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OCEANQCRAPHICAL CRUISE REPORT
No. 7
Oceanographical Observations in the Indian Ocean in 1961
H.M.A.S. Diamantina
Cruise Dm 1/61

February 14 - March 10, 1961

I. INTRODUCTICN

Data are recorded in this volume for the first cruise in
1961 of H.M.A.S. Diamantina, Royal Australian Navy frigate, in
the Indian Ocean.

Objectives

During this cruise it was planned to locate and chart the
Diamantina Deep, to examine the composition of water masses,
to extend the network of oceanographical stations worked during
Cruise Dm 1/60, to work lines of stations south of Australia
in a plan involving intensive sampling by H.M.A.S. Gascoyne
in an adjacent area to the east.

Itinerarx

The cruise commenced at Fremantle on February l4, occupied
SCOR-UNESCO Reference Station 1, and then a series of eight
stations on a south-west line to the region in which the
Diamantina Deep had been recorded on Cruise Dm 3/60. Bad
weather hampered operations and the ship returned to Fremantle
on February 2l. The second part of the cruise commenced on
February 26 to work south and then east into the Great
Australian Bight (Figure 1).



Scientific Persocnnel

D.J. Rochford (14/2/61 - 21/2/61) Cruise Leader
D.J. Tranter (26/2/61 - 10/3/61} Cruise Leader
K. Abbott-Smith (14/2/61 - 21/2/61)

F. Davies

N. Dyson

T. Middleton

W. Prothero  (26/2/61 - 10/3/61).

The analyses of hydrological samples were done in the
ship's laboratory by Messrs Abbott-Smith, Davies, and Protherc.
The primary production samples were taken and incubated aboard
by Mr Dyscn, and the counts were made at Cronulla by Mr Scott.
The samples for pigment determination were taken aboard by
Mr Dyson, and the analyses were done at Cronulla by Mr Wootton.
Counts of phytoplankton were made aboard by Mr Middleton, and
the identifications were made at Cronulla by Mr E.J.F. Wood.
The zooplankton samples were weighed at Cronulla by Mr D.J.
Tranter. s

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 publication by
Mr Breach and Mrs Waiters.

II. WORK ACCOMPLISHED

Bathythermograph casts were made at 43 stations. Zoo-
plankton, primary precduction, and pigment samples were taken
at 16 stations, phytoplankton at 19. - Surface hydrology
samples were -taken at 46 stations, and at 16 of these surface
stations, deep hydrology casts were also made. The Scripps
high speed sampler for zooplankton was used 39 times (Table 1).
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TABLE 1

WCRK DONE AT EACH STATION

Hydrology Primary

Station BT Pig- Phyto- Zoo-
Number Surface Deep Production ments plankton plankton
1 2 3 1 2
1 + + + o+ o+ +
2 + + +
3 + +
4 + +
5 + + +
6 + +
7 + +
8 + + + + + +
9 + + + + + + + +
12 + + + + + + + +
11 ++
12 + + + +
13 + + + + + o+ +
14 + + +
15 + + + + + + + + ++
16 + + ++
17 + + + + + + o+ + +
18 + + +
19 + + + + + + 4+ + ++
20 + + +
21 + + -+
22 + + +
23 + + + + + + o+ +
24 + + ++
5 + + +
26 + + +
BT Bathythermograms
Phytoplankton 1 Quantitative
2 Qualitative
3 Hardy Indicator
Zooplankton 1 Clarke-Bumpus sampler
2 Scripps high speed sampler

(++ indicate two hauls)



Station BT Hydreology Primary Pig- Phyto- Zoo-
Number Surface Deep Production ments plankton plankton
1 2 3 1 2
27 + + + + + + + +
28 + + +
29 + + ++
30 + +
31 + + + + + + 4 +
32 + + + + + + o+ +
33 + + ++
34 - + +
35 . +
36 + +
37 + + +
38 + + + + + + + + +
39 + + +
40 + +
4] + + + + + + 4+ + ++
42 + +
43 + +
44 + + + + + + +
45 + + +
46 + + +
47 + + + + + + 4+ +
48 + + + + + + + +




III, METHODS OF COLLECTION 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°C and unprotected thermometers with a range
of -2° to 30°C, or -4® to 60°C. The readings are recorded in
degrees Celsius.

Bathythermograph.- A 900 ft bathythermograph was used at
the stations indicated in Table 1. Photographs of each slide
are filed at Cronulla, '

Thermometric Depth.- Depth calculations were made by the
method described by Pollak (1950), and are considered accurat
té + 15 m below 1000 m and to 1% above that depth. '

Oe- Sigma-t values were calculated by computer, using
the Table of ot given by the United States Hydrographic Office
(1951).

Dynamic Heights.- Dynamic heights were calculated from
interpolated values of temperature and salinity using Tables 6,
7, and 9 given by La Fond (191).

2. Chemistry

Salinity.- Salinity was measured on board with an Induc-
tive salinometer (Brown and Hamon 1961).

Dissolved Oxygen.- The standard Winkler method {Jacobsen,
Robinson and Thompson 190} was used with potassium iodate as
the iodometric standard. Samples were collected in 275-30C ml
capacity bottles and 100 ml duplicate aliquots were titrated
to a starch end point. Values are given as ml/l. Duplicate
titrations agreed to better than 0.03 ml/1 of oxygen.

Oxygen Saturation.- Oxygen percentage saturation values
were calculated by computer using the equations of Richards
and Corwin {1956). '
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Inorganic Phosphate.~ The method of Atkins (1923) was
used with 1 ml molybdate reagent (300 ml 10% ammonium molybdate
and 100 ml 50% sulphuric acid) and 0.1 ml 1% stannous chloride
diluted afresh from a 40% stock solution in hydrochloric acid,
which was kept under paraffin. The reagents were automatic-
ally dispensed by a piston dispenser. Standard phosphate
solutions were made up in distilled water. Analyses were
carried out in batches of 10 at air temperatures less than 25°C;
readings were begun within 10 minutes after the reagents were
added, and completed within a further 10 minutes. At air
temperatures greater than 25°C batches of 6 were analysed within
5 minutes after reagents were added and completed within a
further 7 minutes. Each batch was compared with a distilled
water blank and a 0.65 pg at./l 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 3.2%
pg at./l. Results are given as pg at.P/1 without any correct-
ion for salt error and are precise to + 10% for values less
than 0.5 pg at./l and + 5% for higher values., If it is wished
to correct for salt effects, the results given should be multi-
plied by 1.15.

Total Phosphoruse.= 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°C carried
out immediately on a sand tray. After evaporation of water,
heating was continued until fuming of the salt residue commenced.
The samples were then allowed to cool, 100 ml of distilled water
and 2 drops of 2% phenophthalein were added. If alkaline,
perchloric acid was added until a slight acidity persisted,

The flasks were allowed to stand for about 24 hours to allow
the salts to dissclve. Phosphate was then determined as
described above for inorganic phosphate. Results are given as
ug at./1, without salt correction. If it is wished to correct
for salt effects, the results given should be multiplied by
1,15,

Nitrate.- Samples were taken, stored at sea in plastic
bottles, and preserved with 2 drops of saturated HgCloe Nitrate
was determined at Cronulla by the strychnidine method (Rochford
1947). The reagent was prepared by the addition of 0.64g
strychnidine to a litre of nitrate-free sulphuric acide 5 ml
of this reagent were added, with minimum agitation, to 5 m! sea-
water or standard nitrate solution. The standards were made up
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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 spectro-
photometer at a wavelength of 530 mp using a2 5 mm cell,
Samples with an absorbence greater than that of the standard
corresponding to 14.4 pg at./1 were diluted with artificiail
sea-water - sulphuric acid mixture before reading, Results
are given in pg at./l.

3. Primary Production

Measurements of photosynthetic uptake of COo were made
by the 14C method described by Jitts (1957) with the exceptions
that radicactivity was measured on board with a windowless

Gelger counter and the determination of 14C stock actlvities
was made by the method of Jitts and Scott (1961).

Incubation was done in a fluorescent light incubator with
a constant illumination of about 1100 ft candles,

4, Pigments

Water samples were taken with a plastic sampler and
flltered within one or twe hours through HA Millipore filters.
The filters were placed in envelopes and stored in metal
desiccators over silica gel. The analyses were carrled out at
Cronulla using the method given by Humphrey (1960).

5. Phyteplankton

Samples were collected in a 5 1 plastic sampler (Davis
1957) at 0, 25, 50, 75, 100, and 150 me The samples were
transferred to polythene bottles and centrlfuged immediately
at 5,000g in a continuous centrifuge (Davis 197); each 5 1
sample took 15 min, The residue in the cup was carefully
washed into a graduated tube and diluted to 10 ml with sea-
water. i

Quantitative Examination.- All counts were made with a
Petroff Hausser bacterial counting chambez, If the count was
more than five per field, four fields were counted; 1if the
count was less than five per field, ten filelds were counted.
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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 organisms and organisms with
chlorophyll, Total living organisms were counted after adding
acridine orange to give a final concentration of 2 parts per
million, The living organisms gave a green fluorescence in the
blue-violet 1ight 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 off
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 3 and 4).

6. Zooplankton
Zooplankton was collected with a modified Clarke-Bumpus
unit. A new and more robust flowmeter was fltted which was
designed and constructed at the Cronulla laboratory, and was
calibrated in the flume tank designed for this purpose. The
net was of nylon No. 4 mesh (62 meshes per inch).

Oblique hauls were made from 200 m to the surface and
400 to 200 me Horizontal hauls were made at various depths,.
Depths were measured from wire angle and are only approximate.
The speed of tow was 2 - 4 knots and the wire was recovered at
about 10 m per min, The pericd of tow averaged half an hour
and the volume filtered averaged 18 m3.

High speed hauls were made with the Scripps high speed
sampler (Ahlstrom et al 1958) in which the flowmeter had been
omitteds The samples were taken at the surface when the ship
was underway at about 12 knots. Approximate values for water
filtered were obtained by multiplyling the mouth area of the
sampler by the distance towed. The converslon factor used
was 0,897 m3 per nautical mile.
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The station numbers to which the underway samples are
referred are those for adjacent hydrological stations (Table 1).
The actual positions of stations are indicated in Figure 1.
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IVe DATA SHEETS AND TABLES

The data sheets for this cruise are arranged in six parts.
Part 1 contains the data for hydrology deep stations, Part 2
gives the temperature and salinity data from surface sampling,
Part 3 gives primary production data, Part 4 gives pigment data,
Part 5 gives phytoplankton, and Part & gives quantitative zoo-
plankton data.

Explanations of the headings used in the data sheets are
given on the first page of each part.

Short vertical lines below certain headings indicate the
positions of decimal points,.



DATA

PART 1

HYDROLOGY

DEEP STATICNS
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EXPLANATION OF HEADINGS

Part 1 Hydrology - Deep Stations
SHIP The figures 11 are used to designate
Diamantina.
CRUISE Cruise numbers are allotted each year,
beginning with 1 for the first cruise.
STATION Stations are numbered consecutively for
each ship for each year.
DATE Given as year, month, day.
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 2)
follows the time.
TABLE 2
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°30'E. - 52°30'E, -3 C
52°30'E. - 67°30'E. -4 b
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'E. - 127°30C'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 to but not Zone
exceeding {hrs) Code

142%30'W. -  127°30'W. +9 Vv
127°30'W. - 112°30'W. 18 U
112°30'W. - 97°30'W. +7 T
97°30'W. - 82°30C'W. +6 S
82°30'W. - 67°30'W. 15 R
67°30"W, - 52°30'W. +4 Q
52°30'W, - 37°30'W. +3 P
37°30'W. - 22°30'W, +2 0
22°30'W, - 07°3C'W. +1 N
07°30'W. - 07°30'B. 0 Z

LATITUDE LONGITUDE The position of each station is given in
degrees and minutes.

SONIC DEPTH Given in metres, measured at _standard

sound velocity of 800 fm (1463 m) per

second,
MAX. SAMP. Maximum sampling depth is given to the
DEPTH nearest 100 m, and is in 100 m units,
AIR TEMP. Air temperatures are recorded from wet and
WET DRY dry bulb thermometers in ®C and tenths.
WIND Wind directicn andISpeed are coded using
DIR. SPEED Tabkles 8 and 9 in U.S, Hydrogr., Office
(1995).
ANEM, The average height of the anemometer above
HE IGHT sea level is given in metres.
CLOUD Cloud type and amount are coded using
TYPE AMT. Tables 2 and 3 in U.S. Hydrogr. Cffice
(19%5).
VIS, Visibility is coded using Table 4 in U.S.
Hydrogr. Office (195%5).
SEA Sea directien and amount are coded using
DiR. AMT. Tables 5 and 8 in U.S. Hydrogr., Office

(19%5).
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SWELL Sea swell direction and amount are coded
DIR. AMT. using Tables 6 and 8 in U.S. Hydrogr.
Office (1955).
ATMCS. Atmospheric pressure is coded. The reading
PRESSURE in millibars has the figure for 900 or 1000

omitted, so that 999.4 millibars is recorded
as 994 and 1013.4 as 134,

WIRE ANGLES Wire angles are measured at the surface and
CAST 1 CAST 2 expressed in degrees for each cast.
No more than two wire angles are recorded;
if there is a third cast, the shallow cast
angle is neglected.

CAST The cast numbers (corresponding to the wire
angles) are shown.

DEPTH Actual sampling depth given in metres, a
- blank at the top of thlis column indicates
0 m.
TEMP . Sea temperatures are recorded in °C to

two decimal places.

S%w Salinities are recorded in parts per
thousand to three decimal places.

ot Slgma-t to three decimal places.
09 Oxygen is given in ml/1 to two decimal
places.
09 ' Oxygen percentage saturation.
% SAT.
INORG. Inorganic phosphate values are given in
P pg at./1 to two decimal places.
TOTAL Values given as pg at./l to two decimal
P places.
NITRATE Values given as pg at./l to cne decimal
place.

A blank indicates that no sample was available,
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PART 2

HYDROLOGY

SURFACE SAMPLING
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EXPLANATION OF HEADINGS

Part 2 Hydrology - Surface Sampling

STATION

DATE

TIME

LATITUDE LONGITUDE

TEMP.

Sho

Stations are numbered consecutively
for each ship for each year.

Is shown as year, month, day.
Given in Zeone Time, The code letter
used for the time zone (Table 2) follows

the time,

The position of each station is given in
degrees and minutes,

Sea temperatures are recorded in °C and
are accurate to one decimal place.

Salinities are recorded in parts per
thousand to one decimal place,
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YEAR TIME | LATITUDE | LONGITUDE S %o
I
1 &1 2 1 4 1200H 3207 S 115185E 578
2 61 2 14 1900H 32338 11334E 3561
3 61 2 14 2400C 132598 11220€ 3587
4 61 2 15 600C 3328S t1080E 35809
5 61 2 185 1200C 33593 10917CE 35809
6 61 2 15 18006 34238 107851F 3538
7 61 2 15 240006 34298 106845 E 32599
e 61 2 19 1300G 35008 106510E 1 3571
9 61 2 20 030G 31558 10700E 2 3800
61 2 21 1000C 31568 11148E 2 3578
51 2 26 1200H 3702s 11424E 1 35 30
61 2 26 1 600H 7548 11427E 1 3576
61 2 27 1H 38368 11432E 1 3566
61 z 27 600H 40038 11450E 1 354 2
61 2 27 400H 40518 11441E 1 1507
61 2 27 00O+ 42015 11430E 1 1495
S 1 2 28 6 0O0H 4H4 3225 11430€E 1 346586
61 2 28 920H 43578 11430E 1 3460
a1 2 28 B800H 43265 115 34E 1 349 2
&1 2 =28 LO00OH 42508 11646E i 3498
61 3 1 f00H 4206Ss 11801E 1 2472
61 = 1 S00M 4201s 11841E 1 1476
61 3 1 800H 4231s 11936F 1 3478
61 = 1 400+ 43098 12043EF 1 3467
51 3 2 8004 L4 34285 12152E 1 I4LE6S
61 3 2 I00OHM 44045 12234€ 1 3463
61 = 2 800H 443735 1233s€ 1 1466
&1 -] 2 4 O OH 4508s 1245 1E 1 T LES
51 3 >3 sE00H 45478 1261 2E 1 34T
61 2 3 800M 46008 12638E 1 3461
51 .} 4 001 430 4 8 1 2030E 1 TALH6 4
61 3 4 18001 42048 13041F 1 3471
51 3 4 24 C01 405 48 1305 2FE 1 3488687
&1 = 5 12001 3830s 13102E 1 3401
61 ! 5 18001 =719% 13%111E 1 3513
61 3 & 11 36088 13123E 1 5538
61 = 6 10001 T®607S8S 12939E 1 31530
a1 3 & 1 4001 3656095 128 34E 2 3585 4
61 3 6 800M 3602s 12725E 2 3547
51 3 7 & 00H 2HE0C2S 12547E 1 2558
61 3 7 200H 35568 12367E 2 35651
61 3 7 500H A557gS 12247 E 2 3576
51 3 8 1 H TEH5 75 12t141E 2 TS5 4
61 3 a s00H 35588 12013E 2 . 3587
61 3 8 S00H 35533 11831E =2 358 1
61 3 =Y B00H 35588 11428E 2 3577
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PART 3

PRIMARY PRODUCTION
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EXPLANATION OF HEADINGS

Part 3 Primary Production

SHIP.
CRUISE
STATION

TIME

LATITUDE LONGITUDE
SONIC DEPTH

MAX. SAMP. DEPTH

DIST. FROM COAST

METHOD OF INCUBATION
STOCK NUMBER

STOCK ACTIVITY

BACKGROUND

DEPTH

The figures 11 are used to designate
Diamantina.

Cruise numbers are allotted each year
beginning with 1 for the first cruise.

Stations are numbered consecutively for
each ship for each year,

Given in Zone Time (Table 2).

The position of each station is given
in degrees and minutes

Given in m, measured at standard sound
velocity of 800 fm (1463 m) per second.

Depth of deepest observation to nearest
10 metres is recorded in units of 1C m.

Distance of nearest land in miles.

A zero iIndicates fluorescent light
incubation,

Number of 14¢ stock used.

The activity of 14C stock used is recorded
in milllons of counts/min, i.e,10.39 x 10
counts/min,

Background count is recorded in counts/min.
Actual sampling depth given in metres, a

blank at the top of this column indicates
O me



LIGHT COUNT

DARK COUNT

NET COUNT

INCUBATION PERIOD

RATE OF PRODUCTION
A B

_39_

The counts/min of the filter from the
clear bottle.

The counts/min of the filter from the
dark bottle,

The difference between light and dark
count.

Given in hours, and varies from 3.5 -
5-0'

A is given in mgC/hr/m3 to two
decimal places.

B is given in gC/day/m? to two
decimal places for the layer from
the surface to the depth indicated.
A day has been taken to be equal to
10 hours.

An asterisk in the Net Count column indicates a
negative net value which is assumed to equal zero
for further calculations.
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LONGITUDE

LATITUDE

TIME

STATION| YEAR |MONTH| DAY _

SH1P JCRUISE

3602 § 12725 E

1850 I

06

61

4

11

BACKGROUND

15
RATE OF

10 1390

METHOD
OF
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DIST.
FROM
OAST

238

20

5303

PRODUCTION

BATION

as
139
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186
97

DEPTH
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400
400
400
400
&400
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La B L B o )

21
23

10
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LONGITUDE

LATITUDE

TIME

"STATION| YEAR |[MONTH]! DAY

SHIP | CRUISE
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" LONGITUDE

LATITUDE

TIME

DAY

STATICN| YEAR | MONTH

SHEP |[CRUISE

E

3553 S 11831
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c8

61

47

i1
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15
RATE OF

10 1390
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OF
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LONGITUDE

LATITUDE

TIME

DAY

STATION| YEAR [MONTH

CRUISE

SHIP
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1115 H
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61

48
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DATA

PART 4

PIGMENTS



Part 4 Pigments

SHIP

CRUISE

STATION

DATE
TIME

LATITUDE LONGITUDE

DEPTH

CHLORQPHYLL
a b c

ASTACIN
NON-ASTACIN
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EXPLANATION OF HEADINGS

The figures 11 are used to designate

Diamantina.

Cruise numbers are allotted each year,
beginning with 1 for the first cruise.

Stations are numbered consecutively for
each ship for each year.

Is given as year, month, day.
Given in Zone Time (Table 2).

The position of each station is given
in degrees and minutes.

Actual sampling depth is given in metres,
a blank at the top of this column indic~-
ates O m.

Chlorophyll a and b are given in mg/m3,
and chlorophyll ¢ in MSPU/m3, to two
decimal places.

Astacin and non-astacin are given in
MSPU/m3 to two decimal places.

An asterisk in the body of the table indicates that a

negatlve value was found,

Was zero.

A blank indicates that the value
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EXPLANATION QF HEADINGS

Part 5 Phytoplankton

SHIP

CRUISE

STATION

DATE
TIME

IATITUDE LONGITULDE

DEPTH

ORGANISMS
WITH WITHOUT
CHLOROPHYLL CHLOROPHYLL

TOTAL PARTICLES

The figures 11 are 'used to designate

Diamantina.

Cruise numbers are allotted each
veaTr beginning with 1 for the first
cruise,

Stations are numbered consecutively
for each ship for each year.

Is given as year, month, day.
Given in Zone Time (Table 2).

The position of each station is
given in degrees and minutes,

Actual sampling depth is given in
metres, a blank at the top of this
column indicates 0 m,

The counts of organisms with and
without chlorophyll are expressed
as log numbers per litre.

The counts of total particles are
expressed as log numbers per litre,

A blank indicates that the value was zero.
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TABLE 3

OCCURRENCE OF DIATOMS

Numbers refer to stations at which organism was found

Actinocyclus intermittens 10,

Actinoptychus splendens 9, 15,

Asteromphalus beaumontii 9,
As. heptactis 47, .
A, hookeri 1%, 19, 23, 27,

Chaetoceros affine 44,
Ce. compressum 31,
Co_criophilum 1%, 19, 23, 27, 31,
Co dadayi 13, 47, 48,
Co divisum 15,
Cs dichaeta 13, 1%,
Cs laciniosum 27,
C. messanense 10, 41,
Ce paradoxum 41,
Ce. pendulum 38,
C. peruvianum 8, 19,
Co schimperianum 10, 13,
Co teres 9,
Ce vistulae 9,

Cladopyxis brachiolata 9, 10, 15,

Corethron criophilum 8.
C. hystrix 1C, 19, 23, 27, 31, 32,

Coscinodiscus centralis 41,
C. curvatulus 8, 10,
C. excentricus 38,
C. marginatus 27,

Cc OCUlUS'iI‘idiS 8, 9, lO, 13’ 15’ 19’ 27, 31, 41, 48n

Co radiatus 15, 23,

Cymatosira lorenzianum 10,

Cymbella cistula 13,
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Dactyliosolen mediterraneus 27, 31, 32

Fragilaria crotonensis 27, 31.
F. oceanica 8, 9, 1C.
F. striatula 9.

Hemiaulus hauckii 44.

Hemidiscus cuneiformis 19, 23, 27, 31, 4l,

Leptocylindrus danicus 23, 31.

Mastoglbia rostrata- 8, 9, 31,

Navicula sberrans 8,
N, cuspidata 15,
N. libellus 8.

A

No marina 10
Ne vulpina 15,

Nitzschia angularis 10, 15.
No gracilus @, 10,
N, hungarica 8.
N. lorenziana &, 15,
N, seriata 8, 10, 15, 27, 31, 38, 4l.

Pinnularia brevicostata 15.

Planktoniella sol 8, 9, 10, 13, 15, 23, 27, 31, 32, 44, 47,

Pleurcsigma angulatum 1GC,
P. directum 9, 15.
Po formosum 10,
P, naviculaceum 10, 15,

Rhizosolenia alata 8, 9, 10, 13, 15, 19, 23, 27, 31, 32, 38,
41, 44, 47,
R. stolterforthii 15, 44,
R. styliformis 8, 10, 13, 15, 19, 23, 27, 31, 32, 38, 41,
44,

Skeletonema costatum 15.
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Surirella elongata 10.
ve rattrayi 9.

Thalassiosira gravida 31,
T, subtilis 31,

Tropidoneis antarctica 38

TABLE 4

OCCURRENCE OF DINCFLAGELLATES

Numbers refer to stations at which organisms were found.

Amphisolenia palmata 41, 48,

Centrodinium intermedium 15,

Ceratium breve 48,
Co buceros 8, 9, 13, 13, 23, 38, 48,
Co candelabrum 13, 44, 47, 43,
C., carriense 8, 44,
C. compressum 44,
C._contortum 41, 44,
Cs extensum 15, 47,
C. furca 8, 10, 13, 15, 27, 31, 38, 44, 47, 48.
C. fusus 8, 9, 13, 15, 19, 23, 27, 31, 32, 41, 44, 47, 48,
Co geniculatum 27,
Co inflexum 10,
Co karsteni 15, 48,
C. kofoidi 13,
C. macroceros 9, 41,
C. massiliense 9, 13,
C. pentagonum 8, 9, 10, 13, 1%, 19, 23, 27, 31, 32, 38, 41,
44, 47, 48,
C. platycorne 9,
C. pulchellum 8, 9, 10, 13, 15, 19, 23, 27, 31, 47.
Co symmetricum 38, 44, :
C. trichoceros 23, 44,

Ceratocorys armata 4l.
Cs horrida 13, 15.

Cladopyxis brachiclata 8, 9, 41,
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Cochlodinium faurei 23,
Co flavum 8, 4l.
Ce virescens 27.

Dinophysis acuminata 8, 19.
D. arctica 8.
D. hastata 23, 44,
D. ovum 8, 9, 13, 15, 23, 44,
D, recurva 13,
D, schuetti 9, 13, 23.
D, schroderi &,
Do, sphaericum 38.
D. truncata 19.

Exuviaella marina 13, 15, 23, 27, 32, 38, 41, 47,

Goniaulax birostris 9, 48.
G. conjuncta 13.
G. dlacantha 13,
G. digitale 32,
G. glyptorhynchus 8, 48,
G. kofoidi 8, 10, 13, 23, 27, 31,
G. monacantha 27.
Go polygramma 15, 27, 31, 47.
G, spinifera 47,

Goniodoma polyedricum 10, 15.

Heterodinium whittingae 38.

Histioneis hyalina 47,

Murrayella spinosa 32.

Nematodinium torpedo 27, 38, 48,

Orthinocercus heteroporus 9, 10,

Oxytoxum caudatum 9, 13.
O. constrictum 9, 41, 44, 47, 48,
Q. curvatum 8, 9, 10, 13, 15, 19, 23, 27, 31, 32, 41, 44,
47, 48,
0, diploconus 8, 32.
O, elegans 15,
Q. elongatum 44,
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0xytdkum‘§iadiolus 8, 9, 19, 23, 27, 32, 38, 44, 47,
i as 150

_Qatﬁea 23, 27

0, longlceps 13, 19, 23, 27, 31, 32, 38, 41, 44, 47, 48,

O, longum 8,

O. mediterranium 4.

O, milneri 9, 10, 15, 44, 47,

0. pachyderme 8, 23,

O reticulatum 23, 27.
0. scolopax 8, 9, 10, 13, 15, 19, 23, 27, 31, 32, 44, 47,
. 48,

0. scegtrum 13, 15,

Os spinifer 9,

O, tesellatum 9, 13, 15, 23, 27, 47.

0, turbe 8, 9, 10, 13, 32, 38, 44.

Peridinium breve 32.

P, crassipes 15.

P, globulus 15, 27, 31, 32, 38, 41, 44, 47, 48,
grande 3l.

- P._grani 9, 13, 15, 27, 31, 32, 38, 41, 44, 47, 48.

latlsplnum 32.

P. ovum 13,

P. pedunculatum 13, 15, 23, 27, 32, 38,

P. pellucidum 23, 31,

P. robustum 31.

P, steini 27,

P. striolatum 13.

P, tenuissium 19, 31.

P. tuba 31,

Phalacroma biceps 23,
Pu mitra 1.00
. P._ovum 13, 15, 19, 23, 31, 32, 41, 47.
P, pulchellum 9.
P, parvulum 15,
P. pugiunculus 48,
P. rotundatum 32,

P, rudgei 23, 41.
Ptyclodiscus inflatus 15, 19, 23, 31, 47,
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Podolampas bipes 44, 48.
P. elegans 9, 47.
P. palmipes 9, 15, 19, 23, 27, 37, 38, 44, 47, 48,
P. spinifer 8, 9, 10, 13, 15, 19, 23, 27, 31, 32, 41, 44, 48.

Pronoctiluca spinifera 9, 10, 32.

Prorocentrum arcuatum 9, :
P. obtusidens 8, 9, 10, 19, 27, 31, 32, 48.
P. rostratum 15.
P. schilleri 9, 13, 15, 27.
P. scutellum 13.

Pyrocystis robusta 8, 10,

Pyrophacus horologicum 31.

Warnowia atra 23.
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Figs 2-9

10

V.  FIGURES
Hydrclogy - Vertical Sections

Primary Production
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HYDRCLOGY
VERTICAL SECTIONS
Vertical sections for temperature (°C)}, salinity (%),
oxygen (ml/1}, inorganic phosphate {pg at./1), total phosphorus
(g at./1), and nitrate (ug at./i) were prepared from the data
in Part 1 for Stations 33-43.
Fig. 2 Temperature to 400 m,
Fig. 3 Temperature 400 m to bottom,
Fig. 4 Salinity to 400 m.
Fig. 5 Salinity 400 m to bottom.
Fig. 6 Oxygen surface to bottom.
Fig. 7 Inorganic phosphate surface to bottom.

Fige 8  Total phosphorus surface to bottom.

Fig. 9 Nitrate surface to bottom.
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Fig. 10

PRIMARY PRODUCTION

Vertical profiles of hourly rates of

Erimary production at each 14C station.
ampling times are given below the

station number.



o154

Qgl
SIi1 QO¥| Q5L 0481 QocIo
19/e4/1 wa 19/46/1 wg 19/pv/) wa 19/19/1 wa 19/8¢/1 wa
= H o
. - # = —0s
1l i Il | ! i 1 | ! O
=3 | i o] (o] G @] CO G- O O S- @] (oF] 5 @]
0S|
Ors0 0060 000! Qoo siol
19/ 26/ wa 19/15/1 wa 18/22/1 wa 19/te/1 wa 19/6:/1 wa
. . ool
; - 105
| | { | L ! O
S| Ol o] o S o (oF] 8 O g o
- ol
$+07 GoLo $¥q) coll ol oo
19/0 /1 wa 19/51f1 wa 19/01/1 wa 1n/of1 wo vofef1 wa 19/8fiwe
. — - H OOl
. . . . - {05
1 | i 1 | 1 | | L 1 | O
SH o1 G- O Qi O Ql S @] O S- O] Ol S O Ol S Q
(ew/4u/0bw)  NOILONQONd

(w) Hid3g



e U

4.

b.

6.
7.

OCEANOGRAPHICAL CRUISE REPORTS

. Oceanographical observations in the Indian Ocean i 1959. FL.M.A.B. Diamantine Cruises

Dm1/59 and Dm2/59.

. Qceanographical observations in the Indian Ocean in 1960. H.M.A.8. Diamanting Cruise

Dm1/80,

. Oceanographical observations in the Indian Ocean in 1960. H.M.A.S. Dismantine Cruise

Dm2/60.

Geeanographical observations in the Indian Ocean in 1960. H.M.A.S. Diemantina Cruise
Dm3/60,

Oceanographical observations in the Pacific Ocean in 1960. H.M.A.8. Gascoyne Cruize G1/80
and G12/60.

Oceanographical observations in the Pacific Ocean in 1860. H.M.A.S. Gascoyne Cruise G3/60.

Oceanographical obsorvations in the Indian Ocean in 1961, H.M.A.8. Digmanting Cruiso
Dml/61,



