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OCEANOGRAPHICAL CRUISE REPCRT
No. 11
Oceanographical Observations in the Indian Ocean in 1961
H.M.A.S. DIAMANTINA
Cruise Dm 3/61

July 20 - August 26, 1961

+ I. - INTRODUCTION

Data are recbrded for the third cruise in 1961 of H.M.A.S.
Diamantina, Royal Australian Navy frigate, in the Indian Ocean.

Objectives

The cruise was planned to investigate some factors which
might limit production in the open ocean, to study the plankton
of the area particularly in regions of varying productivity,
and to compare zooplankton sampling methods.

Itinerarz

The cruise commenced at Fremantle on July 20, worked a
series of stations north to Java, occupied the SCOR-UNESCO
Reference Station No.2 (see track chart, Station Dm 3/159/61),
then east to Timor and Darwin, thence west and south to Broome,
then west and south to the SCCR-UNESCO Reference Station No.l
(see track chart Station Dm 3/193/61), and then to Fremantle
where the cruise ended on August 26. '

Personnel

D. Tranter (Cruise Leader 20/7/61 - 4/8/61)

J. MacIntyre {Cruise Leader 8/8/61 - 26/8/61)

E. Hagmeier, Institute for Marine Research, Kiel
Ca Middleteon

Us Rabsch, Institute for Marine Research, Kiel
Be Scott

J. Staniforth



2.

The analyses of hydrological samples made in the ship's
laboratory were carried out by Mr Staniforth, and the samples
returned to Cronulla were analysed by Messrs Davies and
Walker. The primary production and pigment samples were
taken and filtered by Mr Scott, who also made the counts of
14C samples, Pigment determinations were made at the
Cronulla laboratory by Mr Wootton. Phytoplankton was coll-
ected by Mr Middleton and counts were made aboard by him.

The ‘zooplankton samples were weighed at Cronulla by Mr Tranten
Seston samples were collected and analysed by Dr Hagmeler and
Mr Rabsch.

The data were processed under the direction of Mr Crooks
by Mrs Derrick, Mrs Tarbett and Misses Johnston, Lalor and
Wanstall. The plots were prepared for publicaticn by Mr
Breach and Mrs Cozens.

II. WORK ACCOMPLISHED

- Bathythermograph casts were made at only two stations,
The SCOR-UNESCO Reference Station No.l could not be worked
at the beginning of the cruise because of very rough weather.
Surface hydrology samples were taken at 48 stations and, at
all of these, deep casts were mades Primary production
samples were taken at 30 stations and incubated in the light
incubator. At three stations (Dm 3/159, 173, and 193/61)
six hour drift stations were worked for primary production.
Pigment samples were taken at 34 stations and filtered
aboards  Phytoplankton samples were taken at 10 stations,
and the counts were used in the enrichment experiments.
Zooplankteon samples were taken at 35 stations with replicate
sampling at three stations (Dm 3/142, 146, 159/61). Enrich-
ment experiments were carried out at 16 stations. Seston
samples were taken at 47 stations. Transparency recordings
were made at 31 stations. Table 1 shows the work done at
each station.
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ITI. METHOD OF COLLECTICN AND ANALYSIS OF SAMPLES
l. Physics

Temperature.- Water temperatures were taken with deep-
sea reversing thermometers; protected thermometers with a
range of -2° to 30° and unprotected thermometers with a range
of =2° to 30°, or -4° to 60°., The accuracy of the tempera-
tures is considered to be + 0.03. The readings are recorded
in degrees Celsius.

Bathythermograph.- A 900 ft bathythermograph was used at
the stations indicated in Table 1.« A photograph of each
slide is filed at this Laboratory.

Thermometric Depths- Depth calculations wére made by the
method described by Pollak (1950), and are considered accurate
to + 15 m below 1000 m and to 1% above that depth,

Tgem Sigma-t values were calculated by computer, using
the Table of gt given by the U.S. Hydrographic Office (1955).

Dynamic Heights.- Dynamic heights were calculated from
interpolated values of temperature and salinity using Tables
6, 7, and 9 given by La Fond (1951).

Transparency Meter.- The extinction coefficient was meas=-
ured with a transparency meter of 2 m base length. The trans-
parency was recorded continuocusly, and values were read for
each 10 m of depth. Filters RG 1 for red light and BG 12 for
blue light were used. Transparency (x) is recorded in m™?!
according to the formula I = Ig10°2X where I is the galvano-
meter reading at a given depth and I, the reading in air.

2+ Chemistry
Salinity.~ Salinity was measured on board with an induc-

tive salinometer (Brown and Hamon 1961),  {Duplicate samples
from depths below 4000 m were returned to Cronulla for checks.)
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Dissolved Oxygen.—- The standard Winkler method (Jacobsen,
Robinson and Thompson 1950) was used with potassium iodate as
the iodometric standard. Samples were collected 1n 275-

300 ml capacity bottles and 100 ml duplicate aliquots were
titrated to a starch end point. Values are given as ml/1.
Duplicate titrations agreed to better than 0.03 ml/1 of
oxygen.

Oxygen Saturation.- The saturation values were calcul-
ated by computer using the equations of Richards and Corwin
(1956).

Inorganic Phosphate.- The method of Atkins (1923) was
used with 1 ml molybdate reagent (300 ml 10% ammonium molyb-
date and 100 ml 50% sulphuric acid) and 0.1 ml 1% stannous
chioride diluted afresh from a 40% stock solution in hydro-
chloric acid, which was kept under paraffin. The reagents
were automatically dispensed.by a piston dispenser.

Standard phosphate solutions were made up in distilled
water. Analyses were carried out in batches of 10 since air
temperature never exceeded 25%; readings were taken within
10 minutes after the reagents were added and. completed within
a further 10 minutes. Each batch was compared with a dis-
tilled water blank and a 0.65 pg at./1 standard in a Hilger
Spekker absorptiometer using 4 cm cells and Ilford 608
filters. Each week a complete check was made using standards
up to 3.25 ug at./l. Results are given as pg at.P/1 without
any correction for salt error and are precise to_i_lo% for
values less than 0.5 pg at./1 and + 5% fof higher values.-

If it is wished to correct for salt effects, the results
given should be multiplied by 1.15.

Total Phosphorus.—- 100 ml samples were drawn from the
Nansen bottles into 150 ml Pyrex conical flasks, 0.2 ml of
72% perchloric acid was added, and digestion at 200°-250°
carried out immediately con a sand tray.  After evaporation
of water, heating was continued until fuming of the salt
residue commenceds The samples were then allowed to cool,
100 ml of distilled water and 2 drops of 2% phenolphthalein
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were added, If alkaline, perchioric acid was added until a
slight .acidity persisted. The flasks were allowed to stand
for about 24 hours to allow the salts to dissolve. Phosphate
was then determined as described for inorganic phosphate.
Results are given as pg at./l, without salt correction. If
it is wished to correct for salt effects, the results given
should be multiplied by 1.15.

Nitrate.- Samples taken at sea were stored in plastic
bottles and preserved with 2 drops of saturated HgClp.  Nit-
rate was determined at the Cronulla laboratory by the strych-

_nldlne method (Rochford 1947). The reagent was prepared by
the addition of 0.64 g strychnidine to a litre of nitrate-free
sulphuric acidse % ml of this reagent were added, with minimum
agitation, to 5 ml sea water or standard nitrate solution.
The standards were made up in a mixture of equal volumes of
artificial sea water and nitrate-free sulphuric acid.' The
standards and samples were shaken to distribute the reagent,
and the colour developed for 2 hours. The solutions were
read in a UNICAM SP 600 spectrophotometer at a wavelength of
530 my using a 5 mm cell. Samples with an extinction greater
than that of the standard corresponding to 14.4 pg at./l were
diluted with artificial sea water-sulphuric acid mixture
before reading. Results are given in pg at./l.

3+« Primary Production

Water samples were aliquots of those taken in a 51
plastlc sampler for pigment measurements. Otherwise the
technlques used were as in Jitts (1957) except that counting

was done with a windowless Geiger counter on board and stand-
ardization of the 14c solutions was made by the method of"

Jitts and Scott (1961). As indicated in the data, incuba-
tion was done in one of the three following ways, in 300 ml
pyrex bottles:

(2a) In a fluorescent light incubator with a constant
illumination of about 1100 ft candles.

(b) In situ by suspending the samples from a free float-
ing buoy.
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(c) In a simulated in situ incubator using sunlight
and blue glass filters (Jitts, 1963).

During drift stations, diurnal variations of photosyn-
thetic uptake of COo were studied by making measurements on
samples taken at approximately 3 hourly intervals throughout
the time on station. For this, incubation was as in (a)
above. '

4, Pigments

= Water samples were taken with a plastic sampler and
filtered within one or two hours through HA Millipore filters.
The filters were placed in envelopes and stored in metal des-
iccators over silica gel. The analyses were carried out at
Cronulla using the method given by Humphréy (1960).

5,  Phytoplankton

Sampies were collected in a 5 1 plastic sampler (Davis
1957) at 0, 25, 50, 75, 100, and 150 m. The samples were
transferred to polythene bottles and centrifuged immediately
at 5,000 g in a continuous centrifuge (Davis 1957); each
5 1 sample took 15 min. The residue in the cup was care-
fully washed into a graduated tube and diluted to 10 ml with
sea water. '

Quantitative Examination.- All counts were made with a
Petroff Hausser bacterial counting chamber. If the count
was more than five per field, four fields were counted; if
the count was less than five per field, ten fields were
counted. '

Organisms with chlorophyll were counted by using a Wild
BG 12 fluorescence filter, a Wild OG 1 exclusion filter, an
immersed condenser, and a high-power incandescent lamp. The
chloroplasts appeared bright red in the blue-violet light.

Organisms without chlorophyll were calculated as the
difference between total living orgafiisms and organisms with



10.

chlorophyll. Total living organisms were counted after
adding acridine orange to give a final concentration of 2
parts per miliion. The living organisms gave a green fluor-
escence in the blue-vioclet light produced by the filter
system described above.

Total particles were counted with ordinary illumination.

Qualitative Examination.- Twenty minute tows were made
with a modified Hardy Indicator. The plankton was washed
of f the metal grid (120 meshes/in.) with sea water, and
formalin was added to give.a final concentration of 2%,
Identifications were made at Cronulla (Tables 8 and 9,

6. Zooplankton

Zooplankton was usually collected by modified Clarke-
Bumpus samplers. Samples were taken in duplicate, twe units
being towed one immediately above the other. The hauls were
oblique, and of a standard form. ’In deep waters, the stratum
sampled was 200 m - surface, the hauls lasting approximately
+ hour; in waters shallower than 200 m the hauls were from
bottom to surface and were proportionately shorter in duration.
Depths were estimated from wire angles and are only approxi-
mate. Ship's speed during the tow varied from 2-3 knots.
Centinuous sampling was carried out during a 24-hour period
at Station 159 for the purpose of estimating sampling varia-
bility.

Some estimates were made of the sampling performance of
Juday net and high speed sampler relative to that of the
Clarke-Bumpus sampler. The small ("boreal") Juday net
(truncated from 50-37 cm mouth diameter) was towed vertically
in conjunction with the Clarke-Bumpus on three occasions.

The high speed sampler (Ahlstrom et al. 1958) was towed hori-
zontally at the surface on five occasions, alternating with
similar Clarke-Bumpus hauls.
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7 Seston

Samples were collected with 5 1 plastic samplers from
standard sampling depths to 3000 m at morning stations and
to 500 m at evening statilcns. .

Particulate Matter (Seston).- This included plankton
and was c¢ollected on paper filters (pore size about 1 w). A
vacuum filtration set was used, similaT to that mentioned by
Humphrey (1960). The volume of sea water filtered, whether
taken by plastic bucket or by a sampler, ranged from 1 to
10 1. Dry weight of particulate matter was obtained by
weighing the filters ashore before and after filtration,
keeping the humidity of the paper constant. The accuracy
of the figures is estimated to be 3 .02 mg/l.

Albumin Equivalent.- Values are an indicator of biclog=-
ically active material, i.e. plankton. Particulate matter,
ccllected on paper filters and welghed, as shown sbove, was
hydrolysed by sodium hydroxide. After adding copper sul-
phate the biuret colour was examined, using an "Elko II"
photometer. Details of the procedure are in Krey, Banse
and Hagmeier (1957). For standardization, albumin has been
analysed in the same way as particulate matter. The accur-
acy of the results 1s considered to béAi:.OO5 mg/l.

Chemical analyses were carried out to determine calcium
and ammonia in the sea water samples”from which seston and
albumin egquivalent values were determined. .

Calciume.- Complexcmetric titration was used to determine
the calcium content of sea water, folldwing Pate and Robinson
(1958). Titriplex. III (disodium-ethylenédiaminotetraace-
tate) was the titrant, calcon-carboxylic acid was used as an
indicator, and a solution of sodium hydr®dxide and potassium
cyanide to complex interfering ions. A piston burette and
a magnetic stirrer gave accurate and quick results in the
ship's laboratory. From the analysis of 25 ml samples the
accuracy obtained was + 1 mg Ca/l.
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Ammonia.- The method applied (Gillbricht 1961) depends
upon the action of ammonia on sodium hypobromite in an alka-
line medium. Excess hypobromite is estimated colorimetric-
ally by adding Bordeaux B solution, which 1s decolorized by
the hypobromite in an acid medium. The determination was
done on board with a Hilger Spekker, using Iiford 604 filters;
it has to be carried out shortly after sampling: when sea
water 1s stored the ammonia content rises quickly because of
the decomposition of organic material. The accuracy obtalned
by analysing 25 ml samples is considered to be + .5 g at.N/1.

8. Enrichment Experiments

A series of enrichment experiments, involving 14 stations,
was carried out (Tranter and Newell, 1963). The character-
istics of the samples collected até 'given in Table 2 (p.

Seven translucent polyethylene 500 ml bottles were filled to
the top from the sea water samples, which had been collected
in a plastic 5 1 water sampler. Twc of the bottles were
untreated, five were enriched by adding:

l. 200 pg nitrogen, as KNO3

2. 50 pg phosphorus, as KHoPO4

3o 50 pg iren, as FeSO4-EDTA

4, 50 pg iron, as .FeS04-EDTA + 200 pg nitrogen as KNO3

Sa 5C pg iron, as FeSO04-EDTA + 30 pg phosphorus as
KHoPO4

The first untreated sample (Initial) was immediately
divided into a 275 ml porticn for measurement of COp uptake,
and a 250 ml portion for phytoplankton counting. The other
six samples were stoppered and incubated for 20 hours (at
two stations the period was three days) in an illuminated
bath (C.5+.I.R.0. Aust. 1960} cocled by sea water from the
ship's circulating system. The temperature of this water
varied between 20° and 25°, After the "pre-incubation"
period, the six samples were removed from the bath and divid-
ed intoc two parts for measurement of CO5 uptake and cell
counts, as for Initial sample.
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Cn Traverse II no samples were collected from 50 m.
Instead, a duplicate 5 1 sample was collected from 25 m.
This was dispensed into seven 500 ml polyethylene bottles
which were treated as described above, except that after the
pre-incubation period a 275 ml portion was used for measure-
ment of COp uptake in the dark.

Values obtained for COp uptake in the light and in the
dark, and phytoplankton counts (cells/1) are given in Tables
3, 4,and 5. At two stations (161 and 165) experiments were
carried out to test the effect of varying the iron enrich-
ment (Table 6).
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IV. DATA SHEETS

Data were listed on an I.B.M., 140l1. Explanation of
headings are given at the beginning of the relevant section.
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PART 1
PHYSICS

TRANSPARENCY METER READINGS
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DATA
. PART 4
ENRICHMENT EXPERIMENTS

TABLES 2-6



T4
TABLE 2
CHARACTERISTICS OF EXPERIMENTAL SAMPLES

Traverse | Station Depth NO3-N PO4-P Total Iron
Dm 3/61 (m) (po/1) | (pa/1) | (po/1)
141 25 1845 - 19,0
142 25 13.5 5s0 19,0
I 143 25 14,0 540 27,0
144 25 19,0 500 5240
145 25 18,0 406 49.5
147 25 860 5.5 49,5
141 40 11.0 7.1 35,0
142 50 2140 5a5 2005
1 143 50 8.0 442 2405
144 50 20.0 4,2 27,0
145 50 1060 602 3365
147 50 11,0 7od 31.0
153 25 10,0 6.0 37.5
154 25 13.0 To4 39,0
155 25 11.0 55 21,5
II 156 25 14,0 6.9 18,0
158 25 15.0 8.8 30,0
159a 25 93,0 255 8leD
15%b 25 92,0 2505 23,0
15%¢ 25 9240 2505 23.0
183 25 2204 3.1 =
183% 25 - - -
185 25 9.8 2.8 -
185% 25 - - -

¥ Pre-incubation period 3 days

= Indicates that no analysis was carried
out
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TABLE 6

EFFECT OF VARYING IRCON ENRICHMENT

(a) Station Dm 3/61/161 Depth 25 m Background
Iron Concentration: 51 pg/l
Amount of
Fe added [|Phytoplankton (cells/litre) |CO, Uptake (mgC/m3/nr)
pa/1
O 96 0s25
0.8 108 Q.22
1.6 180 0.23
3.l 96 0.23
6. 180 0.30
12.5 228 0.26
25,0 108 0.23
50.0 156 0,29
10C,0 360 Cs74
200,0 276 079
400.0 162 0.82




TABLE 6 Cont'dece _ 83.

(b) Station Dm 3/61/165 Depth 25 m Background
Iron Concentration: 23 pg/1

Amount of Phytoplankton (cells/litre) CO, Uptake (mgC/m3/hr)
Fe added

g/l A B Average A B Average
0 156 156 156 0.20 0,29 0.24
40 504 120 312 0.23 0.20 0.21
57 168 156 162 6.30 0.26 0.28
64 288 108 198 0.28 .0.26 0.27
80 108 108 108 Ca28 0,20 Qu24
100 162 456 324 0,50 0,35 0.42

225 252 156 204 0.57 0,40 0.48
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. EXPLANATION OF HEADINGS

Part 5 Hydrology - Deep Statlons
STATION Gives the station ldentification, for example,
Dm 3/141/61 signifies the 14lst station worked
from Diamanting in 1961, on her third cruise
for that year
DATE Given as day/month/year
TIME Given in Zone Time, and is the time at the
beginning of the first cast. The code letter
used for the time zone {Table 7) follows the
time.
TABLE 7
CODE FOR TIME ZONES
Longitude Time
Exceeding Up to but not Zone
exceeding {hrs) Code
07°30'E. 22°30'E., -1 A
22°30'E. 37°30'E. -2 B
37°30E. 52°30'E. ~3 C
52°30°E. 67°30'E. -4 D
67°30'E. 82°30'E, -5 E
82°30'E; 97°30'E, -6 F
97°30'E, 112°30'E, =7 G
112°30'Es 127°30'E. -8 H
127°30'E., 142°30'E. -9 I
142°30'E, 157°30'E. ~10 K
157°30'E. 172°30'E. -11 L
172°30'E, 180° -12 M
180° 172°30"W. +12 Y
172°30'W,. 157°30"W. +11 X
157°30'W, 142°30'W. +10 W
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Longitude Time
Exceeding Up te but not Zone
exceeding {hrs) Code
142°30"W. - 127°30'W. +9 v
127°30'W. -~ 112°30'W. +8 §]
112°30'W, - 97°30'W. +7 T
97030 'w. - 82030 'We +6 S
82°30'"W. - 67°30'W. +5 R
67°30"W. - 52930'W. +4 Q
52°30'W. ~ 37°30'W. +3 P
37°30"W. - 22°30'W. +2 0
22°30"W, - 07°30'W. +1 N
07°30'W. - 07°30'E. 0 VA
LATITUDE LONGITUDE Given in degrees and minutes
SONIC Given in metres, measured at standard
DEPTH sound velocity of 800 fm (1463 m) per
second
AIR TEMP. Air temperatures recorded from wet and
WET  DRY dry bulb thermometers in °C
WIND Wind direction and speed are coded using
DIR. SP. Tables 8 and 9 in U.S. Hydrogr. Office
(1995)
ANEM. The average height of the anemometer
HEIGHT above sea level, given in metres
CLOUD Cloud type and .amount are coded using
TYPE AMI. Table 2 and 3 in U.S. Hydrogr. Office
(1955)
VIS. Visibility is coded using Table 4 in U.S.
Hydrogr. Office (1959%)
‘SEA Sea direction and amount are coded using
DIR. AMT. Tables 5 and 8 in U.S. Hydrogr. Office

(1955)
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SWELL

DIR. AMT.
ATMOS .

PRESSURE

WIRE ANGLES
CAST1 CAST2

CAST

DEPTH
TEMPERATURE
SALINITY
OXYGEN
INCRG. P,

TOTAL P and
NITRATE

Sea swell direction and amount are coded
using Tables 6 and 8 in U.S. Hydrogr,

Of fice (1955)

Atmospheric pressure given in millibars

Wire angles are measured at the surface

and expressed in degrees for each cast.,

An asterisk indicates that the wire angle
was not measured

The cast number corresponding to the
wire angle is shown

Actual sampling depth, given in metres
Sea temperatures recorded in °C
Given in parts per thousand

Given in ml/1
Given in pg at./l

Indicates no data available
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Part 6

STATION

DATE
TIME

LATITUDE LONGITUDE

INCUBAT ICN
METHOD

l4c sTOCK
ACTIVITY

BACKGROUND

DEPTH
LIGHT

MEAN

DARK

DARK USED

NETT

INC. PER.
PRCDUCTION A

PRODUCTION B

5

The symbol "K' placed after a value indicates that it is considered doubtful.

EXPLANATION GF HEADINGS

Primary Production

Glves the station identification, for example,
Dm 3/149/61 signifies the 149th statlon worked
from Diamantina in 1961, on her 3rd cruise for
that year,

Given as day/month/year.
Given in Zone Time (Table 7, pB6).
Given in degrees and minutes,

ARTIFICIAL CONSTANT LIGHT O means incubation
under constant fluorescent light.

IN SITU 5 means incubatlon from noon to sunset
by suspension from a buoy.

Stock number used.

Activity of 14C stock used, recorded in counts
per minute.

Background count recorded in counts per minute,
Depth of sampling in metres.

The counts per minute of the filters from the
clear bottles. Where two values are given at
the one depth they are from duplicate samples.

The mean of twoe Light Counts. If the difference
between this mean and the light counts is more
than 508 of the mean, it is considered aberrant,
and the symbol "N" placed after 1t. However, it
1s used for calculations of production.

The counts per minute of the filter from the dark
bottle. If the Dark Count 1s more than 50 cpm
and also more than 108 of the mean light count, it
is considered aberrant, 1s not used, and the symbol
*"B" is placed after it.

This is usually the same as the Dark Count. If the
Dark Count is aberrant the mean of the dark counts
whlch are not aberrant at that station 1s used, and
the symbol “E* 1s placed after it.

The difference between MEAN and DARK USED. Where
only one LIGHT GOUNT is present this 1s used in
place of MEAN, If NETT 1s negative, the symbol
"G" is placed after it and for further calculations
the value is assumed to be zeroc.

Incubation period.

The calculated rate of production per cublc metre
at the given depth. For samples incubated in situ
from noon to sunset the production has been multi-
plied by the factor 2 to glve the productlon per day.

The integrated production under one square metre
from the surface to the given depth. For samples
incubated under artificial constant light the
production per hour has been muitiplied by the
factor 10 to give the production per day.

Indicates no data.
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Part 7

STATION

DATE
TIME

LATITUDE
LONGITUDE

DEPTH

CHLORCPHYLL
A B C

ASTACIN
NON-ASTACIN

k2 &

EXPLANATICN OF HEADINGS

Pigments

Gives the statlion identification, for example,
Dm 3/149/61 signifies the 149th station worked
from Diamantina in 1961, on her third cruise
for that year

Given as day/month/year

Given in Zone Time (Table 7, p86)

Given in degrees and minutes

Actual sampling depth, given in metres

A and B given in mg/m®
C given in MSPU/m3

Given in MSPU/m3

Indicates no data avallable
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Part B

STATION

DATE
TIME

LATITUDE
LONGITUDE

DEPTH

WITH & WITHQUT
CHLCROPHYLL

and
TOTAL PARTICLES

00.00
¥

EXPLANATION OF HEADINGS

Phytoplankton

Gives the station identification, for
example, Dm 3/157/61 signifies the 157th
station worked from Dlamantina in 1961,
on her third cruise for that year

Given as day/month/year
Given in Zone Time (Table 7, p86)

Given In degrees and minutes

Given in metres

The counts of organisms with and without
chlorophyll, and total particles are
expressed as log numbers per litre

Indicates that the counts were zero

Indicates no data available



3 €8 nLi
3anN119NCT

205,

3 85 fil

JANLI9NGT

L2°90
88*90
14°90
1690
11°90
®L*90
59°90

$37711ldvd vliol

S Bl ¢! . H 009t
ICNLILIV
8E*90 L1*90
89790 0L*nG
tZ2*99 1$*S0
SZ°90 88*S0
B&6*S0 £9°60
hE®90 L ale1y]

S31011Yvd AVL1O0L

5 i

IONLITLVT

00*00
hh =G0
86*60
i8*50
56°60
0l*hd
gL *60

£l H 00BO

TIAHAOYOTHD LNOHLTM

INIL

TTAHJOHO0IHY LNOHLIM

INIL

00*00
0L°h0
0g°S0
88*n0
"5 S0
00°00
00°00

TTAHdOHOTHD HILIIM

tesi /8¢

3iva

00*00
0L*h0
00*S0
oL*s0
g1°50
01 °S0

TIAHAOHOIHD HLIM

Le/2 /82

3lva

H1d43d

19/7851/¢ Wa

NCTLVLS

Hid3d

19/261/% Wd

NOT1vlS



85790
hRt9d
05*90
hi*92
oL*90
£0°90
69790

S3ATMJIiv¥vd IvLOL

3 BO =zt S 6¢

JONLTINGT IONIT1vY

206,

A ld]
In*90
61 °90
GZ*?0
11*90
"G990
1Z°90

$37311dvd viOl

3 80 €11 S 62

3ANLIoNOT 3aNITivY

00°00
88 °h{
LA
SR*SO
98*S0
L)

Lt °%0

TIAHSOHOIHT LNOHL M

H 00%l

IATL

on*hQ
he S0
0L*h0
0L*90
0L*H0
09*%0
86°S0

TIAHATEOIHD INOHLIM

H QOhl

EL D

00*0C
gh* RO
gh*nO
00*so
cL*S0
Bh*G0
0h°SG

TIAHAOHOIHI HITHM

L%/7L /0%

Iiva

00*00
0L°h0
00*°00
81°*G0
otr*no
B8R " h{
UFARTY

TIAHAOBOIHD HIIM

L9sL /0%

3ive

H1d43Q

9765175 WO

NOTLVIS

0c¢g
0s1
001
S!
cs
5e
0

Hid3d

19/6G1/¢ WO

NOTivLS



207,

3 in 8Ll
FANL19INOT
3 91 Sl

34Nl 19N0T

92*90
15°90
80°*90
L1 *99
BE 90
19°*90
Eh*92

S3I12T1Yvd IVL0L
S 6 Ot

3ani11ivn

26°90
6L"%90
54%90
hE*QD
82*90
in*90
9n°90

S3TIILlYvd Tviol

S BG40

AdnLiiv

0L*n0
SF 50
00°00
09°50
00°90
¢1°s0
02°50

TIAH4T10TIHD INOHLIM

H 008O

EFDR

0o*o0
c0*00
£E9°*S0
91°S0
6% *90
6L 90
£€9°60

TTAH40HO THD INOHLIIM

H 008G

INTL

100G
00°0U
00*°00
00°*S0
8860
£8*SC
0£*G0

TTAHIOHOTIHD HIIHM

L9748 /1

3iva

00°00
Q000
he* S0
0950
hl %0
hl*50
Rt %0

TIAHACHOTHD HETM

L97s /1ig

Jivy

(1053
Csl
oot
54
oS
S¢
0

H1ld30

00f%
061
acl
7
0%
Sé
0

H1d3Jd

19/291/% WO

NOT11wlS

19709172 WA

NGT1V1S



208,

8 60 2!
30NLI9NOT

3 22 22l
3001 T9N07

£l°90
98°90
LL*9D

S3712114vd IVIOL

S ¢ R

3anlrivy

58°90
61°90
9t°90
eL*90
S0°90
50°90
62°90

$31011dvd Tvi0l

S on 11

Jantlivi

15°60
09°90
en*go

TIAHDOQEWO0THD LNOHLITIM

H 0080
Il

00°00
0% *n0
S£°S0
£5°90
1S°50
nh*SO
01°%0

TIAHdOEOIHD LNOHLIM

H QQH0

Inll

¢0°00
£6°50
on*nQ

TTAHAOYOTHI HLIM

Le/8 /¢
31va

00°00
ch*no
0L*°n0
0g£*s0
02°n0
0L*%n0 T
00°00

TVAHIOUOTIHD) HLIM

Lesq /2

I1vh

0s
T4

H1430

t9/991L /% WO

NOITLVLS

o0of
0si
ool
SL
0S5
5¢

Hld30

L3/h01 /¢ Wl

NOTIVLS



209,

E5*90

LY
1g*en
lg*20

S3T21iyvd IviOlL

3 60 D21 S 22 2|
JGNLTONOT IdN1T1v7
?5°20
29°90
52920
SAT12T11¥Yd Wi0L
3 g2 Lét S Zn ¢l

30N TINOT

IANLTIVY

ES 90
LZ2*90
89790
ch*oU

TIAHAOHOIHI LINOHL IM

I 0091

JWTL

SL*9G
10°90
KR =90

TTAHAOHOTHD INOHLITM

H 0080

ELR D!

®G S0
8B " h0
0G50
59*'%0

TTAHAOE0IHD HLEIM

19/8 /n

Jiva

0L° R0
Oh*nO
02°n0

TVAHA080 IHD) HITHM

Le/8 /n

31v1

G
T4
0%
0

Hld3q

ly/691 /¢ WA

NOTEVLS

0%
T4
0

H1430

19/801/¢ W

NOTIvLS



210, .

9¢°90
TH*90
25490
2590

$3721tdve vLiOl

ERL ) S A S 1zl

J0NLETANDT 3aNL1LY]

on*no
01*s0
SE*90
€46°60

TTIAHS0H0IHI LNOHLTIH

I 00806

IWT L

00* 00
00°00
00°S0
CL*ho

TIAHAOU0IHY HLIIM

L9/ /4

Jivn

09
0s
Sé
0

Hld3Q

L?/0LL/F WO

NOTLVLS



TABLE 8

OCCURRENCE QF DINOFLAGELLATES

Numbers refer to stations at which organism was

Amphisolenia bidentata 158, 160, 164, 169

Ceratium azoricum 164,

Cs
Ca

buceros 157, 162, 168, 169,

candelabrum 157, 164,

Cso

contortum 157.

Ce

declinatum 158,

dens 159, 168.

Ce
Ca

guarcuatum 164, 169

Ce

extensum 157.

Ce
Ce

fusus 164, 1638, 169,

Co gibberum 162, 168, 16%

Ca

hexacanthum 160,

Ce

horridum 1584

Ca
Ce

inflexum 168, 169,

massiliense 168«

Co

paradoxides 1958,

Ce

pentagonum 157, 164, 168.

Ca

pulchellum 157, 159, 162, 169,

schmidti 169%.

Ce
Ca

symmetricum 157, 160, 162.

Ce

trichoceros 157, 160, 162, 164, 169,

Ca tripos 157, 159, 162, 164,

Ce

vultur 158, 162,

Ceratocorys horrida 162,

Dinophyvsis recurva 164,

D,

schuetii 157

Dinothrix caudata 157.

Goniaulax glyptorhynchus 164,

kofoldl 162, 164,

Ga
Ge

polygramma 157.

Ge

spinifera 159

211,

found




212,

Goniodoma polyvedricum 157,

Histioneis mitchellana 157.

Melanodinium nigricans 169,

Ornithocercus magnificus 157, 159, 164, 169, 170,
Q¢ thurni 157, 164,

Oxvtoxum compressum 162,
Cs curvatum 157,
Os_longiceps 158,
O. scolopax 157, 158, 159, 164,

Peridinium conicum 169,
P. crassipes 160
Po curtipes 157, 158, 159, 160, 162, 164, 169,
P._glegans 157, 162, 169,
Ps globulus 159, 168,
P. grande 169,
P, humiie 159,
Ps longipes 162,
Pe obliquum 159,
P, oceanicum 160,
Pe pendulum 162,
P._pentagonum 162,
Po tenuissimum 157, 159, 162,
P, _tuba 158,

Phslacroma cuneus 158, 164,
P, doryphorum 164, 168,
Po_porodictyum 157.

Ps rapa 162,

Podolampas bipes 159, 164, 168, 169,
P. palmipes 158, 159, 162, 170.

P._spinifer 157, 164, 170,
pn elegans 157’ 159, 160’ 164c

Prorocentrum schilleri 168,

Pyrocystls robusta 169,




Pyrohistoneis rotundata 157.

Pyrophacus horologicum 159, 170,

TABLE ©

CCCURRENCE QF DIATOMS

213,

Numbers -refer to stations at which organismf was found

Actinodiscus arachne 162,
As maculatus 162,

|
Amphipora gigantea 168,
Amphora hendeyi 157,

Asteromphalus affinis 158, 159, 160, 162, 164, 166.
Ao heptaCtis 157, 1629 169,
A. hockeri 157,

Bacteriastrum comosum 158, 164, 166, 170,
Bo varians 160, 162,

Bellerochea malleus 162,

Biddulphia cylindrata 166, L

Bn mobiliensis 159, 160, 162, 166’ 168’ 1690

Campylodiscus echeneis 160,

Chaetoceros affine 158,
Co_atlanticum 157, 159, 160, 162, 164, 166,
Co brevis 159, -
Ce_coarcatum 162, 166, .
Co_criophilum 158, 164
Co_dadayl 158, 16C, 162, 168, 169,
Co_debile 158, 160, 162, 168, 169,
Co_eibenii 158, 159, 160, 162, 166,
Co laeve 159, 166,
Co lorenzianum 15%.
Co_messanense- 158, 159, 160, 162, 164,




214,

Co peruvianum 160.
C. vanheurckii 158, 159, 164, 166, 169,

Climacodium frauenfeldiapum 157, 158, 159, 160, 168,

Corethron criophilum 166,

Coscinodiscus asteromphalus 166,
Ce concinnus 166,
Ce curvatulus 166, 168,
Co._debilis 166,
C. excentricus 158,
C. janischii 160, 162, 166,
Cs lineatus 157.
C. marginatus 159, 160, 169,

169, 170,

C. oculus iridis 157, 158, 159, 164, 166, 168, 169,

Co perforatus 162, 164,
Ca sublineatus 162.

Cyclotella striata 166,

Dactyliosolen mediterraneus 169,

Ditylum brightwelli 159, 166, 169

Eucampla zoodiacus 160, 166,

Fragllaria oceanica 162,
Guinardia flaccida 170,

Hemiaulus hauckii 162, 166, 168, 169,
He sinensis 166, 169,

Hemidiscus cuneiformis 157, 158, 170,
He. hardmanianus 162.

Hyalodiscus stelliger 162,

Leptocylindrus danicus 157, 159, 160, 164, 169,

Mastogloia guinguecostata 157.

Melosira nummuloides 160,




A

215,

Navicula crucigera 158,
N. cuspldata 157. _
N, elegans 158, 159, 160, 162, 164, 166, 168, 169
N. sectilis 158, 164, 166.
N. weissoflogii 170.

Nitzchia closterium 170.
No seriata 159, 166.

Planktoniella sol 157, 158, 159, 160, 162, 164, 166, 169,

Pleurosigma anqulatum 162.

P. capense 157.
P. tenuisgimum 166, 168.

Pseudoeunotia doliolus 157, 158, 160, 162,

Rhizosolenla alata 157, 158, 159, 160, 162, 164, 166, 168,
169,
R. robusta 159, 162, 166.
R, stolterforthii 158, 159, 160, 162, 166, 169.
R. styliformis 158, 162, 166.

Skeletonema costatum 159, 169.

Stephanopyxis palmerana 159, 162, 166, 169, 170.

Streptotheca thamesis 169,

Synedra hennedyana 158.

Thalasslozira decipiens 158.
T. gravida 159,

Thalasslothrix fraunfeldii 158, 159, 160, 162,
T. nitzschioides 157, 159, 160, 162, 164, 166, 168.

170.



OCEANOGRAPHICAL CRUISE REPORTS

1. Oceanographical observations m the Indian Ocean in 1959. H.M.A.S. Digmanting Cruises
Dm1/5% and Dm2/5%.

2. Qceanographical cbservations in the Indian Ocean in 1960. H.M.A.8. Diamantina Cruise
Dm1/60.

3. QOceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diagmantine Cruise
Dm2/{60.

4. Oceanographical observations in the Indian Ocean in 1960. H.M.A.8. Diamantina Cruise
Dm3/60.

5. Oceanographical observetions in the Pacific Ocean in 1960. HL.M.A.S. Gascoyne Cruise G1{60
and G2/60.

6. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.S. Gascoyne Cruise G3/60.

7. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Digmantine Cruise
Dml/61.

8. Qceanographical observations in the Pacific Ocean in 1961. H.M.A.8. Gascoyne Cruise G1/61.

9, Oceanographical observations in the Indian Ocean in 1961. H.M.A.B. Digmantine Cruise
Dm2j8l.

11, QOceanographical cbservations in the Indian Qcean in 1961. H.M.A.S. Diamantina Cruise
Dm3/61.



