < v i RO I HE
Ot Z Db I L TWridin i,

6) < v AREREEDRSE

i) SEFYEIRD ZE MO LI

1) ~rHrAfRETHEE> L TR, &
L 21Z, Nil.2%, Co0.2%, Cul%, Mn26 % D
%, Zn, V, Fe ZOREBRM&HE 2 b b, HEEIC
SVWTRESEEMOH 2T 1, KPFETLTE
VEMEINTWD, D8 4D 1 HHRNTDHEL TH
BRIE®E, Ni6ELy, ColfEry, CudfEtr v,
Mn 130{& b v & W S 2 A BR R %,

(2) REEHOREL

<A vEME D EEINSEMn, Cu, Ni DRIZHFA

DLEERET, B TENDLBRICHEE LV, - T,
< v ORI ELREE - CTHHH LRI E,
HyeE FECHBAS2 5 X5 LB RVWERD
n5, Co BWHRDEHEIDVID, < v P
LOAEMHATHRICETORELHZLILbE2L6N
B2, FOLHAE NI LColdERAZELS 53D TH
b, RESY Ni REOHBIRNT 2 & & i
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B TRV (o

(3) ENEEDIRE &I &30 2 E I
brEREROE FERERCZLL, ZoftigtH
8, BRHADIE THIMNCRDTWD A, ToHTEIC
BFERZ FHEBREN, LrL, ThbOEIIEPRHEE
OEALOB &R, AMckT20PECOMEE &R

S, kO RELBEL LT, Bk R
CARERD Do ZOH»HTIE, < v H v HBRIZKE
PEA MR 2 EIC IR 3T DB TH 5 7, gk
BEEO RGO B h/ 5 EFENNEERTH S
LEZ LN, FOBERTART 0 Y7 MIBER, EER
BHAL T, BB M REEERFETCH L &
2%,

(4) Wk oBI%E D IR & 8 B RO LB
—F, KkEZRZUDM, (A, %, Bk NTR,
K7wY s b OWEREFREERMCOBHIIFEL LT
LTkD, BAK» U3 XEREM~N—2T, Bk
BEREICA - THO, A TRERBRAL C, EEHVal-
divia B2 L, BEMBEBLTR > T 2IRTH %,
FRCk T, SerBlsioteR e EATEY, W
AED Geneva 2ETHBEINL S &L Tw5D, HENE
BT T SN BRI, CkIR—Hie HEicR/D
WL 2 2R TRZDDH D, DHELKNWTE, B
SR A MmO EFEECELEINRD DRI S ICER
HIEOBER RS L, REBMOFRE R 3 &
T, K7 nves tORECOUEMY B PHC D
PERDH D,

i) BRERONT, HHRL

A7uv s OBRERCE, TELOTOOMAH
%,
{®%Mm@ﬁm,%$@%%a%ﬁyziAm
OBRENDBAHIBRE

© W OBUR, BROBIEL 2T 4L
BE

PR, BB oME (B, BiE7 vy, Rlgs A
5, FrTY s, BEST, MBHER LD v AT
£t
W wREMFDORE
AR D R E

(BEIX ME DHUS)

pet it |

50N
BRGLBUN, KR OPER
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BE - 4L - BUgHMoke v 27 o4k
@ HIHElOBROBKE

LR OB OB O MRL KB A L R T 4k
CAFTLT, TROMR AT v Y 2 7 F OBEELD D
DRI b HIAAUTTL B 720,

FEF M O Rt

PR - B OB RO Sk e

FEXDRE

WSO O BRE

TEEERLE D PRE

B O T 8 ok D BT

REGS M D AR A BT

HEEREOIE

AK7ay .yt OHBCEHRED S B RINAE, LWL
ZTOEMAZ ke LeHELILE T 20, HDWIEEE
EROBFHIEADERERY & B2, £ 3584 BUFSE3%
DIEHER & D0 H a3 22 LI,

i) PEFEEFH

(1) Feasibility Study & &4

Feasibilitty Study
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