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OCEANOGRAPHICAL CRUISE REPORT

No. 15
Oceanographical Observations in the Indian QOcean in 1962
HeMeAoS. DIAMANT INA

Cruise Dm 2/62

July 16 =~ August 25, 1962

I.  INTRODUCTION

Data are recofded for the second cruise in 1962 of
HeM,A.S. Diamantina, Royal Australian Navy frigate, in the
south-east Indian Oceans

Cbjectives

The cruise was planned to maske a detalled study of the
hydrological structure of the south-east Indian equatorial
current and the divergence along its northern boundary, to
study the eastern end of the counter current and the scuthern
boundary of the monsoon current durlng the period of the
strongest monsoons, and to study the bilological systems assoce
lated with these currentss

Itinerarz

The cruise commenced at Fremantle on July 16, worked a
series of stations north along the 100° E. meridian thence to
Singapore via Sunda Straits. The cruilse then returned to and

crossed the 100° E, meridian around 10°S. and worked a line of

stations north near the 105°E. meridian, then returned to
Singapore via Malacca Straite Finally, a line of stations
was worked south along 105°E. and the cruise terminated at
Fremantle (Fig. 1)s 1

M,
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Personnel

B. Hamon (Cruise Leader)
Ke Fleming

J. Klye

Ce Middleton

Je Prothero

B. Scott

The analyses of hydrological samples made in the ship's
laboratory were carried out by Messrs Fleming, Klye, and
Prothero, and the samples returned to Cronulla were analysed
by Messrs Davies, Klye, and Walkers The primary production
and pigment samples were taken and filtered by Mr Scott, who
also made the counts of 14C samples. Pigment determinations
were made at Cronulla by Mr Woottons. Zooplankton was collect-
ed by Mr Middleton and the samples were weighed at Cronulla
by Mr Tranter. :

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

II. WORK ACCOMPLISHED

Bathythermograph casts were made at 57 stations. The
following samples were collected:

surface hydrology at 57 statlons
sub-surface hydrology 49 stations
primary production 28 stations
pigments 28 stations
zooplankton 23 statlons

The temperature-salinity-depth recorder was used at 14 stationss
Table 1 shows the work done at each station.



TABLE 1

WORK DONE AT EACH STATION
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Station BT Hydrology Primary Pig- Zoo- TeSaeDe
Number Surface Deep Production ments plankton

44 + + + + + +

45 + + + + + + +

46 + + + + + +

47 + + + +

48 + + + + + +

49 + + + + + + +
- 50 + + +

51 + + + + +

52 + + + + +

53 + + +

54 + + + + +

55 + + + + +

56 + + +

57 + + +

58 + + + + +

59 + + +

60 + + +

61 + + + + +

62 + + + + +

63 + + +

64 + + + + + +

65 + + + '

66 + + + + + +

67 + + + + + +

63 + + +

69 + + + + + + +

70+ +

71 + + + + +

72 + +

73 + + +

74 + +

75 + + + + +

+ +
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TABLE 1 Cont' Gees

Statien BT Hydrology Primary Pig- Zoo~ TaSeDe
Number Surface Deep Production ments plankton

77 + + + + +

78 + +

79 + + +

80 + +

81 + + + + + +
82 + +

83 + + + + + +
84 + +

85 + + +

86 + + + + + + +
87 + + + + -
88 + + + + + + +
89 + + + + + + +
90 + + + +

91 + + + + + + +
92 4+ + + + + +

93 + + + +

94 + + + + + + +
95 + + + +

96 + + +

97 +

98 + + + + + +

99 + + + + +
100 + + + +
101 + + + +

BT Bathythermograms

T«SeDs  Temperature salinity depth recorder

III,  METHOD OF COLLECTICN AND ANALYSIS OF SAMPLES
l. Physics

Temperatures~ Water temperatures were taken with deep=-

sea reversing thermometers; protected thermometers with a
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range of -2% to 30°, and unprotected thermometers with a Tange
of =2° to 30°, or =4% to 60°  The accuracy of the temperatures
is considered to be + 0,03, The readings are recorded in
degrees Celsius.

Bathythermographe- A 900 ft bathythermograph was used at
the statlions indicated in Table 1. A photograph of each slide
is filed at Cronullas

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.

Ot== Sigma-t values were calculated by computer, using
the Table of o; given by the U.S. Hydrographic Office (1955).

Temperature-Salinity-Depth Recorder.- This instrument
was tested during the cruise, mainly to determine the behaviour
of an acoustic telemetering link between the underwater unit
and the ship. No temperature or salinity data from this
instrument are inciuded in this report.

2, Chemistry

Salinity.~ Salinity was measured on board with an
inductive salinometer (Brown and Hamen 1961). Duplicate
samples from depths below 4000 m were returned to Cronulla for
checks.

Dissolved Oxygen.~ The standard Winkler method (Jacobsen,
Robinson and Thompson 1950) was used with potassium iodate as
the iodometric standarde 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 02/1.

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



6o

Inorganic Phosphates— The method of Atkins (1923) was
used with 1 ml molybdate reagent {300 ml 10% ammonium molybdate
and 100 ml 50% sulphuric acid) and O.1 ml 1% stannous chioride
diluted afresh from a 40% stock solution in hydrochloric acid,
which was kept under paraffin, The reagents were automatic-
ally dispensed by a piston dispensers.

Standard phosphate solutions were made up in distilled
water.s At air temperatures less than 25° analyses were
carried out in batches of 10; readings were begun within 10
minutes of adding reagents, and completed within 10 minutes.
At alr temperatures greater than 25° batches of 6 were analy-
sed; readings were commenced within 5 minutes of adding
reagents and completed within 7 minutes. Each batch was com-
pared with a distilled water blank and a 0.65 pg at./1 standard
in a Hilger Spekker absorptiometer using 4 cm cells and Ilford
608 filters.s Each week a complete check was made using
standards up to 3425 pg ate/le Results are given as Ly ate/1
without any correction for salt error and are precise to i_lo%
- for values less than G5 pg ate/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 Phospﬁprus.- 100 ml samples were drawn from the
Nansen bottles into 150 ml Pyrex conical flasks, 0.2 ml of 72%
perchloric acid was added and digestion at 200°-250° carried
out immediately on a sand tray. After evaporation of water,
heating was continued until fuming of the salt residue commen-
seds The samples were then allowed to cool and 100 ml of
distilled water and 2 drops of 2% phenolphthalein 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 dissoive. Phosphate was then
determined as described above for inorganic phosphates. Results
are given as pg at./1, without salt correction,. If 1t 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 HgCl s
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Nitrate was determined st Cronulla by the strychnidine method
(Rochford 1947)s  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 agitatien, to

O 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 hourss The solutions were read in a UNICAM
SP 600 spectrophotometer at a wavelength of 530 mp using a 5 mm
celle Samples with an extinction greater than that of the
standard corresponding to 14.4 pg at./1 were diluted with art-
ificial sea water-sulphuric acid mixture before reading.
Results are given in pg at./le

3. Primary Production

Water samples were aligquots of those taken in a 5 1
plastic sampler for pigment measurements. Incubation was
carried out in a light bath at 1100 ft candles in 300 ml Pyrex
bottles,. Otherwise the techniques used were as in Jitts (1957)
except that counting was done with a windowless Geiger counter
on board and standardization of the 14C solutions was made by
the method of Jitts and Scott (1961},

4, Pigments

Water samples were taken with a plastic sampler and fili-
ered within one or two hours through HA Millipore filters.
The filters were placed in envelopes and stored in metal des-
iccators over silica gels The analyses were carried out at
Cronulla using the method given by Humphrey (1960}, except that
4 cm spectrophotometer cells were used.

S« Zooplankton

Duplicate samplés were taken with the Indian Ocean
Standard net (Currie 1962, Motoda 1962, Tranter 1963). The
net was hauled vertically from 200 m to surface at approximate-

ly 1 m/sece On this cruise no allowance was made for
wire stray, but ship handling was such that the wire



8a

angle averaged not more than 20°. Samples were welghed at

Cronulla using the method described in Tranter (1962).
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IV.  DATA SHEETS AND TABLES
The data were listed on an I.B.M. 140l. An explanétion

of the headings for each set of data sheets 1s given at the
beginning of the relevant parte
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EXPLANATION OF HEADINGS

157°30'%.

Part 1 Hydrology - Deep Stations
STATION Gives the statlon identification, for example,
Dm 2/44/62 signifies the 44th station worked
from Diamantina in 1962, on her 2nd 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
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 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
1 180° - - 172°30'W. +12 Y
172°30'W. - 157°30'W. +11 X
- 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 v
127°30'W. - 112°30'W. +8 u
112°30'W. - 97°30'W. +7 T
970301Wo = 82°30'W. ' +6 S
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
20°30'W. - 07°30'W. +1 N
07°30'W. - 07°30'E. 0 z
LATITUDE LONGITUDE Given in degrees and minutes
SONIC Given in metres, measured at standard
DEPTH sound velocity of 800 fm (1463 m) per
second
AIR TEMP. Recorded from wet and dry bulb thermometers
WET DRY in °C
WIND Wind direction and speed are coded using
DIR. SP. Tables 8 and 9 in U.S. Hydrogr., Office
(1955)
ANEM. The average height of the anemometer
HEIGHT above sea level, 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 1s coded using Table 4 in U.S.
Hydrogr. Office (1955)
SEA Sea direction and amount are coded using
DIR. AMT. Tables 5 and 8 in U.S. Hydrogr. Office

(1955)
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SWELL
DIR. AMT.
ATMCS »

PRESSURE

WIRE ANGLES
CAST1 CAST 2

CAST

DEPTH
TEMPERATURE
SALINITY
OXYGEN
INORG. P,

TOTAL P and
NITRATE

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

Atmospheric pressure given in millibars

Wire angles are measured at the surface
and expressed in degrees for each cast,
An asterisk indicates that the wire
angle was not measured

The cast number corresponding to the

@ire angle is shown

Actual sampling depth, glven in metres
Sea temperatures recorded in °C

Given in parts per thousand

Given in ml/1

. Given.in pg at./1

Indicates no data available
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DATA
PART 2

PRIMARY PRODUCTION



EXPLANATION OF HEADINGS

Part 2 primary Production

STATION Gives the station identification, for example,
Dm 2/44/62 signifies the 44th station worked
by Diamantina in 1962, on her 2nd cruise for

that year.
DATE Given as day/month/year.
TIME Given in Zone Time (Table 2, pl2).

LATITUDE LONGITUDE Given in degrees and mlnutes.

INCUBATION ) Artificial constant light incubation.

METHOD

14c stock Stock number used.

ACTIVITY CPM Activity of 19C stock used, recorded in
counts per minute.

BACKGRCUND Background count 1s recorded in counts
per minute.

DEPTH Depth of sampling in metres.

LIGHT ’ The counts per minute of the filters from

the dupllcate clear bottles,

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

DARK The counts per minute of the filter from the
dark bottle. If the Dark Count is more than
%0 cpm and also more than 10% of the mean light
count, it is considered aberrant, is not used,
and the symbol "B" placed after it. ’

DARK USED This is usually the same as the Dark Count. If
the Dark Count is aberrant the mean of all the
dark counts for samples from that station 1s
used (symbol "E"}.

NETIT The difference between MEAN and DARK USED.
INC. PER. Incubation period.
PRODUCTION A The calculated rate of production in mg of carbon

per hour per cubic metre.

PRODUCTION B The integrated production under one square metre
from the surface to the given depth in g of
carbon per day per square metre. A day has been
taken to equal 10 hours.
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DATA
PART 3

PIGMENTS



Part 3

STATION

DATE
TIME

LATITUDE
LONGITUDE

DEPTH

CHLOROPHYLL
A B c

ASTACIN
NON-ASTACIN

98+

EXPLANATION OF HEADINGS

Pigments

Gives -the station identification, for example,
Dm 2/44/62 signifies the 44th station worked
by Diamantina in 1962, on her 2nd cruise for
that year

Given as day/month/year

Given in Zone Time (Table 2, pl2)

Given in degrees and minutes

Actual sampilng depth, given in metres

A and B given in mg/m°
C given in MSPU/m>

Given in MSPU/m°
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11.

14.

15.

OCEANOGRAPHICAL CRUISE REPORTS

. Oceanographical observasions m the Indian Ocean in 1959, H.M.A.S. Diamanting Cruises

Dml/5% and Dm2/59,

. Ocoanographical observations in the Indian Ocean in 1960. H.M.A.S. Dismantina Cruise

Dm1/60.

. Oceanographical observations in the Indian Ocean in 1960, H.M.A.8. Diemanting Cruise

Dm2/60.

. Oceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diagmanting Cruiss

Dm3/60.

. Oceanographical observations in the Pacific Ocean in.1960. H.M.A.S. Gascoyne Cruise G1/60

and G2/60.

. Oceanographical ohservations in the Pacific Ocean in 1960, H.M.A.8. Gascoyne Cruise G3/60.
. Qeceanographjcal observations in the Indian Qcean in 1961. H.M.A.S. Dimmantina Cruise

Dm1/61.

. Oceanographical observations in the Pacific Ocean in 1961. H.M.A.S. Qaecoyne Cruise G1/61.
. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S, Digmantina Cruise

Dm2/61.

Oceanographical observations in the Indian Qcean in 1861. H.M.A.S. Diamantina Cruise
Dm3/61. ‘

QOceanographical observations in the Indian Qcean in 1962. H.M.A.8. Diamanting Cruise
Dml/62.

Oceanographical observations in the Indian Qcean in 1862. H.M.A.S. Diamanting Cruise
Dm?2/62.



