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Estimation of the Kuroshio Mass Transport Flowing out
of the East China Sea to the North Pacific*

Junichi NIsSHIZAWA** Eturo KAMIHIRA®* Kumio KOMURA™*,
Ryoji KUMABE** and Masamori MIYAZAKI**

Abstract: Geostrophic transport of the Kuroshio referred to 1,000 db surface is estimated
at a section near the southeast end of Kyushu Island using data of more than twenty years.
The section is between Cape Toi and 30°N, 133°E. The geostrophic transport varies season-
ally; largest in summer and smallest in winter, with a mean value of 46.5X 10°m?®/sec. Year-
to-year change is also appeared. A relationship between the large Kuroshio transport and

its meander is pointed out.

1. Introduction

The Kuroshio is a western boundary current
in the North Pacific. It starts from the North
Equatorial Current near the coast of the Philip-
pine Islands, passes through the East China Sea
and flows eastward along the south coast of
Japan. A branch also flows from the East
China Sea into the Japan Sea. The volume
transport of the Kuroshio is likely to be related
with a water mass formation in these areas, but
its absolute value is not well-known.

We estimate geostrophic transport of the
Kuroshio at the entrance of a region near the
exit to the FEast China Sea to compare with
previous ones obtained in the neighbouring areas.

Figure 1 shows the location of the sections
as well as depth contours in meters. The esti-
mation is made at Section I off Cape Toi at
the southeast end of Kyushu Island. Another
estimation made by the Nagasaki Marine Obser-
vatory at Section PN in the East China Sea is
shown by a solid line. The third estimation is
made at Section G off Kii Peninsula for the
90 nautical mile width crossing the maximum
velocity area. Most of the data are given by
MINAMI et al. (1978, 1979), though some ad-
ditional recent data are supplemented.

* Received August 31, 1981
Presented at the First JECSS Workshop, June 1981
(cf. La mer, 20: 37-40, 1982).

** Kobe Marine Observatory, Chuo-ku, Kobe, 650
Japan

The Kuroshio flows across Section PN on the
trough west of the Riukiu Islands, changes its
direction to the east in the vicinity of Tokara
Islands, flowing out of the East China Sea into
the North Pacific, changes again its direction to
the north, and flows across Section I and across
Section G along the south coast of Japan.

2. Methods

The Kuroshio has been observed by the Japan
Meteorological Agency for a long time. The
data are published in ‘‘Results of Marine Mete-
orological and Oceanographical Observations’.
The present estimation is mainly based on the
data in these reports with some recent data
which are not yet published. They span more
than twenty years as a whole though there are
some periods of no data.

Figure 2 shows a detailed view of Section I.
Because no observational stations are kept
permanently, the stations figured are only an
example. In many cases four or five stations
are located on Section I. The farthest one from
the coast is usually located at about 30°N, 133°E.
Except for the stations nearest to the coast, all
the stations are deep enough to carry out geo-
strophic calculation referred to 1,000 db surface.
Only for some shallow stations, extrapolation is
done. In other cases where no reasonable ex-
trapolation is possible, data are omitted. Geo-
strophic velocity and volume transport are
calculated by the standard method.
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Fig. 2. A detailed view of Section I. Open circles are hydrographic stations.

Distance from Cape Toi is shown in nautical miles.

Sea floor depths

north of 31°N specified for extrapolation are shown in meters.

Based on data in ‘‘Prompt Reports of the Sea
Conditions of Maritime Safety Agency of Japan’’,
it is inferred that the southern edge of the
Kuroshio is sufficiently covered by this section,
while its northern edge is covered not enough.
So another extrapolation is made to estimate

the total transport as follows. First we specify

the sea floor near Cape Toi as shown in the
insert of Fig. 2. Then it is assumed that the
geostrophic velocity along the coast is the same
as that calculated from the northernmost pair
of stations. This assumption might not hold
good in some cases, especially when the nearest
station is far from the coast. For three tenths
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of all the cases the nearest stations are at
around 30°50’N, 132°00’E. The northernmost
stations are nearer in the rest cases.

Total volume transport of the Kuroshio
through the cross section between Cape Toi and
the station at about 30°N, 133°E is calculated
under the conditions mentioned above.

3. Results

Values of total transport through Section I
referred to 1,000db surface are calculated for
59 cases. Mean values and standard deviations
are calculated for each season; winter (January-
March), spring (April-June), summer (July-
September) and fall (October-December). The
results are shown in Fig. 3. Annual mean
transport is 46.5x10°m®/sec. The transport
varies seasonally, largest (50.1x 10 m®/sec) in
summer and smallest (43.1% 10° m?/sec) in win-
ter. It is 48.0 and 44.2Xx10® m3/sec in spring
and fall, respectively. Standard deviation con-
One is the
deviation of transport itself and the other is
that due to errors in each estimation.

Mean transport for each season at Section PN
referred to 700 db is shown in Fig. 4. This is
calculated for 80 cases and annual mean trans-
port is 19.7x 10° m®/sec. Seasonal variation of
the transport at Section PN is not apparent.
Mean transport for each season at Section G
referred to 1,000db is shown in Fig.5. This is

sists of two kinds of deviations.
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Fig. 3. Mean transport at Section I referred to
1,000 db surface for winter (W), spring(S),
summer (S) and fall (F). Standard deviation
is also shown.

T

calculated for 92 cases. The transport changes
seasonally in the same way as that at Section
I, but each value of mean transport at Section
G is about 10% less than that at Section I.

In order to see year-to-year change of the
transport, it is better to represent the transport
in percent of the seasonal mean and efface the
effect of the seasonal variation. Percent trans-
port and yearly mean for the three sections are
shown in Fig. 6. The period in which the
Kuroshio meander is present south of Japan (off
Tokaido) is also shown in the figure.

In Fig. 6 it is found that the periodic change
of the transport is not apparent at Section I
because of lack of observations in some periods,
but the change at Section I resembles that at
Section PN. .The periodic change of the trans-
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Fig. 4. Mean transport at Section PN
referred to 700 db surface.
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Fig. 5. Mean transport at Section G
referred to 1,000 db surface.
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Fig. 6. Year-to-year change of the estimated transport.
mean at each section (thin lines) and its yearly mean (thick lines).

Percent to each seasonal
The periods

in which the Kuroshio is meandering are shown with bar at the bottom.

port at Section PN is found not to be very
apparent (at about 4 and 10 or 20 year interval?),
but the transport is large when the Kuroshio is
meandering. It is also found that the transport
at Section G varies with periods of about 7 and
20 years,

4. Discussion

Seasonal change of the volume transport of
the Kuroshio is estimated at Section I. This is
the case with Section G. However, no seasonal
change is found at Section PN in the East China
Sea.
The value of geostrophic transport at Section
PN is rather small comparing with that at
Section 1. This is partly because the reference
level (700 db) at Section PN is shallower than
that at Section I. But, on considering the fact
that a part of the Kuroshio flows into the Japan
Sea, the probability of existance of a current
or a flow east of the Riukiu Islands is not small,
which might give some reason for the seasonal
change of the transport at Section I.

The reason for this difference is not known.

On the other hand, the year-to-year change
of the transport at Section I resembles that at
Section PN, but does not resemble that at
Section G. Large transport is found at Section
PN when the Kuroshio is meandering. Probably
the situation is the same at Section I. But the
reasons for these facts are not known. Although
it is unsuccessful to estimate the Kuroshio trans-
port at the boundary between the East China
Sea and the North Pacific, our results should
be helpful to improve knowledge of the Kuro-
shio in the East China Sea.
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On the Outflow Modes of the Tsugaru Warm Current*

Dennis M. CONLON

Abstract: The Tsugaru Warm Current displays two principal circulation modes. The first
mode is characterized by the presence of a warm-core anticyclonic gyre that extends as far
east as longitude 143° (gyre mode). In the second mode, the Tsugaru Warm Current is
generally confined near the Honshu coast (coastal mode). The occurrence of these modes is
consistent with the laboratory findings of WHITEHEAD and MILLER (1979), which suggests
that inertial-rotational dynamics govern the Tsugaru Warm Current.

1. Introduction

Sea straits which connect basins of different
water mass characteristics are typically charac-
terized by a two-layer flow regime, with lighter
water flowing into one basin at the surface and
denser water flowing in the opposite direction
at depth. The flow of light water into a basin
is of interest in the study of dynamics of rivers
and estuaries, as well as sea straits, and it has
generated a number of contributions to the
oceanographic literature (e.g., TAKANO, 1954;
Nor, 1978a,b; BEARDSLEY and HART, 1978).
Research on buoyant outflows has primarily
emphasized deflection and spreading of the out-
flow jet. Basic considerations of the dynamics
of flow in a rotating system lead to the natural
conclusion that a buoyant jet will be deflected
cum sole and most investigations substantiate
such behavior.

More recent work by WHITEHEAD and MILLER
(1979, hereafter referred to as WM), however,
suggests that an outflow jet can assume several
different flow modes, depending on the buoyancy
of the outflow, the geometry of the basin, and
latitude. In their experiments, WM employed
two semi-circular connecting basins, filled with
water of different densities and mounted on a
rotating turntable. After spinning up the fluids,
the connection was opened and the resulting
buoyant outflow was examined using photographs
of pellets floating on the surface. The natural

* Received January 14, 1982
Presented at the First JECSS Workshop, June
1981 (cf. La mer, 20: 37-40, 1982).

** U.S. Office of Naval Research, NSTL Station,
MS 39529, USA

length scale of such a density-driven process is
the internal Rossby radius of deformation, R=
(gdoh/of*)'?, which was varied by adjusting the
rotation period of the turntable. The results of
the WM experiments can be summarized as
follows: When R was relatively small the out-
flow jet showed pronounced instability, but as
R was increased the jet veered to the right,

138°E 140° 142° 144°
. - T T

42°+

40°L

42°

COASTAL
MODE

4200

L 1 1

Fig. 1. Schematic representation of principal
modes of outflow jet from the Tsugaru Strait.
Upper picture: gyre mode of warmer months.
Lower picture: coastal mode of colder months.
Positions of USNS SiLAS BENT current moor-
ings of November 1975-January 1976 also shown.
(See Fig. 4)
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hugging the coast. Where R was increased
still further, however, the jet separated from
the wall; a return flow was generated at the
separation point, and in time a fully-developed
gyre was generated. WM argued that their
results showed that the gyre in the Alboran
Sea is produced by the same inertial-rotational
dynamics which governed their laboratory ex-
periments.

2. Modes of the Tsugaru Warm Current

Interestingly, the Tsugaru Warm Current
displays certain characteristics which suggest
that it, too, may be governed by the inertial-
rotational dynamics examined in the WM ex-
periments.

Previous investigations (SUGIURA, 1958; HATA,
1975; and others) have documented the extreme
seasonal variation of the eastward extent of the
Tsugaru Warm Current. In the warmer months
of summer and fall the Current extends as far
as longitude 143°E, whereas during the colder
months of winter and spring the Current
appears to be confined to a narrow band adjacent

1L4E

42°N

41

to the coast of Honshu. Significantly, a gyre
is typically present during the warmer months
that is suggestive of the laboratory gyre of WM.

Table 1. Seasonal Variation of Internal
Rossby Radius.

Rossby Radius

Upper Layer
(Est.)**  (km)

Density (04)*

January 26.2 8.2
February 26.4 4.7
March 26.4 4.7
April 26.3 6.7
May 26.0 10. 6
June 25.8 12.5
July 25.0 18. 4
August 24.1 23.2
September 24.0 23.7
October 24.2 22.7
November 25.1 17.7
December 25.6 14.2

* From surveys of RMS OYASHIO MARU, 1949-
1952.

** Based on lower layer density of 0;=26.5 (SUGI-
URA, 1958) and upper layer mean thickness of
210m (HaTa, 1975).

142° 143° 1447 E
Nt
S 100m
42°N
417
40°
39°

Fig. 2. The outflow region of the Tsugaru Strait in October 1975, showing the gyre mode.
(Hakodate Marine Observatory, Oceanographic Observatory Report, Vol. 14, No. 1.)
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A simplified model of the WM results is
depicted in Fig. 1, in which two of the WM
modes are shown: a gyre mode (high R) and
a coastal mode (low R). The question to be
addressed, then, is whether the Tsugaru Warm
Current shows a pronounced seasonal variation
in R that is consistent with the existence of
these two modes. To answer this question, the
interannual variability of the internal deformation
on radius R must be calculated.

The monthly variation of the upper layer
density in the Tsugaru Warm Current region
was obtained from data gathered by the RMS
OYASHIO MARU in 97 transects run eastward
from the Honshu coast at latitude 40°32.5’ north
during the years 1949-1952 (Table 1). The
station occupied at longitude 142° east on each
transect is central to the flow regions of both
gyre and coastal modes; measurements at the
25m level at this station were used to avoid
transient surface effects such as rain. The under-
lying water in this region is of Oyashio origin
and is stable throughout the year; the transition

°N
42

40

38

36

144 146°E

to the lower layer occurs roughly at the or=
26.5 isopycnal (SUGIURA, 1958), from which
dp can be computed. HATA (1975) estimates
the thickness of the Tsugaru Warm Current to
be about 180 m during the cold months and
240 m during late summer and fall; because R
varies as h!'/%, a general estimate of 210m for
the surface layer thickness should then be ade-
quate within about 109;. Using the above data,
average values of R were calculated for each
month of the year, and the results are shown
in the accompanying table. The internal Rossby
deformation radius shows an extremely large
interannual variation (a factor of 5), and indeed,
R is large when a gyre is usually present and
small when it is not. Further, a comparison
of this table with the maps of HATA (1975)
suggests that R values of less than 10km re-
present the coastal mode, while the gyre mode
appears to be established when R exceeds 15km.
If these values are to be believed, then the table
suggests that a transition from gyre mode to
coastal mode should occur sometime between

— (¢ o

S$.100m

A

140 142 144 146°E

Fig. 3. The outflow region in February-March 1976, showing flow confined near
the Honshu coast. The eddy at 145°E is of Kuroshio origin. (Hakodate Marine
Observatory, Oceanographic Observation Report, Vol. 14, No. 1)
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October (R>20km) and February (R<5km).

3. An Observation of Modal Transition

Attention is focused on the Tsugaru Warm
Current during the period October 1975-Feb-
ruary 1976, using data obtained by the research
vessels KOFU MARU, SHUMPU MARU and USNS
SiLAS BENT.

In October 1975 the gyre is clearly seen in
the temperature distribution at 100 m (Fig. 2).
Concurrent GEK data show that the outflow
jet initially deflects to the left, then moves in
an arc clockwise out to longitude 143° east,
turns back to the coast at latitude 41° north,
and bifurcates near 40°30’N, 142°E. The Rossby
radius of the jet approximated from the hydro-
graphic data is about 25km; sectional profiles
of T, S, and p indicate that the jet is between
20km and 40 km wide, so the data are in rough
agreement with Rossby adjustment ideas.

(o} 360 -

180

DIR

I GYRE MODE
— e

By late February 1976 the picture has changed
completely (Fig. 3). The anticyclonic gyre has
disappeared, and now the flow appears to be
in the coastal mode. (TS data show that the
eddy at 145°FE is a spinoff eddy from the Kuro-
shio).

Fortuitously, moored current meters deployed
from November 1975 to January 1976 by the
SILAS BENT were in an excellent position to
monitor the change of modes (see Fig. 1). Cur-
rent meter 1 (northern location, Fig. 4b) lies
between Erimo Misaki and the core of the
Tsugaru Warm Current. The measurements
show weak currents of about 20 cm/sec or less,
but the direction of the current is remarkably
uniform on a bearing of 320°-340° from the
beginning of the record until about December
19. The direction of the current and its steadi-
ness during this period strongly suggest the
presence of a coastal countercurrent generated

COASTAL MODE
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Currents in the outflow region of the Tsugaru Strait, November 1975-January 1976,

from survey of USNS SiLAs BENT. Current data have been averaged by 72-hour running

mean. (a) Southern location, position 4, 45-m depth (see Fig. 1).

position 1, 225-m depth.

(b) Northern location,
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by the infilling of the adjacent bight by the
Tsugaru Warm Current. Current meter 4
(southern location, Fig. 4a) is located within
the zone of influence of both gyre and coastal
modes. From November 17 to November 25,
the currents are strong (up to 50 cm/sec) and
very steady on a bearing of 20°, which indicates
that the gyre is still active. The period between
November 27 and December 14 appears to be
a time of instability. The direction alternates
from roughly southerly (November 27-December
4) to near northerly (around December 10) to
easterly (December 14), with a trend toward
decreasing current speeds. Sometime on De-
cember 15 or 16, however, the current speed
increases sharply and the direction swings to
the south, remaining between 140° and 200° for
the remainder of the record. The coastal mode
appears to have been firmly established.

A maximum estimate of the time of transition
in this case is about three weeks (November 25
~December 15). The close agreement between
the abrupt direction changes at locations 1 and
4, however, indicate that the actual transition
might be more rapid (order days instead of
weeks).

It may be appropriate to add one speculative
note. It has been suggested that during colder
months, the penetration of the Oyashio into
this region acts to “‘push” the Tsugaru Warm
Current against the coast of Honshu. Note,
however, that the significant direction shift in

current at the southern location occurs a few
day before the major shift at the northern
location (December 15 versus December 19).
An alternative hypothesis, therefore, is that the
gyre mode prevents Oyashio intrusion, and only
when the gyre collapses is the Oyashio able to
The Tsugaru Warm
Current could therefore play an important role
in the shifting of the Oyashio Front.

penetrate this region.
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Note on Currents Driven by a Steady Uniform Wind Stress
on the Yellow Sea and the East China Sea*

Byung Ho CHOI**

Abstract: A two-dimensional hydrodynamical model of the Yellow Sea and the East China
Ses is used to derive the currents driven by steady wind stresses on the shelf. Experiments
have been performed with the model to determine the responses of the shelf to stationary
wind stress fields suddenly imposed on the shelf for various wind directions of uniform NW,
N, SW, SE winds and wind stresses of 1.6 dyn/cm? and 10 dyn/cm?, respectively. Circulation
patterns thereby deduced are presented and discussed.

1. Introduction

This paper describes the continuing model
studies in the Yellow Sea and the East China
Sea. The previously developed sea model of
the Yellow Sea and the East China Sea shelf
(CHoI1, 1980) was satisfactorily utilized to com-
pute M tidal distribution in the system. As a
subsequent model development step, the shelf
model is used to derive the wind-induced cur-
rents in the shelf sea and the preliminary results
of studies are presented and discussed here.
Numerical experiments carried out with the
model were to determine response of the shelf
sea produced by steady uniform wind stress
fields suddenly imposed on the sea area. In
this respect, the separate effects of steady uni-
form winds have been investigated and in each
case circulation patterns have been deduced. The
underlying objectve of this work is to build up
fundamental knowledge of the system for the
eventual development of a surge forecasting
model of the Yellow Sea and the East China
Sea. In the present study, the currents com-
puted are the average values of water column
and along the open-sea boundaries at the shelf
edge radiation condition is employed which allows
disturbances from the interior of the model to
pass outwards.

* Received October 27, 1981

** Department of Civil Engineering, Sung Kyun
Kwan University Suwon Campus, Kyonggi-do,
Korea

2. Yellow Sea and the East China Sea model

The bottom topography in the study area is
shown in Fig. 1. The model grid, with a re-
solution of 1/5° latitude by 1/4° longitude, is
shown in Fig. 2. Computations are two-dimen-
sional and solve the vertically-integrated equa-
tions of motion formulated on spherical polar

Shan~Tung
Peninsala

CHINA

Yangtse Ruer

0

il
A G

87 E 124°E

267N

Fig. 1. The bottom topography of the the Yellow
Sea and the East China Sea.
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Fig. 2. The Yellow Sea and the the East China
Sea model finite difference grid.

coordinates yielding elevations and depth-mean
currents at the centres of the mesh elements.
Nonlinear terms are included and a quadratic
law of bottom friction is assumed. Ignoring
variations in water density, the influence of
temperature and salinity stratification upon the
movement of water is not resolved. A coef-
ficient of bottom friction, 0.0025, was assumed
over the whole shelf.

The finite difference scheme, which advances
the surface elevation, £, and the eastward and
northward component of the velocity, « and o,
over the entire network at time # to the values
of these variables at time z+4¢ is explicit:
employing central space difference and a com-
bination of forward and backward time differ-
ence in the manner described by FLATHER and
Heaps (1975).
surge fields, a time step of 4 minutes was used.
As an open sea boundary condition for wind-
driven surge computation a radiation condition

(REID and BODINE, 1968) was employed along the

In generating the wind driven

edge of continental shelf. Applying a radiation
condition to the internally generated surge gives

han' = (gh)*%¢,

where g,” is the associated outward going cur-
rent velocity across the boundary. It was as-
sumed that the transmission of energy outward
across the boundary may be represented as a
simple progressive wave travelling at right
angles to the boundary (HEAPS, 1974).

3. Numerical experiments

A uniform steady wind was blown for four
tidal cycles from the state of rest. Northerly
type winds of N and NW direction were chosen
for representing the winter condition and souther-
ly type winds of SW and SE direction were
chosen for representing the summer condition.
Wind stress of 1.6dyn/cm? applied may re-
present a wind speed of 10 m s™! and wind stress
of 10dyn/cm? was also applied to represent
rather strong wind forces. Series of numerical
experiment performed are as follows;

Numerical experment 1, uniform northwester-

ly wind stress of 1.6 dyn/cm?

Numerical experiment 2, uniform northerly

wind stress of 1.6 dyn/cm?

Numerical expriment 3, uniform southeasterly

wind stress of 1.6 dyn/cm?

Numerical experiment 4, uniform southwester-

ly wind stress of 1.6 dyn/cm?

Numerical experiment 5, uniform northwester-

ly wind stress of 10dyn/cm?

Nnmerical experiment 6, uniform northerly

wind stress of 10 dyn/cm?

Numerical experiment 7, uniform southeaster-

ly wind stress of 10 dyn/cm?

Numerical experiment 8, uniform southwester-

ly wind stress of 10 dyn/cm?

The computed spatial distribution of steady
wind-induced surface elevation over the shelf is
represented as contour elevation. The spatial
distributions of vectors of wind-induced currents
are also accompanied by a diagrammatic inter-
pretation in term of flow lines.

4. Discussion of results
Under the northwesterly wind, the sea sur-
face slopes upwards from lowest values in the
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Gulfs of Pohai and Liautung to increasing values
in the direction of east by southeast down to
Pohai Strait and then in the direction of south-
east down to southward shelf edge (Fig. 3(a)
and Fig. 4(a)). This longitudinal set-up being

accompanied by a marked transverse slope may
be due to the earth’s rotation. The patterns of
depth-mean currents shown in Fig. 5 and Fig.
6 indicate that there are relatively strong
southerly flow down both sides of the Chinese
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Fig. 3.
SW and SE winds.

Surface elevations produced by a uniform wind stress of 1.6 dyn/cm?® from NW, N,
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coast and the west coast of Korea and norther-
ly flow up in the middle of the Yollow Sea.
This north-going flow along the deeper part of
the Yellow Sea may be due to return flow at
depth contrasting to coastal situation where cur-

rent tends to be south-going along the shallow
water depth contours in direction of the wind.
The variation of longitudinal flows accounts for
the transverse variation of surface gradient.
Under the northerly wind condition, the sea

( a) et R e e
WIND STRESS OF 10 dynefcm:
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X L L L L
118°€ 1206 1229 124%F 126°€ 126°E
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Fig. 4. Surface elevations produced by a uniform wind stress of 10 dyn/cm? from NW, N,

SW and SE winds.
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surface slopes upwards from lower values in the
upper part of the Yellow Sea to increasing
values in the direction of south down to the
south border of the Yellow Sea and then in
the direction of southwest down to the Taiwan
Strait (Fig. 3(b) and Fig. 4(b)). The patterns
of depth-mean currents shown in Fig. 7 and
Fig. 8 indicate that flow pattern induced due
to a uniform northerly wind is somewhat simi-
lar to those due to northwesterly wind.

Under the southwesterly wind directon, the
sea surface slopes upwards from lower values
along the Chinese coast to increasing values in
the direction of northeast over the shelf (Fig. 3
(c) and Fig. 4(c)). The patterns of depth-mean
currents shown in Fig. 9 and Fig. 10 indicate
that there are relatively strong northerly flow
up along the both sides of the Chinese coast
and the west coast of Korea and southwesterly
flow down in the middle of the Yellow Sea in
contrast to the condition of uniform northerly
type winds.

Under the southeasterly wind direction, the
sea surface slopes upwards from lowest values
along the shelf edge to increasing values in the
direction of northwest throughout the shelf re-
gion (Fig. 3(d) and Fig. 4(d)). The patterns of
depth-mean currents shown in Fig. 11 and Fig.
12 indicate that flow pattern due to a uniform
southeasterly wind is somewhat similar to those
due to southwesterly wind in the region of the
Yellow Sea. Northerly-type winds maintain a
southward flow along the Chinese coast and
along the west coast of Korea inducing clock-
wise flow gyres in Seohan Bay and the west
coast of South Korea and anticlockwise flow
gyres in the Gulfs of Liautung and Pohai, and
in the middle part of the East China Sea.
Southerly-type winds maintain a northward
flow along the Chinese coast and along the west
coast of Korea inducing anticlockwise flow
gyres in Seohan Bay and the west coast of
South Korea and clockwise flow gyres in the

Gulfs of Liautung and Pohai and in the middle
of the Yellow Sea and the East China Sea.

5. Concluding remarks

This paper has presented a short account of
some of the numerical experiments from the
Yellow Sea and the East China Sea model.
Numerical experiments performed with the
model to determine the response of the Yellow
Sea and the East China Sea have shown that
circulation patterns thereby deduced exhibit
significant spatial variation of currents, and also
have shown the complexity of the wind-driven
circulation on the continental shelf.

Further studies may eventually be necessary
to construct a three-dimensional shelf sea model
since three-dimensional studies of the North Sea
(DaviEs, 1980) indicate that both the magni-
tude and direction of the wind-induced current
change significantly with depth and consequent-
ly depth-mean currents derived from two-dimen-
sional model may not adequately describe the
wind-induced circulation on the shelf.
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Variations of Chlorophyll « Concentration and Photosynthetic

Activity of Phytoplankton in Tokyo Bay*

Yoshiaki SHIBATA** and Yusho ARUGA**

Abstract: Phytoplankton biomass (chlorophyll @) was investigated together with some environ-
mental conditions mainly at 15 stations in Tokyo Bay including Uraga Strait from December
1975 through December 1978. Photosynthetic and respiratory rates were measured under
various light intensities and temperatures with phytoplankton samples taken from the surface
water off Haneda. Generally, the chlorophyll a concentration was higher in the northwestern
part and lower in the southern part of the inner bay. In Uraga Strait the chlorophyll a
concentration was apparently lower than that in the inner bay. Seasonal changes of the
chlorophyll @ concentration and the photosynthetic activity of phytoplankton considerably
differed from those observed ten or more years ago. Both the chlorophyll @ concentration
and the light-saturated photosynthetic rate on a chlorophyll @ basis remained high throughout
the year with the highest values being observed ordinarily in summer; however neither the
spring bloom nor the autumn increase in standing crop of phytoplankton was remarkable.
Water temperature and salinity seemed to play important roles in controlling both standing
crop and photosynthetic activity of phytoplankton. The changes of phytoplankton biomass
and distribution seemed to be dependent on such meteorological or physical factor as tide or
drift current brought about by strong wind rather than on such chemical factors as nutrient
concentrations. In Tokyo Bay high productivity of the phytoplankton community is main-
tained throughout the year and productivity does not appear to be limited by nutrients pro-

vided that physical conditions are favorable.

1. Introduction

Tokyo Bay covers an area of about 1,500 km?
including Uraga Strait by which the inner part
of the bay is connected to the Pacific Ocean.
Around the bay, especially around the inner bay,
there are many cities and industrial areas, and
a large amount of sewage flows into it. Because
of these conditions, Tokyo Bay is one of the
most polluted bays in Japan. The red tide in
Tokyo Bay was first reported early in this
century and is now observed almost always
throughout the year.
been done on red tide formation, species compo-
sition and its succession. MARUMO and MURANO
(1973) and MARUMO et al. (1974) determined
the species composition of red tide in the bay
with special attention to diatom succession.
HOGETSU et al. (1959) was the first to investigate
the photosynthetic rate of blooming Skeletonema

* Received August 28, 1981
#* T ahoratory of Phycology, Tokyo University of
Fisheries, Konan-4, Minato-ku, Tokyo, 108 Japan

Many investigations have

obtained from the area off Haneda in the bay.
Since the first intensive investigation of the
primary production in Tokyo Bay (cf. MATSU-
DAIRA 1964), there have been many other
investigations conducted on primary production.
IcHIMURA and KoBavasui (1964) and ICHI-
MURA and ARUGA (1964) reported the seasonal
changes of chlorophyll and photosynthetic rate
of phytoplankton. ICHIMURA (1967) investigated
primary production with special reference to
environmental gradients. FUNAKOSHI et al.
(1974), TERADA et al. (1974) and YAMAGUCHI
and ICHIMURA (1976) reported that the primary
productivity of Tokyo Bay is highest of all the
inshore regions in Japan. These works were,
however, limited spatially in the bay or by time
of the year.

The present work was carried out to determine
the variations of standing crop and photosynthe-
tic activity of the phytoplankton community in
Tokyo Bay in relation to environmental factors
and in comparison with previously reported data.
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2. Material and methods

Observations were carried out at 15 stations
in Tokyo Bay (Fig. 1) from December 1975
through December 1978. Monthly observations
were intended initially, but each year a few of
the monthly observations could not be carried
out mainly due to the inavailability of a research
ship. Water samples were taken from various
depths by a PVC backet and a Van Dorn type
water sampler, and used for the measurements
of chlorophyll «, photosynthesis, respiration,
salinity and nutrients. At the same time,
measurements of Secchi disk depth and water
temperature were conducted. Water tempera-
ture was measured with a standard thermometer
and/or a bathythermograph. Salinity was
measured with a recording S-T meter attached
to the T/S Seiyo Maru or an Autolab portable
T-S meter.

An aliquot of each water sample was immedi-
ately filtered through a 47 mm Whatman GF/C
glassfiber filter, and the flters, wrapped in

3530 i

Peninsula

BOSO Peninsula

3500N- Tateyama

o+

3 i L

Fig. 1. Map of Tokyo Bay showing
the location of stations.

aluminum foil, were stored in a freezer until
pigment analyses could be conducted. Pigments
were extracted with 90 %, acetone, absorbances
of the extract were measured with a Hitachi 101
spectrophotometer and the concentrations of
chlorophylls were calculated by the formulae of
SCOR-Unesco (1966).

Photosynthesis and respiration of phytoplank-
ton were measured both in the laboratory and
on the deck using the light and dark bottle
method under various light intensities and
temperatures, followed by the Winkler titration
technique for dissolved oxygen determination.
The light intensities on the bottles were regulated
by varying the distance of the light source from
the bottles in the laboratory experiments or by
changing the number of neutral vinyl sheets
rolled around the transparent acrylic cylinders
in which the bottles containing water samples
were placed under natural sunlight in the deck
experiments. The measurements were carried
out at in situ surface water temperature regu-
lated either by pumping surface water over the
bottles or by a cooling device (Taiyo Coolnit
CL-15).

Phosphate, nitrate, nitrite and silicate concen-
trations were determined using the procedures
described by STRICKLAND and PARSONS (1972).

3. Results and discussion

(2) Distribution of chlorophyll a

Chlorophyll @ has usually been used as an
index of phytoplankton biomass (ARUGA and
Monst 1963, ARUGA 1966). Horizontal distri-
butions of chlorophyll @ in the surface water
are shown in Fig. 2. The area of the shaded
circles is proportional to the concentration of
chlorophyll @. Usually the level of surface
chlorophyll @ concentration was markedly higher
in the inner bay than in Uraga Strait. In some
cases the higher chlorophyll a concentrations
observed in the northern part of the strait can
be related with the water flowing out of the
inner bay to the strait at low tide as will be
described in detail later. At Stn. T-9 in an
oceanic area off Tateyama, the chlorophyll a
concentration was always quite low as compared
with that in the strait. In the inner bay, the
surface chlorophyll a concentration varied greatly



Chlorophyll @ and Photosynthesis of Phytoplankton in Tokyo Bay 77
13930 140'00E 13930 14000 E 13930 14000 E
DEC.'75 MAR.'76 APR.76
3530
35°00 N
MAY 76
330
H35°00 N
NOV.’76
H35°30
H35°00 N

Fig. 2. Distribution of chlorophyll @ concentration in the surface water

of Tokyo Bay from December 1975 through December 1978.
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from station to station and with the time of
year as can be seen in Fig. 2. Both in the
northern and central regions of the inner bay
the chlorophyll @ concentrations remained at
levels higher than 10mg/m?® throughout most
the year. The highest chlorophyll @ concen-
tration of 104.7 mg/m?® was obtained in the region
off Haneda in July 1978.

The most typical type of distribution can be
seen in the case of May 1978 (Fig. 2) with
higher chlorophyll @ values in the northwestern
inner bay and lower values in the southeastern
inner bay and in Uraga Strait. This type of
distribution has been observed frequently (ICHI-
MURA 1967, TERADA et al. 1974, YAMAGUCHI
and ICHIMURA 1976), and has been explained
as related to environmental gradients, especially
During the present in-
vestigation, such a situation was also observed

to nutrient gradients.

on some occasions.

The second type of distribution is represented
by that of February 1978, in which the surface
chlorophyll @ concentration was higher in the
northeastern part than in the southwestern part
of the inner bay. This type of distribution was
rather rare and found in April 1976, May (II)

1977 and February 1978. It is of interest to
note that such high chlorophyll a concentrations
were not reported before in the eastern part of
the inner bay. The third type of distribution
is characterized by a rather homogeneous distri-
bution of chlorophyll @ concentration in the inner
bay as seen in the case of March 1976. This
type of chlorophyll « distribution was often
obtained throughout the year irrespective of the
seasons.

In general, the trend of the surface chloro-
phyll a distribution is concluded to be similar
to that of ten or more years ago with higher
chlorophyll @ concentrations in the northwestern
part of the inner bay and with a decrease of
the concentrations to the southeast.
past ten years, the area of higher
chlorophyll @ concentrations has extended further
to the southeast.

Seasonal changes of the surface chlorophyll @
concentration at each station are shown in Fig.
3. Although sometimes measurements were not
made every month, comparisons can be made.
The concentrations of chlorophyll @ remained
at very high levels throughout the year at the
stations in the inner bay. Generally, the chloro-

During the
however,
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phyll @ concentration began to increase from
March and reached its maximum in August,
sometimes with a small decrease observed during
It decreased
rapidly in autumn and remained comparatively

the rainy season (mainly in June).

low during winter until the following March
with some short-term variations. This general
pattern of variation is similar to those observed
in Tokyo Bay ten or more years ago (ICHIMURA
and ARUGA 1964, ICHIMURA 1967, YAMAGUCHI
and ICHIMURA 1976). However, as generally
observed by other investigators, the seasonal
variations of chlorophyll @ concentration with
two or three remarkable peaks including the
spring bloom, summer bloom and/or autumn
increase were not clearly observed during the
It may be that these
peaks were possibly hidden by a higher basal
level of chlorophyll @ concentration during these
years in Tokyo Bay.

present investigation.

In the northwestern part of the inner bay
(Stn. T-2W), the typical pattern of variations
as mentioned above was obtained in the surface
chlorophyll @ concentration. On the contrary,
in the northeastern part of the inner bay (Stn.
T-2E), fairly high concentrations of chlorophyll
a were observed during winter as compared
with the concentrations in other parts of the
bay. For example, the values obtained in January
or February 1978 were approximately equal to
those obtained in May or June 1978 in the
northeastern part of the inner bay, whereas in
the northwestern part values one half to one
third the May or June values were obtained in
winter (Fig. 3).

The fluctuations of the surface chlorophyll a
concentrations at Stns. T-6 and T-7 in Uraga
Strait were rather large with a range of 0.336-
41.68 mg/m?® (Fig. 3). Water movement in the
strait is strongly affected by tidal currents. The
boundary between oceanic and neritic waters
around the strait is shifted continually north-
wards or southwards, so that even if the obser-
vations were done on the same day the values
obtained would change conspicuously from time
Thus, it is difficult to have a generalized
trend of variations in the chlorophyll @ concen-
trations in Uraga Strait.

The surface chlorophyll @ concentrations at

to time.

Stns. T-8 and T-9 were considerably lower as
compared with those at other stations in the bay
and never exceeded 4 mg/m?® throughout the
year (Fig. 3). The chlorophyll @ concentrations
at Stn. T-8 were always higher than those at
Stn. T-9. This is possibly due to the fact that
the area of Stn. T-8 is affected by neritic water
from the bay more effectively than at Stn. T-9.

The seasonal changes in the vertical distri-
bution of chlorophyll @ at Stns. T-2, T-4, T-8
and T-9 are shown in Fig.4. At Stn. T-2 the
chlorophyll @ concentration varied conspicuously
and was sometimes stratified vertically in sum-
mer, whereas homogeneous distributions were
observed in winter. When stratified, the chloro-
phyll @ maximum was usually found within the
upper 5m layer and sometimes near the bottom.
At Stn. T-4 the pattern of vertical distribution
did not vary as much as that at Stn. T-2, and
a stratified distribution was obtained almost
throughout the year except for December 1975,
January and December 1978 in which homo-
geneous distributions were observed. The chloro-
phyll @ maximum was found within the upper
15 m layer, which was a little deeper than that
at Stn. T-2.

The distinctive stratified vertical distribution
of chlorophyll @ was observed in the north-
western part of the inner bay by ICHIMURA
(1967) and FUNAKOSHI et al. (1974). According
to ICHIMURA (1967), the stratified distribution
of chlorophyll @ may possibly be due to special
hydrographic conditions in the inshore region
of the bay where the distinctive gradient of
density has been produced by freshwater dis-
charge. In the present investigation, the chloro-
phyll @ distribution was well stratified vertically
during spring to autumn both at Stns. T-2 and
T-4. In winter, however, no clear stratification
was observed in the vertical distribution of
chlorophyll @. This indicates that the phyto-
plankton cells were distributed almost homo-
geneously throughout the water column due to
the vertical mixing of water caused by strong
wind in this shallow part of the bay.

At Stns. T-8 and T-9, the chlorophyll a
concentration in the surface water was very low
and did not exceed 4mg/m® throughout the

year as described above. The concentration of
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chlorophyll a at each depth was almost always
higher at Stn. T-8 than at Stn. T-9. The
stratification of chlorophyll a distribution was
observed throughout the year at both stations
(Fig. 4). These patterns of stratification coin-
cide well with those reported in the oceanic
regions (ARUGA and MONSI 1962, LORENZEN
1967, ARUGA and ICHIMURA 1968), especially
The chlorophyll
a maximum was found at 10-50 m depth and
10-75 m depth at Stns. T-8 and T-9, respectively.
The vertical distribution of chlorophyll a is
usually characterized by the presence of a chloro-
phyll 2 maximum (LORENZEN 1967). The fact
that the chlorophyll ¢ maximum at Stn. T-9
was located deeper than that at Stn. T-8 sug-
gests a strong influence of oceanic water at Stn.
T-9. These chlorophyll @ maxima were found

with those reported in summer.

mostly at the thermocline and in some cases
above it.

(2) Photosynthetic activity

With the surface water samples collected near
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Tokyo Light off Haneda, the photosynthesis of
phytoplankton was measured at nearly in situ
temperatures under various light intensities. The
photosynthesis-light curves thus obtained are
shown in Fig. 5. The light intensity at which
the light-saturation of photosynthesis occurred
was about 10-30 klux, and the light-saturated
net photosynthetic rates were in the range of
8.20-56.10 mgO;/mg.chl.a/hr. The inhibition of
photosynthesis by strong light was sometimes
encountered within the range of light intensity
up to 100 klux.
ticularly with those samples obtained during the
period of high water temperature. According
to ICHIMURA (1967), in most cases the light-
saturation of photosynthesis occurred at a light
intensity below 8 klux with phytoplankton
samples taken from the northwestern part of
Tokyo Bay, and no inhibition by strong light

This inhibition occurred par-
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curves of phytoplankton from the surface water
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was observed at light intensities up to 20 klux.
A similar photosynthesis-light curve was reported
with a bloom of Skeletonema costatum which
showed no inhibition by strong light even at
140 klux (HOGETSU et al. 1959). FUNAKOSHI
(1973) also reported no inhibition of photo-
synthesis in Skeletonema costatum under a strong
light of 150klux in summer. On the other
hand, many observations about the inhibition of
photosynthesis by strong light were reported
by many investigators (RYTHER 1956, RYTHER
and MENZEL 1959, ICHIMURA et al. 1962,
IcHIMURA and ARUGA 1964, ARUGA 1965b).
It is noteworthy that both types of photo-
synthesis-light curves with or without inhibition
by strong light were obtained in the present
investigation. This suggests that the subsurface
phytoplankton cells photosynthesize at some-
what higher rates than the surface ones in Tokyo
Bay, at least in summer.
Photosynthesis-temperature relations of phyto-
plankton have been scarcely studied from the
ecological and physiological points of view, and
in these respects the information about natural
phytoplankten communities is especially scarce
(ARUGA 1965a, ARUGA and ICHIMURA 1968).
Seasonal changes in the photosynthesis-tempera-
ture curves and the respiration-temperature
curves obtained with the samples taken from
the surface water near Tokyo Light off Haneda
are shown in Fig. 6. In most cases the net
photosynthetic rate increased gradually with a
rise in temperature to reach a maximum and
decreased gradually with a further rise in
temperature.  The maximum photosynthetic
rates mostly cccurred at temperatures between
20 and 25°C except in July 1976 and December
1977.  Significant changes in the
temperature optimum for photosynthesis were
not observed. According to ARUGA (1965b), in
laboratory cultures the photosynthesis-tempera-
ture.relation of algae varied to some extent with
- the temperature conditions under which they
had been grown. Under natural comdition‘s
ARUGA (1965a) observed that the optimium
temperature for photosynthesis of freshwater
phytoplankton shifted adaptively; the higher the
temperature, the higher the
optimum temperature for photosynthesis. How-
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Fig. 7. Seasonal changes of the concentration
of chlorophyll @ and the light-saturated net
photosynthetic rate per unit amount of chloro-
phyll @ of phytoplankton in the surface water
off Haneda in Tokyo Bay.

ever, even though the data were limited, such
a relationship was not observed in the present
study. The respiratory rate of paytoplankton
gradually increased with a rise in temperature
within the temperature range of the present
measurements.

Seasonal changes in the light-saturated net
photosynthetic rate per unit amount of chloro-
phyll @ and the chlorophyll @ concentration of
surface water off Haneda are illustrated in Fig.
7. The light-saturated net photosynthetic rate
varied in the range of 8.20-56.01 mgOs/mg.chl.
a/hr with the highest value in September 1978
and the lowest in September 1976. Such a
definite trend as already reported in Tokyo Bay
by ICHIMURA and ARUGA (1964) and ICHIMURA
(1967) was not observed in the changes of the
photosynthetic rate. In those reports the photo-
synthetic rate on a chlorophyll a basis increased
from the end of spring and showed a peak in
early summer, thereafter it decreased in early
autumn but increased again showing a small
peak in late autumn. In the present investi-
gation, however, the seasonal changes in the
photosynthetic activity as well as the chlorophyll
a concentrations of surface water considerably
differed from those obtained early in 1960’s in
Tokyo Bay (ICHIMURA and KOBAYASHI 1964,
ICHIMURA and ARUGA 1964, ICHIMURA 1967)
as well as from those in eutrophic lakes (ICHI-
MURA and ARUGA 1964). The light-saturated
net photosynthetic rate per unit volume of water
in the same samples showed changes strongly
related to the changes in chlorophyll @ concen-
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Fig. 8. Seasonal changes of the concentration
of chlorophyll @ and the light-saturated net
photosynthetic rate per unit volume of water
of phytoplankton in the surface water off
Haneda in Tokyo Bay.

tration (Fig. 8). This would mean that the
photosynthetic activity per unit volume of water
is ordinarily dependent on the phytoplankton
density or on the concentration of chlorophyll
@ in the water concerned.

The distribution of the light-saturated net
photosynthetic rate of surface phytoplankton in
November 1977 is illustrated in Fig. 9. Three
regions of higher photosynthetic activity were
clearly recognized. The photosynthetic rate was
considerably higher in the northwestern part of
the bay as reported by ICHIMURA (1967), TERA-
DA et al. (1974) and FUNAKOSHI et al. (1974).
Usually the photosynthetic rate of phytoplankton
was higher in this region than elsewhere in the
bay throughout the year.
note that another area of high photosynthetic
rate was identified between Yokohama and
Kisarazu. Thus, an extention of the highly
productive area in recent years is suggested.

There have been a large number of reports
on phytoplankton production in which the
photosynthesis of phytoplankton was measured
either by the light and dark bottle oxygen
technique or by the radioactive carbon (**C)
technique. With natural populations the agree-
ment between the data obtained by the two
techniques is often poor (RYTHER and YENTSCH
1958, MCALLISTER 1961). The *C technique
can give results much lower than those calcu-
lated from oxygen evolution (ANTIA et al. 1963).
As reported by SHIMURA et al. (1978) with
Trichodesmium populations, a suitable correction

It is interesting to

Fig. 9. Distribution of the light-saturated net
photosynthetic rate (mg Os/mg. chl. a/hr) of
surface phytoplankton in Tokyo Bay in
December 1977.

must be made in certain situations for the ex.
tracellular release of photosynthates when the
primary production is computed on the basis
of the data obtained by the *C technique.
MCALLISTER (1961), however, found that the
absolute 4C uptake rates appear to exceed the
absolute Og evolution rates at high light intensity
for shade-adapted cells. When comparing the
values obtained by the different techniques,
therefore, certain corrections should be con-
sidered carefully. In the studies of phytoplankton
productivity in Tokyo Bay, both of the tech-
niques have been employed independently. Using
the !4C technique, ICHIMURA (1967) obtained
light-saturated photosynthetic rates of 0.4-3.5
mgC/mg.chl.a/hr in the highly eutrophic inshore
area off Haneda and 0.4-2.5 mgC/mg.chl.a/hr
in the area off Kisarazu in Tokyo Bay during
1962-1963. Using the same technique, ICHI-
MURA and KOBAYASHI (1964) reported light-
saturated photosynthetic rates of 0.46-5.18 mgC
/mg.chl.a/hr for the surface water of the inner
bay. YAMAGUCHI and ICHIMURA (1976) ob-
tained high photosynthetic rates of 0.69-7.20
mgC/mg.chl.a/hr during the period of 1972-
1974 in the bay. On the other hand, using the
light and dark bottle oxygen technique, HOGETSU
et al. (1959) obtained the light-saturated photo-
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synthetic rates of 24-45 mgQOs/mg.chl./hr for
the bloom of Skeletonema costatum off Haneda in
Tokyo Bay. FUNAKOSHI et al. (1974) reported
rates of 1.5-15mgQO,/mg.chl.a/hr also for the
Skeletonema bloom in the bay. In order to
compare the data from the oxygen technique
with those from the *C technique, the amount
of O; evolved was tentatively converted to the
amount of carbon assimilated with the photo-
synthetic quotient as unity. As a result, the
values obtained in the present work were 3.08
-21.00 mgC/mg.chl.a/hr, indicating that the
higher rates are extraordinarily high even if
underestimation by the '*C technique is taken
into consideration. However, at least, it is noted
that the light-saturated photosynthetic rate of
phytoplankton in Tokyo Bay is quite high when
compared with the rates in productive Oyashio
(3-6 mgC/mg.chl./hr) and coastal areas (2-7
mgC/mg.chl./hr), or with the rates in eutrophic
lakes (2-6 mgC/mg.chl./hr) summarized by ICHI-
MURA and ARUGA (1964) for Japanese waters.
Thus, it is concluded that the photosynthetic
activity of phytoplankton in Tokyo Bay is as
high as the highest level observed in natural
waters (YAMAGUCHI and SHIBATA 1979).

(8) Phytoplankton biomass and photosynthetic
activity in relation to environmental factors
‘Water temperature is one of the major environ-
mental factors affecting phytoplankton produc-
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Fig. 10. Relationships between chlorophyll a
concentration and temperature in the surface
water of Tokyo Bay (December 1975-November
1976).

tion. The chlorophyll @ concentrations obtained
in December 1975-November 1976 for the sur-
face water of Tokyo Bay and Uraga Strait were
plotted in relation to in situ temperatures (Fig.
10).  As can be seen in Fig. 10, the chlorophyll
a concentration remained high irrespective of
changes in water temperature, especially in the
inner bay. In Fig. 11, the chlorophyll @ concen-
trations in the surface water at Stn. T-2W is
plotted in relation to the in situ water tempera-
tures. The upper level of chlorophyll @ concen-
tration seemed to be related to water tempera-
ture to some extent although no significant
correlation was observed.

The light-saturated net photosynthetic rates
per unit amount of chlorophyll @ of surface
phytoplankton off Haneda were plotted in relation
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Fig. 11. Relationship between chlorophyll @
concentration and temperature of the surface
water at Stn. T-2W in Tokyo Bay.
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to the in situ water temperatures, but no corre-
lation was found (Fig. 12). This would suggest
that the water temperature does not limit the
photosynthetic capacity of phytoplankton. How-
ever, as can be seen in Fig. 13, the upper level
of the light-saturated net photosynthetic rate
per unit volume of water seemed to be limited
to a certain extent by temperature as was the
case with chlorophyll @ concentrations (Fig. 11).
As the activity of the organisms increases in
general with rise in temperature, it is expected
that the photosynthetic rate of phytoplankton
is higher during the period of higher water
temperature. ICHIMURA (1967) obtained a linear
relationship between the light-saturated photo-
synthetic rate per unit amount of chlorophyll
and in situ water temperature at a station off
Haneda in Tokyo Bay. In the present study,
however, such a clear relationship was not
obtained between the light-saturated photo-
synthetic rate or the chlorophyll @ concentration
and the #n situ water temperature in the inner
bay as shown above.

The relationships between the light-saturated
net photosynthetic rate of phytoplankton and
salinity and between the chlorophyll @ concen-
tration and salinity of the surface water are
shown in Fig. 14, in which are included the
data obtained in the inner part of the bay and
Uraga Strait. The light-saturated net photo-
synthetic rate of phytoplankton from the low-
salinity water of the inner bay was appreciably
higher when compared with the low photo-
synthetic rate of phytoplankton from the high-
salinity water of Uraga Strait. In Fig. 14(A)
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Fig. 14. Relationships of the light-saturated net
photosynthetic rate and the chlorophyll
concentration to salinity in the surface water
in Tokyo Bay.

it is clearly illustrated that the photosynthetic
rate was lower in the samples from the high-
salinity water even though the data scattered
to a certain extent. A similar trend was also
obtained between the chlorophyll @ concentration
and salinity as shown in Fig. 14(B), though the
data scattered much more as compared to Fig.
4(A).

Salinity is also an important factor affecting
phytoplankton production especially in the neritic
and estuarine areas where a noticeable salinity
gradient is often observed. There have been
many investigation$ concerning the effect of
salinity on phytoplankton production (NAKA-
NISHI and MONSI 1965, MAEDA et al. 1973,
SHIMURA et al. 1979, TERADA and ICHIMURA
1979a,b). According to NAKANISHI and MONSI
(1965), phytoplankton in Tokyo Bay seemed to
be tolerant to a rather wide range of salinity
without appreciable decrease in their photo-
synthetic activity. TERADA and ICHIMURA
(1979a) found that within the estuary the photo-
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Fig. 15. Distributions of chlorophyll a concentration, salinity, dissolved oxygen
concentration and temperature in the surface water at the entrance of
Tokyo Bay obtained on August 26, 1978.

synthetic rate correlated linearly with salinity
and inversely with nutrient concentration. The
present data coincide fairly well with those
reported by TERADA and ICHIMURA (1979b) in
the salinity range above 30 %.. In this range,
the lower photosynthetic rate obtained in the
‘present study may be not only due to higher
salinity but also to lower concentrations of
nutrients. The photosynthetic rate of phyto-
plankton was low in the southern part of the
inner bay with high salinity. It may be possible
to expect that inflowing freshwater stimulates
in some way the phytoplankton photosynthesis
in the innermost part of the bay where the
photosynthetic rate was observed to be higher
in water of lower salinity.

In Fig. 14(B) special attention is paid to the
distinctive difference in the concentration of
‘chlorophyll a around the salinity of 33.5 %o,
because the chlorophyll a concentration decreased
with the increase in salinity and could not be
found at any greater concentrations than 5
mg/m?® in the water with salinity of 33.5 %0 or
more. Fig. 15 shows the results of the obser-
“vations on hydrographic conditions and chloro-
phyll @ concentration in the surface water around
“the front at the entrance of Tokyo Bay on August

26, 1978. A marked difference was observed
in the concentration of chlorophyll @ around the
front, the boundary of bay water and oceanic
water. The boundary was quite clearly dis-
tinguished in salinity and dissolved oxygen
concentration but not in water temperature.
The boundary salinity was around 33.5 % and
agreed well with that mentioned above in
reference with Fig. 14(B). Thus,
phytoplankton community in Tokyo Bay is
characterized by water with salinity of less than
33.5 %o.

Transparency of water is dependent on the
concentration of suspended substances and
colored dissolved matter in the water. Fig. 16
shows the relationship between the chlorophyll a
concentration in surface water and transparency
(Secchi disk depth) measured in Tokyo Bay and
its adjacent areas including Stns. T-8 and T-9
during the period from March to November 1976.
The obtained hyperbolic relationship coincided
fairly well with that reported by ICHIMURA
(1956) for lake water in Japan.
is a distinctive difference between the present
result and the results obtained for the Kuroshio

the neritic

However, there

‘and {Oyashio areas by SAIJO and ICHIMURA

(1960). The difference is clearly seen when the
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concentration of chlorophyll 2 is plotted on
logarithmic scale (Fig. 17); in the present areas
the Secchi disk depth does not increase much
with decrease of the chlorophyll a concentration.
This suggests that the proportion of suspended
substances other than phytoplankton is high in
water of Tokyo Bay, which would largely be
concerned with defining the photosynthetic layer
in the bay.
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Fig. 16. Relationship between the concentration

of surface chlorophyll @ and Secchi disk depth
in Tokyo Bay and adjacent areas (1976).

Figure 18 compares the horizontal distributions
of chlorophyll a, light-saturated net photo-
synthetic rate, phosphate, nitrate, nitrite and
silicate in the surface water of Tokyo Bay on
December 11, 1978. The nutrient concentrations
were higher in the northwestern part of the
bay. Such a trend was already obtained in the
early 1960’s (ICHIMURA 1967) and seems not to
have changed. The level of concentrations of
these nutrients has not been changed very much
although a slight decrease in nitrate was noticed.

T T T T T
+ +
. o Mar’'76

20} 4
E A
£ b
=S
@
©
X
© 10F i
el
£
3
@
3 _

0

01

Chlorophyll g (mg/m3)

Fig. 17. Relationship between the concentration

of surface chlorophyll @ and Secchi disk depth
in Tokyo Bay and adjacent areas (1976).
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Horizontal distributions of chlorophyll a, light-saturated net photosynthetic

rate (Pp™2¥), phosphate, nitrate, nitrite and silicate in the surface water of

Tokyo Bay on December 11, 1978.
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Tt is generally said that the distribution of
chlorophyll @ is related to the distribution of
nutrients and that the phytoplankton growth is
greatly affected by nutrient concentrations. In
the present investigation, the data supporting
this generalization were obtained in May 1978,
but in December 1978 the distribution of chloro-
phyll @ did not coincide with that of the nutri-
ents. A similar result was reported in the
observation of the distribution of polluted water
by SAITOH et al. (1979) when they analyzed
the LANDSAT MSS data of 1972-1976 in Tokyo
Bay. According to them, the chlorophyll a
distribution might be dependent not on nutrient
gradients but on such meteorological or physical
factor as tide or drift current brought about by
strong wind stress, which transports surface
phytoplankton cells toward the northeastern part

_ 0 PO.-P
= 4 NO2-N
- 4 NO3-N
g 40ro sic-si ]
(o]
=2
@ L 4
Q
C
3
20r 1
e
C
@
- r Jo—"O00~__ B
“
2 ~0
=z
(] - e
100 + cnig 100
- o Pn 7

Chlorophyll a (mg/m3)
g1
o
;
i ]
(o2
o

Photosynthesis (mg 0z/mg chl.a/hr)

%6 2830 1 3 5 7 9
August September

0

Fig. 19.
of phosphate, nitrate, nitrite, silicate and
chlorophyll 2 and in the light-saturated net
photesynthetiz rate of phytoplankton in the
surface water off Haneda from August 26 to
September 10, 1978.

Short-term changes in the concentrations

of the bay. This situation could reasonably be
used for explaining the distribution of chlorophyll
a obtained in January and February 1978. In
spite of these conditions it is said that phyto-
plankton chlorophyll @ might be produced more
vigorously in the northwestern water than in
the southeastern water; in the former water
appropriate nutrient supply is expected for
phytoplankton growth.

Short-term variations of the concentrations of
inorganic nutrients and chlorophyll @ and the
photosynthetic activity of phytoplankton in the
surface water off Haneda are illustrated in Fig.
19. The variations of phosphate, nitrate and
nitrite concentrations were almost independent
of the variation of chlorophyll @ concentration,
while the wvariation of silicate concentration
seemed to be inversely correlated with that of
chlorophyll @ concentration to a certain extent.
Although the concentrations of phosphate and/
or nitrate are usually considered to limit phyto-
plankton growth, it is hardly the case when the
variation of phytoplankton biomass is independent
of those of nutrient concentrations as seen in
Fig. 19. Tt is reasonable to consider that the
present concentrations of inorganic nutrients in
Tokyo Bay are far above the levels to be limiting
on phytoplankton growth (YAMAGUCHI and
SHIBATA 1979).

4. Concluding remarks

In the inner part of Tokyo Bay, both the
concentration of chlorophyll @ and the photo-
synthetic activity of phytoplankton are very
high almost throughout the year, so that a very
high level of primary production by phyto-
plankton is expected all over the inner bay
throughout the year. Especially in summer the
light condition favors the maintenance of high
primary productivity of phytoplankton, resulting
in an increase of the phytoplankton standing
crop and frequent occurrence of phytoplankton
blooms. The highest productive area is found
in the northwestern part of the inner bay, even
though the highly productive area tended to
expand southwards. A markedly high level of
chlorophyll @ concentration observed during the
period other than summer and higher photo-
synthetic activity of phytoplankton in addition
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to the extremely high levels of nutrient concen-
trations in water support the comparatively high
level of primary productivity all over the inner
part of Tokyo Bay provided that the meteoro-
logical and hydrological conditions are favorable.
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a2 4 H (Cypriniformes) f3# 46 %ﬁ@
& (Urohyal) oIR"

LA N

On the Urohyal of Forty-Six Species of Fishes of
the Order Cypriniformes*

Takaya Kusaka**

Abstract: Urohyals of 46 species of fishes of the order Cypriniformes were observed and
compared. The features of urohyals are remarkably characteristic of genera and families.
The common feature of urohyals in this order is the vertical plate of main body developed
commonly, and the ventral edge is remarkably expanded horizontally in various grades like
a triangle or quadrate shape representatively. The frontal top as the part connected to the
hypohyal is commonly developed, and on the other hand, the anterodorsal part connected to

the basibranchial is entirely undeveloped. In the suborders Characoidei and Cyprinidei, the
urohyals resemble in shape an aeroplane tail without a “few example. In the suborder
Sitluroidei, the urohyal is commonly taking a flat shape as laterally viewed and a remarkably

expanded shape as dorsally viewed.

FEHIWERBEORETORIRE BIFELEL T
WAD (BET 1969, 1970, KusakA and THUC
1972, KuUSAKA 1974, #F 1975, 1977), 4 [H
BEELa21 B0 4HEH, 148, 39F® 6
DVWTHREYRET S, ZOHCETHAHEOR
HEORE, 2, 3OFAAEXEKRTE, WIhd T
WOITENDILD IR LS RBZEL TR, &
E I REEET, TICREET D BN
o TWBdDEH5H, W LT FLERET
HRPFEZEL TV 52, BEHRELET, €0
HaoERPRELEL EAbNI, THOHED
BB ARSI D S BOERKEWEDZ
2 be D HEXFIF»LBFC,T Thx ik
DaIEL, B TN h, BIETRER
BETHEDIDLDHYD, FIILIOEADE

* 19814E12H 2 H&# Received December 2, 1981
**OT164 HEEHHEASREK 1-37-14

Wakabayashi 1-37-14, Setagaya-ku, Tokyo, 154
Japan

WOBERRIER > T B DEH B, FTHDHLH B
AETISRELTWS D LIX ABEORENTE
LIcHEEE Y b, HENET, TORETEYY
W 2L eI THEY HBHCEN L, BitY
blokBleDTHEREREE 2 b b, Flx
E, PRV HEENO R ALKER DY 2Ty
NTOREEFED PRIV TALOEEL L BT &
T 5 i 5 (Kusaka 1974),

COHEETNEE X OFFEHBAICOWT, £
hERBRCFEIR OS2, DITEYE- T
kT 5,

a4 B Cypriniformes

BEEE I D EE LTV 52, @RS <
BEL T\ o, EEBEEET, TAOEDH 2
I RETH, BEBEEHOE A X HMET 5
L, BEBEREEDS % Dbk 509 D
DHd D, BENKEWH, T 26% T,
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WEREHEOEEL H XN I LWL 5, B
EOBREIL 18% 25 260% T, <eik b
JEL, THMEE 49% T, b EWEERLT
W5, BlEE 8% b 156% TELNELL,
SE T 47% T, iR E V2 B,

1. #52 (Characin) FH Characoidei
BIEE RE - TOgL BT, fck b T T
Budicv, BEBROIHENLIL 12% 7 L 46%,
I 29% TENICKEDTH D,
BEOBELL 22% L 66%, i 439
T, M) EIEEV. BEOBFRILIE 8% v
L 37%, S5 23% T, AEHRTEILD 3P
Thb,
1.1 #35vvR Characidae
E’é[ﬁ:ﬁ[%l@i‘j(%’r’f%i%%'é& 5h, FEODLZE
o FTLDILDITTFRBFRELTLBD, £0D
& WA NATHD, Eii&@@&kuw%
e L 37% ECHEAA S, EHMER 30% T
Hbe BEOEELLT 229 1L 66%, SEHIHE
Iy 46% T, bW TH L, BEOFEL
0&8%tmw,W%,$@ﬁm2%éf,F@®
PR Y LR T
1.1-1 ¥ 3 =7 (Piranha) i Serrasalmus
EESEREL, BEEEG. THOW D EK
WCILD, FREBEILS, BITEEE > T
BHDT, FHEEHEEE Y LT\ 5,
1.LI-1.1 v©5 =7 +«F o5 v U Serrasalmus
nattereri (KNER) )
BEBREOWEEHIT 30%, BE0BELII61%
EFEL @S, BEOFELT 30% &fEEY)T
Hbo
1.2-2 »x % A Metynnis
FEBZ LS REL, BREEMELYE P
JHED b L FETHN, FTOHD /JVFTJL@Zﬁ
T, Sl EIREY LT 5, ZOFREED T
BB Th s,
1.1-2.1 A5 5 x Metynnis schreitmuller:
AHL o
BEBREOTELE 37% T, ARPTENE
DREWTThEH, BROBFREILIX 66% &AR

T THRETHLD, FREROBELD 36% T, i
DARF CRE VD DD—2>Th 5,

1.1-3 3 »m vy <@ Mylossoma

EEHS TLOILY b LSREL, LY D
BRTIEEEEEY LTS, 2/ BARETHM
B L TW5HDD—2Th b,

1.1-3.1 3w v - Mylossoma aureum

(AGASSIZ)

BEBEOHELL 25% To/phx<, EHE
DEELL 61% Enfch KEL, BEOBER
W 37% LARRR LB

1.1-4 =v=wy

P/wnacogrammus

FEEABLEET, PRI B L T
Bo TUOILY WX THEIREND, BIh» b
FET—REIDBAETH S,

1.1-4.1 =2vavy « 5 35 Phenacogrammus

interruptus (BOULENGER)

BEEBEOHER 16% LEL/NEL, &

+ 7 + 5 (Congo tetra) &

BN Tho, BROBREEE 50% LREwW
FThih, BEOBEH 19% &l b
Thb,

1.1-56 v R YV FRAE Leporinus
EEBIEEFCLSREEL TN D, —T, F
DD EFENEL, ErCRDONLET
HBo
551 75427 « 54V EFE«VLEYVFA
(Black-lined leporinus) Leporinus striatus
KNER
%%%%@EE&@%%,%E
Lo Ph L ERTH L, BIED
B DR AMEIZ T,
1.1-6 *n F‘XJ@’, Chilodus
FRESAE L Tvb, BEEE B0
LU HroTnbh, THOIED I CFREL, I
HEEHEWEEY LTV 5,
1.1-6.1 Fw xS vy x—&A Chilodus
punctatus MUELLER & TROSCHEL
BEBEOHEE I 46% LAMGTEBATS
h, EoRBECELTIN Y KTHD, FE
DFRELL 36% LHETELS, BREROFBELX

B8 Hk50%
TR 13% &
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23% LEBTH B,

1.1-7 v A5 5@ Pristella

FEEIEHEZATARCREL T B, BIEY
VR EE I TR D S ENATHIES, Lk
B ATV EEEDORE LT\ 5%,

1.1-7.1 F9V A5 %+« Uy FvA Pristella

riddlei (MEEK)

BEBREOWHEH 33%, BEoFELIE30%
TR E/NE L, EhiIE, BEOEER-IT 8%
AR RENTH B,

1.1-8 =v 7~ v 7 E Moenkhausia

FEETHEL B H oo 5, FidE<, ©
DR IELDOILY HFGEL, £ O RHIFEHH
ErET 5,

1.1-8.1 v s oy 7 «F )TV EA

Moenkhausia oligolepis (GUNTHER)

BEBEDHEEIL23%, BEOFRIE22%,
BECFEIL 16% L3 d NETefEx R L
TWdo HCBBIARTRETH S,

1.2 ~:+4 x£A (Hemiodus) B Hemiodidae

EEHR LO TR IR LS FEL, =
AHRORERE ISP TWS,

1.2-1 ~ 34 &£ &)@ Hemiodus

FEIRSFEA S A AL, FUOIED
FELLIES EARIED, HSAEEEL TV 5,

1.2-1.1 e P AL~ 314 XA Hemiodus

semitaeniatus KNER

BEEBEOHEIT 37% LEEITKE L,

BEoFELE 33% LEBETHY, HEDOE
Bk 29% Lo RkE,

1.3 o~ 2 v F(Hatchet)® Gasteropelecidae

BEEEE L GBLT, BEficfiRe L Tn
5o

1.3-1 ~5 =z » M@ Gasteropelecus

HIHERE LT 5, BEERE BIHCD
CTWAHRIFT, THOEIIELRbR,

HIEE R, BFORLIBIRTH S,
1.3-1.1 ¢ A 3—erns 2y k(Silver hatchet)
Gasteropelecus levis (EIGENMANN)
BEBEOEENLIY 12% LD TN,
BEOBEHIL 30%, BiEOEBEHIT 17% &

HNEHDOETH %,

2. FuFoFrFXEB Gymnoloidei
B 7R B A B,
2.1 v 74 2754 (Rhamphicthy)) F}
Rhamphicthyidae
2.1-1 v RE s AE Hypopomus
RO RUFFE LS RFCEEL TV 5, T
WEENL, DA LER~DILD D, 1RIFE
B FEL TV %o
21-1.1 FPIZVANL—RV e FAT T 4y
+ o= (Translucent knife-fish) FHypopomas
artedii KAUP
BETEEOHEIT 42% E07ch KE W,
BEXBED 29%, BEEERD 26% LR
LHTH Do

3. a4 #B Cyprinoidei

WS, FEE, FUOIED ETind X<
WL, EUERSTREHZER O RRAY EhE 5
K LTwh, FREFNKTIEIRD b Db H %
2, WLTHRRO» 5 vEROZNEFE LA
LT3,

3.1 =aA#® Cyprinidae

BEEEBEOCTHEHT 30% 7\ L 50%, ¥
It 36% LAEEMEL DR KR ThBH, HEOHEL
LY 35% TRIME A R T, BIEO RIS
31% & TRDILEY MTe D FEEL T %o

3.1-1 3 x4 =& Rhodeus

B SN S R e D, RN L S S
L, THDOEEDIED & X< FFELTWT, =24
7 FoERE IS BEE L T 5,

3.1-1.1 3% £9 = Rhodeus ocellatus

(KNER)

REEEBEQCHEENT 37% T, BUEETHI,
BEoBELE 42%, BEOBRLE 40% &,
PR M) RELMETH %o

3.1-2 = =@ Pseudorasbora

BE, BE, BEOWTRINRIKREDTH
bo MEMIKF OV, ThHEoTRY, Tl
OIED EFIFT I RELT, £FE0RHSAIR
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Table 1.

La mer 20, 1982

List of specimens examined, with measurements (in mm)

Species name

(or common name)

(* Obtained from a market in Tokyo, Japan)

Locating and date of collecting
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Serrasalmus nattereri
Metynnis schreitmulleri
Mylosoma aureum
Phenacogrammus interruptus
Leporinus striatus
Chilodus punctatus
Pristella riddlei
Moenkhausia oligolepis
Hemiodus semitaeniatus
Gasteropelcus levis
Hypopomus artedii
Rhodeus ocellatus
Pseudorasbora parva
Pseudorasbora pumila
Gnathopogon caerulescens
Tribolodon hakonensis
Zacco platypus
Ctenopharyngodon idellus
Hypophthalmichthys moritriz
“Ganges dace”

Carrassius carrassius
Carrassius auratus
Cyprinus carpio

Barbus tetrazona

Barbus oligolepis

Labeo bicolor

Brachydanio rerio
Misgurnus anguillicaudatus
““White loach”

" ““Ganges loach”

Acanthophthalmus semicinctus
Botia macracanthus
“Red-fin shark-like loach”’
Gyrinocheilus aymonier:
Parasilurus asotus
Kryptopterus bicirrhus
Plotosus anguillaris
“Kaiyan”

“Kaiyan resembling’’
“Ganges bagrus’’

“Dotted dorsalfin bagrus”
Corydrus paleatus
Corydrus paleatus Albino
Clarias lazera

Loricaria parva

“Ganges chaca”’

South America;*
South America;*

Sept. 1971.
Mar. 1969.

South America:* Oct. 1971.

Congo, Africa;*

Feb. 1971.

South America;* Oct. 1971.
South America;* Oct. 1971.
South America;* Oct. 1971.
South America;* Oct. 1971.
South America;* Feb. 1971.
South America;* Feb. 1971.

Guiana, South America;* Oct. 1971.
Saitama, eastern Central Japan, July 1971.
Southwest Tokyo, Japan, Feb. 1970.
Saitama, eastern Central Japan, Aug. 1969.

Chiba, southeastern Central Japan, Aug. 1972.
Chiba, southeastern Central Japan, Nov. 1971.

Tokyo, Japan, May 1966.
Saitama, eastern Central Japan, Nov. 1968.
Tokyo, Japan, Apr. 1969.

Mymensingh, Ganges River, South Asia, Jan. 1971.

Saitama, eastern Central Japan, July 1969.
Tokyo, Japan, July 1970.

Saitama, eastern Central Japan, July 1966.

Southeast Asia:* Oct. 1971.
Southeast Asia;* Oct. 1971.
Southeast Asia;* Feb. 1971.
India and Burma;* Oct. 1971.

Saitama, eastern Central Japan, Nov. 1968.

Southeast Asia;* Oct. 1971.

Mymensingh, Ganges River, South Asia, Jan. 1971.

Southeast Asia:* Oct. 1971.

Borneo, Southeast Asia;* Nov. 1970.

Southeast Asia;* Oct. 1971.

Thailand, Southeast Asia;* Aug. 1971.
Saitama, eastern Central Japan, Dec. 1971.

Southeast Asia;* Oct. 1971.

Sagami Bay, Southeast Japan, May 1966.

South America;* Aug. 1967.
South America;* Feb. 1971.

Mymensingh, Ganges River, South Asia, Jan. 1971.
Mymensingh, Ganges River, South Asia, Jan. 1971.

South America;* Oct. 1971.
South America;* Oct. 1971.
Africa;* May 1972.

South America;* Oct. 1971.

Mymensingh, Ganges River, South Asia, Jan. 1971.
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of total length, body length, body height, head length, etc.

Measurements in mm Proportion in percentage
Total Body Body Head  Urohyal Urohyal = Urohyal lei{get?ldo ¢ lgxf(g)?hy?)lf lgrf;?hyilf
length length height length length height width Iig?l}éi'ﬁl L}lxré)igi?l uvi?gg}? L
88 76 36 24 7.3 3.7 2.2 30% 51% 30%
135 121 72 25 9.2 6.0 3.3 37 66 36
85 79 47 22 5.6 3.0 2.0 25 54 36
84 72 19.0 19.5 3.2 1.6 0.6 16 50 19
166 146 30 38 10.0 5.0 1.3 26 50 13
56 48 14.0 13.5 6.2 2.2 1.4 46 36 23
34 28 8.4 6.0 2.0 0. 65 0.25 33 33 8
34 27 11.4 7.7 1.8 0. 40 0.28 23 22 16
108 93 19 23 8.5 2.8 2.5 37 33 29
45 41 19 10 1.2 0.36 0.20 12 30 17
88 80 8.0 9.0 3.8 1.1 1.0 42 29 26
71 59 26 13 4.8 2.0 1.9 38 42 40
73 63 14.0 13.5 5.7 2.3 2.4 39 40 40
45 39 7.7 8.4 3.7 1.7 1.8 40 46 49
62 53 12 13 4.7 1.5 1.4 36 32 30
195 162 36 38 11.8 4.3 3.7 31 36 31
121 101 24.0 24.5 7.3 3.3 1.6 30 40 22
172 143 36 32 11.8 2.6 3.8 37 27 32
170 142 40 39 19.5 6.0 4.0 50 31 31
106 94 21 20 6.0 2.3 1.2 30 38 20
82 70 27 21 7.7 2.8 3.8 36 36 49
118 92 38 27 10.7 3.5 4.6 39 33 43
347 302 89 79 28.0 7.2 13.6 35 26 48
39 30 9.0 9.5 3.0 1.2 0.4 32 40 13
81 65 18 17 6.0 1.7 1.5 35 28 25
45 37 8.1 9.5 2.8 1.0 0.6 30 36 21
23.7 19.3 4.0 4.3 1.3 0. 40 0.35 30 31 27
114 100 14.0 15.5 2.5 1.4 1.1 16 56 43
90 80 11 13 1.7 0.8 0.8 13 47 47
92 79 16 16 1.08 0.86 0.40 8 80 37
56 52 3.4 7.5 0.68 0.37 0.13 9 54 18
58 45 12 16 1.05 2.76 0.65 7 260 62
34 25 58 83 0.4 0.7 0.3 5 175 75
112 95 17.0 18.5 4.8 3.3 4.0 27 69 83
400 365 ¢ 73 85 17.7 7.2 11.0 22 30 63
55 46 9.0 8.0 0.7 0.7 0.3 10 100 43
180 166 27 35 6.6 3.5 6.0 19 53 91
110 98 21 25 5.0 1.8 3.7 20 36 74
71 63 12 15 3.5 1.2 2.4 24 34 69
127 107 22 22 4.4 1.34 1.42 20 31 32
125 110 20 20 4.1 1.75 1.42 21 43 35
35 27 8.0 8.0 2.0 0.5 2.0 25 25 100
30 23 7.0 8.0 1.4 0.4 1.6 18 29 114
324 307 45 62 12.0 3.2 13.5 19 27 112
95 82 7.0 12.0 2.8 0.5 4.2 23 18 150
146 125 20 44 6.2 1.5 9.7 14 24 156
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ThHHDONERTH D,
3.1-2.1 = v = Pseudorasbora parva
(TEMMINCK & SCHLEGEL)
BEBEDOHEIX 39%, BHOEEHIT 40
%, BEOEENRD 40% - TFhianleh ks
fHA TR LT 5,
3.1-3 = v 2@ Gnathopogon
BEHBS TLOWED b X < RETHH, &
HeEsnEL, WERE~NREET 5,
3.1-3.1 v w2 Gnathopogon caerulescens
(SAUVAGE)
BEEBEOFHEEIT 36% LIBHTHD, BHE
DEREIT 32% & P0EL, BROBEL30%
TRIFRETH D,
3.1-4 w748 Tribolodon
BTEER /NS TR e b, TEES E T 0k
DRk < FEEL, EE BN &2 5 T
o FHIGERPRIRY 2T %,
3.1-4.1 w7 A Tribolodon hakonensis
(GUNTHER)
BEBEOCHEILX 33% Lo0/haEv, B
OEFREE 32%, BEOCHEHE 29% L vTh
LEE Y DD E
3.1-6 #H+ A »v]E Zacco
BRI PR IS EET D, THDILD X
A KFERFEL BT, AEEEERC—
A LT b, THDILD OBBILE U
AT A,
3.1-5.1 #4 # v Zacco platypus
(TEMMINCK & SCHLEGEL)
BEEEOCHEILT 302 Lo/ & Vv, HE
DOEEIT 40% Laieh KEWHE, BEOEE
Lo 229 Einis /NS WETH B,
3.1-6 v w ¥ gE Ctenopharyngodon
EFCPPHIE T EAN B £ D Eo T B
ETLOHIEY DRGNS ATV 5 D0
HMHITH %,
3.1-6.1 vwv¥a
(CUVIER & VALENCIENNES)
BEEBEOHELL 37% LiBHTHLLN, &
BOBRERIL 21% Eoich/hel, BEOEBE

Ctenopharyngodon idellus

etk 329 LR/ VEEIRT,

3.1-7 -~z v @ Hypophthalmichihys
PRME T, EGNOILD OBRGIEI AT
Wh e, LERBEEPRREZES 5. TURTH
P, D B AR THEBIRCE D 7L T 5 D2
BThb,

3.1-7.1 -~z v v Hypophthalmichthys

moritriz (CUVIER & VALENCIENNES)
BEBEOHEMIT 50% KE L, ARFOE
KEERLTCHD, BEOFERL LY, BED
HEHT 21% TR ENIWVETH B,

3.1-8 (Genus undetermined)
THORIER A ESR T, FIFA 1 5 7l
WAHR, TUOILY BPuNeZ & &, FORED
MRod THRS AN I 2 ATV A AN R B,
3.1-8.1 Hv A «v &xH “Ganges dace”
BEHEOCHEH 309 Ehich/hXuw, &
mOERLE 38% LR, BEOEEL
i 20% EFELSPNTHS,

3.1-9 7z )5 Carrassius
THDIBE~DILD 233 L FEL,
BEEZAEYETARETH B,
3.1-9.1
BEBEOHEIL 36% LHEMETHY, BE
DEFRELS 36% LEEELZIRTS, BEOEE
it 49% L, LD ORELTCDH I EAIR
LTWh,

3.1-9.2 *v ¥ g5 Carrassius auratus LINNE
LR roTnEBLOLTHWED, EFEED
BHELN 39% DL THhBNREL, —F, &
mOBEELD 32% Thh, HEOHFELN 36%
VTR T FDBEA L DAEWE A R LT b
Do

3.1-10 =1 & Cyprinus

BEERIE 7 FBEOTIIL T BH,  BiE
DL ORI NE N b, T D Ol
DHHRIRTH A Z L, BIY, BESBFCP
REE LEENMEVCEN R T b,
3.1-10.1 =4 Cyprinus carpio LINNE
EEFEREOHERY 35% LEUEETHL, B
BOBRERE 26% Lnichikv, BECBEL

FEEE

7 4 Carrassius carrassius LINNE
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11 48% THis WIBIEVEIRTH %o
3.1-11 7A@ Barbus
SRR RV, BRNCE - o k7L
<, R mEHO LA Ere BT o s
MR Th s o ENEBE VL 5B,
3.1-11.1 A=t 5 (Sumatra) Barbus tetra-
zona BLEEKER
BEEBEOHEERE 32% Lo0/NE v, BE
Wk FEL, BEOBREE 40% TR,
THEEL, EAOEDEECmES, LERR
SVERRT, BEOBREIL 13% EFL A
U,
3.1-11.2 A 7A #+V=FvEA Barbus
oligolepis (BLEEKER)
BEEEEOCHENIL 35% TERETHD, BH
Hir xR A, ERA=FIOERIDD
BEABELIES, BEOBEH 28% ¥ &
Felus, PO AR L REL, TOERE
FEEsBRTHEEE LTRY, BEOFRELE
25% & FEA= FFDENL D DISD RTH %,
3.1-12 5 ~#J® Labeo
FEL L A BICPTRRMI Y, BTEESR
RREAL, EES TP B il #R T, B
M, BNl o Th, FHOIED g
BETHA,
3.1-12.1 vy FFA4n TFu7
(Red tail black shark) Labeo bicolor SMITH
BT EEOHERL 30% & HBE/NE WL, &
moBENT 36% LE<, BREOBREL21%
LRI DPNTH B,
3.1-13 75 %4 X£=+F Brachydanio
BEAIREL, BEFCOFTTNEDT, Lk
BOFNTFLE D) EEINEVCONEE TS
Do
3.1-13.1 «¥73 &=+ (Zebra danio)
Brachydanio rerio (HAMILTON-BUCHANAN)
REBEOHELZ 30% Lo0hs W, BE
DEEIT 31% LEEBETHY, BEOFELIX
21% TR b EETH D,
3.2 ¥y a R Cobitidae
AR DL OIIREENELLENT, BEER

oy — 7

OFHELN T% b 16%, R 109, Lisis
Vo BN LEEE THOWED TFEEL T
HHONE, BEOBEIT 70% fRERL
TELLEL, MBI OHANEEDOFYU D
Lobbhsh, BEOFEHL 18% »b 62% &
LT, VL 48% Tho,

3.2-1 ¥v g v Misgurnus

COROEOINT R B HEIAREL, T
it Thhe FTAEOILD L L CHh- T %o
BEEBEOHELL 8% »b 16%, BE&OFE
Hix 56% 25 80%, FiEOEEMLE 3% »b
50% %R

3.2-1.1 F g v Misgurnus anguillicaudatus

(CANTOR)

BEMIEBCREL, JFEZAEE LT
Do THUDYED XFTEEED A Th B HHFCH -
T, BEBECHEHL16%, BROFRL
ik 56%, ‘BiEROEELIL 43% TH o,

3.2-1.2 <+ m Ny g “White loach”

Misgurnus sp. Type A

FEFC avorhe P50, T kil
IVELSENL, EEMBOR T ORI T
WHEDREBMTH S, BEEFEOHENLL 12%,
BEOEERIL69%, BEOFERT 50% Th
ST, WIS FRREO Z D & REE o,

3.2-1.3 #HvARNY g v “Ganges loach”

Misgurnus sp. Type B

B _RED 2 R & kR X < RaET A, EH
D FIEFEN S T I D EINEN .
THOIE D E D FEE LTI 2 5 2
L OUfEIcARE L WL B, BEFROBEHLIL 8
%LELLNEL, BEOBERIE80%ERE W
0, BIEOBERE 37% L IREITH %2,

3.2-2 7 —1)—nwr—3 (Kuhli loach) &

Acanthophthalmus

FEEIB EFCREL, RAETLIDEL
CEL, MERREEA=ZMEYRT. NAD
WO ILENTH D,

3.2-2.1 7—Y—wn—3 Acanthophthalmus

semicinctus FRASER-BRUNNER

BEOHEmIL 9% LELI/AE WV, HE O
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BRI 5%, BEOBELT 18% &3k,
3.2-3 7 5w v wm—(Clown loach) & Botia
FEMBI LFCOLREL TWHDT, B

DTN, BBHLHEER TS, THiiE

M EHNDIELD BRBBBND,
3.2-3.1 7 5w v w—< Botia macracanthus

(BLEEKER)
REBROEENIX 7% LEDT/REV, F
BOBREE 260% LiEMcKThHD, BEOER
RHE 62% L5 EERT,
3.2-4 (Genus undetermined)
3.2-4.1 v Fosveye—2 R g
“Red-fin shark-like loach’
FEEENLA < R L7V, BIELEE O 4 h

L, PADIED T RN TRALTHED

O THRERDOERY LT\ 5, BEBEOHELIX
5% LRSSV BEOBR.IL 175% &

DTRELS, BEOBREIX 5% Lnleh KE

UME R TR,

3.3 2V A A (Gyrinocheilus) T
Gyrinocheilidae
EEMTHE BHCEE L, TUEAELRE
THIECERELTRY, 2&KEARATHSED
BRIGEIR T, o CHERETH S,
3.3-1 0 AN 2B Gyrinocheilus
3.3-1.1 7nrv—x— (Algetar)
Gyrinocheilus aymonieri (TIRANT)
BEBEOHEIL 27% LoRvhE v, B
DERLX 69% k&<, BEOBEREX 8%
LIRFITRE L

4. > XEH Siluroidei

WIS EEANDILD N L REL, AN
IR DR, F, BELERY TS
DENIEH b, BEEEEOHEKEI 10% -
L 24% & lpiny g, BEo8El it 18%
Db 178% LZALHIKRE W, —F, BlECEEHR,
L 32% 2B 156% LIENEL, 2, 3 Db oRR
T, MORBECA D hRIBIEENMEETH D,
4.1 <= AP Siuridae

R o

4.1-1 = X@E Parasilurus

AL EE L, |EERESTHG, Tl
WRACOV, EA~DIE) xRS CHREL, L
ERRERE LT 5%,

4.1-1.1 = X Parasilurus asotus (LINNE)

RBEBREDOIHERIL 229% & AFE OEMIT
W, BEOBERIL6%T, BiE0EEHIZ63%
ER&E W,

4.1-2 75X F4 9+ 74 v =(Glass cat

fish) J& Kryptopterus

BEPE ETRREEL, RSN FTUDOH
DRV, TLOHE D I DT BN T, B
HEEHEE Y LT 5,

4.1-21 /52 FHro b T4 9ia
Krypropterus bicirrhus (CUVIER & VALEN-
CIENNES)

BEEROCHEELY 10% & —oBHOHFTE
LSV, BEOFERIE 1002 k&, =0
BEEHRFTR&ETHL, BEOBEHX 37% i
LIRS QAN

4.2 v XA} Platosidae

HIRE = XORFEBICLT, i M 5 <
L, BESMEPRALBELYZL, FTUED
FHFENPNALERAY LT 5,

4.2-1 v XA & Plotosus

4.2-1.1 =v A4 Plotosus anguillaris
LACEPEDE

BEEHEOHEHT 19% & r<=AX0Fh bz
BRI TH5, BEOBFELILE3Y, BEOBE
i 91% & TADH D WEIE

4.3 F xR Bagridae

B BE LT A ML §IEE + = AR 0 Fh
EXISBTWE, WMEMBSIOCTHAOELD & k<
REL WD, BEFEOEERIX 20% L
24%, BEOEEHIT 32% 7L 449, EiEo
BRGNSV DO ERERLD L TRT, 30%
M TA% EEESKRE W,

4.3-1 (Genus undetermined)

4.3-1.1 #4 ¥~ “Kaiyan”

BEEEIIE S MELS, TUOID ik { FEL,
LEETEEE=ZAEY LTS, BEFEDH
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B3 20%, BaoEELE 36% ThH, HiE
DBERL T4% RS TKEL,

4,3-2 (Genus undetermined)

4.3-2.1 » 4 ¥ ) “Kaiyan resembling’

BIREDZhC XS RITW 52, BEESIEHIC
ERL, FORMMNEN - TWBHENHEEL T
5., BEBEOHEEN 24%, BEoEEH X
34%, BREROBFEHIT 69% & FEELIEEDS
AR

4.3-3 (Genus undetermined)

4.3-3.1 v A¥¥ “Ganges bagrus’

BISREEE L, T BFREL TV 5,
FEFEFETCREECUEEZLTERD, FTHD
LD BT, A TERCH > T 5, B
EEROBEELL 20%, BEROERELL 31%,
BREOBERLL 32% T, 2FKCHEVC &%
o

4.3-4 (Genus undetermined)

4,341 v F¥¥ ‘“‘Dotted dorsalfin

bagrus’’

PR WA RN EEIBOEX 2571 TE
<, BHTES Ien T B iE THOIED DR
ANDREETHHNENRD, BEFEOHEL
21%, BEOBFENLIL 43%, BIEOEEHE%
EVFTROMED LR L D ENCKTH D,

4.4 v 754 (Callichthyi) # Callichtyidae

4.4-1 =29 ¥ 52| Corydoras

ARSI AE R LT B, B|ERILIEZEAL L
<y EANDYRY 2352 USEARIRT,  REEE
BRLHEAE Y LTV 5%, BEEFELIEL, &
BRXBELRU D, ThDl EEBE,

4.4-1.1 a3V F3RA«2v 7 % A Corydras

paleatus (JENYNS)

TAOHER, AfoBEEIRITIZIEERIRT,
s, BEBO A GTR SRR E BTV 5,
BEBEOHEENY 256%, BE OB R 25%,
EROBRER 100% Thb,

4.4-1.2 7 /2 ) ¥ 35 A Corydras

palearus (JENYNS) Albino

FREEHE LT, g, SxakcEsremic
BHLTWS, £07®d, D OELDHEE L O

BROBERIHAT LN > T D, BEFRED
RN 18%, FEoFELIT 29%, BREOF
B 114% 950 B 88E T, EFFE & BEmM
e h Bico Thb,
4.5 733 (Clara) # Clariidae
4.5-1 7 5 5@ Clarias
BRI C BB L, |EIEEL el, A
FOPEDEERE > THIFCEH LT 5D
T, SEBRERIEBE TH AN U h DBRY
LTWwh,
4,5-1.1 7rv/ -2 55 Clarias lazera
CUVIER & VALENCIENNES Albino
BEBEOCHEN L 19%, BEOBELIZ27%
T, BIEOEEHT 1129 LEOFIKTHL %,
4.6 =Y H VT8 Loricariidae
4.6-1 w Y H» V7@ Loricaria
BUSEEREL < B L, T DOMEIFIH~D/N
FERE->TWh, BEHEITIZE AL L, b
WAVENICER LTV T &, EHNDIR
DI T LI FEL T 5D,
4.6-1.1
BOULENGER
BEFEOHERL Y 23%, F&a0FELILI8%
LR TRV, BIETBERED 150% LM TiRIA
[
4.7 4 v F-<= A Chacidae
4.7-1 4 v —<RAE Chaca
BRI R LT, TEIZ2L <,
L, THHEEER TS, EAHDOID EED
TILREL, gRETBERE - T, WHER
FHEEELT Wb, Lidi->T, HmdTHRLE
RT, blhrdyzy MEO XS BERE LT
Bo
4,7-1.1 # v A5+ (Ganges chaca)
Chaca sp.
BEHEOHEmT 14% L/hEL, BEOF
Bz 249% <, BiEOEERLIL 156 % LD T
KTH 5o

v ) # VT Loricaria parva

Pk &L, »5vvlliE Characoidei & =2
A WH Cyprinoidei * DREFILF v ¥ T 5+ ¥l
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B Gymnotoideir #&%, 3R d 2, 3OFHH%E
Fr< &, BEEETFTHOMED M FELEIRT,
HFEHOMIHFCHAEARR O, ZENMELE
LD CTHEERBREOH DD EELZ DN, +
= R H Siluroidei DREEFIT KT, BHEEE
DFGERE L, EEPILPLEN S D0 BIRER
PNCie-TRY, FnbTOTADILD E—E
EREZELCEEEREAEZ D BEOIDNE L,
WL Th 24 FENS <= ATH 2 LIRE
ELLEREERE V2 5,

B, B, BORFILEBEEED Erb, HHEW
7eh OFNECAE R THID, ZhARFEMESE B
DEE & COBEBBETLO0N EHTHD, #
BEOMBERYETIE FCLETHRETHY T

3
9o

W, BEBOBERIC oW, BT, AEO
REE (KUsAaka 1974) oFHZEER L i b
DT, ZOEMEEMEFATE - HRKFEHIRS
DENFETR L, B L LT £+,

X [y
GOSLINE, W. A. (1971): Functional Morphology and
Classification of Teleostean Fishes. The Univ.
Press of Hawaii, Honolulu. 208 pp.
BT (1969): FAIHOHEE OMI-I. 5 &, 7,

126~143.
HOREM (1970): AMHOHEE OME-IL 5 &, 8,
149-170.

Kusaka, T. (1974): The Urohyal of Fishes. Univ.
of Tokyo Press, Tokyo. 320pp. 10 textfigures
and 700 figures.

BN (1975): = vHH (Clupeoidei), v+ ¥
H (Anguilloidei) DRBHEBOEIR. 5 &, 13, 134~
149.

R (1977): 44 H (Salmoniformes) OB HE O
R 5%, 15, 21-36.

Kusaka, T. and N. tri THUC (1972): Regarding
feature of urohyal, parasphenoid, hyomandibular
and pelvic bone of the Japanese lanternfishes
(Family Myctophidae, Teleostei). La mer, 10,
145-155.
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PLATE 1

S
SATEIERTT

I
Tmm

1.1-1.1 SERRASALMUS NATTERERI 1.1-4.1 PHENACOGRAMMUS INTERRUPTUS

g N .

A

5mm
1.1-2.1 METYNNIS SCHREITMULLERI 1.1-5.1 LEPORINUS STRIATUS

L ! S5mm
5mm 1.1-6.1 CHILODUS PUNCTATUS
1.1-3.1 MYLOSOMA AUREUM
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PLATE 2

La mer 20, 1982

Tmm
1.1-7.1 PRISTELLA RIDDLEI 1.3-1.1 GASTROPELCUS LEVIS

Tmm

1.1-8.1 MOENKHAUSIA OLIGOLEPIS

1mm

2.1-1.1 HYPOPOMUS ARTEDII

(0 N

Smm Pa—

1
1.2-1,1 HEMIODUS SEMITAENIATUS 3.1-1.1 RHégghs OCELLATUS
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PLATE 3

N

L J
Smm

1mm 3,1-5.1 ZACCO PLATYPUS

e —
Tmm 5mm

3.1-3.1 GNATHOPOGON CAERULESCENS 3.1-6.1 CTENOPHARYNGODON IDELLUS
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PLATE 4

il
S~

10mm
3,1-7.1 HYPOPHTHALMICHTHYS MORITRIX

L ! |
5mm 10mm
3.1-8.1 "GANGES DACE” 3,1-10.1 CYPRINUS CARPIO

3,1-11,1 BARBUS TETRAZONA
3.1-9.1 CARRASSIUS CARRASSIUS
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PLATE 5

5mm

3.1-11.2 BARBUS OLIGOLEPIS

| I—— |
1mm

3,2-1,1 MISGURNUS ANGUILLICAUDATUS

Tmm

3,1-12.1 LABEO BICOLOR —!

Tmm

3.1-13.1 BRACHYDANIO RERIO ' Py !
3,2-1.3 "GANGES LOACH”



108 La mer 20, 1982
PLATE 6

0.5mm
3.2-2.1 ACANTHOPHTHALMUS SEMICINCTUS

10mm
4,1-1.1 PARASILURUS ASQOTUS

\ *
3-‘2‘1‘!.1
| —

"RED-FIN SHARK-LIKE LOACH” - BICIRRHUS

0.1mm 0.5mm



24 B (Cypriniformes) %346 EOBES (Urohyal) O 109

PLATE 7

| S—
Tmm

4.3-1.1 "KATYAN"

1mm 4,4-1,1 CORYDRUS PALEATUS
4,3-2,1 "KAIYAN RESEMBLING" s

1mm
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‘ , 4.7-1.1 “GANGES CHACA”
44-1.2 ™M CORYDRUS PALEATUS ALBINO Smm

T

4,5-1,1 CLARIAS LAZERA
10mm

4.6-1.1 . LORICARIA PARVA



La mer 20: 111-117, 1982
Société franco-japonaise d’océanographie, Tokyo

KEEHE T3 1T 2 BB O MR & BT & OBIE"

5o WO X B =

Seasonal Distribution of Pelagic Chaetognaths in Relation to
Variation of Water Masses in Otsuchi Bay, Northern Japan*

Makoto TERAZAKI** and Ryuzo MARUMO***

Abstract: A plankton sampling was carried out at three stations in Otsuchi Bay once monthly
over the period of one year, May 1978-May 1979. On the basis of analyses of 35 samples
taken by a Norpac net with 0.33 mm in mesh-opening, studies were made on the monthly
variation in number of pelagic chaetognaths and the breeding seasons and the relationship
between the distribution of indicator species and the water masses was discussed.

There is a large variation of chaetognath number ranging from 1/m® (in March) to 78/m?
(in October). Three genera and 9 species 1 form of chaetognaths were identified. The
species composition in Otsuchi Bay was similar to that in the open sea off Otsuchi Bay.
Sagitta minima was the most common and abundant species, followed by S. nagae, S. enflata,
S. elegans and S. crassa f. naikaiensis. The breeding season of these species in the bay was
June-October in S. crassa f. naikaiensis, April in S. elegans, August-October in S. enflata,
October-November in S. nagae and August-December and February-May in S. minima.
S. crassa including S. crassa f. naikaiensis, and S. minima have finished their life history in
Otsuchi Bay. S. elegans and Eukrohnia hamata were carried by the Oyashio cold current
and on the other hand, the occurrence of S. enflata, S. ferox, S. regularis and Pterosagitta
draco had close connection with the Kuroshio warm current.

1. # TEEND HH, —RC 3~4H T L8
KB, B4k 2km, FPE 8km o, H{H BB, 5~6 B i mREEAK, 6~2F 1B

ill]

KFHCB I BEVETH D (Fig. 1), K,
HLHE 7T0~80m, BEE 10~20m Th 5, A
DAL, EYECHE < KRB, /NgENI, BRI
HHE SN DMK E, WAL BERAT B
KL o> TRREN D, KHEEOWHATEL L -

* 19814108 9 HZH

Received October 9, 1981

R BRI SO KRR R 9 o & —,
T028-11 &FIR LA AR RREET RIE 2-106-1
Otsuchi Marine Research Center, Ocean Research
Institute, University of Tokyo, Akahama, O-
tsuchi, Iwate, 028-11 Japan

R BRI IR,
T164 R THFXEA1-15-1
Ocean Research Institute, University of Tokyo,
Minamidai, Nakano-ku, Tokyo, 164 Japan

RN ST 2 EM R TH 5 (BFEX
BERER B S BV ERD

KB HRT 2B OV, chET
EEO LA, X Q977 2R L i & OB
FREOWTHE LTS, AFRIZE b hg
FREIY, FMAEL TRECHET 5 B
BEREONT - HEBIORBCHEAT LA E F
DIFER L OBHIC O W TRITT oo LB L
Lic, 2Diceh, 19784E5 HI b 197944 A %
T, A LE, B0, @Esk, #HEDO 3EETK
iAo R, 75V s v EERYER L,

AMFEEITRICHI), BaADHER T2
W R R R R R R v T2 v 4 — %
F BAE—-BEE, B IORBFRECHE VI
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Tt e v 2 — IR EEE, R R
A L TAERCES BHOBERT %,

= DFPFFEE A R IR R S e DB &
Biilcbiiic,

2. MEEHE

19784E 5 A2 19794 4 H % <o 1 Fichic
b, gH 1ETARL Fig. 1 RTREERAD A
GKEZE35m), B (KZE 47m), C GK&E 75m) @
35EMA T, #E 0.33mm o Norpac # v + &
W, E2DLEREE TORERERELTIE T,
FKEXF » POOPCEAMAT BRI 79— A —
2 —DEEH X DEH L, BEHRBILEDI
10% kR = ) VBT CEE Lic, BB BE
SEAER Lok, BAEEL, SECoWTE
EBARE L, EADKRERIE T RAMHEBT T
BTG 7 2= —EHANTIF- 72, B
&\~ Sagitta minima, S. elegans, S. enflata,
S. nagae, S. crassa forma naikaiensis O 4 & 1
BCoWTIE, BN THEENMTI bR TS5
L5 inkbiem, THOMSON (1947) ok
D TRAE LA

F 2o RGN D S, elegans O B % Fo
Lz, 19794 5 108, HEUARSMEER 7Rt
Fefinik A T ORI-100 # » b (OMORI 1965) %
FAVS, EPI6 &, 4 3 CHEAIERELFER L
7o '

3Ed A, B, C Cli7 5 vz b vIRE LR
w=—5y 7 STD #—x—%H\, KE»DE
*COKER, EOOBAT TR, T OBANE
Bk ox, KBS KEEDEL L BT
FraiEhR DRl E BTo T-S #4777 s%fE
B L7e L2 L 5m PURORE A I[KDOZEY
2 (I - DU HE 1979), o TIEED ORFE
B TH BT, T-S £A47 75 L OBHTH LR
ALt

3. & B

(1) KEEE DR &

Fig. 2 WRT X5k, WA BrsFs T-S4
AT 75 A LD E2~4 B RREEr 7°C 2T,
34 %0 D) F ORB{E A KIE & o TED b, Bl
ki (44°N, 154°E) coR « HoRE (HAT-
TORI 1973) ¥\ 2%, 5 HICA B Lok, oD
FEAEED, SHUL8 AETRIC, 8 Ak T-S
47 75 a2 EEKIR (34°N, 136°50'E) DK
oS (YAMAMOTO and HORIKOSHI
1979) &5R<, o ORI K Bk O
EETICh-1ol EAREND, 9 ARAD L%
BAMBED, ThIX3 AETR<A, B\AEIA,
10 HxkE 1 BET 3% UEThsb, 9H, 10
BoEEs, coBicEEoRMrSD (5
I - P9 E 1979), PR OB L E
TetedTHbH,

Otsuchi
River

KozZuchi
River

Unosumai )
River

Fig. 1. Map showing Otsuchi Bay.

Stns. A-C are routine sampling locations.
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Water Temperature (°C )
25
345 345
KUROSHIO
34.0] -434.0
0
20%0
om|
i 335 <4335
>
+
E
)
¥ 330 433.0
H0m
> 10
OYASHIO
BHt—t L . . 325
32, 5 10 15 20 25

Fig. 2. Seasonal variation of T-S diagrams at Stn. B in Otsuchi Bay.

Stns. 19

(44°N, 154°E) and T-2 (34°N, 136°50’E) are located in the Oyashio area
(HATTORI 1973) and the Kuroshio area (YAMAMOTO and HORIKOSHI 1979)

respectively.

2 B HE

KRG Trx, 197845 H» 197948 5 H ¥ °o
M 3@ of I BAPHE L, ORI 1L Sagitta
crassa, 8. crassa forma naikaiensis, S. elegans,
S. enflata, S. ferox, S. mimima, S. nagae, S.
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Fig. 4. Seasonal distribution of individual number
of chaetognath species in Otsuchi Bay.
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Fig. 5. Size frequency of Sagitta elegans collected
in different months. Shaded areas show the
number of fully matured individuals.
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Fig. 6. Size frequency of Sagitta enflata collected
in different months. Shaded areas show the
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Fig. 9. Distribution of the surface water tempera-
ture (°C) in neighboring water of Otsuchi Bay
in April 1979 (Data from the Iwate Prefecture
Fisheries Experimental Station).
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A Review of Sea Conditions in the Japan Sea*

Kenzo SHUTO**

Abstract: Sea conditions in the Japan Sea are briefly reviewed. Flow patterns in upper
and deeper layers are described together with prevailing water masses.

1. Bottom topography

Figure 1 is a bathymetric chart of the Japan
Sea, which is connected with the East China
Sea, the Pacific Ocean and the Sea of Okhotsk
through the Straits of Tsushima, Tsugaru, Soya

130 134 138 142°E

Fig. 1. Bathymetric chart of the Japan Sea.
G, the Straits of Tsushima: H, the Straits
of Tsugaru; I, the Straits of Soya; A,
Yamato Rise; a, Japan Basin; b, Yamato
Basin; c, Tsushima Basin.
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Agency, Otemachi 1-3-4, Chiyoda-ku, Tokyo,
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and Mamiya, respectively. There is Yamato
Rise which conisists of Yamato Tai and Kita-
Yamato Tai in the central part of the Japan
Sea. It divides the Japan Sea into three basins:
Yamato Basin, Tsushima Basin and Japan Basin.

2. Flow conditions in the Straits of Tsushima

According to the velocity sections constructed
by MITA (1976) on the basis of current mea-
surements, the Tsushima Current is split into
two branches in the west of Goto Islands; one
is the eastern branch passing through the East
Channel of the Tsushima Strait and the other
is the western branch passing through the West
Channel. Figure 2 shows a velocity section
immediately after the Tsushima Current passed
through the Straits of Tsushima. The western
branch flows away along the Korean Peninsula.
The eastern branch flows at a maximum speed
of about one half of that in the western branch.
Compared with the western branch, the eastern
branch is unstable and does not reach deep
layers. It is to be noted that a countercurrent
extending from the surface to the bottom bet-
ween both branches flows at a maximum speed
of 25cm/s. The volume transport of the west-
ern branch is 3.0 sv and that of the eastern
branch is 1.9 sv.

The velocity in the upper layer in the West
Channel, obtained by YI (1970) from the dif-
ference of the sea level between Izuhara of Tsu-
shima and Pusan at the southern coast of Korea,
becomes maximum in October and minimum in
March. Its annual mean is 48 cm/s.

3. East Korea Warm Current
The western branch passing through the West
Channel flows northward, as the East Korean
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Fig. 2.
Straits of Tsushima (MnTA, 1976).
and the left is Korea side.
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Water temperature (°C) at 100 m depth (left) and dynamic topography (right) of

the sea surface referred to 300db surface in March, 1967 (TANIOKA, 1968).

Warm Current, along the eastern coast of
Korean Peninsula. It turns along the north
side of a warm water region which is formed
on the east side of it, whose location varies to
a great extent from year to year. As an ex-
ample, Fig. 3 shows the Korean Warm Current
in March, 1967 (TANIOKA, 1968). The left is
the distribution of water temperature at 100 m
depth and the right is the dynamic topography
of the sea surface referred to 300db surface.
The warm water region is particularly large.
It extends from 36°N to 38°N.

The northward volume transport of the East
Korean Warm Current varies seasonally, with
its maximum in October. The average of the
yearly mean geostrophic transport referred to
200db surface is 1.09 sv, while the volume
transport of the southward countercurrent flow-
ing along the east side of the warm water re-
gion is 80 to 909% of that of the northward
flowing East Korean Warm Current.

In May 1963 the warm water region was
located extremely south and its extent was par-
ticularly limited.
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4. Flow conditions in the interior region

Figure 4 is a schematic representation of sur-
face currents in summer (NAGANUMA, 1972).
After passing through the Straits of Tsushima,
the Tsushima Current is split into three branches:
the first one flows northeastward along the coast
of Japan main island, the second one flows from
the north of the Oki Islands to the west of
Cape Nyudozaki off the Noto Peninsula and
Sado Island, and the third one flows northward
along the east coast of Korea, turns to the
right at about 38°N, passes by the vicinity of
Yamato Rise and reaches the west of Cape
Nyudozaki. These three branches meet one
another in the west of Cape Nyudozaki. There
are southward and northward currents between
the second and third branch, and warm and
cold water regions are developed there.

The volume transport of the Tsushima Cur-
rent between the west of Cape Nyudozaki at
40°N and the west of the Shakotan Peninsula
at 43°N varies seasonally. Its maximum appears
in August in the south, and in October in the
north delaying northward. The northward
geostrophic volume transport of the Tsushima
Current referred to 400db varies greatly from
year to year, particularly in summer, in the

130 135 40°F

Fig. 4. Schematic representation of the surface
currents in summer (NAGANUMA, 1972).

west of Cape Nyudozaki. For example, it
ranges from 2.0 sv to 6.5 sv in August.

The outflow transport through the Straits of
Tsugaru is evaluated by subtracting the north-

SR SUENES Bas o T T
Current velocities (kts)

[ o <02 omy 1{-1.5

0—3:0.3-0.5 o= >i6

I o= 0.6-1.0

°N
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Warm Current =
Cold Current --3 -35
Assumed line —.-»

140°E

Fig. 5. Dynamic topography (left) of the sea surface referrd to 600 db surface and sur-
face currents (right) measured with GEK (OHWADA and TANIOKA, 1971).
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ward transport near Okujiri Island at 42°N {from
that in the west of the Tsugaru Peninsula at
41°N. Tts year-to-year variation is large, par-
ticularly in August when it ranges from 1.0 to
4.1 sv. The ratio of the outflow transport
through the Straits of Tsugaru to the northward
transport at 41°N is 809 on the average. It
becomes larger in the year when many strong
depressions pass through the central part of the
Japan Sea and reach Oshima Peninsula (HATA,
1962, 1973).

Figure 5 shows one of the results of a co-
operative survey made by five research vessels
of Japan Meteorological Agency in October 1969
(OHWADA and TANIOKA, 1971). The left is
the dynamic topography of the sea surface re-
ferred to 600db, and the right is the surface
current measured with GEK. The Tsushima
Current meanders and makes a detour around
cold water regions in the north of Sado Island,
and around warm water regions in the north
of the Oki Islands and in the northwest of Noto

130 - 135 140°E"

Fig. 6. Dynamic topography of 1,200db sur-
face referred to 2,000 db surface in October,
1969 (OHWADA and TANIOKA, 1971).

Also seen are weak currents along
the coast of Japan and the polar front as well.
There is a cyclonic gyre in the northern part

Peninsula.

and a smaller anticyclonic gyre in the western
part of the Liman Current region.

NAGANUMA (1973) pointed out that the Tsu-
shima Current has the above-mentioned charac-
teristics such as its splitting into three branches
in summer and in warm years, meandering in
winter and in cold years.

Figure 6 shows a dynamic topography of
1,200 db surface referred to 2,000db in Octber,
1969 (OHWADA and TANIOKA, 1971). There
is a cyclonic gyre in Japan Basin and another
one in Tsushima Basin with the maximum speed
of about 2.8cm/s. There is an anticyclonic
gyre in Yamato Basin, and another one is in
the west of Yamato Rise with a speed of about
0.9cm/s. The above-mentioned cyclonic gyre
in Japan Basin is also found on the dynamic
topography of 1,500 db surface referred to 3,000
db (NITANI, 1972).

5. Proper Water in the Japan Sea

The name of “Proper Water in Japan Sea’
was given by UDA (1934) to a water mass
characterized by temperatures of 0 to 1°C, sa-
linity of about 34.19% and dissolved oxygen
of 5.4 to 5.9ml/l. According to YASUI et al.
(1967), the water mass of 0 to 1°C and of 33.96
to 34.15 %o extends predominantly over the Japan
Sea (849 of the total volume). This is the
Proper Water.

Figure 7 gives the vertical distribution of
potential temperatures averaged over the Liman
Current and the Tsushima Current region (NI-
TANI, 1972). Three straight lines intersect each
other at two points; one is at 1,000 to 1,100 m
depth and the other is at 2,000 to 2,300 m depth.
The water shallower than the former is called
deep water, the water deeper than the former
but shallower than the latter is called upper
bottom water, and the water deeper than the
latter is called lower bottom water. The pot-
ential temperature is decreased exponentially
with depth in the deep and upper bottom water,
but is constant in the lower bottom water.

There is a cold, saline region of temperature
lower than 0.06°C and salinity higher than
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Fig. 7. Several examples of vertical distribu-

tion of the averaged potential temperatures
in the Liman Current and the Tsushima
Current regions (NITANI, 1972).

34.075 %o off the Siberian coast at 1,500m depth,
depth of the upper bottom water. This region
is also rich in dissolved oxygen (more than
5.3ml/1). In the central part of Japan Basin
there is a warm region of temperature higher
than 0.05°C at 2,500 m depth, depth of the
lower bottom water. A saline water of salinity
higher than 34.075 % extends eastward from
the Straits of Tsugaru. A rich dissolved oxygen
water (more than 5.5 ml/1) extends along the
northern side of Yamato Rise.

Figure 8 shows the horizontal distribution of
o: at the sea surface in winter. A belt of high
g; denser than 27.30 lies in the distance of 45
nautical miles from the Siberian coast. The
thickness of the surface mixed layer becomes
maximum (550 m) near this belt, which suggests
an active sinking at the surface and subsurface
layer.

Figure 9 gives a zonal-vertical section of the
potential ¢; in the west of the Straits of Tsu-
garu in March, 1971. Near the continent, a
homogeneous water of the potential o; equal to
27.36 occupies the whole layer from the surface
to the depth of 450 m. The equipotential sur-
face of 0,=27.36 reaches a depth of 800m in
the central part. The potential o; of the lower
bottom water is higher than 27.375.

Feb.12~15 1971 (Rebun)
Ot at Surface

z1.207,/]//

|
135
Fig. 8. Sigma-t at the sea surface obtained by
the patrol ship Rebun in mid February 1971
(NITANI, 1972).
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Fig. 9. Latitudinal vertical section of potential
sigma-t west of the Straits of Tsugaru in
March, 1971 (NITANI, 1972).

These observational results should indicate
that the sinking at the belt of high ¢; forms
the deep water as well as the upper bottom
water in the Japan Sea. However, it is not so
strong as to form the lower bottom water,
which should result from ice formation. SUDA
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(1932) showed that the bottom water of the
Japan Sea is formed in the central and northern
part of the Liman Current. A dense water
formed near the Siberian coast as a result of
ice formation could sink down to deep layers
to form the bottom water.

References

HATA, K. (1962): Seasonal variation of the volume
transport in northern part of the Japan Sea. J.
Oceanogr. Soc. Japan, 20th Anniv. Vol., 168-
179. (in Japanese)

HATA, K. (1973): Variation in hydrographic condi-
tions in the seas adiacent to the Tsugaru Straits.
J. Meteorol. Res., 25, 467-479. (in Japanese)

Muta, T. (1976): Current characteristics measured
with curreut meters at the fixed stations. Bull.
Jap. Soc. Fish. Oceanogr., 28, 33-58. (in Japa-
nese)

NAGANUMA, K. (1972): The oceanographical condi-
tions in the Japan Sea. Gyokaikyo Handobukku
(Handbook of Fish. Oceanogr.), Zengyoren Gyo-
kaikyo Center, 32-38. (in Japanese)

NAGANUMA, K. (1973): A discussion on the ex-
istence of Tsushima Current third sub-branch.
Nihonkaiku Suisan Shiken Kenkyu Renraku News
(News for Fish. Res. Japan Sea), No.266. (in
Japanese)

NiTaNI, H. (1972): On the deep and the bottom
water in the Japan Sea. Researches in Hydro-
graphy and Oceanography {(ed. D. SHOJI),
Hydrogr. Dept. Japan, 151-201.

OHWADA, M. and K. TANIOKA (1971): Multiple
ship survey of the Japan Sea. Nihonkai ni kan-
suru Sogo Hokokusho (Rept. Oceanogr. Survey
of the Japan Sea), Science and Technology
Agency, 51-72. (in Japanese)

SuDA, K. (1932): On the bottom water of the Japan
Sea (Preliminary report). Kaiyo Jiho, 4, 221-
240. (in Japanese)

TANIOKA, K. (1968): On the East Korean Warm
Current (Tésen Warm Current).
Mag., 20, 31-38.

UpA, M. (1934): The results of simultaneous ocea-
nographical investigations in the Japan Sea and
its adjacent waters in May and June, 1932. J.
Imp. Fish. Exp. Sta., 5, 57-190. (in Japanese)

Yasur, M., Y. Yasvuoka, K. TANIOKA and O.
SHIOTA (1967): Oceanographic studies of the
Japan Sea — water characteristics —.
Mag., 19, 177-192.

Y1, S. (1970): Variations of oceanic condition and
mean sea level in the Korean Strait. The Kuro-
shio — A symposium on the Japan Current —.
(ed. J. D. MARR), East-West Center Press,
Honolulu, 125-141.

Oceanogr,

Oceanogr.

11

SRV )

i =

EE: HABOWRICOWTHEICE bk, dEHREBEROMREN RIS WT, B 200
W27 OPECEREORHRS 20 ERIN D, SEEER Wb k4% BHERROERMC
WBIEABRATER I N D2, FOME EHBEERECE - Thk VT 5, HERBBT 5 EER

25 3 SRR & DA L BT BE B A% R LI,

NTHLELEMINT N D,

THREMD L REYEB OB

B b OF R HER, b4 5 EBROREDK 80% Th 545, BELESTAHAK
Vi R A R U CEE BT B EMA S WER, HBDE W,

BB TR,
bEBEbhb,

AR & BRI 00 OFR, ARBECREEH 0 OBBRSFES

HAM 24K DN 80% % 5 5B ROKIETH 5 HABEAKIE, EETHETH L2, 0K
W2, AFCHRT DMWEOBINC L DIETRAET TRAERIhE b, ERICIFRED

PLBEILEDTH D,



La mer 20, 125-128, 1982
Société franco-japonaise d’océanographie, Tokyo

A Commentary Note on the Paper ‘“On the Outflow Modes
of the Tsugaru Warm Current” by D. M. CoNLON*

Takashi ICHIYE**

Abstract: CONLON (1982) proposed that there are two modes of the Tsugaru Warm Current
outflowing from Tsugaru Strait; one is the gyre mode with the outflow turning around an
anticyclonic gyre during the warm season and the other is the coastal mode with the outflow
moving southward along the east coast of the Japanese mainland during the cold season.
Seasonal change of these two modes is confirmed by the seasonally averaged surface current
measured with GEK from 1953 through 1977. The month-to-month change of the isotherms
at 100m and GEK data from November 1975 through January 1976 agreed with the mode
change suggested by currents measured directly at two mooring stations. The mode change
may be dependent on the ratio of the internal Froude number to the Rossby number of the
two-layer strait, though its dependency on the Rossby radius of deformation as proposed by

Conlon cannot be dismissed.

1. Introduction

CONLON’s paper (1982, hereafter referred as
C) is both interesting and provocative in inter-
preting the flow pattern of the Tsugaru Warm
Current which has been studied by a number of
Japanese oceanographers for decades. He re-
cognizes its two modes, the gyre and coastal
modes based on two hydrographic data collected
by Hakodate Marine Observatory in October
1975 and February 1976. The two modes seem
to be substantiated by currents measured directly
at two mooring stations which were operated
from November 1975 to January 1976. Then
he compared the two modes with the hydraulic
experiment by WHITEHEAD and MILLER (1979,
hereafter referred to as WM) and concluded that
the coastal and gyre modes are related to smaller
or larger Rossby radius of deformation in colder
or warmer seasons, respectively, since the radius
changes seasonally mainly due to density differ-
ences between the upper and lower layers.

2. Additional data

C used the hydrographic data of 1949-1952
for monthly mean values of the upper layer
density in calculation of the Rossby radius of

* Received February 5, 1982
** Department of Oceanography, Texas A & M
University, College Station, Texas 77843, USA

His result can be compared to
the seasonal change in the Tsugaru Warm
Current. The Marine Environmental Atlas
(JODC, 1979) shows the seasonal charts of the
vectorial averaged surface current measured
with GEK from 1953 through 1977 in each
square of half degree longitude and latitude
(Fig. 1). In this atlas, winter, spring, etc. are
defined as Jan.-Mar., Apr.-June and so on. It
is clearly seen that from January through June
the current just east of Tsugaru Straits flows
south or southeastwards, whereas in summer
and fall the current there flows eastwards with
speed exceeding 0.5 knots and then turns to
the southeast of 143°W. Particularly in summer
an anticyclonic eddy of about 60n. miles dia-
meter can be recognized with a center at about
41.3°N and 142°W. Although the period of
statistics for this figure is different from the
one used by C for the upper layer density, this
seasonal change seems to match the internal
Rossby radius in his Table 1, as the gyre and
coastal modes correspond to large or small
density difference and thus the Rossby radius,
respectively.

deformation.

Lack of the anticyclonic gyre in
the fall may be due to the coarse grid for sta-
tistics and smallness and shifting nature of the
gyre.

In order to fill gaps in the flow patterns
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Fig. 1. Vectorially averaged surface current from GEK data obtained from 1955
through 1977, based on ‘“The Marine Environmental Atlas’ of JODC (1979).

between October 1975 and February 1976 shown
by Figures 2 and 3 of C, the temperature distri-
butions at 100 m depth in months between these
two months are shown based on Ten-Day
Marine Report (JMA, 1975 and 1976) in Fig. 2.
The isotherms are modified to limit the data
within an interval stated, instead of the whole
month. Selected vectors of the surface current

determined with GEK are also plotted in this
figure.

It is seen that in mid-November the surface
current just east of Tsugaru Strait was mainly
eastwards and there was still the warm water
in late November, though its maximum temper-
ature decreased by about 2°C from October and
its area also shrunk. This corresponds with
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40°N

Fig. 2. The temperature at 100m depth in °C
(left panel) and surface current measured
with GEK (right panel, speed in knots shown
only for above 1knot) modified from the Ten-
day Marine Report of JMA (1975-1976).

the current meter data in Figure 4 of C. In
December, the surface current east of Tsugaru
Strait started to flow southwards and the
temperature at 100 m depth showed no isolated
warm water there, although both GEK and
hydrographic data were collected over the early
half of the month and the exact time of mode
change could not be determined. In January
both GEK and hydrographic data are insufficient
compared to previous months but suggested that
the flow pattern immediately east of Tsugaru

Strait was southerly without the anticyclonic
gyre. :

3. Compared with theoretical and experimental

models

C compared his two modes of the Tsugaru
Warm Current with the experiment of WM.
The latter indicates that the gyre is apt to form
to the right of the outflow when the Rossby
radius of deformation is beyond a certain critical
number, whereas the outflow turns to the right
along the wall as a jet for the radius within a
certain range. Also the flow becomes unstable
for the radius below another critical number.
Therefore the experimental result agrees quali-
tatively at least with the mode change observed
in the Tsugaru Warm Current. However, the
experiment was made with two-layer fluid
(bottom layer with salted water) and the radius
is calculated from density difference of these
layers, whereas in the Tsugaru Warm Current
the pycnocline is not so sharp, particularly in
the cold seasons as considered to form the two-
It may be interpreted that Tsu-
garu Strait is shallow and the outflow moves
over the underlying water without mixing, thus
virtually forming a two-layer system, in order
to apply the experimental result.

layer system.

It is out of scope in this note to discuss details
of dynamics of the outflow from the strait or
to criticize experimental and theoretical modeling.
However it seems that the result of WM may
be applicable to the Tsugaru Current only in a
qualitative sense, particularly since the topo-
graphy and vertical stratification of the prototype
are quite different from the model and also since
the critical parameter of the model is the Rossby
radius of deformation only and does not include
the velocity of the flow in the strait.

A numerical model of NOF (1978) may have
some relevancy to the present case, though the
topography is extremely simplified. The po-
tential vorticity equation and the Bernoulli
integral of the upper layer in the two-layer
model are dependent on the Rossby number
R=V/fB and the internal Froude number F=
V?/g'H, respectively, and both are dependent
on F/R, where V is a characteristic velocity of
the current in the strait, # is the Coriolis co~
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Table 1. Characteristic speeds V and (9’H)'%, the Rossby number R, and internal Froude number F.
Months Mar. June July Aug. Sept. Oct. Nov.
V (m/s) 0. 027 0.11 0.13 0.19 0.32 0.27 0.19
(g’"H)'? (m/s) 0.45 1.21 1.78 2.24 3.25 2.19 1.71
R 0. 0093 0. 083 0. 045 0. 066 0.111 0. 093 0. 066
F 0. 0036 0. 038 0. 053 0.072 0. 097 0.015 0.012
F/R 0.39 0.22 0.12 0.11 0.09 0.16 0.19

The characteristic speed of the Tsugaru Strait, V, is determined from the mean transport by TOBA
et al. (1982) divided by 3.73km?, and (9’H)*/* is calculated from Table 1 of CONLON (1982). The
Rossby and Froude numbers are determined from F=V?/¢’'H, R=V/fB, where ¢’, f, B, and H
are reduced gravity, Coriolis coefficient, width of the Strait and the mean depth of the upper

layer, respectively.

efficient, B is the width of the strait, g’ is the
reduced gravity and H is the unperturbed thick-
ness of the upper layer. For a horizontally
uniform current in the strait, NOF (1978) obtained
the flow pattern which shows the outflow being
narrow and veering to the right close to the
wall for a higher value of F/R, whereas the
outflow becomes more straight but broader for
lower F/R.

Since F/R=VfB/g’H=VB/fRs?, where Rg
is the Rossby radius of deformation, this ratio
increases for a decreasing Rq. Thus, if V is
constant, this ratio becomes larger in the colder
seasons and thus the behavior of the Tsugaru
Current corresponds to both WM and NOF.
However as indicated by TOBA et al. (1982) V
is smaller in spring and winter and larger in
summer and fall. Therefore seasonal change of
.V and R; may counteract each other to keep
F/R constant. In order to check this effect, V
is determined by dividing the monthly mean
transport of the geostrophic current through an
eastern section of Tsugaru Strait (TOBA et al.,
1982) by the cross-sectional area of 3.73 km?2.
In Table 1, V is listed for months where the
mean transport was determined by TOBA et al.
(1982) and (¢’H)'? computed from Table 1 of
C is also listed with ¥, R and F/R. The table
indicates that the ratio F/R is largest in March
‘but not so large as by an order of magnitude
compared to the minimum in September as Nof’s
example of numerical modeling suggests. The
Rossby and Froude numbers reach both minimum
in March but maximum in September and
October, respectively. Thus it seems that the
observed patterns agree qualitatively at least
with Nof’s model, too.

4. Conclusion

The flow pattern of the Tsugaru Warm Cur-
rent definitely shows two different modes as C
first pointed out. The mode change may be
dependent on the critical Rossby radius of defor-
mation as he suggested or on the ratio of the
Froude to the Rossby number. The definite
conclusion should wait for more elaborate work
on theoretical or experimental modeling. Most
significant contribution by C is that the direct
current measurement is useful even at two
mooring stations if these stations are located at
a strategically important place and if the con-
ventional hydrographic measurement is carried
out frequently enough within a limited area.

This work is supported by the Office of Naval
Research.
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