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Present status of the Japan Sea chemical pollution: An overview”

A. V. TKALIN"

1. Introduction

From 28 to 31 of October, 1991 in
Vladivostok (formar USSR) first consulta-
tive meeting of experts and national focal
points on the development of NOWPAP took
place (NOWPAP-Action Plan for Protection
of Marine Environment in the North-West
Pacific). This meeting was organised by
UNEP in cooperation with the Center for
International Projects (Moscow) and Pacific
Oceanological Institute (Vladivostok). 29
participants from UNEP, China, Japan,
Republic of Korea and USSR worked aboard
the research vessel “Akademik Korolev” of
Far Eastern Regional Hydrometeorological
Research Institute (FERHRI). By March,
1992 National Focal Points will prepare for
UNEP National Reports including the infor-
mation on the state of marine environment,
national policy, measures and relevant ac-
tivities on marine pollution problems in
their countries. This overview had . been
prepared for inclusion in the Russia National
Report to UNEP. ;

It 1s based on the data of FERHRI and
Vladivostok Center for Environmental Pollu-
tion Control. It is necessary to intercompare
these data with the results of Japanese and
Korean researchers on chemical pollution of
the Sea of Japan.

Investigations of the NW Pacific chemical
pollution have been carried out by FERHRI
specialists since 1970-s. Regular expeditions
to study chemistry, biology and pollution of
the open ocean and its marginal seas are
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fulfilled aboard FERHRI research vessels.
The Sea of Japan, located between USSR,
Japan and Korea, attracts maximum -atten-
tion.

In the coastal zone of the Sea of Japan, in
the Peter the Great Bay, chemical pollution
studies have been carried out by:Vladivostok
Center for Environmental Pollution Control
as well as by FERHRI specialists.

In 1990 about 486 X 10° m® of municipal
and industrial waste waters were discharged
in the Peter the Great Bay (23% - without
any treatment). 446X 10° m® were discharged
from Vladivostok, 26 X 10° m® - from
Nakhodka. With these waste waters approxi-
mately 19X 10° tons of suspended solids, 373
tons of petroleum hydrocarbons, 51 tons of
detergents, 54 tons of iron and about.10 tons
of other metals were introduced in the Bay
in 1990. With the river runoff 36 X10° tons
of suspended solids, 230 tons of petroleum
hydrocarbons and 94 tons of detergents were
discharged in 1989. Accidental oil spills were
about 30 tons in 1989 and 63 tons in 1990.

2. Materials and methods

Total non-polar petroleum hydrocarbons
(PHC) in sea water and bottom sediments
were analysed by IR spectrophotometry
(KARLBERG and SKARSTEDT, 1972; ORa-
DOVSKY, 1977; 1979). Aromatic hydrocar-
bons (AHC) in sea water were measured by
modified  spectroflorimetric  method = in
chrysene equivalents (IOC, 1984). Hydrocar-
bons were extracted from 21 or sea water by
nthexane using magnetic stirrer during 30
min. After column chromatography on Al:Os
fluorescence intensity - was measured on
JASCO FP-550 spectrofluorometer - (Japan).
Excitation wavelength - 310 nm, emission ~
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360 nm.

Synthetic surface-active substances (ani-
onic detergents or surfactants) were
analysed by spectrophotometric method with
methylene-blue after chloroform extraction
(ORADOVSKY, 1977). Chlorinated hydrocar-
bons were analysed by gas-liquid chromato-
graphy with electron capture detector (ORra-
povsky, 1977, 1979, 1982). Nutrients were
measured by photocolorimethric methods
(OraDpOVSKY, 1977). Trace metals (TM) in
sea water and bottom sediments were
analysed by atomic absorption spectro-
photometry (Orapovsky, 1979, 1982).

3. Total non-polar petroleum hydrocarbons

Average concentaration of petroleum hy-
drocarbons in the open Sea of Japan was 18
ppb in 1986-1988. In the Sea of Phillippines
(to the south from 20°N) mean PHC content
for the same period was 10 ppb, in the
Kuroshio and Oyashio region-12 ppb (TKA-
LIN, 1991a). Elevated PHC concentrations in
the Sea of Japan are explained, probably, by
its encloseness and lower water temperature
(in comparison with the Sea of Philippines),
which does not promote biochemical degrada-
tion of organic pollutants. In 1989 —1990
average content of petroleum hydrocarbons
in the Sea of Japan was approximarely the
same.

In the coastal waters of the Sea of Japan
PHC concentrations are significantly higher.
In 1990 average PHC content in the Golden
Horn Bay (Vladivostok is situated around
this Bay) exceeded 50 ppb (maximum
permissable concentration for the Russia
coastal marine waters). In the Amursky Bay
and the Bay of Nakhodka PHC concentra-
tions were also close to this value.

Higher concentrations of. petroleum hydro-
carbons 'in bottom sediments are observed
near the main ports  (Vladivostok,
Nakhodka, Vrangel). In the Golden Horn Bay
mean PHC content was about 10 ppt in 1990
(maximum - 40 ppt), in the Amursky Bay
and the Bay of Nakhodka - 0.5-0.8 ppt
(maximum - 2-3 ppt). Elevated PHC content
was ovserved also near dredged material

dumping sites. For example, in the Amursky
Bay concentration of petroleum hydrocarbons
in bottom sediments in the dumping area
exceeded 4 ppt.

4. Aromatic hydrocarbons

Background level of aromatic hydrocarbons
(AHC) in the North Pacific waters is about
0.04 ppb. In 1988 aromatic hydrocarbons
content in the Japan Sea surface waters was
0.04-0.07 ppb (TKALIN, 1991b).

In 1989, first USSR-DPRK expedition to
study chemical pollution of the Japan Sea
coastal waters near the Tumangan River
mouth was carrid out aboard FERHRI re-
search vessel. Average AHC content outside
the area affected by the river runoff influ-
ence was 0.06 ppb, near the river mouth
concentrations of aromatic = hydrocarbons
reached 0.96 ppb (TKALIN and SHAPOVA-
LoV 1991). In the same period AHC content
in the Korean Strait was 0.03-0.15 ppb.
Maximum concentration of aromatic hydro-
carbons in surface waters of the Japan Sea
in 1989 was 0.33 ppb.

In 1990 second USSR-DPRK expedition to
study chemical pollution of the North Korea
coastal waters was fulfilled also aboard
FERHRI research vessel. In the East-Korean
Gulf AHC content varied from 0.03 to 0.15
ppb (TKALIN, 1991b).

5. Synthetic surface-active substances
(Anionic detergents)

In 1986-1988 average content of anionic
detergents in the Sea of Japan was 25 ppb,
in the Kuroshio-Oyashio region - 21 ppb, in
the Sea of Philippines (to the south of 20°
N)- 17 ppb (TKALIN, 1991a). As in the case
of petroleum hydrocarbons, elevated concen-
trations of detergents in the Sea of Japan
are explained by its lower water temperature
and relative encloseness.

In 1989, during the first USSR-DPRK
expedition near the Tumangan River mouth
maximum surfactant content reached 30-40
ppb. Concentrations of detergents outside the
arca affected by the river runoff influence
varied from 5 to 10 ppb (TKALIN and S HA-
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povAaLOV 1991). In 1990 average content of
surfactants in the East-Korean Gulf was 10
ppb, maximum- 29 ppb (TKALIN, 1991b).
In the coastal waste of the Japan Sea,
near Vladivostok and Nakhodka, concentra-
tions of anionic detergents are significantly
higher due to disharge of municipal and
industruial waste waters. Though average
detergent content in the Golden Horn Bay did
not exceed maximum permissable concentra-
tion (100 ppb), measured concentrations
occasionally reached 150-250 ppb.

6. Chlorinated hydrocarbons and nutrients
During the last years, DDT, DDD, DDE,
a-HCH and 7-HCH are found in the Peter
the Great Bay constatly. In 1989-1990 aver-
age concentrations of chlorinated hydrocar-
bons in sea water near Vladivostok and
Nakhodka varied from 0.2 to 4.6 ng/],
maximum concentrations reached 100 ng 1.
Organochlorines are discharged in the marine
environment directly from agricultural areas

as well as with river runoff.

In the bottom sediments of the Peter the
Great Bay, concentrations of chlorinated
compounds are also considerable. In 1990,
average content of DDT and its metabolites
in bottom sediments varied from 1 to 25
ng/ g, a-HCH and 7 -HCH - from “not
detected” to 10 ng, g. Maximum concentra-
tions of DDT, DDD and DDE reached 100 —
150 ng, g, HCH isomers - 50-70 ng/g.

In summer 1989 near the Tumangan River
mouth, maximum concentrations of organo-
chlorines were as follows: DDT - 1.4, DDD -
0.9, DDE - 0.6, a-HCH - 3.1, y-HCH - 0.8
ng/1. Outside the area affected by the river
runoff chlorinated compounds were not
detected (TKALIN and SHAPOVALOV,
1991).

In the coastal zone of the Sea of Japan,
near Vladivostok and Nakhodka, very high
concentrations of nutrients were observed in
surface waters. In 1990 maximum content of
ammonia in the Golden Horn Bay was 273
ppb, in the Nakhodka Bay - 184 ppb, in the
Amursky Bay - 132 ppb. Maximum nitrate
concentrations in the same areas were 230—

290 ppb, maximum phosphate content also
exceeded 100 ppb.

7. Trace metals

Dissolved trace metal contents in the open
Sea of Japan are less than following figures:
Cu - 0.1, Pb - 0.05, Co - 0.02, Ni - 0.02 ppb
(TKALIN and SHAPOVALOV, 1991). In the
coastal zone, near Vladivostok and
Nakhodka, dissolved TM concentrations are
significantly higher. For example, in 1990
average TM concentrations in the Golden
Horn Bay were as follows: Cu—4.0, Pb - 1.8,
Co - 0.4, N1 - 0.6, Cd - 0.3, Hg - 0.02 ppb.
Maximum content of zinc was about 200
ppb, iron - 2000 ppb.

Higher concentrations of trace metals in
bottom sediments were also observed near
Vladivostok and Nakhodka. In 1990 mean
copper content in the Golden Horn Bay was
91 ppm, in the Amursky Bay - 19 ppm, in
the open Peter the Great Bay - 3 ppm.
Concentrations of lead were as follows: 124,
21 and 6 ppm, cadmium - 4.9, 1.4 and 0.5
ppm, mercury - 0.72, 0.06 and 0.02 ppm
respectively. Maximum content of lead in
the Golden Horn Bay was 380 ppm, cadmium
- 15 ppm, mercury - about 2 ppm.

Elevated TM content in bottom sediments
was observed also in the dredged material
dumping sites. For example, average content
of zinc in the Amursly Bay dumping site was
539 ppm, lead - 187 ppm, copper - 136 ppm,
cadmium - 2 ppm.
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The environmental conditions of the tunas’
maneuvering sphere in the Bay of Bengal”

Tsutomu MORINAGA*", Akihiro I MAZEKI*", Seiichi T AKEDA""
and Hisayuki ARAKAWA*™

Abstract: In order to obtain information on the environmental conditions of the
maneuvering sphere of tuna in the Bay of Bengal, the Indian Ocean, a series of
investigations was conducted on board the T,/S Shinyo-maru of the Tokyo
University of Fisheries, in February 1987. Simultaneously with measurements of
water temeprature, salinity, dissolved oxygen, underwater irradiance, and beam
attenuation, experimental tuna-longline operations were also carried on in the same
Regarding the water layer ranged from 38m to 69m, in which the group of
tuna were caught, as their maneuvering sphere, its environmental data were obtaind
through the observations, finding that those were 25.5 to 27.5 C in temperature, 33.00
to 34.45 %o in salinity, 3.0 to 4.6 ml1 in dissolved oxygen content, 8.2 to 2.2 % in
relative irradiance (i.e. total light), and 0.11 to 0.22 m™'

area.

in beam attenuation
coefficient, respectively. It was also understood that the maneuvering sphere of tuna
was located just above the combined layer of thermocline, halocline, and oxycline or
its upper part. Moreover, their sphere corresponded to slightly above or just within
the high-turbidity water layer. From these results, it can be said that the tunas’
living sphere of the Bay of Bengal is located in the shallowest water compared with
any other tuna-fishing grounds all over the world. The reason of such a phenomenon

may attribute to the location of the dissolved oxygen minimum layer locating in the

subsurface layer of this oceanic water.

1. Introduction

The Bay of Bengal in the Indian Ocean is
well-known as one of good fishing grounds
of tuna group. The Bay has such an inter-
esting characteristics that its surface-layer
current shows, due to effects of seasonal
changes of wind directions, a clockwise
circulation pattern in spring while it shows
a counterclockwise pattern in autumn and
the salinity concentration of this layer is
extraordinarily low due to enormous volume
of water flown into the Bay from huge
rivers. (WYRTKI, 1973)

The ecological studies on the tuna group
made public in the past are mostly

*Received July 31, 1991
""Tokyo University of Fisheries, 5-7 Konan
4-chome, Minato-ku Tokyo, 108 Japan

conducted from a viewpoint of their catch
distribution in relation to their environ-
mental conditions (UDa, 1960; KAWATI,
1969; S ANDOVAL, 1971; HaNamoOTO, 1975,
1986). For example, UDA (1960) informs
that the range of inhabitant temperatures of
tuna group is so wide as to be 11.0°C to 32.0
°C; HaNAMOTO (1986) introduces data for
inhabitant temperature, salinities, and dis-
solved oxygen among various ecological
factors required for big-eye tuna of the
Pacific Ocean indicating that the range of
their inhabitant temperatures is so narrow
as to be 10°C to 15.0°C, the range of
salinities of their inhabitant sphere is from
34.0%0 to 34.7% in the North Pacific Ocean
and 34.5% to 35.5% in the South Pacific
Ocean, and the minimum limit of their
inhabitant dissolved oxygen is 1.0 ml /1.
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So far the studies mentioned above, the
discussions are developed along a very lim-
ited number of environmental factors such
as water temperatures, - ‘salinities, etc..
Accordingly, it is afraid that the results of
those studies might be fairly deviated from

the real state of in situ environmental condi-’

tions.

In this study, therefore, such optical ele-
ments as underwater irradiances and
turbidities, which were measured simultane-
ously with longlining operations in the Bay
of Bengal, are added to such conventional

82 . 84 86
1

items as temperatures, salinities, and dis-
solved oxygen, so that. a step advanced
approach to the real state of tunas’ environ-
mental conditions can be realized.

2. Method

The surveyed area is a central part of the
Bay of Bengal in the Indian Ocean. Fig. 1
shows the distribution of observation sta-
tions. At stations numbered 1 to 7, catching
experiments and environment measurements
were simultaneously conducted, and at Stn.
8, only the latter were carried out.
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Fig. 1. Observation stations in the Bay of Bengal, Indian Ocean
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The instruments for the measurement of
the physical, chemical and optical environ-
ment included the CTD with DO sensor,
underwater irradiance meter and in situ
beam transmittance meter. The measuring
accurancy of CTD (Mark IIIB, Neil Brown
Co., LTD) was as follows; temperature, £
0.005°C; conductivity, = 0.005 mhos; depth,
+ 0.1%. In addition, the values of dis-
solved oxygen were determined from the
relationship between the observed and the
analyzed values. (Fig. 2)

mI;l i
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w
¥

BY DO SENSOR
~
T

'a;:

0 1 1 Il 1

0 1 2 3,4
BY WINKLER'S METHOD

1
5 mi/t

Fig. 2. Relationship between the observed and
the analyzed values of dissolved oxygen.

f Flag

Sea Surface
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Float line

Main line

Depth
meter

Branch line

Fig. 3. Schematic representation of longline.
The depth meter was hung on the third
branch line.

The underwater irradiance meter (SR-8
type, Ishikawa Co., LTD) was equipped with
eight interference filters with wavelengths of
the maximum transmittance; 443, 481, 513,
553, 599, 663, 682 and 709 nm. A beam
transmittance meter (XMS type, Martek
Co., LTD) with a depth sensor was able to
measure beam attenuation (centroid
wavalength: 486nm) per meter.

In order to carry out observations of
temperature, salinity and dissolved oxygen, a
lowering of CTD was continuously made
from the surface to a depth of 500 m or
1000 m. To measure irradiance, the meter
was lowered at intervals of 10 m, from the
surface to 50 m. Also, a beam transmittance
meter was simultaneously lowered from the
surface to a depth of 100 m. A beam at-
tenuation coefficient was used as an indica-
tor of the turbidity of water.

The tuna longline gear used in the catching
experiment was the standard type with six
branch lines per basket. As bait for tuna,
frozen jack mackerel of which a fork length
is 25 cm, was used hooking up a part of the
dorsal fin. To evaluate precisely the depth
of a branch line hook, the authors used
self-recorded depth meter (BS-04 type, YANA-
61 Keiki Co., LTD). Each of the three depth
meters was hung on the third branch line of
the basket, which accounted for an interval
of the one quarter of the total number of
baskets in the line (Fig. 3). The depth (D)
of each hook of a branch line was obtained
by the Yoshiwara’s expression (1951) as
follows:

D = ha + hb + 1 [ (I1+cot?¢)**
—{ - 2i/n*+cot? ¢} ]

where ha is length of branch line, hb is
length of float line, 1 is half length of main
line per basket, n is number of branch line
added to 1, j is order of branch line, and ¢
is cross angle between x-axis and tangential
line at a supporting point of main line.

The number of baskets used in one opera-
tion was 150 at stns. 1 and 2, and 200 at the
others. The lines were laid down from 4:00
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to 7:30 a.m., and hauled up from 0:30 to

7:00 p.m..

3. Reésults and Discussion
3-1. Physical and Chemical Factors.

Fig. 4 i1s a temperature-salinity diagram
based on the data collected from stn. 1 to
stn: 8. According to the water mass classi-
fication of EMERY and MEINCH (1986),
Bengal Bay Water (temperature, 25.0-29.0
°C; salinity, 28.0-35.0%,) is above 500 m in
depth, and below that, there is Red Sea
Persian Gulf Intermediate Water (tempera-
ture, 5.0-14.0 °C ; salinity, 35.5-36.8%0).
The salinity of the surface sea water of the
former water mass changed by the Arabian
Sea Water is said to be lower, ranging from
28.0 to 35.0%.

Figs. ba and 5b show the vertical distribu-
tion of temperature, salinity, and dissolved
oxygen at stn. 1 and stn. 8, respectively. The
temperature of the surface water at stn. 1
was 28 °C, and decreased sharply with depth
between 40 m and 200 m, indicating a form

of thermocline. Below the thermocline, the
water temperature decreased with depth
from 14 °C down to 6 °C at a depth of 1000
m. On the other hand, the surface water
temperature at stn. 8 was 26 °C, which was
2 °C lower than that of stn. 1. Under the
surface, the vertical distribution of tempera-
ture was similar to that of stn. 1.

In terms of the salinity, surface water at
stn. 1 was 33.95% and increased suddenly at
depths from 40 m to 120 m, showing a form
of halocline. The depth of halocline coin-
cided roughly with that of the thermocline.
Below the halocline, the salinity was 35.0%
and salinity inversion appeared at a depth of
120 m to 160 m. Below that, it again
increased with depth, indicating a value of
35.0 %o at a depth of 400 m. Meanwhile, the
value of the surface water at stn. 8 was 33.
3%o less than that of stn. 1. In the vicinity
of 40 m deep, halocline was present on a
small scale, and below that, it had a ten-
dency to increase with depth the same as
that of stn. 1. Yet, the phenomenon of

30
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inversion was present at a depth of 150 m.

The dissglved oxygen in the surface water
at stn. 1" was about 4.6 ml/1, and at a
depth from 40 m to 100 m, changed abruptly
in the form of oxycline. At a depth of 120
m, the dissolved oxygen was 1.0 ml 1, and
at a depth of 170 m, recorded the minimum
value, 0.26 ml 1. Below that depth, the
dissolved oxygen increased with depth, and
registered 1.3 ml /1 at a depth of 1000 m.
Such the results of the dissolved oxygen that
there are appearance of the minimum layer
and an extremely wide range of dissolved
oxygen concentration less than 1.0ml 1
correspond to those brought forth by IIOE
(International Indian Ocean Expedition).
WyRrTKI (1971) reports that this is one of
features of dissolved oxygen distribution in
the Bay of Bengal. Also, the type of depth
distribution at stn. 8 was roughtly similar
to that of stn. 1. However, one difference
was found. It is that the minimum oxygen
appeared at a depth of 260 m, which was 100
m deeper than that of stn. 1.

3-2. Optical Factors

Fig. 6 illustrates the  depth profiles of
downward spectral irradiance at stn. 4 as
the representative of measurements. In the
figure, the ratio of attenuation became
larger according to the band of a short
wavelength to a long one. Namely, the
percentage of underwater irradiance at a
depth of 30 m was 31.9 % for a blue light
(481 nm), 22.3% for a green light (553 nm),
and 4.03 % for a red light (599 nm), respec-
tively. Also, the values of diffuse attenua-
tion coefficients for downward irradiance
were calculated. For instance, at a blue light
1t was 0.038 m~*, which was about one third
of 1.0m™" (484 nm;HAGA and MATSUIKE,
1981) in the northern part of the North
Pacific Ocean. According to the optical
water mass of JERLOV (1976), this water
belongs to the oceanic water type I”, and is
thought to be very clear.

In next, the depth distribution of water
turbidity (beam attenuation coefficient; 486
nm) is shown in Fig. 7. Three stations (stns.
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Fig. 6. Spectral distribution of underwater irradiance (relative value).
Numeric on the figure is wavelength.

1, 4 and 7) were selected as the representa-
tive of measurements. The numerals in the
figure increase in proportion to the degrees
of turbidity of water. At stn. 1, the values
of beam attenuation coefficient was nearly
0.12 m™" at a depth of 0 m to 30 m, and
between 40 m and 50 m, it reached the
maximum value, 0.19 m~'. Below that, it
decreased with depth indicating a value of
0.07 m™" at a depth of 100 m. At stn. 4,
there was a little variance from the surface
to a depth of 80 m, exhibiting ones of 0.13-
0.16 m~'. At stn. 7, the beam attenuation
coefficient was 0.13-0.16 m™' between the
surface and a depth of 50 m, which was
equivalent to those of stn. 1 above a depth
of 40 m. At 70 m deep, it reached the maxi-
mum value, 0.18 m™', and below that, it
decreased with depth, recording 0.10 m~' at
a depth of 90 m. As introduced above, the
high-turbidity layer sometimes appears in
the turbidity vertical distribution but some-
times does not according to circumstances.
Furthermore it is understood that depth of

BEAM ATTENUATION COEFFICIENT (/m)
0. 02 0 01

0 01 020 0.2
0 T T T T T T T T
~ 50F
£
I
—
o
ul
a
100
150k

Stn.1 Stn4 Stn.7

Fig. 7. Vertical distributions of water turbidity
(beam attenuation coefficient) at stns. 1, 4
and 7.

water in which the high turbidity layer is
configurated varies with localities.
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3-3. Environmental conditions of the tunas’

' maneuvering sphere

Prior to discussing the characteristics of
tunas’ ecological conditions, it is reasonable
to define their maneuveaing sphere.

In this sense, a figure of depths in which
each tuna was caught by the longlining
operations is provided as follows. Fig. 8
represents the catching depths of tuna and
bilifish by position. Symbols of solid cir-
cles, triangles and open circles indicate yel-
low fin, big-eye and narlin, respectively.
From the figure, it can be understood that
the range of catching depth is from 38.1 m

Stn. 1 2 3 4 5 6 7
T

01- 10

7 1
_3of 130
=%
= &
40F o 8 .
gso T o e & 50
=1 s 7 ® .o 8
o
Zeor & 3 * °  Jso
[ ]

()

'—_
SoF 4 ° ® 0
8o} 80

Fig. 8. Catching depth of tuna and billfish.
Open circles, solid ones and triangles mean
marlin, yellow fin and big-eye tuna, re-
spectively.

Table 1. Characteristics of catching layer.

Catching Layer(m)

Position Upper Lower Average Thickness

Stn. 1 54.5 69.0 59.9 14.5
Stn. 2 45.2 68.5 54.5 23.3
Stn. 3 38.1 53.6 46.1 15.5
Stn. 4 48.9 87.5 53.2 8.6
Stn. 5 39.0 56.1 52.6 17.1
Stn. 6 40.9 52.5 46.6 11.6
Stn. 7 42.9 67.7 58.5 24.8

to 69.0 m. In comparing the catching depth
by species, marlin were caught in the shal-
lowest water. Also, Table 1 shows charac-
teristics of catching depth, and the thickness
of the catching layer. It is found that the
greatest thickness was 24.8 meters at stn. 7,
and the least, 8.6 meters at stn. 4. More-
over, thickness of the catching layer changed
with operation position, and averaged out to
16.5 meters.

We, authors, assume that the sea layer in
which tuna were caught in the Bay of Bengal
is a fairly good approximation with the
tunas’ maneuvering sphere. Because, as
explained in the preceding paragraph, the
minimum oxygen layer appears in the sur-
veyed sea regions and the layer of oxygen
concentration lees than 1.0 ml 1, which is
the minimum quantity required for support-
ing tuna’s life (Hanamoto, 1986), is ex-
tended from 120 m to 800 m deep. Judging
from these outcomes together with the find-
ings of WYRTKI (1973), the said assump-
tion can be reasonablly justified.

Figs. 9,10 and 11 show the depth distribu-
tions of temperatures, salinuty and dissolved
oxygen at each station, respectively. The
dotted zones in the figures indicate the
extent of the maneuvering sphere mentioned
above. The temperature of the water within
the maneuvering sphere ranged from 25.5 C
to 27.5 °C , and decreased toward the north.

UDpA(1960) reported that the water tem-
perature inhabitable for tuna ranged from 11
°C to 32 °C. In the present paper, measure-
ments were in the higher part of tempera-
ture range reported by Upa (1960). More-
over, the location of the maneuvering sphere
was just above or the upper part of the
thermocline.  This finding differed from
those of SUDA et al. (1969) and HANAMO-
TO (1975). They found that the catching
depth of tuna was within the theromecline or
below that level. Salinity within the maneu-
vering sphere ranged from 33.00% to 34.45
%o, and decreased toward a northernly direc-
tion. These values are more smaller than
34.0-34.7%for big-eye tuna in the North
Pacific Ocean, which HanamoT o (1986)
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obtained from inhabitable water tempera- 3.0 to 4.6 ml“1. Our values are about three
ture, using T-S curves. Dissolved oxygen in to four times as much as that of HANAMO-
the water of maneuvering sphere varied from TO (1986). According to HanamoTo (1986),
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Fig. 9. Vertical distributions of temperature from 0 m to 130 m in depth.
Shadow zone denotes the tunas’ maneuvering sphere.
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Fig. 10. Vertical distributions of salinity from 0 m to 130 m in depth.
Shadow zone is shown as in Fig. 9.
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Fig. 11. Vertical distributions of dissolved oxygen content from 0 m 130 m in depth.
Shadow zone is shown as in Figs. 9 and 10.

in situ measurements of dissolved oxygen
inhabitable for tuna have never been con-
ducted before. Therefore, these values are
considered to be very important. Also, the
maneuvering sphere was positioned just
above or at the upper part of oxycline, as
was observed at the thermocline and
halocline. ;

With respect to a state of optical environ-
ment, Table 2 shows the relative values of
downward irradiance by wavelength, and
those of total light at the maneuvering
sphere. In the table, it can be seen that the
energy of the blue light was the greatest of
them. On the other hand, the percentage of
total light was 8.2 % at a depth of 38 m,
and 2.2 % at a depth of 69 m. The ratio of
attenuation on total light were almost
equivalent to those of green light.

Fig. 12 illustrates the depth profiles of
turbidity (beam attenuation coefficient) at
each station. The dotted zone in the figure
indicates the extent of the maneuvering
sphere. Beam attenuation coefficients within
that sphere ranged from 0.11 to 0.22m*
(486nm). The highest recorded was double

Table 2. Relative irradiance at the maneuvering

sphere.
Maneuvering Sphere

Wavelength Upper Lower
(nm) (38m) 69m)

481 24 % 7.6 %

553 14 2.9

599 1.3 0.042
300-2500 8.2 2.2

that of the Kuroshio area (MATSUIKE and
MORINAGA, 1977). In addition, the location
of the maneuvering sphere was just above or
within the high turbidity layer. This might
be related to migratory path for tunas’
food-searching.

Finally, let us discuss the maneuvering
sphere of tuna in relation to the distribution
of dissolved oxygen. Y AMANAKA (1966) re-
ported that the catching depth of +tuna
changed according to the location of a fish-
ing ground. For instance, big-eye tuna in the
Indian Ocean (except the Bay of Bengal) was
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Fig. 12. Vertical distributions of water turbidity. Shadow zone is shown as in Figs. 9,
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Fig. 13. Vertical profile of dissolved oxygen from 0 m to 250 m in depth. Shadow zone
1s shown as in Figs. 9, 10, 11 and 12.

catched at a depth of 300 m (YAMANAKA, depth of 350m (SHIBATA and NISHIMURA,
1966), and as for southern bluefin tuna, at a 1969). Also, in the Solomon Islands in -the
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Pacific, the layer of yellowfin was at a
depth of 40 m to 120 m (Y AMANAKA and
KUROHIJI, 1966), and albacore was at a
depth of 90 m to 150 m in the Ogasawara
Islands (YAMANAKA, 1966). Compared with
the depths mentioned above, it is clear that
the maneuvering sphere in the Bay of Bengal
generally situated in shallower waters.

The dissolved oxygen in the water 1is
considred to be a very important factor for
survival of pelagic fish. For big-eye tuna,
the dissolved oxygen minimum content must
be 1.0 ml,/1 for survival (HANAMOTO, 1986),
and for skipjack tuna, 3.5 ml/1 along a
migratory path (I NGHAM et al., 1977), and
for yellowtail, 3.0 ml”1 for swimming in an
enclosure (YANAGI, 1986), respectively. Fig.
13 shows the vertical profile of dissolved
oxygen content from the surface to a depth
of 250 m in the Bay of Bengal. The dotted
zone in the figure indicates the maneuvering
sphere. As seen in the figure, it 1s under-
stood that the minimum oxygen (content;
<0.25 ml“1) appears at a depth of 150 m
to 250 m. Moreover, a value of 1.0 ml /1
(HANAMOTO, 1986) is observed at a depth
of 100 m, and that of 3.0 ml1 (YANAGTI,
1986), at depths from 60 m to 80 m. Accord-
ingly, the vertical situation of the maneuver-
ing sphere is said to be influenced by
distribtion of dissolved oxygen content. In
particular, the reason why the lower part of
the layer was shallow is that the dissolved
oxygen minimum layer appeared in the sub-
surface layer of the ocean.
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Oceanic structure in the vicinity of a seamount,
the Daini Kinan Kaizan, south of Japan®

Yoshihiko SEKINE** and Tatsuya HAYASHI"*

Abstract:
Kinan Kaizan, south of Japan have been carried out three times in summer of 1989
and 1990. It is suggested that a pattern with week downward shift of isotherms and
isohalines in the eastern side above the top of the seamount and upward shift of them

The hydrographic observations in the vicinity of a seamount, the Daini

just above the top of the seamount are maintained more than ten days. Vertical
displacement of isotherms and isohalines at depths below the top of the seamount
was always observed over the flank of the seamount. In relation to this water
structure, prominent geostrophic flow with large vertical difference existed in the
deep water below 1000 m. This suggests that topographic effect of the seamount is
confined to depths with large vertical geostrophic shear and to greater depths.
Micro-structures were observed over the seamount. In particular, a remarkable
vertical temperature inversion with zonally coherent structure over the top of the

seamount was observed in the first cruise made in July 1990.

1. Introduction

The interaction of ocean currents with
seamounts has been of interest to oceanogra-
phers (e.g., HoGaG, 1980; RODEN, 1987). As
oceanic condition of seamounts may be
different in localities, hydrographic observa-
tions should be made for each of seamounts.
The present study is directed toward oceanic
conditions in relation to circulation over the
Daini Kinan Kaizan south of Japan.

The Daini Kinan Kaizan locates in a cen-
tral region of the Shikoku Basin (Fig. 1)
and has an elliptic shape with a longer axis
form southeast to northwest. The top of
this seamount 1s at a depth of 670 m. Up to
this time, few observations have been carried
out focusing on the topographic effects of
the Daini Kinan Kaizan. KONAGA et al.
(1980) observed that the detached cold eddy
from the large meander of the Kuroshio,*

*Received October 24, 1991

*" Institute of Oceanography, Faculty of
Bioresources, Mie University, 1516 Kami-

hama, Tsu, Mie, 514 Japan

Harukaze” , (cf. KONAGA and NISHIYAMA,
1978) has a tendency to stay over this
seamount. As the main axis of the Kuroshio
passes over or near the seamount when it
meanders, 1t is suggested that this seamount
has a material topographic effect on the
dynamics of large meander path of the
Kuroshio.

We have observed temperature and salinity
fields in the vicinity of the Daini Kinan
Kaizan three times in summer (Table 1). In
the following, details of the three obser-
vations and some noteworthy results are
shown.

Table 1. Hydrographic observations around
the Daini Kinan Kaizan.

Cruise Periods of Main .
. ) Stations
Name observation instruments
KS-89JUL 17 Jul. 1989 CTD, ADCP - Fig. 2-a
KS-90JULL 15 Jul. 1990 Mi-com. BT Fig. 2-b
KS-90JUL2  24-25 Jul. 1990 CTD, ADCP Fig. 2-b
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Fig. 1. Location of the seamount, the Daini Kinan Kaizan south of Japan.
Isoplethes of depth (in meter) are also shown (after TAFT, 1972).

2. Observations

The hydrographic observations by CTD
were carried out for three times by use of
the Training Vessel Seisui-maru of Mie
University (Table 1). The locations of the

observational points for each cruise are
shown in Fig. 2. Unfortunately, because the
trouble of CTD system occurred in the sec-
ond cruise, the micro-computer BT (mi-com.
BT) was used for the stations 1 to 8 shown

30°30'
N
- -
. 300
136° 137°136° 137°
20'E 20 E

Fig. 2. Bathymetry (in meter) in the vicinity of the Daini Kinan Kaizan and
observational points of CTD (closed circles). (a) Cruise KS-89JUL and (b)
Cruise KS-90JUL1 (Mi-com. BT observational points from 1 to 8) and

KS-90JUL2 (from 1 to 10).
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in Fig. 2b. The current measurements by
acoustic doppler current profiler (ADCP)
were carried out for three depths, 50 m 100
m and 150 m. CTD of the upper 700 db layer
at station 1 of cruise KS-89JUL1 and ADCP
current data at mid-point between stations 7

37° N

35°

The 772\

37° N

38°

30°

59 140° 145°

37°N

35°

3Q°

/ 1 N -
1 1 1 b ! 1 |
130° E 135° 140° 145°

Fig. 3. Main path of the Kuroshio (stippled
region) for each of the three observational
periods (after, Prompt Report of Oceanic
Condition compiled by Maritime Safety
Agency, 1989, 1990). (a) Cruise KS-89 JUL
in later half of July 1989, (b) Cruise KS-
90JUL1 in early half of July 1990 and (c)
Cruise KS-90JUL2 in later half of July
1990. Closed circle in each panel shows the
location of the Daini Kinan Kaizan.

and 8 of KS-90JULZ2 had been lost by miss in
data processing.

Here, we refer to the location of the main
axis of the Kuroshio during the three
cruises. Fig. 3 shows the main axis of the
Kuroshio during three observational periods
presented by Maritime Safety Agency. For
the first cruise made in July 1989, which is
hereafter referred to as KS-89JUL, no mean-
der path was formed and the distance of this
seamount from the main axis of the
Kuroshio was relatively large. However, a
large meander path was formed in winter of
1989 and the large meander path existed in
the period of last two cruises made in July
1990, in which the main axis of the Kuroshio
approached this seamount.

3. Results

The vertical distributions of temperature,
salinity and density (o) along two obser-
vational lines of the Cruise KS-89JUL are
shown in Fig. 4. A seasonal thermocline with
less saline water was formed in a surface
layer shallower than 50 m. No remarkable
vertical change in isotherms and isohalines
are detected over the top of the seamount,
of which detailed structure is unclear by the
coarse distribution of observational points.
However, vertical displacement of the iso-
therms was observed at depths below the top
of the seamount. The vertical displacement
has been also detected around other
seamounts near the Daini Kinan Kaizan: the
Tosa-bae off Shikoku (YOSHIOKA et al.,
1986; SEKINE and MATSUDA, 1987) and the
Komahashi Daini Kaizan locating at the
northern end of the Kyushu-Parau Ridge
(SEKINE and SATO, 1993). The gradient
changes at a depth from 1700-1900 db:
upward (downward) shift was observed in
southeastward (northwestward) in water
shallower than 1700 db, while a definite
upward (downward) shift existed in north-
westward (southeastward) in water deeper
than 1900 db.

The salinity minimum layer was observed
at depths just above the top of the
seamount. Because of the gradient of
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Fig. 4. Temperature, salinity and density (ot) sections of the Cruise
KS-89JUL. (a) Meridional section and (b) zonal section. The locations
of the observational points are shown on the top.
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isohalines, less saline water than 34.5 PSU
existed over the flank of the seamount at
depths of 800-1500 db. Similar vertical struc-
tures to isotherms were observed also for
isohalines in deeper layer than 1800 db. The
vertical desplacement of isopycnal was also
found in the greater depths, which suggests
the existence of prominent geostrophic flow
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Fig. 5. Geostrophic flow (in cm s™') along the
meridional section of KS-89JUL. The refer-
ence level is 750 db. Positive (negative)
values show eastward (westward) flow.
The regions with westward flow are shown
by oblique lines.

in the greater depths. Then, a geostrophic
flow along the meridional section is dis-
played in Fig. 5. Here, owing to the differ-
ence in depth of each observational point,
the reference level is assumed to be 750 db.
Although absolute current velocity cannot be
obtained from the present analysis, the
gradient of isopycnals yields a large vertical
difference in geostrophic flow more than 20
cm s ' between 750 db and 1500 db in the
south of the seamount. This prominent
vertical change in geostrophic flow suggests
that a topographic effect of this seamount
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Fig. 6. Zonal temperature section of KS-
90JULI. Sectional areas with vertical inver-
sion of temperature are shown by regions
with vertical lines.
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1s confined to a relatively thin layer below
the main thermocline.

The vertical temperature section observed
in the Cruise KS-90JULI1 is shown in Fig. 6.
As the observations were carried out in
closer spacing than the previous one, KS-
89JUL, many vertical unevenness in iso-
therms were detected : downward shift of
the isotherms existed at depths of 450-600 m
to the east of the top of the seamount and
upward shift was found at depths of 650-800
m to the west. Complex upward and down-
ward shifts were detected below 700 m. The
some temperature inversions were observed
at depths of 720-830 m. These temperature
inversions are considered as micro-structures
formed over the seamount. Upward shift of
the 1sotherm of 6°C is found just above the
top of seamount.

To examine the temperature fields more
closely, vertical profiles at eight stations are
shown in Fig. 7. It is shown that noticeable
temperature inversions found at depths from

710 m to 750 m have a zonally coherent
structure. Below these inversions, other weak
inversions are detected at depths of 790-820
m. Zonally coherent temperature inversions
are considered to be due to the interleaving
of warmer water.

The results of the cruise KS-90JUL2 are
shown in Fig. 8. Similar vertical temperature
structure to that found during the previous
cruise KS-90JUL1 (Fig. 6) was observed over
the seamount: deepening of isotherms are
found in the east of the seamount at depths
400-650 db. This isotherm deepening, which
seems to be the same as during the KS-
90JULIL, must be maintained more than ten
days, 1t is rather stable over the seamount.
Upward shifts of the isotherm and isohaline
just above the top of the seamount are also
detected. At depth below the top of the
seamount, a distinctive upward displacement
of isotherms and isohalines were observed
over the eastern flank of the seamount. This
vertically coherent displacement may reveal
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Fig. 7. Vertical change in temperature of the Cruise KS-90JULL.

numbers are given at the bottom.
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sections of the Cruise KS-90JULZ2.

the upwelling of deep water along the slope.

Density fields are quite similar patterns to
temperature fileds. The geostrophic flow
referred to 750 db is shown in Fig. 9. Be-
cause of the uplift of isopycnal, a large
northward geostrophic flow with vertical
velocity difference of 30 cm s™' between at
depths of 1000 db and 1300 db existed be-
tween two stations 5 and 6. Furthermore,
southward flow between stations 6 and 7
had a vertical flow difference of 60 cm s
between at depths of 1100 db and 1800 db.
This large vertical geostrophic difference in
deeper water agrees with the results of the
cruise KS-89JUL. It is suggested that there
exists a strong current in the deep water
around the seamount.

To make sure of validity of the reference

level and to examine the geostrophic balance
in the surface layer shallower than 150 db,
in which ADCP current data were obtained,
correlations between the geostrophic flow
and the velocity by ADCP is shown in Fig.
10. Here, vertical differences of the north-
ward velocities between 50 db and 100 db
and those between 100 db and 150 db are
compared. It is shown that no clear positive
correlation is found for both the cases. A
weak negative correlation (—0.41) is found
for the latter case. Because of a geostrophic
flow in the ADCP data, we are not able to
estimate the reference level by adjusting the
geostrophic velocities to those of ADCP.

4. Summary and discussion
The hydrographic observations in the
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vicinity of the Daini Kinan Kaizan south of
Japan were made by the Training Vessel
Seisui-maru of Mie University three times in
summer of 1989 and 1990. Notable results of

the observations are summarized as follows.

(1) During the first cruise (KS-89JUL), a
weak undulation of isotherms and isohalines
was observed in the upper 500 db layer;
however, vertically coherent temperature and
salinity gradients were observed over the
flank of the seamount.

(2) As for the second cruise (KS-90JUL1),
weak downward shift of isotherms at depths
of 450600 m in the east of the seamount,
upward shift of isotherms just above of the
seamount and complicated vertical tempera-
ture structure below 800 m were observed.
Micro-structures of temperature with zonally
coherent inversions were detected at a depth
of 730 m.

(8) As for the third cruise (KS-90JUL2),
similar temperature distribution to that of
KS-90JUL1 was observed in depths above
1000 db. So, this temperature pattern must
have continued more than 10 days; this
temperature structure is considered to be
stable near the seamount. Furthermore, a
distinct shallowing of the isotherms and
isohalines were observed in the east of the
seamount.

(4) In the east of the seamount, the hori-
zontal gradient of isopycnals suggests that a
remarkable geostrophic flow with large
vertical shear existed in depths greater than
the top of the seamount during cruises of
KS-89JUL and KS-90JUL2.

(5) The vertical difference in the
geostrophic velocity shows no clear correla-
tion with those of the ADCP in the surface
water within 150 db. Since this suggests that
ageostrophic flow is included in the current
obtained by ADCP, the ADCP current data
are not useful for estimation of the refer-
ence level of the geostrophic calculation.

The oceanic conditions around this
seamount must be influenced by the seasonal
variation and also by Kuroshio paths. It
should be noted that no clear correlation
between the geostrophic velocities and those
of ADCP offers a serious problem in the
current observation: ADCP data do not give
the information for reference level of
geostrophic caluculation. Long term direct
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current measurements which are able to
exclude ageostrophic component are needed
to obtain the real velocity fields around this
seamount.
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Characteristics of ciliated protozoa inhabiting
colonies of pelagic blue-green algae®

Masachika MAEDA":, Mikio S UHAMA"*, Nobuo T AGA"
and Ryuzo MARUMO®®

Abstract: Ciliated protozoa were isolated from the blue green alga Trichodesmium

thiebautii which is ubiquitous and often abundant in surface seawater of the pelagic

sea. Through protargol impregnation, nuclear staining and observations of the living

cells, the morphological characteristics of the protist were determined and this
ciliate was identified as Holosticha diademata (REES, 1884) KarL, 1932. This ciliate
was frequently found in the coastal seawater which suggests the wide distribution of
a certain species of protozoa in the coastal and pelagic sea. This species preferen-
tially fed on bacterial strains of Pseudomonas spp. when several genera of bacteria

were offered as feed.

1. Introduction

In the course of our research on bacterial
biomass in seawater, bacterial carbon was
determined to occupy several tens of per cent
of particulate organic carbon even within the
euphotic zone of the seawater column (MaE-
pa and TAGA, 1979; MAEDA, 1982). As a
result of this research, bacterial carbon is
now considered to be one of the largest
energy sources in the sea. WILL1AMS (1981)
also mentioned the significantly large
biomass of bacteria in the sea. There have
been several reports describing small animals
which feed on bacteria (PAFFENHOFER and
STRICKLAND, 1970; HEINLE et al., 1977
KING et al., 1980; MAEDA, 1989). A large
portion of ciliated protozoa are also known
to be bacteria feeders (WEBB, 1956; F EN-
CHEL, 1968; TAYLOR and BERGER, 1976;
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ALONSO et al., 1981; MAEDA and CAREY,
1985; MAEDA, 1986) and the existence of
energy transfer from bacteria to animals
through ciliates was conclusively established
in the laboratory (S EKI, 1966; T EZUKA,
1974). Thus the role of bacteria as feed
seems to be substantial and ciliates are
probably one of the key animals in the
process of food transfer in the marine eco-
system. From this point of view we have
been interested in investigating the ecological
aspects of ciliates in the marine environ-
ment.

In this report we describe the taxonomical
characteristics of ciliated protozoa attached
to suspended colonies of the blue green alga
Trichodesmium thiebautii in the South
China Sea. Bacterial strains which coexisted
in the ciliate culture were also identified and
their availability as feed for the ciliates was
determined.

2. Materials and methods
Sampling

Trichodesmium colonies. were collected
using a plankton net with a mesh size of 330
um in the southern area of the South China
Sea during the cruise of R,V Hakuhomaru
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in November, 1981. Coastal seawater were
collected with a small glass bottle at
Aburatsubo Inlet, Japan. 7Trichodesmium
colonies were picked up with sterilized pi-
pettes and kept in sterilized seawater for
subsequent isolation or examination of the
ciliates attached to them.

Isolation of ciliated protozoa

Cililates attached to Trichodesmium thie-
bautit were isolated using a micropipette
under a binocular microscope (magnification,
X 45). Isolated ciliates were placed into a
medium which contained the following com-
ponents (g+17! seawater): Proteose peptone
(Difco), 0.02; Tripticase (Sigma), 0.02;
Bacto yeast extract (Difco), 0.02; ribonu-
cleic acid (Sigma), 0.002; Bacto agar
(Difco), 15 and extract of cerophyl leaves
(Sigma), 2 ml/1 (that is, 5 g of cerophyl
leaves was boiled with 1 litre of distilled
water for 5 min. and the supernatant after
filtration with Toyo filter paper (Type 1)
was used.). Ten ml of this agar medium was
put into a 200 ml of flask and 10 ml of
sterilized seawater was placed on top of the
agar after solidification. The ciliate cultures
were kept at 25 °C.

Identification of ciliates

The species of ciliate was identified by the
protargol impregnation technique (TUFFRAL,
1967) and the Feulgen nuclear reaction for
examining cirri and nuclei, respectively.

Isolation and identification of bacteria
Bacteria were isolated from seawater in
situ and from the cultivation bottle for
ciliates and were cultured on the same agar
medium described above. The isolated bacte-
ria were identified according to the scheme
of SHEWAN et al. (1960). The vibriostatic
compound 0,129 (2, 4-diamino-6, 7-diiso-
propylpteridine) was not used to distinguish
Vibrio from Aeromonas. Their discrimina-
tion was made on the basis of gas produc-
tion from glucose. A few Gram-negative,
oxidase-negative rods with polar flagella
were assigned to Vibrio or Aeromonas but

not to Enterobacteriaceae. The mode of
glucose metabolism of the 1solates was
determined using the Hugh-Leifson’s medium
(HucH and LEIFSON, 1953) made with
artificial seawater instead of freshwater.

Response of ciliates to bacteria

Ten freshly cultured ciliates were washed
three times in sterilized seawater for 24 hrs
and placed in a small Petri dishes (27 mm
diameter) with seawater. The bacterial
strains used as feed for the ciliates were
washed with sterilized seawater by centrifu-
gation after cultivating for two days and
were added at the concentration of 10°
cells,/ml to the Petri dishes containing the
ciliate. The Petri dishes were placed in the
wet chamber at 256 °C and ciliate numbers
were determined under the binocular micro-
scope.

3. Results

Fig. 1 shows a colony of Trichodesmium
thiebautit. Ciliates of the order Hypotrichida
were found among the Trichodesmium colony
and these ciliates were isolated and investi-
gated in this work.

Protargol staining shows the arrangement
of cirri in the adoral, ventral and caudal
zones of the ciliate cell (Fig. 2). Three
frontal cirri and pairs of ventral cirri with
zig-zag shape were the characteristic features

Fig. 1. A colony of the blue green algae
Trichodesmium thiebautit.
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of this ciliate. Nuclear staining revealed two
macronuclel and 4 micro-nuclei (Fig. 3).
Based on these observations and direct obser-
vations of the living cells, taxonomical
characteristics of the ciliate are summarized

Fig. 2. Protargol impregnation of the
ciliate.

Fig. 3. Nuclear staining of the ciliate.

diagrammatically in Fig. 4. Further charac-
teristics of this protist are as follows. Size
around 80 X 30 gm. Body flat dorsoven-
trally, rounded at ends. Membranelles of
adoral zone (AZM) 19-26, 2 frontal cirri,
about 11 left and 10 right marginal cirri.
Transverse cirri around 7 and pairs of ven-
tral cirri with zig-zag shape about 8. Bend
of the anterior end of the left marginal
cirrus row and a marine habitat. We identi-
fied this ciliate as Holosticha diademata
(REEs, 1884) KauL, 1932, although the
number of AZM was slightly different from
that reported by BOR ROR (1963). The same
species was also found frequently on
zooplankton detritus in coastal waters of
Japan, such as Aburatsubo Inlet.

Bacterial strains 1solated from the agar-
seawater medium bottle of Holosticha
diademata were all  Pseudomonas spp.
Among 9 bacteria isolated, H. diademata
could be grown with 3 of these bacterial
strains as feed, and amongst these strains
the Strain No. 7 supported the maximum
growth of ciliates during 5 days incubation
(Table1). Among the strains of Pseudo-
monas, Vibrio, Acinetobacter and Flavobac-

Frontal clrri
Buccal cirri

Adoral zone of
membranelles

Paroral membrane

Ventral cirri

— Left marginal clrri

Right marginal cirri

Transverse cirri

10um

Fig. 4. Diagram summarizing the taxonomical
characteristics of the ciliate, Holosticha
diademata REES, 1884,
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terium 1isolated from coastal seawater of
Aburatsubo Inlet, H. diademata grew well
when the animal was kept with Pseudomonas
spp. (Table 2).

4. Discussion

The blue green alga Trichodesmium 1is
ubiquitous and frequently abundant in sub-
equatorial sea areas. It occurs at andor
slightly below the surface water layer and
cells (size; 5-10 g m) are linked to each

other in strings. The strings form coagulates
resulting in colonies which are often large
enough to be wvisible. Trichodesmium fre-
quently blooms in the South China Sea and
this prominent productive algae which occurs
in oligotrophic environments provides a
habitat for various microorganisms.

B ORROR (1963) reported the distribution
of Holosticha diademata in the sediment of
a salt marsh. We found this species fre-
quently on detritus in coastal seawater in

Table 1. Bacteria isolated from culture liquid of Holosticha diademata and

growth of the ciliate in their presence

Strain No. Bacterial genus Growth of Holosticha -
HPP 4 Pseudomonas +
HPP 5 Pseudomonas ++
HPP 7 Pseudomonas ++
HPP 8 Pseudomonas -
HPP 13 Pseudomonas -
HPP 15 Pseudomonas -
HPP 20 Pseudomonas -
+  :numbers of the ciliate less than 50 cells,/cm®”

++ : numbers of the ciliate more than 50 cells,/cm’

* :little identifiable growth of the ciliate
:no growth of the ciliate

|

(*: Numbers of H. diademata was expressed as the unit of cells cm’* because
this ciliate tended to stay on the bottom of the culture container.)

Table 2. Bacteria isolated form coastal seawater and the growth of Holosticha

diademata in their presence

Strain No. Bacterial genus Growth of Holosticha
HPO 1 Vibrio -
HPO 2 Vibrio -
HPO 3 Pseudomonas -
HPO 6 Pseudomonas +
HPO 7 Vibrio -
HPO 8 Pseudomonas +
HPO 15 Pseudomonas ++
HPO 16 Acinetobacter +
HPO 17 Acinetobacter
HPO 19 Pseudomonas -
HPO 62 Flavobacterium -

(Notations are same as those in Table 1.)
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eutropic areas, as well as in pelagic environ-
ments. The occurrence of the same species of
ciliate in both pelagic and coastal areas
seems to suggest that even in oligotrophic
areas the potential extent of biological
productivity might be high in microbial
communities. Thes high productivity of
ciliates was attributed by the bloom of
Trichodesmium.

H. diademata fed preferentially on Pseu-
domonas strains of bacteria. Although the
reasons for the unsuitability of some bacte-
ria as ciliate feed are still not clear from
this study, feeding specificity may also
provide a mechanism for niche partitioning
among cohabiting bactivorous ciliates in the
natural environment, as spatial distribution
and temporal succession of ciliates can be
explained by prey specificity (NOLAND,
1925; COLER and GUNNER, 1969; T AYLOR
and B ERGER, 1976).
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The 1985 Chilean tsunami around Osaka Bay”

Shigehisa NAKAMURA™"

Abstract: The 1985 Chilean tsunami is studied for getting an helpful key of

preparedness to a forthcoming coastal hazard. Firsi,a notice is givin about the
specific pattern of the 1985 Chilean tsunami along the Pacific coast of, the South

America. Its transoceanic pattern,especially around Osaka Bay in the northwestern

Pacific, is considered to discuss a possible process at establishing resonant modes in

Osaka Bay and Kii Channel after the tsunami arrival.

Energetics of the 1985 tsunami helps to estimate the tsunami energy at the source

area and the seismic release of the energy at the event even under a bold assumption.

The 1985 event is quite similar to that of the 1960 event in the patiern around Osaka
Bay. The 1985 event could be useful at establishing an advanced warning system and
protection works for the forthcoming hazardous event.
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Fig.1.  The 1985 Chilean tsunami along the

Pacific coast of the South America.

(a) Stations: Arica as ARI, Iquique as IQU,
Antofagasta as ANT, Caldera as CAL,
Coquimbo as COQ, Valparaiso as VAL
and Talcahuano as TAL.

(b) Vertical height scale as a stick of one
metre.

(¢) Local time (Z+4) at the top and Univer-
sal time Z at the bottom.

(d) Each arrow marking the first tsunami
crest.
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Fig.2  Location of the tide staions along the
Chilean coast.
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Fig.3

Location of the tide staions around Osaka Bay in the northwest Pacific.

(a) Stations: Muroto as MUR, Komatsujima as KOM, Sumoto as SUM, Kobe
as KOB, Osaka as OSA, Tannowa as TAN, Wakayama as WAK, Shirahama

as SIR, and Kushimoto as KUS.
(b) Scaleng bar for 100km.

(c) Inset showing the location of Japan, Hawaii and South America with a

mark for Valparaiso.
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Fig.4 The 1985 Chilean tsunami recorded at
the tide stations around Osaka Bay in the
northwest Pacific.
(a) Vertical height scaling by a stick for one
metre.
(b) Local time (Z-9) at the top and Univer-
sal time Z at the bottom,
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Fig.5 Oceanographical and meteorological records at the Shirahama Oceanographic

Tower Station.

(a) Wind speed(m,’s) and wind direction(E or N or NNE or NNW).
(b) Salinity(psu) 1.5m above the sea floor.

(¢) Temperature (°C) 1.5m and 3.5m above the sea floor.

(d) Variations of the sea level with a stick for 0.5 m.

(e) Location of the station: 135%21'E,33%42" N.
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Atmospheric eddy induced by a distant decaying typhoon
observed at an offshore oceanographic tower”

Shigehisa NAKAMURA**

Abstract: At an offshore oceanographic tower station, an eddy induced by a distant
decaying typhoon was observed. The tower is located in the northwestern Pacific. A
part of the recorded winds at the tower suggests that the typoon 9015 must surely
accompanied or induced a remote atmospheric eddy on 3rd September 1990. A
conceptual model is introduced for a dynamical understanding with several
assumptions in order to realize the record at the tower. Additional notice is about
the suffer which was happened at almost same time just neighbour the tower.
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Fig.l. Track of Typhoon 9015 (27th Aug. to
3rd Sep. 1990). Marks T and L mean Ty-
phoon and Low pressure. Encircled dot for
the typhoons location at 1800JST on each
day with date and pressure (mb or hPa).
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1990. Each weather map for 1800JST.
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the sufferred belt by a sporadic gale in
Tanabe City.
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Fig. 6. A conceptual eddy model for a dynamical realizing
with a primitive understanding.
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Unusual form of Ecklonia stolonifera QOKAMURA
(Laminariales, Phaeophyta)*

Masahiro NoTOYA** and Yusho ARUGA™

Three types of unusual form of Ecklonia
stolonifera OKAMURA were found by one of
the authors (M.N.) during the ecological
studies of this species along the Japan Sea
coast and the Tsugaru Channel coast in
Aomori Prefecture, Japan.

The specimens A and B in Fig. 1 were
collected on March 16, 1983 at Tanosawa,
Fukaura, on the Japan Sea coast. The speci-
men A collected from 20 m depth is normal
of this species. In E. stolonifera the thallus
is made up of three parts; holdfast, stipe
and blade. In vegetative propagation stipe
and blade are produced from stoloniferous
haptera. Holdfast is branched and verticil-
lately arises. Stipe is cylindrical, about 5.2
mm in diameter and 10 cm long. Blade is
linear or lanceolate with secondary serrulate
bladelets.

The specimen B is unusual, having blade-
like flattened stipe. It was collected from 20
m depth. Blade is about 30 ¢cm long and 15
cm wide. The flattened stipe is about 1.2
mm thick, 10 cm long and 2 cm wide at the
broadest portion, being curved with smooth
surface and slightly thicker than the central
part of a normal blade. Blade is 1issued
from short stipe-like cylindrical part at the
top of the flattened stipe. Blade and holfast
with stoloniferous haptera and newly pro-
duced shoots are completely normal in their
form. This specimen is three years old
judged from holdfast system.

The specimens C and D (Fig. 1) were
collected at Ohma, Shimokita Peninsula, on

* Received January 15, 1992

** Laboratory of Phycology, Tokyo Uni-
versyty of Fisheries, Konan-4, Minato-ku,

Tokyo, 108 Japan

the Tsugaru Channel coast. The specimen C,
collected on November 1, 1988 from 8.5 m
depth, has two blades; one 1s 26.5¢cm long
and 5.4 cm wide and the other 9.8cm long
and 3.5 cm wide. It has a long stipe of 13.6
c¢cm long with a short branched stipe of 0.7
cm long. This specimen is two years old.
The blades have no zoosporangial sori.

The specimen D was collected on July 8,
1987 from a community of small thalli in
shallow water of 5.2 m. It has a blade with
small stipe issued vegetatively from margin
of the mother blade at its serrulate portion.
The mother blade is 8.6 cm long and 7.3 cm
wide with stipe of 1 ¢m long and the daugh-
ter blade 1s 3.5 c¢m long and 3.3 cm wide
with stipe of 0.5 c¢cm long. The mother
thallus is two years old and has two normal
young thalli vegetatively produced from
stoloniferous haptera.

There have been several reports on unusual
forms in many species of Laminariales from
Japan (KINOSHITA 1933, HASEGAWA and
FUKUHARA 1956, TOKIDA et al. 1956, 1958,
FuNaNo 1974, YABU and Homura 1981,
KAWABATA 1959, KawAsHIMA 1987). How-
ever, we have not known reports on unusual
form of Ecklonia stolonifera. Similar types
of unusual form have been reported in other
species of Laminariales. KaAwASHIMA (1987)
reported two blades with branched stipe in
Alaria angusta, Costaria costata, Nereo-
cystis luetkeana and Postelsia palmaeformis.
Thallus with second stipe and blade issued
from the first blade was reported by FUNA-
No (1974) in Laminaria ‘ochotensis. Unusual
form of blade-like stipe has not been re-
ported yet. The above-mentioned abnormal
thalli were found together with normal
thalli in the E. stolonifera population of
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Fig. 1. Ecklonia stolonifera OKAMURA thalli of usual or unusual form collected from
the coasts of Aomori Prefecture, Japan. (A) Thallus of usual form collected at
a depth of 20 m at Tanosawa, Fukaura on the Japan Sea coast on March 16,
1983. (B) Thallus with flattened stipe collected at a depth of 20 m at Tanosawa
on March 16, 1983. (C) Thallus with branched stipe and two blades collected at
Ohma, Shimokita Peninsula, on the central part of the Tsugaru Channel coast on
November 1, 1988. (D) Thallus with a daughter blade on stipe issued from
mother blade margin, collected at Ohma on July 8, 1987. (Scale bar: 10 cm)

several years old. They had normal shoots
from stoloniferous haptera. Therefore, it is
inferred that the thalli of unusual form
might not be under genetic control.

Recently, we have reported in the experi-
ments of tissue culture of Laminaliales
seaweeds that, in addition to callus, thalli
differentiated from the blade tissue collected
in the field or from a piece of the juvenile
blade of Laminaliales (NoToYA 1988, 1990,
NoTova and ArRuGaA 1989, 1990). This sug-
gests the possibility that also in nature
thalli of unusual form can be produced from
the wounded part of thallus tissue.
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