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The Apparent Diffusion Coefficients of Metals
in Marine Sediments*

Noburu TAKEMATSU**

Abstract: The apparent diffusion coefficients of Cl, Sr, Ba, Mn, Co, Zn and Ce in marine
sediments were determined experimentally. The apparent diffusion coeflicient of Cl in the
near-shore and deep-sea sediments was about 6X107®cm?®/sec. The apparent diffusion coef-
ficients of Sr, Mn, Co, Zn and Ce, and that of Ba in the near-shore sediment were smaller
than that of Cl by factors of about 5 and 20, respectively. The apparent diffusion coeflicients
of Sr and Ba in the red clay were, respectively, about 15 and 150 times smaller than that of
Cl. Those of Mn and Zn in the red clay were about three orders of magnitude smaller than
that of Cl. The smaller values of the apparent diffusion coefficients of metals in the red clay

may be due to the presence of iron-manganese oxide minerals in the red clay.

1. Introduction

The diffusion coefficients or the apparent
diffusion coefficients of radionuclides in sedi-
ments, originating from radioactive fallout or
from nuclear fuel reprocessing plants, have been
estimated from their vertical distribution in
sediments (LERMAN and TANIGUCHI, 1972;
LERMAN and LIETZKE, 1975; HETHERINGTON
and JEFFERIES, 1974; TAKEMATSU and KISHI-
NO, 1975). DUURSMA and co-workers have
developed a method for determining the apparent
diffusion coefficients of metals in sediments from
the apparent diffusion coefficients of chloride
ion in sediments and their distribution coeflicients
of sorption (DUURSMA and HOEDE, 1967;
DUURSMA and BoscH, 1970; DUURSMA and
Eisma, 1973). By a different method, LI and
GREGORY (1974) have measured the apparent
diffusion coefficients of major cations and anions
in a red clay.

In this study, the apparent diffusion coefficients
of Cl, Sr, Ba, Mn, Co, Zn and Ce in two
different marine sediments were measured ex-
perimentally in connection with migration of
these elements during diagenesis in marine
sediments.

* Received April 16, 1979
** The Institute of Physical and Chemical Research,
Wako-shi, Saitama-ken, 351 Japan

2. Experimental methods

The experimental procedures for measuring
the apparent diffusion coefficients in sediments
were almost the same as those by DUURSMA
and BoscH (1970). Polyethylene tubes (1.5 cm ¢
x15cm) were filled with a sediment. The
sediment sample was centrifuged at 1,500 rpm
for 10 minutes to yield sediment with water
content equivalent to the iz situ value and with
air bubbles removed. The tubes were kept in
a constant temperature water bath (15°C).
After a day, sea water on the top of the sedi-
ment column was removed with a pipette, 1 m/
of tracer solution was added on the top of the
sediment column, and the tube was closed with
a rubber stopper.

After an adequate period of diffusion, the
tubes were frozen to —20°C in a deep-freezer.
When the content was frozen, the plastic tubes
were cut lengthwise with hot knives and re-
moved. The frozen sediment was kept in the
deep-freezer at —20°C for about two weeks to
dry the sediment to some extent. The sediment
columns were then cut into 0.5 or 1.0cm
sections with razor blades. The radioactivity
of each section was measured with a fS-counter
or a y-counter. The water content of the sedi-
ment samples was obtained from the difference
in weights between a sample after initial prepa-
ration (centrifuging) and after oven drying.

(1)
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The linear diffusion in a direction (4a) is
expressed by the following formula:

Alz, )= Q/(mD .t} Eexp (224 Dat), (1)~ |

where A(x,t) is the activity at thé‘”‘v'ﬂépfh of ©

z(cm) and time z(sec), Q is the amount of the
instant release, and D, is the apparent diffusion
coefficient (cm?/sec). The activity ratio of the
n-th section relative to the first one is given as
follows: .

log Au(n, £)/ Ax(x1, )= —(2a2/AD42) log e
+(x:2/4Dat)loge. (2)

N

R,
&
10 &
= L
< L
I
= 107+
-o-a-\ E A
XC - Dygp T 12 x 108
= I Dy g X €7 2.0
<. t = 20.2 days
oy = 30 x 107
3| DygpgxtT1.65
10 F ¢t = 62.2 days
L A\
‘}O‘Z’ L 1
0 50 100
2
an(cm )

Fig. 1. Semi-logarithmic plots of An(xx, £)/Ai(z1, £)
versus xn? of Cl, Sr and Ba in the near-shore
sediment (Sed. 1). Aalzn, £) is the activity at
the depth of zz (cm) and time ¢ (sec). The
ratio of the first section’ is omitted because it
is always one. : '

D, was found
against x,? on

value ‘of time ¢.

A near-shore

by plotting An(xn, )/ Az, t)
semi-logarithmic paper for one

sediment sample and a deep-sea

~.sediment sample were used for diffusion ex-

periments. The former was collected from
Funka Bay (42°24’N, 140°31’E, 102 m) and had
the odor of hydrogen sulfide. The latter was
a red clay collected from the western North
Pacific Ocean (27°00’N, 137°30’E, 4,500 m).

3. Results and discussion

The results are given in Table 1 and Figs.
1-6. In the near-shore sediment (Sed. 1), the
apparent diffusion coefficient (D) of Cl was
7x1078 cm?/sec. D, values of Sr and Ba were
smaller than that of Cl by factors of about 6
and 20, respectively. D4 values of Mn, Co and
Zn were nearly equal to that of Sr, and the
value of D4 of Ce was twice as large as that of
Sr. These values of D4, however, were not
those for the typical sediments
sulfides. During experimental procedures, the
color of the sediment changed from black to
grey. This indicates that the sediment was
oxidized to some extent. The sediment which
wes oxidized to a greater extent by stirring it
in the atmosphere (Sed. 1’) gave smaller values
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Fig. 2. Determination of the apparent diffusion

coefficients of Mn, Co and Zn in the near-shore
sediment (Sed. 1).
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of Dy for Co and Zn.

In the deep-sea sediment (Sed. 2), the value
of Dy of Cl was 5.5x107% cm?/sec, which was
comparable to that in the near-shore sediment.
Dy values of Sr and Ba were smaller than those
in the near-shore sediment by factors of about
3 and 8, respectively. The estimation of Dy
values of Mn and Zn in the deep-sea sediment
was difficult because of the change of slopes in
the semi-logarithmic plots of An(xn,£)/A:(x1, £)
versus xn%. D4 values estimated from the upper
part of the sediment column were 3x107% cm?
/sec, about 3 times smaller than the estimate of
D4 from the lower part. The values estimated
from the upper part may include errors due to
disturbance in the sediment-solution interface
and to activity in the solution. Those estimated
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Fig. 3. Relation of the apparent diffusion coef-
ficients of Ce to different durations of diffusion

(Sed. 1).

from the lower part may be affected by radio-
active impurities. In this study, the values
estimated from the upper part were adopted.
The values of D4 of Mn and Zn in the red clay
were more than two orders of magnitude smaller
than those in the near-shore sediment.

The measured D4 of Cl was equal to those
reported by DUURSMA and BoscH (1970), L1
and GREGORY (1974) and TAKEMATSU and
KisHINO (1975). This means that the value of
Dy of Cl is independent of different kinds of
sediments and that chloride ion interacts little
with sediment particles (DUURSMA and BOSCH,
1970; L1 and GREGORY, 1974). The measured
values of D4 of Sr in the near-shore and deep-
sea sediments were larger than those estimated
from its vertical distribution in lake sediments
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Fig. 4. Determination of the apparent diffusion

coefficients of Mn, Co and Zn in the near-shore
sediment oxidized to a greater extent (Sed. 1’).
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(LERMAN and LITZKE, 1975, 1x 1077 to 2x10~8
cm?/sec). The measured value of D4 of Ce was
two times larger than that estimated from its
vertical distribution in the sediments of the Irish
Sea (HETHERINGTON and JEFFERIES, 1974).
The apparent diffusion coeflicients of metals
are dependent on their distribution coefficients
of sorption. According to LI and GREGORY

10°
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Fig. 5. Determination of the apparent diffusion

coefficients of Cl, Sr and Ba in the red clay
(Sed. 2).

(1974), the diffusion coefficient of metals in the
interstitial water of sediments (Da;) can be

related to that in the bulk solution (D;*) as
follows:
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Fig. 6. Determination of the apparent diffusion
coefficients of Mn and Zn in the red clay (Sed. 2).

Table 1. The apparent diffusion coefficients of metals in marine sediments (cm®/sec.)

cL Sr Ba Mn Co Zn Co  Water content
Sed. 1 7 x10° 12x10° 3.1x107 1.4x10° L5x10° 11x10° 1.2x10°  68.6
Sed. 17— — —  LOX10® 35x107 19x107 = — —
Sed. 2 5.5x10° 37x107 3.7x107 <3x10° —— 3 x10° — 59.0

4
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Daj=Di*a/0*(1+K;), (3)

where « is a constant close to one, 0 is the
tortuosity of the bulk sediment, and Kj is the
distribution coefficient of sorption. DUURSMA
and BoscH (1970) have suggested the following
approximate equation:

Daj=Dasct/A+Kj), (4)

where Dy¢, is the apparent diffusion coefficient
of Clin sediment and 6 x 10-% cm?/sec in ordinary
sediments.

According to TAKEMATSU (1979), the distri-
bution coefficients of transition metals for
hydrated ferric oxide are about two orders of
magnitude larger than those for clay minerals,
and the sequence of the distribution coefficients
is Cu>Zn>Ni>Co>Mn. The distribution co-
efficients of Mn and Co for manganese dioxides
are much larger than those for hydrated ferric
oxide. Therefore, the smaller values of D4 of
Co and Zn for the more oxidized near-shore
sediment may be due to the oxidation of Fe?*
to Fe¥*, and the smaller values of D4 of Mn
and Zn in the red clay may be due to the
presence of micro-manganese nodules in the red
clay (TAKEMATSU, 1978).
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Phytoplankton Photosynthesis in a Eutrophic Estuary
with Special Reference to Salinity Gradient*

Takuji TERADA** and Shun-ei ICHIMURA***

Abstract: Photosynthesis of estuarine phytoplankton population was studied in relation to
salinity gradient in a highly eutrophic estuary of Shimoda Bay and its adjacent area. It was
confirmed experimentally that photosynthetic activity increases in marine phytoplankton and
decreases in freshwater phytoplankton with salinity increase up to 25-30 % and it rapidly
drops above 30 % in marine phytoplankton. Estuarine phytoplankton population consists of
freshwater and marine phytoplankters and the property of community photosynthesis is
determined by the proportion of both phytoplankton groups in population, and also by their

distinct photosynthetic response and adaptability to salinity variation. The effect of nutrient
variation on photosynthesis is considered using Carperon’s model (1971). In a highly eutrophic

estuary, the rate of nutrient utilization is near the maximum at the lower region of estuary

and is within the rate-compensation capacity at the outer part of the estuary.

1. Irtroduction

Estuary is characterized by a wide variety in
physical and chemical conditions, especially the
strong spatial and temporal changes of salinity,
which could influence on the floristic and fau-
nistic distribution of various organisms. Bio-
logical processes under such variable enviroment
have attracted attention of biologists, and the
effect of salinity change on the growth and
physiological properties of organisms living in
estuaries has been studied by many investigators.

Possible influences of salinity on estuarine
phytoplankton dynamics have been studied by
several investigators (BARLOW et al. 1963;
ICHIMURA, 1967; CARPERON et al. 1971; QASIM
et al. 1972) but field study on the salinity
gradient and its effect on phytoplankton photo-
synthesis is rather limited (INAKANISHI and
MonsI, 1965; MAEDA et al. 1973). The effect

* Received May 7, 1979

Contributions No. 345 from the Shimoda Marine
Research Center, The University of Tsukuba

** Department of Botany, Faculty of Science, Tokyo
Kyoiku University
Present address: Kinomoto Senior High School,
Kumano, Mie, 519-43 Japan

*#*% Present address: Insitute of Biological Sciences,
The University of Tsukuba, Sakura-mura, 300-31
Japan

of salinity on phytoplankton photosynthesis may
be considerable but it is often difficult for verifi-
cation, because other environmental factors
giving effects on algal photosynthesis may also
change with salinity.

The present investigation intends to reveal
the effect of salinity gradient on phytoplankton
photosynthesis as the factor controlling phyto-
plankton dynamics in an estuary.

2. Materials and methods

Field observations were made at several
stations in the Shimoda Bay estuary during 1975
to November 1976. The results will be described
in detail elsewhere. The effect of salinity on
photosynthesis rate was examined by two series
of experiments using water samples taken from
the surface at St. 1 (river water) and St. 11
(transitional region between estuary and open
ocean) in Fig. 1.
samples were adjusted the salinity to various

In a series (Series I), water

levels by the addition of artificial sea water
(ASW; GESSNER and SCHRAMM, 1971) or dis-
tilled water (DW), and nutrients were then
added to give the following final concentrations;
50 uM KNOs, 2.5 uM KH:POy4, 50 #M NasSiOs
and 0.2 uMFe (as NaFe EDTA). For other
series (Series II), salinity, pH, and nutrients in
the sample were altered with adding either a

7



172

4

343TNF
0 1 2km
V‘
1 1
138" 56 €
A COASTAL WATER
SERIES-I ;
Mo P &
- g =C -3
L L
F8 Fist pH -2
so -
714
r F P__,_,A_l._,_,—‘\-. 1
reror eS| ]
0 LSLG I L L 1 g
0 10 20 30 ' 40
N pHSC SERIES-II P S
100 2 .
L L -3
Fo 22t 4
F8 st H2 4
50 b
F7per E
b L —1
F 610 b
oLsls T o
0 10 20 30 40
SALINITY (%)
Fig. 2.

La

mer, Tome 17, N° 4 (1979)

: INOHZAWA
R.

| MARINE
STATIG,

o,

*12

400

200

modified sea water (MSW) or filtered river
water. The pH and inorganic total carbon, by
adding in both ASW and DW, were adjusted
to those of the original samples. The altered
sea waters for the series I did not show any
noticeable in the concentrations of
nutrients and pH, but silicate and nitrogen in
the altered river water decreased slightly with
increase of salinity (Fig. 2). Noticeable changes
in the concentration of total inorganic nitrogen,

change

silicate and total inorganic carbon were found
The
former two nutrients showed a decrease and
the latter one increased with increase of salinity.

in the water samples for the series II.

Location of sampling stations in Shimoda
Solid and broken

lines indicate the direction of mainflow of river

—Fig. 1.
Bay and its adjacent area.

and ocean waters, respectively. St. K is located
at 34°30’N, 138°57’E.
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FEach treated sample contained in a 500 ml
Pyrex glass bottle was incubated under fluo-
rescent lights of 7 Klux for 6 hours at the in
situ temperature for avoiding possible instan-
taneous osmotic shock caused by abrupt change
in salinity. Subsequently, the samples were
placed into 50 m! Pyrex glass bottles and 0.5 ml
of 5 yCi radioactive sodium bicarbonate solution
was then added. Two light and one dark
bottles were prepared for each salinity treatment.
The samples were incubated for 2 hours under
30 Klux of an incandescent lamp (3200°K) at
the temperature adjusted to the iz sizx condition.
The experimental light intensity seemed to be
a saturated intensity for photosynthesis. After
the incubation, photosynthetic reaction was
stopped by adding a few drops of neutral
formaldehyde. Exposed sample was filtered
through a Millipore HA filter and radioactivity
was determined with a liquid scintillation counter

(Beckman LS 3155 T).

3. Results

Photosynthesis-salinity curves are shown in
Fig. 3. Photosynthesis rate increased in marine
phytoplankton and decreased in freshwater
phytoplankton with salinity increase up to 25-
30 %0 in both series of experiments I and II.
At above 30 %, photosynthesis rate rapidly
dropped even in marine phytoplankton. Highest
rate of photosynthesis was measured at salinity
lower than the iz situ salinity of coastal water
(34.23 %0). Since the nutrient levels were fairly
the same in both altered and original samples
(coastal water, Series I), it can be predicted
that a major factor governing the photosynthetic
activity in this estuary is salinity.

In order to verify whether such distinctive
changes of photosynthesis rate at different salinity
regimes occur in other samples, further ex-
periments were conducted with the coastal water
taken from the surface at St. 12 and offshore
water (St. K), in which salinity was changed
into various levels as the Series I. Samples
showed the highest rates at the in situ salinity
(34.32 %0 for coastal water and 34.33 %o for off-
shore water) as shown in Fig. 4-A. On the
other hand, the highest rate in the sample from
the transitional region between estuary and open
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Fig. 3. Effects of salinity change on photo-
synthetic activity of freshwater phytoplankton
(triangles) and marine phytoplankton (circles).
Filled and open marks are the results of Ex-
periments I and II, respectively. Arrows
indicate original salinity level for the marine
sample.

ocean was measured at the salinity lower than
the in situ salinity of 34.27 %. There were no
significant differences in generic composition of
phytoplankton populations between these three
stations; dominated by Chaetoceros and Navi-
cula. It is expected that the optimum salinity
for photosynthesis of the sample from the trans-
itional region has been adaptatively shifted to-
wards lower salinity. In order to confirm this
possibility, additional experiments were carried
out using the above three samples. Salinily of
each subsample was adjusted to 20 % with ASW,
and another portion of sample was remained at
the original salinity. Both samples were enriched
with nutrients to give the final concentrations
of 50 uM in KNOQOs, 2.5 yM in KHePOy, 100 uM
in Nay;SiO3 and 0.2 @M in Fe (as NaFe EDTA).
They were incubated in a large outdoor pool
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Fig. 4. Effects of salinity on photosynthetic activity of phytoplankton. A: Photosynthesis was
measured at different salinities using samples taken from the surface at St. 11(34.27%0 S),

St. 12(34.33 %0 S) and St. K (34.33 % S).

Photosynthesis of the samples was measured

after 5 day incubation under the natural light (closed circle). A part of each sample was
adjusted its salinity to 20 % before the 5 day incubation (open circle). B: St. 11, C: St.

12, D: St. K.

with running sea water for five days. After
the exposure, the salinity of these samples was
further changed into three levels of 20, 27 and
34 % by adding distilled water or ASW. Then
the samples were incubated under fluorescent
lights of 7 Klux for determining photosynthesis
for seven hours. Photosynthesis of samples
shifted to 20 % was compared with that for
original samples (Fig. 4-B, C and D). The shift
gave most significant effect on the sample from
St. K. After the incubation, generic composition
of phytoplankton population was examined under
a microscope. Dominant genus was Skeletonema
in 20 %0 samples, and Chaetoceros and Skele-
tonema were abundant in the unmodified
samples. Navicula was abundant in the original
waters but it became less abundant in the waters
after the incubation. Chlorophyll @ in the water
increased to 6-11 fold for five days. These
results suggest that during the incubation period
phytoplankton adjusted to new salinity have
grown.

4. Discussion

As stated in other paper (TERADA and ICHI-
MURA, 1979), the Shimoda Bay estuary is highly
eutrophic and a sharp physical and chemical
gradient, especially salinity and nutrients, is
formed seawards. Photosynthetic response of
phytoplankton population to such changing
environment may also be altered with biological
factors such as species composition, physiological
state of algae and their adaptability. The
following consideration was made by assuming
that phytoplankton population in estuary is a
mixed population of freshwater and marine
phytoplankton derived from a discharging river
water and from the adjacent sea, and thus the
proportion of each component group in popu-
lation may be responsible for photosynthetic
character of estuarine phytoplankton as a whole.
If the density of estuarine phytoplankton popu-
lation is assumed to be diluted in parallel with
salinity variation, each biomass of {reshwater
and marine phytoplankton groups in mixed
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phytoplankton population at a given salinity s is
indicated by C;(1—5/5) and Cr-s/S respectively,
and total phytoplankton biomass is Cg(1—s/S)
+Cnes/S, where C; is population density in the
river water, and S and Cp are salinity and
population density in the adjacent sea water.
S is likely analogous to optimal salinity for
photosynthesis of marine phytoplankton. Photo-
synthesis rate of mixed population at a given
salinity will be indicated as follows;

When a given salinity s is 0=<s<.S, photo-
synthesis rate of the sample, Py, is described as

Py CA(1—=5/S)+ Pimy+s/S

PO = E 1 —5/8) 1 Ces/S (1

When a given salinity is S<s,
Py =Pem (2)

Py and Pnysy are photosynthesis rates of fresh-
water and marine phytoplankton, in terms of
mg CO;/mg Chl. a/hr respectively. In the equa-
tion 1, Py and Pemy are replaced by PrXf(s
and PnXm)y, where P, and Pn are photo-
synthesis rate of freshwater and marine phyto-
plankton under optimal salinity condition, and

f» and ms are relative photosynthesis rate of
respective phytoplankton group. The relative
photosynthesis-salinity curves in Fig. 5, from
which f(sy and m(s are derived, are constructed
from the data obtained by the foregoing experi-
ment on the effect of salinity on phytoplankton
photosynthesis, and S is estimated to 30 %
from these curves. If the parameters (Pr, Pn,
Cr and Cn) are given, photosynthetic function
of estuarine phytoplankton to salinity variations
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Fig. 5. Relative photosynthesis rate- salinity

curves for freshwater phytoplankton (A) and
marine phytoplankton (B).
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Photosynthetic responses of estuarine phytoplankton population to salinity variations.

Photosynthesis curves predicted as a function of salinity are shown by solid lines and
values measured actually are indicated with filled circles for the samples taken from a
depth of 1 m and with open circles for the surface samples.
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can be deduced by using the above equations.

Fig. 6 shows the photosynthesis-salinity curves
ccalculated by using the equations with para-
meters measured actually in the Shimoda Bay
estuary in November, March, May and August,
and photosynthetic rates measured in situ are
also inserted into the figure. The predicted
results coincided fairly well with actual values
measured. This documents that photosynthetic
behavior of phytoplankton in the estuary is
primarily controlled by salinity gradient. The
actual values in August were far apart from
the calculated curve in a salinity range between
5%0 to 20 %0. This may be due to the adap-
tation of marine phytoplankton to lower salinity.
If the photosynthesis-salinity curve shifts 6 %o
towards low salinity, both values coincide fairly
well.  Why such adaptation occurred in August?
At that time, neritic phytoplankton might have
sufficient time to adapt to low salinity water
brought by flood of the River Inohzawa. As
shown in the present experiments, photo-
synthetic adaptation of phytoplankton to new
salinity regime occurs at least within a few
days. QASIM et al. (1972) noticed that a wide
adaptability of phytoplankton to change of
salinity due to the monsoon system along the
southwest coast of India, where monsoon rain
and land runoff bring about marked reduction
This may be the same in the
Photosynthesis rates
calculated are slightly lower than actual values
in the surface phytoplankton and slightly higher
than those in the samples from a depth of 1m.
This may be considered not only as a result of
the difference of environmental condition but
due to the difference in proportion of freshwater
and neritic phytoplankton groups in mixed
population.

The nutritional factor may be nonlimiting on
photosynthesis in highly eutrophic estuary such
as Shimoda Bay. In the transitional region
from the estuary to open ocean, photosynthetic
activity rapidly drops towards the open ocean.
As has been discussed in other paper (TERADA
and ICHIMURA, 1979), this is probably caused
by a lowering of nutrient concentration.

CARPERON et al. (1971) explained the process
of eutrophication in trophical estuary by a model

in salinity.
Shimoda Bay estuary.

of simplified food chain. The model consists
of four components, i.e. nutrient pool, phyto-
plankton, herbivorous zooplankton and carni-
vorous zooplankton. Components are related to
each other with a hyperbolic function. We will
apply Carperon’s model to the present estuary.
As has indicated in other paper (TERADA and
IcHIMURA, 1979), the levels of PO4+P and total
inorganic nitrogen at St. 11 and St. 12 in the
coastal waters are low throughout the year, and
salinity is optimal for photosynthesis. Chloro-
phyll @ is always low at St. 12 and fluctuates
temporarily at St. 11. At St. 7, salinity at a
depth of 1m is usually higher than 20 %..
According to Carperon’s model these features
indicate that the rate of substrate utilization is
within the rate-compensation capacity at St. 12
and is the maximum at St. 11, and exceeds at
St. 7. We should infer that the area from St.
1 to St. 9 is eutrophic, from St. 10 to St. 11 is
mesotrophic and the area near St. 12 is oligo-
trophic. If this explanation is true and eutrophic-
ation of the estuary proceeds further, instability
of water will expand into more far area from
the estuary.

In conclusion, the photosynthesis of phyto-
plankton in the highly eutrophic Shimoda Bay
estuary is primarily affected by salinity and by
nutrients in the adjacent waters of the estuary.
As the result of the interaction of both nutrient
and salinity, the higher photosynthetic activity
is measured in the lower region of the estuary
where salinity is optimal for photosynthesis of
marine phytoplankton and nutrients are consider-
ably high compared with the open ocean.
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Identification of Chaetognaths Based on the Morphological
Characteristics of Hooks*

Sachiko NAGASAWA** and Ryuzo MARUMO**

Abstract: Very few information on the predators of chaetognaths is attributed to the difficulty
in detecting chaetognaths since they are easily digested in the stomach of predatory animals.
The grasping spines fortunately remain in the stomach of predators even when chaetognaths
are eaten by other organisms. This suggests that the grasping spines are reliable character
for species identification.

The present study includes SEM micrographs showing hooks of 25 species and 1 form from
4 genera of chaetognaths distributed in the Japanese waters. The present study is also the
attempt to identify chaetognaths found in the stomach of predators based on the morphological
characteristics of grasping spines. It was possible to identify meso- and bathypelagic chaeto-
gnaths based only on the hooks since these species have large hooks whose point and shaft
end are characteristic. In contrast, epipelagic species with small hooks were not easy to be
identified except species with serrated hooks and the genus Krohnitta. In this case the
characteristics of eyes and pigmented regions are useful for the identification. Detected hooks,
however, were mostly large ones of meso- and bathypelagic chaetognaths. The morphological
characteristics of hooks were compared in 2 mesopelagic, 5 bathypelagic and 5 epipelagic
chaetognaths for the species identification.

Chaetognaths ingested by the following fishes were identified: an Alaska pollack Theragra
chalcorgramma near the Kuril Islands in the Sea of Okhotsk, a Japanese mackerel Scomber
japonicus in Sagami Bay and a butter fish Pampus argenteus in the East China Sea. The
Alaska pollack fed on the young specimen of Eukrohnia hamata, Japanese mackerels on
Sagitta nagae and S. crassa f. naikaiensis and butter fishes on S. nagae and S. neodecipiens.
In the stomach of a saury collected near the Kuril Islands in the North Pacific there were
large numbers of lateral plates together with hooks. A chaetognath has a pair of lateral
plates. This suggests that the calculation of lateral plates found in the stomach makes it
possible to presume how many chaetognaths were ingested.
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serratodentata 7'/ — 7° (FURNESTIN, 1957%);
ALVARINO, 19677 ; PIERROT-BULTS, 1976%) I
BT 5FEYE, Pterosagitta draco ¥ XU Eukro-
hnia BOENMEKDEERIT & 5 SR F NS
THHERTED, LoL, HRFHHBE CIEED
BEi L < <, oSN HalAbiion,
Thewl, EEEFHEEES CEM) CHEYE
BT 5 LITRIRD X5 e d %,

D SHEEHEND, NEAI»L, HDWidEd
POEBETE D, &zl WEONHLEIER
HATH, NEPCHEEDHHHE TIRENEHL
TWHRENRZD LN (Fig. %), FREEBOR
SHEBHAS IS o TN BIREEN L <D (Fig. 9D,

hh, 12Ez21E, HboLLDHPEFEL TRLPi
LOHEROE S LEEOHEMNKRED ERCESW
T, B&b%H Thysanopoda O FREY TR
ENTHBORIZHETHZ LT LD, ok
EHANVHBLILPLLOEYH# E T5 (NE-
MOTO, 1977)% X 5 KBS HM Th 5,
NAGASAWA and MARUMO (1973)% 1% SEM
THAWT, 6BOPLLOHEELOWT ZORKE
FHLMC LI, IHEREHLDFNEY I
RESNLEHEETANIICL T, BEHLNHE
BL TR LOBYREL 72,

AETE, TTCERELC6ELYE4E25
B1IMORGLICOWTEHEOKEY SEM ©H

2) EEBETFHBSESZENLHEBO K& IwH Nz, D5 B2 OWTHHEDORF A ITHL
ETHZELARGTHY, TLBORESTHET oo EBIT, AF VY XT, <FHV A&, =HS
Table 1. Data on specimens of chaetognaths examined with SEM.

Range of No. of

Species Cruise Date Area body length specimens
(mm) examined
Sagitta crassa f. naikaiensis K T-69-06 10 May 1969 Suruga Bay 8.0- 8.8 11
Sagitta minima K T-69-06 10 May 1969 Suruga Bay 6.2- 7.1 15
Sagitta regularis K T-69-06 10 May 1969 Suruga Bay 5.2-6.2 14
Sagitta neglecta K T-69-06 9 May 1969 Suruga Bay 6.0- 8.8 11
KT-72-16 2 Nov. 1972
Sagitta nagae K T-73-06 10 June 1973 Suruga Bay 2.0-19.9 23
K T-69-06 9 May 1969

Sagitta bedoti K T-72-16 2 Nov. 1972 Suruga Bay 8.8-14.2 12
Sagitto pulchra KH-67-05 26 Dec. 1967 150°E 12.2-16.2 9
Sagitta pacifica K T-69-06 9 May 1969 Suruga Bay 10.5-13.3 5
Sagitta pseudoserratodentata K T -69-06 9 May 1969 Suruga Bay 7.5-10.0 11
Sagitta enflata K T-69-06 9 May 1969 Suruga Bay 15.3-18.3 6
Sagitta hexaptera K T-69-06 9 May 1969 Suruga Bay 24.3-29.3 5
Sagitta ferox K T-69-06 12 May 1969 Suruga Bay 7.6-11.2 7
Sagitta robusta KH-67-05 26 Dec. 1969 150°E 10.0-13.9 7
Sagitta elegans KH-67-05 9 Feb. 1968 150° E 19.2-24.0 3
Pterosagitta draco K T-69-06 10 May 1969 Suruga Bay 8.1-10.0 7
Krohnitta subtilis K T-69-06 9 May 1969 Suruga Bay 11.8-13.7 12
Krohnitta pacifica K T-69-06 9 May 1969 Suruga Bay 5.6- 8.2 10
Sagitia decipiens K T-69-06 9 May 1969 Suruga Bay 10.2-19.3 9
Sagitta neodecipiens K T-69-06 12 May 1969 Suruga Bay 8.3-10.3 8
Sagitta lyra KH-67-05 9 Dec. 1967 150°E 22.5-35.3 6
Sagitta scrippsae KH-67-05 9 Dec. 1967 150°E 22.3-29.7 5
Sagitta macrocephala KH-67-05 9 Dec. 1967 150° E 16.0-23.0 7
Sagitta zetesios KH-67-05 9 Dec. 1967 150°E 12.2-24.0 5
Eukrohnia hamata KH-67-05 9 Dec. 1967 150°E 22.3-23.0 2
Eukoohnia bathypelagica KH-67-05 9 Dec. 1967 150° E 6.3-22.2 6
Eukrohnia fowleri KH-67-05 9 Dec. 1967 150°E 31.0-32.0 2

Total 218
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DEABY BRI S R LR RBORMS
FOMREFRORE G, K, 1976) &S\
T, BOREZTIR- T,

BOBABTY O L OERTREE S Ik
B PKE RN B L, RILRKAKED JEHT
INERTEE, HERKAKEMETRHAFHEL S
L O DOKER T = R H — 184 I8 <@
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2. MHEEHE

HRRZHEFERFETO % & AL KT-69-6, KT-
72-16 35 X 08 KT-73-6 JXeis CERMEIC 38\~ C,
R R O | BAL KH-67-5 X ¢ 150°E 0¥
M B THEL 7 4 B257 1 B o=t L (Table
D 0B OWT, EEEFHEMESE ISM-35%H
WT OGN, BEAr =) VETEE
ANLEEY EDITTL, RAONEYEKR
DA THRALCBEZEL, WAET -7 &iXs
BB EE, RBELEYHEENTEEL TE
B L7z,

3. BRsLuEm
1. HmEoEE Fig. 1
FLBOBAN & KoL Fr & B [ (194000,
HYMAN (19599 35 X AR D fERICE-SWC
RLU7 (Fig. 1), SeS2IAMETIC X 5 BIZIC S0
T, SHBIERIXO X 5 i@ S Tw5 (i,
1940V ; HYMAN, 195910 %13+ 5 VB T, @
L AWML REEL, FOBEVETORE
flk LB TR EnERE, TELL - TH
RICHBFAXY G2 Tw5b, FHEXET, HiR X
ORI N Db, SEoEALE, BHAEZHE
IO, ZoNHCEERFEEEXET 220055,
RO RIRC LN RIFEEN V7 v b D X 5T
XEHATWD, FEHEDIZ SEM CHELZEE
L, KOZEEWPLMNT LT, HEREICILSA
DIERIENRH D, D 55 3AE HFH D EEEAE
MR ETED, B D 2R OEEEITEAN B
B 3RIVENL, BEREEHLEIBAN X DB
NI ETCED, EMCHHEEFIEBE2AL
PRZI, RHEIEERETET D, HAEOH

Fig. 1. Schema and terms of a grasping spine
based on TOKIOKA (1940)”, HYMAN (1959)'®
and the present study. a: point, b: shaft end,
c: back, d: edge, e: dorsal column, f: ventral
column, g: base, 1, 2. 3, 4 and 5: ridge.

&L Sagitta lyra (ALVARINO, 1967)7 ¥ L Y
Eukrohnia JB% T, [HEOKRAE, HEOE
M L DMELIeh ooy, EEOBESTHAE
MBI STHRZDZ END 5T,
2. WK & RMEEBORY (Fig. 2)

EHERETEBFETECKE ST, FREOHEEE
ot & RImE oA R L (Fig. 2), v« EEMH
RULBRBEECHEANT, HEBEIRE L, FE
XD R & IR I O EN TR
BHNER, EEETIES L OSEI i
BTHDY, REHE AR AFEE X ST
Wiz, Lo T, SHEORERES & B o 4
I FEEESCO LORERIENTH A, £
B GBI Ik » 1o, MR Db AMDMLT,
HELEDRBREYHCLIZLIE R 2RO
TEREHGIUL, RBECEELFHETHD,
KL, AOBNEAYRABE CREINDIHEEBL F -
FREOKBOLDOTHABENE L, REHES
L L ORUNSHBERE I N0,
3. WELEHMOILEE

AW THEL EBEOHEOEE BT M
FHEET L (Figs. 3~8) 2%, & 2 TikgEh%:
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Fig. 2. Diagrams showing the shaft end and the
point of grasping spines of chaetognaths ex-
amined in the present study. 1: Sagitta crassa
f. naikaiensis TOKIOKA, 2: Sagitta minima
GRASSI, 3: Sagitta regularis AIDA, 4: Sagitta
neglecta AIDA, 5: Sagitta nagae ALVARINO,
6: Sagitta bedoti BERANECK, 7: Sagitta pulchra
DONCASTER, 8: Sagitta pacifica TOKIOKA, 9:
Sagitta pseudoserratodentata TOKIOKA, 10:
Sagitta enflata GRASSI, 11: Sagitta hexaptera
D’ORBIGNY, 12: Sagitta ferox DONCASTER, 13:
Sagitta robusta DONCASTER, 14: Sagitta ele-
gans VERRILL, 15: Pterosagitta draco (KROHN),
16: Krohnitta subtilis (GRASSY), 17: Krohnitta
pacifica (AIDA), 18: Sagitta decipiens FOWLER,
19: Sagitta neodecipiens TOKIOKA, 20: Sagitia
lyra KROHN, 21: Sagitta scrippsae ALVARIRO,
22: Sagitta macrocephala FOWLER, 23: Sagitta
zetesios FOWLER, 24: Eukrohnia hamata (MOBI-
US), 25: Eukrohnia bathypelagica ALVARIRO,
26. Eukrohnia fowleri RITTER- ZAHONY.

BT 5EE, Krohnitta B, B IO « JEEFED
FEBLCOWTEOREE RS, 2L, HERE
Sagitta lyra ODBEIL, RABC XV EENE -
T (ALVARINO, 1967V HEFE DBRICIL T2\ D
ThE, FOEGRE S. scrippsae (ALVARINO,

1962)' & fgsie,

(D #EEEETHHEE

Sagitta pacifica (Fig. 3a,b) & S. pseudo-
serratodentata (Fig. 3c,d) 1XZFE O HNLLAEIC
FEwrEL, FERAERCIWTW2, WEHE
DFMNETIh%, Prerosagitta draco (Fig. 3e,f)
WEHBO NEO AT FIT BIRE LB B’
DEEHEEL, WERIWC T\ 5, Eukro-
hnia & 3 FED Gk DERICII NE OB FICEEN &
NZHDHLE W H 5 (B, 1940Y, HE
6.3, 6.7, 14.3mm @ Eukrohnia bathypelagica
TRFEBOWMD 2 KD 2 (EADIHETLE)
FEH N RS 7 (Fig. 4a,b), 197642 H 3 Hic
FERKEET 47-0m o E BCELNEE
4.7mm © Eukrohnia O &L, 8EKDHED
564K (EhAbbETI2ER) KEE D -7,
Eukrohnia B LIIRE L LA RCERYET
HEBORIEY , FATHERLE -7 (RD
DLz,

(2) Krohnitta BDY¥E (Fig. 4c,d)

i, BEHERLS, BoRBETbAMDE
i, MBI R h, FEITEAL, HEHED 2/3
DFH LB 8D, bAMBEL L, R
T 5 ELBEORD LS Th%,

3 h - EEROHE

TR A & IR b %,

@ Sagitta decipiens (Fig. 4e)

KIRTEEB Db A TS T THIA D, HWBE
K& ET, BRI K L CTHBRTH S,

) Sagitta neodecipiens (Fig. 4f)

LI IERObAMICISC TH#AY, 2/3 OFF
THI< 72D SHITHMA D, BEFIA L THET
Hb,

® Sagitta macrocephala (Fig. 5a)

BRI E LD TAE S, AP L Cniclin
bo SR 1/3 OFTCHIN S,

@ Sagitta zetesios (Fig. 5b)

R EEIP BN D,

® Eukrohnia hamata (Fig. 5c,d)
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Fig. 3. SEM micrographs of grasping spines. a, b: Sagitta pacifica, c. d: Sagitta pseudo-
serratodentata, e, {: Pterosagitta draco.

Fig. 4. SEM micrographs of grasping spines. a, b: Eukrohnia, c: Krohnitta subtilis, d:
Krohnitta pacifica, e: Sagitta decipiens, {: Sagitta neodecipiens.
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Fig. 5. SEM micrographs of grasping spines. a: Sagitta macrocephala, b: Sagitta zetesios,
c, d: Eukrohnia hamata, e: Eukrohnia bathypelagica, f{: Eukrohnia fowleri.

TFig. 6. SEM micrographs of grasping spines. a: Sagitta lyra, b: Sagitta scrippsae, c:
Sagitta enflata, d: Sagitta hexaptera, e: Sagitta elegans.
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Fig. 7. SEM micrographs of grasping spines. a, b: Sagitta nagae, c: Sagitia bedoti, d:
Sagitta pulchra, e: Sagitta ferox, {: Sagita robusta.

Fig. 8. SEM micrographs of grasping spines. a, b: Sagitta regularis, c, d: Sagitta neglecta,
e: Sagitta crassa f. naikaiensis, {: Sagitta minima.

(20)
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Fig. 9. Photographs showing merits of observing by SEM. Three ridges are seen on the
back of grasping spines in (a) Sagitta decipiens, (b) Sagitta pulchra, (c) Sagitta enflata
and (d) Sagitta nagae. Projections of serrations are seen in (e) Sagitta pacifica. Curvature
of the point is seen in (f) Sagitta macrocephala.

Fig. 10. SEM micrographs of grasping spines and lateral plates found in the stomach of
various fishes. a: Eukrohnia hamata found in the stomach of an Alaska pollack Theragra
chalcorgramma. Arrow shows a lateral plate. b, c: lateral plates found in the stomach of
a saury Cololabis saira, d: Sagitta nagae found in the stomach of a butter fish Pampus
argenteus, e: Sagitta neodecipiens found in the stomach of a butter fish Pampus argenteus.

(21)
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Table 2. Characters of grasping spines of 12 chaetognath species.
. . Curvature of . - .
Species Size the shaft Ridge Serration Point
Sagitta pacifica small gently curved clear yes gently curved
Sagitta pseudoserratodentata small gently curved clear yes gently curved
Pterosagitta draco small gently curved clear yes gently curved
(only a part
of the shaft)
Krohnitta pacifica small curved clear no very sharp
Krohnitta subtilis small curved clear no very sharp
Sagitta decipiens large gently curved very clear no gently curved
Sagitta neodecipiens large gently curved very clear no gently curved

D) A% v v &5 Theragra chalccgramma

(PALLAS)

A by XSOEBRNEYHLBRESH EHED

BEH% /R~ L 72 (Fig. 10a),

ZDAY Y EFIL

197546 H24H ek~ 7D 48°28'N, 153°
SAECESR e — L E200ENTESNE, AE

1% 40.5 cm,
CHSNT,
EBTHDH EHEEINI,

BERT 540g Tho7, Table 2
= NiE Eukrohnia &0 i\ EE OB

3fED Eukrohnia B0 5 b, E. fowleri 115

LEGECAERL,

Tl h ATy A

—~ UV 7 CIEE 1,000m MIERC & bR 5
(TCHINDONQVA, 1955)2 E. hamata EitEBdt

Sagitta macrocephala very large gently curved clear no curved in one thirds
of the point
Sagitta zetesios large gently curved clear no gently curved
Eukrohnia hamata large almost straight  clear curved in two thirds of
the point almost
perpendicular to the shaft
Eukrohnia bathypelagica large zlmost straight  clear yes curved in the middle of
(only young the point almost
specimens) perpendicular to the shaft
Eukrohnia fowleri large almost straight  clear gently curved
REFEE 2/3 OFTTHIN D
® Eukrohnia bathypelagica (Fig. 5e)
HEEP b N b, REHEIL 1/3 DT
IZIFE A5,
@ Eukrohnia fowleri (Fig. 5f)
BP0 iy b, REEHRIER O A
HCIe U Chids 5,
HEEAWT WEINSOLOBRELT
785D, FARLPLTLOHBLSOWTED
Hifa ¥ Lotz (Table 2),
4. BARYTOLL L ORE Fig. 11. Head of Sagitta nagae found in the

stomach of a butter fish Pampus argenteus. In
this diagram anterior teeth are not shown.
The lateral plate on the right hand has already
got out of place. It is almost impossible to
see the lateral plate in the alive or fixed speci-
mens, but chaetognaths found in the predator’s
stomach sometimes look like this. It is easy
to recognize the lateral plate. a: lateral plate,
b: posterior teeth, c: grasping spines.

KEEE, N~ Y Vv I TCHEBYERE 2,000m ¥
THfH L, £k 120~270m &\ UM,

1969, E. bathypelagica L7 U¥gls ¢ 150~
1,370m @ # L, &I 550~880m T\~
URNE, 1969, UL, EEBIFEIRE X
DL A s (KOTORI, 1972)1%, HHED—E
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CHEEETS X 5 IoE\ Eukrohnia IZ oW T,
FDONTHEBEEHS TRV, RIELDVERVE
TR 8ERLS, KBET E hamata
LRONLERE 4.7mm CHEHEBERYE TS M
B2 47-0m DHEETHEI NI, Ay P K
SR BE T 100~300m 1< B E %
(RTH, 197 ¢, E. fowleri B T5H 2
Lxin K, E. hamata > E. bathypelagica ® ¥
HOPEFARLICEEZLNS, WEONHEE
NB, 1969'®; KOTORI, 1972'9) o [hiEgsb,
Al by £51% E. hamata DENMEEERHEL
TREEZXLONZYUTHS S,

Fig. 10a T D L3255 b DL Ak (lateral
plate) THhs, ZhidirL OO AN H
b, HELE X 25 (Fig. 11) LR ID
EEINTIEOOHRECHEREG L TWD, MR
TEREEORERE 2 L\ 5 (Fig. 10b), 19764
7 B27H b EBIL RERED 44°52'N, 150°50°E ©
BE SNV v = Cololabis saira (BREVOORT)
DBEABYTIL, ZEOPT L OFHER M
DEFOFRPFE D AD - TEEIN T,
LR OBOHRTHILERYL 1T 5 &, Mk
Thed{fch, Emchibhi (Fig. 10c),
iR L EEORL LT IHEDT, Zhiif
BT NEHEIN PO Lo kDB RS,

(2) =5 HY A+ Pampus argenteus (EUPHRA-

SEN)

19734E11 H 5 BB v g0 30°03.0’-01.2'N,
123°35.0’-36.0'E (UKIE 7T0m) T, BEHMESH T
R % LR RES R~ Y+ 3H
HRPTLERHAL T, HLEnsh#EAT
Wichs, HEE (Fig. 10d,e) BoBE#»s, —h
Bl Sagitta nagae & S. neodecipiens & [F5E X
nNic, =+ HVADORBXER ICEERIT, *n
Z# 16.0cm, 117g; 16.3cm, 112g; 17.5 cm,
139g THh 7o

B ¥ 2 Sagitta nagae V% B 1 L
(MATSUZAKI, 1975)'9)) S. neodecipiens (3th @
HTHOHENDHEDO ERITE L, 50~60m T 5
LRI, RER), bR UIRKE0mD
BRTREIh L = FF Y AR VBRI,

(3) =43 Scomber japonicus (HOUTTUYN)

P 1R/ INF B o0 SR A I8 o0 58 1 78 C 19764 4
A268, 8 HI0H K HE SN =¥ D BHKIL,
FREERD LU LBARB SR, Lok
GHN oD, UlTENRAD, FOIIWIAT
Wichh, RIERESThH o7, 4 H26H 0RET
HEXERICEEENEZNRETR 20.4cm, 80g;
21.2cm, 94g; 21.6cm, 93g © 1EH BRIF,
1967)'" (1. Sagitta crassa f. naikaiensis & S.
nagae ZAHAL T\ o, 8 AIOBCIERE 22.2
cm, BEE 10lg O<%-3U% S. crassa f. naikai-
ensis DAEFEL T iz,

= ANIBERBECATATL Y, RkmaliEk
TOEEYIHE I Eb DI, FEABHEYT
NETFAT v, FER, BEDKR, W, MHEE,
LW, Tofbogm TSIy bV ThDs (FiE
%, 1967)®, LLLITHAShTOWTLRE SR
RFTVDT, HAEYEL CTHbIId»TcD D,
bHWE T xotto®E 5272 vv ] ELTE
LHbBNTWEEBbS,

A, THLREZSOBEDORDENEY TR
HEhLL LORELITAV, R LOLHLE
HELOBAELZELNCT L L13, AYBE
DRADICDCEETCHbH, T, ADOHEHELLT
DL L OEEME, RULEHATHAOEHAE
LR Loaf & DBfRR E oW T i
RBLENRD D,
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Distribution of the Marine Micro-ciliates in Tokyo Bay*

Tsuneo KUME**

Abstract: Marine ciliated protozoans with the size of 5 to 95 #m in sea water samples collect-
ed at Tokyo Bay were enumerated by using the filter counting method. At the inner part of
the bay, ciliates in surface water samples fluctuated seasonally within the range of 10 to 107
cells/I with the change of phytoplankton biomass and sea water temperature. Smaller ciliates
(5 to 25pm in size) appeared dominantly occupying more than 50 % of the ciliate cells of 5 to
95 p#m throughout the year. Hymenostomatida and Gymnostomatida of Holotricha dominated,
but Hypotrichida, Oligotrichida and Heterotrichida of Spirotricha constituted only less than
20 % of the ciliates. The vertical distributions of ciliates during the summer stagnation period
were approximately correlated with those of phytoplankton in the inner part of the bay where
these organisms were more abundant and the water was more eutrophicated by land discharges.
These correlations with the distribution of microplankton reduced in the outer part of the bay,
and the biomass of these organisms also decresed one order of magnitude. Close correlations
were found among the seasonal fluctuations of ciliates, phytoplankton, sea water temperature
and chlorophyll @, but there was no correlation between the distributions of microplankton
and particulate protein or seston amounts in the inner part of the bay. The inverse cor-
relations of seasonal fluctuations were observed between the ciliate biomass and the ratio of
heterotrophic bacteria to ciliates, and between the ciliate biomass and the ratio of phyto-
plankton cells to ciliates. These results suggest the close interactions among ciliates, heter-
otrophic bacteria and phytoplankton through the prey-predator relationships and the promo-
tion of growth of each organism by other.
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LEE SN AT H -7 (WooD, 1965"),
BORYHEECETHHEOHRT, RELLT
HESNCEEY TSy 7 b BEEETS
T LR R L SRR B A~ T REE D
DTl <, SR ORERE - BB MY 3R
BT HRBKEREY Y FRT 58N 7
VNV BNET B AR (saprophagic
food chain) DO g N EHE S >>H% (SEKIL,
1972»: STRICKLAND, 1972%; JPRGENSEN,
19769), ZoHZEoZy|oth T 100 pm PITFOKR
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255



190 5 & HW1TH H/45 (1979); R{LHBEFELEE

et al, 1977"), ARETIE, 0 X5 IclEr b
SBUNGE HE D BE KT BT 500 & 28
EH A BET 5D HESEIC BT GB35
B, WY 72 ROBREYO S TEHRE R
" CITle - TR LY IR 5,

2. /5 &

BTy OHE: BUNTTv 2 b vE
BOAEATEER (A, 19799) L RkOF R X
> THEEOBRIE ST B\ TR ¢ (Fig. 1),
KL 1% Utermohl EgEika inx CEEL, %
A C—BEEL, LEBRZID B EESOLE
XorZ @ LEfE (1,500 r.p.m., 553 KX 5T
10.0ml ¥ CiEL, BRANERBRECHLS
TR E L 72 (TAYLOR, 1976™), iz, —h
boEiEEEEE % Nucleopore 7 4 v % — (25
mm &, Spm E7Y¥ A4 A) FZiETFL, 250 mm
Hg UTFTTWEIFRL 7, EEAREEBEEFR
SERGEEBEL, 5% =V Aryy 5% 7 </
— i) BETL 30~60 SEIgvE L, HEK
CX2REME, B aBnEry LFREALL
7z (Fig. 2), FREAEEHAOBEER, Lamks
L OEH K, AT 7 7 AP (What-
man GF/C) %\ CF@RL 7, MEREORE
vk, HALL (19539), CoRLISS (1961%) & L O'W

| .
A~ T-3 !
mkuhama'< i
— 25
T=a
| * Kisarazu
'ivor—sw 20

— 10
- 05’
o
8 %
I | i 35°00'N

Tateyama
| J
50 140°00°E

Fig. 1. Sampling locations in Tokyo’ Bay.

139°30 40

H (1964'9) o #icit -1,

EBRREMEOHE: HAEHIHERE Y
TR JZ &Yy~ 75 ~ (ZOBELL, 1941'") A FHu~
TERL7=0b, EHICEREHCEEL 2,
% 2 RIS S e K x A B R 177
Uy, RN LA L 7 (BUCK and CLEVER-
DON, 1960'®), FER AR B o 2216E % A\
7z (Table 1), BEt 20°C 0B %L 720D B,
EWRPCHE L2 r =~ (cfu) KL &
(GUNDERSEN et al., 1972'3)

REY ARG KGR O AR S
Al F700d Van Dorn B2k 88 % W TEEK
L, BEbFZv 27 /%y M GGh4 A T
FRL, FYV=2F v VvRBEBLL, BARAER
LR KERHEHRNC AEREIT X Akl 21T
-T2,

A VEEBORE: HHATICHASER - RY
KE LD HZMEHRITIRoTAVTFV 7 4 &~
(Millipore HA) % F\CiF@% 1775\, 3.6% *

Sampling
Filtration ..... XX13 { 0.095mm mesh-sizc )
Fixation ..... 1.0% Utermdhl's iodine
Prkcipitation ..... 4°C, over-night
Cektrifugation ..... 1,000r.p.m., 5 min.
Fi%tration ..... 5p pore-size Nucleopore
Rikse ..... distilled water
Stgining ..... 5.0% erythrosine
Rikse ..... distilled water
DeEiccation

)

Mounting

Fig. 2. Procedures for the preparation of filter
samples of fixed microplankton.

Table 1. Composition of modified 2216E medium

Bacto-peptone (Difco.) 5.0 g
Bacto-yeast extract (Difco.) 0.5 g
Ferric citrate 0.05g
Distilled water 200 ml
Aged sea water 800 ml

pH 7.0-7.4
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B7vE=Y ABEREEE7 + VE— O IEY
1 7 (BANSE, et al., 1963'%), F#E%,
—20°C wHEBREEREEL L, 714 MrF - L
FREINCBBHERR, FRROFRESEE
HhRDI, FHRERIX 60~80°C 1t TH 2 Bif
BRRL, Tvr— - —BEGHRCEL
726

BEREEOEOME: BEdotA v ERIE
AEEE A, 0%7 €t v ENLTEREDE
FakkEL, TV ERERRELLDOL, T
HYERL T, BAEEHFER Y = / — VEEE
(LOWRY et al., 1951'9) @ X » CHRIEL, T47
NT IV BEBREL I,

Zuwn7 4 vaDPE: WAKEE LY AT AME
FHE (Whatman GF/C) # F\CF# L, LOREN-
ZEN (1967'9) o FHC X » Tt L OCWEERIT
12572,

3. # &
1. EREERTRRCKTHIBNTZ V27 b
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Fig. 3. Seasonal fluctuations of microplankton

(5-95 ym) in surface water at Station H in
Tokyo. Bay.
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Fig. 4. Seasonal changes of micro-ciliates classified.
into different sizes of 5-25 and 25-95 pm in
surface water at Station H in Tokyo Bay.
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Fig. 5. Seasonal changes of the composition of
micro-ciliates in surface water at Station H in
Tokyo Bay. Hymeno., order Hymenostomatida;
Gymno., order Gymnostomatida; Hypo., order
Hypeotrichida; Oligo., order Oligotrichida; and
Het., Heterotrichida.
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R, MEHEE5 A [1.04x107/D) L12H (8.56
x10%/D) wxhEhfE « BEHBMEEE R L
too WBHT 5V 7 Vv OEETE, BMEREOH
FZ58) L IE Rk D B, 5 (7,16
x107/0) & 3 H (38.38x10YD) wrn T «
BARKIREE S BB L 1,

ME 3% 25 pm B BT 2 BRC B L o BHEORE
Rz Fig. 4 @R3 Thotoo HNE B S5~
95 um DHfAD 5B 52~100% 5, b
BT T 0% UEEED,

ME B ORI & T O HFL L Fig. S ic
RTINS Thote, HELK 0% VL2
# (Holotrichia) m#1 H (Gymnostomatida) &
B H (Hymenostomatida), #F & % #§ (Spiro-
trichia) @ % £ H (Heterotrichida) & 4 FE H
(Oligotrichida) & X" F#£H (Hypotrichida) ¢
L b, BEOEL 46~83% OBEEHEET
bHb, HEEHEME 0% UTOHERTH -7
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Fig. 6. Seasonal fluctuations of viable counts of
heterotrophic bacteria and amounts of seston,
particulate protein, chlorophyll a in surface
water at Station H in Tokyo Bay.
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T DEEERAR & T RO L ORICIX
PR 7o HEBERE R D e v o 7o, LvL, M
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Fig. 7. Seasonal fluctuations of micro-ciliates in
in relation to heterotrophic bacteria and the
ratio of heterotrophic bacteria to micro-ciliates
in surface sea water at Station H in Tokyo Bay.
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Seasonal fluctuations of micro-ciliates
in relation to chlorophyll @ and the ratio of
chlorophyll @ to micro-ciliates in surface sea

water ‘at Station H in Tokyo Bay.
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Fig. 10. Seasonal fluctuations of micro-ciliates
in relation to particulate protein and the ratio
of particulate protein to micro-ciliates in surface
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EDTRTCOBHREEINT WS, o T, #KH
DIGEEEAEOWBIC KL T, TR B
CHERTAIEHEN RELFEL WA EEE
EORBRITRBL T 5,

3. BEZOERBCRILBPNSZV 2 b,

TR B 3 X BB O 575

1976 4£6 H 20 B35 23 H ¥ ¢ 4 HRY, =X
REBAEM AT ORSE M KT76-9) i B\
T, HEEBNES (Fig. D » 5L 7-dKHR
Bicag eh s 5-95 pm OMESE, BHT S v
7 bR, BREMEAER, A NVE
2, BEEEAEER I/ rr T s La DRI E
ZITIew, TRBOBER X OCKFEAHICEL T
BE %178 - 72,

BRI T-2 Lo T-5 oA T,
MEREEIEY 77 v 2 » VRO FnF
N T RE D b (Fig. 1la),
8B T-7 TR E O SAE AR, Mfa g s B
CHAR T -t i, 1213 HTH Ch - 7= (Fig.
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(Fig. 12a,b,¢),
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Fig. 11a. Vertical distributions of microplankton
(56-95 um) in sea water at Stations T-2 and T-4
in Tokyo Bay (June 1976). ® ——, ciliate;
O——, phytoplankton.
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Fig. 11b. Vertical distributions of microplankton
in sea water at Station T-7 in Tokyo Bay

(June 1976). Symbols are as in Fig. 1la.
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Fig. 11c. Vertical distributions of microplankton

in sea water at Station T-8 in Tokyo Bay
(June 1976). Symbols are as in Fig. 1la.
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Semidiurnal Oscillations over the Spherical Earth*

Motoyasu MIYATA**

Abstract: Laplace’s tidal equation over the spherical earth for the case of semidiurnal
component (Sz) is fully investigated. It is shown that the equation for S: can be reduced to a
Schrédinger wave equation. The result indicates that the pressure field tends to be confined in
the equatorial belt. Complete solutions can be obtained in terms of spheroidal wave functions.

1. Introduction

The solar semidiurnal tide (Ss) with frequency
of twice daily has aroused much interest, par-
ticularly to meteorologists in connection with the
atmospheric pressure variations. Among others,
HAURWITZ (1956) made an extensive study of
observed S; in the atmosphere. One of his
results is given in Fig. 1 as an example. In
the figure equilines of the amplitude of baro-
metric pressure variations for S; component are
It is to be noted that the amplitude
decreases steadily polewards from the equator,
suggesting a tendency of confinement in the
equatorial region.
torial confinement of the semidiurnal component
is typical of pressure variations not only in the
atmosphere but also in the ocean.

In this paper the present author is going to
make a detailed analysis of Laplace’s tidal
equation at the S» frequency. Calculations of
the semidiurnal oscillations have been made by
numerous authors (WILKES, 1949; KERTZ, 1957,
SIEBERT, 1961; FLATTERY, 1967). However,
all of these previous works are based on the
expansion method of Hough (1898): solving an
infinite set of linear algebraic equations numeri-
cally (See LONGUET-HIGGINS, 1967, for the
technique).
more accurate method will be employed here.
It will be shown that the equation for S; can
be reduced to a Schrédinger wave equation

shown.

It is known that such equa-

A much simpler and presumbly
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Present address: Geophysical Institute, Univer-
sity of Tokyo, Hongo, Tokyo, 113 Japan

which will clarify the implication of the above-
mentioned equatorial confinement. The motion
under consideration will be shown to behave
like an inertial oscillation near the poles; the
pressure field becomes infinitesimally small
whereas the velocity components remain finite
as the latitude approaches 90 degrees.

Complete analytical solutions in terms of
spheroidal wave functions will be obtained for
several cases and discussed.

2. Reduction of the tidal equations
Laplace’s tidal equations with no forcing over
the spherical earth are given by:

ou . 1 op
E——Z.Q"usmﬁ— Reosd 3" P!
ov . op
a—t-+2.Qusm0~ o0 (2>
op oh ou 0 J
g, 9 o, 9 o |=
(7t+Rcos(9|:8¢+80(vcos )|=0, (3
where
¢: longitude,
0: latitude,
£: time,
u,v: eastward and northward components of
velocity,
p: perturbation pressure,
g: acceleration of gravity,
h: depth of the fluid,
2: angular velocity of the earth.

We seek periodic solutions propagating longi-
tudinally: the solutions are proportional to
€i(s6-2298)  where s is an integer and ¢ is the
non-dimensional frequency.

(33)
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Fig. 1, Geographical distribution of semidiurnal component of pressure

variations in the atmosphere.

Values indicate the magnitude of the

amplitude in 107> mb. (After HAURWITZ, 1956)

If we define new variables by:
u*=cos'/? 64,
v¥=ivcos'/?@,

cos™1/28,

?
Sk
P =30R

then Equations (1), (2) and (3) take the simpler
forms:

gu* —sin 0v* —sp*=0 , (4)
sin u*—ov*+Dp*=0, (5)
su*—Dv*—go cos?p*=0, (6)
where
d 1 .
D=cos 0% 3 sin 0
and
402 R?
= 7))

From Equations (4), (6) and (6), we obtain,
(8)
9

(6D+ s sin 0)p* = (0% —sin?d)v*,

(6D —s sin O)v* =(s2—e0? cos?O)p*.

Elimination of v* from Equations (8) and (9)
yields the single differential equation for p*:

[(0D~ sin 0){ po 1

—sin2%d

(6D+sin 0)}

—(s?—¢ga? coszﬁ)]j)* =0. 10

For the solar semi-diurnal component we can
put 6=1, neglecting the difference between the
solar and the siderial day. Then the above
equation becomes:

(

=g 00520—%(1—2,?)(3—5)5%20+%—5.

2
&,

a6 (b

)p*:o,

where

Equation (11) can be recognized as a Shrsd-
inger wave equation with potential energy
1/4(1—25)(3—s) sec?@—g cos?d. The problem
now is to find an infinite set of eigenfunctions
p* with associated eigenvalues.

3. Solutions and discussions
The character of the solutions of Equation
(11) depends on the sign of 2. When 2>0,

(34)
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the solutions are sinusoidal; when 2<0, they
are exponential. In general, there exist two
critical latitudes 6= =+86,, at which 2 changes
sign. Between the two critical latitudes the
-eigenfunction is sinusoidal, and outside these
latitudes it becomes exponentially small. Thus
the pressure variation tends to be confined in
the ‘‘equatorial belt”. Values of the critical
latitudes for some cases will be given after the
.solutions are obtained below.

When s=0 (and o=1), the solutions of the
tidal equations have been investigated completely,
since they are expressed in terms of elementary
functions. As first noted by SOLBERG (1936),
.the solution for p(s=0, ¢=1) can be written as

p=sin (e!/2sin 6) or cos (¢'/?sin ). (12)

‘Consequently, the present attention will be
restricted to the case for s=0.
If we introduce new variables by,

#=sinf, g=p*cos /28,

~then, Equation (10) can be transformed into:

AN S Gt
I:dp(l #)d;z 1—p?

—ept e ]q:O. (13)

This is the spheroidal wave equation and its
solutions are well known (e.g. STRATTON et al.,
1956). Therefore, the semidiurnal oscillations
under consideration is one of the few exceptions
for which analytical solutions of the Laplace’s

Table 1. Eigenvalues ¢ determined by Eq. (13).
Values in parentheses are equivalent depths
in km. Values in brackets in the last raw are
equivalent depths due to FLATTERY (1967).

n=0 n=1 n=2 n=3

=1 1.455 6.616 16. 68 31.61
(60.57) (13.32) (5.28) (2.79)

=—1 5.765 15. 69 30. 56 50. 36
(15.28) (5.61) (2.89) (1.75)

s=9 4. 879 12.85 25.64 43.15
(18.06) (6.87) (3.44) (2.04)

=—9 11.12 23.78 41.32 63. 62
(7.92) 3.71) (2.13) (1.39)

[7.8519] [3.6665] [2.1098] [1.3671]

tidal equation are possible. (For other known
exceptions, see CHAPMAN and LINDZEN, 1970,
p. 114). ECKART (1960) was the first to derive
the equation equivalent to (13) by starting with
the tidal equations on Mercator coordinates.

The calculated eigenvalues based on the table
by STRATTON et al. (1956) are listed in Table
1 for four wave numbers s==+1, #+2. The
integer n represents the latitudinal mode whose
definition is given by Eq. (15). The positive
and negative signs of s indicate eastward and
westward propagation of the wave respectively.
The values in the parentheses are the equivalent
depths 2 in km, which are converted from ¢
through the relationship (7). (422R?/g is set to
be 88.11). Values in the brackets in the last
row for s=—2 are the equivalent depths due
to FLATTERY (1967) who calculated them by
the conventional Hough’s method. It can be
seen that the difference between the two results
are small, though not entirely negligible. Flat-
tery’s result might have been subject to round
off errors because of his complicated numerical
procedures.

The eigenfunctions ¢(g; s) in terms of the
spheroidal wave functions can be expanded in
associated Legendre polynomials pi(#):

g=Sule, )=5D; (/mDPy, (1), (14)
J

where m=|s—1| and [ is an integer greater
than or equal to m. It is known that the
spheroidal wave function Swm; has [—m zeros,
between —1 and 1. Accordingly, the latitudinal
mode number »n can be defined by:

n=Il—m. (15)

The coeflicients Dy for S=+1, +2 and n=0,
1, 2, 3 are tabulated from the table by STRATTON
et al. (1956), and are listed in the Appendix.
Using those values of Dj, the eigenfunctions ¢
are calculated from Eq. (14). The results are
normalized in such a way that

1
S ¢gdu=1. 16)
-1

The non-dimensional amplitude Z=g cos #, and

the corresponding eigenfunctions for the velocity
components U and V are shown as functions

(355
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Table 2. Critical latitudes where * in
Eq. (11) changes sign.

n=0 n=1 n=2 n=3
s=1 — — — —
s=—1 =£32.9° =£47.8° £54.9° £59.3°
s=2 +38.6° *£55.6° *£62.8° *66.9°
s=—2 £27.2° £41.5° =*£48.8° £53.5°

of ¢ in Fig. (2). The functions U and V
drawn in the figure are all divided by (2n+1).
U(=u/cos 0) and V(=wv/cos §) are related with
Z by:

1 0 s
Ui 9= mop{ige + T bt 9
1 ]
= T—_M§Dj[{(m +)eE sy P,
_ﬂ<j+ 1)P:+j+1j s \ an
1 0 s
V(p; s)= p— {-a-;+ 1= ﬂ}Z(.U, 5)
=L _SD,{m+jtoupn,,
1—p?;
—(j+ 1)P1mn+j+1] 2

(Note m=|s—1]|).

It is seen from the figure that Z is confined
in the ‘‘equatorial belt”” except for the case
s=1. This was expected from Eq. (11). In
fact, the determination of the critical latitudes
by =0 leads to Table 2, where it is seen that
for the case s=1, no critical latitudes exist.
.For the other three cases, (s=—1, £2) the
lower modes tend to be more confined. How-
ever, none of the velocity components show
such tendency. This result suggests that the
motion under consideration becomes the inertial
oscillation near the poles. If we put ¢=2/7—6
and take ¢ to be small, then from Eq. (8),

1 d
v*~—-¢—2<¢d—¢ —l—é——s)p*. 18

And also from Egs. (4) and (6), we obtain:

d
ko~ —%@d—@ —l—%—s)p*_. (19)

Egs. (18) and (19) imply that as ¢—0, «* and
v* can become large compared with p*, but

uw*/v* approaches unity. This is indeed charac-
teristic of the inertial oscillation.

4. Conclusions

Laplace’s tidal equation for the semidiurnal
oscillations over the sphere can be reduced to
a Schrédinger wave equation which indicates
that in general there exist two critical latitudes
40y, outside of which the pressure variations
decay exponentially towards the poles. How-
ever, such ‘‘equatorial confinement’> does not
occur to the corresponding velocity fields. The
waves become inertial oscillations near the poles.
It is shown that the equation can be solved in
terms of the spheroidal wave functions. By
this ‘method the eigenvalues and eigenfunctions
for several cases are obtained explicitly.
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Expansion coefficients Dj relating the eigen-
functions ¢ and associated Legendre functions
(Eq. (14)) are shown in Tables Al (symmetric

modes) and A2 (antisym
the normalization by (16).
left end correspond to j.
read 7.021x 107! etc.

Table Al. Expansion coefficients D; for symmetric modes.

metric modes). Note
Integers in the far
7.021 (—01) should

s=1 s=—1 s=2 s=—2

n=0 n=2 n=0 n=2 n=0 n=2 n=0 n=2
0 7.021 1.767 3.221 7.182 8.624 2.589 6.954 1.362
(—01) (=01 (=01 (—02) (—-01) (—01) (—02) (—02)
2 —1.082 8.045 —6.841 1.047 —4.946 4. 868 —1.190 1.558
(—01) (—01) (—03) (—o01) (—02) (—01) (—03) (—02)
4 2.675 —3.767 1.264 —1.663 1.563 —1.328 2.349 —1.877
Gox (Con (o (Ce2)  (C03) (Con C(Cos) (~09)
6 —2.606 5.557 -1.651 1.443 —2.698 1.610 —3.783 1.417
(—03) (—02) (—06) (—03) (—05) (—02) (=07 (—04)
8 1.656 —4.156 1.558 —8.268 3.484 —1.1567 4.808 —7.664
(=07 (—03) (—08) (—05) (=07 (—03) (—09) (—06)
10 —6.244 1.901 —1.102 3. 401 —2.939 5.567 —4. 865 3.145
(—10) (—04) (—10) (—06) (—09) (—05) (—11) (—=07)
12 0. —5.903 6.035 —1.058 1.834 —1.931 3.987 —1.016
(—06) (—13) (=07 (—11) (—06) (—13) (—08)
14 0. 1.329 0. 2.580 0. 5.068 —2.690 2.651
(—=07) (=09 (—08) (—15) (—10)
16 0. —2.274 0. —5.072 0. —1.044 0. —5.713
(—09) (=11 (—09) (—12)
18 0. 0. 0. 8.216 0. 1.734 0. 1.034
(—13) (-1 (—13)
20 0. 0. 0. 0. 0. 0 0. —1.594
(—15)

Table A2. Expansion coefficients D; for antisymmetric modes.

s=1 s=—1 s=2 s=—2

n=1 n=3 n=1 n=3 n=1 n=3 n=1 n=3
1 8.390 3.812 1.686 6.452 6.329 3.020 2.948 1.011
(—-o1) (—01) (=01 (—02) (-01) (—01) (—02) (—02)
3 —-2.311 6.781 —1.272 6.824 —9.299 3.682 —1.693 8.943
(—0D) (—=0D) (—02) (—=02) (—02) (—-01) (—03) (—03)
5 1.765 —4.945 6.029 —1.868 6. 491 —1.626 7.350 -1.863
(—02) (—=01) (—04) (—=02) (—03) (—01) (—05) (—03)
7 —~5.935 1.137 —1.939 2.532 —2.673 2.974 —2.404 2. 150
(—04) (—01) (—05) (—03) (—04) (—02) (—06) (—04)
9 1.384 —1.360 4.494 —2.215 7.285 —3.206 6.068 —1.715
(—05) (—=02) (=07 (—04) (—06) (—03) (—08) (—05)
11 —1.967 1.017 —17.851 1.385 —1.413 2.327 —1.212 1.024
(—07) (—03) (—=09) (—05) (=07 (—04) (—09) (—06)
13 1.989 —5.238 1.071 —6.557 2. 050 —1.225 1.959 —4.791
(—09) (—05) (—=10) (—07) (—09) (—05) (—-11) (—08)
15 0. 1.981 —-1.171 2. 440 —2.311 4.914 —2.613 1. 809
’ (—06) (—12) (—08) (—1D) (=07) (—13) (—09)
17 0. —5.743 0. —7.349 0. —1.555 2.922 —5.646
' (—08) (=10) . (—08) (—~15) (—11)
19 0. 1.320 0. 1.830 0. 3.988 0. 1.482
: (—09) (-1 (—10) (-12)
21 0. 0 0. —3.834 0. —8. 465 0. —3.318
(-13) (—-12) (—14)
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Report on a Tour of Duty to the Oceania*

Jaichi KATOH**

Abstract: The author visited Papua New-Guinea, Australia and New Zealand for a period
of one month (June 5-July 4) as a Ministry of Education Short-term Overseas Research
Scientist (fiscal 1979) with the theme, Research Concerning the Construction of Ocean Farms,
and the scopes, (1) Hydraulic study of marine environment in the Coral Sea, (2) Hydraulic
study of environment concerning the construction plan of large scale salmon and trout

farming in New Zealand, and (3) Study of basic problems in environmental assessment.

During the tour of duty, the author obtained deeper understanding of the significance
of “‘environment’ by feeling in person three special types of nature: the Coral Sea (Great
Barrier Reef), gorges at the foot of glaciers, and grassland and/or desert. With this under-
standing as the core of this report, the author intends to give his views on the construc-
tion and planning of culture facilities in the various areas covered by the tour of duty.

B
FEET SRR OREEHESARR L LT, L
HAM (6 HSH~T7TH4B) ~F7=a~F=
Ty A—APFVT7, BIO® =22~V ~FV/FD
3HEY FHROT—~< HOC ABEZ L - CiH M
L, ZDOExERZ 1,
A ERERERR BT S AR
WE: 1. v iRk 2w ERBEKI¥
HIWEZE
2. =2a~-Y-FV VBT DLREEY
7o < ARFEGERGTEIC BT 5 BREIK
TR
ZOHMRBENOBE R, KEKBEELS
*197947 A 25 HER
Received July 25, 1979
** REKERFEFR T 2R RO T35,
T108 HEHEX MR 4-5-7
Tokyo University of Fisheries, Konan-4, Minato-
ku, Tokyo, 108 Japan

DEIHVEBEL T, TOHMEFELXEL H
VL, b THEEBRCHNBLL X5 3505
Wb sle, RERDLABBORE LTS TH
L <, ZOXRMMERELTH S L TIERKL T
BHT, 2O ERBOWET -~z TEET
DT, RACZONLWEERTLLERSD
N Thote, ftE&ziE, BEER Bl ATH
WRE) CRITHFIEEAORGRRP, KERFE
BHEBRIC BT R EEOREE, S HIITHR
BARIC KU 2 MEMEO F ER%E, BEFAELL
SEEXERBLT, o HEHEORE TS
—RC—AREBL, REBLEOERBITEE SN
ERBR I THD, F5LTHEYRL
RBRE, UTFTRORS X5 T~ <RI
THRHL I B LR b, Fhizd % LTl
KRB SN WL oD BRI, hay “HEEEL
Wb LOBEEICEWTAL L 5 LT Bk,
EHEELT, bIVCIREVELIOLI LD

C40)



AT =THANOHELHR— b 205

DEBRL Wb, HE, ¥V CCOEEXFHL CWbDbhbhick->T, F
TR LR, chbd e ) P CHEETS BNEBEIILT 4—F, RArz-TEx
TIEELeWThA ST EL, & “BE & HPEE AN R EThoate, £ Z
W BER L TID X 5 LT 50, BARKRER T, ZOWHEDS 5 —2oDF—<EL T,

LB HEESLEBENC B CROSREMB 3. BET ARV FFEEOBEABECOWT

# i WX S L OWes I 7 %

544£6 A 5 H~ (BA) %
5446 A 8H = —F¥F=FYEE R—IELRAEC—EVKERER
544£ 6 H10H ~ = . —¥F=VEFE ErkeEdk (r 7o x)
544 6 A10H A—RFFYYEE A—RALFY TEHE (CF=—)
HAEHIR 5448 6 H14H ~ A—Z+ 30 vEFR BOKBEAKEMIA R b vT 08
k¥ X 544 6 A 148 = .—Y—5 Y FEE BKEAKEMNER (=11 Y)
ok BKEGKEMEFI 54 X+ F 1 —F08
544F 6 H27H ~ Za—V—5 v FEE AovFov v WL KEERFRERT
544F 6 A27H A—2AF 5 ) YEE TFL— FNLAKERTERT
28— Z WL AKEERE FEFT
54427 H 3H~ *—2b+7Y YER
5447 A 4 B (B #

AR

Py
NERIE x®
)
WA Y G
o
a1iR
7 HR -
o 15 -
s L
PR RA I
g 7
Gt 7,
WO
%7
“ T
1)
Fan
s o,
Tara 1y

T e 1)
oot
713,

e

3 A

" i
N o
Lesser Sunds

s A T
.wr‘u or——h, hf
w;:;g\’?' Ty - };«!‘"‘

79‘7-:r~z1~5u7)

1: 55 000 000
Q

© B0k tidh
(kAL m oA

)

5

M1oR v o~ b

(41 )



206 5 & B|1TH HW4s (1979): BILBHEFELE

Mz Tk, UFTERBNCVE—-FL LD,
BRI~ DROBY ThHH (cf 1),

1. #L—bp Y7« 1J—7 (Great Barrier
Reef : X&ERE) ORBABICHELT
NTT =2~ =T EIREEEKESA ~
FE UV AY TR
FE 6 H8H~9H

AWPFEFT L 19684 RIS T, H— PEVAE—TT

HHLE LY 8km X/ Kanudi Whd,
T, 1. KEBROHEE, 20 BERBICE Y
SHRAY O EY R RS L O e~ DK
IBESAH L L T 5, B, s
ELTE, =7 rB LU YC R A KER
7e, WHEE T, k=t - RkKTOFTFETH
WOWTHEMENT b TS, T, &RE
TTIL, ERFAAERCHETHTEAAV FEL
T, BVAE -4 EFENS Purari JI[Zz 0o
2AF 2T Y (V7 r—THIRKEENBIET

HIER) OKECEET 5T — X DB, FOEM
A5 avTy i (f. BE D,

FY A=,

G

BEE 1 NTLVTF 1

By v TEOEYIZ OWTEEEN & 1o T
o RNT T =22a~F=2TREEBRIOELBEHZ
<s ATV FERTBIEKISEHM XA T
bhH, XLERR EDOHEBITHEE LY, &
SEHHO AN« DFBENES, HHEA-rEV
AE—"TlE, H—7 2—~ORETCHEITIEIEE
Ty, BREDAF 27 —FAZIARLE WA~
T—DFNITAA-A=FLIE, LBELL, BFHD

BETHDHHE, X5 HABRBEORRIIEIE
{TRWERET B Iz,

v V=—EyEytE #HME 6 H13H
7YV —-vT745vF FHEE 6 A108
LHOHETIE, +—A LTV 7TEYEEED
VY~ F74 9V FREFZHMATLITFETH >
7oy, BEVIHOHZEE S T (Ripfsd <=
SERET2HRINS) TRLEEXE D7) ~
V745V ¥ EHRLE (& F=—EyiE e
E Paxton +ORMIC L b,), BEILE IV
—h e RYT ) =T X EART,, EEET
EEZZ TR LR —ETE LD X

YTy =708

BEEH 2 JLV—©

5. A—AMT Y THEEEREEI~22°UFTE
£ 2,000km wH7ch, LT, 1§ 15~140km,
& 50~100km AT, Wb DY v IEMIR
KRB T - THiRINCEET 5, T,
IFNHERBENLBIIEFL THE, chbDYV
SRR, RVE, B, e, = — 7 VK, <V
e - 7EFWER A B EYEEL, ThTh
KBEx Tz, BROFZCAMPESCHAL
Twa (cf. BRE 2), fEEEEdEE, 4/ 2,000
mm OWEXEHEL, 12H55 3 AL Wb b
A rmvY— ARl h, ThbD) — 70O
i, aVFFRVEATASY FERENRSIER
BOEBELOEENS S EEL, v IR
NLOBREETA LI EETS, SV —-VT
A5V N (f BED Erh it avFxv
NTAFVIET, ¥y 7V ALDEF26km 0¥+
ChHIzEEEY L 1:32=—-h—D/NE Th
bo GHEICHELNBEENY v THER Q2D
WHEEOHEKA VL LI HThote, DEDIE

(42)



AT =THENOHELE— T 207

BEH 3 avFiIVEANTASVUEF (BrIHE
iz =]

EL, BHRRKILZERIZOY -7 L5T
B3, Wby 7~k T b Th
He THMZVU—1F e RNUT ) —T7OHBMTEH
B0 PRl CRBEE TOE D X 156~100 km) 137K
EHEL, EAOTRIDNIIEAS T bR
Foo FEDIHNH L WITHRREC L 200 E S
ML bR, K - FHEREIRF T
<, BETA L, HIOTEE»BIFRMAEL T
WHDRM AL BN, I ZRIT¥NTFEEAC
DERBALENF T v LHE N T DI, iUl
SNYT Y =TTl b RKECERCHLYV
TRECRB VT, =V r—T7OMEBHERC LS
BHIEC LY BBEDKN F 75— DR AbR
BEELHLH, BHOV v ITELVLE, R
ELWVWEWIHIRERE 255, RLTED LS
LEoAENY ThRLZEREMAELLL, T, E
L& 2 AT RIEHEOXRITII I b g
DThbH, bkl v T, KETEHHE
INTWB </ v BREEHN ERINDH L LA
REMENEC D0, EHy 4 FOFERETE
H A& BT EHIE O S & F Hioway, BREK
TEHEABLTE, & S CBEN O KE R
&, v I Mo AR ENEL LRSS, &
I CHAEYFENEREE L L THEATbIL T,
oo R T miny, KERTOBRERE
[N Q=¥ (W el SRTREES VWIS EHWEOENERE
TCA, THIETUEEA S Lol X xS
N, WAWAeAY v THEKBRBEED T — &

— L T, AL Th, REREL
SIFEhE e b,

2. k. UB#HXICHITE YT - TXKRBE

ﬁﬁﬁ@%@%tmﬁbt
gjﬁ:ﬁf‘a R el A ]‘%MZKE%ﬂ(Eﬁ
FRREFKERRE

=2~V -5V IFOEHY IV IIVTTHDOE
MoKEEKEMFRRT Waugh HEDELHHL
foo KON ERNTUTOMODIFE v F
= UHRMEL 1,
m b7 XET (v ABEGER ) 6 H17H
vz ) v b VSRR REEAy T Y
6 A19H
JGAANF x—F e F ANy F 2 )
, 6 H21H
7 v ) 73XF Fr #EgETD 6 H23H
DC10 EHAPHER LOFT LD A F (%
D, F—2 7V F OXFRFIAEOHAEH
O, Feverl, LEBEEHIIAAAT
LB HERICAT SRR e P ATH = P
7 RO X AT Fish it dc§at, 22T
za—YvvF VIR IXHAEED~ ADLREH
ENBRCHIEESh, TELLVWEELYHT T
e, ERBRIEECRKE, L REROEEY &
BHichoE—Y v kb HARBRLITobR,
FOFHCOWTERE TR L., FORICHE
MLUTHEET A TROELWHR DO E < (B
#, BHE FCEoEOERTH T, HE
DsH A5 FEMMH, . L@l S NIRRT E
EOBE L, FORBCLT Lo TIWIREE
E?éﬁﬁmﬂ®l5kﬁ%ﬁ%b,%§%%®
I3 ABERENRV TV, Ok, BHRL
DBIRNB S NTLD LW IR, EEORTL,
oL EXHREADLSL B<TwbrblLit
ey, LR XV EWEEMES R, FROAD
WEWLE HD I, Wi B RN OSBRI,
FARREDT LTRSS, AF M vy FOHE
G AhLdbbisd, FEDADLEZAY L
i, BY R TEERKTCHD, ~VAT Y
AEBETHTERENIE, BEODEEYHL T

(43)



208 5 H H17% B/45 (1979); BILEBHE¥YLE

P

BH 4 TR Ny Fzl)—

B E RET 5 BHOFEL ML, ThA—ED
TE—NENLL, =a2—Y—F Y FEEORR
PEELTAIV Y Fr —DEBECREYPLDE
Wi, Mo~ VIR E X<, TODHMEN
DY REBERITH - 7,
FhliWwAEYZ didre, ¥<h, R
M ENY YV P VIR EY, BHBNCHS
A= R HAD Ny FzV—%HETH D
5. 4 t=ERBLRICEBC R 03D TT
otre TRTCODBENAT VIV ATLODHZT
bhHZ LXBBEREND 5. EHHIILET DWW
Cinte DB LLBIIE XU, BRSO & & RS T
Ly, OxFESBEN V=2 -0 —FV FEEOA
Iehdtesh, +FHoRBEBL LB SR,
RIEDFTDS A 79 A 27 2 NLHEOSHEIYH
Hiw oW, FETHRAEREELNTW L
I Thote, EBEEDHFER LD, BAFED
principle IR L 7228, Tha L/ — LT
Wi, WUV bV AEAAOKBRLEILE L, AO
Tobhyy HED BIFCld o7,

a2~ U IV IFNEBLHBEZFAALF v —F
1k, #A—ALFYTDA—-R, TFV— F LA
Garden City & LI A5 ELLEL VL, T
xR D <o T ERD Mt a7
B, BEAERK, #Fr=x2v b (Rl A
HL, MOBRCHLHELL, TEETOELD
TELEDRREC R, MERECHL 7O
Ny F ) —FEHLLLEANEIND, ER4Z
BTG = TINDThMLiWD, BRITES <,
BEBCBAOERO/OEN &ML, b
AAKIEHCINLOHFEYZIE 7Y $ 7 4 FEE6 Vyr4y—xv
TTHDHHN, ZHIHALARCTE LD X

(44)




AT =T HANDOHELVHE~ 209

T UL, EEEEELILCTIEA ST
BECELNE e,

THIIOKELEZ 55 Rakaia 7 (cf. BE 5)
o Gleneriffe #1F (W kb 100km, 7 5
A A F % —F2D 150km NECASD) O3 7
IR AN, ARITEED L5 CHRD £ ¥
T, ®EO LS s ER A LD, KIERE DI
D> TWDH, IRMAFEHTH-7c, BE6D
L3570 10~15kg S DBANENDO D, ZOE
A MEL T b0 T0hbich L LEHL
7oo HICEHRHEYOFHEL, JNEAlor —~AY
= — CHYLEE S h b, TohRE, &cEmE

BB 8 wvurstr sl

BEEHT7 =2—V—5 Y PR BAR

FEEY9 7 &4 F A

(BRI E2WTL) R KEHEEN fThhbh
Tiz, 78 200 km OffIIFRA BT, &
BT THDLIIMELVERTHD, LORMICA
RPHYELZ LI THE, o THFEEXINT
W% Dougher ROFREICHFFHINT, Kied
ZERTHOBE LREROMETH S, HEN K
Biews 5 BICBARICHIAN N 2 » TE T, EFEL
BBV EHL WD (HACAH—-ATF VT T
1¥ Flying Docter Base =2, School of Air #H#%
WEZTHE), KADS &, XML ST

WEBETIEH - Th, EFCIRL TAEHE
WBEZWZ EPREZEThH-72(cf. BEES,9),
BELLELRABETHAS S &7 UMIEEL 72,

3. WEHDINTERFICHITIEBCEALT
v F=—DiE Ly v MRS B A~ AT
) 7 KEZRERERE (office D&H) -~ Wisely
ER X Martin EEZEMLC, SZ3E<D
Xk E L, wH WKEEICIESE
EEERIER I W5, LK ¥F, =V,

(45)



210 5 & WITH B4E5 (1979); BIMBH¥LHE

WAKABRTBTIN CThHoe, WHEAZBEL T —F
1Y 7 %b ot ERERBERCR - CTARD
AREERBIHL, discuss Lz, #0535 bEE O 3
TetodrX, Farm Dam & Xifh b KBER) & b
CEETAHRKETOEETHD, BEE T
by, T CTHEROMAKEZFIHATS &\ 5 EBE
T, =2VRA, LARA, HAT=<A, =Yy F,
WKEDARF, F=X, 757, ER%E, ¥k
BLE{opBOEE (BB iHETHL, £&
THREY 7T VvV LTh By, KEERAKRHC B
DHHEZHLELT, HEHOPKE * MEL
o7 TV—FIDTYVARATY VI ES 1,200
km OFE¥ FOHI-DICHT, BEIOL, v
TIVHEIDVRENSE AV IV O KK ThH
b Ft, BEI1LZ# 100 km/h &, H¥ER, 57
WHEEE - T 360° O HITEBUISMIT S D% 7
W, A=A MY TEFoOMBTHS, & XL
BHEOA Y IL-RRLbN, SO/, FE
DEEBENE R LD, EDLIRLERHEL LS
Frs AR E B THHAT UL IV, haF

FHE 10 NIy (v Ty B

R 11 p®E (ER¥) B&

LELRWEWSREBTHD, 2FD, Kk
5T ERFHEDL, SCLWEL, 56°F LW
td, TOXSREEBEROLEITRL ZDIRE
Thbd, TOROEEELIC I N T L, L
L, BR=valibE3RBEAINE, WP
CLHI s eiREThH D, L5 InEREDR
W@, Farm Dam ofELSEESL XI55, Ik
Edd o EEDFETHD by E2DHZ LR
HIEZ LT, Wisely iEX, IT¥MFHEIEENL
EohbEMPBINLN, Ldbnld, BERLIWL
SThxeT L&, TORBRYEELVIFE
CRENPZHEE, [Mrd5—20DF v LA\
LEHBCDWTALLENHD, 2Fh, TR
WS EERAETHENO BT SHEHL T
FHERCE, TS LoBoEY LT D
LHREEHEERBL 2T, LEBLLEDLVWTEL
ThHxzIWENCE 57, “ARE, bédk
AIOBERGBVEREWI EEY, H2EZRED
HH o CHHTE”, LviKoori- BER
FrboT, BR=RELTIRIAI T X
EflLitwiwibidthsd, HU—-FE-FE
—SEHENS TR —F  — b BHTUID DI,
9, TOEERHLAIALTVWEWLS Z LT
3T, Farm Dam &\ 5 FHEEYE b #it
ML zlonWgHehbhie, ZoORERELERE
Thy, EEOHBEELICDEL, —BKE
BAR-CHIBBR A EOHBES X, oFRAYREE
5L AR NFITANETS E V- THE TR
W, FEEORETLAKCHEEMOLE®LYE
BUIIREThD, BRBET ALY FITBEW
T, FHEOZEMEE L ERCOWTORESE &,
BB OBRER O EIE BT A5 &E5< D

(46 )



F T =T HANOHE L A~ b 211

E}E 2 Y7 VAR

HOThhd,

BBIZ COROBRIEERETHEDNIANL,
HEOEANEY WIRICRZEL 22 E2REL
I, BE1RR&EXLV 131, Z0FELDf =t
WIREMAY BY LBk EShis, IRHED
M S TN ¥ F 2V ARBETH 5,

Z 3ot — AdE 250km OHiE T, BEEO LS
BASPERRAEIC = s ¥ =aF UL, £
EL292odb%, TOBREREbLILRWD, ERO
WBETH- S L AKXy EULHENELL, £
CCELICEY, RREEETHH T KR
FF, 54 aAvERUEBEL, BBESKEL
hHrohnieic-T, DbEFEAMCELKE
DOIERTHMAIIC S BRI AFEL TITE, IREBIEK
ERARCRELLEW S, #9400 5], 7 v
FANCIOFEA—AFF Y TR REINIETT
RZOFRERIE LI VBRI, LEEE
INTWAHTHD, ZOA—HTIESIR T
SEEHETIREE SN B,

=AU TREAETCLELT, HRESA
DEDH - AEYRETREL, FTORMOENR
'f S LTS, TeEhTAIA T 7 20X

ETFT5E05 53R GWHELC, BECRW
7%T%Oﬁowb7w?m<&,7VA&%+

BEE 13 EF I VARE

FEOEOEN, WLWoblIEBEOBEDEIVNS L
TR WD, ZOBREN D (LR E R 8
T AEDJ| ORIy XY L ECTRLI,

KV =¥, KOS EOBHER LORERE LW
B ZonRITEARY ILTERL, “RE”
DEFRLOWTLVEWERY L2, Tk
LRZBETYC LT Ebh 5 BHI L - TIEN
TEWIEBRTH D, ARFFLORREN R AEFREED BT
KR IOCEBFEIC KM S h, &0 mhisuwR
PG L 5 B 2 LICEWITI, L) ey
Hzbhte o L LEETARE T,

C 475






La mer (Bulletin de la Société franco-japonaise d’océanographie)
Tome 17, N° 4, pp. 213 & 229, Novembre 1979

RAUKBERF W < AKEERHAEAN 2S5 3l p s
e~ K& B #Y

Repert of the China Exchange Group in Marine
and Fisheries Sciences and Technology
of Tokyo University of Fisheries*

Tadayoshi SASART**

B x
U » I 15. b f it TR
25 R O # Bk 16. LiEdErEa e/
B P 17. B KEERTFRRT
HH & M 18. IR e Ei
1.k o 19. W= RSEER
1. ERKERBRE 20. SMLE=ERE
2. = V. & 5
3. FRERAGEE 21. BEMRE
4, BHRE R 22. (LSBT
5. SER EEER 23. g KR FE AT
6. R AAKRHEL 24. thEBE R PR FEFT
I. & 2 25. 1 AN BTN
7. BRWHR 26. A IR
8. EPMKEEF B 27. KE—EHEK
9. B K% 28. SEIR EEEH
10. /NEREFICEER 29. =yHREHERRR
11. = jhEEME I 30. $K AR
12. EHMWHEE 31. ‘B I RERHH
13. BEABEE 32. R E—FEH
. E b2 33. ZiMIBHETRH

14. REHKEREE

* 1979 428 H 25 B3
Received August 25, 1979

o HFUKEERS:, T108 HEHAX AR 4-5-7
Tokyo University of Fisheries, 5-7, Konan-4,
Minato-ku, Tokyo, 108 Japan

(49)



214 5 & HIT% B4E (1979); HILEHF2HE

3 LU & I

ok, HE - BRAERROBEHCIEL T, BiK
KEERFIZES 4 H28H ()b 5 HI2A(E)ETO15
B, ¥E#EAKREEMEUTIBZOHKE & HlIC #Ek
U7 THEUKEERSE - Wt KERE Bl Zm s R %
HEICRE L 72,

CoxmghER, b, @M, B (rE4), E
W, BEREO#EBW LN, BHOMWEH  KERFH
WBSEN FORE « b « PHFRAT - T - 27l KRS
HE - HRBEYRYE - 2ETLIENTE L, £ L
T, ThHoRFoOREFME, %, BfRELbL
RBETHCEROZ R, TiixliTs T, b, &5h
BIsic 50 C MBI R, Zh e hEERECH L
TH ADFEFANBFICOVWTERISEICHRZD, FHITH
BhREHARCOWTHEBLHRLT- o &ML B
e[ i v e

COBHBOFHPOMY N rDREREL T, T
RlA 2 FH R U TSR & e B & 50 3R
DB HL T, RREE—REACELL D EHOE
HRTDREBCH D,

A, 19744F (BBFI494E) 118 4 H (H) 22 H11H22H
(£)FCOI9RM, HEEEFS (REEERNERK)
OEFHTIEL C AR RGLEREARRESE - BT
HERD (FEBRETRER) BIREL EEHROER
i b THAWEES « KBEEY: « WHERRGHHEL ©
HEE LR Lz (ZoiihEgsR, BINEFEER
3 La mer H13%F 2 BICIBBIN TN D), Thhb
5FH, RRBESHTICLATERLDOTHD, BE
OFFhERELC, RHMEOBEENFORME, W
WEANBBREEOZ LR TEK,

BHEEP DD, &5 L - KERFEEHRIEICD
WTORmSRAREIZSE T 2[EERRD b IT Th
%,

LA, MMCELAB) ERKEREOHE
FHLCERLAESOT, FHERZTAENEZS DR
BE, KBY Ik L EBS, ZoHPRIBEM,
HFHORFC OV THEREI Wb 0%, WHRRE
BICIRD LD THEY, COFHPEREENRTEDI -
FDTHD,

COWESER, KFOEMICE - TR LHrOEREKC
hiE, ECERERECETDLIIETH S,

wy i, SEoHhERECOWT, TE - BRKE
BR EIREMWLRSS, HEtE, BFEEBERRETE
Se), Yo REEHBH]IE—KE DO BEBNRE

W e R A B Z LI U TEL L D E S EfLE
L EF iz,
REUKBERFWE « KERF BSOS P RIER
AR B #
(EAUKERER)

B H O R
M E: EaAkE®R CEEKERFEER)
IR . Hf fik GREUKERFEARLFERAR -
. REDHLE),
PREZR (BEEHRHHRAL AR
WER . BA #Hk (EEHHRASHEBRR)

H A : #Jll =5 CGERKERFEELEIFRR
#® - BRiEE),
B FR GERUKERFHREFETFHE
% - BAERT),
Bk B (RRKERFEREEETFRE
& - BIREES),
Sl = CERKERZALRTIEZERPZR
« KEET.2E(L2E),
BE RE CERKERZEFREMFFIERR
- KEBHF),
S W CEREOKERZFERBEZRER
- BHEEY),
W B (ERKERFEFRBELYHE
12« BRI ),
M B CERUKERFEHERBET YR
# - BEAETLS),
KiF —E CERKERZEERETEN®
ff - FBIBRBIY),
SR B CGERUKERZHRREE - KE
EE),
NERFE ERUKERFKEGRUTRER
HiE - REBRE),
MO #F (BRXSHRREEAEEER)
W OR . BEHEBET (EXERHHIESD)
A i
4 B28H (L)

10: 30 JL 78l B CHEREBEEHRAHR

13:50 JbEAEEEEE

14: 00 FIFAERIECHESKERR LHTFHBERITDS
kol

17 : 50 EFAKERRIROEE T HE QL BRE)

¢50)



FEUKERFMEE < KEREBONSOR R HI & 215

4 B29E (A)

09:30 HEBE

14: 00 FIPISEECTAEIC 3510 5 KEER D BAHKH |
oW TR I% 2 R

4 A308 (1)

08:30 WMRK - FRER BN TR EBIREC
i, oFER 2SN TEEACH
5

14 : 00 JbREE - HELENESE

16:00 {4 AR « FbBIRRIRZ f A AR

E1 6l
18: 00 HERHBFBD EMHOBEICHFE (HEREZRLE)
54 1HCK

08:00 7HERSHE

12:00 M2

19: 00 JERKBRBECEEERERS (Nr—) Al
5 H2HGK)

08 : 15 MEEM 157 HE ClbR Fab 2otz

11:35 fEMEsE

12: 00 @EMARKE CERE KER»D AEHE
13:30 HEB)HETEMF

17:30 B®MEH

18:30 RMNZ

20: 45 EHME

21:00 BEMWEGEE - BEPUKEZR L BFARZED
HEL ECER

583 H(K)

07 : 30 EFIKEFRE M

13:30 HEFRZEEHM

16 : 00 /NERSEN - SRR BEMEGRE CRHE
BAREICE, fthoMBRNOBMEEE

18:00 EMTEMZBEATHOEECHE (HF%E
BRE)

5 H 484

07 :30 HE/ECEMHR

12:00 HHZE

14:00 FEHZR

16 : 45 fBINE

18:00 BEEEMZESTROBERBECHE (E
MNARKE)

20 : 45 FEEEME TRFELT) BE

5 A58+

08:00 FEIMNTE 2ilel (BR%) R¥

09 :00 WM ELMREE

10: 30 FREREM 584 H CEMEHER

11:45 MMZwE

13:00 Mo NZevs3e

13:40 _kipreps

15: 00 S8T+ 5T HEITHADYE

16 : 00 £ AAMERIGEREYHM, OMER E

wHA A RE
18 :40 GHilEEWAKEREMOHEECHE (EEBEHE)
586 BH(R)

08:00 _E¥gfafhinT iR

10:00 EREEHERENFTRY

13 :30 i KEERFFERTRE, HRnk - HIJIZHR -
Sl =0 B e K BERRF 22 C Hr B BE R I 3
W, thoBERHEE2H

18:32 {K# (1325H) T L#ERSE (HEdiR)

507 H(A)

16:00 HEBRE

18:30 BEWEGZELFHOBECIHE (FEA
SH)

58 8 H(K)

08 : 30 [LERHeAEBEEAM

15: 00 ¥ KERFEFELHE

19: 00 JEMBMERI RO /A RE S

589 HGK

09 : 00 rhHEBERREEIFFATHRM

14 :30 ARG - BAERZILEEFEFRT, AR
— L g K EERFSE T ©, SFIREEETITE
FrcEnEhhEBGRECHEE, —HoHE
I RFERIE R

16 : 00 =iHMEHI3 &g KERIC T CrHhEEBGRECHE
H

19 : 00 SR LEEE R T, HIRTTRIZEEK
EERTRAT, MEE— - ZiHREEETR
FrcEn e hEBGRE TR

5 H10H(K)

08:30 HEWH/ RREZE

14:00 ¥K#E (1045H) CHERFE (FHfR)

5 A11H(£)

05:32 JLHEE

10:30 tEETCERKERR SR

14: 00 JLIETEH/ YR RE

18:00 3N ERFKERRS X CEERBDY F&E
&L hEBERECH L CEILER#T (5
FEAESR )

(51)



216 5 A H1TK #®45 (1979); BILEBHEZAE

2]

A128(+)
09:00 CA 925 FTILEEH MR
14:10 FEAEBEERES

FEEEEER

SO OHRARILE - E8 - Bl - BFED 4
T, JEIEA D ORI ERAKERROEER ¥
WMBERE - BRI ERBE - TRESIERBEI K
DRTENEZT /=,

I. & =

1. HRKELRES

H B 4 H28H(E) 17:50~21:00

5 B JbEUEmE

WRE: e RuE - EhfIk - FARARE - WI=E5 -
BRI « AR « SMLEE - BEKE - =8
FRME » R E— « AV - KIF—E - FRE -
NEREG - BIOEFE - BRNERT 164

BRE: FRKERBDRRRE  TEREHHEERE
GERENERLE - BUEREENEERE
W - Heulsh B R « FISEE DR
RN ERDE - ERESNERBE - BES
EZEERRLE - B EERRRE 104

EHDORMISNC S BE &L 2+ 5 vLBUERE T

DWERMHEI N, EFEED S b T ERTORIER

Ky T, NEEOT VD DE ORI, A FE L2

VERZTEROR TEATRERIIBEF(IA YT Y)

DEFEZT 72,

BN A—EEFEEITREOXLPILE

e

2. B OB

H K: 4H29H(H) 09:30~12:00

8% HhE 164

HNE: P BB Ikl - R TR 548

500 FEQER R 0 B - Bl OWME (EBEH) ~K
R TTMIRDAD, s 28 L,

3. HEAEER

H K: 4829H(H) 14:00~18:00

B P JEREIFAERSE T B ARE

HEE: HhE 164
- BEE - BES - BHL - BREAE - BEXR
B - BREL - BEMOKERBREIIREE RS
I 84

B H: hEckT 5 KEXORARE

HEHEKERBRIFEBNEE BEILEN B FEO KE
HE EREHINC DWW TROFE AT b,

rh#E A BFAFEORITUANCIE, WRERSEHNE LY &
B3 B KEFE Lo 7o s, RO R EEREEN &
HXEML, BIROZHE (BARDIEE) WIRFH
BR%Z, FHEMCLREEEIYRD THHEORBC Y
5> TWW5, ERORIFECIZKEFRK ZEECENIT
6 R L i s o 73, BUE TR20ERICREL T b,
DD h, KEZBMOKE  H¥R s 7 2%, KK
BERE » WHLKEEFBE - BEMKEFR « B KERIE
WD ARHRH Y, O BEBROKERFERICKE
% (BROKEEE) n8bb, —HlrzdFhid, LEE
HHEBRDOKERLETH b,

KENRHEIE L TN DI, FECAEOERENE
OFKE KERETIRTH 54, KROLERELTD
DHRKEFROELZTLHD, TNDOFKOBEHEICY
5 TWBHDIR, ERICHET SN TWAELEREZEAT
Y2 EHI CORERMEREZEBELATHERLTZER
RERTHHEHTH S,

KEFK OHEOREL U CRHRER - BIER -
KESIMT R - FEMER - EMRO5 00 E AR H
b, TRENDTIC, wHRY - wHERETR - K
FE - KB« N - KEES I TEUN - AL
- WAREDTEE - RZER - TR TENE - bR
ey ER . BREEOI3SOHY (HADER)
REHTNES,

BEMCBEEMRERD - T, TRLNROHEMOE
FEEE D E LT, FEA FOREPHFER (AR
OIRBEL]) OIERICAD, REMEDOEHE Y- T
W2, Lrl, ThboFMEIEENESDTREL,
RERICE DT TEDLYES,

B2 EETCH 2 LEEEFRICE 5 &, 19744
W 5 T 8 HRCRERI N T W DAY, 19794EII3 HE

(52)



RFUKBERZAWEE « KEERF Bl i 3 h M 217

PEABRRS - WEYBR - W CER  BEAYR -
HEHE R - KER - HEREB2EB/ERINTTE
e, BRI NI KEF I KERTEY & e
ZO2¥RI 0TS,

FEERIZ, KEVROBA TCREEFREEETL
FH, KEHEMERO HA4TH2HERVL4ER T,
1+ 24EATERBHE L SMERR HE2EE, 3+ 4F4%
THEMBEAFESNY 2 T LLCHL->TWD,

EET DL, BE - FER - XEABLTLELT
BEREBEAQHELEDL RVREEHEY FIC L &
%, MBRERSREEECE D B THANAREET
> CREDETH D,

HOBIELS BE L, FERY 5 T AREDKESE
BT, BN 1,500 A WBEWS DRHMETH B,
BOWZIEEAE T ANCEE3 A WS, BERLERET
b, TELHMOHELXERL T, HFOFHREEDD
TEREAL T D, EF, REFEAPHIEED T2
LEME L THEEOS 2EXRIL T, RASTHHER
B0, ERHRCENI LD LTV D,
HERRHFHEEL, BERRCHETLIDITHS
B, FOmE, bdhRWFhh—FEHEMT 5 3FEE
OHEJEF XX 2HED L DR TS, $7,
HWEAIOEE L+ BB T, BEVEMOKEY
B bdi, ZIF3IRBBAIL TN D,

R BI04, M- 4 MO E N, RE
FIEI NI, ek, FrEPEOKERFRS
MELDODHD, KEZEXAEIEDI T LCEELT
Wb,

RN IR 72 » 72 1 DO 20 & D HMT & L
NI o Te HE O KERF RSB S, SBRER304FEIK
b B HEERER ORI LB ThwE I,
B HEC B 0 2 KERM BB RO E L 1y
HX T 120 BB kL, £ TREL TV AI%EE
Be2Ta2rlBrs, chbOpgEcIRfmECET
DEBRF LA FERHIEL T D,

FREFR G O WA SRR - KL FERT - B 9E
P g3 R R B DR FET ClaoKEERNF O &I 7s
MEZFT-> TWD, T, KBIWRHEDOKEBRDOE K
FREMER, PR EEFREPEMRFERET
HEBLISHOMEYEREL T 5, BIEMEOT &
LT, REDEEICYE  THAELSOREELIY, B
e B CRBMIESLICHEO LNV R EL %
BNTWD,

HFKERBOBEEP I & L CRBHEBEZRT, 55

D HHEKEER AR « bHE O B ¥ KEERTFERT « L MO v
KEEFRFEFA S 0, HAKBEFRTIE, RELKENFR -
LS O RILAKEMFRRT - INMNOBRLKENRIREH D
Z0, MR REREGTASHRR D5, b
FHFEITCIZ R » iy - R - L - Ml - B - FHE
B CORRENRZEIN TV S, KHBREFRETRE,
R KERPEEREBE E W O H LW SBIR R IIEM R T h
%,

FETREBCRS N TWEREREDOSTT, YV
7 OF AR, BE-REOKBRAFEI i, RIE
DHHIC BT 5 HEAEILRERECEE L b i
DEMLE ZLEYED D Z LI ERRRHN TN D,

FREOWERIZ 1T 8 T4 km (EADZ i 26,700
km) €, 5 F% Mz 3 Ex2ET 34, EREXBOMFE
FreBIfRREIC & » CHEEEROFAEN KA ICTDR
TG R, XL BCHIRR R COgRBEOR
EMELN, KEEREBERESYPHESN, #iE
BCBTH24 vy (BERGEIY 74 1Y)
OER-LHMOWMEIN, SN DEREYFELLER
FTHEGBEREL T 5,

FRE O He T 28 Bl R BRI 78 D s S Qv ie s,
1950 FRICHE K BEOH R E WL HER, 270D
HRBMCRD U, FEREE - wiEehil - AR Y
WWHERRA LI, 5T 200t ODEERHTF, HAE
HLry, —EIEMH I 2T/ » o, Bell, FRET
By 7oHREEYERL, - FEEEL207 L58
YE, BEAMNEBEM2D 8w L40%d AEER M EX
Bico ERIGOERITIL /) ) DRELBRCEKIIL, FHH
2 BACH I EEEN LRI N, FhE /Y O54, Hig
FEET1 L— (666.7m%) 247z 040087 (1 T 500g)
DEEBEDI &LDT, £300g/m*ICid, ZhEHD
WBEHDIENTCIB0ERICTIZZ A Y s 7T E « 4 H A4 -
FETHA «TIE - FeaipERBEOATSEB X
CHEFHCHWIIL T 5B,

24 a7 e\, UHEZEDOBRARAH
s DEEERIR 14— %20 1,102 D2 & T
BB, 826g/m* LA DBRBIRTH D, IEk, 44
1 DEEIZEFEICEIL OB,

FED 4 REKETATA <V TF 3
7LV DWTIE, 1958FiEd Ty L v arz vy
AR THEBEI LS LCRIL, TOBTA VALY
THE g TERIUTc, THDHORRINE T4 DM TREAI
X BEESMEREICEDSWT WA, 1970FRICIZ AT A8
LB EERsvE VEFHLTWS, T0X 5 gk

N LV e O

(53)



218 5 & BWITE H45 (1979); BILEBFYLE

FEUIRE > TATEEOLEIZ FIMETL, #RAKED
BRERIRNCREZ L, TOMRE, 1L—U%D 11T
LI AR S MR Lz, 750g/m? TH 5, JbAFTRE
BOKBEABLT, EWSMMLr R, BfO AR L%
X, LREEOKRC KHKEL T EEXHFTWD, &
B, VFFOATHEBEOMEICSEFLTERD, 19755F
CHANBBMA LA =T F e TR UBTmAL
T 7 ET RS TRERML, RENELRIFCH D,
TEORKEIEL 8 2O F—K (OKE) - B (EH)
<8 CBPRED - & (BOETE) - B B - (GEHD -
B (BURBSLE) - B (BE) wlRfEihd,
OB « BEOMIT AR « NP EMESROFIA
< KEMIOBREHFA « BOMHMAALEOE T, K%
DB S TR L T REEER R F & E 2 Rz LT
B, —EOREXPEDTND,
FPEOKEFIZHE - 4 AHlOBEIC & » TR DK
BESEE & MR 0 3B 0, TR E W - K
WET - B TEWERIPER CICHE L DD, L
ML, 4D00RRIEOERERCHZ 5FHARER
ElcBnWf < fEEZ 2 BEE b b, KERRO RKIERE
» PhvE KFEFEOBIETE - KEDO E N B E A% B0
THAILTWD, HARMRRKEROT, Hxd
RHABRTEELUTERWE WIS OATERO ZE
Thd,
L, KROBESELRD - 12,
B ZAKKCS L CRIFBDREEICZ VORI,
% BETHNEFIZNA TV A ADHICRFHELRZ &
THTWAWA, BRTOERRD, Tk, HE
<A NHO BT k5 T, EROBBEAN Th
N, ZHEYEEL TN WERSH D,

f: B flrp Orh RAKERFRER LB E S VWO R

ﬁﬁho
B HEKERRCHBEL, BRI ToONE a8
TEHTETDH S,

M PEOHRMENURCE VRS ORERIUNC
HBHEEZ BB, LOWRBI D,

BRI > TEERAEXEBRL WL REE
THDHNB, EBAHOBFAREN TS, ,
fi: 242 a7 T DBRETHOMERIE%E VWS D
R8O EEREN, ;
RSB T, 3 1T D&
NTHEY, B KEFRNE ZOMOWEREL D
BEPTIET, 24 ¥ 39 EQEEHDEIEE
DEFERA Y FEC bz » THRIEMCBIFL, *

i

*

D EEIFIRIL A TG LRk e AL ZIIRTL & 2
LISARICHETL T, TOEDOFRERRL T
5o BERIOKEMKED TR, ¥DiRaghERBRIEK
Mo oS, IRBICBRICK » CTEk, ARPHEE
DL TXRT O FHREESHT IThbhTn
b, THEGERE AEROBHRMELHEITL,
COLSRERFEECL T, 24 vy iR
FICREN, EIREL, T L5
BHI N T3,

B H R R ER

Kf: 4 H30H (A) 08:30~12:00

Fr: ATFAARSE 4095 %

HEE: AR HPRL - InEE— - 5% -
AINEREE - ZIREE - HARKSK - BN ER T

8%

WEE - BES - AR - BERKERRRFH
WHERO®ELC - BUEK - BEH - BEROD
AR - EH - kRO EE= - IhIBE - &
BROEAR - MEROERI - R OERE
5« DK EESRRE I D ARAIR - R EKEF LD
ERE AL RBEEEOMME - LR AKRTO
BRE - PENEREYHRTORER - hHE
BEREROFNE 194
HADKEL KEAY « 77 COBHEEELY
JE

EEREEAR, HAROBOAYRELHEO L L X
W&, HARDEmKEAY & BEEREA ERATEH
CHESWTREIH L, HAOKEEF AL, BHEEE
DOXGMEE UCIEE, BEBMEL UTI8HE, WK
L UC26THE, WKREEEE LC7THEAED AT
ENT0EBIAEINTWD, IR b% EYiicald
T 5L, B¥EN T8HHE 16278, WA - Wk L NE
EASRO BRI 5 THEITH, Wil - fEE - B
B EREM - FEE - PR ER L CRRBHOESERY
ABLEHEIFE T, KEBY L L TOAFI1I4EE270H
THY, TORMCEEED 7HB4EL INZ T, KE
Adethl U CRI2UEESIGRIC b RATWD, 2D X
S, HADKERRBDTERTHY, HMEO LR
ME T EVHENEIC IR TRRELATH D,

FAO #ic X i, 19726F 1 Figed T 1,000t D
KEATDELTLR, HAROKEZDOEEEIRIZIEFEL
KER ML THD, HROBEEEERDISYLL Ea
5, WIMER- T0D, TOEERDREILIBLIHE

Nl

& B

(54)



FREUKBER R « KEER2E BRSO 3 F 219

ERET, HEAPWHCHEEETHLI 02D LN TE
52CThHrA5, e, KEEHOS bTCEMELEY L D4
EEE D HIT 93.5%%16.5% TH 5, = DKEEY DR
=3, AR -BEE - FERE-BEEO Hc®
<, PTHABRBEEEDOULBL HEELFLT
Wi, TNENOHEHDO T BEREHAER & BREEH
AL 7ok, 19124 DISk63FEMIC >z 3 H ARD REKEAE
BERE L, TRICHd 2B L WKEREEDORER
Hicon a7z,

o%, BADT7 U vEEOAERIRIEIINR, 5T
BHHBROBECAD, ¥ CCEMTHAEERETH
b, BREMmRs L SEhoBEHHEE R EL, AECE
BRL TV ABLRIC DWW TR L,

5. TR EHEH

H ®: 4A30H () 08:30~11:30

B P MFEUE 7E=E

HMEE: etz MI=88 - 5k #% - ML= -
WE G RE—E-BOEE 74
SR - gk - EBL - BEERER - BIEBUNSRS
BOWEE PR - 2 - BEROMENR -
B BOFARE - BERORARRL - METE - 4
BEROER « hEKEMEBOMIRE - hEK
BEF¥ A OIS - MR E - BIKEFROBERK
BEE - ALRTAEROHEE - hEEER
FERoOEEE 19%

OB v/ oBEEORREEE RERE

BAD =7 o i 1977437 2150850, 5 H 50t

ELTRY, EHEERA—O THRIEFA & MR, &
HEOR#EEY A LDEFERTHD, HAD v/ v fzD
AREEIFERIZ1953F EH DI T - foo 1 H1131953~63
ETATEEE CTRIBLREIERY, 5 2 #131963~
1968 TRMWHFICEM UK - /R <, BERDETH

L% - 7 IGEE, 25 3 211219685 LI Tl ER(L T A3 3R &
iz - e TH 5,

FAMEAOHE - EEREZEFEREESRE VL LREE
REERBEZABLL, chefHELIS T2, H1
BRI R ERO VMR L D 4 BALE 2 - 7,
TR LAMREL, T - @HAETH- T, BW2HIL
ZHOBEMBFECTHER LD T, BERIINAERKLE
Lt TLEsk, Lnl, BEZMOEATHRMZ
JA—cis - 7z, 3 3 HILEE CORERII/NEBL DK
TLTUE -, h, BEEMOm ETalios/h g

% EEl- 7z, CORDBEREELHEL TE,
Lrl, BREBWTS 27 aDffiigs o i
ML TKAR LD DD 5 2 L3 T&n, i, B
DEF TRABERIERCETL WL, BERETIR
MEHRORERE LD, BEHETD, BROF TR
HARD =7 v 2004 BRIES Al = v 7 MR
R THMBTHL ERLBTHRD,
RFRBESZOEE, AN LFIHERETOGRY
—RRCERNT 50T, KEL Tk LERBE, &
XOFmATAREL L5, BROFALEHENT, B X
FERELS T OREREYETDI I EBREFTRORES
Thb,

PEDZ %R T4 FEiEs Tonvs M TE o
2 72DT, BIRTEEHKH - RCTHHEL L, Thickt
L, "TEHOMEEL D v/ nofh ERORRA, HE
e BmE OBk, BERHOBENTE, OB,
Mt & D ALEOHEMAH IR, ZOHRESE LS
LCHEMA S, ¥Ecsd s KET e
TOHERD - oo FEOHERAREZFHL, MIRER
FEOTNDBEDI LIS, FFEBEHAMTECL
T SY KEZEDTWD & 5 Tl i,

CPE B H R AR D TR T, B LW S &I T h A
55 LT BERNERD D 12T,

6. fEr O AR

H B: 4H30H (B) 16:00~16:40
FHRAE: EAKEE - HBfIE 24

R A RFLFEELAE O BAKRFERE I, EHRE - Hae
MERM & PIE—AE CREERSE) 2 FBGHME L2, HiR
L O WEKEREGHRHORMN, 4%, BRE, kLY
FRRLCBEYTEL, TEHICINETONEIDY
L, RO MBS OB HEME BB A - T
WL DILEZ NZE L, FREELEREERTCTEREE
LHPVES TR, HEHCRESM, BEmERH DD
T, THETHAEAZ AN, FCEFIREELPER
SHEERBEBYMDARAILELS L WS T ETH-Tee ©
NI Uiz M EERKERRA C O
LRFAL LN TN, oMYA FEEIPE
B EANKED 500D BEECETAHETHY, HE
225 BARDZ ANRES, EHE, EXif EORBELH
HL, REF—25HLBELS BB LLWEDSE
RO THELL,

(55 )



220 5

II. & &

7. EMHER

H ®: 5H2H (K) 21:00~21:30

B P EMiEEGRE

WEE: PhEl64
PR - BRI« 2SRk - 20 E A EE B R
- BRESEE K b S K EE N T AR
- M EHBEKEE Y BB SO R TR B AT -
BRI RERIE - AEEMAEEE - Bk
AP RS SO PE R B T - OB ERE K
BEBT AT 4 BBIE0E - SEEMEPI T RN R
- BLERYEELREME  TEBKER
A 134

8. EMKEE¥R
B B: 5§H3H CK) 07:30~12:00
A F5hR164
BefedE: EBE - Hgul - R0k - BE - BSEEE - g
CIRET (BERZE) - EnE (PokIEm - &
SRR (RUJEY) - it (RWATR) - FH5
(FEgiR) - BEHE (GREBE) - Hef O/
XETHER) - LRE EBFRAERA) U4
FEFIKEEEBRIZ19124EC 7 — v v KBEB ISR & LT
AL N3, AINZLIR 3TARERGIC 3 2 3004 D 535
LU RICT &l - o, £OBIBUECHEEINT |
WKEFRE D, KEBGRORY & LTHAER LKL,
PIR144E 4, 000 A D 23 &, 10040 5B AR
EE Ui, ¥z, COMICEBKEMBHIYEIL,
KEDOREILDL Lk, L, 196640 b REEALL
%, 4 NHOBELBHICEL - THELREWRIZA +
v 7L, GAEHRFEOREED CERh oI, Lo
TEFOUVANNVEBECETL, DWICKEDBER L #
B EE,LDBVWE IR, 1972FCEIIAED, HED
BMKEFREEAIN L, ¥R BHEICENT
R THLHR, EFHEL L OB Fit2E X,
LAy FFCEEORLE DL S, ¥k, 400
UL RET 272D H L TrD, IDIE@EELT
B LBAKEFREZBEIEIRLFETHELENS,
HFKEFBR R E D L 57 5 FEFIFERCRE I N
T3,

L OWREEEE R
KEEFEIRE R
2. KEERFH  POKIER
KR

& BITE BAS (1979); B{LBREFLE

T DR EEHRERD B,
3. KERMIFE KESMIFER
il TR
TR
BEBEER
FEEEFRMER
MR ERER AR
WARE TR
AFBROEEERZ 4 5T, BEHEII 4004, &£
131,000 ARV FEZEL TN 5,
KEREZIMOERETIZ, / VORKREKE®RDS
ADOANIRE, 2754 T OREEERERTbIRT
Wo, WKBRTHIHROEZRE EEEHICEE, v
EVOHMAREERAE Y T F o FOISARRERTFhN,
INBRWTFNOEEREFRFEL - T0d, 2O
&y, UFFERA=FFH IO, FREILAED
JERE, AR HMEE Ly, SOIBEEORE
B MR BT » T D,

4. FEBEES

5. M BEFE

9. HEHMX%

H B: 583H (K) 13:30~15:30

#HE: PhpH164

PefpsE: EE - HRIL - R - B - BE (AR
W) - FEAE (BEYELEE) - &EE (Ed3)
< Bt QB - BFRE BE 94

EHFRZII2UFEIC AR I N, AERECKT 5 EA
KED1DE TS, TORZIERLLELDOD
BHEFHEEDTI0ZHHD, 300 HMEERLE 18D
FHEdH, FHMERIHI0Tm?, BPYO THERK
174,000m® & D8 K¥ETH B, FHEFITARE, #F
e, BB E4h¥T3,1684T, HBLZTIb
DB OMRENI2, 3184 T, TORSLZDHIZLLATILZD
AR YLD, 4 00BN ESTRERCE
02 RFDOFTRICEIIL, HOL N7 7 & R
L, BB, EERY, EEEFORELEAHTRE
FEELTWA,

BEEFERIL 19264F B E WS HWEES £, T\ %
23, 19524 (B RS IC AR N TEELKL, =0
B, RELC—MORBIRERFIMCHBL TH 4 &
HEEGOWMIEEIT-> Tie, £ DHBI958EIC s » THHE
FESD FIC i, (LRI L O RN TE
Too TRREICIL > CTNBMELY, BEYH, et
{LEOHMARBLHAE L CHIEREZMARE L, L
B THEZIE L COHBIRERT A8, Tk
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WA, ERENOZERTIIIRD &L 5 AR fTh T
%5
WRHEEMER: 750 by, NV bR, KERTM,
AR BT B
WBHEYEZR: K2, BRSBTS R

wmELER - KE, BrRRORESCET 2
Za
7

10. /NSEREICERIR

H B: 5538 (k) 16:00~18:15

% BPREGRE

W g« Bl - 2R - BFIRZOEHE - &
T8 - 57 - BET - BPIKEZBEOZERR
- EMZ - R - M - B - BREK
BEFTFETT ORFOCE » BB - (T8 E - PR - 1§
BERRRKEROBKELE - A4 - BlRK
EROBUKE - BRI KERO HIEE - 2R
KEROEKWE « BT AERBOMIGE - BEFYH
SR K EESY R ORBEUES « P KR F E B
DHERFE - B - BMTH¥ZEL0E
264

M OH: h:0EM% L&l

WRETHBELTWD H F13100~120< W ThH 5

SEnbTnWd, ThEDOHTERIBRELT- T

BORI0ERBRTH D, — T H FIZGhER L FIAT O

2DRKATEDN, T OMEMICIIARBINCIEF TR

EAMERARD D, Lt TERENR O EYZEHI M

BEHACIPE LR LT, TORMEREsT LS hhE

FEXTS 2 e NEEER S,

EROEHTITON TN D RIES EL, & +OfEME,

FHEE ORI, AN OMWA WA OB E D A Y
y by, FAY y MCOWTOEZER AR, Bk DA
B DB TEOEEY, FHMPNOES & Bl EE
M BEHEL I,

11, =iHPRHE AR

H B: 5H3H (K) 16:30~18:00

% B EPEGERE

WEE: EFUKEZROKSUK - B - ZRE - BE
H - FEER CREHE - 2EE - RMhE - BMX
FEYRORAE - BEROBREE - EAWHR
FERLOMEI - BT KEROBEE - 4T
XKED RO E &L « BEHKEMRFTOF K
E - HEK - BRAEZROBEL 164

B H: BAROWEEHRE
HADESRBORNAL R ELRE, BETR, MR
BLCREEEOEELEL THBL L, 8 THRIRE
DR, EREED, BEREOBRK, WIE, sEsibE,
RER LRI Tibic 5 2 TR DWW TRF O Hil
ERN Ulc, &R EGH, FBERES X CORERRK
BRBL LT 00bbTREEERVWHUD L
SEWRL, BELREENMIDRTWD Z L, EE
HESOHETETCREEOBEIIEATWE I L%
BTz, EdEE BALE TREBEOARL L TOMA
ERRILH0T, ThictU CilEEoiE, REROME
TOREBOH DT LICdHsNi,

12. EFTTHE

H #: 5H3H (K) 18:00~21:00

% A BrEGRE

HRE: FihEe%

BRE: TAREGZESRERE RITR) - FZEER
KERRDRZEMAE DR - RERBEL - Hk
I dp - EMREFAZARE - HELE - &
T - AREMKESREKE « BESER
% - HEHEIEEE - Tk kEMEEREAEA
cEHEERRRAYKERBRE - ZleERT - &
XEEREKEMARE - REREEENER
ANERE - FEBEMTKERR - £&EHEM
MRZENEBABFE - AEZHEMTANER
ZEEML 18%

13. ERERE

B B: 5H4H (£) 18:00~20:30

% B AMARKE

HRZE: $hhEles

B FEEREEGZESREE (RlHs - BN
LZE - AHEEREKERE - HNEIRE
BRFTHEEEENN BN BRI T - FEE - Bk
- 2R 84

m. Et =
14. EETKERHEE
H B: 5H5H (4) 18:40~21:00
% P EESRE
i FHrhE164
BN B EETKERIRE - #MEAELEILE
< BEARELHALEILR - BEERE - HiE
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CHMEKEMRT AR - B FERR - #8%
Lﬁﬁﬁ%ﬁ%@ﬂlﬁ%-ﬁ&ﬁtﬁﬁﬁm
TR TRENT - BELER - BHEGER - 15
WEER T H nM°$k& 144

15. B AGROm T
H K: 556H (H) 08:00~09:30
R¥E: HidREe s
B AR R TR - BB IE - AR —TREAT
« BIRE TR - P Bl - TR T4
IMITHERKD 5 M0 TEY, FeEfiED
BRERB IR TV D

92 AT

1 BDK - S

BOKIZAEREK T, 118 90kg(H A12135ke) DEER
BRI AKE BEES00t, R U 72— 72 EAE 1 K Ja R
#&C HEEL00t, #AEHTHRIS 285Uk —20°C D Fic 2, 100t
ThHd, HHEB FEECRRTCEELLZIDOTH
D, WERTvE=T, VEHEEG SERZEENELC
BLWEREBIN TV, ECANT-THT VYV EZTERRAL
LN Bl Uiz, AEEI kiR o K
WL, BkER~FH YA, 2F0F, vwXI~FE, 7
7, wHoN, 70k, RYEN, BT, NERERE
BICEI &5 BEICH L TT» T b, L REREED
b DS OO kT 5,
. i, A

—H DM EES150t, FGLEEE2,000t £S5 2 & T
Hole, IMBEIORDEBCRE LEZDIR Y- T
NFORMITSAFEOBECH 5, BE L FROE,
WES, REBREL, BEID®MA - FkL T, HKEOD
EATA CE250EE) KAZEDL, BERROEESE
BTHALZEEZT, RERITREBTERT 5, FH

ERINGAe 2 2

KEIRLS4vOEHTHY, HEZ 1EMIT 1,200HE
BrEZbND, HIET4 VR R, FEERIZ
LAELMT, ADEFLIEEREERAL Tk, HE
MR %% Tz, RET2bhbhbECRECEREL
B, BRRMANT EOZ L TH DR, ahiRe i
EoY (N
i, AfFEsAE

AFHE EEE LeBRoMETHY, 55 0 TH
AR TE D, B2 I VARBRSETHD, Tl
BEDOR—ZELTHEALTWAHEDI L ThH-T, I
S THHEENLDOE £ 3 VHOEIE EEZThh T
WhWwk s Tha,

BIR  ARITA

iv.  fakpe il

EED RFER bl d - 23, 7vXIAFOREY
FRIZLTWA L DT & ThH-Tc, MIPRER, ERE
Wi, BRAFRT, AR -BAmT—F7 0T HET
Bo 1 HImEOEN50t 28 DA E 30t EEES 5, Fuidid i
EAENDOT, ALl Eo TERmE LT HEAT
%
v. RBAEFIHA
BEORAARSZAAL THH & AN RS
BEETDLHIEE NS, BATWI EATHE AL
FACEZUL LS, BIEOLALBEEZMASEL, 3l
RS L DREBL TS P ERRT IV BEL, &
WM EMHT 28RO TR EBRD T — 2B A b,
KRR LCHERAT DL BN D, TRFRLE
Mo oS, RIEORHE L FEIC UC DNAZSYBEEST 5 2
LT TWa e, BATRRE EXERS S
FETH 52, hETRERLIh V201, mAEO
BEEHOBENT L 500 5HNRR 0,
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16. G RENT

H B: 586H (B) 10:00~11:00
R ghhHl64 ;
B A ARRIRE - BEREEEREZRIE -

EZBEUHMBEIRE - ERGE AR ARE -
BEERIRBRE - ¥ - Hikul - 2Rk 84

EEEBEATORTCERMERE DBEHHELS
s, TR E B EZ IR, BEAT,, BHERTE,
KEMTTH D 3o hhi, BIECEERILS, 000AT,
AT&EIC4,000 N, Zoficid EREMAERETh, B
FII32,000 AT 2L D & TH 5,

BEATCET SRR K 200%, Z0oFLdOIRE
B (272 &) 1006, HEER (125 &)
1244T, FHI12FtD@EESEHT 0D, LALLM
%, 4 NHLBHREO 4 20EMMED BECIZEL T\
W, X AWEIEIE, RiELEEBTH D,

EEMAREL, 200t 275 BEREH1008E b,
HWHTOMIZBREL TRy, 147 CHEEELT- T
Wh,

TR, R, IR 2X0RkY, BERRRSE
DTV, FARHEELTWS, —iEDCBEIZI5E/M,
1 B4 OB ERBIEMORE TR 523, F%
RN I~2 B TH 5, HENEEIRE 95 900m, #3
HE 230mTH 5. FifE391L 5 SEEE AN 2 RE L
7ok, TOWBERIRDBY TH D, £X42.5m, BEEH
415t, FHEBH 600ps, B 26~28%, L LT, -
J—ee70y7, 2y bek—7, L—4 (0.5, 1, 2,
4, 8, 16, 32@HLV V), v +— (BARDOEEHEIEN
g, WS8R (71— FE& 135mm), A (24kHe,
200kHz 4% 1 &T, 0~100, 100~200, 200~300, 300~
400m D ABRWEZL YY), vy (w3 A), 0O

HAR 301 AP

vy -Fv7 57, iAKRRE, 7/ A—2TK
EThD, VF—RAEKENI100m Th 5 DI,
BRcHAINTWEW, THUNOBERTXTHE
BTHD, TMIZEX27.0m, EEtE 150t, FHE
380ps, ‘M BE12~14%, HEEITIIAKFI 4, KLET 8
T, 147%72D 500~1000W TH 25, EEHO LR
Dizd DR FERIIIL L, A LERDAT, KiidE
T 5, AKBEFEWIDRAISENE S TH- 2, PR
391F &AM T200.t D EYE Fiss L3 T& 5,
RE%, MOEBRISERH - I,

R FEfBR O ARREIL S - 2 EGIXT 5,

E: ROBISHTH %,

M9 BEMETEARICH L TN WA, T O BRI 0
B oF A4 EHCTOAR, EESEL VDT,

NOBRBEBL TN LT0D, LALERIL

IR E 78R W icn,
B3: oo MIFIHER X ORI 2 CEX
NIBEIZES T D0,

>
s

E MR RICERY, FESSC MIUTHMAT
5, WESBEES Y EEbD T L3R,
L A4 L BRI,

HRCAbE T\,

”% =

17. g KEERTFERT

H ®: 5H60 (H) 13:30~14:00

P Fdile4

BRE: HLEZHRE - MTERFE « HmERITER
(KEER) « EREFRE (RBERED - T
CAEMHEER CKERR) - PEERD A

ZAEN - THBRETREATA - BAEY
YRR OREERESMAD)

- BRERIDEDIZE

oM EUEKENTIERT
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224 5 & HWITE E4S (1979); BILGHEFLE

B OKERGRE) - BEBEEMER OKESR
AT - BEEEETEE ORERRE -
Bk IhHE KR FET SR AR A - HIBEEMRR
(BEY) - SBEEENRE (BEY) - 8%
FREEE - Y - HERIL - SRR 184
WHKEMRTTOYELZITR L D BEHHERS - /o,
Fhick % e, T ZIR1958FICHTTI N, g KERTE
FrER LI, 1972FICRED LRRCik L, 19788 E
RO EdgKERIRTT, LN O B KERETE X
I, BRAERROEETICAD, ERAKERFR
D 1D T, FEMBOREIZ, XEBYHETD
b, MICEL (B oMo d&Ehb, BRERKRE250
%, ZOD5BHRE 1704, TOfh80&£TH S5, 6 W
By, WFEEEER, SERE RS B
KEFE, MIBH, FEFEBTHD, BERECQIT
WK%, BEBRCRERZO O, MITHHICIX
T E RTTARFAOMELZ G ATWD, WIFhd
REERD 5 NAET, RIFFMCRE L - 22,
DEbhbh 3 ZOEENEZ TNWEDT, U EDHH
LR BHEAE (BHLOKRKEREZW) 2 RET
B i20 T, BELULKERI0GLVTH- o

18. HHFIREREHR

B K: 5A6H (H) 14:00~16:30

% P BEKEERTIERT

HiRE: SREEKENZEN DB FERIFE - hESLIER
LR - SRBEENRE - REMBI TR -
ISEHE MK BEERAT - R A I RO BB
BR—TRA - T REBRELRAT - L irKEERt
ST OFLBE DT LR - MR B AR T O
(TEGE T 120N - SRR TR 104

M H: KEYOEEK X 50T

19. HJI|=EpaEm

B B: 5H6H (H) 14:00~16:30

% P g KER IR

W3 RAEKEMFEFRO TAE - 855K - 2598 - 3
HR . - AR - B - REKL - B
B - EIBE - BIHY - Ao - AR
HWFM - Ll REATIOBERE  BEE -
AR - FEAIR - R - MR - BAEE - 28
g BEE - RETKEROBEML 254

MOH: ERITHERE

20: SMLfE =38

H ¥f: 5 H6H (H) 14:00~16:30

Y P BMEKEERTFEAT

B B KEREROWEZAR - B9 EpsE
B - BEMKENEER - ¥ ZEEMEE -
FEREEMRE « ERHRREMESR - BiEEE
WE - BEEER - (RBEEEMER - EFKE
OB B EN - BENTRoEEFZRRRT
P2 - BB ARAT - EREIBUT R - RIAER
HE - TP B - LEEFEREATOEES
TARAG - RS AT O IkEe R E TR
B (i EREFARE - L KERBATOE

- EHBUNE 194
& B: fEAHUARSoRHAKE L

Iv. & &

21. BEEWHE

B H: 537H (A) 18:30~21:00

% W BREARE

HEE: 164

B PRERTEGZRAR T - ZR2KERE
B - EHWAERAZRIEE - EEELERE
PERERISER - B S RERERE T 4
&« BIEREEFOKERRREKENRTEITER
c THREUNERAZEAR 4R - ARERTER
- BUKHRTAER - R - Bkl - R 124

B6N FHREBEMYE
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22, (LBHE PR

B K: 5H8H (k) 08:30~11:30

SHE . PhEL64

g BEELIEERNRE BRERRE - B
AT PR TR - SO R B FAOUR
SR (TP EIFTR - BRI EEE T
TEEPFIERT HAT - BRE BB K EE R KRS
BB - EBE . Bl - FERER 94

LEEEZEEGESEE RN DIROHBERE - .

I EHE P13 19594ED AIT7 T, 40FEDOER %Y S - T
W5, UENRLERSEE LT 23 TH - o RIERT
2EHEY, ) BEAEE (KX 5R), () BE
MEREEE KGR - 63, (8) WEHMLE GEIELE),
(4) WHEMEFE CakyE - HEREE, (6) WL
WEER GEEEAY), (6) KEEFIB OKEEREHE - L -
VEPERLED), (7) HUEEmTh B, AR, 2000, AT
400N, FEEAE 41, HE 260350, EHICH BB
Feir (e 108) % BHHFTH 5, I O BHEIIRR
2, ThETRELLLEVWI LEERORNRELELL
TWizhs, T CICHL L, WwERRSMAZES R, T
ZZO HRErHKBRLODH D, FO —RELT, HE
EFIA /e E AR 80m X 2. 2m X 2, 0m D & AIT,
120m X 10m X 3. 7m O "KL R AKRE L, B 35m X 40m
X1m OFHEAMY HTEZRTH - /oo WEDOEBK
MTREIC L 2WOREBELRIE L X 5 &3 &0
FEBEOFAMAR TR, BNEOWR Y I 2av—Y 4
VEEWTLEEND I LT (KIERZE: HEE
—, FARE .

ISR CRIT BTG F 4 Y O MDD BRER
HO, TOLBYRCARIHOEREY RE L,

MEYHYIIRE FEERR), Kt BT 5 %
BrECigERORME, JtoEdr, A, 7+ bevF
T5A4T— (TER), SIERmEREREIN, 7
4V L DEER R T,

HAERE, ¥R, wAhoEEY, FcE
SBOSHT, BAKOFEYOTE, BERACERCL DE
SHEBRORIERI L EEHREL .

HEYTFE Cld v Ly ORE, HEROWR L AREMY
Kz, BRAEHERR, BEEAZORY, BR¥EE
Bickd 5 2 v 7 oREET SHEEZEW,

MEANCIZKEER % 1 T it 60 TL0T MO EE &
5LDZ L THADERONES RO,

METIERE L LT, BROKRARR, BRIER
G 100m Ddkx 9 ~10/ » FTHIMTELRE - BE

BT BEMRAKR - B - RERER
QLR EED

BM B

OHFTHERE YR EFL, RERCBFRICERL T
BEDTLTH-T, ik, BEOHMELS T2 ANRT
WBEDT LT, WESHMRREY RT, WTEESN
HEEBECRBECETL, VM a2EHlTsilh
DEEE DI EEENOEEEEY ¥ Uk, W
S R [HOHHT ] 1C30~40 205 kA Fe TH10
HE#&ECHREL T D,

LR A iz, kRO BB ST
LEER TN, iz, EAaAKERELD, Ciris
Vo H th O K EEHEVE ¥ D ST A b o\ & AR AT

bz,

23. g KEMILT

B B 5H8H (k) 15:00~17:30

R P64

BT RE b EEKEM R OWT, BIKO
FIERH - 2o

KRR EMEDE I E b, —RHIILREIT
BL W, ERKERRHONELK -k, BETO
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MFEICHES 20D, EBI, B - KEOERIIF
RITWEBIET G A &, ThEGHALUNRORE
HTHILD2DTHD, WFREIBATLHER
NRH B,

1) BEERWMRE

tFmRcERT 268 TeoBE, A %

TER#EAZRL, BN, BRLBOMET®RY

BEL, BHDASBFRAY NS, Gl Rk

=Yy, RIETEQHFHEREL AHEAFM, Bk

R#EL 7 —<L L TnD,

2) WEREHREER

WBEE, AN, vl REOHMBEYHRE., /
Y, a3V T7EOWEDER, RELRRLOEGRY
RT3, /Y& a2y TOEEFTOWTRE
BRSSOV TREY D, BECOWTIR
v T A4 OfY, EETHRCRE, »+OHHE, A
HADNLER, BT OmMLHEM, ALEH,
ANTER, ATEASE, F7ag>onwTiRALSE
B, B, 70443 ADOVWTRATEEY
EHEPTH- 2,
3) HEHRYBUNMRE
HEABEONE, WREOTE, FERE - g
BEOHE, BEBEOMAEELIT-> T\Wa,
4) KERIMTHFERZE
el BHO®RE, RE, HonL, #EOKRE
FIA, ITEBBOMFEAIT-> T D,

BEHRBOMTRABEORE, EERSTTEHOM
FbfTo T, BAEOSHHRERLHEHAL, KB
I A X FICER S A o THRIKICEZAAL KL BB
LIERBMAYEHRL T, B ETLZL OEHEOW
$%1T-Tx8Y, 77+t4 (Pseudosciaena crocea), F
7" F (Pseudosciaena lyactis) %D WBE*EEMITIIN
Tz,

{CEEBETRAE, #FI1va, s2u—24, 8, &
HI5HY, WEEGNEE LCESBEOST 2 1T-> T
e,

VDN TRHEEEORNERHD, BELLCH
STCEL TRV DERD TN, 775V Frr7n
LEXKEOHH, ¥~ a0REDHELIT- Tk, £,
AYE /) ORE, BRRAER L CHEERCOWTTE
WERD - T,

24. HER TR
H B: 5898 (K) 09:00~12:00

FhiE: P64
RS BEERR - BELEIFE - B8TAHATEM
DM RERIEL - AFRERIMREETEEYT
REEIFE - BHEAMEECEMRZRFE
- BEEBYERAREETE - EFEERAR
BiEE « P - Hul - ERER 104
HITROBREICH S, BREEr bEFEHFTOMED
iﬁE{ﬁﬁ&} el 7LCO
rpEE ARILTNE DT wEERERRE &< T
A, 19504, B RICBEEYHEENERD b, Xk
10~20%0 MEBIRER WBIC BE o o, FNH
19574F 8 B i P ERYREE gt M T FRATIC AR L, 1959
£ 1 A EREREERRITCRFE v,
AR, BEENEL 5004, 8 BFRE 40/lichk
KIhie,
1) WHEAKXEMRE
2) BHEREERWRZE
3) WE{LEMRE
4) EHEFSRETREE
5) WHHEOMER
6) WEIEMAHDYTIRE
7 WHEEHESYHRR
8) WHEBRBHYHRR
BHY, EHCHEERAERIELTEIEN 1255,
FMEFREIRDEBDTH 5,
1) TEES X CHEORASHHE
(hEv, Ko@)
2) thEET 3 EBOER
(TERORROER, kiFOHERIESRES)
3) EMoREEEN, BIEICL 3 EBKFECHT
e
1) EHEHRGEE R SR
5) hEOERE, BE, WOKRY 3FERHAELDH
ek, BROEAIRER oAl
6) TEREC T DEYD NN, BT
YrE R R
7) EBEHEADE, RECHERLCERER, B
RO
8) FERAYDUKREGEBREOEEYRIZ BN
%
9) WKL AEHBEROR M
10) ¥EPEEEE, ¥, WREEHNN, FAREoRE
R ER R OWwRIREE, WY, iR, LRER, &
EOTER, Y, £MoBLNH, KEBOX/, kg
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B ERBER D 5, EBRAMEDHD 27,
Y, RETY, 414514, RILONTALREL L ®RHE
BT OMIEZ L, £ bAEESMACEAIh TR S,
T, HEMECKT IHEEOEYVEREOMAERLIT
fEEY, &R A8, 777 1 4V Zolikic
DWTHREE EF T3,

HE23 234y oo, MrEFI oWk, HilE, HiE
DR, wEME, W, KEUEE, Wy, K, &
%, [EOWMR L BEOHEHTRICET IHERD S,

¥ B TIRKEMC ST 2 RGO, wHHE
eEMEETREKTOER, S Eonlt, FCiE
CHT LB, AHSC X AFRONEE, Tz, B
BROD A H = X LB EDOMRETT > TV 5,

BRERECRERAESORE HEREMRE T
1 OHEHIT- Tz, K2V ¥RICE » TEBNK
WA, BESEECL - T v FIND, BOERIF
HERETR L~ — QORBIEETT - Tk,

WEEFERECTR IV TOREME, a—F, T
FUB, = 2F VBOWMH, BKPOMBEBTROSITT
i, Bi, Cu, Sn, Zn, Cd, Tl, Ag ’ EHREHT DR,
H, F2v, =0 A2V L, =y, sk, XY
D LT ERSHT L T,

Yk, hEREREEIERT TR BT 5 REH
R A BHIICIT - T,

25. AR DR

H #: 5598 (K) 14:30~17:00

BT LSRR R

W BEELEEEEE 4R - BEERIRE - i
AEPEF R TR « REEE T FEFREUTE
3t 1154

HOH: EFEKEXZEOHRS

Bom EHE T ORI

26. BE BER
H B 599H (K 14:30~17:30
B LR
WS XEFRRE - RERBEE GEF) LUTmEE
e« RUPKEMRAT « WEMETOMER &
374
& H: WEAYORR
BRI DIEOEEL - TR - WHFORZHRICE
T HHREROBIRC WYY « WEEDF A DWE
HZOISRAFELTD) £~ b vy VT OEBRRE,
RO THRECLE 375D OBE BT 5HFE,
B0 DKEEY~DELE, WHFONEH eficiency DI
BT DN TEMN L,
LIS Y 2B O RE B AR KR G 8 %)
BOBHENED 2%RRHD, RESLPELL BX
s

27. RiF—EEEE

H Bf: 5H9H (K) 14:40~16:00

B P ERWEOKEMIER

HEE: BESEKEREMBRENLT 304
E B BEATH—FoMEN L BEOFH

BEATHRO Y, FE, FRcoWTEIMENT
FAE 1T - 7o

TNTEORESE LT, BERIE - AiElioe =4
Y VIR FELDRES TRV &, WREBEE . B4
EEBREIL EO B AN AR L TWD T &, Flod#l
&H, THONE, FHOINACIREOLERSD
& ERBRR,

IHRARCKT AMEOHRIRE LT, KEWERT
£ HAWHESSHRBr Iy YT L, [ZEMEA
BoREELS) & mERN—F - ARERERO# A
Wh— (197854 A), TR -THROBUR & L
(19794£ 4 ) ofi#RBA%1T- 1o

BRI, HiEeFvick 5EEL RO IRk, B
KEEAT & RO UIMR S, KiET v OB TR ST
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