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Seasonal variation in water quality at the northern coast of
Karawang-West Java, Indonesia

Suhendar I SACHOEMAR ™ and Tetsuo YANAGI**

Abstract : Observation of seasonal variation in water quality at the northern coast of
Karawang-West Java was conducted during the wet and dry seasons. The observation was fo-
cused on the monitoring of physical, chemical and biological characteristics through the sea-
son. Water quality was found to be mainly associated with seasonal change of precipitation and
wind-driven current. An indication of water quality degradation toward to the eutrophication
is obviously visible in the wet season by indicating high concentration of chlorophyll-a(C>4.0
1 g/ £ )at the area adjacent the coastal line. High precipitation in the wet season has affected on
the excessive discharge of the organic waste with high level of DIN and PO, and it caused the
enrichment of the coastal water. The residual agriculture and aquaculture organic waste were
suspected to be main source of water quality deterioration in the observation area.

Key words : seasonal variation, water quality, northern coast of Karawang.

1. Introduction

The northern coast of Karawang, West Java
is situated at 60 km of east Jakarta in the north-
ern part of West Java (Fig.1). The land area
mostly comprised of the rice field. Due to the
potentiality, since 1985 land area along the
shoreline has been gradually converted into
shrimp pond with an intensification system. On
the early stage, this system had provided a
great contribution on shrimp production for
the region with the average production rate of
4 ton/ha. However, after one decade, the pro-
duction dramatically decreased less than 1.5
ton/ha. Rapid development of shrimp culture
within this region and uncontrolled utilization
of foodstuff as well as agriculture medicines
and chemicals supplied an appreciable pollu-
tion and caused the degradation of water qual-
ity in the coastal water. This water quality
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deterioration ultimately generated a various
diseases (PHILLIPS et al, 1993) threatening a
shrimp live since the early stage of the cultiva-
tion to the pre-harvest stage.

To overcome such environmental deteriora-
tion in this region and to preserve the area for
sustainable development, an integrated coastal
management by introducing an innovative ad-
vanced science and technology is necessary to
be established. The occurrences of water qual-
ity degradation due to the expansion of an in-
tensive shrimp culture in the several areas
have been reported (PILLAY, 1992; FLAHERTY
and KARJANAKESORN, 1995; CHUA, 1993 ; GOWEN
and ROSENTHAL, 1993), but for the northern
coast of Karawang it is still very limited. Since
the performance of shrimp culture yield is con-
sidered to be a problem within this region, a
systematic understanding of water quality
status in different seasons is important to be
clarified in order to provide a better and proper
management of shrimp culture in the future.
As a part of this object, our paper describes a
seasonal variation of water quality based on a
physical, chemical and biological characte-
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ristics in the wet and dry seasons as a basic in-
formation to improve shrimp culture manage-
ment within the northern coast of Karawang.

2. Observation

Observations to obtain a series of water qual-
ity data in the wet and dry seasons were con-
ducted by using a small boat. The surface
water sampling using a plastic bucket and di-
rect measurement of some physical parameters
(water temperature, transparency and salin-
ity) in the wet season were carried out at 07 am
—-03 pm (flood tide) on 5 April and 07 am—03 pm
(ebb tide) on 8 April 1993. Tidal range on 5
April was 70 cm and that on 8 April 80 cm.

While in the dry season, the similar activities
were also conducted at 07 am—03 pm (ebb tide)
on 5 August and 07 am—03 pm (flood tide) on 9
August 1993. Tidal range on 5 August was 60
cm and that on 9 August 80 cm. The study area
is located at the Northern Coast of Karawang-
West Java with the geographical position
6°03° 00"—6°11" 00" south and 107°22" 00" -107°
22" 30" east. The sampling stations consist of 13
stations in the coastal water and 9 stations at
the river and shrimp pond in the land area
(Fig. 1).

Water temperature was directly measured in
the field by thermometer, salinity by salino-
meter and transparency by Secchi disk. Chemi-
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Fig. 1. Observation area, sampling stations and depth contour (in meters) of the northern

coast of Karawang-West Java.



Seasonal variation in water quality at the northern coast of Karawang-West Java 93

cal and biological parameters were measured
in the laboratory. Total suspended solid (TSS)
was measured by gravimetric method, dissolve
oxygen (DO) by winkler method, dissolve inor-
ganic nitrogen (DIN) composed of nitrate, ni-
trite and ammonium were measured by
spectrophotometric method as well as phos-
phate (PO,) and chlorophyll-a (PARSONS at al,
1984). The averaged date derived from flood
and ebb tide measurements of each season
were then analyzed to obtain an information of
seasonal variation of water quality. The simple
cluster analysis was also employed to clarify
the effect of seasonal change of weather on the
water quality (MAGURRAN, 1988).

3. Results
3. 1. Physical parameters

As shown in Fig. 2, the surface water tem-
perature in the wet season, which is averaged
from flood and ebb tide observation, is rela-
tively higher than that in the dry season.

The surface water temperature in the wet
season and that in the dry season are within a
range of 30.5 to 32°C and 29.5 to 31°C, respec-
tively. Water temperature in the northwestern
part is higher than that in other parts in the
wet season, while water temperature in the
northeastern part is higher than that in other
parts in the dry season. In the contrary, salinity
in the wet season is lower than that in the dry
season. Salinity in the wet season is within a
range of 13.00 to 23.00 psu and that in the dry
season is within a range of 23.00 to 27.00 psu.
Surface water density governed by tempera-
ture and salinity in the wet season is also lower
than that in the dry season with the value
within a range of 3.0 to 13.0. While that in the
dry season is within a range of 11.0 to 15.0.

Water transparency in the wet season is
lower than that in the dry season as shown in
Fig. 3. Water transparency in the wet season is
within a range of 10 to 60 cm for coastal water
and 5 to 34 cm for land area. In the dry season,
water transparency is within a range of 20 to
110cm for coastal water and 9 to 68 cm for land
area. On the other hand, total suspended solid
(TSS) concentration in the wet season is high-
er than that in the dry season. TSS concentra-
tion of coastal water and land area in the wet

season is within a range of 2.60 to 3.40 g/¢ and
1.72 to 2.96 g/4 , respectively. In the dry season,
TSS concentration is within a range of 0.40 to
2.40 g/¢ for coastal water and 0.50 to 1.43 g/¢
for land area.

3. 2. Chemical parameters

As shown in Fig. 3, dissolved oxygen (DO)
concentration indicated the characteristic pat-
tern in both seasons, e.g. it is high at the front
of shrimp pond. In the wet season, DO concen-
tration is relatively higher than that in the dry
season. DO concentration is within a range of
5.70 to 6.30 mg/¢ for coastal water and 3.82 to
7.85 mg/¢ for land area in the wet season. In
the dry season, DO concentration is within a
range of 5.60 to 6.20 mg/¢ and 342 to 8.04 mg
/¢ for coastal water and land area, respec-
tively.

Dissolved inorganic nitrogen (DIN) derived
from nitrate plus nitrite and ammonium, and
phosphate (PO,) distributions are shown in
Fig. 4. DIN concentration of coastal water is
within a range of 0.80 to 0.95 mg/¢ in the wet
season and 0.75 to 0.95 mg/¢ in the dry season.
DIN concentration of land area in the wet sea-
son is within a range of 1.33 to 2.07 mg/¢ and
0.75 to 1.40 mg/¢ in the dry season. Higher con-
centration of DIN in the wet season is distrib-
uted more widely than that in the dry season
with the highest concentration to be appeared
in the area along the coastal line. PO, concen-
tration of coastal water is within a range of 0.36
to 0.41 mg/¢ in the wet season and 0.35 to 0.40
mg/¢ in the dry season. While in land area,
PO, concentration is within a range of 0.41 to
0.59 mg/¢ in the wet season and 0.38 to 0.51
mg/¢ in the dry season.

3. 3. Biological parameters

Chlorophyll-a as one of the marine algal’s
pigments is important in order to understand
the marine algal’s status in relation to the envi-
ronment condition in the certain area. Seasonal
variation of this pigment will also provide an
information of the water quality status. As
shown in Fig. 4, chlorophyll-a distributions are
drastically different in seasons. In the wet sea-
son, chlorophyll-a concentration is within a
range of 3.50 to 6.00 ¢ g/¢ for coastal water and
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Fig. 2. Surface water temperature (°C), salinity (psu) and density (sigma-t) in the wet (April
1993) and dry (August 1993) seasons.
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0.60 to 2.90 ¢ g/¢ for land area. However, in the
dry season, chlorophylla concentration is
extremely low within a range of 0.30 to 0.5
@ g/ for coastal water and 0.10 to 0.90
« g/¢ for land area. A high discharge in the
wet season has increased the DIN and PO, load
into the river body and generated an algal
bloom. It is obviously visible in the vicinity
area of the Ciderawak, Ciwadas and Tegal riv-
ers where chlorophyll-e concentrations are
higher than those in other areas.

4. Discussion

The northern coast of Karawang as a coastal
zone area is one of common areas in the world,
where the environmental conditions are af-
fected by the terrestrial and marine environ-
mental conditions. As a tropical area where the
seasonal change between the wet and dry sea-
sons strongly influences the environmental
situation, terrestrial and marine conditions are
also responsible on the environmental status.
Their influences indicated the different situa-
tion of the water quality between those sea-
sons. In the wet season, surface water
temperature was relatively higher than that in
the dry season. It may be due to stronger solar
radiation and higher air temperature in the wet
season. Though there is no data of solar radia-
tion and air temperature in 1993, we have an
average data of 1931-1960 for Jakarta area ob-
tained from Indonesian Meteorological Agency
as shown in Fig. 5. We suppose that the solar
radiation and air temperature in April 1993 was
stronger than that in August 1993 and this is
the primary reason why the sea surface water
temperature in April 1993 was a little higher
than that in August 1993. The similar situation
was also reported by SETIAPERMANA et al (1992)
where the sea surface water temperature in the
wet season is relatively higher than that in the
dry season. Nevertheless, more detailed investi-
gation to confirm such situation has to be con-
tinued by measuring supported parameters
such as heat flux.

Surface water salinity in the wet season
(April 1993) as well as its density is relatively
lower than that in the dry season (August
1993). As shown in Fig. 2, the salinity and den-
sity level in the area near the mouth of

Ciderawak, Tegal and Ciwadas rivers are lower
than those in other areas of the coastal water.
The influence of river discharge caused the di-
lution of salinity and density level. This situa-
tion occurred due to the high precipitation
level in the wet season as shown in Fig. 5.
The effect of seasonal variation of precipita-
tion on the water turbidity and transparency
was clearly visible in Fig. 3. The total sus-
pended solid (TSS) concentrations in both
coastal water and land area in the wet season
are higher than those in the dry season. It is oc-
curred due to a presence of high discharge in
the wet season. Higher concentration is found
at the area along the shoreline as well as the
mouth of rivers and front of the National
Shrimp Culture Pilot Project. Near the mouth
of Tegal’s river TSS concentration reaches 3.40
g/¢ . In the dry season, the effect of land water
on TSS concentration was also obviously visi-
ble at the front area of the National Shrimp
Culture Pilot Project which is reach 2.40 g/ . In
this case, the alteration of the turbidity level
was particularly due to the obstruction of
wind-driven current which carried the particu-
late matter by seawater drainage in front of the
National Shrimp Culture Pilot Project. This fa-
cility was constructed to intake clear seawater
from the area up to 1.5 km in the coastal water.
The wind-driven current in this area flows
southeastward in the wet season and north-
westward in the dry season as shown in Fig. 5.
In addition, a high load of TSS due to high
discharge in the wet season affected on water
transparency and dissolve oxygen (DO) con-
centration. As shown in Fig. 3, water transpar-
ency is lower in the wet season than that in the
dry season. The increasing of turbidity level
has caused the reduction of water transpar-
ency, but it seems to undisturbed the photo-
synthetic activity. This situation was obvi-
ously visible on DO concentration, that is, DO
concentration in the wet season is higher than
that in the dry season. The increasing of total
suspended solid (TSS) in the wet season fol-
lowed by increasing dissolved inorganic nitro-
gen (DIN) and PO. concentration has caused
the enrichment of coastal water and it gener-
ated an algal’s bllom. As shown in Fig. 4, chlo-
rophyll-a concentration extremely increased in
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the wet season. For the coastal water, the al-
teration even reached more than 10 times com-
pared to the dry season, but slightly for the
land area. In this situation, the photosynthetic
activity was excessively strengthened and the
DO concentration in the surface water became
high. These results have indicated that there is

a strong correlation among the river discharge,
TSS, PO, DIN and chlorophyll-a concentrations
with seasonal variation and the effluents of re-
sidual organic waste from the rice field and
shrimp pond are suspected to be main sources
of water quality deterioration.

Meanwhile, to ascertain a seasonal change of
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the water quality in the observation area, a
simple cluster analysis was employed based on
physical, chemical and biological characteris-
tics. The result is shown in Fig. 6. The coastal
water within this region can be grouped into
three according to the index similarity at level
80%. There is a strong effect of the seasonal
variation on the coastal water environment. In
the wet season, the great effects of freshwater
discharge are seen at the mouth of Ciderawak,
Ciwadas and Tegal rivers as well as the flows
of shrimp pond effluent. Those magnitudes are
varied to the location. The combined effect of
both Ciwadas discharge and shrimp pond are
shown in Group I, which reaches 3 km away
from the shoreline. Its influence extends to the
eastern part covering four stations (Stations 5,
7,8 and 11). The eastward movement of Group
I occurred due to the wind-driven current af-
fected by the Northwest Monsoon in the wet
season as shown in Fig. 5. Meanwhile, Group
II covering the six remaining stations are the
intermediate water mass mixed of both the ter-
restrial and marine environment.

The inverse situation was clearly presented
in the dry season where the rivers outflow was
not visible, except the outflow of shrimp pond
(Stations 11 and 12). The absence of rivers out-
flow is due to the low precipitation in the dry
season. In this season the effect of marine envi-
ronment is more dominant. The westward
wind-driven current due to the Southwest
Monsoon was obviously visible by extending
of Group Il covering 8 stations. On the other
hand, the coverage of Group I was also moved
to westward in the dry season. Because the ac-
tivity of shrimp cultivation does not depend on
the season, the effect of the organic waste efflu-
ent from the shrimp pond to the coastal water
was clearly visible from the movement of
Group L

5. Conclusion
Water quality in the northern coast of Kara-
wang is strongly affected by seasonal varia-
tions of precipitation and wind-driven current.
1. High precipitation and river discharge in the
wet season caused salinity and density levels
lower than those in the dry season. They also
caused TSS, DO, DIN, PO. and chlorophyll-a

concentration higher, and the opposite for
water transparency.

2. The occurrence of the excessive enrichment
at the coastal water due to the high load of
residual agriculture and aquaculture organic
waste, which is indicated by an algal’s bloom
in the wet season, caused the water quality
toward deterioration. A limitation of the
utilization of the organic matter, fish food
and chemicals as well as aquaculture man-
agement is recommended to recover the
water quality and the coastal environment
for sustainable development.

3. The cluster analysis shows the effect of
shrimp pond by the eastward spreading of
Group I in the wet season due to the North-
west Monsoon wind-driven current.

Because of the high potentiality of the observa-
tion area for the advanced agriculture and
aquaculture in the future, long term investiga-
tion covering physical, chemical and biological
parameters is necessary to be established. De-
tailed information regarding material transport
and its mechanism within the season will be
valuable to advice a better management and
utilization of this coastal area.
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Freshwater discharge of Bangpakong River
flowing into the inner Gulf of Thailand

Thanomsak BOONPHAKDEE®, Pichan SAWANGWONG* and Tateki FUJIWARA™"

Abstract : Bangpakong River debouches into the northeastern corner of the inner Gulf of Thai-
land. Monthly discharge of this river at its mouth was estimated during the water years of 1993
-1996. The discharge is highly seasonal with the highest peak of 1152 m®sec™ and lowest peak

of 8 m®sec™’

appearing in September and February, respectively. The averaged annual dis-

charge is 267 m®sec . The Bangpakong catchment basin consists of mountain and plain areas.
The ratio of discharge to precipitation yield is 0.30 in the mountain area and only 0.09 in the

plain area.

Key words : river discharge, Bangpakong River, Bangpakong Estuary, precipitation, troical rivers,

Thailand

1. Introduction

Estuaries are one of the most productive and
sensitive systems. They form an essential link
between marine and river ecosystems (SMITH
et al., 1997). Their importance has been recog-
nized in terms of carbon fixation, fisheries
habitat, nutrient assimilation, sediment stabili-
zation and so on. This might be due to the fact
that estuaries are dynamic systems which sus-
tain extreme changes (BABAN, 1997).

However, almost every estuarine study has
been focused on the estuaries in mid latitudes.
There are large rivers in tropical latitudes be-
tween southeast Asia and Australia that sup-
ply large amount of freshwater to the ocean.
Flow of those rivers exhibit remarkably sea-
sonal variations as a result of monsoon cycle.
These variations influence on the continental
region around Malaysia, Indonesia and Gulf of
Thailand {SiMPSON, 1997). Consequently, nutri-
ents transported into estuarine and coastal wa-
ters exert occasional and transient impacts on

* Department of Aquatic Science, Faculty of Sci-
ence, Burapha University, Chonburi 20131, Thai-
land

** Fisheries and Environmental Oceanography,
Graduate School of Agriculture, Kyoto Univer-
sity, Sakyo-ku, Kyoto 606-8502, Japan

phytoplankton productivity.

The freshwater discharge from the Bang-
pakong River delivers dissolved nutrients into
the inner Gulf of Thailand and occasionally
causes phytoplankton blooms (BOONPHAKDEE et
al., 1997). We have been conducting a long-term
monitoring program for this estuary since 1995
in order to understand chemical, physical and
biological characteristics of this estuary as well
as to detect trend in water quality variation.
Although we have measured concentration of
nutrient to estimate nutrient load from the
river but river discharge data are unavailable.
At the river mouth there is no hydrographic
station which continuously records river dis-
charge data.

In this paper, we estimate fresh water dis-
charge of Bangpakong River at its mouth from
continuously collected discharge data in the
upstream watersheds and study the relation-
ship between the discharge and precipitation.

2. Description of the study area and analysis
method
Bangpakong River (Lat. 13 degree N, Long.
100.5 degree E) is one of four main rivers drain-
ing into the inner Gulf of Thailand (Fig. 1).
This river gathers water from Nakhon Nayok
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River and Prachinburi River and debouches
into the northeastern corner of the Gulf. The
length, mean depth and area of catchment
basin of this river are about 240km, 4m
(SoJISUPORN and JIRASIRILERT, 1991) and 19,786
km? (this study). River discharges are meas-
ured at various stations in the catchment basin
by Royal Thai Irrigation Department. Details
of each station are listed in Table 1. The dis-
charges of Bangpakong River and its tributar-
ies are highly seasonal due to the influence of
monsoon.

Bangpakong catchment basin is divided into
mountain and plain areas (Royal Thai Survey,
1966). The mountain area occupies the north-
ern part of the catchment basin and includes
some parts of Kao Yai and Tub Lan National
Parks, which are well-reserved forest in aver-
age altitude of 600m. KGT14, KGT15A, KGT27,
NY1B and NY3 watersheds cover whole moun-
tain area and have a total area of 1,663km®* A

30"

14°N 4

Bangkok

(d
Chao Praya ’%ch:;:sﬂ
River 3

g s Bangpakong river

sum of discharges from the mountain area is
denoted by Q..

The rest of the catchment basin, the plain
area, has an area of 18,123 km? and mean alti-
tude of 80 m. This area adjoins the watershed
of Chao Praya River to the west. There are
many canals around the divide line for irriga-
tion purposes, therefore, decision of the divide
line accompanies some ambiguities. Vast ma-
jority of the plain area is used as agricultural
area (Land Development Department, 1996).
The river receives many kinds of anthro-
pogenic loadings, such as domestic and agricul-
tural wastes from municipal communities and
farms (BOONPHAKDEE et al., 1997). KGT10,
KGT12, KGT18 and KGT19 watersheds are in-
cluded in the plain area and cover upstream
and mid-stream parts. We denote a sum of dis-
charges from these watersheds and sum of
areas as Q: and S, (5,549 km?), respectively. In
downstream and plain area, there is a land

30" 4= O\ A
Upper } ¢
Guif of Thailand & Chenburi
( KGT19
Sichanafy [N
I sllz n%l;g Sriracha
13°N v - ‘ ' ‘ '
101°E 30’ 102°E 30

Fig. 1. Map of watershed areas of Bangpakong catchment basin. The area surrounded by thick
line indicates an area where discharge data are available. Details of each watershed are

listed in Table 1.
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where discharge data is unavailable. We, there-
fore, estimated discharge from this non-data
area (Q.) from Q. by using equation

QE:SZQl/S] (1)

where S:(10,031 km? is an area of the non-data
area. We assumed Q./S; as equal to Q,/S..

Then, the discharge of Bangpakong River at
the mouth (Q) is obtained as a sum of meas-
ured discharges and estimated Q.. Most meas-
ured discharge values used in this study are
monthly data from the water years from 1993
to 1996, though the data of KGT18 and KGT19
watersheds are long-term data of the water
years 1966—1996. All discharge data in this
study are supported by Royal Thai Irrigation
Department.

In this paper we used water year instead of
the calendar year. In general, water year begins
and ends in a relatively dry season. It is used
for hydrological statistics. The water year of
Thailand which is used in this paper begins on
April 1 and ends on March 31 of the following
calendar year. For example, the water year 1993
is the period covering from April 1, 1993 to
March 31, 1994.

3. Results and discussion

Distribution of long-term mean annual pre-
cipitation in and around the Bangpakong
catchment basin is presented in Fig. 2. The an-
nual precipitation in this basin varies form
1200mm/year in the southwestern part and

northeastern corner to 1600mm/year in the
northern mountain area. However, the differ-
ence in precipitation values between the moun-
tain and plain areas is rather small which
averaged annual precipitation in the mountain
and plain area are 1600 and 1400mm/year, re-
spectively. Figure 3 shows monthly variation
of the precipitation in Bangpakong catchment
basin. About 90% of the annual rainfall ocurs
between May and October with highest peak in
September, and the rest of the rain falls be-
tween November and April with the lowest
value in December and January.

To indicate the relationship between precipi-
tation and river discharge in the mountain
area, we present in Fig. 4 the monthly precipi-
tation at Ban Tap Lan and corresponding dis-
charge from KGT14 watershed. Precipitation
increases form April to September and rapidly
decreases in October. Following this variation,
the river discharge begins to increase in May,
and attains its peak value in September before
rapidly decreases in October. The ratio of the
annual amount of discharge to annual precipi-
tation yield which is a product of the precipita-
tion and the area of watershed is 0.30.

Monthly precipitation and discharge in the
plain area abtained by long-term average val-
ues for KGT18 and KGT19 is shown in Fig. 5.
Though precipitation and discharge attain
their peak values in September, river discharge
delays significantly to the precipitation, espe-
cially at the beginning and the end of rainy

Table 1. Area and classification in each watershed of Bangpakong catchment basin.

Station name Watershed area Area Classification
(km?

Krabinburi KGT3 7,502 Plain/mountain
Ban Wang Khian *KGT10 2,523 Plain
Ban Kaeng *KGTI12 1,540 Plain
Ban Thung Faek *KGT14 366 Mountain
Ban Kaeng Din So *KGTI5A 530 Mountain
Ban Tha Kloi KGT18 951 Plain
Ban Mai KGT19 535 Plain
Ban Klong Yang KGT27 45 Mountain
Ban Kao Nam Buat NY1B 519 Mountain
Ban Pa Kha NY3 203 Mountain

*are sub-area of KGT3 watershed
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Fig. 2. Annual precipitation in Bangpakong catchment basin averaged over the water years
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Fig. 3. Monthly precipitation averaged over Bangpakong catchment basin during the water
years 1952-1996.
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Fig. 4. Monthly precipitation and water discharge of the mountain area averaged over the
water years 1993-1996. Vertical bars are precipitation measured at Ban Tap Lan and a solid
line is discharge from KGT14 watershed.
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Fig. 5. Monthly precipitation and water discharge of the plain area averaged over the water
years 1965-1996. Vertical bars are averaged value of precipitation measured at Klong Si Yat
and Klong Luang, and a solid line is averaged discharges of KGT18 and KGT19 watersheds.
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Fig. 6. Monthly discharge of Bangpakong River at the river mouth averaged over the water

years 1993-1996.

season. In the plain area, the ratio of annual
amount of river discharge to precipitation
yield is 0.09. This ratio is far less than that of
mountain area. This indicates that the moun-
tain area is more efficient to convert rainfall to
runoff than the plain area. In the plain area
most part of the precipitation evaporates from
the soil and returns again to the air.

Monthly mean discharge of Bangpakong
River (Q,) is exhibited in Fig. 6. The discharge
has a great seasonal variation indicating large
discharge during rainy season and small dis-
charge in dry season. The highest and lowest
values appear in September and March, respec-
tively. Volume of river water, which is an inte-
grated volume of discharge over the rainy or
dry seasons, is presented in Table 2. These vol-
umes are obviously different between rainy
and dry seasons. The ratio of river discharge to
precipitation yield is 0.22 for whole catchment
basin of Bangpakong River.

Highly seasonal variation of Bangpakong
River discharge is one of the typical features of
tropical rivers (SIMPSON, 1997) as well as Choa
Praya River (KANCHANALAK, 1998) and Mekong
River (STANSFIELD and GARRETT, 1997). Though
this valiability is induced by seasonal rainfalls,
discharge delays from precipitation in both
plain and mountain areas, especially in the be-
ginning of rainy season. The river discharge
does not immediately follow up the increasing

Table 2. Comparison of discharges and volumes
of water at Bangpakong River mouth be-
tween rainy and dry seasons.

Water
. Volume of
Season d(l;cs}/léiercg)e water (m?)
Rainy (May—-October) 496 787X 108
Dry (November—-April) 37 58x10°
Annual mean 352

of precipitation.
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Cell cycle and growth rate of a natural diatom
population in a mesocosm

Ken FURUYA *? ? and Kazuhiko MATSUMOTO*?

Abstract :Diel variations in nuclear DNA concentrations were examined in a mesocosm to
study the cell cycle and growth phase of a natural population of a pennate diatom Nitzschia
rectilongae. Microfluorometry was applied to quantify DAPI-stained DNA molecules. Durations
and abundance of cell cycle phases were estimated based on the DNA histograms. S phased cells
were consistently present in a considerable amount, and both S and G.+M phase cells com-
prised a mojor portion of the pupulation both during the day and night. In contrast, G,phase
cells were less abundant. These observations indicate that cells were directed towards replica-
tion shortly after mitosis and that cell division was initiated rather frequently. S and G,+M
phases showed a rhythmic temporal fluctuation. Phase duration of S and G,+M phases and
growth rates were estimated by two different approaches, an application of the model devel-
oped for dinoflagellates and the cell cohort analysis. Discrepancy in the results obtained by
these two approaches may be ascribed to the characteristic lack of a clear synchrony of cell

division in diatoms.

Key words : diatom, cell cycle, growth rate, mesocosm, microfluorometry

Introduction

Natural phytoplankton populations are fre-
quently observed to divide at a particular time
of the day to vary rhythmically in accordance
with the physiological activity over the 24—
hour period (SWIFT and DURBIN, 1972 ; SMAYDA,
1975 ; WEILER and CHISHOLM, 1976). The regular
light,/dark alternation induces varying de-
grees of synchronization of cell division among
species. Although the synchrony or phasing of
cell division is common in all major phyto-
plankton taxa, timing of division during the
light/dark cycles varies among different taxa
(CHIsHOLM, 1981a). In many species so far in-
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vestigated, division tends to occur during the
dark period. In contrast, diatoms do not
exhibit a rigid relationship between timing
of division and the light/dark cycle, although
division can be synchronized by the light/
dark cycle (CHISHOLM, 1981b). Hereafter, we
use terms “synchronous” and “phased” after
CaisHoLM (1981a).

The synchronized cell division allows eva-
luation of growth rates of individual species in
situ (McDuUFF and CHISHOLM, 1982 ; CARPENTER
and CHANG, 1988). Using water samples col-
lected at an appropriate time interval, growth
rates can be calculated from the temporal
changes in maximum frequency of cell division
or nuclear DNA content. These approaches pro-
vide species-specific growth rates without the
problems associated with enclosing natural
populations (VENRICK et al., 1977). In the latter
approach, temporal variations in the nuclear
DNA content are monitored to determine dura-
tion of cell cycle phases in a phytoplankton
populaation (CARPENTER and CHANG, 1988). The
cell division cycle for eukaryotic cells is
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generalized as four discrete sequential inter-
vals, viz., G, S, G, and M periods between mito-
sis (M) and the nuclear DNA synthesis (S)
referred to as gaps. G, occurs just after the cell
division, and G: just after DNA replication. Du-
ration of these phases is used in the growth
rate estimation. However, this method has been
applied only to the dinoflagellates in culture
(CHANG and CARPENTER, 1988; ANTIA e al,
1990 : YAMAGUCHI, 1992), and has not yet ap-
plied for other algal groups or natural
phytoplankton populations.

This communication presents the cell cycle
and growth rate of a natural diatom population
deduced from diel changes in nuclear DNA. A
same population was followed during a
mesocosm experiment that was conducted in a
haline lagoon, Oh-ike (34°17.5" N, 136°39.2' E) in
Mié Prefecture, Japan. The lagoon is 960 m X
900 m in size ane 12 m in maximum depth, and
connected to Gokasho Bay with which one fifth
of water in Oh-ike is exchanged daily by tides
(W asHIo and Y AMAGUCHI, personal communica-
tion). The mesocosm was cylindrical, 6 m in di-
ameter and 9 m in depth, and made of flexible
polyester sheet with PVC coating. The lowest
part was buried into bottom sediment to mini-
mize water exchange between the inside and
outside of the mesocosm.

Materials and methods

Water samples from indise the mesocosm
were collected from 1-m depth at an interval of
2 hours on July 8 and 9, 1993 using a van Dorn
sampler, and immediately fixed with neutral-
ized formalin (2% v/v). Phytoplankton were
concentrated by sedimentation, and enumer-
ated under an inverted microscope fitted with
a phase contrast device. Samples collected at
noon were stored frozen at —20°C for later
analysis of nitrate, nitrite and phosphate
(ANONYMOUS, 1987). Chlorophyll ¢ was ex-
tracted in 90 9% acetone from particles collected
on Whatman GF/F filters and determined
fluorometrically (YENTSCH and MENZEL, 1963).
Solar radiation at the surface was recorded
using a pyranometer (2770, AANDERAA).

Among the dominant species, Nifzschia
rectilonga was selected due to its relatively
large cell size. After sedimentation, the cells

were washed with methanol to remove algal
pigments (YENTSCH, et al., 1983), and rinsed
with distilled water. Cells were then resus-
pended in a Tris buffer containing 20-mM Tris
(hydroxymethyl) aminomethane (Sigma), 20-
mM  2-mercaptoethylamine  hydrochloride
(Sigma), 100mM NaCl (Wako) and 10 mM
EDTA 2Na (Wako). pH of the buffer was ad-
justed to 8.2 (HHAMADA and FujiTa, 1983). Nu-
clear DNA of N. rectiionga was stained with
0.5 ug ml™! of 4’, 6’ -diamidino-2-phenylindole
(DAPI, Sigma) for 24 hours (MATSUMOTO et al.,
1993). Fluorescence intensity of DAPI-stained
nuclei was measured using a microfluorometry
system composed of an epifluorescence micro-
scope (VFD-TR, Nikon), a high-sensitivity SIT
TV camera (CTC-2600, Ikegami), a TV-monitor
(PM-123T, Tkegami) and an image analyzer
(DVS-3000, Hamamatsu Photonics). Both origi-
nal images from the TV camera and digitized
ones from the image analyzer were recorded by
a video recorder (HV-M110, Aiwa) for later re-
examination. Excitation light was generated by
a mercury lamp (USH-200, Ushio) and passed
through an IF 365 filter. The emitted fluores-
cence was split by a dichroic mirror at 400 nm
and passed through barrier filters (a LP 420
and an IF 480 filter). For each sample about 200
cells of N. rectilonga were selected randomly
and fluorescence was measured to produce the
DNA histogram. Fluorescence intensity was
standardized using chicken blood cell (CRBC,
Sigma, lot No. 40H 4202). CRBC contains uni-
form amount of DNA at G, phase. After rinsing
with distilled water the CRBC was stained fol-
lowing procedure same as that for algal cells,
and stored in the dark at 5°C until use. The
fluorescence intensity of algal nuclei was nor-
malized to 100 for G, cells and 200 for G, and M
cells (Fig. 1). Since cells at G, and M phases
could not be separated based on the fluores-
cence intensity, both phases were combined
and are hereafter referred as G:+M phase.
Staining procedure and microfluorometric
measurements are detailed in MATSUMOTO et al.
(1993).

The DNA histogram was analyzed to obtain
quantitative estimates of G,, S and G.+M
phase fractons using a PC-based program
(TaNAKRA and TsuTsumi, 1988). As exemplified
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in Fig. 1, three cell cohorts were extracted by
the program at S phase and two cohorts at the
G, and G.+M phases. Significance of the cell
cohort analysis was examined by x? test, and
fitting was repeated to attain maximum ¥x°
value.

Population growth rate, g (h™), of N.
rectitionga was estimated using the duration
and cell cycle phase fractions following
CARPENTER and CHANG (1988) :

b= g b (A ()] O
where Ts and 7Tg,,, are the duration (h) of S
and (G.+M) phases respectively, n is number
of samples, fs and fs,+n are fractions of S and
G.+M cells of the population, respectively, and
t; is time when sample j was collected. Daily
growth rates were calculated also from in situ
phytoplankton abundance:

¢ = InN,—1nN, ©))
where N, and N, are phytoplankton cell num-
ber at an interval of 24 hours.

Results and Discussion
Temperature and salinity remained constant
during the observation, ranging from 225 to
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22.6 °C and 27.2 to 28.0 respectively. Concentra-
tion of nutrient salts and chlorophyll a indi-
cated a mesotrophic condition inside the
mesocosm (Table 1). Therefore, supply of nu-
trients did not seem to limit phytoplankton
growth. Daily solar radiation was steadily de-
creasing prior to and during the observation,
and the weather was consistently cloudy (Fig.
2). Mean daily radiation that was much lower
than the normal value was 139 W m " and 112
W m % respectively on July 8 and July 9.

Phytoplankton population in the mesocosm
was dominated by the diatoms Chaetoceros
distans, Cylindrotheca closterium, Nitzschia recti-
longa and Chaetoceros compressum in the order
of abundance. Among them, N. rectilonga was
used for cell cycle analysis because of its large
size and detectability of DAPI fluorescence.
The numerical abundance of this species was
more or less constant and fluctuated between
33 and 48 cell ml~' (Fig. 3).

Synchrony of DNA synthesis was not clearly
seen in the time course of DNA histogram (Fig.
4). S phased cells of the N. rectilonga population
consistently existed in significant numbers
(Fig. 4). Two or three cell cohorts were always
extracted significantly at S phase ( x*-test,

Relative DNA content

Fig.1. Fluorescence histogram of N. rectilonga representing histogram of relative nuclear DNA
content. Cell cohorts obtained by the statistical method are plotted by normal lines.
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Fig.2. Temporal changes in solar radiation during the peroid of observation (a) between July
2 and 9, (b) July 8 and (c) July 9.

Table 1. Nutrient and chlorophyll ¢ concentration observed at the surface of the mesocosm.
Nitrate Nitrite Ammonia Phosphate Chlorophyll a
Date o
(eM) (uM) (uM) (uM) (ugl™
July 8 2.1 0.2 34 0.5 2.6
July 9 3.1 0.5 7.9 0.3 34
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p<<0.05). Cell cohorts represented by normal
curves were superimposed on the DNA histo-
grams (Fig. 4). Mode of fluorescence intensity
of extracted G. cell cohort was 100.721.91, and
that of G:+M was 200.1 =2.10. Mean fluores-
cence ratio of G.+M cell cohorts to G, cell co-
horts was 2.0 = 0.03. Coefficient of variation
(CV) of the area under G, normal curves
ranges from 4.9 to 10.8% of the estimated area,
and the CV of G:+M areas ranged from 4.6 to
8.6%. Based on the cell cohort analysis, tempo-
ral changes in cell cycle phase fractions were
obtained. Three peaks of G:+M phase cells
were observed at 10: 00 hr on July 8,02: 00 hr
and 14: 00 hr on July 9 (Fig. 5). S phase cells
also showed three peaks at 20 : 00 hr on July 8,
06: 00 hr and 20: 00 hr on July 9. G, phase cells
were substantially low throughout the sam-
pling, and fluctuated less intensively than
other phases.

The constant occurrence of S and G:+M
phase cells, and minor abundance of G, phase
cells indicate that cells did not stay long at G
phase and were directed toward replication
shortly after the mitosis. In other words, cell di-
vision was initiated rather frequently. This

agrees with the general feature of diatom that
replication of cells is not fixed at a certain pe-
riod of the day as observed in other algal taxa
(CurisHoLM, 1981a). Although synchrony was
not obvious from the DNA histograms abun-
dance of S and G.+M phase fractions exhibited
some rhythms suggesting the cell cycle to be
weakly synchronized, or at least phased.
Peaks of S phase cells appeared to shift to
those of G:+M phase cells (Fig. 5). The peak of
S phase at 20: 00 hr on July 8 seemingly moved
to that of G,+M phase at 02: 00 hr on July 9.
~Another peak of S Phase at 06: 00 hr on July 9
likely shifted to that of G:+M phase at 14: 00
hr on the same day. Time interval of these pos-
sible transits of the population from S phase to
G.+M phase was 6 to 8 hours. CARPENTER and
CHANG (1988) proposed a model which pro-
vides duration time of S and G.+M phase. The
model assumes clock-based regulation of cell
cycle. Although this assumption itself is hardly
applicable to diatoms (CHisHOLM, 1981b), the
observed rhythms in the phase duration of N.
rectilonga allows the model to be used to data
shown in Fig. 5. Adopting the peaks at
6:00 on July 9 and 14: 00 on July 9 for time of
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Fig. 3. Variations in the numerical abundance of N. rectilonga at 1-m depth inside the

mesocosm.
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Fig. 4. Time courses of DNA histogram of N. rectilonga. Cell cohorts obtained by statistical analysis are
superimposed. Shaded areas depict time course of a cohort at S phase.

maximum occurrence of S and G:+M phases
respectively, the duration of S and G:+M
phases was estimated to be 7.2 and 8.8 hours re-
spectively. Applying these estimates to equa-
tion (1), daily population growth rate ¢ was
calculated to be 0.91. By using a different set of
peaks of S and G.+M phases e.g., peak of S
phase at 20: 00 on July 8 and that of G.:+M at
02: 00 on July 9, we obtained the daily popula-
tion growth rate as 1.21. A striking contrast
was observed between these growth rates and
in situ numerical abundance of N. rectilonga.

Net population growth within the mesocosm
was small, and the low instantaneous specific
growth rates calculated by equation (2) ranged
between <0 and 0.20 (d-'). The difference in
growth rates based on the two methods was
probably attributable to loss processes, such as
grazing and sinking.

Phase duration can be also examined by trac-
ing the extracted cell cohorts (Fig. 4). Modes of
these cohorts are plotted in Fig. 6. Possible se-
quence of S phase cohorts are shown by lines,
assuming that they do not split or combine
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during DNA synthesis following G, phase and
until reaching G.+M phase. Three cell cohorts
were generated on both the days. Additionally,
three cohorts were in progress at the beginning
of the observation. Duration of S phase starting
at 06: 00 hr on July 8 was 14 hours. After this
the duration of two subsequent cohorts became
much longer; 30 and 28 hours. Since the con-
nection of the cohorts lacked in rigorous crite-
ria, it should be regarded as arbitrary and there
could be another sets of connection. However,
in all the sets attempted, a common feature no-
ticed was the lower synthesis of DNA synthesis
on July 9 compared to that on July 8. This
could be ascribed, in part, to the lower light in-
tensity on July 9. Solar radiation on July 7, 8
and 9 was much lower than normal value, and
phytoplankton growth was light-limited dur-
ing the daytime on both days as revealed by
the P-E experiments (HARADA, unpublished). In
vitro oxygen evolution was lower on July 9
than July 8 (HARADA, unpublished), confir-
ming the lowered phytoplankton productivity.

Duration of S phase was estimated to be 3-4
times longer in Fig. 6 than that obtained from
Fig. 4. There is no adequate explanation for the
discrepancy. Nevertheless the disagreement
seemed to be originated from the difference in
mode of division cycle between diatoms and
other algal groups. Diatoms exhibit only a
weak relationship between timing of division
and the light/dark cycle, and they have several
“preferred” division times in a day (CHISHOLM,
1981b). On the other hand cell division is syn-
chronized and the timing of division is phase
restricted in clock-controlled groups such as
dinoflagellates (CuisHoLM, 1981a). In the pre-
sent study S phase was regularly observed and
several cell cohorts were extracted at the S
phase. These features made it difficult to apply
the model originally developed for dinoflage-
llates, and uncertainties remained in estimation
of phase duration and growth rates. The
rhythm observed in phase fractions should be
considered as forced oscillations rather than
entrained by the light/dark cycle (CHISHOLM,
1981a).

In conclusion, the natural population of a dia-
tom N. rectilonga did not show a clear syn-
chrony-in cell division. This caused difficulty

in estimating population growth rate from the
cell cycle analysis. Since it does not require
bottle incubation and is not influenced by graz-
ing, advection and other loss processes, the cell
cycle analysis is of great potential for growth
rate of natural populations. Better understand-
ings of diatom cell division and consequent im-
provements of model analysis are needed.
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Fish larvae and juveniles collected by larva-net in the inner Tokyo Bay

Michiko KouHARA * and Hiroshi Kouno* "'

Abstract : Seasonal occurrence and abundance of larval and juvenile fishes collected by larva-
net towed surface-layer (from May 1993 to December 1994) and middle-layer (from October
1993 to December 1994) from the inner Tokyo Bay were examined. Fishes collected numbered
8,559 individuals in total (8,411 by the surface-layer tow vs. 148 by the middle-layer tow), repre-
senting 12 (11 vs. 8) orders, 30 (26 vs. 18) families and 52 (43 vs. 29) species, plus 7 (3 vs. 4) un-
identified specimens. The most abundant taxon was Sardinella zunasi (3,929 individuals,
accounting for 45.9% of the total), followed by Engraulis japonicus (3,602 individuals, 42.1%).
Species represented by <5 specimens numbered 30, including 17 species by one specimen. More
species and specimens were collected during summer-season months in the surface-layer sam-
plings. However, in the middle-layer samplings, more species and specimens were collected in
February and August. The cluster analysis, based on the similarity of the species’ composition
between months, and the similarity index between consecutive months indicated that there
were two main clusters, from May to October and from January to March, with a more or less
drastic change of fish assemblages in April and November/December. The former cluster was
mainly composed of clupeiforms, beloniforms, syngnathiforms, Hypoatherina valenciennei and
perciforms, whereas the latter being composed mainly of scorpaeniforms and pleuronectiforms.

Key words : larvae, juveniles, Tokyo Bay, fish assemblage
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Fig. 1. Monthly changes of water temperature (WT, °C : open circles) and salinity (psu :
solid circles) from May 1993 to December 1994 at the survey area in the inner Tokyo

Bay.
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Table 1. Fishes collected by larva net from the innner Tokyo Bay, shown by surface (from May 1993 to De-

cember 1994) and middle-layer (from October 1993 to December 1994) tows

Surface tow

Middle-layer tow

Taxa Size range Seasons Size range Seasons
Number Number —_—
(SL,mm) Sp Su Au Wi (SL,mm) Sp Su Au Wi
Anguilliformes
Congridae
Congridae sp. 1 — o - — — 2 926" O — —
Clupeiformes
Clupeiformes spp. 9 — o — — 1 — — QO - —
Clupeidae
Sardinops melanostictus 77 40-11.7 O © O — 0 - — = —
Sardinella zunasi 3890 41-7172 O © — — 39 60913 — © O —
Konosirus punctatus 264 30176 O © — O 4 28-109 O © O —
Engraulididae
Engraulis japonicus 3587 37-760 O © O — 15 25-190 O © O —
Cypriniformes
Cyprinidae
Crprinidae sp. 1 130 — O — — 0 - - - —
Salmoniformes
Plecoglossidae
Plecoglossus altivelis 1 82 — O — — 0 - - - =
Aulopiformes
Paralepididae
Notolepis rissoni 0 - = - — 2 134-160 O — — —
Atheriniformes
Atherinidae
Hypoatherina valenciennei 47 106500 — O © — 0 — - - -
Beloniformes
Hemiramphidae
Hyporhamphus intermedius 147 99-439 O © — — 0 - - - —
Exocoetidae
Prognichthys brevipinnis 1 216 — O — — 0 —_ - = —
Syngnathiformes
Syngnathidae
Urocampus nanus 0 - = — - 1 328 — — — O
Syngnathus schlegeli 19 100-1021 — © O O 3 314-473 — O — —
Hippocampus japonicus 10 13.0-30.2 © O — 1 1833 — © — —
Scorpaeniformes
Scorpaenidae
Sebastiscus marmoratus 1 114 O — — — 0 - - - —
Sebastes thompsoni 2 45175 O — — O 0 —- - - —
Sebastes inermis 10 5663 — — — O 15 44-123 O — — ©
Sebastes schlegeli 2 7680 O — — — 1 98 O — — —
Sebastes vulpes 0 _— - = — 1 52 O — — —
Sebastes hubbsi 8 84-130 — — O © 0 - - - —
Sebastes pachycephalus 2 84-93 O — — — 10 6090 O — — ©
pachycephalus
Scorpaenidae sp. 1 8.1 o — — 0 - = = —
Platycephalidae
Platycephalus sp. (indicus) ** 16 59-106 — © O — 1 9 — O — —
Hexagrammidae
Hezxagrammos otakii 153 63207 O — — © 1 7% — — — O
Liparididae
Liparis tanakai 0 - = = — 1 MM — — — O

(to be continued)
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Table 1. (continued)

Surface tow Middle-layer tow
Taxa Size range Seasons Size range Seasons
Number ———————Number _—
(SL,nm) Sp Su Au Wi (SL,mm) Sp Su Au Wi
Perciformes
Percichthyidae
Lateolabrax japonicus 2 .7-79 O — — — 2 4265 — — — O
Terapontidae
Rhyncopelates oxyrhynchus 3 4565 — O — — 0 _ = - —
Sillaginidae
Sillago japonica 17 6.0-145 — O — — 0 - = = —
Carangidae
Scomberoides lysan 1 488 — — O — 0 _ - = =
Trachurus japonicus 2 153-168 O — O — 5 63-326 © O — —
Coryphaenidae
Coryphaena hippurus 1 349 — O — — 0 - - - —
Leiognathidae
Leiognathus sp. 1 45 — — O — 0 - - —
Gerreidae
Gerres oyena 1 100 — O — — 0 —_— = —
Sciaenidae
Argyrosomus argentatus 1 28 — O — — 4 5681 — O — —
Mullidae
Upeneus bensasi 4 203318 — O — — 0 —_ = = —
Mullidae sp. 1 83 — O — — 1} _ = -
Sticaeidae
Dictyosoma rubrimaculatum 9 80-148 O — — © 0 _ - = —
Blennidae
Parablennius yatabei 16 32-138 — © O — 0 .
Omobranchus punctatus 81 43-182 — — O — 18 45-140 — O — —
Omobranchus elegans 2 124-145 — O — — 0 - = = —
Omobranchus spp. 12 52-141 — © O — 0 - - = —
Callionymidae
Repomucenus sp.1 - - = — 4 30-39 — — O
Repomucenus sp.2 1 41 — — O — 1 33 — O —
Gobiidae
Chaenogobius macrognathus 2 13.7-226 — O — — _ - - —
Acanthogobius flavimanus 1 49 O — — — 1 37 — — — O
Gobiidae sp. 1 o 0O — — 2 4577 O — — —
Centrolophidae
Centrolophidae sp. 0 - - = — 1 192 O — — —
Pleuronectiformes
Pleuronectidae
Kareius bicoloratus 0 - = - — 1 59 — — — O
Pleuronectes yokohamae 0 - = — — 7 52-109 O — — ©
Pleuronectidae sp. 0 _ = — — 1 7.1
Tetraodontiformes
Monacanthidae 3 38124 — © — O 3 3853 — © O —
Rudarius ercodes 3 30 O O O — 4 - ©® — O O

*': Total lengh (mm). **:see NakaBo (1993b).
Seasons of occurrence : Sp, spring ; Su, summer ; Au, autumn ; Wi, winter ; ©, peak season ;
O, present ; —, absent.
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Fig. 2. Monthly changes in number of spe-
cies (top) and individuals (bottom:
logarithmically plotted) of fishes col-
lected by larva-net towed surface-layer
from the inner Tokyo Bay from May
1993 to December 1994.
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Fig. 3. Monthly changes in number of spe-
cies (top) and individuals (bottom:
logarithmically plotted) of fishes col-
lected by larva-net towed middle-layer
from the inner Tokyo Bay from October
1993 to December 1994.
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A1D3IF@ETH-t, =V VHspp. &/ vm, AXF,
N2y S ¥ ROATETE, TR LBEFASRE

ahic, BRPFRAKEIBBONLAFERIRLEL, <4
TYREASFBep HE, FBEKL S, BPF
REHABB ORI OIS vy, 2xHa Y, by
avA gy, vya¥z, 7Y, vasF A vFUE
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AN, ATVA, FaLANNVDINETH -, T
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Mullidae sp., A &% 1%l sp. OUBETIIHER I 1T H5HR
g3 nt, AifFEL SHAZTHESNILOE N ¥ 7
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7o

INSDREEDH L, RERZD 11 BELhEREZD
SETREHICE 725 RS EKE 33D Shilh - 1o
Pizid, REBESTRIBIREINLY v/ IT19934F
D5HEG6H, SHITHBRLAY, FOKRXSRTLA
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2), BEHREXTAH+ 2 (199441 H, 63~112m, 7.7



REABEREOFHA 127

m, 12;®2H, 65~29.7um, 10.1mm, 123 ; [& 3 H,
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4A~9AFETDOIrV—T7T, k&L TREMUE
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Fig. 4 Top : dendrogram of sampling

months based on the similarity index for
fishes collected by larva-net towed
surface-layer from the inner Tokyo Bay
from May 1993 to December 1994.

Bottom : similarity index between
consecutive months based on the simi-
larity index for fishes collected by larva-
net towed surface-layer from the inner
Tokyo Bay from May 1993 to December
1994.
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Fig. 5. Top : dendrogram of sampling
months based on the similarity index
for fishes collected by larva-net towed
middle-layer from the inner Tokyo Bay
from October 1993 to December 1994.

Bottom : similarity index between
consecutive months based on the simi-
larity index for fishes collected by
larva-net towed middle-layer from the
inner Tokyo Bay from October 1993 to
December 1994.

B (1997) BEDHERHL TV B &) BUERTICEKRS
NAEBKOBREKMS 2 WIIHEBRIKOLES D
2006 LN,

KL THELNE 2BOFHAD S B, 10 E&ELULE
REXhAFERI6RET, SkAMLIch > THE
Li-DIid 258, oL FOFRERESHEEHEL 203 33
WTh-71,

INOOEEETRTHELLTVWBEDE, ¥y, 2
Jva, h¥2F49Y, 2043y, byvdoud
Ty, AVFEVER, AFFUFVER, AN, ATV,
TAFADI0ET, IhoPHRABBRBEOFHEAM
2R T ATERBTHBLELON, THEDFEE
iR, [EER0s 2B cRIIMAMAT 2] GUES,
1996) W HEKT, REEOBEEE “4hEDE &
LTRALTWAREEZONG, SOEERER, [
KEBTHKENA LGNS (b Tdova1 oy, 457
VEVE, TAFA, AN, AFTUA) EERENAES
nRVWEOMO S BN ohd, Thid, BRETIH,
»BEEOHMIcb D ERORBERECHBIEN BT
BT EMD, BHORKER, LB >TVAEIDILREMT
FomEBASABW EiciERT 2 bDEEZOLNS
(F, 1995),

FERETRITVEHE SO AEDL, BELAKE
BREICHESVWT, W OhDIN—TILNITETENT
&7,

1) piFaLFSHELLI VT

@ MFEERDEV, 2hH b - THE
L (=¥)

@ KDL, £ 1rARTHELL (1
YHUA, IHUL)

2) BFRIEISHEEAL V-7

© fEEgbL£<, 2Rl bl THELL
(=4 7Y, =%, F~H&sp.)

@ FEgEDwgs, 2R bk > THE
L (%X v #@sp. 2, ~EHR sp, =aH UL
4, T IANF)

® fEEBEDEL, 1A RTHELL (E
15 ¥@sp. KE14FE)

3) MALZIBHET IV

O FEEHLEL, 2hHUECbI-THELL
(zaovurEyvasyy)

@ MBEEBEDE, g1 bARTHELL (7
aRFHEETA, A2 3T IREIRE)

4) BT REBHFESEER LS V-7

O \EEEDwY, 20 bl > THE
Lic (R=y 5 EyH)

5) BEFREBROHE LI V-7

© EFEKEBVY, 1rARGHELE (VoX
Z)

©@ MEHEDIRwe, 2R b > THE



REAEBRBO A 129

Ltz (7Y, 9RAN), aaAf Rz, F~X
#)

RIZ, ARETRHESNITHAOEHNE Lo T
&, 7525 -NBXUEEEd 3 AMOENED S,
KEVELPER XL, BESUAFIE~KEZD
2007 NV=TIHFoNBE I EBHHLE, 22T,
4 AL LAZERS LB~ (L H»S12H) &%
B (2R»54RH) iy, RESWREOHER%
I, 2 DRER, B~BIoREHRETE, =Y VE,
4" H Beloniformes, 2 v ¥ v # H Syngnathiformes
BHOTNTE YT wA Ty, SHICRARFLETN
¥, N=vIrFUEERIIANTORIFHEIoA 2
N), A a, 7444 TE Scorpaenidae sp., <
FOHy TEEEPHBERL L, B~KPohEREXTH
BEFEROERTH -7, —H, KPORBRZ TR,
T4 ERC A TH 6 EORES N, LAHPER
ETR, I, edV Y, ¥y HLEYA, B
LB LA HIBEARES NI, TIN50 EMS, B
HHEOBRETIE, 4B E1I/12AEEBIc LT, FHA
HOZRMSHE T » TV B LR SN,

HB T 2 (R OB G, BhoSBEILhTT
BIL, KoK TRELDT 3LV, &
COWRTWAWARREHETHESh TV S (&K
1995 ; FHIEB, 1996 ; HZH S, 1996), %7z, MEM X v b
TIHOROWMABORERERAE L 28 (1995) 11, £
FIFA SR A TOMEHZVIRES 2P LA SH
PECHETZIEE2WE LTV S, I >DOHERE,
BERBONBS 5V IRBFICB Y 3 FAHOZEZE(L
DEYERLTVWEHDEEZI OGNS,

IhET, HAKERICHET IOV TE, £
HEISFROR AR & > THRA LOHEBSITOhTE
CEES, 1979 ; &, 1995), Lo LARZL T, FEfRX o
FEWIRLNAFEICNA, FEKROS AR
DEEBDRERE VOB, S, EEBIEE L THER
BEDHETLENITERBTER D Tz T LAKRIE
i, BEEOEESROPT, TOBESENEDLHR
BED AR LTOBDH, EVWHIREICEZ BHD
EROEHREIRER T 2D EEL 2, ZORBICER S
fedicid, %, AEHEISAEELVHIELEALS, 1)
BRI B Y 2MAVWKBOFHEAMOME, BX
U2) SRECER UEEROWRE, HESBELR
3THAH,

& O

ARETTHBIHb, BYREHEHEEVL
RV RFUKERFREE IR EL BB OSLRER
+, FEROEH ERLcESBILBL EF 5, 12,
ABFLD 73 DIFREBRIRIEEICHITT L T/ 20 7o [EIRFSE
ZOKARIEAN, MERE, BB —0og8REELHET
PEEERICEHMT 2, BB, BEAOBGEIERR, &

CICHAERBIRERERAE OMMSER, Flfnal, 45
{_OFERICBRV U1,

X #

SRR (1985) :HIOE HEE - 4¥. HEXL
EnREdE (BABEESINFBENERSR),
HHg RS, W, pp. 373-387.

oNEk - R FE (1970 EEILERES Gh B, B
B, 7al, M caonsmEIico W, BEET
EYREMER, 19, 18-30

WAET (1981) : LOkEIck T BEIN » HTHEDOL
AITDWT, JKEERETE, 29 (2), 117-124.

s B K R (1997  HEBICBI AN ST R
A D& EEOFREHEA. REYME, 4 (), 43
49

HHEAA « BHE— - RFE— (1979)  BHEHIRRR
KB ZREA(L LA AEER (82), Rk
NEXHEE, 246 pp.

/NBRPRER (1995) : VBSOS EBIRN. BEEE
194 pp.

HWE O -, 2REE (199  ZEIITHRR
OREM-1. WK KEEYHAAERRES,
HHEAHX RSN ERER SR, pp. 1945

TR (1997 S 1E wRoAY F4F AH.
WREOHARE (BHE, BEDHEARE), SihE,
pp. 115-142.

TRV « Rt BRR (1999) : Kk, JIBB Xodo
WD SPELERO B - . RN HAREER,
(20), 45-54

THEEE - M A% (1996)  MiEminERo #EFEE
(19944F) — AR OIERR O Z(L —. BRIEHF
A8 (183), BEDJ&EOLEY), B7H - MR,
BETHRERSRE, 17-68.

B HiE - EAEM (1980) : ILEBREICE T 2 /TR
DOMEBLURET N, RIEEFME 27, 156-164.
OB (1995)  WDERAEC B 3 A0 RE
FHIBTR. UK ARG, (7), 277-388
hiffx (W) (1993a) : HAKEfIEREK. HEBAY

HiR4, 1474 pp.

sk (1993b) : o FR. HAELRERER (P
WKhm), WHERFHRE, pp. 535-539.

AR, WEET, g — W & (199%) : ®
EABRE RSO FEICHET 28 HEUKEK
FIFEHL, 82 (2), 125-133

REERS A (1996) : BHEE/NEOEBERICB T 21T K
REIC L > THEONIFHEAR, RIEYME 43, 79~
88

ilioRiE (1965) - UM tHIR 4 AU - ffFici
T 5 PR, BABEXKENFRTEHRSE, (15),
13-37.

HLCREE (B (1988) : AAEMMAXIE. Wi AFEH
fR£, 1154 pp.

Pratdie (1979) - Friislic B 290 « Ao REEH
&, THEER - FriEfRSs, pp. 55-74.



130 La mer 37, 1999

Bk « W7k 3 (1998) : HEBNBROERARE
OEBLREEL. REE - EAHEORE S EE—,
ATi#EEE, pp. 347-359.

HEEBRERSFAKEREESE (1999) : 283 # AR
I f3E Rk 9 EEKEEYHARLEREEE, po
210-226.

HHERKERBE (1994 : 158 - & A-3. ANB
(GR/KBFES) 1 < EiEs. P4 EEFER
£, pp. 13-17

A EE - EEHE - cPIBEAS (1997) - 14 SURONHE
fFRE. PRTEEARRUKERRE F RS,

121, 133 pp.

FURE « IRIBIKE (197D SR ORHFBRREOLEX

SEENS DL, 7%, T, 54-59,

19994E 7 A10H
19994£10H29H

244
=



La mer 37 : 131-136, 1999
Sociéte franco-japonaise d’oceanographie, Tokyo

BILEX¥FERRLSHEE

JLPE AR R O H A O REEER 1B 5 9L

Ok

S

Eﬁx*

Studies on deep circulation of the northwestern Pacific Ocean
and the Japan Sea”

Hideo Supo™*

O RBIMNEEREE R VI E, FTEITER
WELE Y,
ARBINETOWLEAEERLTELOIITEHOE
FAL, FFICKPEOEBIERE SICBEL TR, WOCE
OFEFHTTHIE, ROINETOAFEREE, BAL
Sk BictkhBnwboicn s EBEbhEd, Zhick
RUAESEL, RERPEREOZ I WL ->TVELD
bW ohdDET, £2T, AHE, BHAEREZEH
Wiz, WE-bhddE, EQLSBTENDPER
VWA T EIHOWVWT, TERMEETOWREELVWER
VWEF,

FREEEE,

B— A ¥4 T b & FEHsHE OHEE

JEFEA S O REK O HEE PR

H A B 7K D45 & H ki
D 32T,

B— R S Ib & REBXHEDHEE

KBRS &R B 1250 THROFENTE S — Ot
WHREVS SODEAR, Mt > TIIEETL, &
BB T 27— 7 b, BHROBERIPATA
BRFHOT, [feh L THMEEZRD 2 HESHE50
TRV, FoF i F1957-19584E 0 IGY (E BBk E]
HIEE) OKRFEEDT b5 2 & F—% (FUGLISTER, 1960)
2B TEDLATHEDITTY, STommeL (1956) A3
(B/Pv(FRI VA V5 2=z, y, z ORBEEME
®, Jb, SELFIcE D, FRFhOFEEES % u, v,

* 19994 6 A12H  HIALEEGRRD THH
Conferénce 4 la remise du Prix de la Société
franco-japonaise d’oceanographie

** SLIEKSEHIBRR BRI R v X 7 AR}
T360-0194 HEEEATHHEHLIT00
Department of Environmental Systems, Faculty
of Geo-Environmental Science, Rissho University,
1700 Magechi, Kumagaya-shi, Saitama 360-0194

wThobd, TOLE, B=0f/oy %M\ 2MKIH
PEEERE LCORERNLIETEHDE LTS

FHid T OPEREHERERE, SHTOA ¥ 3= KD
TTARIE, BEset (Hipaka, 1940a, b) O LS THD &
3 (Wunsch, 1996), #BED SHIEICET S 4 > OFHl
BEOKCE, ZAEOTY XA (ZfAH) H4oTE
T, MBI 3o, WEE 62D ET, #K
DOFY a—4s (KR LESHORFOREHVSE L, 6
SOBBRABE SN, 6WHEICO> L TORMEERD B T
LHTEES, RERIOELLKAED A T4 - V5D
F-2IEALT, HEERD, LrdbEioeHL
TwETHEALTEONES, LeL, XEF DEFANT 2
INEERLELEVWSTET, FRTREDBITONS
TELEL, EEABOFORERIND I LML -
12D TT, ZNPBLERL 72> THh 5, STOMMEL,
WUNSCH Sk~ TH T EICBOHAEAB I LICE -
TebF T,

%, (Supo, 1965) DB OHGEKEDHEL RV
ANDHEEEED ANz DT, KB ELESDORED
R FEEHER) THEECHIBREICNTEKETE S
ZEERL, wid

év %15 (€D)]
ZzIODVWTHEALTHELES, ZLT, WALAK
EXITBT BKE LEDOHRERD O, B/NTFEMIC
HBEX (D) OFidiu, v OWTEERDEIH> EVS
b0 T3 (Fig. Do

BADRBERRZEFENBEDL S IRE(T 5h, Thd
R=F AN FNEVDRTVS DT, MERKOM X
PRI ELESICHHELDIEBLTE LT, REEL
TRV ANASNVERUTT, DARAREIEL
T, FRETOESBMERETT, BEEERALTS2
BEFNVEELAET, T/ < VBREBETHY, EE
OoF (FE & KROoBFRLD, v<0 &y, M
RI@EHETY, TEOEsS%:2h L, BEPSTRE

il



132 La mer 37, 1997
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Fig.1. An example of lines showing the relation between zonal and meridional components of
the absolute velocity. A depth D for which the absolute velocity is determined is chosen to
be 2000 m. The position is about 36°40” N, 11°00° W off the coast of Portugal. Full and bro-
ken lines denote the relation obtained through potential temperature and salinity at depth
D’ (km), respectively. The most probable velocity (x.p, v-5) is the intersection, (0.95 cm
$7,0.10 cm s7") (Supo, 1965).

b
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Fig.2. Vertical distribution of geostrophic components %, v, and vertical component w(a) (Supo, 1965)
and horizontal velocity vectors at some depths (b) for the position mentioned in Fig. 1.
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Fig.3. Spreading areas of the Pacific Bottom Water and its upper boundary depths (km). It is
probable that the water usually reaches to the shaded sides of heavy broken lines and oc-
casionally spreads to the north or to the west of the lines. Light dashed lines represent

isobaths of 5 km (GER#, 1982).
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Fig. 4. Depth (a) and salinity (b) on a surface of potential temperature 3.0°C.

EBOD TR LTVBE T EBEVLDTY, FE - /NE
[R## S IR AR T, MElmcE
JBEFEHEDS RO M4000mLIETHIES THES &
EDICHKRT ZEEY, FEK (FRF vy v VEER
DHIRDEDEEFLLB-TVET, ¢HbE, —RIC
FREE-SEANEE XFETLE A, HFIRBEEST
i, WELSOBROMEIC L ARESFEER (@) ©
BEICHE LTV AR SH V£ (Subo, 1983),
tifE (& %1000-4000 m) OFH T2 TIEE b Al
BOZL0bDOT L, IR BESEERITIR-T
HNTVBEEZONBDT, SHEFEOES ONHP
FEEEICBIT 50505 BBONHEREE-> TEHNL,
WBERDOEMNZAHPHETEZ I T, Lrl, &
DFOF— WG - BEOILHEZDOTEEF Vv v VRE
HLEOAHKESL > THLEIBLVWELDITT, Th
& WorTHINGTON and WRiGHT (1970) A KPEE T A
TMIRIET b5 RIS > TOVET, SLFEKEECOVT,
HF VY VKR 80°C, 20C, 13CFNFhOBES,
5y, BEBREOSHEREHSL > THE Lz, 1000
m{ SVWOBRSBEDIC bbb ST, 45°NLUFOKE
HwBLTEMZ 2 SHRERSEAOET E1E, BEME
OEERBEbLTVES (Fig 4a), QLK EHE R
NTI, 10-20°NHB & U 30-40°NT i3, HEEEE %E

SEEFPEITLTOLETY, fIFETESFIRb-> T
9, HADEDBIEANAD » TEL B> TWEDE, %
EamoEs3FEEROEH L v/hEwL, TRLEE
FEHDOEFIHEEOPMEVS 2 &iciin T (Fig
4b), @FE « NEFHEED» SPETE, S,
FEERE & SEBEEICETICENMER L, EEEEA
5 (Rt EndBRbLBEDLTVES,

BAEEEKOEH & SR
AWARBOMELT 5L >DEF, BT
19724E 5 & XK KBF CIR T /IR B OBRPKEE S &
OPIKIEE 2D T, UL, £OHEBIHEE
HDbETHY THOAF Y aBEOKECHEROMES
THY, PO REENBECRLEOFEERICHKEE b
DEICR ST EMBRESEELTVLES,
FHEESFD TEE S N ARBEE KD, ®F v
v VKR 0.1°C OFEX ($800-1000 m) THE A
HREE L ABENSD SN, FFICIAERENS 1ml 1 2L
SWMPTEIEMNHBDIIEETL . (Supo, 1986),
IKEEEEHE L DI, TIKE, HY BROKHES
HRZEHOTABIETH B, &0H3EINERLETFH
rERVES, ToORNERO EHMIEo (KRF vy e
VERE) H527.32-2734 kg m ™ O € — FAREFKLTO



LIRS R U BABORERE B3 2 TR 135

H56LWTENOMLYDELLDT, 0,=27321H, 27.34
HORES PBRONHEHNTZE OERIBAEFE > THE
Lo BHEBRON N LA 5 L, im0t FRImE,
43-45°ND ¥~ Y 7if, 40-42°ND134-135°ELIFH D 3
WERSTREE O & 2R E R 0 F LS, SEEHOE
& PJODCHR/KEEHATIT DEREREZ B R L i
EKIEREDDEILE N S, 132-134°ED41° NP 3%
HAREESEVEMELE Lk, REME 7201,
19714E 3 H O EOBRIT, 133°ED41°NEUE T gy
=27.33-27.35 DEEK LA 1600 mOESICEL, *
D _LJE% 400 m ASIAERRFE LS 7.0 ml 17! Bl E OB K
ERR->TOBEAEOSE T ET L, BE (19974 1
H) HRBEEKOESBELFELHOBT 5 v 7 2
DfET (R~ b EEEKEOHEERD MRS
1, PO OFEERMSME EIcoE SR VAIFEV
ZETEHE L (Fig.5) (KawaMura and Wy,
1998),

HDHBESEEABICZCR UDTH 540 LD
Tl ZOMIEAEDIICEL Oh o JiEE, B
THRAZOIIEEE Ulco RS, 7FH R z2-7
YR A KT, HBXKEPFIFTRREEERT» 58] &t
= CIREA LY £ LA AEFERSAE, THEREE
SHBNESEAE, R e, SEe=SAt, KHE
deH, TR BEA, HEIEAKEIIOL S BILHEL
HFET, HEKERENZVLDFLTL SO L
SaafhE L EBE RV WA BER et BILEE
Sedk, RIS & LT - 2 T RRmEE L
BRESBILB LS £, FRBERE, WIEREL
%3 CHBR MR ENA O ERCELBRZ ofthoh
B DBIRAICESERH O LE T, TRBETHA
LT NIERTICRBE LTI,

BRI, FA0, HAOREWIBHEFETH-HS,
FHEEADBHFIC GEERDOY Db 2REE O
TIRNTEE LI EETLVUANAB DI, ZLT
FHIAELTED T, HERICETAREOEREEE
EMALIETBOETH, FOEERYVEIILD
LI BIIOHRTSITELRML T, MRS,
BEEIILIILVEEZTBDETOTEALLBEL
Wi L9,

AOREIbHONES TEVE L,

X &

FUGLISTER, F. C. (1960): Atlantic Ocean Atlas of Tem-
perature and Salinity Profiles and Data from the
International Geophysical Year, 1957 — 1958.
Woods Hole Oceanographic Institution Atlas Se-
ries 1 : 209 pp.

HIDAKA, K. (1940a): Absolute evaluation of ocean cur-
rents in dynamical calculations. Proc. Imp. Acad.
Tokyo, 16, 391-393.

45 g

Latitude (N)

40
130 135
Longitude (E)

Fig.5. The Japan Sea Proper Water formation
area (north of 41°N and 132°-134°E, solid
line) proposed by Supo (1986), the heat
flux center off Vladivostok extracted from
the distribution chart of monthly mean
turbulent heat flux for January 1997
(dashed line), and the coldest sea surface
temperature area off Vladivostok obtained
from multichan-nel sea surface tempera-
ture images (dotted line) (KAWAMURA and
Wu, 1998).

HiDAKA, K. (1940b): Practical evaluation of ocean cur-
rents. Proc. Imp. Acad. Tokyo, 16, 394-397.

KAwWAMURA, H. and P. Wu (1998): Formation mecha-
nism of Japan Sea Proper Water in the flux cen-
ter off Vladivostok. J. Geophys. Res., 103, 21, 611
-21, 622.

PeDLOSKY, J. (1998): Ocean Circulation Theory.
Springer—Verlag, Berlin, 453 pp.

ScHoTT, F. (1995) : Henry Stommel’s contributions to
beta spiral, water mass properties and climate.
In : Collected Works of Henry M. STOMMEL, vol.
II, ed. by HoGg, N. G. and R. X. HUuANG, Amer.
Meteorol. Soc., Boston, I-719-1-723.

ScHOTT, F. and H. StoMMEL (1978): Beta spirals and
absolute velocities in different oceans. Deep—Sea
Res., 25, 961-1010.

StomMmEL, H. (1956): On the determination of the
depth of no meridional motion. Deep—-Sea Res., 3,
273-278.

StomMEL, H. and F. ScHoTT (1977): The beta spiral
and the determination of the absolute velocity
field from hydrographic station data. Deep—Sea
Res., 24, 325-329.

Subo, H. (1965): An analysis on the deep current of
the ocean ; with its application to the circulation
of the Atlantic Ocean. Jap. J. of Geophysics, 4,
1-70.



136 La mer 37, 1997

JHRRSCHE (1982): MU HEEIABERY) OB EN T fE > # Atlantic Ocean Atlas of Potential Temperature
EELEMIE AT 2 A WGE, BiNs2~555E%, ¥ and Salinity in the Deep Water Including Tem-
HEBREE, KEFHEBX/KENEH, 174pp. (with perature, Salinity, and Oxygen Profiles from the
English abstract). Erika Dan Cruise of 1962. Woods Hole Oceano-

Supo, H. (1983): Deep water isopleth distributions in graphic Institution Atlas Series 2 : 24 pp. and 58
the western North Pacific. La mer, 21, 61-74. plates.

Supo, H. (1986): A note on the Japan Sea Proper Wunsch, C. (1996): The Ocean Circulation Inverse
Water. Prog. Oceanogr., 17, 313-336. Problem. Cambridge Univ. Press, Cambridge, 442

WORTHINGTON, L. V. and W. R. WRIGHT (1970): North pPD.



La mer 37 : 137-142, 1999
Societe franco-japonaise d’oceanographie, Tokyo

ERIIEE BILBEFESFHIHARERRS BEES
RRIAE 6 HI2H (1) HIASfESZSE

(1) EREALEIZHABRTS v I XOKE - OFNKENA - MEBRE (KX « FTHHB (BK » KKBD -
W T K- SABD « BAH—B LX) - B E (RkX)

WEBEICBIT2EIHRT v 7 ROEFETNB120D12, 19954E5 A 519964E128 £ <, FEMIAIE D /K800
-880mDHHE F100mic 5 4 2 ¥ M b5 o FEBRE L. AW bS5 7RSSR T, 1B 1 AoERD &
3, BB 7597 213 0-924%x10° (5236 X109 m *week ' OHFHTEE L 1, BHiMIC3EAR7 5 v 7 X
BKEPSLFE (10-2 ) 12354X10°m *week ' T, BENSHEZE (3-9 H) DLATX10°week ' ITH~RE D - 7o,
T, AAET7 S v 7 RICHDAEEEELERE Y 5 v 7 XDOEI&1360%, B#EEELR7 5 o 7 21330%, it
ULEEMICHETE L -EHLRT S v 7 2APB0BTH > 7co KEBBEODIKBIZHEART 5 v 7 20HhT, K
EMEART7 S5 v 7 RREVEIEE 5D TV, KEPSEAZOBEEMEEARY 5 v 7 213 F2.25 X 10°m  *week ™
50, BEHOEBOFEE0T5X10°m *week TN, 3EED - T,

RO Fohic A BT AEAETLED, KPICHBLLET AV M5y FTHESRAL I LB, EERE
LaEpsEEISEFVEFoNTKPIBB LA LABRL TV S, BLEOHRBERE IEO, S, b5 v FEREK
BUEDP SV EF O BAEMELRNS 5 » 7ICHES NI LEEL SNV, MELSLFOBRAMELHY
5y 7 2O, FEMEE EOHRBYhOELRsRRE Lok, RG> THEBT 28BN oItV
BETHI - TWVWAIEERLTVWS, 7, BALER7 5 v 7 ROBRRBEAZSHRILEFIITV, 75 v 7 RIi2B
BIEHL, Hi759 7 20BVHKBIZE LV, BZ O BREBREECBLEEZSTRVWENS D, BORNT
bHEDZ VTN DEVHERETHRRINICEC - T2,

(2) FEEOEMTS V0 PUBE--OWKd Bl - 5L E kX

PHBEEATROERBELLLABO D TH 5, BOEBREZLS LTHNT 77 b Y BRIOL TS
CEIREETH 2, FRBRRENRE LIHFIIRYS SV, APRE, FERBoRVERTHELITY,
W75 vy s yBEOBMAEEOHICT ST EEHNE LTIT- 7o BIINIZ1I9965E4 A, TH, UUHBLTI974 1
AHiz, BRD» SEBACHFTO 8RR TIT-> oo BRRSATEREKERKL, Y757 b vOREBEICH W, T,
BEONHZHENS 1D, KAUEOBEBEOMBREEE ICOWT I 525 —@iFTxiT-tke 4 AR, BRIIHNGED
Gephyrocapsa oceanica &EEBED Pseudonizschia sp. cf. pungens D% WEHE, BOMEICIZ G oceanica DB LT
BEHE, AT Chaetoceros debilis & P. sp. cf. pungens DE WVEERESSH Lic, T IEHEEENELL
720 BRL OSBRSS TR 2 DOBENSNT LIch, MEEEE b Ceratium % Prorocentrum minimum 53% <,
K ULBRTH > 7o S SORHAIEBAREENEV 2 DOBENSH L, THCERE OBBDRT > HE
Ltze B SEBIIICH I TORESIZEHEMWERD Distephanus speculum, Ceratium fusus 15 & O EFHWER, C
debilis % X4k & 4 5 BHE, BANCXMEEO Emiliania huzleyi D% VEHEE P. minimum OB 5+ 5 BB L
7oo 1 RICREESE L L, BR» 5EBMICH T Tid Detonula pumila BERT 2BE, BT D. pumila,
Chaetoceros socialis, G. oceanica % VB & P minimum, Chaetoceros compressum D3 WVHENIH LIz, O
THhORMCBVLTCOBNOEN 7S 7 + VEHER, BOMEETRE->THY, ThIBROESDOEFHH/N
L, BEOEMBZLVLEHEELI ONS, £, £FPOoBEFCH I THERY, EFE0roKFird CREE
BESBLL, DERPREBHEH TS L, HAEESS(HBET I LOBEEBORKTHELEEZ NS,



138 La mer 37, 1999
(3) ZSE7ZBTEREINf KU LI T7H U TIVOHY « BEESHHRAE (THR) - BAZEE GEHFEX)

P T NVESTOLE  OPDITTERIE N FYva 7Ty v i,

FUTAEBRRICL, 2370 rR FORMTEHBRECL D ERUATERE & Lz, S0 M « E& 3 X ERT

H (XRD), RitdFo Lo 33X (FXR) kb, Lot lmantric R BB A TS
FEAtkEE (ATEM) %8R L7,
R - XRD i X D IROETIEMIAEITE X 72, illite, chlorite, smectite, palygorskite, kaolinite ® 5 B T & %,
palygorskite LIS i3 —f% OB EHERE I BB HIC 437§ 5 4%, palygorskite (37 5 © 7 #HEREY O SLAHRR % £ 8
DI TVD, TOIMNE, L CERRES O DELMMEESNTEY, 7T TEE,OERIN TS B EN
EZOoND, BAD I 74 v 7T LONNRERTIE, palygorskite 32 7D FFTEHEROERISBRBONID, &%
NTWEL -7z L, TOHYOEHEROBEDFUEBRORELH EEFH L TVAILERRLTVWELITH %,
ATEM i & v, smectite, chlorite, OIb2FEFAHIEH L 72, smectite |3 Fe~Al beidellite & b £ { HAEL,
saponite b HEEIEZ S & TV B, KT saponite DFE, TS ETHEER TS E7HBHBY TNOA 7 4 4 5
1 FOFEL OBEMEHEN B, chlorite ZEEHERYDICTEMNICOHLTVS FeMg 1 7 Th 5, FXR 4
Wr DSR2 B SR O BIZEE) O A WAk BETR S & OBSE TRET S % 7% Si/Al, Fe/Al, K/Al, P/Al, Ca/Sr TR
Lo BREIZa7OLTTHELTRALEEPHE2DDEBVEDOPED SN,

(4) NEURAEDBWME LKNHZFICBTEHF - EB R RINAE-Fk 8 FKR

wBCRE S A ATES ISR, BIOFEIC X 2HE 0D THICES BESPEET S, AERRRIBLT
i3, NEP LY e —E— FOEAEIMLTWALYD, IhoZFRNETIEERZTIELLREL R -TWVSEE
£z 503,

AR, N O OIS S, BB ORTEAE (BHEES) ShHEROTaxsEL LT IHE OK
THEE) ©2 7KL, BHEEVT VY VEEROBVNICL D ED LS ET 5 0 EBRBHTH~
BUAE, 1998%E10A26H, TIEEMIEOHE 3 km OWHRTIT » 720 KEIF250~400m, EHRIW TH - 7z, Bl
WWREFME LT (18t, 35ES) RUESEM (02t) 2L, BBFWKEANA Fo7 vy (MEBESHES ; ST-
8004), RiEBEMHEIESE (FFESHE  ST-80B) MU DAT 5 — 7L a—4%— (SONY ## : PC204A) 2 H Wiz, #h
EZoNRE, BEMOKMELD A Fo 74 v EKESMIEETLTITo70 74 N YV RZ OB, SHK
LR OESAI0mICE L, v Y vEEEE1000, 2200, 3500rpm @ 3 BRI OWTIT -1, MEKOMS DL
A, vy vEERE LR EBEE L, EHEMSREMOEMESIOmOBRELSEERT 5 L 91T - 1,
R L7c7— 4 3 FFT 74 5 1 ¥~ CNEFRIZHR ; CF-5210) % AVREEKEERI0kHz © 2 =27 + VKR 2T -
fro BRI A NI M VIRI0EFEE L ORHTVE, TIT, BHMSE 714 N v /7B SHh oS BME 25V %
B, KIS IMEROBEPOTA F ) v IS ES WIS EERT 5, BRILITOLITH -1,

1) BWMES L RHE900HZ Ic B — 7 3 B, F7, EEELTkHz DI ETHFE L~LiE, 2200rpm % TlRENIZ &

AERSRIVD, 3500rpm T3 5 ~10dB &< 15 5,

2) KABEZD1000rpm 2B BEE LV, BEERLSkHz IR TLI0AB Th b, SRAFETRECHICTHY

%, ZOEA2200, 3500rpm & B L7z & E, BIETIR10~20dB, #%#E Tid15~35dB #hEhE< 155,
3) IRITHES S HWMEE A B3 5 &, 1000rpm TRATEDMEE L D15~20dB &< 78 5, 2200, 3500rpm T id[EHE
1220~30dB & < 75 %,

(5) BRICLBZ-MBLERBBOREMLICETIHE - OREL— - B B (BXK-&£ED)

N OF L RBEREOANER 2 HKDO—D & LT, EYEFROHEMIC 2522 EREBEYMOEESRD S 1,
EIROMRBEBELZFH L T HEOAEREAIFEL T 2 BN OBENEEN TV S, ZoEFickD >h 5H#
teid, BoREhtosERE, SEROBOBRTX2HBUERLIVEBROBRTH 5, BRAMOBREEY T
b BERIE, Rif L THEERE S CRETRROBR BRI T 5709, HEESHICE S BEMIOHMEREEE
WL, HOGELRHOMELHTX 3, k1, BEECHBNAEETS 5720, HWhick 3Ryt O IREE; Ik
PEENOERRESPFETE, HOLABRKBE LEEREERESE 5 I EOAREL BNTITFRATH 5,



HAABAFSERIARRSBHES 139

 ELT, ABETRAORKTARBOMMICE, ARBREA YRS 2 XERERTH S - MR O B
BMETSBENS B LEA, BRI & 5 RS & RS O GIMHIR 2 KB & Hf I & v Rt L1,

RUBIC, KEEBRICLD, BEICEROBIRERET 5 BICRARMER CIFTclEEiad) tRE0EXD
ZALDS, WP ¥5 — Vit D& D ITHEBT BhEEEME 12,

TORR, BRALCRET 2R, RELHOBORS OZ(LITKEL, REICKH LBLENE 15 &,
HREICHERROSRE LT85, T, RELEDBOLD SORE L BEROE U S, ORRELBE
HWOET 2, @RMAHOWIALE L 5 HEROERIK A EIT > foo T OWIKSE B VIR I T8 175 BB
RS E, T ONEMOKRICTRBHELRBRESE L ET, YEORBEMLET 2 EBPHTE 3,

DL, “HHOERBREER S - T, BEBRIC S ROBRSEES N tBEoRDE I w Kl EE
KHEL, BRI & 3RS LIRS ORISR IO VTR L,

TORR, BRERE LHAOBRIROMIG, BIRRER & e LT 3 SRR LR ORREIES R HE
n, HOERLZFET 260 LBbN 5, &/, BREBCIIBEROKNE, HFRBICBVTHILOERKYT
BHEHERN, RELBFD SN TV, TOPHRITLY, FENEOEBBREANOKMBIE~S5TX 22 Ebh
%o 16, W LBEROHEMEBAM & ZE—BL TV,

(6) BEDLABMERMNEEST L Oil slick DEE & OBERFK---FMHEE - T)NXRE - Kk 8 (FEkX

BEEOFHYHBIC I VMEOESAREO A E2HME LT, S—BAKMOKE FoBEMN L 5AE
K& Oil slick DR S OBfR» 5, MEOES 0BHRERY, B BHBERORBHMED FAMBELEL, &
B LD EORE S 2HE L,

LG TEHERE DRIE i 13K T153 e 3 PRR-600 (Biospherical Instruments #80) 2 L1, MIERER, 412
443, 490, 510, 555, 665nm @ 6 HETH 5, KEEBRITBL TIE, 197TFEI0RICE LT, KEEEOE VEIZT -
foo MRKREIICKERE R L, KEFRED 550cm 8 LT PRR-6004 & L, CEHE~A 70~y L (1/
1000mD) TR~ OBER T L, KEIE—IESZ L5 12 Li, MEOESE, 0.0005~1.0mm OITEETH 5, B
BOBRIZ, 19974, 199849 A 2|, BAEOF + b H BILREBEARIC B VT, BEMLICERL T - 7.
PRR-600% 5 <€ U Tl Lo, FARMER £ B ERNCHIE L 7,

HRELUTo LS cBHEN 3,

(1) /KHE L LA B B OB OB e, BBV (0.0005~0.0019mm) TREL AL, ZhDE

0.075mm F TRHE T L, Fil0mm £ TREVW39MIHEINT 2, HECE S IcH+ 3 BEORES(LIL,
B ECRBOEBERTY, BEEMEISEETH 3,
(2) KRS LEEHOFFRE L OMIZE, —EOBBMSE LN H - 1,
(3) MEOE S LESIOEE & OBFIE, 0.0027~0.075mm Tidf, 0075~10mm TRECHEEAE LA, Z4
o OFHBARE DML, #i# TI3BHE443, 490, 510nm T0.87~0.89, “E TRATOREIC BV TISSLLETH -
1o
(4) HEOES 0BERIE, KROE TH 3,
y=-0.0712 in z-0.166 (0.0027<2<0.075)
y=0.169 In £+0.382 (0.075<z<1.0)
LT, z: WEOES (mm), y: @LuseLu'so) /Lu" s
Lu : fROERE GHHE), Lu' : BEOEE GEME
(53) 74 b ABIC L ZRBHMEDE X 13, 19974 C0.014mm, 19984 T0.018mm T& 2 LHEF SN 3,

(7) Juan de Strait (&7 B NERET - Odeti# =88 (3E7kX) - Richard Dewey (VictoriaX)

%1 F SPEERD Juan de Fuca Strait T3, #RSR THMEWHRSM L, A ICI315m/s 282 5, BEEH®
RS 50 5 NI B O EIEEE 131.0m/s FET, AEEHICRNI Y V- FEIZ 1 282 5, ARE TR, HEik
FROILRTIOTER FITAIE & N7KIBIRR AT L, MBS 31T 2 NEEIW I OB HIZ > W THE T,

HREENEKEL28moMETHEME N, 115mEL 5 10mEBICH2BmESE COKBBIOBEETHIE s s, KiE
FLERIC 3 R OB ENEI A M U 7o SEAEE OBMZ IcR, — BB X A0y EBEHLSEE BB o h, %
BROBEZLRAEVE 203 6 BT T0mMICEL TW e, 3BMI D EVEROEH TR, WERE,SEZ 2 T,
HKIGERASFERICRVEME UTRY Lo, Hib, SEMOBEEEAE L AZHRLTHEROERORS TH



140 La mer 37, 1999

BLEZTRL, WREOHEE - FEREERUEEZTHY, 22T, @0 oKNTONBELE/MEZ2HEL, A
HRESHE € — F ORE(LE R DI, T~ FAMORR, B—ET—FEROREL, Z0EF Y Y v LT ZAF -5
EI341]/m® CEEF VY v VI X AF— DRI — 2 v & 5D T,

Juan de Fuca Strait TEHl & NN EORAERB X M=BRELZFAXS D, KELEF—FOKEIC
bump 3% % & FNHEEE X 12, BIROIRII20km TH Y, KELE» SHBEE—E— FOBEOH v 4 7ERIZ109
B REb on b, - T, BENTIIEDLDEVEHONEESRIENIET vE vilke LTEET 2, cOC
LEEES B LKBEEFVATOERSERRR, BREOS 280E Rto RSB Ei T, €— FBEKE
ET B LIk TRENANHD & 2 —RLOHEHHERSE,I NS, HEEeFLOM% Juan de Fuca Strait
G U SefEE U TABEIY I X 20K L EBEORBEH RS2 1, EFVOBRLBAI N E—E— FOZL
B & O EAHBEBIMRELIZ059E BUVEREB -, 72, EFVIKBY 2EED LER &S W NI O X 2R AR 4G
BedE (22 by 7 ORER) LHEEShi,

(8) MEAEERVCEET— S OREERLMHBES ZEHMBREPOLC— - ONEET - KX =T .k@E 2
(BdtERE) - BUFE - O EEF7/7U0) B 8§ EFKkER) - EHAR (FHiEX)

HAF—5 245 —A (WDC-A) TI3, World Ocean Database (WOD) 98DMREIZH 72~ T, HHT 3 KA,
BAEOTF— s Hoh LORBEF = v 7 5iT-> T3, 2OEERRF v 7IT, BROBEHBEIN-HERE oD
BENBDEIDEFANZ LY VF = » 2 hH B, WODIBTIR, REHEEKEC100MEKINT, FhEnomEsc
MLT, BERIGLTL Y YARBTEL TV S, HAERIISWTIR, FEERABRCILAPELEE 1 >0BKE LT
FoTHBY, RENIHERICBVWT WODBD L ¥ V42D FHAT I EI MOV TRRADORHMS 2, %
T, ZREPOREKERO & 5 BREHTKRSHERTHERENRE LT, 0L BL Yy VBREEBERTINE S
D WTHRE L1,

ETFRIKEEN € v & — 08, ZEEhD38°40' N~40°20' N, 141°30' E ~144° E 0 #i8ic 3\ TEHI L 78 EE R 0
F—5 D55, 19T15HH 519956 £ TOBESDKES L OIS DBEF — 5 2V, BIFELDOFIC, MIRC T
B L7 EEB Y 7 b v = 7 POD-QC (199845t HAAEIESRS) CHEBRSEF = v 7 35F % 7,

KB L UESOHF -5 &b, WODBD L v YORFNCATHE L THE YD, HOEHIEOKA X WERT &4 EF
WODBD L v Y L DR, KESEL BB EROHFICED LTV, S0 X 5 oM kS %4 2 i
DF=FIZOVWThH, TOXICHEBRERET S L, IERPAESIEAENRE Lz WODIBD v v v a3k o, B
Wy A7 I 20BN REZ TV EERDHEERICEBS RV &880 -7, KBF— 513, EEHICEK
REVSBABEET 5700, BREAOKEMSEO L, SRANCHT 2 &5 BIEEMD» O BALEENM 2T
ZHEROIKIR T - 5 T, FFIC150m D 5350m AR IS 1 TIRIRZF 0 KAHEME > TV AT HE S Wi, IAPSO ©
BRERICBNT, 30RERNHETL2ETLONAL, BRUCEBONEEEE X OVHEE 3o 2 kni, FHE
T30 Ly YV ELEERS 75 7RMORMREL 27— 5 BEIC300mAHE TE < Bln, 25 L-BEERIT 3F
BO—o & LT, T 30 TR, PHEE-20~THE+ 40 L VWHERINE L v VA ERT B E0BEZ S
N5, BEF—2IL20VTOARELT, FAEOF— 7>V THEBEATHIES, THHO L > IcBHEILOH
FUERELTE, SHL L RZBHEOF -y OFEAHICHE LA L Y VBEGRI T ALENHE T & b
5}75>0f:o

(9) RBABOE(LAMEAREDKEEHOBRICONT - OBK F - /IEEF kB 2 (BEEgt) -
ERE— (XZ3) - RILEE Gk

RIS O L IR OMENAS & OBIEIC > WT, H (1963) (3 AMEITHIICHMA & HiEE - R H T TK
U A2 EAEFEL, Tarr (1972) 3 GEK 7 — 4 OBHL SR CIRKESE SN B BTV %, KAWABE
and Yoneno (1987) i3, KIEFTHEE oo/ AdERIBITHIC B VT, MEZOI00mEDKEREOELSEFhF
NENLB LR LI, AR T, HEEES W KESBRIEEE T — 7 2H», EMREBOELIcE b1 -T
RS DINEBTKBSEED X 5 KB T 2 hERE . TR, Ml =5\, B, %, s, =,
THEDEKKEIRPI TS5 19635F 2 S 19974E (7272 LRI 19934, FIdKILIZ19954E) oI THAT - &8
BHloS 5, (IE, BAEE BE BE kEL Y - AESEOHEBKSWTRETEB LU Y 3 S METV,



BA R IRIARRSREHES 141

5 &K & 07278946 S DK 7 — 7 ZEA L 7o

AN HREOBROE S LS LoRIcB T 3200mEDOTKEB L, £ OBORAR LML OHFEEKME
LOMFEAERTAZ L, il TlE, BEEKRAZEScm T EBCAHOEREISKE L B> Tk, $4dbDB,
BRI T IR EE KBS IEREE TAR LTV RO L, EAMEMTRIEESITEULETS » 2, BF¥E
OBEUTIE, B FEREICEKAMZER TRKEOAEPREVS DO, EKMEMNTIHERANCIEEL, LH-T,
EARAER OREIR Y & ERAIOBEAVWE D & T3 AEORMICAHT @R &8> Tk, HRIEA TR
FREEEN OB S FRONGEAETT bO0AHIIPOKRE L, EAMERN TR FEKENEELBA 2546
Hotio MEEE XUBABONETOILEEERAOMEERE L U mBER &5 > TV,

#1712 Kawabe (1980) A3¥5H5 L 7o &k 9 i, KIETHICEKMZE TRE L TV, Z 0B KiR IZEKRAZAI
BET B EEITI VN, Licti-T, MR, BHEE2SOCAMNEHBE TERETIHIOKEY LRI 2 @D 5
LEZ B,

¥, SEEENLEOKMEODGE» S, TME & bITEKMOE, Fildd I{EKMNOKEICHTEIENT
Eh, TONMAEES L, PATHHOKMEHSOcm L EOIERETHT, ZEBLAXEN L bICEKADOR,
F2200mZE O KR I HER A 0T AT H - 7o

(10) BESFOER/EHROEE - ORLEE - /NIFFT GIKX) » FHEWK (LX) - Mgk (FRKX)

BRORAEROFHE « KB « ENSOWMEREETHNL b, 1998F 8 A L b MEfIc kb ADCP, CTD, XBT
HRIZFT - 720 FeEh SEGNOMAEER, HED 5 5 ~60km 35 T 0 K UREMTBI %3 L 7o ADCP & 5 B,
CTD, XBT 3% 1 Wi OGRS E SN, L, BRlsn/z ADCPHEO > 5, 3Wim M8/ » 1)
TREBIFNE S —  BE LN, JWHE W12/ v 1) TRESENS A BBV, REOZEMAMPHE
O HRES SFISETIC AW 5 T,

CTD &, XBT EBHl» 5RO I &E5353 - 1, FAICEESES ORBERK, HHICEREE SO A + —
Y I BIKDEIET B Z EDRE NI FAERNOREATRMVEMICEHERTE, FRERIRIEKFTIEE
BiEART S, BRDIE, S b EHhiS I SERERSHD ICEBENR SN, HEEBESER S hic, BERNIC
A OEBICHEAET ABEE LT EEREMSRRIAP - TECEY, SEEROEMRTRZBOEERS TEICH
Mo TELBBEIEERLT WS, HMAOERBICR SN 2EE N FEEE M cHBEKE - oS, BEYE-E
SHENE L BE, 0CUTFH 302 ICILET 2 PAKSHE D SRRICELAATOIRTORA L, GRS
A DREIK & (ERERSOREKPEIKRICA VA THS S, BEE L TIBEAMICEE —~Hicid- T, BEE
fLD/NEWREBEDHEN TV 5,

ADCP ifll5 5 IR OBEESE SNz, (1) EEICH? S SRS EABRSHERS O, KAHEIR07~08m/s Z/R
L, B OHEEE THRI TV, (2) BEEH» SMAICH > T, SBESKEFREORD, 2F0, BOKEYT
BELNIF, (3) BEATEREER, OHEE SN &5 AENSHEEEEZR Uiz, (4) BRI, 540 Lk
BT, SEEHOMEH OHFSNIEERY ADCPERllTcbHRTE,

HRIRIIEBE T 722 &5, ADCP WMEEDERE (Bottom Tracking) (< HUSEHEEMAJRES DT, WG >
BORBERCELNG, 20T, JOF—shokBERES >/, ZOE, WA 5~30km OFEHT, 1.3~14SV
(RN KE Ty ), 03 BIEERSH08~09SV, HEXERKSH03~04SV TH -7z, ORIGBEOBRAS 1S
VEELELNTVLDIRERTHOTPIIKEVY, JEERAE T THhE, S TORKEBE—HT 5,

(1) BXEEEADKERS - REEXEE (LIEX)

HAGEE KOV, ZofHE, KE REEEc oW TOHEE» S HAL Y, LEKc>VLTE, W
F P ICRBRE S S AD TS S B, ZOBEEIE, FKERBOFESAEVEL200mT I OFIZAETIRI000m S 50O
ESETIHNTBVAVALABEPREICELYH->TVWERST, AELLORKERTREDLDTRTHTSH
D, ThHKBIRED 2 )T LB ABERZOEHORF LRSI L0 3, BERGKOE LicRon s hEKI
SVT oA S I L7z Sengyu (1999) OITERIEHENZ L, T PMBRLT TH 3HEH - 1Ll
(1995) 3 2>0 % 4 7OWEBBKOELEEIEH Lo ABIEE, 1969FEOKRET—FERAE X C1993F O HE M T
SEEOBENERICESWT, KB1CA2T2A3TXTOLEBKIZOVT, EhhrikEdihd L, PPRETR2IEEH



142 La mer 37, 1999

DbHEPBE-BABXDERS1EDTH B,

FEEIZ, RO 6XNENE, ODAAKREK (JIW) T=<4°C, 3400=<S <3410, SHH/MEEEL, = ORB/ME
WXt B IRAERR R A3275 L mol/1 IE (275 g mol/1 1213126.16ml/1 (2462Y), @BA#ELE FEk NUW) T=<10C,
34.00= S <3410, AAEEFK275 umol/1 P ETOZEBRV b0, @BABEHHEA JMW) T=<10C, O@@®® D \»
FTHICHHTIRE SV, QEABTIUK JCW) T<15C, EARAMEH3410EEL 5, BERKORAKMEH275
wmol/1 LIk, ®%HEREFA (TWCW) T>4°C, S>34.10, ®HAREE S EEAK JLSW) S<38410 (T>10
C), S<34.00 (T=10C) , DO®HBRENEDEAIMTH D, ZNEh Senjyu (1999) 7 v—7C, A, Bic
BT 2, £, 4°C<T<I5C, S>34I0DHN IOV TNICSEENELDT, MEVELT 3HBAEZTD
XA UHETH .

(12) SSM/1 L&k B3 Tih=—= s RROIER - -ORB/JI—F - A - SHFEEL (BREED

IN=—=a PRELERHARATREL cBELB DRI HRANICATOEE Y V7l Tk Fid >, Bk
N—HIRTREROMBERICE DR TV, i, Th=—=aBHRIZOBEAr — V¥ AU LicbBLBcdic,
COHEOHIEE A 1 = XL OBHBEEHIETH 5, 22T, AT SSM/I (ATHEBEBREhTWE <A
y oHERED ko TEIShBARAF— bbbz v=—= s BER, S=—= v BREBICKTEELOBROMHSE
DORRITEALBE L 200 ERET L1

= —= BRI EEEENSEE S LIk VFIERIZEELISNhTVS, 22T, COMRESHA
DN B ITCZ (BN E) OMEBEICHEET &, BER () CRITOWMHETESIET 5, L2588, =
Nz=—= g RETIIEEEEENSTE E 2 72012 ITCZ IRICTHIEDI60W L £ TIAT 5, —HRREE B DO
BADHART B 5 =— = v FHB ) 1S3 ITCZ OB RERITOEFETH 2 Dicxf L THEICHI 10 O 160 E fF
FICE TRDT 22 EHHERS N,

¥, Ta=—=aHERE (BF) LEEKE (%) 0ZE2MrHETIE BcEbN TV ITCZ OiLED
BRI TREL AR5 THER SHEMSCORETAEOERSBERSI N, RIKT =—= v HER
G &LmuEns ) 0EARKT S, 57— ¢Blcbal=—=aBEAMKICITCZHER, £ - Xt
5 THE, SEEBRCEOENHERAIN, £, ChOoDEDEEIEFBERLIKEDT 2 =Y —&Ox
BRIFFEICRFTH S & bERKICHERES N,

DELoER»S, 7— 9 o—EliEE oL 258 Thud, SSM/Lick 2B, 71 - Mm% k3
BRI R LT HIEYTH 2 EMTHEIN, £/, Tha—=aRERICE—RBCELPN TV AHEHES A
ORHEFZITTIENEL, £— 2+ 3 ) THEHEBCEFE S b EOBrR s N/, Chid, REMNETOH LR
OBEEHBFSHOETI IS OHERICEE% 5. %2 5 Teleconection GEFFHEE) Itk 3 b0 bHNE L,



La mer 37 : 143, 1999
Sociéte franco-japonaise d’oceanographie, Tokyo

RiLig¥SaiE 54 (La mer) HF37EE 3 SEBECGRIES

ZAVT I ATV, B T AVERVT B+ D, B50VELRICETIKEOFHEE
FEY v, #57 vIRICB T 25 EMPOKERNZT - 72, BRHEEHOYE, (L¥, E¥ 74 -5
SWTifbhic, #0E KEOBHE(LEFIE, FHERERERICBEELTVWAZEDBHS, LT -7, KiCHH
i, BEEACOSEED Y YR v ORFEEEERSEIH SN, BRERVIC/ oo 7 4 VBENEC(K T,
FRHR(EASE SN, BECERMEOHAN DL BEXRB(LET SR I LTV 3 LH#RMENS,
CHNARZISHFIEZEET  T816-8580 HHMARLAR 6-1)

G)AYY «T—vROF 4, EvFey 99001V, BERERE 94 EBRBAD/NV NI VD D%
KRA
Nyra vz s A BREBOILEANKAE B TH 5, 1993F 0 51996F 153 T, A& b ORHIHEAR%E,

A BVTRES - 7o AARRELVWEBEHZEHEZRL, &HARIHAO 1152m’sec™, &/ E 2 4D 10m'sec™’
TH - oo EEHHEARIL 267 misec™ ThH - Foo ¥ ¥ 733 VI OEKIRZIIES L FEH,» SO L - TY 5o
MEKBICHT BiHEOHBERY 5 &, ILEMH TIE 031, PHHTROIHIZ0.09 TH -7,

(*Department of Aquatic Science, Faculty of Science, Burapha University, Chonburi 20131, Thailand.

T BERKEEREB B RHIRR  T606-8502 HUARHI AL X HAHT)

EA B, WMANE" AV IRALCE T REEEEROMEL S BTERE

X3 2 AN B 5 HEEE Navicula rhynchocephala [RATE O3 A DNA BOBIGE LA 5, MREEY &8
Bi% 387z, N DNA % DAPI TRE L, ZOIEEBMADEIC & » TR, BONKADNAGEBDOE R F 7 F A
p o, WA ORERME L OB RS -2, SHOMBIEICHYELFEL, SHBIUG+M Hofil
PEEETEEE IS L. ChEIHBNIC G oM Db -1, Cho0EEL S, MRREARE G
PIcELHE o FIc DNAERIAZIZ LS, 2054 I v 73— HICEBEIGFEEST 5 LhmEnt, SHBLUG,
M B oMIEEG AN IR (LA ED S DT, IhE b &I SHIORARTK & MEREEL > OHES, S
HfEd o 72 —ol3, BHEEOHAAREFAVEBEALILLOTHY, O—2> Mgzt — FDEHFTH L, £
DR, HEick > THRSAE BT - 72, BEFoMAHc 3ARZEFRES VY, EFVOERSH 5V
2k — F OBHICEEESS - -2 EBERTH -k EEAON S, CEAFEYMERFR “HIRE  ERKFEX
g e e RS R ASRLN R MRS EI T113-8657 SCRXYMELR1-1, T EE - wmEREEi e vy - T213
0061 RYEBETEEN 2-15)



La mer 37: 144, 1999

Societe franco-japonaise d’océanographie, Tokyo

¥ &

1999%10H 1 B (&) WFUKERFITBVT, 1999

EEE 1 RBRELPHEML NI, THBFITILOED,
1) BE¥MRAB#HISEEBREE OKEZSE) 2
2%, FHBICLZEHICE - GEH L, KEFD
FERER OB L1,

2) BIHIHAYM BB OB ICBb 2 A
& LTRFHEFE LR, KEFHREREER
DOBEFHED SNz,

3) [MEHFIFET2IHHE | OF—< Db &ic, 20004
A KHETCH#shE 72/ « 2 — v+ 2000
HBRBLDPOHEDH - - ZHEHE >V TERE
L7

4) 1999%E 4 A5 5 9 A& TO¥LLH > 3WMEX
Nt
5) 19994EFKIC B & 1L 5 JECS-PAMS Workshop
DTOY—F 4 VTR, FREOHESLLTHE
B9 25 EBERES NI,

6) I CERR12 - 134E%) OFFER, BLURE#
HEOHBEERD X S ITHE L1,

PR REE

P HARECA « 19994E11H K
BERHUID 2000061 A58 (k)
Bl :20004E 1 A14B (&)
LEEH
R B MG - 20004 2 B10H (K)
DY - 200003 468 (H)
B . 2000E3HT7H K

7)) FRI2EEFLEZHBEMEHEZES GB1ED
%19994E11H 188 (OK) IKHREFUKERZECHEST S
TE&ELT

8) 19994E10A 8 H (&) kA AA ) v E» 7 G
vy — THES W ZREHRBERHGSOHRH2IC
BEARVSHETZCEE L1,

19994F11H18H (K)  WEUKEKRZFICE WV THER
RERFLEUSTHRMERERTES B 10D »5HE»
h, EERCBLERSEEENL, #EOHESL
USROABEZRE L1

i =

3. FTALER (ELE -%¥4£48°)
K 4 = RRE HNE
Suhendar I JUNKZISR ¥R B i
SACHOEMER * T816-6580

FATEOAREGL

wE B HRARFRERESEG (LOER
2R
T113-8657
XEXHRE 1-1-1
Thanomsak Department of Aquatic [LOfF%
BOONPHAKDEE Science, Faculty of

Science, Burapha Univer-
sity Bangsaen, Chouburi
20131, Thailand

. ZBXE EHID

NTT R&D 48 (7 ~11)

Eo>LF 162~166

RGARFHE 48

BETFHHF=2—X 15

B =2 — R 42

6T Y THNAHG

HliER-7K- AR

IKEETFFFATHE 20

JKEE B FAER 21

A BRI RIF R E T v 7 L X

Goals and Strategies for Breeding in Fisheries

Bulletin of the National Science Museum

Ounphidae (Annelide, Polychaete) from Japan,
Excluding the Genus Ounphis

BETFHRRER 11

IREALBHRH 146

OKEAHOJIOTUA 39 (2, 3)

Meereswissenshaftliche Berichte 35

Travaux de la Station Biologique de Roscoff 37

Journal of the Korean Society of Oceanography
34(3)



i) il 2 ¥
T vy 7 & F KA
Bt A
Bt NEERE NE O E
ARt 2 oo AR ET R A
WA 4 o4 v oa v
W) 5 ¥ £ W B KB R AT

— = A T R

A=t N & W\ & s
e P27V IgEer
= ¥ #l & K X &

Azt AR - FRBRBEVISERT
HMAAKGEBEKKX2H®
EHARRBEREEEZESR
HKA&tE & (il B
w X = #
HAett AR ¥ —
7 S Ve= L I < B N I NI 5
BAT 77 7 v 7Kt
B = Z & & B % B

(2 fEWS 2T L)
B A # # K X & &
et B8 o K H
B DB T E¥HK S
etk & & FF & W E B

A 7

2 B = A

R EXEHIT2—15—6

S R T KHIR A RET 7 — 2 — 3

SRR E TR LMES — 2 -9
FRHESORX RE 3 —3 4 — 3
FORERSOR K TEAAR4 —20—6

HUTHRPE S ERR AT RTSRT 3 — 1 — 5
FRTRERAMEL - 18—12 JLFEEAN
AR ARHKRRART2 -3 1—8

R EREEERS —14—-10

R EHE1 -2 -8
RRIRTISHKAERT 1 — 1,
FAittEAXEN3—-14—5

R RXHER 4 —3—1 8
Fr#EERX LB 6 —7—2 2
RRHAHEARRHE3-41~-8 REY=AF5F
BERNOTEEHBsI6906—10

Riey R AR THIAET 2 8 3
FENREATIRAK 222 9—4
REHTREXKFIT2 —3—6

3—401

FAUR TR EARIT 2 — 2 — 4 ZHMETEREL T F
FRUER RXEE 1 -8 —1 4
EHREEREFRTRE KEE2 3 0

R SCRRMEL —7—17



BEENERZAICHNBITIERTHDEL
FRUATL 5 F =) DOEREUL T —— @

®

538 BICIZEE/

La mer la mere, I’'amour pour la mer!

agll l' = H & 58 &%k ® z:1¢
l T8 FEEHFH=8E2-1 TEL 0479(22)7555 FAX 0479(22)3538
| OER - KEFS -SELUNVNNOF - EVE - HHZ—T -t |

Bramicl TTV9%

T 2 K =5
OEZEEY. —RESVONESRLE
Os@m. a2k AE0ER
OETAS FAABKRBEGESR
OFAKBERT VAASHE
OB LB
OFDf LR CHETZ—DOLEE

MNIEGBRIE

*i 7312 RIBROLCBLEHHEYET2-4 B029-285-0786 FAX285-7519
Fz#k 72688 ?%%%?Fﬁﬁﬁﬂﬂfi 4490-1 ®0479-22-4733 FAX22-4746
P3xat 7310 ZB B KPP R 2-2-6 B029-226-9639 FAX226-9855

%51—24}




Chelsea Instruments

<Che|sea i, MR CT DE+>
NDEAXA—H—T7,

Aquashuttle /Aquapack
Rigg - 77w b
B@EfM®E 8—-20/vF
P—T—FHr—TNTYTIEIA LBER
CTDaH—«FoT7/Xy7
T E 1~55mS/cm(0.01mS/cm)
] B —2~32°Cc(0.005°C)
P E 0~200m
WIHE 0.01xg~100xng/0
AE— 50,0007 —% (1B%)

CHELSEA B xBRIBE
CI INSTRUMENTS s ==l A A
LIMITED = I/ 9B
",2;\\“ Blospherical Tl ERE#EEXEEBE5-14-10
.y Instruments TEL 03-5820-8170
27 Ine. FAX 03-5820-8172




HF
g
EH/U

FEL AR

H
an

o — <k 2 A

£ B
s BEE

|

&l
il

HN=BRE

EN 28R M| X&hEk

o

SFOREVE (FHLETHHO%EDT3B) #H%k =]

UTRESBHERAD

&4 2% N 5TH

HE
bl

auj

& & B—F cH

ASHAEEM S . T150-0013 R A XELLF 3-9-25
(B4) BILZEEA

H L # # % %

BREREES 0 00150—7-96503




BiILEFFSIREZES (1998-1999)

hOfER

D EASES EMIEE, §iE B BAER WLUEs W T EUg—

: H.J.Ceccarpt (75~ 2), E.D.GOLDBERG (7 * Y #), T.R.Parsons (#+ %)
CEAEE, KRS

Jm

g ]
48 m m Xm

BILBFZSRE - FFER (1998-1999FE)

&l
I

cANR— e TOVz: VeV eFUHNE VpwseoxR—)L FLIVZs FS5SVF— )
NRNVF =N TS5V IV NelF—=Iv IV WP —Ua axX—)beFL— Vyy
Jewd— VXAV T UFNANYa F—=F21RXFV e NNy 2XR—)bsLHhVFy
AYVEZ e TUyH— Exz—NehTS5V

% E:vz—nez1Y

& B .AEhE

Bl & & SAME MAmEH

B OB (EH &K Y piE B

(&5h) mbLEn BEHIE

(REE) HBAILEE cHEEkH

(BF5%) B8 XEL /NtEsk

(BN EEfE BESEX

B B.ARHE B AR
WREEER | ILDHER
FEEBHEASE BrEX BEHE G B OBE B RHARR SHEN FF OE

RIHTAR BEHFE BHESLEE RERTHE ef@E— Sz RS B
NBEIR EETIE O RA B OGERE EEEE B X EREE ¥ EN
EANE BERR SFE=Z SREE 70 B FEEE BITRE SHEZN
FHZRE BRESE KA & THET EEHEA siHEfx fHEHR siE B
mH v MLER U= NEER &K B ME R W g LoEx

(TR IR B R GIZaRHEENZERELED)
Lo 11 5 20 e >3 %5

E i ¥ 1,600
T 1T = R S
% 17 BN B AL B OE ¥ 4
MEEA  BL2ER
RS RS 3-9-25

B FE F 5.150-0013

B 03 (42D 7641

& B F 5 . 00150-7-96503
AT B B~ =
B @ 2 F0 IR BT R

HRER SRR T BRAR 4-20-6
B E F 51130022
B F:03 (5685) 0621

AT ARAY BEES - 03 (5463) 0462



Tome 37 N° 3
SOMMAIRE

Notes originales
Seasonal variation in water quality at the northern coast of
Karawang-West Java, Indonesia +orcoreeeeereerees Suhendar I SacHOEMAR and Tetsuo YANAGI
Freshwater discharge of Bangpakong River flowing into the
inner Gulf of Thaﬂand ...................................................... Thanomsak BOONPHAKDEE,
Pichan SawanGwoNnG and Tateki Funwara
Cell cycle and growth rate of a natural diatom population
IN @ TNESOCOSIIL *rewrreesrrsrrrssesserstisreteneetieeenne Ken Furuva and Kazuhiko MATSUMOTO
Fish larvae and juveniles collected by larva-net in the inner Tokyo Bay
(in Japanese> ................................................... MlChlkO KOUHARA and Hil’OShi KOHNO
Conférence commémorative
Studies on deep circulation of the northwestern Pacific Ocean and
the Japan Sea(in Japanese) ..................................................................... Hideo Supo
Faits divers ..................................................................................................................

PrOEOS-VEPIGIE -+ oveeoeereteerertermemnmammnm e sasenetetaue e eesetetaettetteteererereeaeere et eaeensnsnann s na e ens

BINE B3I

[11]
N

EE®RX
AVERYT WYy, 757 VvELERICBY 3KEOSEHLE
(;;“é)z) ........................................................................ ANV TN AT e m] ﬁm

5 A BEBEEAO/N o3 kS QYIKIRA (D)
.................................................................................... 57/A—{j—7 7“_‘/,\°7§‘-“4 °
EyF vy #7771 v BEER
AV 3R sk AERERE ORI S EREEE (0

................................................................................................... EAR B RAEME
FERER v M CIES N BN D FHERL e HEET 5% 8
BILBRPSERURSEE
jtﬁﬁﬁﬁ&ﬁﬁﬁﬁ@@%ﬁ%ﬁﬁﬁ?%m% ......................................................... CEEILE
& H
SRR BB A I e B e AR I S v eer ettt e
BAAEESRL%E S % (La mer) S3T55 3 SIEEIUTER IS «rorrrrererennniiniiiieriae e e
g%?ag .............................................................................................................................

91

103

111

121

91

103

111
121

131



