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OCEANOGRAPHICAL CRUISE REPORT
No, 18
Oceancgraphical Observations in thé Ihdian Ocean iﬁ i962
| H;M;A.S. DiAMANTINA

Cruise Dm3/62

-.September 24 - October 6, 1962
I. INTRCDUCTION

This report records the data for the third cruise in
1662 of H,M,A,5. Diamantina, Royal Australian Navy oceano=-
graphic frigate, in the Indian COcean, :

Objectiﬁes

To investigate the distribution of zooplankton species
where gradients and boundaries between the subtreopical and
subantarctic-faunas exist and to determine zooplankton
biomass, primary precduction, pigments, and micronekton abund-
ance along a southern extension of the 110°E, section worked
during the Seasonal Biological Cruises.

To examine the environmental factors likely to influence
the distribution of the biological properties, and the inter-
relations of these properties with particular reference to
the dynamics of production,

Itinerary

The cruise commenced at Fremantle on September 24,
occupied SCOR-UNESCO Reference Station 1, and then a series
of stations south along the 110°E, meridian to 46°S., north
along the 110°E, meridian to 33°30'S. and then returned to
Fremantle (Fig, 1),



Scientific Personnel

, Tranter (Cruise Leader)

. Dyson

Heron

Khan (CSIR Pakistan)

. Klye .

. Magnier (Institut Francais d'Oceanie, New Caledonia)

oy g

Salinity, oxygen, inorganic phosphate, and total phos-
phorus determinations were done.-in the ship's laboratory by
Mr Klye. Nitrate analyses were done at Cronulla by Messrs
. Klye and Walker, The primary production samples were taken
and incubated aboard by Mr Dyson, and the counts were made
at Cronulla by Mr Scott, The samples for pigment determin-
ation were taken aboard by Mr Dyson, and the analyses were
done at Cronulla by Mr Wootton. .The zooplankton samples
~were weighed at Cronulla by Mr Tranter, The micronekton
samples were weighed at Noumea. The data were processed
under the direction of Mr Hedge, by Mrs Bailey, Miss Hammond.
Mrs Sander, and Miss Wanstall, The track chart was prepared
by Mr Breach.

II, WORK ACCOMPLISHED

Twenty-foéur stations were worked (Dm3/102/%2—Dm3/125/€2).
Bathythermograph casts were made at 24 stations. Surface
hydrology samples were collected at 23 stations, subsurface

.hydrology samples at 17 stations, primary production at 18
stations, pigments at 18 stations, zooplankton at 17 stations
and micronekton at 8 stations. ~
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TABLE 1

WORK DONE AT EACH STATION

Stn BT Hydrology

Primary ‘Pig- -Zoo- Micro-
No. . Production ments  plankton nekton
1 2 3 1 2 3 1 2 3
102 + + + + + + + + + +
103 + + + + + .
104 + o+ + o+ + + + +
105 + + + + + + +
106 4+ + + + + + % +
107 + + + + + + + +
108 + Ty + + + + + +
109 + + + + + + +
110 + + + + + + + +
111 + + + + + + + +
112 + + + + + + +
113 + + + + + +
114 + + + + ¥ +
115 + + + + + + + + + +
116 + + + + + +
117+ + + + + +
118 + +
119+ o+
120 + +
121 4+ +
122 + +
123 + +
124 + + + + + + o+
125 + + + + + + + +
BT Bathythermograms
Hydrology 1 Surface samples
2 Subsurface samples
3 Sampling to 500 m only for temperature
and salinity
Primary Production 1 In gitu incubation
2 Simulated in situ incubation
3 Artificial light incubation
Zooplankton 1 Indian Ocean Standard Net
2 Clarke=Bumpus horizontal tows
3 Clarke-Bumpus oblique tows
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TII, METHOD 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°C to 30°C, and unprotected thermometers with a
range of -2°C to 30°C, or.-4°C to 60°C, The accuracy of the
temperatures is considered to be + 0,03 deg C, :

Bathythermograms.— A 900 ft bathythermograph was used
at the stations indicated in Table 1, A photograph of each
slide is filed at Cronulla,

Thermometric Depth,- Depth calculations were made by
the ‘method described by Pollak (1950), and are considered
accurate to + 15 m at depths greater than 1000 m and to 1%
above that depth

Sigma-t,- Sigma-t values were calculated by computer,
using the Table of oy 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 potass-
ium iodate as the iodometric standard, Samples were coll=
ected in 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/i of oxygen.

Oxygen Saturation.- Oxygen percentage saturation values
were calculated, by computer, using the equation of Richards
and Corwin (1956),

Inorganic Phosphate,- The method of Atkins (1923) was
used with 1 ml molybdate reagent (300 ml 10% w/v ammonium
molybdate and 100 ml 50% v/v sulphuric acid) and 0,1 ml 1%
w/%,stannous chloride diluted afresh from a 40% stock solu-
ticn 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
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water, At air temperatures less than 25°C analyses were
carried out in batches of 10; readings were begun within 10
minutes of adding reagents, and completed within 10 minutes,
At air temperatures greater than 25°C batches of 6 were anal-
ysed; readings were begun within 5 minutes of adding reag-
ents and completed within 7 minutes, Each batch was compar-
ed with a distilled water blank and a 0,65 pg—atom/i standard
in Hilger Spekker absorptiometer using 4 cm cells and Ilford
608 filters, Each day a complete calibration was made using
standards up to 3,25 pg—atom/l. Results are given as
pg-atom/i without any correction for salt error and are pre-
cise to 3 10% for values less than 0,5 pg-atom/1 and + 5% for
higher values, If it is wished to correct for salt effects,
the results given should be multiplied by 1.15.

Total Phosphorusz.—- 100 ml samples were drawn from the
Nansen bottles into 150 ml Pyrex conical flasks, 0.2 ml of
72% v/v 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
and 100 ml of distilled water and 2 drops of 2% w/% phenol-
phthalein were added, If alkaline, perchloric acid was add-
ed 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 above for inorg-
anic phosphate, Results are given as pg-atom/i, without
salt correction, If it is wished to correct for salt
effects, the results given should be multiplied by 1,15,

Nitrate,- After collection, water samples were stored
in plastic bottles and preserved with 2 drops of saturated
HgCip, Nitrate was determined at Cronulla by the strychni-
dine method (Rochford 1947). The reagent was prepared by
adding 0.64 g strychnidine to a litre of nitrate-free sul-
phuric acid. 5 ml of this reagent were added, with minimum
agitation, to 5 ml seawater or standard nitrate solution.
The standards were made up in a mixture of equal volumes of
artificial seawater and nitrate-free sulphuric acid, The
standards and samples were shaken to distribute the reagent,
and the cclour developed for 2 hours, The solutions
were read in a Unicam SP 600 spectrophotometer at a wave-
length of 530 mp using a 5 mm cell, Samples with an absor-
bance greater than that of the standard corresponding to
14,4 gg—atom/i were diluted with artificial seawater-



sulphuric acid mixture before reading, Results are given
in pg-atom/1,

3. Primary Production

Water samples were aliquots of those taken in a twin
6 1, plastic sampler of the type described by Jitts (1964,
The 14C method described by Dyson et al, (1965) was used.

The samples were poured into 300 ml Pyrex bottlies and
incubated (a) in situ, (b) in a simulated in situ incubator,
or {c) in artificial light constant at 1100 ft candles,
Geiger counting was done on board with a windowless counter,

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 a refrigerator in metal desiccators over silica gel., The
analyses were carried ocut at Cronulla using the method given
by Humphrey (1960), except that 4 cm cells were used in the
Unicam 8P 600 spectrophotometer and 9 ml 90% acetone were
used for extraction.

5. Zooplankton

Sampling consisted of

(a) Vertical hauls through the upper 200-0 m
with the Indian Ocean Standard Net (IOSN)

(b) Horizontal and obligque tows within the 200-0 m
stratum with Clarke-Bumpus Samplers (CBS)

(a) Vertical Hauls 200-0 m: The IOSN was used in the stand-
ard manner (Currie 1963), except that a heavier (100 1b)
weight was attached to keep the net under control; this was

replaced with a 30 1b weight during washing operations, No
flowmeter was used, Wire angle averaged 20° and never
exceeded 40°, The length of wire paid out to place the net

at 200 m varied from 200-260 m with a mean of 214 m,
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Samples were removed from the net in the following
manner:

The plankton bucket was detached, the contents were
poured intoc a larger container and the bucket replaced, The
net was lowered into the water up to the ring and raised
again, and the washings collected as before; remnants still
adhering to the codend were washed into the bucket by slopp-
ing water from the outside, Finally the net was lowered
into the water and washed through without the bucket attached,

Sampling was in duplicate, the one haul immediately
following the other, One sample is lodged with the Indian
Ocean Biological Centre, Cochin, India; the other is at
Cronulla, '

(b) Horizontal and Oblique Tows: Four CBS were towed simult-
aneously at approximately 200, 100, 50 and 0 m., The duration
of the tow was approximately 45 minutes. The wire angle was
kept within the limits 45-60°, the ship's speed being 2-3 kt.
Depth recorders (Hamon, Tranter, and Heron 1963) were attach-
ed, These record both the depth range and the modal depth,
CBS were washed by hand in- the ship's laboratory and the
entire catch removed, At-Stations 124 and 125 oblique tows
(0-200-0 m) were made to sample the water column,

Storage. of Samples

Samples were concentrated in the shipboard laboratory
and stored in plastic bottles, Neutralized formalin was
added to a final concentration of 10%,

Biomass Determination

Biomass was determined at Cronulla approximately one
month after the end of the cruise, Each sample was strained
cff in a weighing digh and_ allowed to drain. Weighing
dishes with a base of 7 cm and 80 meshes per inch_gauze were
used for CB samples, and ones with a base of 25 ¢m~ and 60
meshes per inch gauze were used for I0SN samples. The
draired sample was then washed several times in 50% alcohol
to remove extranecus water and allowed to drain on an absorb-
ent cloth which was repeatedly wrung dry. When the samples
began to show signs of friability the weighing dish was
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carefully dried and the sample weighed. The entire opera-
tion took 5-10 minutes, depending on the size of the sample,
Samples containing large quantities of gelatinous material
took longer., The routine procedure was to weigh the entire
catch, and where exceptionally large organisms occurred
(weighing more than half the rest of the catch), to make a

* second weighing without them,

Estimation of Volume Filtered

In estimating volume filtered by the IOSN it was assumed
that 1 metre of wire out results in 1 m3 of water filtered
(the mouth area of the net being 1 mz), Estimates of vol-
ume filtered by CBS are based on flowmeter readings referred
to calibrations made before and after the cruise (Tranter
1962) ,

6, Micronketon

The micronekton programme, more correctly termed the
midwater trawl programme, consisted of oblique tows through
the upper 200 m layer with a 5 ft Isaacs-Kidd midwater trawl.
The tows were made at every night station. The programme
was conducted, in the field and in the laboratory, by the
staff of the Laboratoire d'Oceanographie of the Institut
Francais d'Oceanie, Noumea,

On_the Ship

The gear consisted of a 5 ft Isaacs-Kidd midwater trawl
scaled down from the 6 ft trawl (Xing and Iversen 1962; Aron
1960). No flow meter was used.

The trawl was fitted with a depth recorder (Hamon,
Tranter, and Heron 1963) and lowered from the stern while
the ship's speed was 2 kt, When the trawl was clear of the
ship, speed was increased to 5 kt and the wire was paid out
at 40-50 m per minute under a constant and minimum tension,
After 600 m of wire had been paid out the ship's speed was
reduced to 3 kt and further adjusted according to the reading
of a tension gauge; a final 100 m was then paid out making

the total 700 m, After 5 minutes the wire was retrieved at
a winch speed of 9 m/min, The average time at which the
tows were made was 10 p.m. The paving-out period averaged

15 minutes and the retrieval periocd 80 minutes,
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The net was washed from outside into the bucket which
was then removed from the net, The net was checked for
organisms caught in the meshes (e.g. Leptocephali); these
were removed, The samples were stored in neutralized 10%
formalin, in plastic jars; larger organisms were stored
separately,

In the Laboratory

Samples were sorted by taxa 1-2 months after collection.
The wet volumes were measured by displacement and ccunts of

subsamples were made, The taxa could be pooled into 4 main
categories: -
1, Gelatinous organisms (Medusae, Salps, Siphono-

phores) - no counts were made, the components very
often being broken.

2, Planktonic organisms of relatively small size - no
counts were made, the components being too numerous,

3. Macroplanktonic corganisms — counts were made for
each of the following components and in some cases
for genus: Annelids, Pteropods, Heteropods,
Chaetognaths, Amphipods, Stomatopods, Carids,
Penaeids, Mysids, Buphausiids, Phyllosomas.

4., Micronektonic organisms ~ counts were made for
each of the following components: Fishes, Fish
larvae, Leptocephali, Cephalopceds, Counts were

made by species and by size for the fishes,

Categories 3 and 4 predominate in midwater trawl samples
but are not clearly distinguished, Detailed results will be
published separately; average conversion factors, determined
for each taxa or categery, were used to convert from wet vol-
ume to dry weight (the dry weight was obtained by keeping the
sample at 60°, in an oven, until the weight remained constant
~ usually 24 hours). A table of conversion factors is
given with the data,

Categories 1 and 2 are comparable to the organisms
obtained by the usual conical plankton net, Results are
expressed in dry weight per average tow (using the general
average conditions for all stations - 15 minutes for paying
out, 5 minutes for horizontal tow, 78 minutes for retrieval).
Results are then directly comparable,
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From the above data it is possible to obtain absolute
values by a method already used by King and Iversen (1962)
and Aron (1960). Assuming that {a) the speed of the trawl
was known, (b) the trawl was working during paying out and
retrieval in a manner proporticnal to the ship's speed,

{c) all the water passing through a definite section of the
net was filtered and (d) all the organisms passing through

this section were caught, then the front end surface can be
used to calculate the minimum value filtered, This gives

the following results: '

Assumed maximum volume of water filtered per average tow

= 1.929 m2 x 10,000 m = 19,290 m3

Assumed minimum volume of water filtered per averade tow

= 0,197 m2 x 10,000 m = 1,970 m3

From these estimates of maximum and minimum volume filtered
it is possible to convert the data (p. 87) to mg/m>
(minimal and maximal estimates).
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IV, DATA SHEETS

The hydrology data. were listed on a C.D.C. 3600 Computer,
and primary production and pigment data on an I.B.M. 1401
Computer. An explanation of the headings for each set of
data sheets .is given at- the beginning of the relevant part,
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PART 1
EYDROLOGY

DEEP STATIONS
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EXPLANATION OF HEADINGS

Hydrology

STATION Gives the station identification, For
example, Dm3/102/62 signifies the 102nd
station worked by Diamantina in 1962, on
her 3rd 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 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. 18q0° -12 M

180° 172°%30'W. +12 Y

172°30'W, 157°30'W. +11 X

157°30'V. 142°30'V. +10 W

142°30'W. 127°30'Ww, +9 v

127930"W, 112°30'W, +8 U

112°30'W, 97°30' W, +7 T

97°30'W. 82°30'w, +6 5
82°30' . 67°30'W, +5 R
67°30'W, 52°30' W, +4 Q
52°30'W, 37°30'W, +3 P
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Longitude Time Code
Exceeding Up to but not Zone
exceeding (hrs)
37930'W, - 22°%30'V. +2 4]
22°30'w. - 07°30'W, +1 N
07°30'W. - 07°30'E, 0 7z

LATITUDE LONGITUDE

Given in degrees and minutes

SONIC
DEPTH

AIR TEMP,
WET DRY
WIND
DIR, SP.

ANEM,

HEIGHT
CLOUD

TYPE AMT,

VIS,

SEA
DIR. AMT,

SWELL
DIR. AMT,

ATMOS,
FRESSURE

WIRE ANGLES
CASTS 1, 2, and 3

Given in metres,” Mmeasured at standard
sound velocity of B0O.fm (1463 m) per
second v

Air témperatures recorded from wet

and dry bulb thermometers in °C

Wind direction and speed are coded
using Tables B and 9 in U,S. Hydrogr.
Office (1955)

The average height of the anemometer
above sea level, given in metres

Cloud type and amount are coded using
Tables 2 and 3 in U.S. Hydrogr. Office

(1955)

Visibility is coded using Table 4 in

" U.S. Hydrogr. Office (1955)

Sea direction and amount are coded
using Tables 5 and 8 in U.S. Hydrogr.
Office .(1955)

Sea swell direction and amount are
coded using Tables 6 and 8 in U.S35.
Hydrogr, Office (1955)

Atmospheric pressure given in milli-
bars

Wire angles are measured at the surface
and expressed in degrees for each cast.
An asterisk indicates that the wire
angle was not measured
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CAST The cast number corresponding to the
wire angle is shown

DEPTH Actual sampling depth, given in metres
TEMP, Sea temperatures recorded in °C
SALINITY Given in parts per thousand.
SIGMA-T _ Sigma-t to 2 decimal places
OXYGEN Given in ml/1
OXYGEN % SAT, ) Oxygen percentage saturation
" INORG. P,
TOTAL P and
NITRATE .~ Given in pg-atom/1

*HX Indicates no data available
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Part 3

STATION

DATE
TIME

LATITUDE
LONGITUDE

INCUBATION
METHOD

ACTIVITY CPM

BACKGROUND
DEPTH

LIGHT

DARK

40

EXPLANATION OF HEADINGS

Primary Production

Gives the station identification, For
example, Dm3/102/62 signifies the 102nd
station worked from Diamantina in 1962,
on her 3rd cruise for that year

Given as day/honth/&ear

Given in Zone Time (Table 2, p. 16)
Given in degrees and minutes

IN SITU: Incubation in situ

SIMULATED IN SITU: Incubation in a
simulated in situ incubator using suniight
and blue glass filters

ARTIFICIAL CONSTANT LIGHT 0: Incubation
in artificial light constant at 1100 £t
candles

s 1 R
Activity of the 4C stock used in counts

per minute
Activity in counts per minute
Depth of sampling in metres

The counts per minute of the filter from
the clear bottle

The counts per minute of the filter from
the dark bottle, If this is more than
50 and also more than 10% of the LIGHT
count, it is assumed to be aberrant and
the symbol "B" is placed after it
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DARK USED Usually the same as DARK,  However, 7
~ if this is aberrant or not done, the mean
of- ‘the ‘other DARX counts at that station
which are not aberrant ig used and the
symbol "E" placed after it :

NETT LTIGHT minus DARK USED, If this is
negative it is assumed to be equal to
zero for further calculations and the
symbol "G" is placed after it

INC, PER. In;ﬁbation period

PRODUCTION A For artificial constant light this is
calculated rate of production at the
depth sampled per hour of incubation.

For in situ and simulated in situ it is
the production per day and this is
assumed. to be twice the production from
noon to sunset, Where this.value is
missirig, the symbol "I" is placed after
it, and for the calculation of PRODUCTION
B it is assumed to have the same value as
at the next depth sampled below it

PRODUCTION B The integrated rate of production per day
under one square metre of sea surface
from the surface to the depth given, For
artificial constant light, the production
per day is assumed to equal 10 times the
hourly production

*¥ Indicates no data available
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PART 4

PIGMENTS



Part 4

STATICN

DATE
TIME
LATITUDE LONGITUDE
DEPTH

CHLOROPHYLL
A B C

ASTACIN
NON-ASTACIN

68

EXPLANATION OF HEADINGS

Pigments

Gives the station identification, For
example, Dm3/102/%2 signifies the 102nd
station worked from Diamantina in 1962,
on her 3rd cruise for that year

Given as day/honth/year

Given in Zone Time (Table 2, p. 16)
Given in degrees and minutes

Actual sampling depth, given in metres
A and B given in mg/m3

C given in MSPU/m3

Given in MSPU/ﬁ3
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EXPLANATION OF SYMBCLS

Part 5 Zooplankton
X Samples given to Indian Ocean Biological

Centre, Cochin, India

* Predominantly gelatinous organisms
() Including exceptionally large organisms
+ Sampler open during recovery

A blank indicates no data available
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TABLE 3

RELATION OF WET VOLUME TO DRY WEIGHT

The displacement volume of a group of organisms (in ml)
multiplied by the appropriate factor below, gives the dry

weight in mg

CONVERSION
FACTOR
Gelatinous organisms (Medusae, Salps, Siphono- 8
phores)
Planktonic organisms 120
Micronektonic organisms
Fishes 189
Fish larvae 162
Leptocephali 60
Cephalopods non gelatincus, small 137
non gelatinous, big 182
gelatinous 72
Macroplanktonic organisms
Phyllosomasg 29
Stomatopods 168
Amphipods -~ various 130
- Phronima group 43
Mysids 145
Euphausiids 149
Penaeids 158
Carids 231
Annelids 53
Pteropods (shell included) 267
Heteropods 10
Chaetognaths 56




w

10.

11.

14,

15.

17.

18.

1%

.

20.

21.

22

23

24,

25,

OCEANOGRAPHICAL CRUISE REPORTS

. Oceanographical observations in the Indian Ocean in 1959, H.ML.A.S. Digmantina Cruises

Dm1/59 and Dm2/59.
Oceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diamanrtina Cruise
Dml/60.

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

Dm?2/60.

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

Dm3/é0.

. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.S. Gascoyne Cruises

G1/60 and G2/60.

. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.S. Gascoyne Cruise

G3/60.
. Oceanographical observations in the Indian Ocean in 1961, H.M.A.S. Digmantina Cruise
Dml/61.
. Oceanographical observations in the Pacific Ocean in 1961. H.M.A.S. Gascoyne Cruise
Gl/sl. i
Oceanographical observations in the Indian Ocean in 1961, H.M.A.S. Diamantina Cruise
Dim2/61.
Occanographical observations in the Indian and Pacific Oceans in 1961. H.M.A.S. Gascoyne
Cruise G2/61.
Qceanographical observations in the Indian Ocean in 1961. H.M.A.S. Diamantina Cruise
Dm3/61.
Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Digmantina Cruise
Dml/62.
Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamgntina Cruise
Dm?2/62.

QOceanographical observations in the Indian Ocean in 1962. H.M.A.S, Gascoyre Cruise
ch:égzg}aphical observations in the Indian Ocean in 1962, H.M.A.S. Diamantina Cruise
Oc?amnz/gﬁri'phical observations in the Pacific Ocean in 1962, H.M.A.S. Gascoyne Cruise
OcSa.Sr‘;gz;'aphical observations in the Indian Ocean in 1962. H.M.A.S. Diamantina Cruise
Oc?alzf)/gii;)hical observations in the Indian Ocean in 1963. H.M.A.S. Gascoyne Cruise
Oc(zz:igi‘raphical observations in the Indian Ocean in 1963. H.M.A.S. Gascoyne Cruise
Occe;azljl’g;-aphical observations in the Indian Ocean in 1963. H.MLA.S. Digamanting Cruise
Oc]:anr]:y;r::phical observations in the Indian Ocean in 1963, H.M.A.S. Diamantine Cruise
Oclg%zg‘:;phical observations in the Indian Ocean in 1963. H.M.A.S. Diamantinz Cruise
63.



