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PREFACE

This cruise was conducted in end around the Kuroshio from the East
China Sea to the south of Japan during June 20-July 31 in 1984, follow-
ing the previous cruise of KH-81-1. The main purpose of this cruise was
to clarify the structure of oceanographic environment and its relation
to the distribution of marine organisms. The emphasis was placed on
fisheries oceanographical aspects with special references to the
processes of transport of fish eggs and larvae which seemed to be
closely related with year-to-year fluctuations in the abundance of
marine fish resources.

The shelf-break area of the East China Sea is one of the biggest
spawning ground of the pelagic fish. The fish eggs and larvae are
entrained by the Kuroshio and carried towards downstream nursery grounds
in the coastal waters north and south of Japan. In the entrainment
process, disturbances in the Kuroshio front may have a great importance.
The structures and their effects on the material exchange were studied
multi-disciplinarily.

This report contains mainly hydrographical data obtained by each
gcientist aboard. This cruise was conducted also as one of the training
course of the ocean science in the WESTPAC program and two scientists
from Thailand and Malaysia participated.

On behalf of the scientists aboard, I would like to express our
scincere thanks to I. TEdama, officers and all the crew of the R. V.

Hakuho-Maru for their cooperation and support throughout this cruise.

Dec. 1987 Toshiyuki Hirano

Chief Scientist
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Outline of the Cruise

The cruise consisted of three legs as shown in Table 1 and Fig. 1.
Leg] was from Tokyo to Naha, legll was from Naha to Pusan, and leglll was
from Pusan to Tokyo. The names and specialities of 31 scientists who
participated in this cruise are listed in Table 2.

The following research items were investigated in and around the
Kuroshio from the East China Sea to the south of Japan during summer

season @

(1) Distribution and transport of fish eggs and larvae in
the East China Sea are observed laying stress on the
Kuroshio front,

(2) Distribution of fish populations is observed by use
of scientific echo sounder.

(3) Three dimensional oceanographic structures of the
Kuroshio front and their fluctuations are studied

by hydrographic observations and moored current meter.

Table 1. Cruise itinerary

Arrival Departure
Tokyo ~ = — =e=—== June 20, 14:00
Naha July 9, 10:00 July 12, 08:00
Pusan July 16, 10:00 July 20, 14:00

Tokyo July 31, 10:00 = ————-
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Table 2. Scientists aboard

Toshiyuki HIRANO Ocean Res. Inst.; Univ. of Tokyo

Chief Scientist
Tsuneo AOYAMA Ocean Res. Inst., Univ. of Tokyo
Muneo OKIYAMA Ocean Res. Inst., Univ. of Tokyo
Takashige SUGIMOTO Ocean Res. Inst., Univ. of Tokyo
Toshisuke NAKAI Ocean Res. Inst., Univ. of Tokyo
Hiroshi MUKAI Ocean Res. Inst., Univ. of Tokyo
Ichiro AOKI Ocean Res. Inst., Univ. of Tokyo
Hidealti NAKATA Ocean Res. Inst., Univ. of Tokyo
Ken FURUYA Ocean Res. Inst., Univ. of Tokyo
Yoh YAMASHITA Ccean Res. Inst., Univ. of Tokyo
Hiroko SHIMIZU Ocean Res. Inst., Univ. of Tokyo
Tadashi INAGAKI Ocean Res. Inst., Univ. of Tokyo
Hideo NAGAE Ocean Res. Inst., Univ. of Tokyo
Tkuo HAYASHI Ccean Res. Inst., Univ. of Tokyo
Sachiko TSUJI Ocean Res. Inst., Univ. of Tokyo
Chung-Hui CHEN Ocean Res. Inst., Univ. of Tokyo
Lei-zong CHENG Ocean Res. Inst., Univ. of Tokyo
Nobuhito HOSAKA Ocean Res. Inst., Univ. of Tokyo
Shingo KIMURA Ocean Res. Inst., Univ. of Tokyo
Kenichi ISHIDA Ocean Res. Inst., Univ. of Tokyo
Satoru TAWARA Shimonoseki Univ. of Fisheries
Tetsuo YANAGI Fac. of Engineering, Univ. of Ehime
Katsumi MATSUSHITA Fac. of Agriculture, Univ. of Tokyo
Hiroshi ICHIKAWA Fac. of Fisheries, Univ. of Kagoshima
Tooru YAMASHITA Fac. of Engineering, Univ. of Kagoshima
Koazunori KURODA Tokai Reg. Fish. Res. Lab.
Kuniaki MIVAJI Seikai Reg. Fish, Res. Lab.
Yoshimi SUZUKI Meteorclogical Res. Inst.
Yoshito TSUJI Japan Merine Science and Technology Center

Apichart TERMVIDCHAKORN  Exploratory Division Fisheries Dept. Thailand
Din ZUBIR School of Biological Sciences. Malaysia



1. Hydrographic Structures of the Kuroshio Front and Their Variations

T. Sugimoto, K. Miyaji and S. Kimura

To investigate water exchange processes between the Kuroshio and
the shelf water, hydrographic structures of the front and their varia-
tions were observed in the East China Sea, north-west of Naha of Okinawa.
Island, during June 25 - July 24 in 1984. Fig.2 A and B show sections of
water temperature and salinity along PN-line across the Kuroshio, To
describe three-dimensional spatial structures of the front, quick grid
surveys of six lateral sectiohs along the Kuroshio front were done twice
with CTD, XBT and surface ST meter. Fig.3 A and B show horizontal dis-
tributions of water temperature, salinity and A st at the depth of
100 m during July 7-8 and July 12-14, respectively. The wave length and
the amplitude of the frontal-disturbance was about 300-400 km and
5-10 km, respectively. The wavy structure propagated sbout a half of
the wave length in 5-7 days. Longer term variation of about 20 days
was also investigated by the hydrographic observations which repeated
five times every 5-10 days in a specified lateral section ( PN-line ),
whose results are shown in Fig.4. To obtain information on the short-
term variations of the front due to tide, hydrographic structures in the
PN section were observed six times repeatedly every six hours. The
results are shown in Fig.5, which indicate the amplitude of the day-to-
day variation is much larger than that of the diurnal snd the semi-
diurnal variations.

Infrared thermal images of the same area, which were taken in
another season with satellite AVHRR, also showed that the wave lengths

of the dominant frontal disturbance of about 350 km and 1/3 - 1/2 of it.
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2. Direct Current Observation with Moored Current Meters
in the Kuroshio and at the shelf-break

T. Sugimoto, K. Miyaji, H. Negae and S. Kimura

To investigate fluctuations of the Kuroshio front, four mooring
systems with two current meters were deployed at the shelf-break and on
the continental slope in the East China Sea, northwest of Naha of
Okinawa Island, during June 25 - July 22 in 1984. Two mooring systems
( 8-1, T-1 ) were set at the depth of about 800 m depth on the slope
( under the Kuroshio ), which were separated about 30 km along stream
direction each other. Another two systems { S-2, T-2 ) were set at the
depth of about 300 m near the shelf-break. The mooring systems and
their mooring sites were shown in Fig.6 and Fig.7, respectively.
Latitude and longitude of the mooring sites were as followings,

S-1 ( 28°-18.5'N, 127°-04.1°E ), S-2 ( 28 -29.4’N, 126°-57.2'E )

T-1 ( 28°-35.6'N, 127°-05.7'E ), T-2 ( 28°-41.4’'N, 126°-58.7'E ).
The records of the current and water temperature are shown in Fig.8-
Fig.14. Progressive vectors of the current are shown in Fig.15-Fig.20,
The current in the Kuroshio front showed the predominance of the fluc—
tuations of 11-14 day period. When the Kuroshio front approached to the
shelf-break, the water temperature increased and the current direction
changed from the upstream to the downstream of the Kuroshio. Current
records at the shelf-break showed fluctuations of sbout 4-5 day period

as well as 11-14 day period.
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3. CTID observations off Cape Toimisaki and direct current
measurements in the Okinawa Basin

H. Ichikawa and T. Yamashiro

1}). CTD Observations off Cape Toimisaki

Since 1981, our group ( TAKAHASHT, MAEDA, CHAEN, SAKURAI, ICHIKAWA
and YAMASHIRO of Kagoshima University ) has been made the direct current
measurements bellow the Kuroshio southeast off Cape Toimisaki. In order
to clarify the relation between the current velocity obtained by direct
measurement and the relative current velocity obtained by the
geostrophic approximation, we made ten CTD cbvservations at intervals of
10 or 20 miles along two lines which are parallel and ca. 20 miles
apart. At four stations in the region enclosed by these two lines, two
current meters were respectively moored from Nov. 1983 to Oct. 1984.
From present CTD data, we can estimate not only the vertical sections of
geostrophic current velocity perpendicular to the observational lines
but also the relative current velocity spirals ( east and north com-
ponents of relative current velocity ). Figure 21 shows the relative
current velocity spiral referred to 1500 db level at 30-30.6N and 132-
05.5E, which is estimated from the CID data at Stns. 2, 3 and 11. The
comparison of the absolute current velocity spiral estimated by Beta-
spiral method (SCHOTT and STOMMEL, 1978) with the directly measured cur-

rent velocity is under the preparation.

2). Direct current measurements in the Okinawa basin.
In order to clarify the deep layer circulation in the Qkinawa
basin, three current meters were moored on June 25 at Stn. KG ( 28-

09.9N, 127-14.4E ) of which water depth is 1060 m. These current meters
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were retrieved on Oct. 2 by the training ship Kagoshima-maru of
Kagoshima University and the current fluctuations during ca. 100 days
were obtained at two layers ( on the middle layer of the three, the data
during only 15 days was obtained due to trouble of instrument ). Figure
22 shows the 25 hours running mean vector stick diagrams at three
layers. It can be said from this figure that the current velocity
changes with ca. 20 days period, the current velocity on 5956m layer
reaches up to ca. 40cm/sec, and that the mean direction is NNE which
coincides with the surface current direction of the Kuroshio.

This observation is the first attempt to measure the long-term cur-

rent variability below the Kuroshio in the East China Sea.

4, Observations of the fine structure of the oceanic surface layer

S. Tawara and H. Nakata

In order to observe the fine structure of the Kuroshio front in the
East China Sea, we made observations as follows ; CID observations at
interval of 2.5 miles along line FS1 on July, 3 and at interval of 2.5-
5.0 miles along line FS2 during from July, 6-Tth.

The temperature and salinity sections along line FS1 and FS2 are
shown in Fig. 23 and Fig. 24, which were prepared from the CTD data read
at depth interval of 5 m.

The intrusion of Kuroshio water is evident in the sections of
salinity, between station 7 and the shelf edge on line FS1, and between
ststion 12 and the shelf edge on line FS2. This seems to indicate that
the complex mixing processes produce on the interface between coastal

water and Kuroshio water.
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5. Distribution of fish eggs and larvae in the vicinity
of the shelf front

H. Nakata and K. Kuroda

In order to clarify the fine structure of the distribution of fish
eggs and larvae in the vicinity of the shelf front in the East China
Sea, a 160-cm ORI net, made of 0.69mm mesh filtering cloth, was towed
horizontally at the surface layer for 15 minutes at a speed of 2kt and
obliquely through the layer of 0-100 meters. The samplings by ORI net
were carried out along 2 sections ( Stns. FS 1-9 and Stns. FS 10-25).
The hydrographic structure of these sections is reported in this volume
by S. Tawara and H. Nakata. Table. 3 shows total number of fish eggs
and larvae per 100 cubic meters collected by surface tows and oblique
tows. The vélues of temperature and salinity at the sampling stations
are also presented in the right-hand colums of the table. The detailed
analysis of the relations between the distribution of fish eggs and
larvae and the oceanic structure of the shelf region are now in
progress. In addition to the above sampling, more detailed plankton sam-
plings were conducted along Section I (FS 26-68) in almost the same area
as the above-mentioned sections. A 56-cm MID net was continuously towed
horizontally at the surface layer along the section and sampling of sur-
face water was carried out at intervals of about 0.4 miles for the
measurement of temperature, salinity, nutrients and phytoplankton.
Figure 25 shows a preliminary result of these messurements., An oceanic
front seemed to be located between Stn. FS5-42 and Stn., FS-44, while
notable changes of nutrients and chlorophyll could not be found in the
vicinity of the front. Fish eggs and larvae collected with MID net are

now under investigation.
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6. The distribution of the eggs and larvae at the front of the Kuroshio

K. Matsushita

It is considered that the distribution of the eggs and larvae, they
are not vigil organisms, are greatly influenced by the environmental
conditions, especially, ocean currents. Furthermore, the distribution
has important roles concerning to the transport and survival of the eggs
and larvae. From the viewpoint mentioned above the distribution of the
eggs and larvae at the cross sections of the front of the Kuroshio were
surveyed by the MID nets. The MID nets surveys of the cross sections
were carried out two times, day and night series, at the layers of
0,10,20,30,40,50,60,75,100,125,150,200m until the bottom. The analysis
of the distributions of the eggs and larvae are yet completed., The set-
tling volumes of the cross sections are shown in Fig. 26. It is recog-
nized that there were some high density areas at the 20-50m layers. And,
there were some patchy high density areas at deeper layers. It is recog-
nized that the high density area of the PN3 station of day series was
the front of the Kuroshio. The high density area of the PN1 station of
night series was connected with the PN3 station where was the front of
the Kuroshio. It is supposed that the planktons of the PN3 station were
taken to the PN1 gtation. And, it is supposed that the patchy distribu-
tions recognized at the 60-100m layers of each stations were formed by
the disturbance of the Kuroshio current. However, the structures of the
communities of each stations must be examined. The difference between
the vertical distribution of the day and night was especially not recog-
nized but there was a belt-shaped distribution at the 20-50m layers from
PN1 to PN3 stations of night series. The thermocline was formed at the

layers by the coastal water mass and bottom water mass. However, the PN1
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and PN3 stations were separated too long in order to say exactly, the

pattern of the distribution may be arranged two patches.

7. Vertical distribution of fish larvae

Y. Yamashita and H. Yamada

The vertical distribution of fish larvee was examined at the sta-
tions of PNl above the continental shelf, and PN5 deeper than 1000m. The
samples were collected with MID horizontal nets of 0.303mwm mesh size and
fixed with 10% buffered formalin-seawater solution. The sampling layers
were 0, 5, 10, 20, 30, 40, 50, 60, 70, 80m for PN1, and 0, 10, 20, 30,
40, 50, 60, 75, 100, 125, 150, 175, 200m for PN5, respectively.

9426 specimens were collected at PN56 and the samples taken at PN1
have not been finished the soating yet. Larvae and juveniles of 134 taxa
in 54 families were taken during night ( 22:56, 4 July ) and daytime (
10:52, 5 July ) hauls at PN5. Eighty of these taxa were identified to
gpecies, 26 to genus and 28 to family. The composition of larvae were
71.5% of mesopelagic species, 12.4% of coral reef species, 3.2% of
pelagic species, 1.9% of coastal species and 11% of total larvae could
not be identified. The characteristics of wvertical distribution of
dominant taxa were shown in the following:

Cyclothone spp.; This taxa was most abundant with 791 specimens and
occupied 31.1% of all larvae. The larvae were usually collected from 10
to 60m and the most abundant layer was 20m during daytime and 30m during
night, respectively. The larvae of this taxa usually occurred within the
thermocline layer of 20-50m.

Vinciquerria spp.; 180 specimens were collected. The larvae were

collected from 20 to 150m and the most abundant layer was 80m during



daytime. But in the night, they showed the bimodal distribution with 40m
and 80m peaks. The larvae of this taxa changed their distribution depth
according to their growth. The larvae were distributed 60-100m at 1-5mm
SL and, moved to 40m at 5-9mm SL. The larvae of 9-11mm SL became to show
a wide distribution range of 20-100m. The juveniles after metamorphosis
( 11mm SL ) became to occur only below 60m, and they went downward with
their growth.

Diogenichthys atlanticus; 271 specimens were collected. The larvae

were usually collected 80-100m and the most abundant layer was 80m
during both daytime and night. This species occurred below the ther-
mocline layer.

Scombridae spp.; 76 specimens were collected ( This taxa included 3
species and unidentified 8 larvae ). This taxa was in the layers shal-
lower than 40m and the most abundant layer was 20m during daytime and
the surface during night, respectively. They occurred above the ther-

mocline layer.



8. The distribution and dispersal of shell-bearing molluscs in
plankton, with emphasis on pelagic larvae of benthic molluscs

I. Hayashi

Although very little is yet known on the pelagic larval ecology of
marine benthic animals, recently the knowledge on distribution and dis-
persal has been increasing. Among benthic animals, molluscan larvae have
been reported to have various pelagic periods; while some produce no
pelagic larvae at all, some others belonging to such families as Ar-
chitectonicidae and Tonnidae suspend in water for several months,
resulting in a wide range of geographical distribution by being
transported for a long distance with currents and even crossing the
oceans. Therefore, it is expected that the molluscan larve collected
through this cruise by MID net( mesh:GG 54) sampling give some idea of
larval dispersal and geographical distribution. Samples were collected
at various depths and times of a day, and an intention will be made to
sort out not only larval forms of benthic molluscs but also totally
pelagic molluscs although meny specimens were found to have already dis-
solved away in formalin preservatives. From these, it is also expected
to collect some ecological informations such as species composition,
vertical distribution and migration, and population density for all the
shell-bearing molluscs found in the samples. As a mesh size (GG 54)
used for MID nets was supposed to be too large to collect many small
molluscan larvae, extra 25 surface tows by a NORPAC net (mesh: XX 13)
were made each for 5 minutes mainly in the regions of Kuroshio Current
(PN5) and East China Sea (PN1). These samples have not been fully ex-
amined yet, but it is thought that between both the areas there are much

differences in larval density, species composition, etc.



9. Studies on dispersion of tropical grass shrimps

H. Mukai

Geographical distributions of tropical sesgrasses and grass shrimps
associated with them in Western Pacific can be predicted to be at-
tributed to digpersions by drifting on warm currents, because the fol-
lowing facts were already clarified. (1) The center of distribution of
tropical seagrasses was considered to exist around Torres Straight in
northern Australia and Newe Guinea Island. (2) Geographical distribu-
tions of tropical seagrasses in Western Pacific are restricted almostly
on the islands along the warm current. (3) The number of species of
seagrasses on their islands is reversely related with distance from the
center of distribution. It is likely that wide-distributed grass shrimp
has more eggs in a brood than restricted-distributing shrimps. It is
true in the genus Periclimenes of grass shrimps. However, the genus
Latreutes has a contrary results. A hypothesis can explain well these
contradictory results is that two genera of grasé shrimps have different
modes of dispersion; that is, Periclimenes disperses in a larval stage,
but Latreutes disperses in adult stage. To examine this hypothesis, col-
lections of grass shrimps in dispersion were performed by towing ORI-
type fish larvae net and MID-type plankton net in this cruise. The
samples collected are yet sorting out and examining. Some larvae of
hippolytid shrimps and drifting leaves of tropical seagrasses are ob-
served in the samples already sorted out, but no Latreutes shrimps are
occurred. We need more samplings in the warm current to catch the
propagules of tropical shrimps and to examine the hypothesis on disper-
sion form of littoral benthos. A dense school of a benthic shrimp, Lep-

tochela hawaiiensis which was recorded in only Hawaii Islands, was ob-




served at Stns. 28, east of Taiwan Island. This shrimp was known to swim

up to surface of sea at night.

10. Mid-summer ichthyoplanktons in the East China Sea
and its adjacent waters

M. Okiyama and C. Chen

Kinds, abundances and distributions of the ichthyoplanktons were
studied in the East China Sea and its adjacent waters including the
Kuroshio Domains. Materials were obtained mostly by the surface tows of
ORI-60 net covering 29 stations and the obligue hauls of IKPT- net({10-
feet IEMT equipped with small mesh -0.5mm-net througout) at six stations
each with double hauls sampling the different depth ranges.

Results of the ORI surface collections were summarized in Table 4
and Fig.27, with special references to flying fishes of the Junior
worker’concern. Total numbers of icthyoplanktons fluctuated remarkably
among stations or according to the sampling time with distinctly greater
figures in the night time samples, while those of the flying fishes oc-
curred less variably throughout the stations(Fig.28). Complete absences
of the flying fishes were recorded at the innermost station of the East
China Sea characterized by the low temperature and low salinity, besides
the small areas off the coast of Taiwan possibly associated with the lo-
cal up welling. IKPT net was successfully operated, yielding enormous
numbers of small ichthyoplanktons all in the excellent features. Iden-

tification of these materials are still in progress.
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11. Geochemical studies of chemical substances in sea water
in the Kuroshio Region and the East China Sea

Y. Suzuki

Organic carbon and nitrogen dissolved in sea water

Organic carbon and nitrogen dissolved in sea water were determined
by using the CO: analyzer(NDIR) and colorimetric method respectively
after the high temperature catalytic oxidation of sea water
sample(Suzuki et al., 1985). The concentration of organic carbon in sur—
face water ranged from 200 uM 1-1 +to 516 uM 1-1, with an average
value of 304 +116 M 1-t. The concentration of carbon in continental
shelf water is higher than that in the Kuroshio region. The concentra-
tion of organic nitrogen in surface water ranged from 38 uM1-1 to 43
#M 1-1, with an average value of 41+ 2 uM 1-1, The concentration of
organic nitrogen dissolved is fairly uniform in all of the region ob-
served. The vertical distribution of both organic carbon and nitrogen is
the same trend, i.e., the concentration is high in the surface and low
in the deep waters.

Molecular size distribution of organic carbon and nitrogen were

also examined by using gel exclusion chromatographic method.

Free amino acid and combined amino acid in sea water

The concentration of free and total amino acid in sea water were
determined by fluorometric method with o-phthalaldehyde (OPTA)-amino
acids fluorogenic adduct adsorbed on XAD-2 resin (Sugimura and Suzuki ,
1983). Free amino acids react to OPTA without any treatment prior to the

analysig, and the total amino acids react to the regent after the acid



hydrolysis. The combined amino acid is defined as the difference between
total and free.

The concentration of free amino acid in surface water renged from
18.4 wpg 1-1 to 123 pg 1-1!', and it is high in the continental shelf
water (54 to 123 ug 1-1) and low in the Kuroshio region (18 to 40 ug
1-1), The concentration of combined amino acids ranged from 130 uxg -1-1
to 260 g 1-1, The distribution of combined amino acid in surface water
is different from that of free amino acid, i.e., the concentration of
combined amino acid is low in the continental shelf water(130 to 180 ug

1-1)and high in the Kuroshio region( 180 to 260 pg 1-1).

Metallic elements: chemical form, concentration and distribution

Surface and deep water were collected by the non-metallic sampler.
Immediately after sampling, they were filtered through membrane
filter(0.45 g m). The separation of total and organic form metals in
the filtered sea water was done by using preconcentration technique of
XAD-2 - oxine and XAD-2 adsorption method on board(Sugimura et al.,
1980).

The distribution of total iron dissolved in surface water is shown
in Fig. 29. The concentration of total iron dissolved in surface water
is low in the Kuroshio region and high in the continental shelf water.
In Fig. 30, the concentration of particulate, particulate iron, total
iron dissolved and iron organic compounds with molecular weight(neutral
or basic fraction and acid fraction) are summarized. The determination
of some minor metallic elements will be alsc done on land laboratory.

Artificial radionuclides in the surface water

To study the surface distribution of the nuclides produced by the

nuclear testing, surface water samples for the measurement of Pu-



239+240, Cs-137 and Sr-90 were collected on board. Pu-239+240: Plutonium
was collected from 400 liters of sea water by the method of coprecipita-
tion on board. After the electrodeposition of Pu-2394240 is going to be
measured by the a -ray spectrometric method at the laboratory on
land(Hirose and Sugimura).

Cs-137 and Sr-90: The method employed in this study is the same as
described in the previous report(Preliminary Report of the Hakuho-Maru

Cruise KH-68-4),

Reference

Sugimura,Y., Y.Suzuki and V.Miyake(1980) : in Marine Radioecology,
Proceedings of 3rd NEA seminar,Nuclear Energy Agency/ Organization
for Economic cooperation and Development, Paris, pp. 131-141.

Sugimura,Y. and Y.Suzuzki(1983) : Pap. Met. Geophys., 34, 267-289.

Suzuki,Y., Y.Sugimura and T.Itoh(1985) : Mar. Chem., 15,{in press).
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12. Some observations on the vertical microscale distribution
of chlorophyll fluorescence

Y. Tsuji

Chlorophyll fluorescence, temperature and salinity were observed at
5 stations from 4 to 6 July, 1984. Both changes in vertical structure
were obtained between stations and within 14 hours in a fixed position.
A subsurface fluorescence maximum was present at- each profile. Maximal
values decreased by ca. 30% in 14 hours at the fixed position. Fluores-
cence profiles had different patterns at different stations.

The parameters were measured simultaneously with a CID(Tsuji et al,
1983} -VARIOSENS combined system. The system was lowered about 0.5m/s;
data were sampled at 4 Hz and running-averaged over 8 sec. The regres-
sion analyses for sum of concentrations of chlorophyll a and phaeophytin
(Y, micro gram per 1itef), as a function of logarithm of fluorescence
(X, arbitrary ﬁnit), gives

Y = 0.167(1logX)+0.062 (r=0.95, n=13, Stn. PN1).

Figure 31 shows short term variabilities in profiles of fluorescence
and temperature at Stn. PN5. The fluorescence profile obtained after 14
hours is different from those profiles observed within one hour, which
seem to be similar. The maximal value of fluorescence decreased by 32%
in 14 hours.

Figure 32 shows horizontal changes in profiles of fluorescence and
temperature, All the fluorescences maxima located in the weak ther-
mocline and not just below the strongest thermocline. The fluorescence
maximum shifts upward as the water depth of the station decreases except

for Stns. PN4, where the largest fluorescence maximum was observed.
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13. Phytoplankton studies in the Kuroshio waters -

K. Furuya and N. Hosaka

Size structure of phytoplankton biomass in terms of cell volume and
_carbon was examined for the 200m water column at every CTDO static;n with
an emphasis on biomass and cell size of cyanobacteria. Phytoplankton
collected with a rosette multisampler mounted on a CTDO were fixed with
1% glutaraldehyde, and epifluorescence microscopic specimens were
prepared after the method of Tsuji and Yanagita(1981). Photosynthetic
forms with chlorophyll fluorescence were enumerated and their cell
volume was measured using an image analyzer system (Furuya, 1982),and
the cell volume was converted to carbon content. Phycoerythrin-
containing cyanobacteria(0.5-2 g m in diameter) were recognized from
other phytoplankters by the orange fluorescence of phycoerythrin under
green light(520-550 nm) excitation.

Integrated cell number of the cyancbacteria in the upper 150m was
between 107 -108 cells/cm? in the Kuroshio waters. The layers, where
the maximum cell numbers{more than 104 cells/ml)were found, became shal-
lower from the open sea(40-60m) to coastal and continental shelf waters.
In these layers of the meximum abundance, the cyanobacteria occupied 5-
11.5% of total phytoplankton cell volume.

References
Furuya,K. (1982): Measurement of phytoplankton standing stock qsing an

image analyzer system. Bull, Plankton Soc. Japan, 29: 131-132.
Tsuji, T. and T. Yanagita(1981): Improved fluorescent microscopy for
measuring the standing stock of phytoplankton including fragile com-

ponents. Mar. Biol. 64: 207-211,



14, Acoustic observations on fish scattering layers

I. Aoki, T. Inagaki, T. Aoyama and K. Ishida

Acoustic observations were made throughout this cruise using the
scientific echo sounder (FQSO—FURUNb). The echoes were recorded on a
moist paper, and at the same time the mean volume back scattering
strength(SV) was calculated in real time for each of ten contiguous
depth intervals and each 0.2 nautical mile interval of distance. The
output was typed on a printer and saved on a 5 inch disket.

The distribution of fish traces recorded along a section from Stn.
51 to Stn. PN5 are superimposed on vertical sections of temperature and
salinity (Fig. 34). Fish schools concentrated at a depth range of 10 to
25m around Stn. 52 and at a greater depth of 20 to 70m around Stn. PN2.
The vertical distribution of the schools seems to correspond with the
vertical temperature structure. Around Stn. 57 there existed a frontal
zone where horizontal salinity gradient was steep. Also during other
survey periods fish schools were always aggregated near frontal zone.

Three grid surveys were carried out during this cruise. Fig. 33
shows an example of results of the grid surveys. The values of SV at a
depth range of 20 to 40m for every 0.2 mile interval of distance are
given along tracklines and contours drawn at four level of SV. In this
area surveyed meny large patches of fish traces were observed. Although
identification of the fish traces wes impossible, since a number of dead
Jjuvenile filefish were drifted on the water surface in this area, the
echo traces was likely to be traces of filefish. Mean fish density can
be obtained from mean volume back scattering strength, if target
strength (TS) of a single fish is known. However, TS of the filefish is

unlnown. Supposing TS=-60dB, for example, the densities are calculated



according to the formula, SV = TS + 10 log n(n, fish density), as ‘3.2,
1.6, 1.0 and 0.3 fish/m3? for very high, high, middle and low density
areas, respectively.

Sound scattering layers associated with change in density of water
often appear on echograms. A echograms is compsred with profiles of tem-
perature and salinity in Fig. 35. It is clear that the scattering layers
correspond with the thermocline and salinocline. Such echo traces give

us information on the vertical structure of water mass.



Depth(m)

Depth(m)

06:25-08:59, July 21 1984
SV(dB) at 20-40m depth

- 32°20"

low - 32715"

middle
high

very high

)
12755 128700 128 05"
Fig. 33 Distribution of fish traces superimposed on temperature(h)
and salinity(B) along a section from st.51 to st.PH5.
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Fig. 34 Results of a grid survey .
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Fig. 35 Comparison between echo trace and vertical profiles of
temperature and salinity.
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