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Introduction

The main themes of the present eruisc are two: firstly, studies on the pro-
ductivity of lower trophic levels, including bacteria, phytoplankton, zooplankton,
micronekton cte., and on the metabolism and food chain in the North, Central,
and Equatorial Pacific Ocean; and sccondly, studics on the biogeography in
the same aveas.

Our rescarch works were carricd out in success as previously scheduled,
owing to close cooperation of all members aboard.

These works are recognized as an integral part of International Biological
Programme (IBP), because some principal knowledge on marine productivity in
different climatic regions is expected to be obtained from the present research
covering extensive latitudes from the subarctic region to the tropical region in
the Pacific.

The R/V Hakuho Maru fortunately had opportunitics to visit three most
beautiful islands in the Pacific, Hawaii, Tahiti and Western Samoa, and we
were cordially welcome by governments and peoples there. I, on the behalf of
scientists and crews aboard, would like to express our hearty thanks for their
warm hospitality and kind consideration which made a great contribution to
the achievement of our rescarch. Thanks are also extended to all crew mem-
bers of the Hakuhé Maru for their helpful coorperation throughout the long
cruise of 94 days.

Ryuzo Marumo
Chief Scientist
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Outline of the research

The present study has two main themes, namely productivity and metabo-
lism, and biogeography in the North, Central and Equatorial Pacific, as shown
in Introduction, including the following research programmes.

1. Studies on dissolved organic compounds

2. Studies on distribution, metabolism and isotope ratio of nitrogenous

compounds

3. Ecological studies on microorganisms with special reference to their

distribution and activities of organic-matter decomposition and nitrogen
fixation

4. Biochemical studies on photosynthesis and respiration

5. Taxonomy, distribution and production of phytoplankton and seston

3. Taxonomy, distribution and production and decomposition of zooplank-

ton and micronekton

7. Distribution ecology of fish larvae

8. Studies on counting the echo pattern of individual fish, and on distribu-

_ tion ecology of tuna

9. Oceanographical observations in the North, Central and Equatorial

Pacific Ocean

The research was carried out throughout the whole cruise course, but the

emphasis was laid on observations along 155°W (Fig. 1). In this section, 4 large
(5-day) stations, 10 middle (18-hour) stations and 5 small (5-hour) stations were
occupied. At large stations all main items of ohservations were taken (refer to the
following table) and variabilities were also measured for some physical, chemical,
biological and biochemical elements. Each of these stations was occupied in
different water masses such as St. 1 in the Pacific Subarctic Water, St. 3 in the
mixing area of the Pacific Subarctic Water and the Western North Pacific
Central Water, St. 10 in the northern part of the equatorial water and St. 19
in the southern part of the same water. Five small stations were supplemen-
tally occupied between 20°N and 10°S to study in detail the productivity and
hydrography in the complicated equatorial current system. BT obsearvations
were taken at intervals of 30 nautical miles between 8°N and 5°S to draw a
detailed picture on the Equatorial Undercurrent (Figs. 14 and 15).
) Plankton was collected at 9 stations in the leg from Tokyo to St. 1, while
plankton samplings at'6 stations and ecological researches on Tyichodesmium at
8 stations were done in the leg from St. 19to Tokyo (Fig. 1). BT observations
were also achieved throughout the cruise especially in relation to fish detector
survey (Figs. 14, 16 and '17).

Our research works aboard are divided into two categories; one being co-
operative observations for basic hydrographic and biological environmental
elements which will be principally important for analysis of data obtained and
another being individual observations done by each scientist or each scientific
group.

Data in the first category include water temperature, salinity, oxygen, pl,
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phosphate-P, silicate-Si, nitrate-N, nitrite-N, ammonia-N, chlorophyll g, dis-
solved organic carbon (DOC), dissolved organic nitrogen (DON), dissolved or-
ganic phosphate (DOP), particulate-N and particulate-C. They are tabulated
as data at Sts. 1~19 in Tables 1~19 and as BT data in Table 20, and illus-
trated as distribution profiles along 155°W in Figures 2~12 and as T-S diagrams
at Sts. 1~19 in Figure 13. Data of DOP, particulate-N and particulate-C are
not presented in this report, because the analysis is not yet finished.

Outline of 29 individual research works is reported, mainly concerning the
procedures, including also results and discussion in some works. Completed
manuscripts on these works will be separately published later.
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1. Water masses, current systems and phytoplankton

communities along 155°W

by
R. Marumo, T. Nakai and H. Hasumoto

(I) Water masses (Figs. 2~5)

In the surface water at Sts. 1 and 2 is distributed the Pacific Subarctic
Water of low temperature less than 15°C and low salinity less than 35%..

The Western North Pacific Clentral Water exists in the area between Sts.
4 and 7. The North Pacific Intermediate Water is widely distributed at depths
from 400m to 600m between Sts. 2 and 7, being clearly indicated by salinity
minimum layer.

Around St. 10, forming a southern boundary of the North Equatorial Cur-
rent, the thermocline clevates up to the extremely shallow layer of 75m, indi-
cating a steep vertical gradient of 0.3°C per meter. The distributional pattern of
temperature around the equator corresponds well the current system there,while
salinity and oxygen contents in this area show complicated distributions (Figs.
14 and 15). A vertical spreading of the thermocline in the equatorial area in-
dicates the existence of the Equatorial Undercurrent at depths from 60m to
220m at St. 14

A saline water of more than 35%. is formed in the upper layer around St.
5 in the North Pacific, and extends southwards to 15°N, while another saline
water of more than 36%. is formed in the upper layer around St. 19 in the
South Pacific and extends northwards to the equator.

The South Pacific Intermediate Water is indicated by a salinity minimum
layer at the depth of about 700m around Sts. 18 and 19.

The Antarctic Bottom Water is indicated in a layer about 4000m deep by
the high content of dissolved oxygen more than 4ml/I.

Water masses along 155°W are distinguished from their characters of tem-
perature, salinity, dissolved oxygen content ctc. (Figs. 2~13), as follows:

Water mass Station
The Pacific Subarctic Water 1, 2
Mixture of the Pacific Subarctic Water and the Western 3

North Pacific Central Water
The Western North Pacific Central Water %
Boundary of the Western North Pacific Central Water and 4~7
the equatorial water
The equatorial water 9~19

(2) Current systems
Patterns of current systems along 155°W were obtained on the basis of
eastern and western current components calculated by the dynamic computa-
tion. The Equatorial Undercurrent was found at depths from 60m to 220m
between 1.5°N and 1.5°S from the results of BT and STD ohservations (Figs.
14 and 15).
Current systems along 155°W are as follows:
(a) The Pacific Subarctic Current streams eastwards in the area north of
45°N (Sts. 1 and 2).
(b) The North Pacific Current streams castwards between 45°N and 25°N.
The current is strong, forming a part of the Kuroshio Extension in the
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northern part (45°N~35°N, Sts. 2~4), while it is weak in the southern
part (35°N~25°N, Sts. 4~6).

() The North Equatorial Current streams westwards between 25°N and
10°N. The current is weaker and deeper in the northern part (25°N~
17°N, Sts. 6~8) and stronger and shallower in the southern part (17°N~
16°N, Sts. 8~10).

(d) The Equatorial Counter Current streams easterly between 10°N and
5°N (Sts. 10~12).

() The South Equatorial Current streams westwards in the area south of
5°N (Sts. 12~19). There exists the Equatorial Undercurrent just below
the equator. The current in the southern area (5°5~15°S, Sts. 16~19)
forms a part of the South Pacific circulation.

(3) Phytoplankton communities with reference to water-mass distribution

Plankton samples were taken by vertical haul from a depth of 150m to the
surface with Norpac double net composed of fine (0.09mm) and coarse (0.33mm)
meshes (refer to item 19-(2)).

The Pacific Subarctic Water (Sts. 1 and 2) was characterized by the appe-
arance of typical cold-water diatom community such as Chaetoceros atlanticus,
Corethron hystrix, and Thalassiothrix longissima.

In the Western Pacific Central Water (Sts. 4~7), a diatom, Hemiaulus
hauckii, was dominant, and pelagic blue-green algae including Trichodesmium
thiebauti, Katagnymene spiralis and Richelia intracellularis (endophytic to Rhizosolenia
styliformis, R. acuminata, and R. ¢ylindrus, and epiphytic to Chaetoceros compressus)
appear abundantly,

The Pacific equatorial water was characterized by the prevalence of diatoms
such as Chaetoceros atlanticus v. neapolitana, Planktoniella sol, Rhizosolenia bergonii and
Thalassiothrix longissima, while pelagic blue-green algae were hardly found there.

2. BT observations in the tropical and subtropical regions

by
A. Hattori and T. Nakai

Depth profiles of temperature in the tropical and subtropical regions were
examined at 30~60 nautical mile intervals down to 250m by BT. TFigures 14
and 15 were drawn on the basis of these observations supplemented with data
obtained by routine Nansen casts (deeper than 250m).

3. STD observations in the equatorial region

by
T. Nakai, H Hasumoto, E Wada and A. Hattori

The wvertical distribution of salinity and temperature was measured at
every station between 5°N and 10°S along the 155°W by a HYTECH Model
9006 STD Measuring System (Fig. 15). The water samples were simultaneously
collected with Rosette Multi Sampler (Model RMS-12) and used for measure-
ments of activities for nitrogen metabolism. '
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4. Measurement of dreop value of GEK on the geomagnetic equator
by
T. Nakai and H. Hasumoto

Iixisting droop correction chart is only available for GIK measurement at
a ship speed of 10 knots in the adjacent seas of Japan.

Accurate data of GEK droop values on the geomagnetic equator were oh-
tained aboard Hakuhé Maru in order to make a droop correction chart avail-
able for all over the sca at different speeds.

Data obtained are as follows:

Date Nowv. 1, 1969
Position of measurement 3°36'N, 173°40'E
Depth 4875m
Length of electrode 120m
Ship speed (kt) Droop value (cm)
13 166
10 264
6 424

5. Measurement of underwater irradiance
by
K. Satake, M. Takahashi, N. Nakamoto and Y. Fujita

Relative light intensities in subsurface layers were measured by a selenium
underwater photometer fitted with a neutral filter. The relative light intensity
I at a depth z can be represented by the equation:

I=1, e7*,
where 7, is the light intensity at the surface, and £ the attenuation coefficient
of the ambient water.

High values of £ such as 0.067, 0.079 and 0.084 were observed at 50°N,
10°N and 40°N (155°W). These values are comparable with those reported for the
Oyashio region. In other areas the values of £ were smaller than 0.05. Assuming
that the photosynthetic growth of phytoplankton is compensated at 1% of the
surface illumination, the depth of the euphotic zone is roughly 70~115m.

6. Nitrogen metabolism

by
A. Hattori and E. Wada

(1) Assimilation of inorganic nitrogenous compounds

Activities of nitrogen assimilation in photic layers were measured on board
by incubating the water samples, which had been collected by Van Dorn bot-
tles from various depths, for several hours with **N labeled ammonia, nitrite or
nitrate. At Sts. 1, 3, 10 and 19, the so-called in situ method was also adopted
(refer to item 11).
(2) Oxidation and reduction of inorganic nitrogenous compounds

The rates of oxidation or reduction of ammonia, nitrite and nitrate were
measured by following the change in concentrations of nitrite in the presence
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and absence of added N-compounds.
(3) Denitrification

At Sts. 4, 10 and 19, the denitrification activity was examined with the
water samples collected from O,—depleted layers. After exposing to "N-nitrate
for several days, dissolved gasses were extracted and saved for mass spectrome-
tric analysis of *N- content.
(4) Nitrogen fixation

At Sts. 1, 3, 10 and 19, the activity for nitrogen fixation was measured by
using ®*N laheled N,. Particulates were collected by filtration and stored [rozen
state for mass spectrometric analysis.
(5) Counting of nitrifying, denitrifying and nitrite reducing bacteria

The numbers of nitrifying, denitrifying and nitrate reducing bacteria were
estimated by growth analysis, end dilution method and plating method, respec-
tively.

7. MNatural N abundance of dissolved substances and plankion
by
E. Wada and A. Hattori

The samples for analysis of natural *N abundance were collected in the
following ways: (a) The water samples (100/) were taken by Van Dorn bottles
from several depths (0, 500, 1000, 2000, 3000 and 4000m). Dissolved organic sub-
stances were precipitatcd by the addition of ferric chloride at pH 5. For nitrate,
the samples were made approximately four fold concentrated by repetition of
freezing and thawing. (b) Plankton samples were collected by Norpac nets or
ORI nets. These samples were stored in frozen state.

8. Variability of environmental factors

by
A. Hattori, E. Wada, N. Ogura and H. Okada

At Sts. 1, 3, 10 and 19, hydrographic casts with Nansen bottles were made
down to 300m every morning for 5 days to measure the variability of tempera-
ture, salinity, and concentrations of dissolved oxygen, ammonia, nitrite, nitrate,
phosphate, dissolved organic carbon and nitrogen, and particulate matter.

9. Disiribution of dissclved organic carbon and physicochemical
properties of disselved organic matter
by
N. Ogura

In addition to routine measurements of vertical distribution of dissolved
organic carbon (Fig. 11), amounts of dissolved organic carbon of surface waters
were determined throughout the cruise. The water samples, collected at inter-
vals of 60 nautical miles (30 nautical mile interval in the tropical area), were
filtered through Whatman GFC glass fiber filters. Five m/aliquots of filtrates
were placed in glass ampoules with potassium persulfate. Before sealing the am-
poules, dissolved CO, was removed by thorough bubbling of the sample with
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N, gas.

The concentration of dissolved organic carbon was estimated from the
amounts of evolved CO, which were measured afterwards by an infrared gas
analyzer. Dextrose was used as a reference.

Sea water samples of about 1000 collected at four stations (St. 1, 10m deep,
St. 3, 800m deep, St. 10, 200m deep and St. 19, 3000m deep) were filtered through
GFC filters. The filtrates were adjusted to pH 2 with HCL and ferric chloride
solution was added (20-mg Fe/l). Aflter stirring, the solution was adjusted to
pH 5 with NaOH. After standing 24 hours, precipitates of I'e(OH), were col-
lected and stored in a deep freezer.

Dissolved organic matter coprecipitated with Fe(OH), was separated and
examined for its clementary compesition, optical properties and other physico-
chemical properties.

10. Photosynthesis and related reactions

by
Y. Fujita and T. Ebata

(1) Distribution of photosynthetic pigments

At all large and middle stations, spectrophotometric analysis of photosyn-
thetic pigments was carried out using the samples obtained from various depths
down to 200m. The ratios of carotenoids us. chlorophylls in the samples
obtained from deeper layers were generally higher than those obtained from
the layer of chlorophyll maximum,
(2) Photosynthesis with chromatic lights

At Sts. 1 and 3, chlorophyll 2 (680mp)-and carotenoids (502my:)-sensitized
photosynthetic activities were measured with samples obtained from various
depths by an oxygen electron technique. The apparent quantum efficiency of
the carotenoids-sensitized photosynthesis was slightly higher in the samples ob-
tained from deeper layers than in those from shallower layers.
(3) Light-induced oxygen uptake

At Sts. 1, 3 and 10, it was found that samples which contained a large a-
mount of non-living pigmented materials showed often a light-induced oxygen
uptalke. Analysis of the reaction indicated that (a) the light-energy absorbed by
chlorophyll pigments induces the reaction, and that (b) the activity is largely
attributable to the chlorophyll pigments contained in non-living materials,. We
infer that the reaction observed is identical with the “Krasnovskii” reaction, a
photochemical oxido-reduction by chlorophyll pigments.
(4) Collection and isolation of phytoplankton

Culture and isolation of phytoplankton strains were attempted on board.
More than 10 strains of diatoms and several strains of blue-green algae were
obtained as unialgal culture.

11. Depth prefile of photosynthetic productivity

by
M. Takahashi, K. Satake and N. Nakamoto

Depth profiles of photosynthetic productivity were examined by in sitz and
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tank method at Sts. 1, 2, 3, 6, 10, 12, 14, 18 and 19 (underlined one shows the
station where in situ experiments were undertaken). !*C labeled carbonate was
used as a tracer. The glass bottles filled with water samples from various depths
were held from noon to sunset at the depths from where the waters had been
collected. In addition, the water samples were kept at three depths which were
different from their original ones to see the difference in ability of light uti-
lization. With the same samples, the light dependence of phtosynthesis was si-
multaneously examined on board by the tank method. The sample hottles were
illuminated for 3 hours with a bank of daylight fluorescent lamps; the light
intensities were adjusted by covering the bottles with dark blue nets.

12. Chlorophyll distribution, photosynthetic activity and the number
and size distribution of particles

by
N. Nakamoto

In addition to routine measurements of vertical distribution of chlorophylls
(Fig. 12), the surface waters were collected at 60 nautical mile intervals (30
nautical miles in the tropical area)to see horizontal distribution of chlorophylls.
The samples were filtered through Whatman GFC filters coated with MgCO,
immediately after sampling, and the amounts of chlorophylls in collected mate-
rials were determined on board by the method of Yentsch and Menzel.

The daily variations of chlorophylls and photosynthetic activity of phyto-
plankton were measured with the samples collected at scveral stations. Enrich-
ment cultures were carried out on board at different temperatures between 10°
and 30°C.

The number and size distribution of particles in sea water were measured
by a Coulter Counter at several stations.

13. Assimilation and decomposition of glucose

by
M. Takahashi and K. Satake

The microbial activities of seawater for assimilation and decomposition of
glucose were estimated at Sts. 1, 3, 5, 7, 10, 12, 14, 16, 18 and 19 by using uni-
formly *C labeled D-glucose. The sample waters (100ml each) were incubated
for 3 hours with 60pg glucose (0.5¢ Ci). Assimilation activity was calculated
from amounts of radiocarbon incorporated into particulate matter which was
collected on HA Millipore filters. After adding 1ml of 20% HCI, the filtrates
were aerated with CO,free air, and CO, was trapped in 1/5N Ba(OH),. BaCQO,
formed was collected on a Millipore filter and its radioactivity was measured
by a 2z gas-flow counter.
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14. Vertical distribution of particulate proteins, chlorophylls,
ribonucleic and deoxyribonucleic acids
by
M. Takahashi

For the estimation of a total biomass, the water samples were collected from
various depths (from surface to near bottom) at Sts. 1~8, 10, 12, 14, 16, 18 and
19. Particulate materials were collected on Gelman filters, and amounts of
chlorophyll 4, proteins, ribonucleic and deoxyribonucleic acids were determined
by the method of Iwamura et al. (1967, 1969). Chlorophyll ¢ was abundant at
surface layers shallower than 200m, and the other three were distributed ubig-
uitously through the whole water column. In the subtropical and tropical areas,
concentrations of nucleic acids and proteins in the water samples deeper than
200m were comparable with or sometimes exceeded those observed in the sur-
face waters. This work was carried out in collaboration with Dr. S. Ichimura
and Miss H. Nagai.

15. Distribution and properties of carbohydrates, proteins, lipids,
chlorophylls and bulk organic matter
by
K. Satake

At four stations, 500 to 1000/ of waters were collected from three layers
between the surface and the depths of 1000~3000m for the analysis of carbohy-
drates, proteing and lipids. Particulate materials were collected on Whatman
GFC glass fiber filters and the filters were stored in frozen state.

Particulate materials were also collected from water samples obtained from
various depths down to 200m. Analysis will be made afterwards with respect
to chlorophylls, their derivatives, carbonate carbon and organic carbon in
collaboration with Dr. Y. Saijo. With aliquots of the same samples, size distri-
bution of organic matter was also examined.

16. Particulate organic matter

by
S. Nishizawa

Two hundred and eighty samples in total of suspended particulate material
were collected from various depths down to the vicinity of the bottom at 14
stations in the eastern Pacific along 155°W line from 50°N to 15°S. One third
of the total was duplicated samples, and one fourth triplicated ones. FEach
sample water was filtered on board immediately after sampling through a glass
fiber filter, and the filter was stored at —20°C with the residue. Elemental
analysis of these samples for particulate carbon and nitrogen are now under
progress. A series of samples composed of one of the triplicates will be sub-
jected to decomposition process that will last at least 100 days at room tempe-
rature with an initial inoculum of a few ml/ of raw surface seawater.

An additional program of skimming the surface skin of the ocean was per-
formed. Although this was done at only one station at the equator, the obtained
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results show that a high concentration of dissolved and particulate organic
matter occurs just at the sea surface. Unique communities were also identified
from the skimmer samples. This work was undertaken in collaboration with
Drs. N. Taga, N. Ogura and R. Marumo.

17. Distribution of phytoplankton
by
O. Asaoka and R. Marumo

Horizontal and vertical distributions of phytoplankton were investigated for
specific levels with special reference to diatoms, dinoflagellates, cyanophytes and
tintinids. The water samples were collected at all stations by Van Dorn bottles
from various depths down to 1000m. The samples of phytoplankton were quan-
titatively collected on HA Millipere filters and inspected on board under micro-
scope. Aliquots of the sample waters were subjected to formalin treatment and
saved for later detailed examinations. In addition, the samples of surface waters
were collected at 60 nautical mile intervals throughout the cruise, and at 30
nautical mile intervals in the tropical area. The samples were processed and
inspected in the same way as above. A part of the samples was sent to Mr.
M. Owada, Maizuru Marine Observatory.

18. Nanoplankton

by
H. Okada

The water samples were collected at 60 nautical mile intervals throughout
the cruise and at 30 nautical mile intervals in the tropical area for systematic
studies and morphological examination of nanoplankton. In addition, a
number of water samples were collected along subphotic water columns, and
the feature of disintegration and surface erosion of coccoliths were investigated
in connection with that of deep-sea sediments.

The water samples previously filtered through 150-mesh brass net, were
filtered through Millipore filters. The filters were rinsed and dried, and
examined alterwards by a phase-contrast, clectron or scanning microscope.

The results are summarized as follows: (a) The population of nanoplankton
is highest at photic layers in the northern part of the Pacific (1 x10° cells/! or
more). In the temperate arca, waters are less populated (5% 10® cells/l). Inter-
mediate numbers were found in the tropical area (1x 10! cells// on an average).
(b) Although the population density ig high in the northern Pacific, the specific
composition is quite simple; it consists mainly of three species, which are restric-
ted to the upper euphotic layer. In the tropical area, more than G0 species are
found. The local variation of specific composition is common. (¢} In the tropi-
cal area, the upper layer (0~100m) is occupied by diverse flora of nanoplan-
kton. In lower layers, the flora becomes monotonous; only a few species with
peculiarly shaped coccoliths are found.
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19. Sampling of zooplankfon--«:ovceeoivernnn. I

by
T. Nemoto, M. Murano, M. Terazaki and Su Bu Lee

(1) ORI net tow

One of the two main themes of the expeditionary Cruise KH-69-4 was
biogeographical studies on macroplankton and micronekton in the North Pacific
Ocean. It was hoped that the sampling would cover a wide area along tracks
and the depth from the surface through deep water, but major effort of zoo-
plankton sampling had to be centered along the longitude 155°W from the
latitude 50°N to the latitude 15°5, since the observation stations for other joint
programs were occupied on this longitude, taking sufficient time of operation.
Supplementary sampling was made during eastward and westward legs to and
from 155°W.

At four of 19 stations on 155°W, the ship stopped for 5 days at each station
to complete a series of observation and experiments on hydrography, chemsitry,
bacteriology, and biology. At this opportunity a 160-cm ORI conical opening
and closing net, made of 1.0-mm mesh filtering cloth, was towed obliquely thr-
ough the layer of 0~1000m, and horizontally through the depths of 200, 400, 700,
1000, 1300 and 2000m (in wire out). The net was equipped with a TSK depth-dis-
tance meter on the mouth ring and a RGS flow-meter at the center of the
mouth ring. On account of shortage of gears, simultaneous serial tows with
several numbers of ORI nets were not adopted; the tow had to be done sepa-
rately for each of the depths, taking about 9 hours for completion of successive
8 tows, The opening and closing mechanism by a double release system acted
reliably, excepting a few cases. Such tows were repeated by day and by night,
each twice at a station. Sixteen serial tows at cach of 4 stations on 155°W
were completed.

At other 15 stations on 153°W and also on the eastward and westward legs
to and from 155°W, 34 surface tows and twenty-one 2000-m (wire out) oblique
tows have been conducted.

The number of samples obtained by ORI-net tow amounted to 192 in total.
The samples were preserved in 10% formalin seawater solution, and will be
sorted on land into about 20 groups, i.e, molluscs, chaetognaths, copepods,
ostracods, isopods, amphipods, mysids, euphausiids, decapods and fish etc. and
then cach group is separately weighed in wet condition before being distributed
to specialists. Some specimens contained in samples were picked up and kept
alive on board for special experiments (refer to 22).

(2) Norpac net haul

As a standard method widely employed in CSK (Cooperative Study of the
Kuroshio and Adjacent Regions) and other projects in the Pacific Ocean, 150
~0-m vertical haul with a Norpac net was made at each station on 155°W. A
45-cm conical Norpac double net (the inner net made of 0.33-mm mesh cloth,
the outer one made of 0.09-mm mesh cloth) was hauled from an estimated depth
of 150 meters upward to the surface. Settling volume of the samples determined
by Dr. R. Marumo on board has shown that the volume of total sum of fine
and coarse mesh net samples was extraordinarily large in the subarctic water
(50°N), and small around the North Equatorial Current (20~10°N). It again
increased in the south of the South Equatorial Current, though remarkably
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decreasing at 15°S. Mean ratio of fine mesh net samples to coarse mesh net
samples was 11 : 3, except at 40°N where the cirriped larvae unusually occurred
in a large number in the coarse mesh net (refer to 20-(2)).
(3) High-speed sampling with MTD VI sampler

A MTD VI high-speed sampler, 6.5cm in mouth diameter, 15cm in diameter
of outer casing, installed with 0.33-mm mesh net and flow-meter, was towed at
night at 10 knots for 30 minutes by paying out the wire cable as long as 75
meters. The sampling covered the whole courses, amounting to a total of 34
tows. The samples are placed for the examination of species composition as
- well as for carbon and nitrogen analysis. Effectiveness of this sampler can be
compared with that of MTD shark high-speed sampler which was towed on
this cruise at the same time (refer to 20-(3)).

20. Sampling of zooplanktomn::«::-coereeeis II

by
5. Motoda and M. Kotori

(1) Collection of zooplankton from several different depths in the upper 500
meters

The collection was designed to obtain comparable samples from different
depths in the upper 500 meters. A detailed pattern of vertical distribution of
animals would be useful to compare it with optical, physical or chemical struc-
tures of the sea, for discussing the depth preference of animals and, in turn,
their metabolic effects on the substances in the water. For the simultanous
horizontal tows with a number (ten nets in the first tow, then 9 nets) of MTD
horizontal closing nets, 56cm in mouth diameter, made of 0.35-mm mesh filter-
ing cloth, positioned at different depths, were employed. Such serial tows were
completed at 15 stations on 155°W, and at 4 of 15 stations the samplings cover-
ed daytime and night. The number of obtained samples amounted to a total
of 159, excepting failed samplings. An aliquot subsample was filtered through
a glassfiber filter and kept frozen for later determination of dry weight, carbon
and nitrogen. The remainders were preserved in 10% formalin seawater solu-
tion for identification.

Biomass as expressed in wet weight of the samples was normally rich in the
upper layer down to 100-m depth, becoming very poor in the lower layer of
200-m thickness. In the subarctic water (St. 1, 50°N) an extremely high concentra-
tion of Calanus plumchrus at the 20~50-m depth in daytime was characteristic.
This maximum layer of Calanus biomass moved up to the surface at night. At
St. 3 (40°N) the population in the shallow layer was almost entirely composed
of cirriped larvae. They swarmed around 60 meters in daytime, and migrated
up to 30 meters or therearound at night.

Mean biomass through the upper 500 meters was as large as 400~200g/1000
m?® in the subarctic water (50°N), while it was less than 40g/1000m? in the south-
ern region (35°N~13°30’N). An increase in biomass (75g/1000m?) at 10°N, where
the upwelling water was suggested by the temperature and salinity distributions,
was due to a large mass of solitary salps and colonical firebodies at 25~74 me-
ters. Around the equator (2°30'N~2°30’S) the biomasgs again increased (57g/
1000m®). The biomass was extremely poor at 15°S (16g/1000m?). General tend-
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ency of variation in biomass along 155°W was coincident with the results ob-
tained by 0~150-m vertical haul (refer to 19-(2)), except at 10°N.
(2) Divided vertical hauls with a fine mesh closing net

A 80-cm Peterson closing net, made of 1.0-mm mesh cloth, was hauled from
4000m to 3000m, from 3000m to 2000m, from 2000m to 1000m, from 1000m to
500m, from 500m to 150m, and from 150m to the surface, at 4 stations on 155°W.
This was for obtaining small-sized organisms from shallow through deep waters
separately for various depths. During the haul the ship was mancuvered to
keep the wire cable in nearly vertical position by operating the bow thruster.
The net was closed, after it had been hauled for a desired distance, by striking
of a messenger weight without stopping the haul. The messenger weight was
lowered at a calculated time to reach the release on the net just at the desived
depth (haul at Im/sec, messenger sinking at 3m/sec). It took wusually about 7
hours to complete a series of 6 hauls. Specimens obtained were very small in
number, especially in deep haul, so that they were preserved without any pre-
liminary processing.

(3) High-speed sampling with MTD shark sampler

While the ship was underway, a MTD shark high-speed sampler, 15cm in
mouth diameter, 30cm in diameter of outer casing, installed with a 0.35-mm
mesh net and a flow-meter, was towed at night at 10 knots for 20 minutes by
paying out the wire cable as long as 150 meters. The sampler supposedly ran
through a few meters below the sea surface, but anyway the water flowing be-
hind the stern was the water that had been stirred by the motion of the ship’s
propellers. A total sum of 41 samples was obtained during the sail on the whole
courses.

On 155°W the biomass (in wet weight) was more than 100g/1000m?® at 50°N
(cf. 983g/1000m?® at 50°N, 155°W at the surface at night, MTD horizontal net),
decreasing to less than 42~5g/1000m® in the south (44°24'N~2°23'N). An in-
crease in biomass (116g/1000m?) was shown also at 1°5 as in the Norpac net
data and in the M'TD horizontal net data, though the increase was less than in
this case. The biomass at 14°55’S was extremely poor (3.6g/1000m?) coinciding
with the Norpac and MTD net data.

A quarter aliquot of the sample was filtered through a glass-fiber filter and
kept in cold storage for later analysis of dry weight, carbon and nitrogen.
Other parts were preserved in 10% formalin seawater solution. Sometimes seve-
ral individuals of a certain specics were picked up from the samples for deter-
mination of dry weight, carbon and nitrogen of an individual body.

21. Sampling of fish larvae

by
T. Ozawa

TFor studying regional distribution of fish larvae in the North and Equatorial
Pacific Ocean, efforts were made for collecting fish larvae, not limited to com-
mercially important species, during the cruise whenever opportunities were a-
vailable. With a 160-cm larva nect, 0.5-mm mesh size, surface tows were made
for 20 minutes at a speed of 2 knots every night while underway, 71 tows in
total. At 4 stations on 135°W, in addition, tows were made through the surface
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water and in the layers above, at and helow the thermocline in daytime and
at night, 32 tows in total. With special interests in the subtropical convergence
of the North Pacific which is a suggested barrier of distribution of mesopelagic
fish, surface and oblique tows (450-m wire out) were made at night with a 3.0-
mm mesh net, 160-cm in mouth diameter, at 3 knots in the convergence and
adjacent areas, 10 tows in total. Some collections of fish larvae were supple-
mented from the samples taken by horizontal tow with the MTD closing nets
through a certain depth. Specimens of fish larvae were all preserved in 10%
formalin solution for later identification.

22. Experimental works on zooplankton

by
R. Marumo and T. Nemoto

When appropriate specimens of zooplankton were available from the sam-
ples, mostly from the samples taken by 0~2000m ORI net oblique tow, they
were placed to various kinds of laboratory experiments on board. Experiments
and participants are as follows:

(1) Chlorophyll in the stomach contents of zooplankton (T. Nemoto)

The quantity of chlorophyll pigments (principally chlorophyll a and phaeco-
phytin-type pigments) in the stomach and {ecal pellets of zooplankton was meas-
ured by fluerometric method.

(2) Fecundity of macrozooplankton (T. Nemoto)

The weight, number of eggs in the body or in the porchs of gravid females
were examined for macrozooplankton mainly of euphausiids and decapods.

(3) LExcretion of inorganic nitrogen and phosphate from zooplankton (T. Nemo-
to, A. Hattori, K. Satake, E. Wada and N. Nakamoto)

Rates of excretion of nitrogen and phosphate from several species of zoo-
plankton, belonging to euphausiids, copepods and decapods were measured on
board.

(4) Carotenoids and chemical compesition of chaetognaths (M. Tarazaki)

The quantity of carotenoid pigments in the body of deep sea chaetognaths
was measured by Shimadzu Recording Spectrophotometer D40R.  After leaving
a ship, chemical composition of the frezen samples is analyzed in our seminar.
(5) Grazing and respiration of copepods (Su Bu Lee)

The amount and size fraction of phytoplankton taken by zooplankton were
measured by using a Coulter Counter, and the diurnal change of O, consumed
by various species of zooplankton was measured continuously with an oxygen
recorder.

23. Distribution and biochemical activities of heterotrophic bacteria

by
N. Taga

In order to clarify the distributional mode of total bacterial biomass and
the viable heterotrophic bacteria, the wvertical seawater samples were collected
at 19 stations along the longitude 155°W by using the Nansen bottles and the
sterile ORIT-type samplers (Taga, 1968).
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A 100-m! portion of seawater sample of the Nansen bottle was filtered
through a sterile Millipore filter (GS-25mm) for the estimation of total bacterial
biomags. The filter was rinsed and dried at 80°C and clarified on a slide glass
by a small amount of the Cargille’s immersion oil (R. P. Cargille Labo. Inc.),
then the bacteria on it were directly counted by the phase-contrast microscope.
For the wviable counting of heterotrophic bacteria, duplicate 10 to 50-m/
portions of seawater sample of the ORIT sampler were also filtered through
sterilized Millipore filters (HA—45mm). The inoculated filters were placed on
the agar plates of Medium PPES-II (Taga, 1968) in Petri dishes and incubated
at 18°C for two weeks before colonies on filters were counted. The vertical
distribution profile of bacterial population in the investigated area is expected
to be represented in near future.

On the other hand, thousands of heterotrophic bacterial strains were purely
isolated from the plates after counting procedures. These strains are now under
examination as to their taxonomical and biochemical properties.

24. Microbial aspects of nitrogen fixation in sea water
by

Y. Maruyama

In order to clarify the fact of nitrogen fixation in sea water, the occurrence
of nitrogen-fixing bactria in seca water was exmined in this cruise, and the over-
all activity of nitrogen fixation of the seawater samples was measured.

Horizental and vertical distributions of bacteria growing on two different
kinds of non-nitrogenous media were investigated at 20 stations. A larger bac-
terial population in sea water column was found in the areas of latitudes 5°N
and 40°I. The bacterial number in these stations was about 10° cells in 100m!/
of sea water. On the contrary, a smaller density of bacterial biomasg was found
in the areas of latitude 50°N and of latitudes 25° to 20°N, and in the southern
Pacific area.

The number of the bacteria attached to plankton was counted at 4 stations.
In most cases, the population of bacteria attached to plankton was much larger
than that of free-living bacteria in sea water. It was also found that almost all
of the bacteria attached to a blue-green alga, Trichodesmium, were able to grow
on non-nitrogenous media.

At several stations, the activity of nitrogen fixation in seawater samples,
which were collected from the layers of surface and the depths of 100 and
400m, was measured by both of the acetylene reduction and tritium methods.
These experiments are now being continucd in the laboratory.

25. Eecological aspects of bacterial flora attached to plankton
by
O. Matsuda and N. Taga

Any approach has not been made up to the present in order to know the
basic mode of the microbial flora attached to plankton and/or associated with
them in sea water. In this cruise, some ecological observations were made in



regard to the flora of heterotrophic bacteria attached to plankton.

Plankton samples were collected at 14 stations by using the Norpac double
net, made of two kinds of bolting cloth XX 13 (0.09-mm mesh) and GG 54
(0.33-mm mesh). Two different sizes of plankton samples were obtained frac-
tionally at the same time by vertical hauls of this net in the depths from 150
to 100m and from 50 to Om. Plankton samples of large size were mainly com-
posed of zooplankton, while those of small size were composed of phytoplankton,
including smaller zooplankton in some cases.

After homogenizing a part of each plankton sample with the fixed volume
of sterilized seawater mixture of 3 ppm Tween 80 in a sterilized blender, the
enumeration and isolation of the attached bacteria was made by inoculating the
mixture sample on the nutrient agar plates.

As a general result of approximate estimation, it was found that the popula-
tion of attached bacteria on plankton was sufficiently large in comparison with
that of freely suspended bacteria in seaweter column [rom the surface to the
depth of 150m. Particularly at 9 stations, the bacterial population on plankton
was obviously larger than that in the seawater samples.

Some other examinations are now continued in the laboratory with special
reference to the biochemical and taxonomical properties of the isolated bacteria
in this investigation.

26. Mineralization of organic matter by microorganisms

by
A. Uchida and I. Kawada

In order to evaluate the activity of microorganisms in the process of min-
eralization of organic matter in the water columns in the Pacific Ocean, the
present authors carried out the direct estimation of the mineralization activity
of sea water at the main stations by use of uniformly labeled *C-glucose and
uniformly labeled **C-alanine as the substrates. The method by Kadota, Hata
and Miyoshi (1966) was employed after being modified slightly.

The data obtained indicate that, in most of the stations, more than 90% of
the mineralization activity of organic matter is found in the depths of less than
1000m, the activity being decreased with increase of depth. In the deeper water
the activity was hardly detected at all the stations investigated.

About 0.1~2.0mg carbon per m® of sea water per day was mineralized in
the upper layers. These values are approximately the same to that reported by
Rittenberg (1963).

27. Distribution of chromogenic bacteria

by
I. Kawada and A. Uchida

The relation between the distribution of chromogenic bacteria and environ-
mental factors in water columns at various stations in the North and Equatorial
Pacific Ocean was examined. The sampling and counting were performed by
the method essentially the same as described by Kawada (1969).

It was found that chromogenic bacteria at the stations examined were
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generally small in number as compared with aerobic heterotrophic bacteria, and
that most of the chromogenic bacteria were distributed in the water of less
than 200m in depth; the maximum population of them was generally found at
the surface layer of water column. In the deeper water, few chromogenic bac-
teria were found.

Detailed analysis of the relation between the distribution of chromogenic
bacteria and environmental factors in the sea is now in progress.

28. Counting the echo patterns of individual fish
by pattern analysis method
by
T. Ishii

The fish detector project was conducted during this cruise for three objects
as follows: 1) collection of the records of fish detector; 2) development of the
program and system for counting the echo of fish; 3) direct counting of the
echo patterns of large-sized individual fish such as tuna, using the pattern a-
nalysis technique with the digital computer in order to furnish quantitative in-
formation for the population dynamics.

For this project, four attachment devices were built (FFP-AD-O and I'I'P-
AD-T by Sanken Elec. Co.; and FFP-AD-II and FFP-AD-III by Kokusai Elec.
Corp.), and they were inserted between the fish detector (Sanken Elec. Co., T'U-
32) and the computer (FACOM 270-20).

The records of the fish detector were obtained at 47 stations (Sts. I'-1~F-
47) as shown below:

1) Tokyo— St. 1: 3 stations (daytime)

2) St. 1 —Hilo: 5 stations (at intervals of 5% in latitude, daytime)

3) Hilo— St. 18: 21 stations (at intervals of 2.5° in latitude, daytime, morn-

ing and evening)
4) St 18— Apia: 9 stations (daytime)
5) Apia — Tokyo: 9 stations (daytime)
The echo signals were recorded in the magnetic tape by the data recorder
(TEAC Co., R-351F) at the ship speed of 4 or 6 knots for 45 minutes at each
station. These records of echo signals are very useful for the analysis of the
latitudinal variation in the number of the echo pulses or echo patterns to evaluate
the variation of population density, and for designing the standard mask to re-
cognize and count the echo patterns. These recordings were carried out in con-
sideration of the experimental design so that it is possible to analyze the varia-
tion of echo pattern within a day.
The program and systcm were completed for the record of echo pulse and
for recognition and counting of pattern by the computer (FACOM 270-20) on
board the R/V Hakuho Maru. These programs were written by FASP for
analysis in cach process as follows;
Program 1: In each transmission of ultrasound, the time from the trans-
mission to the receiving of the echo pulse is stored on the mag-
netic core memory (real time process, Level 8).

Program 2: The transmission of the data from the core memory to the mag-
netic drum (Level 9).
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Program 3: The punch-out of the data from the magnetic drum to the pa-

per tape in the type of pure binal for the pattern analysis.

Program 4: The punch-out of the data for the printing by the offline type-

writer.

Pragram 5: The pattern analysis of echo in the case of offline system, and

the input readings from the paper tape punched by the pro-
gram 3.

Program 6: The pattern analysis of echo in the on-line real time process.

Besides these programs, some programs were provided for the setting of
initial condition and the connection of main programs.

For counting the echo patterns by the data obtained in this cruise, in the
first step, the data of the time of receiving echo pulse were converted from a-
nalog to digital and was punched out on the paper tape by Programs 1, 2 and 3.

From the test of program about counting of echo pattern in some cxamples,
it was found possible to count directly the echo patterns by this systern though
there are a few problems to be solved. The counting of echo patterns from the
records obtained during this cruise is left for the future work.

The author wishes to express his thanks to Mr. T. Igarashi, the operator of
computer, for his help throughout the work.

29. Relationship between the acoustic scattering layer
and the swimming layer of tuma
by
J. Morita

For ecological studies of tuna, it is a useful way to analyze the movement
of the swimming layer and its relation to the acoustic scattering layer (SL or
DSL) which is considered to be formed by some species of plankton. These
plankton organisms might be very important for the bait of tuna. However,
because of the difficulty of the direct sampling of organisms in these layers, the
acoustic survey has been undertaken for the collection of the information in
some countries, but only several papers have been published.

Along 155°W in this cruise, SL survey was carried out to study the acoustic
property and its relation to the swimming layer of species like tuna.

The reflection loss of these layers was measured by a fish detector (Sanken
SU-32, Frequency 28KHz, pulse length 0.7 or 2.0 msec.). These records were
collected at a ship speed of 9 knots under way, and less than 4 knots at ocea-
nographic observational stations. The observed range of depth is 800m from
the surface.

Except bad weather condition, the reflection loss was measured as follows:

Tokyo — St. 1 noon and sun set
St. 1—St. 19 noon and midnight
St. 19— Apia noon and midnight

Apia — 5°8 noon
5°5 —5°N 0900, noon and 1500
5°N — 15°N noon

At 4 large stations (Sts. 1, 3, 10 and 19), 24-hour observations were carried
out and data were obtained at an interval of 15 or 30 minutes with two pulse
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length (0.7 and 2.0 msec.).

The results are summarized as [ollows: (1) There was the significant differ-
ence in the reflection loss, among five areas (Area I 50°N~30°N, Area I1: 30°N
~I1°N, Area ITI: 11°N~5°N, Area IV: 5°N~7°S and Area V: 7°5~15°5).
(2) From the result of 24-hour observations, the reflection loss of SL in daytime
was different from that by night. (3) The pulse length (0.7 or 2.0 msec.) gave
an effect on the value of the reflection loss. (4) SL in Arca V was rather ob-
scure than that in other areas by records of the {fish detector. (5) In Area V,
a phenomenon was noticed. Namely, at first the image showed a scattering
layer, but then it was separated one by one into individual fish. The mean
depth of this layer was 220m and the thickness of the layer was about 50m.

Results of detailed analysis on the relation between SL and the swimming
layer of species like tuna will be discussed in the further report.

Explanation of data

Data from Nangen and Van Dorn casts (Tables 1~19)

I-N: Nansen cast at St. |

2-V: Van Dorn cast at St. 2

Latitude, Longitude: mean position of the beginning and the end of obser-
vation

Depth: reading of PDR without correction

Current: measured by GEK

Wind, Sea, Swell, Weather: observed simultaneously with Nansen cast

*: value doubtful

( ): interpolated or extrapolated

D (N): depth observed in Nansen cast

S (%0): measured by T. Nakai, A. Uchida, H. Hasumoto, M. Kotori, I. Ka-
wada, T. Terazaki, O. Matsuda and Su Bu Lee with Auto Lab Model
601 MK III inductive salinometer

D (V): depth observed in Van Dorn cast

D (S): standard depth interpolated in Nansen cast

O, (ml/l): measured by M. Murano by the method described in Manual of
Oceanographic Observations (Oceanographical Society of Japan, 1963)

pH: measured by Y. Maruyama, A. Uchida, I. Kawada and O. Matsuda
by Hitachi-Horiba type I'-5 pH Meter

PO, #P* (pg atoms/l):measured by N. Nakamoto by the method of Murphy
and Riley (Anal. Chem. Acta, 27, 31, 1962)

Si0,—-Si* (pg atoms/l): measured by Y. Fujita and T. Ebata by the method
described in a Manual of Oceanographic Observations (Occanographical
Society of Japan, 1963)

NO=,-N (zg atoms/l): measured by A. Hattori, E. Wada and M. Takahashi
by the method of Wood, Armstrong and Richards (J. Mar. Biol. Ass, U.
K., 47, 23, 1967)

NO-,~N* (pg atoms/l): measured by A. Hattori, E. Wada and M. Takahashi
by the method of Bendschneider and Robinson (J. Mar. Res., 11, 87, 1952)

NH*—N (g atoms/l): mcasured by N. Ogura by the method of Sagi (Ocean.
Mag., 18, 43, 1966) modified by A. Hattori and E. Wada (unpublished)
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DON (Dissolved organic nitrogen, pg atoms/l): measured by K. Satake and
Y. Saijo by the UV oxidation method of Armstrong, Williams and Stri-
ckland (Nature, 211, 481, 1966)

DOP#* (Dissolved organic phosphate): measured by K. Satake and Y. Saijo
by the UV oxidation method of Armstrong, Williams and Strickland (Na-
ture, 211, 481, 1966)

DOC (Dissolved organic carbon, mg/l): measured by N. Ogura by the
method of Menzel and Vaccaro (Limnol. Oceanog., 9, 138, 1964)

Chl. (Chlorophyll a, pg/m?®): measured by N. Nakamoto by the fluorometric
method of Yentsch and Menzel (Deep-Sea Res, 10, 221, 1963)

Particulate nitrogen®* and particulate carbon™: measured by S. Nishizawa
by combustion method

* Standard solutions of phosphate, silicate and nitrite were kindly provided
by Dr. K. Sugawara, Sagami Chemical Research Center.

##% These data are not presented in this report.

Data from BT observations (Table 20)

T (°C) at max. dep.: reading at the deepest point on BT trace
SLD (m): surface layer depth, thickness of surface isothermal layer
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