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FOREWORD

The International Oceanographic Commission met for its Third
Session in Paris at Unesco Headqﬁarters, from 10 to 19 June 1964.
The International Indian Ocean Expedition was one of the important
topics on the Agenda of this Session. The Commission approved the
report of the International Cé—ordination Group Meeting as of
January 1964 and authorized the secretary to take immediate action
thereon.

Two ad hoc Working Groups were formed by the Commission to
discuss (a) general problems of IIOE co-ordination and (b) the
fisheries aspects of the Expedition. The first ad hoc group devoted
considerable time to the problem of preparing atlases on the basis
of IIOE results. It was felt that since ship operations of the IIOE
would terminate by the end of 1965, there would be no real need to
continue co-ordination of ship operations after this date but the new
and important function of the Co-ordination Group will be to guide
data exchange and publication of data reports and atlases. It was
suggested, therefore, that the next meeting of the International
Co-ordination Group be held sometime around the autumn of 1965 prior
to the Fourth IOC Session. The ad hoc group on Fisheries Aspects of
the IIOCE discussed at length the report of the Fisheries Subject
Leader, Dr. D.N.F. Hall, and came to a number of recommendations.
Both ad hoc groups produced draft resolutions summarizing their
recommendations which were subsequently adopted by the Commission.
The more complete report on the IOC Session, as well as texts of
these two resolutions, will appear in the next issue of the IIOE

Information Paper.
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1.1 ‘National Reports and Newsletter

(1) Ceylon, The Newsletter of the Ceylon Association for the Advancement

of Sciance, of which the first issue aprpeared in May 1963, contains a section
entitled Inteinational Indian Ocean Expedition., The contents are generally
national and foreign IIOE activities whioch are of particular interest to the
country, and they are not reproduced here since they have already been
announced in previous ilasues,

(2) Japan. The IIOE Nswsletter of Japan No.5 was published, in March 1964,
and distributed by the IIOE Data Centre of Japan. IV contains the cruise
summary of Japanese vessels which participated in the Expedition during
October 1963 to February 1964, Following are extracts of the oruises'

summaries:

KAGOSHIMA-MARU

(1) 1Itinersary (see Annex VIII, Station maps)

FPort of Call

Kagoshima
Penang
Colombo

Ponang
Kagoshima

(i1) Scientifiec Work
Hydrographic cast:

BT observations:
Current messurementss

Chemical analysiss
Biologyt

Productivitys

Arrival Departure Observations

Nov., 8, 1963
Nov, 18 Nov., 23 86°E;76°E, north of 698
Dec. 19 Dec. 24 7898, south of 698

L.L. fishing
Jan. 31,1964 Feb, 3
Feb, 15

To the depth of 4,000m, at 33 stations,
6 stations were ococupied twice.
At the hydrographic stations and two between
the neighbouring stations, 7T in total, with
surface sampling.
a) At 10,20,50,100,150,200, 300 and 400m. layers
with 800m. layer as reference.

b) GHK measurements at south of 8°03,
Dissolved oxygen, phosphate, silicate, nitrite,
nitrate, pH, zinoc, cadmium and nicotinioc acid,
a) 10S-nety 200~Om,, vertical haul at all stations
b) Juday net; divided vertical haul (200-0, 500200,
1000-500 and 2000-1000) at 11 stations,
Larva-net; surface horizontal haul at 11 stations.
Middle layexr trawl net; at 11 stations,
High~speed sampler; at all stations., :

4C technique; tank experiment at all Btationa,
in situ experiments at 13 stations.
b) Chlorophyll measurement; at 11 stations.
Continuous recording of the solar radiation; at
all stations. '

pPooo



Bathymetry:
Geology:

Meteorologys:

Experimental fisbing:
liye observations:

KOYO LiaRU

(1)

(114)

ltinerary

-2 -

Continuous recording,

)

b

a

b)

Core sampling with piston corer; at 1l stations.
Dredging; twive off the Cape Comorin,

Surface observationj every two hours, with
continuous surface water-temperature recording.
Air-sea interactionjy wind observation at 1,2,4,
8,10m, above the sea levelj humidity at 0.5, 1,
2,4,8,10m. above the sea levelj sea salt nuclei
at 1,2,4,8m, above the sea level.

Tuna fishing at 12 stations.
Birds, animals and other phenomena.

Port of Call Arrival

Shimonoseki

Tokyo Oct.
Hong Kong Nov,
Fenang Dec.
Djakarta Dec.,
remantle Jan,
Singapore b,
Shimonoseki Feb,

27
12
5
25
14,
2
18

Departure (Ubservations

Oct. 25, 1963
Nov, 6
Nov, 15
Dec. 8
Dec. 29
1964 Jan. 18
eb. 7

Lines and stations of observation

Uceanographio stations:

21 stations in total.

Along 948, from 8°N to 1393, 13 stations
Along 100°E, from 12°30'S to 21°30'3, T stations
] reference station at 32%3, 111°50'L

FPigheries stationss
Sciontific work

ydr.graphic cast:
BT observations:

Surface sampling and
temperature:
Current measurements:

Chemical analysis:

Biologys

Produotivitys

12 stations

Down to 5000m.
At the station and in between stations;
T70 stations.

One hour intervals underway.

a) 10,50,100,120,200,400 and 600m. layers
with 800m. layer as referencej 12 stations.

b) GEK at station south of 5°8,

Cl, 0o, pH, Si, total-P, NO3 at the station

of productivity study.

ag I0S-net (night-haul) at 21 stations.

b) Divided hauling from 3000m., with 80cm.
net, at 11 stations (5 layers).

og Middle layer trawl hauling at 13 stations.

d) Oblique haulings with 160om. ring net
at 22 stations.

eg High speed hauling at 21 stations.

a) Photo-synthesis and chlorophyll measurements
at 24.stations.



Bacteriologys

Bathymetry:
Meteorologys

Experimental fishing:

OSHOEO MAQU
Itinerary (see Annex VIII,

(1)

(11)

Port_of Call Arrival

Hakodate

Maizuru Nov,
Nagasaki Nov.
Bangkok Nov,
Singapore Dec.
Port Darwin Jan,
Kobe Jan,
Tokyo Feb.
Hakodate Feb,

Solentifio work

Hydrographic casts

Biology:

Productivity:

Experimental fishing:

13
17
29
7
9,
27
1l
6

-3 .

b) 14C enriched measurements at 9 stations,
Continuous recording of solar radiation at

all stations; no underwater radiance measurements
but a transparency was measured.

a; Sampling of water at 11 stations.

b) Bottom sampling at 3 stations.

Continuous recording.

ag Surface observationy 6 hourly.

b) Aerological observation; daily (at 122)
Mean Maximum
HumbeT  \ytitude’ Altitude

Pilot-balloon 30 4y T44 11,710

Tuna fishing with hydrographic cast down to
100m.,, I10S-net haulings 12 stations.

Station maps)

Departure Remarks

Nov. 11, 1963

Nov. 15

Nov. 20

Dec. 4

bec. 103 -
1964 Jan., 13

Jan. 30

Feb. 4

occupied 31 stations

g Down to 1500m.; at 14 stations.

To the shallow bottom on the trawl groundss
at 17 stations,

a) I08-net hauls (200-Om.); at 14 stations,

b) Horizontal hauls in 5 = 7 layer between
0 to 3000m.; at 7 stations.

g Larva net surface hauly at 14 stations.
Surface haul with high-speed plankton
sampler (at night)s; at 14 stations.

e) liicroplankton sampling from several depthss

at 12 stations.

f) D.S.L., observations and plankton net haulj
at 16 stations.

In situ experiments; at 6 stations,
Tank experimentsy at 19 stations,
Chlorophyll-a measurements; at 12 stations.
Underwater light intensity measurementaj;
at 21 stations.,
) Tuna long-line casty at 13 stations.
Trawling; at 17 stations (20 trawlings).

20 0P
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UMITAKA MARU
(1)

Itinerary (See Annex VIII, Station maps).

Port of Call Arrival Departure
Tokyo Oct. 30, 1963
Darwin Nov, 15 Nov. 18

Broom Nov, 28 ©Nov. 30
Geraldtown Dec, 13 Dec. 17
Premantle Dec. 27 Jan. 2, 1964
Penang Jan, 27 Jan., 31

Tokyo Feb, 17

(i1) Selentific work

Obegervatioms

Along 1209E, 5 stations
Tuna lcng-line, 9 stations

Along 112°E, 7 stations

Coring, dredging and
one hydrographic station

Along 105°E and 100°E,
13 stationss ocoring,
Jtrawling.

Hydrographic cast:
BT observationss
Current measurements:

Chemioallanalysis:

Biology:

Yroductivitys

Bathymetrys
Marine geophysics
and geologys

Meteorologyt
Experimental fishings

Eye-observations:

At 27 stations,
a) Oceanic current observed with both GEK and

Ekman~lierz Currentmeter.

b) 100-200 drift bottles were lilerated at noon

in each station except 4 stations (Wos.. 5,6,

13 and 28).
pH, dissolved oxygen, puosphate, nitrate and
silicate.

a) I05-net vertical hauling (200-0Om.); at

28 stations,

b) Larva net and "Umitaka's large square net"
hauls for macroplankton; at 29 stations,

89 hauls in total.
ag 14C in situ and tank experimonts.

Underwater radiant illumination were maasured
by chemical method as well as photovoltaic
cell.

Continuous recording of solar radiation with

Robitzsch's actinometer was carried out.

Continuous recording.

a) Continuous recording of earth's magneiism
éwith towed proton magnetometer) and gravity
with shipborne gravimeter - Tokyo University

Surface Ship Gravimeter) throughout the

whole courass,
bg,Core-sampling with piston corer; at 7 stations,
c) Dredging at 23 stations.

Three hourly synoptic observations.

a) Long-line fishing at 10 stationa.

b) Trawling at 2 localities; 14 casts.
Current-rip, floatages, discoloured water,
accumulation of plankton, megaplankton, squid,
fish and fish-ghoals, marine animals, .turtles,
birds, fishing boats and gears. Meteorological
phenomena. '
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During the cruise, a new sea mount was discovered on January T, 1964,
1n the vicinity of 22°912'S and 104°40! E, below a minimum depth of

1,923 meters, The diameter covering the area of less than 2,000 meters
is about 13 nautical miles. The sea mount was tentatively named
"Zenith Sea Mount".

(3) United Kingdom. The Royal Society has published a report entitled
WINTEENATIONAL INDIAN OCEAN EXPEDITION, RRS DISCOVERY., CRUISE 2 REPORT3 Geology
and Geophysiocs in N.W, Indian Ocean, 23 August to 4 December 1963". The report
oompiled by Dr, M, N, Hill and the note on geological work in the Sychelles
prepared by Dr. D, H, Matthews. (See IIOE Information Paper No.6, p.13, 4.3
Cruisa Summary (3) United Kingdom and p.22, 4.4 Report of Fieldwork.)

l.2 Cruise Reports

(1) Australia

HoM.A.S. GASCOYNE

Summary of the H.M.A.S, GASCOYNE Cruimse G 1/64 has been received from
the Australian National Coordinator. Following is an extract of this summaxry
and a station map arpears in Annex VIII; for details of the programme, please
refer to 1.3 Cruise Plan of this issue.

Scientific Personnel

B, Hamon (Cruise Leader)

P, Davies
K. Fleming

Itinerary
13/1/64 0830 Departed Sydney
24/1/64 0830 Arrived Sydrey
28/1/64 1145 Departed Sydney
6/2/64 1730 Arrived Hobart

Programme - Stations

80 stations Gl/1/64 - G1/30/64
bathythermograms at 79 stations
surface sampling at 29 stations
subsurface hydrology at 51 stations
QEK zero check at 75 stations

(2) U.s.A,

R/V 4NTON BRUUN

The NewsBulletin, Nos. 4, 5 and 6 of U,S. PROGRAM IN BIOLOGY,
INTERNATIONAL INDIAN OCEAN EXPEDITION have been received from the Woods
Hole Oceanographic Institution, which contains narrative reports of R/V ANTON
BRUUN Cruises 3, 4-A and 4-B, Following is an abstract of these raporis:



R/V ANTON BRUUN, CRUISE IIT -

I. Objectives

The primary purpose of Cruise III was to sample the deep~sea ichthyofauna
in the western Indian Ocean, and to relate the distribution of species and
biomass to the physicochemical and biological properties of the water masses
sampled on a north-south transect. MNidwater trawling stations were ococupied
at approximately 3-degree intervals from 129N to 13°S and from 2395 to 4498
along the 60°L meridian.

II. Itinerary (See Annex VIII, Station maps)

Bomb~y to Mauritius (Aug. 8 - Sept. 3, 1963)
Occupied 9 stations along 60°E from 12°N to 1295 (approx.)

lMauritius to Mauritius (Sept. 3 ~ Sept. 20, 1963)
Occupied 8 stations along 60°E from 23°S to 44°S (approx.)

I11I. Scientific programmo

Hydrographic cast: at 17 stations down to 2,000m., except one station
(st. 151, at 5°03'S, 60°10'E) where observations were extended to
4,000m, lieasurements and determination at each depth include
temperature, salinity, dissolved oxygen, phosphate, nitrite, nitrate
and gilicate. .

BT cast: at the stations and at intervals of one hour between stations.

Primary production: at 16 stations, water was sampled from depths
corresponding to 100, 50, 25, 10 and 1% penetration, by 14¢ technique
both with 24 hours exposure in a simulated in situ incubator on deck
and 4 hours in an artificially illuminated incubator at 1,000 foot-
candles.

Plankton samples: a) I03-net hauling 200-Om., at 16 stations,

b) Zooplankton sanples with Bé net, at 11 stations (125-Om.,
250-12%m, 500-250m, 1000-500m and 2000-1000m. )

¢) surface and obligue zooplankton hauls with 1 meter diameter
do. O wesh net were taken on 1l occasions at night.

Liidwater trawling: a total of 28 midwater trawl hauls were taken
at 17 stations with the 10' Isgaacs-lidd midwater trawl.

Subunarine light penetration and bathyluninescence: sunlight
penetration to the depths as great as 800m. and of bioluminescence
as great as 3400m., with photomultiplier-~type photometer at 9
stations during the first section of the cruise, and at all standard
stations during the second section.

lMarine yeast studies: at hydrographic stations with sterile water
sampler.

R/V ANTON BRUUN, CRUISH IV—-A

I. Ubjectives

The Cruise IV of the ANTON BRUUN wag planned as a three month multi-
disciplinary exploration of the Arabian Sea during the fall of 1963, but
because of the highly diversified programme envisioned, the cruise was
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split into two sections, IV-A and IV-B, both to work in the same general
but with different objectives, socientific programmes and personnel,

Cruise IV-A was planned for the basic biological programme of hydrography,
chemistry and plankton blology with extra sampling time provided for .
- additional work in chemistry and microbiology,

II. Itinerary (See Annex VIII, Station maps)

Port of Cgll Arrival Departure

Port Louis, Mauritius Sept., 25, 1963
Port Vietoria, Seychelles Oct. 1 Oct. 4

Aden Oot. 10 Oot, 12
Karachi Oct. 24 Oct. 28

Bombay Nov,., 8

I1I., Soientific programme

Hydrography: at 40 stations; for 20 stations between Mauritius
and Aden, down to 2000m., and for the other 20 stations in the
Arabian Sea observations were extended to the bottom. Temperature,
salinity, dissolved oxygen, phosphate, nitrite, nitrate gnd silicate
were measured at all stations,

Primary productivity and pigments: a) primary production measurements
were made at all stations with the similar techniques as in Cruise III,
b) pigment determinations werse made for two-litre portions of the

same samples used for productivity determinations., Extra
samples from 125, 200 and 300 meters respectively were obtained
for pigments determination on Stations 164-175.

o) at Stations 176-200, three additional depths were sampled
between the surface and bottom of euphotic zone for both pigments
and primary productivity.

Chemistry: determinations for the following substances were made:-
particulate and dissolved carbon (348 and 500 samples respectively);
particulate phosphorus (from the samc samples as for particulate
carbon); dissolved and particulato iron (approx. 600 determinations)j
dissolved molybdenum at selected stations in the Arabian Sea;
particulate and dissolved organic nitrogen for 276 samples from
34 stations,

Studies of Nitrogen Cycle: at 18 stations in the Arabian Sea with
15y tagged nitrogen compounds,

Enrichment experiments: on 10 occasions in deep oceanic water away
from the influence of land.

Plankton sampling: a) I0S-net; at all stations, vertical hauls of
200-0m.

b) vertical 200m-surface tows with a fine-mesh (No.25) plankton
net, at Stations 161-163; at five stations in the Arabian Sea
horizontal tows with small (No.20) mesh nets spaced 10m. from
the surface to 40 or 50 meters were made.

¢) oblique plankton sampling with Bé net at 19 stations, depth
intervals are similar as in Cruise IIIj at other stations
oblique hauls with two nets (No.O and No,3 meshes) were made.
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VI. Some Preliminary Results:

The completion of certain analyses, both on shipboard and at the -
Woods Hole Oceanographic Institution, permit the presentation at thise
time of some preliminary results and conclusions which are believed to.
be of general interest, particularly to those individuels who will be
working in the Arabian Sea during the latter stages of the IIOB,

A, Hydrography, chemistry and primary productivity

Hydrographic and bathythermographic sections normal to the Arabian
Coast made by DISCOVERY in July, 1963, showed an upward tilting of isotherms
and phosphorus isopleths towards shore, with phosphate values as high as
2.0 pgA/l in the coastal waters, This is typical of a coastal upwelling
situation and could be expected in that region during the summer, Southwest
mongoon, Similar sections made in the same general area by the ANTON BRUUN
in October-~-November, after the monsoon had ceasod, revealed no evidence of
upwelling. This can be seen from the three sections running from the coas?t
geavard consisting of Stations 190-185, 193-190 and 175-180. In none of
the three sections do the isopleths tilt up in & shoreward dlrectlon as was
observed in July.

From the set of the ship between stations and the drift while on
gtation, it was obvious that a rather strong southerly flowing current was
flowing out of the Gulf of Uman and along the Arabian coast. On the other
hand, the drift was northeasterly at the stations occupled at the seaward
end of the above mentioned sections, indicative of a clockwige gyre in. the
central part of the Arabian Sea. Presumably it is the front between these
currents, some 150-200 miles from shore, that can be seen at Stations 186,
198, and most impressively at 179. On the shoreward side of this front
the isopleths for temperature, phosphate and oxygen bulge or dome upward,
typical of an area of divergence. Ior example, water at 15°C, which lies
at a depth of approximately 200m. on either side of the front, rises to
nearly 100m, at the front itself,

The nutrients which were brought up into the euphotic zone by the
divergence gave rise to extremely high rates of primary productivity. The
resulting phytoplankton populations apparently spread in a southwesterly
direction, for the entire area between shore and the divergence was
characterized by dense blooms of the bluegreen alga Trichodesmium, the
dinoflagellate Noctoluca, and several species of diatoms, notably of the
genera Rhizosolenia, Chaetoceros and Skeletonema. These blooms were often
patchy and highly localized, but the entire area was extremely rich and
fertile in contrast to the clear water east of the current front.

It could also be argued that the dense phytoplankton populations
encountered in these coastal waters were the end result of the earlier
upwelling. However, it seems doubtful that unnourished populations could
persist for very long, and the strong thermal stratification and nutrient
impoverishment of the surface coastal waters do not suggest any recent
instability. Whatever the cause, the levels of primary productivity in
the general region were uniformly hlgh and included values at two stations
of 5.6 and 6.8g. carbon a381mllated/m /day, considerably higher than ever
before reported for the open sea.
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The physical and chemical characteristica of the water in the central
Arabian Bea are of interest for several reasons, A sharp thermocline was
present at about 50m. below which the concentrations of nutrients (phosphate,
nitrate, silicate) increased sharply. At depths of 1000-1500m. concentrations
‘were measured of >3.0 pgA/l POg~P and >40 ngi/1 NO3-N, values which approach
the highest levels known for these substances in any ocean. Silicate, too,
reached exceptionally high concentrations (>160 ygA/1) but increased steadily
t0 the bottom rather than passing through a maximum at mid-depths as did
phosphate and nitrate.

Accompanying and undoubtedly directly correlated with the sharp increase
in nutrients with depth was a rapid decrease in dissolved oxygen concentra-—
tions to less than 1,0 ml/l at 100m. and to less than 0.1 ml/1 at mid-depths
of 500~1000m. at some stations, Although the concentrations inoreased again
below 1000m. they never approached saturation in the bottom waters.

It is noteworthy that no anoxic water was observed anywhere on the
cruise and that hydrogen sulfide could not be detected analytically or by
odor in the samples which contained low (<0.1 ml/l) concentrations of
oxygen. This is in contraat to the situation reported by the Vityaz during
their cruise in the same area in November, 1960 (Ivanorenkov and Rozanov,
Okeanologia 1:443, 1961).

The presence of such unusually high levels of nutrients and low oxygen
concentrations at or in close proximity to the base of the euphotic zone
(50-75m. for most stations) is indicative of a situation which is potentially
both highly productive and biologically unstable. Any process, such as the
divergence described above, which causes even a slight degree of vertical
transport may be expected to result in greatly enhanced bioclogical produc—
tivity. By the same token, sinking and decomposition of the organic matter
so produced in water already low in oxygen could be exvected periodically
to create anaerobic conditions. Subsequent mixing of this anoxic water to
the surface could easily lead to mass fisbh mortalities. While the latter
situation was not actually encountered during Cruise IV-4, it is not
difficult to reconstruct the history of such phenomena which apparently
are well known in the Arabian Sea.

B, The distribution of dissolved and particulate organic carbon

Dissolved carbon decreased from 1 gram/m3 or more at the surface
to about one third of that amount in deep water. Particulate carbon values
were about one tenth those for the dissolved fraction and were also highest
at the surface, These figures are typical of the values observed throughout
the Arabian Sea.

Using the mean concentration of 1,0 mg/m3 of chorophyll a in the
50 meter euphotic zone at Station 196 and assuming a carbon : chlorophyll
ratio of 50 ¢+ 1 in the phytoplankton, it may be calculated that living
carbon (excluding animals) constitute about one third of the total
particulate matter in these surface waters, a negligible portion of the
total in the water below this, : ‘

The total amounts of dissolved and particulate carbon integrated over
a one-meter-square column of water from surface to bottom at Station 196
are 1275 and 123 grams respectively. When this is compared to the estimated
standing orop of living phytoplankton within the same water column at the
same station (some 2.5 grams of carbon) it is obvious that the latter is
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negligible compared to the vast reservoir of dead and dissolved organinm
matter in the sea. '

No apparent correlation was observed between the ooncentration of dis~
solved organic carbon and the rate of primary prodvction. The lavter varied
by two orders of magnitude in the Arabian Sea while dissolved carbon varied
by only about three fold. This fact suggests that the dissolved carbon
is not an immediate by-product of phytoplankton growth, Confirmation for
this is the presence of appreciable quantities of dissolved carbon in
the deep water. Tinally, significant variations in the concentrations of
dissolved organic carbon in the deeper water may be correiated with the
different water masses in the Arabian Sea, as distinguished by temperature-—
salinity characteristics. The preceding evidence leads to the conclusion
that dissolved organic carbon in the ocean is extremely stable and
refractory to decomposition, and may be considered one of the more
conservabive properties of seawater.

R/V ANTON BRUUN, CRUISE IV-B

1. Objectives

The major objectives of the cruise was to study the distribution,
relative abundance and taxonomy of the benthic fauna on the continental
shelf and upper continental slope in the Arabian Sea. Other interests
represented in the scientific party included fish parasite, biochemistry
of invertebrates, meteorological phenomena and radiological properties
of sediments and selected fishes and invertsbrates,

II. Itinerary (See Annex VIII, Station maps)

Port of Call Arrival Departure
Bombay Nov, 12, 1963
Karachi Nov., 23 Nov,., 26
Karachi Dec. 10

III., Scientific programme

The bottom sampling programme was carried out primarily with a Gulf
of liexico shrimp trawl measuring 42 feet along the footrope (86 occasions
in total). Additional samples were obtained by means of a biological
dredge on 17 occasions. A few collections were made by means of set-line
(one occasion), hand-line (one occasion), dip net (one occasion), under
night lights (three occasions) and at onc shore station. Trolling efforts
were also made usually during the daylight hour while running between
stations and surface plankton samples of 15 to 20 minutes duration were
taken at 17 stations.

No standard series of hydrographic observation was carried out
because of the intensive hydrographic study in the region on Cruise IV-Aj
at each station, however, temperature and salinity at the surface and
the bottom, and dissolved oxygen at the bottom were measured. Mr. J. R,
Naidu, a guest investigator from the Indian Atomic Energy Commission made .
surface and bottom phosphate determinations. Bathythermograph lowerings
were made at all trawl stations and between stations at intervals of 3 hours.
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IV, Preliminary Resultss

A, Trawling - A total of 16,000 pounds of fish, 209 pounds of shrimp and
1,840 pounds of swimming orabs (Portunidae) were caught in the 86 trawl
hauls made during the oruise., Approximately 80 families of fishes were
represented in the trawl ocatches, A major feature of the cruise was the
large concentration of fishes and swimming crabs encountered off luscat
and Oman, Arabia, where one 30-minute haul yielded 5,600 pounds of fish
and a 45-minute haul yielded 1,700 pounds of fish and 1,800 pounds of
swimning crabs. These catch rates were exceedingly high for the
relatively small trawl use in the survey.

Another highlight of the cruise was the rich hauls of shells brought
up in the shrimp trawl in the Gulf of Omanj one S—minute haul in 45
fathoms yielded 200 pounds of shells, One of the haules contained a live
adult, 4 fully-grown dead specimens, and about 12 juveniles of gstrombus
listeri Gray. On Cruise I of the ANTON BRUUN shells of immature specimens
bad been found in dredge hauls made in the Bay of Bengal. Only five
specimens have previously been reported in the literature and these were
found at Ceylon, and off Burma nearly 70 years ago. Other exciting
shells were the dozens of rare bivalves of the genus Clementia (family
Veneridae) and the nearly 400 live species of Tibia dellcatula Nevill
taken in the Gulf of Oman.

B, Dredging -~ Of the 17 dredge hauls made during the cruise, 2 were
made off northwest India, 7 off West Pakistan, T in the Gulf of Oman,
and 1 off liuscat and Oman.

C. Trolling - Surface trolling during daylight hours between stations
yielded 48 fish consisting of 35 tunas, 12 dolphins (Cogyphaenldae) and

1 wahoo (Acacanthosibum solandrl). Tentative identifications of 31 of the
35 tunas caught indicated that 26 were skipjack and 5 were yellowfin,
Most of the tunas were small, averaging about 3 pounds in weight with

the largest weighing approximately 10 pounds. Highest tuna catch rates
were obtained offshore from Karachi, West Pakistan., Almost without
exception the tunas were caught at the edge of the continental shelf or
over the slope just beyond the edge of the continental shelf.

D, Handline, Setline and Pot Fishing - Handlining was conducted three
times during the cruise: twice on Angria Bank southwest of Bombay and
once near Astola Island west of Karachi. No fish were caught at the two
handline stations on Angria Bank, The handline station near Astola
Island yielded 5 Balistidae, 2 Lutjanidae, 14 Serranidae, 2 Sparidae and
20 Carangidae,

Six erab and shrimp pots and a string of bottom setline gear containing
100 hooks were set in 12 fathoms of water near Astola Island. Nothing was
caught in the pots while the string of setline gear yielded three relatively
large Lethrinidae weighing from 4 to 5 pounds each.

E, PFPlankton - Of the 17 plankton hauls made, one sample taken off
northwest India provided about 16 pounds of material which appeared to
consist mainly of ostracods. Three small sea snakes were also taken in
the plankton net,
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F, Shore Collecting — Rotenone was used to obtain intertidal ocollections
of fishes and invertebrates on the west end of Astola Island, West Pakistan
on November 27, 1963, These colleotions included several species not taken
in the shrimp trawl,

a. Miscellaneous -~ An excellent series of colored slides was made of most
of the species of fish and many of the invertebrates collected on the cruise,
The photographs were taken of freshly-caught specimens and thus portray
their natural coloration.

Cruise Plans

The following cruise plans have been received from nationallcoordinators:-

H.MJA.S. DIAVANDPINA, CRUISE 1/64

Datet  28/I-6/I1/64 and 14~18/11/64

Ob jective: To study the distribution and growth of late larval stages of
the Western Australian crayfish (Panulisus cygnes)

To'sample sediments on the continental shelf.
To examine the hydrological conditions of water masses on,
and adjacent to the continental shelf.
Area and Stations: (see Annex IX, Scheduled IIO0EZ Tracks)

Twelve traverses across the continental shelf between
North~est Cape and Cape Naturalist,

Itinerary: Depart Iremantle January 28
Arrive Fremantle February 6
Depart Fremantle February 14
Arrive Fremantle February 18

Scientific programme:

Hydrology: sampling to a maximum depth of 500m. for temperature, salinity,
oxygen and inorganic phosphate.

Biology: I10S-net haul, 200-Om; oblique tow by midwater trawl 200-Om,
duplicate series of horizontal hauls by Isaacs-Kidd trawl and Japanese
larval net for comparison.

Bottom photography, dredge and beam trawl in 13C-150m,

Sediment sampling: on the shelf by Petersen grab,

Scientists: R.G.Chittleborough (Cruise Leader), J.Prothero, L.Thomas,
J.Bet jeman, :

H.M.A,S. DIAMANTINA, CRUISE 2/64

Date:  24/I1I11-24/IV/64

Objectives: To study in detail the hydrographic structure in the equatorial
region along the 92° and 95°E meridian and to examine suggestions based
on recent studies in the region of the development of an Indian Ocean
under-cuxrent.



-13 -

Area and stations: (see Annex IX, Soheduled IIOE Tracks)
From Fremantle to Ref. St.l, then to the 95°E meridian and to Prai
From Prai to the 92°E meridian and to Fremantle.

Itinexrary: Depart Fremantle March 24, 1964
Arrive Pral April 7
Depart Prai April 10
Arrive Fremantle April 24

Seientific programme:
Hydrography: '

Reference Station: to the bottom, for temperature, salinity,
oxygen, nitrate, inorganic phosphate, particulate phosphate

~and total phosphorus.

Position Stations (X): as above, but particulate phosphate and
total phosphorus on about half of these.

Position Stations (0): to 1,500m. for temperature, salinity,
oxygen, nitrate and 1norganic phosphate,

Planktology: IOS-net ha.uls, (200-0m. ) at the Ref. St. and Position
Stations (X).

Scientists: D, Rochford (Cruise Leader), F. Davies, N. Dyson, J. Prothero.

H.M.A.S. GASCOYNE, CRUISE 1/64

Date:  13/I-20/1I/64
Objectives To study the physical and chemacal structure of the water
in the Bast Australian Current Syatem.

To compare two different techniques for collecting samples
for the determination of carbon.

To test a temperature-sal1n1ty-depth (7.S.D.) recorder.
Area and stations: (see Annex IX, Scheduled IIOE Tracks)

At HReference Station (34°s 153920'E in. 5000m.) and Position
Stations and at Periodic Stations.

Itinerary: Depart Sydney January 13
Arrive Sydney ) January 25
Depart Sydney Janvary 28
Arrive Hobart February 7
Depart Hobart February 14
Arrive Adelaide February 20

Seientific programme:
Hydrography:
Reference Station: to the bottom for temperature, salinity, oxygen
nitrate, inorganic and total phosphate., Sampling for partioculate
. carbon,
Po sition Stations éxg: to 2,500m. as above except total phosphate.
Pogition Stations (0): surface salinity
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Physiecs:
Reference Station: T.S.D., B,T, and GEK gzero check
Position Station (X): as above
Position Station (0): B.T, and GEK zero check

The GEK will be towed continuously while underway,

Scientists: B, Hamon (Cruise Leader), R. Blick, P, Davies,
X. Fleming, P. Lockwood.

H.M.A.S, GASCOYNE, CRUISE 2/64

Date: 21-29/11/64

Ob jective: To examine the chemical .and physical environment during
the South Australian tuna season. '

Ares and stations: (see Annex IX, Scheduled IIOE Tracks)
From Adelaide through Investigator Strait to the continental shelf
and adjacent areas off Cape Catastrophe, Investigator Islands and
Spencer Shelf.

Itinerary: Depart Adelaide February 21, 1964

Arrive Port Lincoln Pebruary 27
Depart Port Lincoln February 29

Scientific prograrme:
Hydrology: to the bottom or 2,500m, for temperature, salinity, oxygen,
and inorganic phosphate,
dcho-sounding: continuous.
lieteorclogyt at the station,

Scientists: D, Vaux (Cruise Leader), R. Bradley, L. Olsen.

H.M.A.S. GASCOYUT, CRUISL 3/64

Dates 5-23/111/64

Most of this cruise was planned to be worked off the east coast of
Australia; a few stations were to be occupied from Adelaide to Hobart.
The following work was planned at the position stations in the Indian
Ocean (see Annex IX, Scheduled IIOE Tracks)

Hydrography: to the bottom, for temperature, salinity, oxygen,
nitrate and inorganic phosphate. Total phosphorus and particulate
phosphate at selected layers.

T.5,D, recorder lowering.,

BT cast to 274m.

GEK zero check,

Itineréry: Depart Adelaide March 5, 1964
Arrive Hobart March 9
Depart Hobart March 11

Arrive Sydney March 23
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Germagx
R. V. MUTEOR (October 1964 - April 1965)

The plans of German participation in IIOE, which have been received from
the National Coordinator through the German Permanent Delegate to Unesco, is
attached in Annex I of this issue.

South Africa

S.A.S, NATAL

Four cruises of S.A.S, NATAL are planned in 1964, scheduled tracks are
shown in Annex IX, Scheduled IIOE Tracks.

Auﬁust

Depart Simonstown August 10, 1964
Hydrographic observations at Stations Nos, 1 - 12, along the lines
No. 1 and 300° to Durban
Arrive Durban August 17
Depart Durban August 18
Hydrographic obsexrvations at Stations Nos., 13 - 24, along lines Nos., 3
and 4. :
Arrive Port Blizabeth August 22
Depart Port Llizabeth Aupgust 23
Ilydrographic observations at Stations Nos., 25 - 36, along lines Nos. 5 and

Arrive Simonstown August 28

September

Depart Simonstown September 7, 1964
Arrive Durban September 10 (Embarkation of scientists
and equipment)
Depart Durban Septembar 11
Current measurements along lines Nos, 1, 2, and 3; observations at
28 stations. These lines will be occupied twice,
Arrive Durban September 24 (Disembarkation of scientists
and equipment)

Depart Durban - September 25

Arrive Simonstovin September 28

October

Depart Simonstown October 5, 1964

Arrive Durban October 8 (Embarkation of scientists
and equipment)

Depart Durban October 8

Observations at 14 stations, with midwater trawling at 9 stations, scoop
netting, current measurements and additional investigation near Watter's Shoal.
Arrive Durban October 22
Depart Durban October 26
Arrive Simonstown October 28



- 16 -

November

Depart Simonstown November 9, 1964
Hydrographic observations at Stations Nos, 1 - 12 along linea 1 and 2.
Arrive Durban : November 16

Depart Durban November 17
Hydrographic observations at Stations Nos, 13 - 24 along lines 3 and 4.
Arrive Port Elizabeth November 21
Depart Port Elizabeth November 22 '
Hydrographic observations at Stations Nos., 25 - 36 along lines 5 and 6.
Arrive Simonstown Novembexr 27

1.4 Other Information
South Africa

Information relating to items on the agenda of the IIOE Coordination
Meeting (see IIOE Inf. Pap. No.6) has been received from the Seoretary,
Coordinating Committee for Oceanographic Research, South Africa; an
extract is reproduced below:

"1,  National Reference Stations

I attach, for your information, a further copy of the list of the
national oceanographic reference stations established by our Co-ordinating
Committee for Oceanographic Research, together with a list of the
observations and disciplines to be carried out at each of these stations."

"3, IExchanre of Data : World Data Centre

All the data obtained during the various South African IIOE cruises
have been forwarded to Mr, William L, Molo of World Data Centre 4, with
the exception of the data obtained during Cruise 8 of S.A.S. NATAL and
the August, 1962, cruise of the QUiEN. These will be forwarded as soon
as they come to hand.

"4. Bathymetric Plotting Sheets

I have been informed by the South African Naval Hydrographer that
bathymetric plotting sheets (1:1,000,000) from 1893 to 50°5 and from
0° to 55°E will be available by the end of June.

"5, IIOE Inter~ship Radio Communications

I have been informed by our Naval Hydrographer that the following
frequencies have been allocated for use by S.A.S. NATAL during the four
oruises planned for August - November, 1964:

South Africa S.A.S. NATAL (Naval Vessel) Call sign Z.S.R.L.

Calling frequencies: 4185 Xe/s
8370 Ke/s

12,555 Ko/s

Group B working frequencies: 4213 Xc/s
8426 Xc/s

12,639 Kc/s
The Officer Commanding has been informed of the proposal and will maintain
the schedule as proposed.
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"Regarding AFRICANA IT, the Director of Sea Fisheries has indicated
that no special steps will be tsken in regard to inter—ship radio
comnunications as their active participation in the IIOE has virtually oome
to an end., For your information, AFRICANA II (25VK) can only operate on
" R/T on frequencies 1650, 1700, 2182, 2203, 2607, 2730, 4137.5, 6276, 8275
and 12552 Ke/s."

STAVDARD OBSERVATIONS MADE AT
NATIONAL OCEANOGRAPHIC RIEFEZRENCE STATIONS.

National Oceanographic Reference Stations have been established at
the following positions:—

STATION LATITUDE LONGITUDE DEPTH

S.A. 1 309 00' S 31° 24' B 1000 M
S.A. 2 35° 06! S 26° 25' B 5000 M
S.A. 3 36° 13' S 220 55! B 1500 M
S.4. 4 37° 54 S 20° 20' E 4700 M

.2+ At the above Reference Stations the following observations and
disciplines are carried out:~

(a) Temperature ) at o, 20, 50, 175, 100, 150, 200, 300

(b) Salinity 400, 500, 600, 800, 1000, 1200

¢) Oxygen 1500, 2000, 2500, 3000, 4000 metres

d) Total and Inoxr- .

ganic Phosphates at 100, 500, 1000, 1500, 2000, 3000 and 4000 M,

(e) Marine Biological 50 - 0, 100 - 50, 250 - 100 '
Vertical sam—

pling nets 500 - 250, 750 - 500, 1000 — 750
(Indian Ocean
Standard Net) 1500 ~ 1000 metres,

(f) Phyto-plankton net sample N 50V 100 - O metres

or Vater Samples for Phyto-plankton cell counts at
0, 20, 50, 75, 100 & 150 M,
(g) Primary Productivity Water Samples at light intensity levels
of 1%, 10% and 100%.
(h) Bathythermograph Cast to depth of instrument used preferably
300 metres,
(i) Standard Meteorological Observations,

2. IExchange of Data

From copy of correspondence between WDC-A and national coordinators,
we have learned the following time-tables for the despatoh of IIOE data to
the World Data Centre. Further information from national coordinators or
responsible institutes relating to data exchange is highly welcome.

Australia CRUISE
CRUISE  REPORT No, PROVISIONAL DATA FINAL REPORT
Dm2/61 9 ~ Published 1963
Dm3/61 11 June, 1964 1965
G3/61 12 June, 1964 1965

G1/62 13 June, 1964 1965
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CRUISE .
CRUISE REPORT No. PROVISIONAL DATA FINAL REPORT
Dml/62 14 June, 1964 1965
Dm2/62 15 June, 1964 1965
c4/62 17 August, 1964 1965
Dm3/62 18 August, 1964 1965
Dm7/62 20 July, 1964 1965
¢lL/63 21 September, 1964 1965
Dml/63 23 September, 1964 1965
Dm2/63 24 September, 1964 1965
Dm3/63 25 September, 1964 1965
Dm4/63 27 1965 1966
Dm5/63 28 1965 1966
Dm6/63 30 1965 1966
Dml/64 33 1965 1966
Dm2/64 36 1965 1966
Dm3/64 37 1965 1966

France
JLance

Data from cruises of COMIANDANT ROBERT GIRAUD are expected to be sent
by December 1964 at the latest. .

South Africa

R.5. AFRICANA II Cruise 251 June 7 = July 20, 1961
R.S. AFRICANA II Cruise 263 June 15 - July 14, 1962
R.S. AFRICANA II Cruise 273 April 2 - 20, 1963

S.A.5. NATAL Cruise
S.A.S, NATAL Cruise
S.4.5, NATAL Cruise
S.A.S. NATAL Cruise
S.A.S. NATAL Cruise
SelA.S. NATAL Cruise October 1 - 22, 1962
S.A.3. NATAL Cruise January 7 - 29, 1963

Physical and chemical data of above cruises have been received by
the Vorld Data Centre A.

April 2 - 24, 1962
Ma'y 7 - 24, 1962
June 4 - 22, 1962
July 2 - 24, 1962
August 6 - 30, 1962

oI+

3, lieteorolomical Observations

An extract from "INTERWATIONAL INDIAN OCEAN BXPEDITION, METEOROLOGY
PROGRAMIE, News from the Scientific Director's Office", No., 10; April 1964:

"The research aircraft have returned to the United States after a highly
successful operation., Iany of their flights were coordinated with the University
of Washington air-sea interaction study, The first meteorological rocket in
the IIOE/IQSY programme was successfully launched, while satellite picture

-reception and rectification is now routine at INC.

RESEARCH AIRCRAFT

The three aircraft of the U.S, Weather Bureau (RFF) and the Woods Hole
Oceanographic Institution flew during their visit a total of 50 scientific
missions lasting 370 hours, Besides the flights reported previously, disturbed
weather over the southern Arabian Sea was investigated between 19 and 22 February
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while weather along and just off the Arabian coast came under scrutiny on

9 March when the RFF was homeward bound, Ifany flights were made .in support of
the University of Washington's air-sea interaction study and to investigate
the Indian sea breeze.

In addition to the cooperative data gathering already mentioned, the Woods
Hole programme included three special projects.

Mir. A, F. Bunker is studying the turbulent exchange of heat, water vapour,
and momentum; the radiative fluxy; the cloud and the rainfall distribution;
and the kinetic and thermal structure of the atmosphere, in order to determine
the energy budget and understend interactions between the Indian Ocean and the
overlying air. The necessary data were obtained from insftruments on the
aircraft measuring the turbulent flux and short- and long-wave radiation, from
cameras recording cloud distribution and radarscope presentation of precipita-
tion and from dropsondes released at frequent intervals,

Dr., K. Rooth, interested in maritime shower formation, measured the load
of salt particles in air samples taken during the flights. Fluctuations
apparently associated with the sea breeze circulation lend support to the hope
that salt distribution may usefully reveal details of some small-scale
atmospheric motions. Dr. Rooth has also been investigating the potential of
tritium as an atmospheric tracer. He froze the water out of numerous samples,
which will be analysed for tritium at the Internaticnal leteorological
Institute in 3tockholm.

Dr. VW, Bischof, of the International lleteorological Institute in Stockholm
collected numerous air samples which were then analysed for carbon dioxide
content at the Tata Institute for I'undamental Research, Bombay. Dr. Bischof's
project is part of a world-wide survey of the large~scale horizontal and
vertical variations in atmospheric COp2, There is some evidence of seasonal
and latitudinal variations and that the Indian sea breeze affects distribution.
Flight crews of Air India have collected samples in the course of regular
flights between Bombay and Aden.

AIR-SEA IWTERACTION

When the University of Washington's MENTOR buoy was towed back to Bombay
on 10 llarch, 150 hours of continuous recordings had been made at stations
varying from 40 to 180 miles west of Bombay. In addition, by making an
excellent series of pilot balloon soundings the officers of the tug—tender
OCEAAN materially contributed to the sea~-breeze study. Data from MENTOR, and
the research aircraft are now being analysed at the University of Washington,

The University of Kichigan project, reported in News No.4 is obtaining data
from installations aboard ANTON BRUUN, ATLANTIS II, TE VEGA and CHAIN and at
Bombay, Port Blair, Fort Dauphin, Mauritius, Mahe and Christmas Island,

METEOROLOGICAL ROCKET PROGRAMME

On 18 March, the Pakistan Space and Upper Atmosphere Research Committee's
Sonmiami Range (2509'N; 65950'E) successfully launched the first rocket in
the programme, obtaining wind data 20 to 54 km above the earth.
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LO¥_LATITUDE STRATOSPHERIC WINDS

Additional meteorological services collaborating in Dr. Belmbnt'aAPTOgramme
(see News No,9) include Rhodesia (Broken Hill), Sudan (Khartoum and Malakal),
Australia (Cocos and Honiara) and Indonesia (Djakarta),

INTERNATIONAL METEOROLOGICAL CENTRE
Staff

Mr. H, K, Soo of the University of Michigan returned to the United States
on 21 February. Dr. Colon will be leaving Bombay for Miami on 15 April.

In transferring my base of operations back to the University of Hawaii,
I shall be leaving Bombay on 13 April, However, for several months more,
my office in IMC will handle routine data questions. .

The APT continues to function satisfactorily. On an average, one orbit
daily, within range of Bombay, provides pictures. These are then rectified
and used to aid analysis and to facilitate preparation of weather inferences
distributed from IMC to other branches of the India Meteorological Department.

The computer is being increasingly applied to data processing now that many
more programmes have been checked out, 180,000 cards, comprising radiosonde,
upper wind and ship data have been punched.

On 13 and 14 March eight IMC meteorologists presented four papers relating
to turbulence and supersonic flights at the annual meeting of the Indian
Aeronautical Society,. '

METEOROLOGICAL ATLASKS TFOR IIOR

A majority of the nine comments so far received urge that charts for
levels above 200 mb be included in the upper air atlas. This can certainly
be done for 100 mbj; +the rather scanty data for higher levels might well be
tabulated.

4. Indian Ocean Biological Centre
Report of the activity at the I.0.B.C. Ernakulam-6, India*

On March 1, 1964, a total of 1079 samples had been received of which 304
were taken with other nets than the IOSN, 249 samples have been sorted. Only
the position of 957 samples are plotted as the positions of 123 samples are
not yet available. The non-plotted samples do not however fill in the gaps
in the following 3 areas where no, or only a few samples, were taken,

1. South of 40°S Lat. from 20°8 to 150°©E.
2. 10°S to 40°S and 809°E to 1059E.
3. 59 to 409S and 40°E to 559E.
Area 3 will to a certain degree be covered in the future by South African
and USA Expeditions,

However, every effort should be made when expeditions are operating in the
areas mentioned to collect Zooplankton with the 105 Net.

®Footnote: This report had to be attached to the map showing distribution of plankton
samples received by the Centre (IIOE Inf., Paper No.7). ,
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In order to facilitate the work at the I.0.B.C., expeditions and institutes
dispatching samples to the Curator, are requested to send two coples of a list
of station numbers and number of samples. One list should accompany the
samples, the other together with another list of positions of stations or a
chart of station positions should be mailed o the Curator. When time of
operation is given please inform what time is used (G.M,T., local time, etc.)

5. National Coordinators

Japan Prof. liichitaka Uda Tokyo University of
Fisheries,
Shiba Kaigandori, -
Minat o-ku, Tokyo, Japan.

6. Publications
6.1 Collected Reprints

The Office of Oceanography, UNESCO, has received ito date about 100 copies
of reprints of scientific papers relating to the International Indian Ocean
Expeditions, with copy-right clearance, for inclusion in Collected Reprints.
The two first volumes of the IIOE Collected Reprints have been compiled by
the Office and are at present being submitted for printing. A list of
reprints related to marine physics, chemistry, geophysics and geochemistry
which will make up the first volume is given in Annex X,

6.2 Other publications

(1) Bathymetric and llagnetic Results obtained on passage. RRS DISCOVERY,
Cruise 2, August-November 1963,

A mimeographed copy of the above has bsen prepared by the Depariment
of Geodesy and Geophysics, Cambridge University, under the signature of
Dr. D, H. Matthews, An ozalid copy of the profiles is attached to this
mimeographed copy.

(2) Oceanus, Vol.X, No,3, liarch 1964, published by The Woods Hole
Oceanographic Institution (not for sale)

The above issue of this widely distributed quarterly is particularly
devoted to the IIOE, with the emblem of the Lxpedition on the front cover.
Following are articles and features particularly relating to the Expedition:

Articles

With "ATLANTIS II" to the Indian Ocean, by A. R. Miller

The Indian Ocean Bubble, by P. Tchernia

With "DISCOVERY" in the Indian Ocean, by G.E.R., Deacon

New Submarine Canyons Found off the Indian Coast, by BE.C. LaFond
A Rocky Puzzle, by C. Bowin

Features

The International Indian Ocean Expedition
How It Started

U.S. Biological Programs

Miscellaneous Notes
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(3) The National Science Foundation of U.S.A. has released a news-sheet
on the IIO0L Biological Programme of the U.S.A., entitled "Seientist Believes
Mags Fish Deaths due to Asphyxiation". The whole tex# of this release is
reproduced in Annex III,

T. The List of IIOE Cruises

T+l The Meeting of the International Coordinating COroup fer the International
Indian Ocean Expedition, which was held 22-24 January 1964 in Paris, has
requested the Secretariat to prepare a list of IIOE Cruises, to be sent to
National Coordinators for reviewing and clearance, This has been done and
the list thus established and corrected is attached as Annex II of this
Information Paper No.8.

T+2s The track charts

The track charts of recently completed cruises, with the positions of
stations are attached as Annex VIII, and scheduled ones as Annex IX, The
II0L Coordinating Meeting requested the Secretariat to devise a simple code
vhich might be used in track charts. These codes are shown in Annex VII,

8. liscellaneous

8.1 list of Scientists ~ ligrine-geology, Marine-geophysics and Bathymetry
for the Indian Ocean

Following the recommendation of the International Coordination Group,
Dr. R. L, Tisher has prepared a list of persons participating in, working up
materials from, or otherwise directly interested in the geological-geophysical-
bathymetric investigations carried out by ILOE. A hectographed copy of this
list has already been distributed among the national coordinators, but it
. is alos reproduced in Annex V.,

8.2 liethods for Sea-Jater Analysis in R.R.S, DISCOVERY

At the last meeting of the IIOE Coordinating Group, it was pointed out
that a2 simple statement on the type of method used, accompanying II0L Data
submitted to WDCs, was not sufficient, since many laboratories used adaptations
of standard methods. The description of methods used by R.R.S5. DISCOVERY have
been received from the National Coordinator of the U.,K., and is reproduced
in Annex IV, The Secretariat is of the opinion that the exchange of information
of this kind is very useful for coordination of the Ixpedition, and it is
for this reason that it is included in this Information Paper.

8.3 Extremely Low Productivity Water Mass in the Bay of Bengal

Mr. H, Rosa, Jr., Chief, Marine Resources Section, Fisheries Biology
Branch of FAO has forwarded to the IOC Secretariat a letter and a short report
from Mr. Kenneth H. Bain, marine fisheries biologist, working on an EPTA
project in East Pakistan, concerning his findings in the area which he has
been investigating. With the permission of Mr. Rosa, an extract of the
report is reproduced in Annex VI,



- 23 -
ANNEX I

"METECR"=Expedition
a8 g Cerman Contribution to the
International indian Ocean Lxpedition (IIOE)
October 1964 - April 1965

Working Plan

After the commissioning of the new Cerman research vessel "METEOR" the
Federal Republioc of Cermany has now the pessibility to realize the planned
cooperation in the International Indian Ocean Ixpedition. One of the main
problems of the IIOE is the influence of the monsoons on the environment of
the Indian Ocean, "METEOR" will investigate the conditions during the winter
(NE-) monsoon 1964/65 in the Arabian Sea. It is to be expected that the
effects of the monsoon will be most evident in the near-shore regions of
the 9ea, i.e., on the shelf, on the continental slope and the bordering deep
sea. When planning the cruise program, this and the programs of the research
vessels of other nations have been talen into consideration (see Annex IX,
Scheduled IIOR Tracks). The water of the Arabian Sea is not only influenced
by the circulation caused by tbe monsoons, but is also influenced in the
deeper layers by the outflow of the water coming from the Red Sea through
the Strait of Bab el liandeb and to a smaller extent from the Persian Gulf through
the Strait of Hormus, Therefore, both straits and the two adjacent seas were
included in the "METEOR" program,

Scientists of the following fields take part in the expedition:

l. Physical Oceanography
2. Chemical Cceanography
3. laritime lieteorology
4. liarine Geology

5. iiarine Geophysics

6. Planktology

T. Larine Botany

8. llarine Zoology

9. Ichthyology

10. liarine llicrobiology

In detail the follawing investigations are planned:

To 1: Physical Cceanography

Red Sea and Strait of Bab el lLiandeb: Observations of stratification of
temperature, salinity and transparency in vertical sections through the Red
Sea as well as in cross sections through the inner part of the Gulf of Aden,
Anchoring of current meters and thermographs in order to record the movements
of water masses.,

Arabian Sea: Observations of temperature, salinity and transparency in order
to study circulation processes on selected sections normal to the shelf edge,
with sinking water on the African side and upwelling water on the Indian side.
Investigation of the equatorial currents in 46°E and 58°E,

Persian Gulf: Stratification of temperature, salinity and transparency.
Anchoring of current meters and thermographs in the Strait of Hormus.
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To 23 Chemical Oceanography

Red Sea, Arabian Sea, Persian Gulft Characterizing of the water masses., Ixchange
of substances at the sea floor and the sea surface. At all hydrographic statione
determinations of the vertical distribution of POy~P, Si, NOy, NOp, NR3, pH, Oa,

0, (HyS) as well as the fine structure of O, by continuous registiatlons are
planned.

To 3¢+ Maritime Meteorology

Red Sea: Radiation budget in desert climate.

Arabian Sea: Profiles taken by radio sonds, especially ncormal to the Equator
in order to study the high equatorial Jjet.

To 4: llarinc Geology

Red Sea and Arabian Sea: Sedimentation of carbonates at the outer margin of
coral reefs., lixamination of facies changes in the sediments from the coastal
region down to the deep sea. IEffect of monsoons on sedimentation. Transport
of sediments within a greater limit of the mouth of the Indus river (the latter
partly in cooperation with Pakistan authorities).

Persian Gulf: Relation between currents and sedimentation in the 3trait of
Hormus and in the tidal banks off the Buphrates~Tigris-Delta. Distribution
and formation of sediments in the northern part of the Gulf, Diagenesis of
carbonates in a selected shallow area.

To 5: liarine Geophysics

Red Sea: lieasurements of the total intensity of the earth's magnetic field and
the gravimetric conditions,

Arabian Sea: The some as Red Sea, and in addition seismic investigations off
the west coast of India and Pakistan,

Persian Culf: Geophysical investigation of deep subbottom layers.

To 6: Planktolosy

Red bSea, Arabian Sea, Persian Gulf: Primary production of organic matter and
content of micro-biomass; net catches in accordance with the international
standard program.

Arabian Sea: Also hauled plankton 0-500m. depth and oxidizable substances.

To 7: Larine Dotany

Red Sea: Study of macro and micro algae in the areas bordering coral reefs,
Disembarking on a group of islands in the southern Red Sea for special shore
investigations., Study of phytoplankton.

Arabian 3ea and Persian Gulf: Study of phytoplankton and of fossil diatoms
in sediment cores.

To 8: liarine Zoology

Rod Sea: Study of the adaptation of marine animals to the different conditions
of 1life in the area of the Red Sea and in the Gulf of Aden. Study of plankton
and bottom fauna, Temporary disembarkation on a group of islands in the

southern Red Sea to study litoral areas of life,
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Arabian Sea: Study of meso-bathypelagics as well as of plankton and bottom fauna.
Persian Gulf: Study of plankton and bottom fauna.

To 9: JIchthyology

Red Sea, Arabian Sea, Persian Gulf: Study of fish and fish brood in the monsoon
areas. Ocourence and distribution of bottom fish (to 500m. depths) .and of
relagioc fish as well as their dependence from hyﬂrographioal conditions.

To 10: Marine Microbiology

Argbian Sea: Distribution of bacteria and fungi in relation to abiotio and
biotic factors.

Pergian Culf: Influence of bacteria on the formation of c¢arbonates and sulphides.
Study of nitrification in water and sediments.
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on board

from {0
Dar es Salaam = Karaochi
Bombay -~ Kiel
Aden (2)¥ . Bombay
Heamburg - Karachi
Aden (2) - Bombay
Bombay - Kiel
Naples - Aden (2
Suez ~ Aden (2
Hamburg - Aden (1
Suez -~ Aden (2
Karachi - Kiel
Aden (2) ~ Bombay
Hamburg - Karachi
Aden (2) - Aden (3)
Karachi - Kiel
Bombay - Kiel
Suesz - Aden (2)
Cochin - Karachi
Aden (1{ - Cochin
Aden (2 - Karachi
Suesz - Aden (2)
Karachi - Kiel
Naples - Aden (3)
Hamburg - Karachi
Hamburg - Waples
Naples - Aden (3)
Hamburg - Karachi
Karachi - Kiel
Naples -~ Dar es Salaam
Karachi - Xiel
Naples - Aden (2)
Cochin - Kiel
‘lamburg -~ Aden (1)
Hamburg - Suez
Aden (2) -~ Cochin
Karachi -~ Aden 23
Hammburg ~ Aden (2
Suez -~ Aden (2
Suesz - Aden (2
Aden (2) - Karachi
Karachi — Aden (3)
Hamburg - Aden (2
Hamburg ~ Aden (3
Aden (1) -~ Dar es Salaam
Hamburg - Suez
Karachi - Kiel
Karachi - Kiel
Aden (2) - Bombay
Naples ~ Aden (2;
Suez - Aden (2
Karachi - Kiel.
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EDemporary disembarkation on a group of islands in the southern Red Sea.
®fumbers (1), (2) or (3) following Aden, mean first, seoond or third call

at Aden,

INumber means address of institute mentioned below:

O 0 N 0Nt AWy

S
M MO

Addresses of Institutes concerned:

Institut fir Meereskunde der Universitlt Kiel,
23) Kiel, Hohenbergstrasse 2
Geologisch-Pallontologisches Institut der Universitit Kiel,
23) Kiel, Neue Universitit
Bundesanstalt fir Bodenforschung,
3) Hannover, Wiesenstrasse 1
Biologische Anstalt Helgoland,
2) Hamburg - Altona, Palmaille 9,
Institut fUr Hydrobiologie und Fischereiwissensohaft,
2) Hamburg - Altona, Olbersweg 24
Zoologisches Staatsinstitut der Freien und Hansestadt Hamburg,
2) Hamburg 13, Von-lelle-Park 10
Geologisch—Pallontologisches Institut der Universitlt Freiburg,
78) Freiburg/Br., Hebelstrasse 40
Natur-Museum und Forschungsinstitut Senckenberg,
8) Frankfurt/M., Senckenberger Anlage 25
Institut fir Meeresforschung,
285) Bremerhaven, An Handelshafen 12
Institut fir Schiffsbau der Universitit Hamburg,
2) Hamburg 33, L4mmersieth 90
Zoologisches Institut der Justus-Liebig-Universitdt,
63) Giessen, Ludwigstrasse 23
Forschungsanstalt "Senckenberg am Meser",
294) Wilhelmshaven, Sohleusenlnsel
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LEGEND
Do Descriptive oceanography Ab  Biological study in deép,lgxer
1l Temperature with reversing thermometer 1 Benthic sample
2 Temperature with BT 2 Bottom photography
3 Salinity
4 Oxygen Ph Physical study
2 lggturient salts 1 Sound velocity
7 Bathymetry 2 Turbidity
8 Surface weather observation .
at the station Ch  Chemical stu
1 HeS
Cm Current measurement 2 Cop
3 Trace elements
1 With GEK
2 With current meter 4 Radio~activity & isotops
3 With Swallow float or drogue . .
4 With drift-bottle Fr Fisheriss research
1 Ixperimental fishing -
Pg Plankton study 2 Fish sampling
)} Bionomics
1 Phyto-plankton 4 GCear experiment
2 Zoo=plankton 5 Tagging
& Indian Ocean Standard Net - .
b Isaacs-~Kidd midwater trawl 6 Visual observation
¢ Vertical haul with closing net .
d Oblique haul Gg Geology and Geophysigs
e Horizontal haul 1 Coring
f High~speed surface sampler 2 . Sedimént sampling
g Clarke—Bumpus sampler a Dredging
3 Larva net b Grabbing
4 Pigments 3 Sparker
5 Primary production, standing crops 4 Seismic study
6 Micro-biology S Heat flow
7 Marine bacteria 6 Gravity
8 DSL T Magnetism
8 Drillin
9 others %speciﬂy)
Mt Meteorology
"1 Synoptic observation
2 VUpper-air observation
.3 Radiation & energy exchange
4 Wave recording

for Column TRACK

as it appears in the IIOE Track Chart (Sept. 1962, H.O. 17, 138 B and C).
different as it appears in the IIOE Track Chart.

does not appear in the IIOE Track Chart.

oruise track is not available,

£ o
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ANNEX III

NATIONAL SCIENCE FOUNDATION - May 13, 1964

SCIENTIST BELIEVES
14ASS FISH DEATHS
DUE TO ASPHYXIATION

A top U.S. marine biologist believes that millions of tons of fish
occasionally found floating in certain areas of the Indian Ocean were
killed by asphyxiation.,

The fish probably died from being suddenly exposed to water lacking
in dissolved oxygen, and paradoxically, the mass deaths probably took
place in water heavy with natural fish food,

Dr, John Ryther, biological oceanographer at Woods Hole Oceanographic
Institution and director of the U.S. Program in Biology for the
International Indian Ocean Zxpedition (IIOE), has suggested the theory
following his return from a research cruise in the Arabian Sea. It was
near this area that a Russian merchant ship in 1957 reported passing
through millions of tons of dead fish floating in an area 125 miles wide
and about 600 miles long.

The 28 million square miles of Indian Ocean, as large as Asia and Africa
combined, is undergoing intensive study during the IIOE, The XZxpedition
is a cooperative effort by scientists of 28 nations working from shore
stations and more than 40 research vessels.

The stage is set for the wholesale deaths, Dr, Byther suggested, by the
development and interaction of several factors: subsurface water extremely
rich in inorganic nutrients but very poor in dissolved oxygen; the carrying
of this nutrient-rich water to the surface by "upwelling" processes caused
by winds and currents; the rapid growth and reproduction of plankton
which use these nutrients and sunlight to produce organic matter through
the process of photosynthesis; and the subsequent sinking of the organic
matter beneath the surface where it decomposes, depleting further or
exhausting the oxygen supply of the water.

Measurements made in the Arabian Sea showed areas where concentrations
of nutrients approached the highest levels known for these substances in
any ocean, he said, High concentrations first appeared 100-150 feet below
the surface and increased with depth., Paradoxically, said Dr. Ryther, "the
sharp inerease in nutrients accompanies and is undoubtedly directly corre-
lated with a rapid decrease in dissolved oxygen concentrations.

"The presence of such unusually high levels of nutrients and low oxygen
concentrations at or near the base of the photosynthesis zone," he said,
"indicates a situation that is potentially both highly productive and
biologically unstable. Because phytoplankton use these nutrients to
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produce organic matter, any upwelling of nutrient-bearing water into the

zone of photosyntheses may be expected to result in greatly enhanced biological
productivity." There is an explosive increase of phytoplankton, zooplankton
multiply, and larger animals and fish move into the area to feed.

At the same time, Dr., Ryther pointed out, the organisms produced in the
surface water die, sink and decompose. The decomposition uses up the
remaining oxygen in water already low in oxygen. Further upwelling to the
surface of such anoxic water traps masses of fish in an oxygenless
environment and they become asphyxiated. .

l.arge areas of upwelling of nutrient-laden water were found by Dr, Ryther
and other scientists participating in the IIOE, No anoxic water was found
during his cruise, however, though the presence of such water was reported
by the Russian research vessel VITYAZ in the same area in 1960.

Studies of the living resources of the Indian Ocean, and the factors
effecting them, are of prime concern since about 28 per cent of the world's
population lives in areas bordering this ocean. Some of these areas suffer
chronio food shortages that could be alleviated through the discovery and
development of seafood resources.

Dr. Ryther conducted his studies aboard the ANTON BRUUN, an ocean-going
research vessel operated by the Woods Hole Oceanographic Institution for the
National Science Foundation. The Foundation, a federal agency, is responsible
for planning and coordinating U.S. participation in the IIOE and is supporting
much of the research. U.S, support for its share of the multi-nation project
will total nearly $20 million by the end of the IIOE in 1965. Fourteen U.S,
research vessels and five airplanes will have taken part in the project when
the field work is concluded.

Twenty countries - Australia, Ceylon, East Africa, France, Germany, India,
Indonesia, Israel, Japan, lalagasy Republic, lMalaysia, Mauritius, Netherlands,
Pakistan, Portugal, Thailand, Union of South Africa, Union of Soviet Socialist
Republics, United Kingdom, and the United States - have provided or planned to
provide research vessels or shore stations for the Expedition., Nine others -
Austria, Brazil, Burma, Canada, China, Denmark, Rumania, Sweden and the
United Arab Republic - either have or will have scientists conducting research
aboard ship or at shore facilities of other nations,

Major areas of interest in the IIOE, other than the biological, include:
the formation of the ocean basin and the forces that have shaped and are
continuing to shape it; the chemical and physical description of the waters
of the Indian Ocean, and the study of their motionsj; and the interaction
betwesn the ocean and the atmosphere, particularly, with respect to the
mongoon winds.

All United States vessels participating in the IIOER are contributing to
at least two of these four areas of interest, many contribute to three, and
some to all four,.
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ANNEX IV

METHODS FOR SEA WATER ANALYSIS IN R.R.S, DISCOVERY

The methods appended are laboratory working sheets. Some small corrections
have been made and extra notes added since they were first used in the Arabian
Sea programme 1963, The following remarks apply.

Oxygen. This is basically that given in Fish. Invest. Ser. II, 18 No,3 which
in turn was based on U,S5., Hydrographic Office research vessel praotise,

Dr, Cooper has used it exclusively for his deep sea work., In comparative
tests at Plymouth it gave results similar to those of Bull., 125 method 1.3
(Strickland and Parsons 1960)., The azide modification is most unlikely ever
to be needed for sea water, since interference is negligible up to about

2.5 pg atom NOp-N/1,

Hyirosen sulphide., The volumetric method is suitable for quantities of mora
than about 1 ml HgS/litre, and is suggested as the best method of standardising
sulphide solutions for the colorimetric method,

Inorcanic phosphate. When tested at Plymouth in February 1963 this method
(llurphy and Riley 1962 Anal. Chim. Acta 27, 31-36) gave results virtually
identical (using English Channel water) with those by the Harvey stannous
chloride method, which had been found satisfactory in the Honolulu inter-
calibration tests of 1961.

Total phosphorus. This combines the perchloric acid digestion (Bulletin 125
IT.3) with the liurphy and Riley phosphate finish, The digestion has been
slightly adapted for ship~board use to avoid bumping and the need for
continuous attention.

Nitrate. This sulphuric acid method (4nal. Chem. 1963, 35, 1292) is undesirable
at sca, but at the time it was proposed neither of the alternatives looked

very good. These alternatives were: +the reduction to nitrite with hyarazine,
which is generally agreed to give rather variable yields, or reduction to nitrite
in a cadmium reductor., This latter method usually works very well, but in tests
at Plymouth and in R.R.5. Discovery the columns sometimes became inactive and
were rather unpredictable. When this difficulty can be overcome the method

will be preferable to others now known.,

Nitrite. This is taken almost unchanged from Bulletin 125 method II,6.
Silicate., Thig is the metol-sulphite method of Mullin and Riley 1955 (Anal.
Chim. acta 12, 162). When tested at Plymouth it gave results identical with
those by a stannous chloride method (Armstrong 1951 J. Mar, Biol, Ass. 30,
149-60) but was much more convenient in use for high silicate contents.

Reference

Strickland, J.D.H., and Parsons, T.R., 1960, A manual of sea water analysis.
Fisheries Res, Board of Canada, Bulletin No. 125.



-39 =

DETERMINATION OF DISSOLVED OXYGEN IN SEA WATER

Note. In samples containing appreciable nitrite, the alternative alkaline
iodide reagent containing sodium azide must be used.

Reagents.
Manganous chloride. ‘ 400 g MnCly 4H50 per litre,
NaOH - KI 360 g NaOH + 150 g X I per litre.
(Alternative reagent with sodium azide.
Dissolve 10 g NalNj in 40 ml water and add to 1 litre
of the NaOH -~ KI reagent above.
KI 15% 150 g KI per litre
Thiosulphate 0,005 N (1 B.D,H. ampoule in 10 1 water)
Potessium iodate

0,01 N 0.3567 g KIOy (dried at 110°C for 30 min) is
dissolved in 600 ml water, one pellet NaOH added,
and the volume made to 1 litre.

Starch 1% To 2 g starch add a little cold water to meke &
paste, and then add 200 ml boiling water, ' Mix
well, and boil for 1 min. Cool before using. '

Sampling

The water sample is transferred from the hydrographic water bottle through
a rubber tube to the bottom of the oxygen determination bottle. Care must be
taken to avoid bubbles of air, and the sample bottle is filled until it
overflows, when at least 100 ml sample must be run to waste., The stopper
must not be allowed to entrap bubbles,

Procedure

1) Add the following reagents, avoiding exposure of the sample to air:

0.5 ml  MnCls solution
0.5 ml alkaline-iodine

Shake thoroughly, allow to settle, shake again, and stand for at least
three hours, If samples are to stand overnight, immerse sample bottle
in water. ‘

2) Add 1 ml concentrated hydrochloric acid, restopper, and shake until
precipitate dissolves, Xeep in a dark place until titrated.

3) Transfer contents to 250 ml conical flask, washing out the sample bottle
with gbout 20 ml water,

4) Titrate with thiosulphate solution until almost colourless. Add 2 ml
starch solution and continue titration until the blue colour has disap-
peared. Record titre (V) to the nearest 0.05 ml.
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Standardisation of thiosulphate.

5) In 250 ml ooniocal flask place 100 ml distilled water.

6) 4dd 10,00 ml 0,0l KIO3
5 ml 15% KI
1 m conc. HC1 ‘
7) Titrate with thiosulphate as in 4 above, recording titre to nearest 0,05 ml.

8) Repeat standardisation. Duplicates must agree within 0.05 ml, Take mean
titre V2

9) Carry blank (in duplicate) through stages 5 ~ 8, omitting K10,
Take mean blank titre Vy

With freshly prepared, colourless KI there may be no blue colour on
adding starch. Check that addition of 0.05 ml (one drop) KIOj gives
a blue colour, If so, the blank is neglected.

10) Calculate normality of thiosulphate NP

10,00
Vo-Vg
11) Calculate oxygen content of sample thus:

t
Oxygen content = v x N7 x 5600 ml O /litre.
B -1 2

Where B = Bottle Volume.

X 0,01 N (when iodate is exactly 0.01lN).

DETERMINATION OF HYDROGEN SULPHIDE IN SEA WATER

Introduction

The usual method of addition of excess iodine and back titration with
thiosulphate is unsatisfactory because of interference by reducing substances,
and because, if the sample is added to the iodine as it should be to avoid
side reactions, it is difficult to prevent contaot with the air and loss or
oxidation of sulphide. These difficulties can be avoided by adding excess
standard arsenite to an acidified solution, filtering off the precipitated
A8253 and back titrating with iodine.

Apparatus

Oxygen determination bottles, approx. 110 ml, marked with volume to nearest
0.1 ml,
Reagents

Sodium arsenite 0,025 M,

Dissolve 4.946 g AnalaR A8203 in 100 ml 5% w/v NaOH solution and make
t0o 1000 ml, This solution is poisonous.
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lodine 0,01 N,

Dissolve 1,27 g AnalaR iodine in 20 ml 10% w/v KI solution and make to
1000 ml.

Starch 1%

Make 2 g starch to a paste with a little water, add 200 ml boiling water,
mix and boil for 1 minute.

Method

1) Fill oxygen determination bottle, with precautions against contact with
air. Run at least 100 ml to waste, after bottle is full,

2) Add 1.00 ml oconc. HC1l and 1,00 ml 0,025 M arsenite solution,
Allow to stand overnight,

3) Filter on No., 1 Whatman paper, washing once with 20 ml sea water containing
10 ml conc, HCl per litre., Collect filtrate and washings in 250 ml coniocal
flask,

4) Add 1l -2g NaHCO3 and titrate excess arsenite with 0.0l N iodine, using
2 ml 1% starch as indicate. (To).

5) To 100 ml sulphide-free sea water add 1 ml conc. HCl and 1,00 ml
0.025 i arsenite, 1-2 g NaHCO3, and titrate with 0.0l N iodine (T1).

. 1680 x (Ty=T5) X
3 " f s =
6) Sulphide content of sample (3-2) x 1y nl HoS per litre

Where B = Bottle Volume,

THH COLORILALTRIC DETBRAINATION OF SULPHIDE IN SLA-WATER
JODIFILD IFROL. L. GUSTARSSON. TALANTA 4, 226-235

Reagents.
All reagents must be made up with metal-free water.

1) Zinc acetate solution (0,25 M), Dissolve 54.7 g of zinc acetate and
136 g of hydrated sodium acetate in water and dilute to 1 litre.
Co~-precipitate heavy metals by adding 0,2 ml. of 0,05 I sodium sulphide
drop by drop with rapid stirring. Allow to stand overnight. Decant
the solution through a fine filter paper.

2) "Amino" reagent. Dissolve 0,63 g of p-amino-N, N-dimethylaniline in
750 ml of metal—=free water, add 194.2 mls. of concentrated sulphuric
acid, cool and dilute to 1 litre with metal-free water.

3) Ferric solution (0,25 M), Prepare a solution of 120.5 g of ferric
anmonium sulphate in 0.5 M sulphuric acid, dilute to 1 litre with the
same acid.

NOTE: In order to obtain accurate results it is essential that all glassware used
. for the colour development should be kept free from traces of heavy metals. Wash
with 50/50 HC1 and then with metal~-free water.
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Standard sulphide solution

Sulphide solutions are easily oxidised and sbould be prepared immediately
before use., The solution should be made up in metal~free water which has been
boiled to expel oxygen and then cooled,

0.1875 g of sodium sulphide (NapS.9H,0) dissolved in 500 ml of water gives
a solution containing ca. 50 pg S/ml. This should be standardised iodometrically.
It should be diluted as required. : .

Anoxic sea—-water.

The sulphide ion only occurs in anoxic sea-~water as it is readily oxidised %o
sulphate by dissolved oxygen. To prepare ancxic sea-weter pass a stream of
nitrogen gas through it for several hours, to strip out oxygen. Store in a well
stoppered flask taking care to fill the space between liquid surface and stopper
with nitrogen.

Procedure.

Pipette 10 ml of 2zinc acetate solution into a 100 ml graduated flask, and to
this add 50 ml of the sample to be analysed, holding the tip of the pipette
near the surface of the liquid. ©Swirl gently. Using fast running pipettes
for the next two additions, add 10 ml of the "amino" reagent so that the
solution flows down the wall of the flask and forms a layer on the bottom,
Swirl and immediately add 2 ml of the ferric solution, Shake vigorously, and
make up to the mark with metal-free water. lleasure the extinction co-efficient
after at least 15 minutes and not more than 3 hours at 667 mp in 1 om cell.’
Perform a blank using redistilled water. Calibrate the method using 50 ml.

ortions Sf the anoxic sea-water, to which standard additions of sulphide
0-5 pg 5°7) have been made.

NOTESs
50 pg S will give an optical density of ca. 0.5 in a 1 cm. cell,

There is a salt-error of about 7% for sea-water in the range Cloé°
10-20,

The precision is approximately X 4%.

DETERMINATION OF INORGANIC PHOSPHATE IN SEHA WATER

Rearents

Ammonium molybdate. Dissolve 15 g AnalaR ammonium paramolybdate (WH ) MO7024
4H50 in 500 ml water and store in a polyethylene bottle out of direct sunlight.,

Sulphuric acid. Add 140 ml concentrated sulphuric acid to 900 ml water. Cool
and store in a glass bottle,

Ascorbic acid. Dissolve 27 g ascorbic acid in 500 ml water and store in a
polyethylene bottle frozen solid in a freezer, Thaw for use and refreeze at
once,

Potassium antimonyl tartrate. Dissolve 0.34 g potassium antimonyl tartrate in
250 ml water,
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Mixed reagent. Mix 100 ml ammonium molybdate, 250 ml sulphuric acid, 100 ml
ascorbic acid and 50 ml potassium antimonyl tartrate. Prepare immediately
before use and do not keep for more than 6 hours.

Standard phosphate. Dissolve 0.1361 g potassium dihydrogen phosphate KHpPO,
in 1 litre water saturated with chloroform. This solution is stable indefinitely.

lml = 1.00 pg atom POy = P

Dilute standard phosphate. Dilute 10 ml of standard phosphate above to 100 ml.
l1ml = 0,10 pg atom P,

liethod.
'1) ©Samples should be between 15 and 30°C.

2) leasure extinction (B, ) in 10 om cuvette, at 882 mp, as a correction for
turbidity (Note a).

3) lMeagure 50 ml sample with a cylinder and place in 100 ml conical flask.
Add 10 ml + 0,5 of mixed reagent and mix at once.

4) After 5 min and within 3 hours, measure extinction (El) Unless
adjacent samples have extinction within 25% of sach other, rinse the
cuvette with the now solution,

5) Correct the measursd extinction by subtracting both the turbidity and
reazent blanks, and calculate the phosphate concentration by multiplying
by a factor F, where I' is the concentration required to give unit extinction.

6) Blank determination.

a) When botlh cuvettes are. filled with distilled water there may be a
measurable difference in extinction between them, and this "cell-to-cell
blank" must be known,

b) The reagent dblank is found by carrying 50 ml of distilled water through
steps 3 and 4 above. The resultant extinction is corrected for the
"cell-to~cell blank'", It should not exceed 0.02,

7) Calibration. About 250 ml of clean sea water, preferably of low phosphate
content are required, In each of 2 conical flasks place 49 ml of sea water
and 1.00 ml distilled water. In another two {lasks place 49 ml sea waber
and 1,00 ml dilute standard phosphate. Carry.through stages 3 and 4 above.

Then factor F = —gg*ggw pg atom P/1 where EP = mean extinction with
" -5 phosphate addition

1 "
E" = mean extinction with
water addition

Note. a) In the open ocean, Eo readings for water below 100 m may

not be measurably different from distilled water. There is then no need
to make this measurement; the ‘cell-to-cell blank" correction may be
substituted.
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DETERMINATION OF TOAL PHOSPHCRUS IN 3EA WATER

Reagents

Ammonia 10% v/v. Dilute 100 ml AnalaR ammonia (S.3. C.88) to 1 litre with water.
Keep in a tightly stoppered polyethylene bottle,

Hydrochloric acid 10% v/v. Dilute 100 ml AnalaR Hydrochloric acid (S.G. 1.18)
to 1 1litre with water. Keep in polyethylene bottle.

Potassium iodide 5% w/v. Dismsolve 5 g AnalaR potagsium iodide in 100 ml wateyr.

Molybdate reagents, As for inorganic phosphate method.

Procedure.

1) Measure 25 ml of sample direct from hydrographic water sampler into
50 ml silica heaker.

2) livaporate to dryness on sand bath at 180 + 30°C,

3) Add 0,1 ml (2 drops) potassium iodide and 1 ml 10% HC1l and again evaporate
to dryness. Note a.

4) Add 1.5 ml perchloric acid (72% w/w), cover with clock-glass and heat
to fuming for 10 min. Cool,

5) Add 5 ml 10% ammonia, evaporate (without clock glass) again to dryness
on cand bath,

6) Add 1.0 ml hydrochloric acid 10% and about 25 ml water, and heat until
salts have dissolved. DBoil gently for 5 min, cool, transfer to measuring
¢ylinder, make to 25 ml, Note b,

7) Add 5 ml mixed molybdate solution, mix and measure oxtinction in 10 cm
cuvette at 882 mp, after 5 min and within 3 hours.

8) Carry through blank. with 1,5 perchloric acid + 0,1 ml XI + 1 ml HCl
which is allowed to evaporate until only a film of perchloric acid remains,
Add ammonia, and proceed as in 5, 6 and 7 above.

9) A calibration factor obtained in determination of inorganic phosphate
may be used to calculate the results.

NOTES:

a) The procedure removes arsenic but the extra manipulation may cause
undesirable errors. It may be justifiable to omit this stage when working
on shipboard.

b) There may be difficulty in redissolving all perchlorates and sulphates at
this stage. If the solution is slightly turbid with fairly large crystals
in suspension these will often settle out completely on standing for about
one minute in the cuvette, and the extinction may be read. An immediate
check at a wavelength of about 500 mp will show if the turbidity must be
allowed for. There seems t0 be no chemical interference but this requires
investigation, '
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DETERMINATION OF NITRATE IN SEA WATER

Reagents

Sulphuric acid. 4nalaR sulphurioc acid (SG 1.84) is heated to boiling (preferably
in a silica flask for safety) for 2 hours and allowed to cool, For each 100 ml
of acid, 1 ml 0,2% hydrazine sulphate solution is added, cautiously, with mixing,
and the acid is again heated to boiling for 30 minutes, cooled and stored in a
glass—atoppered bottle,

Hydrazins sulphate 2%. 2 & hydrazine sulphate is dissolved in water and made
t0o 100 ml,

Hydrochloric acid 0,1 M. 10 ml concentrated acid (SG 1.18) is diluted to 1
litre.

Standard nifrate solution. 1.0l g potassium nitrate KNO3 is dissolved in water
and made to 1 litre.

l ml = 10,0 pg atom NO3-N

Dilute standard nitrate. 10,0 ml standard nitrate solution is diluted to 100 ml.
This solution does not keep well, ‘

lml = 1,00 pg atom N03—N
Procedure
1) Samples containing much suspended matter should be filtered (Note a)

2) 1In each of two dry (150 x 20 mm) stoppered test-tubes place 10.0 ml sample
(pipette). To one portion add 0.1 ml hydrazine sulphate solution.

3) To cach tube add 10.0 ml sulphuric acid, from a burette, taking care that
mixing is insufficient to cause boiling (Note b).

4) Stopper tubes, cool in running water, mix and cool again.
5) lleasure extinctions in 4 cm or 1 om silica cuvette at 230 mp with distilled
water in reference path (Note o). Record that of (sample + hydrazine

sulphate) as Eyy and that of sample as Ej.

Blank determination.

6) Place 10 ml 0.1 M hydrochloric acid in each of 4 tubes, and to two tubes
add 0,1 ml hydrazine sulphate solution.

7) Carry through stages 3, 4 and 5 above, and find mean blank (E; - E,) (Note d).

Calibration

About 200 ml sea water is required, preferably of low nitrate content,
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8) 1In a 100 ml volumetric flask place 2,00 ml (or 10,0 ml Note e) distilled
water, make up to 100 ml with ses water and mix,

9) In a second flask place 2,00 ml (or 10,00 ml Note e) of dilute standard
nitrate solution, make to 100 ml with sea water and mix,

10) Place two 10,0 ml portions of each solution in stoppered test-tubes and
carry through stages 3 to 5 above, E, readings are not needed. Calculate
the conversion factor thus: '

20,0
F (4 om cuvette) = FE™-  ug atom NO3~}/1 where E® is mean E
-B with nitrate additlon
IV is mean B, with water
addition.

F (1 cm cuvette) = ﬁ%%%w ug atom N03'N/1

Notes

a) Tolerance of suspended matter is not known yet. IFiltration should
be on well-washed glass filter paper or sintered glass filter.

b) Burette tap lubricated only with sulphuric acid.

o) 4 cm cuvette for range 0.5 to 25 pg atom NO3N/1
1 cm cuvette for range 2.5 to 125 pg atom NO3N/1

d) Nitrate in HCl is usually negligible. If this is doubted, retest
blanks with 0.05 I and 0.2 I NCl, If the higher concentration gives
appreciably higher blanks, the NC1l is unsuitable,

e) 2,00 ml for 4 cm cuvettes
10,00 ml for 1 cm cuvettes

Important

The sulphuric acid solutions are viscous, highly refractive and very
corrogive. Care is needed, in transfer to cuvettes, to avoid sireaks due
to imperfect mixing, and time may be needed before reading extinctions, to
allow small bubbles to clear.

A beaker containing about 1 litre saturated sodium
bicarbonate solution should be at hand in case
of accident.

DETORMINATION OFF NITRITE IN SKEA WATER

Reagents

Sulphanilamide. Dissolve 5 g sulpahnilamide in a mixture of 50 ml concentrated
hydrochloric acid and about 300 ml water. Make to 500 ml., This solution is
stable for many months,

N~ (l-naphtyl)-ethylenediamine dihydrochloride, Dissolve 0.5 g of the reagent
in 500 ml water, Store in a dark brown bottle, and renew if a strong brown
coloration develops, :
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Standard nitrite solution. Dissolve 0.690 g AnalaR sodium nitrite (dried at

110°C for 1 h.) in water and make to 100 ml., Add 2 ml chloroform as a
preservative. Renew monthly.

1,00 ml = 10.0 pg atom NOo-N

Dilute standard nitrite, Dilute 1,00 ml of standard nitrite to 100 ml.

1,00 Ml = 0.100 pg atom NOx-N

This solution is stable for a few hours only.

Procedure.

1)
2)
3)
4)

5)

6)

7)

Place 50 ml sample in 100 ml oconical flask and add 1.0 ml sulphanilamide
solution.,

lieasure extinction of sample in 10 cm cuvette at 543 mp, as turbidity
correction E,, (Note a) ‘

Between 2 and 8 minutes after adding sulphanilamide add 1.0 ml naphthyl
ethylenediamine solution and mix immediately.

Between 10 minutes and 2 hours later, measure extinction By (10 cm cuvette
at 543 mp).

Correct this extinction by substracting, both the turbidity Eo) and reagent
blanks (see below) and calculate the nitrite/~N concentration by multiplying
by the factor F, where this is the concentration required to give unit
extinection,

Blank determination,

a) The reagent blank is found by carrying 50 ml of nitrite freo distilled
water through stages 1, 3 and 4 above. The resultant extinction is
corrected, for "cell-cell" blank.

b) ‘hen both sample and reference cuvettes in the absorptiometer are filled .
with distilled water there may be a measurable difference of extinction
between them., This "cell-cell" blank mucst be known,

Calibration,

Distilled water may be used., In each of two 100 ml concical flasks place
50 ml digtilled water, and in each of a second pair of flasks place 49 ml
distilled water and 1,00 ml dilute standard nitrite solution. Carry
through stages 1, 3 and 4 above. '

2,00
ENO2-Ew

The factor F = where w02 mean extinction with nitrite added

IV mean extinction with no nitrite.

Notes.

a) In the open ocean Eg readings for samples below about 100 m may not be

measurably different from those for distilled water. There may be no
need for this measurement and the "cell-cell!" blank correction can be
substituted.,
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b) The method is extremely sensitive and can be upset by oxides of
nitrogen produced by flames or electrical apparatus, or by nitrite
in tobacco ash,

DETERMINATION OF SILICATE IN SEA WATEGR

Reagents.

Molybdate. Dissolve 8.0 g ammonium paramolybdate (NH4)6M07024 4Ho0 in
about 600 ml water, add 24 ml concentrated hydrochloric acid (S.G, 1.18)
gix, and make to 1 litre. XKeep in a polyethylene bottle,

Metol=sulphite, Dissolve 12 g anhydrous sodium sulphite Na2803 in 1 litre
water and then add 20 g metol (p methyl aminophenol sulphate). \hen this
has dissolved filter through a No, 1 Whatman paper into a polyethylene bottle.

Oxalic acid. Shake 100 g oxalic aoid dihydrate (COOH), 2H,0 with 1 litre
water, Decant the solution from the undissolved crystals and keep in a glass
bottle.

Sul phuric acid‘5Q% v/v. Add 500 ml concentrated sulphuric acid (S.G. 1.84)
to 500 ml water (CAUTION), Cool and adjust volume to 1 litre.

Reducing agent. Mix 100 ml metol-sulphite solution with 60 ml oxalic acid.
Add slowly, with mixing, 60 ml 50% sulphuric acid and make volume to 300 ml,
Prepare just before use. -

Standard silicate solution. Fuse 0.1201 g silica with 0.6 g NapCOy in a
platinun crucible, Dissolve salt, when cold, in water, and make to 100 ml.
Kecp in polyethylene bottle, 1 ml = 20.0 pg atom Si.

Dilute standard silicate. Dilute 5 ml of standard silicate above to 100 ml,
lix end transfer to polyethylene bottle. This diluted solution does not keep
well, 1 ml = 1,00 pg atom Si/l.

Procedure.
1) Sample solutions should be between 18 and 25°C,

2) In a 100 ml conical flask place 10 ml molybdate solution, add 25 ml sample
(note a), mix and allow to stand 10 minutes.

3) add 15 ml reducing agent, mix, and allow to stand 3 hours,
4) Measure extinction in 1 cm cuvette at 810 mp. (Note b).

5) Correct the measured extinction by substracting a reagent blank obtained
by carrying through stages 2, 3 and 4 with 25 ml distilled water.

6) Calculate the silicate concentration by means of a calibration factor
I where F is silicate concentration required to give unit extinction,
and obtained as follows,
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7) Calibration, About 100 ml sea water, preferably of low silicate concentration

is
1)
ii)
iii)
iv)

Notes

a)

required,

In each of 4 flasks place 10 ml molybdate reagent, and 24 ml sea water
and nix,

To two flasks add 1,00 ml distilled water and mix,

To two flaskse add 1,00 ml dilute standard silicate and mix,

Allow to stand 10 minutes and carry through stuages 3 and 4 above,

Then F = -43*9— pe atom 81/1 Where ESL is mean extinction with
ESipw silicate added

EY is mean extinction with
water added.

If the sample has a silicate content greater than about 100 pg atom
Si/1, dilution is necessary. Take 10 ml sample (pipette) and 15 ml
distilled water. Since the method has an appreciable salt error,
calibration should be done with diluted (40%) sea water,

For samples of silicate concentration of less than 10 ng atom 5i/l
the precision can be increased by using 4 or 10 cm cuvettes. A blank
in theo same size cuvette will of course be needed, and the factor I
reduced in proportion, or better, redetermined,
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C. 8., Wang
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Cermany, Federal Republic
Zugen Siebold
Cunthexr BYhnecke
Ginthexr Dietrich
.Johannes Ulrich
Note:

Dept. of Geology, University of
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Dept. of Geophysics, Research School
of Physical Sciences, G,P.,0. Box 4,
CANBXRRA.

Dept. of liineral Resources, CANBERRA.
Ampol Cil Co., Ltd., SYDNEY, N,E,W,

‘Bedford Institute of Oceanography,

P,0. Box 1006, DARTHOUTH, N.S.

Hydrographic Bureau, TAIPEI, Taiwan.

Dept. of Geology, National Taiwan .
University, TAIPEI, Taiwan,

Chinese National Committee for
Oceanic Research, National Taiwan
University, TAIPEI, Taiwan.

Laboratoire de Geographie Physique

et de Geologie Dynamigue, 1 rue Victor
Cousin, PARIG V.,

Service Hydrographique de la liarine,
13 rue de l'Université, PARIS T.

Geologische Institute der Universitit
Kiel, Olshausenstrasse 40/60, KIEL,

Bornhard-Nocht Strasse 78, HALBURG 4.

Institut {Ur lieereskunde der
Universitdt Kiel, Hohenbergstrasse 2,
KIEL.

Institut flir Meereskunde der
Universitit Kiel, Hohenbergstrasse 2,
KIEL.

All are doctors unless otherwise noted.
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Wolfgang Schott
Hans Closs
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Kolla Venkataratnam®(Mr. )

S. Poonachandra Rao¥

S.3, Srivastava
D. Srinivason*

Devendra Lal
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Rustamadji® (L)

A.L. Lunanau¥ (Capt)

International Hydrographic Bureau
A. Viglieri (Adm)
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Gideon Almagor®* (lir)
David Neev
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Nozomu Den¥
Hiroshi Niino
Koji Hidaka

Noriyuki Nasu

Bundesanstalt fir Bodenforschung,
Wiesenstrasse 1, HANNOVER. '

Bundesanstalt fir Bodenforschung,
Wiesenstrasse 1, HANNOVER.

Geologisch—~Paldontoligisches Institut
der Universitdt Freiburg, Hebelstrasse 40,
FREIBURG /Br.

Dept. of Geology, Andhra University,
WALTAIR.

Dept. of Geology, Andhra University,
WALTATIR.

Directorate of Scientific Research,
Naval Headquarters, NEW DELHI 11,

Indian Naval Fhysical Laboratory,
COCHIN.

Tata Institute of Fundamental Research,
Colaba, BCRIBAY,

Hydrographic Bureau of Indonesia,
DJIAKARTA. ‘

lydrographic Bureau of Indonesia,
DJ AKARTA.

Director, International Hydrographic
Bureau, LMONTE CAMLO, iionaco.

c/o Geological bBurvey of Israel,
Hebron Road, JERUSALEN.

¢/o Geological Survey of ILsrael,
Hebron Road, JERUSALUM,

Geophysical Institute, lokkaido
University, SAPPORO,

Tokyo University of Fisheries,
lMinato-ku, TOKYO,

Ocean Research Institute, Tokyo
University, Bunkyo-ku, TOKYO.

Ocean Research Institute, Tokyo
University, Bunkyo-ku, TOKYO,
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Taro Kanaya Dept. of Geology, Sendai University,
' SENDAT,

Kenya

B, H. Baker (Director) Dept. of Mines and Geology, P.O. Box 30009,

NAIROBI.

PT. A. Reilly (lr) Dept. of Physics, Royal College, NAIROBI.
Mauritius

Jean de B. Baissac¥(ll. ) Mesnil aux Roses, VACOAS,
Pakistan

Mohammed Rafigul Islam® (Mr) Geological Survey of Pakistan,
QUETTA, West Pakistan.

S. R. Islam (Cdr) Eydrographic Directorate, Naval
Headquarters, KARACHI, West Pakistan.
South Africa

J. K. liallory (Capt) Hydrographer, South African Navy,
South African Naval Hydrographic Office,
c/o Fleet Mail Office, SINONSTOWN,

,5.W, Simpson Dept., of Geology, University of Cape Town,
RONDEBOSCH, Cape.
B.B. Drook Anglo-American Corporation of South

Africa, 45 Lain Street, JOHANNESBURG,
South Africa.

4,0, Fuller University of Cape Town, ROHNDEBOSCH,
L.,H. Ahrens University of Cape Town, RONDZBOSCH.

United Kingdom
Cambridge University

Dept. of Geology
Brian Funnell

Dept. of lineralogy and Petrology
J. R. Cann

Dept., of Geodesy and Geophysics, ladingley Rise, Madingley Road.

B.C. Browne® (lir)

M.N., Hill*

D, H, Hatthews®

E.C. Bullard (Sir) - Director
Jvo Liiller

T, P, Gaskell® British Petroleum Co., Ropemaker Street,
LONDON, B.C.2, .
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Inmperial College, LONDON, S.W.7.
Applied Geophysics Dept.

P, Barker®
Ronald G. llason
D, Taylor Smith¥*
G. Lvans

National Tnstitute of Oceanography, WORMLEY, Nr. Godalming, Surrey.

A.S. Laughton®
John Swallow

Admiralty
Superintendent, Oceanographical Branch, Hydrographic Dept.,
Oxgate Lane, Cricklewood, LONDON, N.W,2.

Kingts College

Dept. of Geology
J.H, Taylor

University of Leeds

Dept. of Geology

I.G. Gaos
W, Q. Kennedy

University of Oxford

Dept. of Geology and liineralogy, The lMuseum

L.R., Wager

United States of America

California, University of

Scripps Institution of Oceanography, La Jolla.

Robert L, Fisher®

Joseph R. Curray®

James L. Faughn® (lir)

Surendra P. Lathur® (Mr)
Russell W, Raitt*

William R, Riedel®

Irancis P. Shepard#®

George G. Shor, Jr.*

Victor Vacquier® (lir)

Tj. H, Van Andel®

Richard P, Von Herzen® (now in UNESCO Office of Oceanography)
AE.J. Bngel - U.C.S.D.

Bdward C. Goldberg - U.C.S.D,
Christopher G.A. Harrison (Mr)
H, W, kenard - U.C,S,.D.

Malvin Peterson

Arthur D. Raff (Mr)

Roger Revelle
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California, University of

Berkeley 4

John L. lero Dept. of Mineral Technology
Keith P, Rhea®* (Mr) Dept. of Geology

Jo. Wyatt Durham Mugeum of Paleontology

California, University of
Institute of Physies and Planetary Physics, U.C.L.A., LOS ANGELES, 24

John C. Belshé
Michele Caputo
Louis B, Slichter

Southwest Research Institute, DALLAS, Texas
A.L, Hales®

Hughes Aircraflt, Research Division, MALIBU, California

John C., Harrison*

Lamont Geological Observatory, Palisades, NEW YORK.

Alan Bé

Charles L., Drale
David 3ricson (Ir)
John Zwing (kir)
Maurice Lwing
Charles Iray* (Mr)
Bruce C, Ileeszen
James Heirzler
lMarcus Langseth®
J.ii, Nafe*

lManilk Talwani#®

J. Lamar ‘lorzel

Minnesota, University of

Preston Cloud - Dean

U,S. Coast and Geodetic Survey, Dept. of Commerce, WASHINGTON 25, D.C.

Harris B, Stewart® Deputy Assistant Director, Office of
Oceanography

Robert 5. Dietz
H. Arnold Karo (R. Adm.) Director, U.5.C. and G,S,

U.S, Geological Survey, Dept. of the Interior, WASHINGTON 25, D.C.

James P, Pepper
Gail li, Lverhart

U.S., Oceanographic Office, U.S. Navy, WASHINGTON 25, D.C.

Denys Knoll (R, Adm.) Oceanography
Guillermo Medina (Mr Scientific and Technical Director
Marvin D, Helfer (lMr
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Carl J. Shipek® (Mr)
Bdwin L, Hamilton
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Bar) Hays¥*
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1.P, Neprochov*

V.P, Kovylin

V.G, Kort Director
G.B. Udintsev
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L.KX, Zatoncky

Institute of Geopraphy Academy of Sciences of the U,S5.3.R.,
8 Bakhrushina Street, 10SCOY,

A, V. Zhivago®
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ANNEX VI

Extracts from Mr., Bain's letter

I have made mention in my past monthly reports of a considerable
water-mass whioch has intruded into our area of investigation and has
shown to be of extremely low productivity. Trawling results have remained
below 50 lbas, per trawling hour and occasional small, fast-moving shoals
of pelagic fish have been observed; shoals in no way comparable with those
noted at the end of the last fishing season in the same areas.

Briefly, the facts regarding this water-mass, as I know them, ars as
followst—-

l) It appeared in November and is still present. In the Cox's Bazar area,
which is our particular area of investigation, it has covered more than
half of the trawling grounds but appears to be gradually receding, though
there are daily fluctuations due to tide, current and wind.

2) fThere is a clear line of demarcation between it and the more northerly
water, with an extinction factor of ca. 34 against the latter's ca. 1.2,

3) There is a decided difference in salinity, approximately 20%, although +this
could only be assessed for surface water,

4) Fish concentrations along the coast disappeared as this water spread over:
the shallower area; the sea was particularly calm during this period,
November and December, and I consider only little aeration of these coastal
waters could be expected.

5) No apparent radical temperature differences were recorded between the two
areas, between 26,8'C and 28'C nor did there appear to be any undue current
influence. The observations in the "intruding" water showing the same
direction and wvelocity pattern as the other, i.e. S3E and S5 or NNW and
NNE,

6) The line of demarcation has been observed as far as the "Swatch of No Ground"
the westward limit of our area of investigation and is generally between the
10 and & fathom isobar.

I intend to continue observing this phenomenon in the course of the next
three months; I am trying also to find means to estimate the absorbed oxygen
in the two fields at varying vertical levels, as well as salinities.

It is my contention that this has resulted from an upwelling in the Indian
Ocean causing the oxygen minimum layer to rise along the continental shelf
with marine life preceding it. (There is no indication of plankton, though I will
confirm this when a plankton net is available). As this mass proceeded northwards
and eastwards the fish along the coast would tend to concentrate in pockets until
conditions became intolerable, then by-pass the upwelling to the south and north.
_(cf. fishing map for Novembers.
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~

I understand that, although their vessels rarely enter the Bay, I.I.0.E.
are operating to the south and it would be of extreme interest to learn if, in
the past six months, evidence of an upwelling has been recorded, what data is
available, and whether concentrations of pelagic fish on the southernmost fringe
have been noted in the last two or three months.
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ANNEX VII,

SUGCESTED CODE FOR ITOD TRACK CHART

STATION
0 SCOR-IIOE Reference Station
O Position Station
T BT and/or Surface Station
A
p"' Seismic study -
‘I

//////// Area of Extensive Studies

orlis undertaken at Station
(to be superimposed on position station/reference station)

) Physicel and Chemical Obaervation (Do, Cm, Ph, Ch)
® Biological Observations (Ps,Ab)
) Txporimental Mcheries (Tr)
o Geolory and Geophysics (C—g,Mt)
rcetar— Y1ith undervay ohservationa

—— s e "ithout undorwsy observations
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ANNDX VIIT
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Track chart of the Kagoshima Maru, IIOCE, 1963-1964
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