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' OCEANOGRAPHICAL CRUISE REPORT
No. 9
Oceanographical Observations in the Indian Ocean in 1961
H.M.A.5. DIAMANTINA
Cruise Dm 2/61

May 1 - June 12, 1961

I. INTRODUCT ION

In this report data are recorded from the second cruise
in 1961 of H.M.A.S. Diamantina, Royal Australian Navy frigate,
which undertakes oceanographical cruises in the Indian Ocearie

Ohbjectives

This cruise was planned to repeat work done on Cruise
Dm 2/60 on water circulation and upwelling and their effects on
productivity. -

Itinerarz

The cruise commenced on May 1 when the ship left Fremantle
and worked the SCOR-UNESCO Reference Station 1, it then moved
north to work a series of lines of stations between Broome and
Darwin, It left Darwin on May 15, moved south-west to a
position north-east from Onslow, and worked a line of stations
across the Indian Ocean and to Sourabaya, worked stations to
Singapore and back to Djakarta. The ship left Djakarta on
June 4 and worked a line of stations on the run back to the
Australian coast near Onslow., The cruise concluded at Fre-
mantle on June 12, 1961. Figure 1 shows the positions of all
staticns.

Scientific Personnel

B.S. Newell (Cruise Leader)
F. Davies

N. Dyson

C. Middleton

J. Staniforth
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Lieutenant A.L. Lumanauw of the Hydrographic Section, Indonesia,
joined the cruise at Sourabaya and left at Kjakarta.

The analyses of hydrological samples were done in the

ship's laboratory by Messrs Davies, Newell, and Staniforth.

The snalyses for nitrate were done at Cronulla by Messrs Davies,
Janovsky, Prothero, and Walker.

The primary production samples were taken, incubated and
counted on board by Mr N, Dyson. The samples for pigment
determination were taken and filtered aboard by Mr N. Dyson and
the analyses were done at Cronulla by Mr M. Wootton. The
counts of phytoplankton were done aboard by Mr C. Middleton and
the determinations of species were done at Cronulla by Mr EeJsFa
Wood. The zooplankton samples were weighed at Cronulla by
Mr D.J. Tranter. :

The data were processed under the direction of Mr A.D.
Crooks by Mrs M. Derrick, Mrs B. Tarbett and Misses M. Johnson,
L. Lalor, and E. Wanstall, The plots were prepared for public-
ation by Mr R. Breach and Mrs B. Walters.

II. WORK ACCOMPLISHED

Bathythermograph casts were made at 30 stations. Primary
production and pigment samples were taken to 150 m at 37
stations and surface samples by the Doty method were taken for
primary production at 34 stations. Zooplankton samples were
taken at 21 stations, phytoplankton samples were taken with a
5 1 sampler at 29 statlons. Surface hydrology samples were
taken at 77 stations and, at 40 of these, subsurface castis were
made. Table 1 shows the work done at each station.

TABLE 1
WORK DONE AT EACH STATICN

Station BI Hydrology  Primary Pig- Phyto- Zoo=
Number Production ments plankton plankton
1 2 1 2 1 2

49 + o+ + + + +

50 + + + 0+ + +

51 + + + 4+ + +

52 + 4+ + + + +

53 - + 4+ + + o+ +
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Station BT Hydrology Primary Pig- Phyto- Zoo-
Number Production ments plankton plankton

1 2 1 2 1 2

54 + o+ + + + +

55 + o+

56 + o+ + o+ + o+ + +

57 + o+ +

58 + + 4 += o+ + + +

59 + o+

60 + o+

61 + o+

62 + o+

63 + + + + + +

64 + + + +

65 + + + o+

66 + o+ + + o+

67 + o+ + + +

68 + 4+

69 + o+

70 + o+

71 + + + o+

72 + + + o+

73 + + + + + +

74 + + + o+

75 + T+ + o+

76 + + + 4 + +

77 +

78 + + o+ + o+ +

79 + + + o+ + + +

80 + + + + +

81 + + + + + + +

82 + 4+

83 + + + + + + +

84 + +

85 + + + + + + +

86 + 4+

87 + + o+ + o+ + + +

88 +

89 + o+




-6 -

Station BT Hydrology Primary Pig- Phyto- Zoo~-
Number Production ments plankton plankton
1 2 1 2 1 2

90
91 + o+
92

93 +

94

95 + +

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123 +
124 |
125 +

+ + +
+
+
+
+
+

+
-+

++++ 4+ A+ A+ F A+

+ 4+ 44+ A+ A+ + A+
+




Station BT Hydrology Primary Pig- Phyto- Zoo-
Number Production ments plankton plankton
1 2 1 2 1 2
126 + + + o+ + + +
127 + 4+
128 + + + o+ + + +
129 + o+
130 + + + O+ + + +
131 + o+
132 + + + o+ + + +
133 + +
134 + + + + + + +
135 +
136 + + + + + +
137 +
138 + + + + + + +
139 + +
140 + + + 4+ + +
BT Bathythermograms
Hydrology 1 Surface

2 Subsurface

Primary Production 1 Surface sampling (Doty method)
2 Euphotic zone

Phytoplankton 1 Qualitative )} with
2 Quantitative) 5 1 sampler
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ITII. METHODS OF COLLECTION AND ANALYSIS OF SAMPLES
1. 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°Cs The accuracy of the temperatures is
considered to be + 0.03 deg. Co 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 accurate
to + 15 m below 1000 m and to 1% above that depth.

Ote~ The values were calculated by computer, using the
Table of ot given by the U.S. 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 (1951).

2. Chemistry

Salinity.~ Salinity was measured on board with an inductive
salinometer (Brown and Hamon 1961).

Dissolved Oxygen.~ The standard Winkler method (Jacobsen,
Robinson and Thompson 1950) was used with potassium iodate as
the iodometric standard. Samples were collected in 275-300 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.- The satﬁration value is computed from
the nomograph 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 m1 50% sulphuric acid) and 0.1 ml 1% stanncus chloride
diluted afresh from & 40% stock solution in hydrochloric 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 at air
temperatures less than 25°C; readings were taken 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 and the times were 5 and 7 minutes
respectively. Each batch was compared with a distilled water
blank and a 0.65 pg at./1 standard in a Hilger Spekker absorp-
tiometer using 4 cm cells and Ilford 608 filterss Each week
a complete check was made using standards up to 3.25 pg at./l.
Results are given as ug at.P/1 without any correction for salt
error and are precise to + 10% for values less than 0.5 pg ate/l
and + 5% for higher values. If it is wished to correct for
salt effects, the results given should be multiplied by 1.1%.

Total Phosphorus.~ 100 ml samples were drawn from the
Nansen water bottles into 150 ml Pyrex conical flasks, 0.2 ml
of 72% perchloric acid was added, and digestion at 200° - 250°C
carried out ilmmediately on a sand tray. After evaporation of
water, heating was continued until fuming of the salt residue
commenced. The samples were then allowed to cocl, 100 ml of
distilled water and 2 drops of 2% phenolphthalein were added.
If alkaline, perchloric acid was added until a slight acidity
persisteds The flasks were allowed to stand for about 24 hours
to allow the salts to dissolve. Phosphate was then determined
as described for inorganic phosphates Results are given as
pg 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 H,Clos
Nitrate was determined at Cronulla by the strychnigine method
(Rochford 1947). The reagent was prepared by the addition of
0,64 g strychnidine to a litre of nitrate free sulphuric acid.
5 ml of this reagent were added, with minimum agitation, to
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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 acids 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 © mm
cell. Samples with an absorbence greater than that of the
standard corresponding to 14.4 pg at./l were diluted with arti-
ficial sea-water - sulphuric acid mixture before reading.
Results are given in pg at./l.

3. Primary Production

Measurements of photosynthetic uptake of COp were made
by the 14c method described by Jitts (1957) with the exceptions
that radicactivity was measured on board with a windowless
Geiger counter, and the determination of l4c stock activities
was made by the method of Jitts and Scott (1961).

At certain stations, surface samples were taken with a
plastic bucket, and photosynthesis was measured by the method
of Doty (19%6) in 250 ml pyrex bottles and with incubation in
a fluorescent light incubator as described by Doty (1958).
The data for surface samples appear on pp. 88-9l.

4, Pigments

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

5« Phytoplankton

Samples were collected in 5 1 plastic sampler (Davis 1957)
at 0, 2, 50, 75, 100, and 150 ms 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
mine The residue in the cup was carefully 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
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more than five per field, four fields were counted; 1if 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 s high-power incandescent lamp. The
chloroplasts appeared bright red in the blue-viclet light.

Organisms without chlorophyll were calculated as the differ-
ence between total living organisms and organisms with chloro-
phylls, Total living organisms were counted after adding
acridine orange to give a final cencentration of 2 parts per
million.  The living organisms gave a green fluorescence in

the blue-violet 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 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

The sampler used to collect zooplankton was a modified
Clarke-Bumpus unit. On this cruise it was fitted with a new
and more robust flowmeter designed and constructed at Cronulla,
and calibrated by flume tank. The net was nylon No. 4 mesh
(62 meshes per inch).

The hauls were oblique from 200 m to the surface. The
depth was estimated from wire angle and is only approximate.
The speed of tow was 2-4 knots and the wire was recovered at
about 10 metres per minute. The periocd of tow averaged half
an hour and the volume filtered 27 mS.

Samples were weighed after washing in 50% alcohol to
facilitate removal of external "interstitial" water.
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IV. 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
lists the temperature and salinities for surface samples.
Part 3 gives the data for primary production. Part 4 for pig-
ments. Part 5 for quantitative and qualitative phytoplankton,
and Part 6 for zooplankton.

Explanations of the headings used on the data sheets are
given at the beginning of each part.

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



DATA
PART 1
HYDROLOGY

DEEP STATIONS
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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 Code

Exceeding Up to but not . Zone

exceeding (hrs)
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 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'E. 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

142°30'W. - 127°30'W. +9 v

127°30'W. 112°30'W. +8 8]
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Longitude Time Code
Exceeding Up to but not Zone\,
exceeding (hrs)
112°30'W. - 97°30'W. +7 T
97°30'W. - 82°30'W. ) +6 )
82°30'W. - 67°30'W. ‘ +5 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°30'W. +1 N
07°30'W. - 07°30'E. 0 Z

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

SONIC DEPTE 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 direction and speed are coded using
DIR. SPEED Tables 8 and 9 in U.S. Hydrogr. Office
(1955).
ANEM. HEIGHT The average height of the anemometer above
sea level is given in metres.
CLOUD Cloud type and amount are coded using
TYPE AMT. Tables 2 and 3 in U.S. Hydrogr. Office
(1955},
VIS. Visibility is coded using Table 4 in U.S.
Hydrogr. Office (1995).
SEA Sea directions and amount are coded using
DIR. AMT. Tables % and 8 in U.S. Hydrogr. Office

(1955).



SWELL
DIR. AMT.

ATMCS.
PRESSURE

WIRE ANGLES
CAST 1  CAST 2

CAST

DEPTH

TEMP.
o

ot

02

% SAT.

INCRG.
P

TCTAL
P

NITRATE

_18_

Sea swell direction and amount are coded
using Tables 6 and 8 in U.S. Hydrogr.
Office (195%).

Atmospheric pressure is coded. The read-
ing in miilibars has the figure for 900 or
1000 omitted, so that 999.4 millibars is
recorded as 994 and 1013.4 as 134.

Wire angles are measured at the surface
and expressed in degrees for each cast.

No more than two wire angles are recorded;
if there is a third cast, the shallow cast
angle 1is neglected.

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

Actual sampling depth given in metres.

Sea temperatures are recorded in °C to
two decimal places.

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

Sigma-t to three decimal places.

Oxygen is given in m1/1 to two decimal
places.

Oxygen percentage saturation.
Inorganic phosphate values are given in
Bg at./1 to two decimal places.

Values given as pg at./1 to two decimal
places.

Values given as g at./l to one decimal
place.

A blank in any of the last three columns indicates that no
sample was available.
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DATA
PART 2
HYDRCLOGY

SURFACE SAMPLING
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EXPLANATION OF HEADINGS

Part 2 Hydrology - Surface Sampling

STATION Stations are numbered consecutively
for each ship for each year.

DATE Given as year, month, day.

TIME Given in Zone Time. The code letter
used for the time zone (Table 2)
follows the time,

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

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

S Salinities are recorded in parts per
thousand to two decimal places.
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STATION| YEAR |MONTH| DAY TIME LATITUDE | LONGITUpe | TEMP
|

49 &1 s 2 §00C 3201S 11200E 21065
50 61 5 6 100H 1743Ss 12102E 2780
51 61 5 6 S540H 165858 12045E 2847
S2 61 5 6 1030M 16083 12028E 2890
53 61 5 6 1500H 15208 12008€E 2898
54 61 5 6 2030H 14338 11949E 2907
55 61 5 7 200H 13458 11938E 2910
56 61 5 7 600H 1302S 11928E 2914
57 61 5 7 $1300H 12t128 1190C4E 2880
58 61 ] 7 1715H 11198 11841€ 2804
59 61 S 8 100H 1140s 119S0E 2820
60 61 5 8 700H 12048 120B3IE 2850
61 61 5 8 1300H 1227S 12202E 2880
62 61 5 '8 1900H 12588 12320E 2920
63 61 5 =) 600H 1332S 1250BE 2905
64 61 5 g 1010H 130058 12485 t1E 2866
65 61 5 9 1318H 12095 12427TF 2965
66 61 5 9 1630H 1135s 12408E 2880
67 61 5 9 2130H 10578 123541FE 2864
68 61 5 10 S00H 10178 124%2E 2790
69 61 5 10 1100H 9408 12548E 2840
70 61 5 10 1645H 9045 12646E 2850
71 61 5 10 21351 8378 12731E 2815
72 61 5 11 551 9025 12746E 2830
73 61 5 11 6001 09408 12804E 2878
74 61 5 11 10101 10138 12822E 2893
7% 61 & 11 1415] 10448 128BB50E 2922
76 61 5 18 SO0OH 19138 11735E 2706
77 61 5 18 B00H 18488 11721E
78 61 5 18 1030H 18185 11712E 2746
79 61 S 18 1700H 17238 11647E 2801
80 61 & 18 2340H 16285 116822E 2771
81 61 5 19 7184 15378 11559E 2785
a2 ‘61 5 18 1600H 14468 11540f8. 2790
B3 61 5 19 1915H 14078 11523E 2841
84 61 5 20 2004 13298 11504E 2820
85 61 5 20 540H 12508 11445E 28654
a6 61 5 20 1410H 11578 11415 2890
a7 61 5 20 2000H 10588 11344E 2820
a8 61 5 21 400H 1016S 11326E
89 61 5 =21 S00H 10065 11322 2720
20 61 5 21 800OH 936Ss 112314E
o1 61 5 21 1000H 912s 11309E 2894
o2 61 5 21 1600H 9098 11355E .
93 61 S 21 1800H 9088 114317E 2910
94 &1 5 21 2000H 058 11439FE
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STATION TIME LATITUDE | LoNGiTupe| TEMP s %o
1 |

9% 61 5 1H 8555 11520E 2880 3363

96 61 5 400H 8298 11546E

97 61 5 700H ©816s 115B0E 2848 3242

o8 61 5 200H 7368 118531F

o9 61 5 16004 6578 11502E 2940 32173
100 61 s COOH 64985 11415E 2900 3203
101 61 5 1H 6398 11344E 2915 3220
102 61 5 400H 6358 11307E 2915 3199
103 61 5 000C ©S71s 11139E 2980 3191
104 61 5 1GC 457s 11108E 2920 3186
105 61 5 400G 4225 11031E 2970 3185
106 61 5 800G %415 10949E 2961 3225
107 61 5 2000 316s 10941E 2985 3225
108 61 5 1600C 2328 10923E 2995 3226
109 61 5 000G 150s 10B45E 2990 3261
110 61 5 1G 1165 10804E 2970 32773
111 61 5 400G 38s 10725E 2940 3291
112 61 5 s00C 75 10644E 2971 3299
113 61 5 1 600C 1058 10501E 29885 3277
114 61 s 1 cCOoOQG 3285 10839 E 2945 3315
115 61 6 1 16 118 10618E 2965 3300
116 61 & 1 400G 508 10652E 2965 3310
117 61 & 1 800G 1308 10703E 2961 3272
118 61 6 1 12000 220 10706E 2970 3259
119 61 6 1 1600GC 3048 10718E 2960 3277
120 61 6 1 2000G SB48s 10710E 2920 3254
121 61 6 2 16 6298 10657E 2940 3288
122 61 6 4 2300C 6208 10415E 2927 3280
123 61 6 5 930G 7178 10551E 2850 3367
124 61 6 5 1630C B02S l10716E 2820 3400
125 61 6 5 2330C ©900S 10743E 2822 3375
126 61 & 6 500G 10008 10812E 2767 3412
127 61 6 6 1130C 10508 10834E 2780 3411
128 61 6 6 1530G 11355 108S8E 2780 3394
129 61 & 6 2330C 12168 10921E 2770 3391
130 61 6 7 600G 13385 10957E 2782 3394
131 61 6 7 1300G 1429S 11024E 2800 3403
132 61 6 7 1730C 15138 11108E 2797 3415
133 61 & 8 100C 16135 11126E 2740 3442
134 61 6 &6 6S00C 17108 11150E 2685 3435
135 61 6 8 1300C 18035 11218E 2680 3450
136 61 6 B 1730H 18498 11243E 2583 3389
137 61 [ = E 30+ 1949 5 11311E
138 61 6 o 100H 2032 11335E 2640 3490
139 61 6 © 1000HMH 21045 11348E 2560 3493




(a)

(b)

DATA

PART 3
PRIMARY PRODUCTION
Stations sampled to 150 m
(pp. 68-87).

Stations at which surface samples
were taken (pp. 88-91).
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EXPLANATION OF HEADINGS

Part 3 Primary Production

(a) Stations sampled to 150 m.

SHIP The figures 1l are used to designate
Diamantina.
CRUISE Cruise numbers are allotted each vear,

beginning with 1 for the first cruise.

STATION Stations are numbered consecutively for
each ship for each vyear.

DATE Given as year, month, day.
TIME Given in Zone Time (Table 2).

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

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

MAX. SAMP. DEPTH Depth of deepest cbservation to nearest
10 m is recorded in units of 1C m.

DIST. FROM COAST Distance of nearest land in miles,

METHOD OF On this cruise method of incubation was

INCUBAT ION by light incubator and is recorded by a
ZET 0

STOCK NUMBER Number of C14 stock used.

STOCK AGTIVITY The activity of Cl4 stock used is recorded

in millions of counts/min.
BACKGROQUND Background count is recorded in counts/min,

DEPTH Depth of sampling is given in metres.,



LIGHT COUNT

DARK COUNT

NET COUNT

INCUBATION

PERIOD

RATE OF PRODUCTION
A B

- 67 -

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

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

The difference between the light and
dark counts.

Given in hours.

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

B is given in gG/day/m? to two decimal
places,

A day has been taken to be equal to 10

hours.

{b) Stations at which surface samples were taken
as for (a) except -

ACTIVITY {c.p.m.)

LIGHT

DARK

NET

The activities of the filters from two
duplicate light bottles are given.

The activity from the dark bottle.

The dark activity subtracted from the
mean of the duplicate light activities.

Asterisks indicate negative values which are
assumed to equal zero for further calculations.
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Part 4 Pigments

SHIP
CRUISE
STATION

DATE
TIME

LATITUDE LONGITUDE

DEPTH

CHLOROPHYLL
a b c

ASTACIN
NON - ASTACIN

- 94 -

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 MSPV/m3, to two
decimal places.

Astacig and non-astacin are given in
MSPU/m” to two decimal places.

An asterisk in the body cof the table indicates that

a negative value was found.

wWas zero.

A blank indicates that the value
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EXPLANATION OF HEADINGS

Part 5 Phytoplankton

SHIP

CRUISE

STATION

DATE
TIME

LATITUDE LONGITUDE

DEPTH

~ ORGANISMS
WITH WITHOUT
~ CHLOROPHYLL CHLOROPHYLL

TOTAL PARTICLES

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 indicates O 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 count
was zero.
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TABLE 3

OCCURRENCE QOF DIATQOMS

Numbers refer to Stations at which organisms were found

Actinoptychus senarius 53, 67, 71, 73, 81, 87, 122.

Amphipleura micans 51, 76, 97, 124.

Amphiprora alata 73.
A, glgantea 51, 63, 91, 97.

Amphora cuneata 74.
A. terroris

Asteromphaius dallasiana 73.

A. elegans 51, 87,

A. flsbellatus 56, 71.

A. heptactis 49, 53, 54, 65, 67, 71, 72, 73, 74, 76, 78,
80, 85, 106, 128, 130, 134, 136, 138, 140.

A, hookeri 49, 52, 71, 72, 73, 74, 75, 76, 78, 79, 81, 91,
112, 126, 140.

A. ralfsianus 72.

A, roperianus 65, 74,

Asteronella japonica 56, 87.
A. kariana 97, 124.

Bacteriastrum comosum 49, 52, 64, 65, 73, 74, 72, 78, 80, 117.
B. delicatulum 54, 65, 72, 73. :
B. elongatum 65, 66, 80.
E. hyalinum 50, 51, 52, 53, 65, 71, 72, 73, 74, 75, 76, 83,
87, 97, 106, 112, 117, 122, 124, 130, 134, 138, 140.
B. varians 74, 75, 78.

Biddulphia chinensis 51, 58, 63, 73, 76, 106, 122, 124, 136.
B. longicruris 51, 71.
B, mobiliensis 50, 51, 63, 64, 65, 71, 72, 73, 74, 75, 76,
87, 91, 97, 122, 124, 138, 140, 170.

Campylodiscus echeneis 67, 73, 73, 80, 132, 136, 140.
C. undulatus 50, 17C.
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Cerataulina bergonii 63, 71, 74.
C. chapmanll 122.
C. curvata 74,

C. pelagica 51, 72, 122, 126,

Chaetocercs affine 53, 54, 71, 72, 73.

C. atlanticum %1, 52, 53, 56, 65, 66, 67, 72, 73, 74, 75,
76, 87, 91, 117, 122, 124, 132, 134, 138, 140, 170.

C. borealls 50, 73.

C. brevis 53, 56, 7l.

C. coarctatum 49, 53, 65, 72, 73, 74, 7, 78, 85, 97, 106,
112, 117, 136, 140, 163.

C. concavicorne %3, 73.

C. criophilum 52, 66, 67, 73, 76, 78, 79, 81, 85 87, 91,
97, 112, 117, 122, 124, 126, 128, 134, 136, 138, 140,

C. curvisetum 63, 71, 73.

C. dadayi 50, 51, 52, 56, 65, 71, 74, 83, 85, 87, 97, 112,
122, 124, 126, 128, 134, 140,

C. debile 951, 63, 64, 65, 73, 74, 75, 76, 87, 97, 106, 122,
124, 138, 170. :

C. decipiens 49, 54, 63, 71, 72, 73, 74, 75.

C. denticulatum 73.

C. didymum 49, 50, 24, 26, 03, 71, 72.

C. difficile b50C.

C. diversum 51, 58, 63, 71, 73, 76, 81, 97, 106, 117, 122,
124, 138, 140.

C. eibenii 78.

C. gracile 130.
laeve 50, 56, 98, 72, 73, 74.

C. lauderi 71, 72, 186.

C. lorenzianum 63.

C. messanense 50, 51, 52, 56, 58, 65, 66, 71, 72, 73, 74,
76, 80, 87, 91, 97, 122, 134, 138, 140, 170,

C. mitra 49.

C. pendulum 53, 65, 66, 71, 73, 74, 75, 78.

C. peruvianum 49, 50, b1, 52, H4, 56, 58, 63, 71, 72, 73,
74, 76, 79, 83, 97, 106, 112, 117, 122, 124, 126, 136,
138.

C. secundum 50, 51, 170,
51m91ex 117.

C. sociale 63, 73.

C. strictum 58,

C. teres 51, 63, 73, 97, 117, 136.

C. tetras 51, 56, 67, 72, 75, 83, 87.
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Chaetoceros vanheurckii 51, 52, 56, 65, 73, 75, 76, 78, 80, 81,
83, &, 87, 97, 106, 112, 122, 124, 126, 130, 138, 140,
170,

Climacodium frauenfeldisgnum 50, 51, 56, 58, 63, 65, 67, 71, 72,
73, 74, 75, 80, 85, 87, 91, 163, 186.

Corethron criophilum 50, 51, 63, 64, 65, 71, 72, 73, 74, 7%,
76, 85, 87, 97, 122, 124, 134, 140,

Coscinodiscus africanus 326, 66, 73, 74.
C. asteromphalus 75.
C. comptus 49.
C. concavus 72,
C. concinnus 51, 73, 74, 76, 80, 126.
C. curvatulus &b, 72, 74, 75.
C. excentricus 64, 65, 66, 71, 72, 73, 186.

C. gazellae 74.
C. granii 53, 106.

C. incurvus 63,

C. janischii 64, 80.

C. lineatus 65, 74, 75,

C. marginatus 56, 66, 71, 73, 74, 75, 76, 78.
C.

C.

C.

mirabilis 50.
nodulifer 80. _ L. S
ocuius iridis 49, 53, 56, 65, 66, 67, 71, 72, 73, 74, 75,
76, 140, 170, 186.
C. radiatus 50, 51, 63, 64, 71, 76, 106.
C. reniformis 73, 138. :
C. subtilis 65, 170.

Coscinosira polycherda 73, 75.

Dactyliosolen mediterraneus 52, 54, 56, 66, 71, 72, 76, 78, 80,
91, 124, 126, 134, 140,

Ditylum brightwelll 50, 51, 63, 64, 71.
D. sol 50, bl, 52, 54, 63, 73, 76, 87, 87, 106, 122, 124,
128.

Diploneis bomboides 74.
D. constricta 73.

—

Fragilaria constricta 50, 74.
F. crotonensis 50.
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Fragilaria harrisonii 50,
F. oceanica 49, 50, 56, 72, 76, 83, 97, 138, 140,

Frustulia rhomboides 956.

Gossleriella tropica 66.

Guinardia flaccida 50C.

Hemiaulus hauckii 50, 51, 56, 63, 65, 66, 71, 72, 73, 74, 72,
76, 83, 87, 97, 106, 117, 122, 124, 138, 140, 163.
H. membranaceus 49, 53, 65, 91.
H. sinensis 51, 52, 53, 56, 58, 63, 71, 72, 73, 74, 75, 76,
79, 83, 87, 91, 97, 106, 112, 122, 124, 128, 132, 134,
136, 138, 140, 170,

Hemidiscus cuniformis 64, 71, 72, 80, 87.

Hyalodiscus stelliger 31, 63, 71, 73, 74, 75, 76, 87, 97, 106,
120, 174, 136, 138, 140, 170.

Lauderia annulata 50, 63, 64, 65, 73.

Leptocylindrus danicus 49, 50, 51, 52, 58, 63, 65, 66, 71, 72,
73, 75, 76, 78, 81, 87, 97, 112, 117, 122, 124, 132, 134,
136, 138, 140, :

Lithodesmium undulatum 72.

Mastogloia brunii 163.
M. cribrosa 72.
M. euxina 66.
M. rostrata 49, 53,.54, 56, 67, 71, 72, 73, 74, 78, 80, 81,
8, 87, 97, 117, 122, 126, 128, 132, 134, 138, 140, 186.

Melosira distans 74.
M. moniliformlis 64, 65, 73, 75.
M. sphaerica 50, 63.

Navicula acus 50,
N. angulatum 75.
M. crucigera ©5, 66, 72, 76, 80.
N. cuspidata %6, 71, 72, 73, 74, 76, 8, 91, 97, 106, 122,
Na. brasiliensis 73, 74.
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Navicula distans 72. .
N, elegans 66, 67, 73, 74, 78.
N. libellus 72.
N. membranacea 49, 50, 63, 73,
N, viridis 126.
N, vitrea 170,

Nitzschia acuminata 73,

N. angularis 56,

N. delicatissima 73,

N. gracilis 49, 63, 76, 117, 126,

N. longissima 50, 75.

N. pacifica 73,

N. paradoxa 74, 75, 106.

N. polaris 56. .

N. seriata 50, 56, 63, 65, 73, 74, 75, 76, 87, 97, 106,
117, 122, 124, 138,

N. sigma 71, 73.
Omphalopsis australis 78,

Planktoniella sol 49, 50, 51, 52, 53, 54, 56, 63, 64, 65, 66,
€7, 7t, 72, 73, 74, 7o, 76, 78, 79, 80, 81, 83, 91, 97,
106, 122, 124, 128, 130, 132, 134, 136, 138, 140.

Pleurosigma angulatum 50, 73, 74, 75.
P. capense 50, 583, 63.
P. cuspidata 75, 122,
P. directum 56, 65, 73, 74, 80.
P. elongatum 71, 72.
P. formosum 56, 76, 97, 112, 117, 122,
P. naviculaceum 73,
P. nicobaricum 53, 54,
P. speciosum 76.
P. strigosum 63.

Pseudoneunotia doliolus 54, 56, 64, 65, 66, 67, 72, 73, 74, 75,
78’ 80-

Rabdonema adriaticum 51, 52, 66, 71, 112, 117, 122, 126, 128,
130, 132, 134.

Rhizosolenia alata 49, 50, %1, 52, 53, 54, 56, 58, 63, 64, 65,
66’ 67’ 71, 73, 74, 75, 76, 78, 79,80, 81, 83, 87, 91,
97, 106, 122, 124, 128, 130, 132, 134, 136, 138, 140, 170,
186.
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Rhizosolenia calcar-avis
R. cylindrus 71.
R. delicatula 58, 87, 170.
R. fraglilissima
122, 124, 170,
R. imbricata 87, 112, 123.
R. robusta
R. setigera 71.
R. stolterforthii

71, 72,

50, 51, 56,

73, 80.

51, 52, 65, 72, 73, 74, 75, 78, 87, 97,

72, 74, 75, 87, 106, 122.

63, 64, 65, 71, 72, 73, 74,

75, 76, 78, 87, 91, 97, 106, 112, 117, 122, 124, 134, 138,

140, 170.
R. styliformis
134, 140, 163.

Schroederella delicatula 63.

Skeletonema costatum 73, 74, 75,

Stephanopyxis palmeriana 49, 73,

Stenopterobia intermedia 72, 73.

Stictodiscus simplex 64.

Streptotheca thamesis 117, 122,

Surirella fastuosa 73.

Synedra acus 74.
S. hennedyana
S. ulna 163,

Terpsinoe musica 63.

Thalassionema nitsochioides
186.

Thalassicsira aestivalis 163.

T. subtilis

Thalassiothrix frauenfeldii

T. mediterranea
T. nitzschioides
76, 80, 124, 170.

71, 73.

56, 64, 67, 80.

49, 50, 51, 63,

49, 56, 58, 63, 65, 71, 72, 73, 75, 87, 97,

76, 80, 97.

76,

71, 87, 91, 97, 106, 124, 126, 140,

63, 64, 73, 75, 170.

56, 63, 64, 66, 71, 72, 73, 74, 75,
80, 87, 91, 97, 106, 112, 117,

122, 124, 138, 140, 170.

64, 65, 71, 72, 73, 74, 75,
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Triceratium favus 122.

T.

reticulum 130.

T.

robertsianum 73, 76.

T.

tesseliatum 66, 72.

TABLE 4

QCCURRENCE OF DINQOFLAGELLATES

Numbers refer to Stations at which organisms were found

Amphisclenia bidentata 51, 53, 54, 56, 67, 70, 71, 72, 73, 74,

Al

106, 112, 138, 140.
claviceps 9l1.

A. globifera 49, 53, 54, 72, 78, 79, 81, 83, 112, 122.

A,

schroderi 71, 80.

lCeratium arietinum 49, 53, 56, 67, 78, 80, 81.

C.
C-
C.

belone 53,

breve 72, 136,

buceros 49, 50, 53, 54, 56, 63, 66, 67, 71, 72, 73, 74,

75, 76, 78, 80, 81, 97, 112, 140.

candelabrum 53, 56, 73, 79.

. carriense 140.

cephalotum 53,

compressum 51,

@

concilians 128.

Qlajalafo|a

contortum 49, 50, 53, 56, 71, 72, 74, 79, 87, 97, 112,

132, 134, 136, 140,
declinatum 51, 53, 54, 56, 67, 73, 74, 79, 128, 136, 138.

deflexum 50, 53, 56, 72, 73, 117, 122.

dens 74, 75, 78,
digitatum 66.

euarcuatum 66.

extensum %4, 72, 74, 75, 78, 83, 85, 126, 128, 134,

falcatiforme 67, 79.

eliellelielisliel vl Ie] (9]

falcatum 67.

furca 49, 50, 51, 53, 54, 56, 63, 65, 67, 71, 72, 73, 74,

75, 76, 80, 85, 87, 91, 97, 106, 112, 117, 122, 124, 126,

9]

128, 130, 132, 136.
fusus 49, 50, 51, 52, 53, 54, 56, 58, 63, 66, 67, 70, 71,

72, 73, 74, 75, 78, 79, 80, 81, 85, 87, 97, 106, 112, 117,

122, 124, 128, 13C, 134, 136, 138, 140.
geniculatum 79, 83.
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Ceratium gibberum 51, 53, 63, 73, 74, 75, 87, 97, 128.

C. gravidum 79, 138,
C. hexacanthum 112,

C. horridum 63, 71.

C. inflatum 52, 63, 106,

C. karsteni 53, 56, 75.

C. kofolidi 53.

C. limulus 53, 63, 80, 81, 132, 138,

C. longinum 87.

C. macrcceros 51, 56, 66, 67, 71, 73, 79, 87, 140.

C., massiliense 54, 67, 72, 74, 75, 112, 124.

C. minutum 54,

C. pentagonum 49, 50, 51, 52, 53, 54, 56, 58, 65, 66, 67,
70, 71, 72, 73, 74, 75, 76, 78, 79, 80, 81, 83, 85, 87,
91, 106, 112, 122, 124, 126, 128, 130, 132, 134, 136,
138, 140. '

C. pulchellum 56, 67, 70, 72, 75, 78, 79, 81, 83, 85, 87,
97, 106, 117, 126, 134.

C. reflexum 72.

C. robustum 67.

C. schmidti 49, 53, 54, 65, 73, 74, 75.

C. symmetricum 53, 56, 66, 72, 73, 78.

C. tricheceros 50, 51, 53, 56, 63, 66, 67, 70, 71, 72, 73,
74, 15, 76, 78, 80, 81, 83, 85, 87, 91, 97, 106, 112,
117, 122, 124, 132, 140.

C. tripos 50, 51, 54, 56, 66, 67, 70, 71, 72, 73, 74, 75,
78, 79, 80, 83, 106, 112, 124, 130, 138.

C. vultur 51, %3, %4, 56, 63, 72, 73, 75, 79, 80, 81, 124,
138.

Ceratocorys armata 56, 63, 65, 67, 79, 130.
C. horrida 50, %4, 56, 63, 65, 66, 67, 71, 72, 73, 74, 75,
78, 83, 85, 128,

Citharistes regius 53,

Dinophysis acuminata 134.
D. armata 65, 80, 138.
D. caudata 75, 97.
D. doryphorum 73.
D. exigua 126.
D. hastata 112.
D. miles 75.
D. monacantha 50,56.
D. paradoxa 52, 81, 112, 128, 130, 134, 140.




- 149 -

Dinophysis recurva 124,
D. schuetti 53, %4, 65, 66, 71, 78, 81, 112, 128, 136.
D. truncata 138.
D. urancantha 72.

Diplopsalis lenticula 953, 75.
D. orbicularis 72, 73.

Exuvisella marina 51, 56, 79, 83, 85, 106, 112, 126, 128, 130,
132, 134, 136, 138, 140.

Gonlaulax alaskensis 53.
G. glyptorhynchus 54, 78, 79, 80, 85, 124, 140,
G. karstenii 56.
G. kofoidi 51, 52, 53, 54, 56, 67, 73, 74, 79, 83, 97, 130,
132, 134, 138, 140.

Ge. milneri 54.

G, monacantha 65.

G. ovalis 117.

G. pacifica 54, 56.

G, polyedra 74, 78..

G. polygramma 65, 66, 78, 122, 128.

G. spinifera 72, 80.

G. tamarensis 72.

Goniodoma peolyedricum 54, 66.

Gymnodinium flavum 54.

Hetercodinium crassipes 71.

H. dispar 52.

H. globosum 71.
H. hindmarchii 54.

Histionels costata 75.
H. cymbalaria 79.

H. depressa 83, 138.
H. dolon 49.

H. elongata 54, 67, 75.

H. helenae 53.

H. hyalina 53, 54, 71, 72, 78, 80, 83, 128, 134,
H. longicollis 56.

H, milneri 56, 79.

H. paulseni 66, 78, 134,
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Histioneis rotundata 78.
H. schilleri 53, 54, 56, 66, 70, 78,

Melodinium nigricans 72.

Nematodinium torpedo 112, 122, 124, 136.

Ornithocercus formosum 78.

0. geniculatus 54,

0. heteroporus 67, 78.

0. magnificus 49, 51, 53, 54, 56, 63, 65, 66, 67, 71, 72,
73, 74, 75, 76, 78, 79, 80, 81, 83, 85, 97, 130, 132, 136.

0. splendidus 54, 71, 78, 8l.

O. steini 72.

Q. thurni 50, 52, 53, 54, 56, 64, 65, 67, 72, 73, 74, 75,
78, 80, 83, 87, 112, 134, 138, 140,

Oxytoxum compressum 73.

C. constrictum 56, 73, 138,

0. curvatum 49, 51, 52, 53, 54, 56, 63, 70, 71, 72, 73, 74,
76, 78, 79, 81, 97, 126, 132, 134, 138, 140.

O. elegans 54.

0. elongatum 66, 80.

0. gladiolus 54, 6%, 71, 134.

O. milneri 49, 50, 53, 54, 56, 66, 72, 78, 79, 80, 81, 91,
97.

O. scolopax 49, 50, 51, 52, 53, 54, 56, 63, 65, 66, 67, 70,
71, 72, 73, 74, 75, 78, 79, 80, 81, &, 87, 91, 97, 112,
122, 124, 128, 130, 132, 134, 136, 138, 140.

O. tesselatum 56, 70, 73, 78, 80, 132, 138.

0. turbo 49, 53, 56, 66, 71, 72, 73, 78, 79, 81, 85, 122,
132, 134, 138.

Parahistioneis crateriformis 65.
P. diomediae B53.

P. pachypus 53, 74, 78, 80, 138, 140.
P. rotundata 53, 78.

Peridinium abei 73.
P. conicum 74.
P. crassipes 53, 54, 67, 73, 74, 75, 78, 117.

P. curtipes 65, 78.

P. curvipes 75.
P. depressum 53.
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Peridinium decipiens 53, 65,
P. elegans 53, 73, 74, 97, 132.
P. gatunense 72, ’
P. globulus 49, 30, 51, 54, 56, 65, 67, 71, 72, 73, 74, 75.
P. grande 51, 52, 54, 56, 63, 64, 66, 67, 73, 74, 75, 87,
97, 106, 112, 128, 130, 140.
P. grani 54, 56, 67, 71, 72, 73, 74, 75, 112, 124, 136, 138,
P. murrayi 73,
P. pedunculatum 51, 53, 66, 132, 134, 136, 138, 140.
P. pellucidum 54, 65 67, 73, 124.
P. pyriforme 65.
P. steini 74,
P. tenulssimum 53.

Phalacroma scutum 56, 63,

P. argus 50.

P biceps 73, 80.
circumcinctum 72.

P. cuneus 80.

P. doryphorum 52, 54, 56, 63, 65, 66, 67, 72, 73, 78, 79,
124, 130, 132,

P. lativelatum 53.

P. mitra 795.

P. monocantha 140.

P. ovum 49, 54, &5, 66, 72, 73, 79, 80, 81, 85, 132, 134,
136, 138.

P. parvulum 72, 75, 79, 83.

P. parvum 56.
P. puglunculus 56,

P. rudgei 54.

Podolampas bipes 53, 65, 73, 74, 75, 78, 80, 87.

P. elegans 53, 54, 56, 71, 72, 73, 74, 75, 78, 80, 106, 122,
128, 138, 140,

P. globulus 79, 112,

P. palmipes 49, 50, 51, 53, 54, 56, 63, 66, 67, 71, 72, 73,
74, 75, 78, 79, 80, 81, 83, 85, 87, 91, 106, 117, 122,
124, 126, 130, 132, 134, 136, 138, 140.

P. spinifer 49, 50, 51, 52, 53, 54, 56, 58, 64, 66, 67, 70,
71, 12, 74, 79, 76, 78, 79, 80, 81, 83, &, 87, 91, 112,
126, 128, 130, 132, 134, 136, 138, 140.

Prorocentrum arcuatum 51.

P. gracile 50, 63.
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Prorocentrum obtusidens 73.
P. rostratum 56, 72, 73, 74.
P. schilleri 74, 75, 78, 83, 128, 140.
P. sigmoidea 56.

Pyrocystis pseudonoctilica 66, 74.
P. gerbaulti 51.
P. hamulus 122, 140,
P. obtusa 51, 52, 75.
P. robusta 53, 54, 67, 71, 74, 75, 78, 124,

Pyrophacus horologicum 54, 56, 63, 64, 66, 67, 71, 72, 73, 74,
75, 76, 112,

Spiraulax jolliffei 66, 130.

Triposolenia bicornis 52, 71, 134.
T. intermedia 80.
T. truncata 53, 138.
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V. FIGURES
Figs 2-7 Hydrology - Vertical Sections

Figs 8-12 Hydrology - Horizontal Distribution of
Properties

Figs Primary Production



HYDRCLOGY
VERTICAL SECTIONS
Vertical sections for temperature (°C), salinity (%),
oxygen (ml/1, and inorganic phosphate (pg at./1) were prepared

from data in Section IV Part 1, and appear as Figures 2-7.

Vertical sections for the line of Stations 76-91. Degrees
of longitude (S} indicated at bottom on section. eesss Minimum

~~=~ Maximum,
Fig. 2 Temperature to 350 m.
Fig. 3 Temperature 500 m to bottom.
- Fig. 4 Salinity to 550 m.
Fig. 5 Salinity 550 m to bottom.
Fig. © Oxygen surface to bottom.

Fig. 7 Inorganic phosphate surface to bottom.
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HYDROLOGY
HORIZONTAL DISTRIBUTION OF PROPERTIES
Figures illustrating the horizontal distribution of pro-

perties at the surface, at 50 m, and at 250 m were prepared from
data in Section IV Part 1.

Figs 8-12

Fig. &8A Surface Temperature
Fig. &B Salinity -
Fig. &C Oxygen

Fig. 9A 50 m Temperature
Fig. 9B Salinity
Fig. 10A Oxygen

Fig. 10B Inorgénic phosphate
Fig. 11A 250 m Temperature
Fig. 11B Salinity
Fig, 12A Oxygen

Fig. 12B ‘ Inorganic phosphate
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Fig. 13.

Fig. 14,

PRIMARY PRODUCTION

Horizontal distribution of values for primary
production beneath 1 sg. m of sea surface.
Station number and time are given at the left
of each station. Primary production at right
in gC/day/m2.

Vertical profiles of hourly rates of primary
production at each 14C station. Sampling
times are given below the station number.
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OCEANOGRAPHICAL CRUISE REPORTS

. Oceanographical observations in the Indian Ocean in 1959. H.M.A.S. Digmantina Cruises
Dmnl/59 and Dm?2/59.

. Oceanographical observations in the Indian Ocean in 1960, H.M.A.B. Digmantina Cruise
Dml/60.

. Oceanographical observations in the Indian Ocean in 1960. H.M.A.8. Digmantina Cruise
Dm2/60.

. Oceanographical observations in the Indian Ocean in 1960, HM.A.8. Digmantina Cruise
Dm3/60.

. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.8, Gascoyne Cruise G1/60
and G2/60. ) :

. Oceanographicsl chservations in the Pacific Ocean in 1980, TL.M.A.8. Gascoyne Cruise G3/60.
. Oceanographical observations in the Indian Ocean in 1961. H.M.A.8. Diamantina Cruise
Diml/61.

. Oceanographical observations in the Pacific Ocean in 1861. H.M.A.8. Gascoyne Cruise G1/61.
. Oceanographical observations in the Indian Ocean in 1961, H.M.A.S. Diamanting Cruise
Dm2/61. ’



