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OCEANOGRAPHICAL CRUISE REPORT
No. 40
Oceanographical Observations in the Indian Ocean in 1964
| H.M.A.S. Diamantina
Cruise Dm5/64
August 10 - September 10, 1964
I. TINTRODUCTION

This report records the data collected during the fifth cruise
in 1964 of H.M.A.S. Diamantina, Royal Australian Navy oceanogra-
phical frigate.

Objectives

To study the distribution of suspended particulate matter from
surface to bottom in the eastern Indian Ocean and the relation
of this to the hydrological system.

To study the differences in chemical composition of suspended
particulate matter in relation to depth and latitude.

To make Indian Ocean Standard Net plankton hauls for the
Indian Ocean Biological Centre, Cochin, India.

Itinerary

The cruise began at Fremantle, worked SCOR-UNESCO Reference
Station 1, then a line of stations north to Reference Station 2.
From Reference Station 2, the cruise proceeded to the Cocos Is.
then Singapore. The cruise left Singapore on August 29, worked
Reference Station 2 then a series of stations to Christmas I.
and then Fremantle, where the cruise ended (Fig. 1).

Scientific Personnel

B. Newell (Cruise Leader)
G. Dal Pont

J. Klye

J+ Prothero

B. Scott

The analyses of hydrological samples were done in the ship's
laboratory by Messrs Dal Pont, Klye, and Prothero. Nitrate analy-
ses were done at Cronulla by Mr Klye. Particulate carbon,
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nitrogen, carbohydrate, and phosphorus analyses were done at
Cronulla by Mr Dal Pont. Mr Scott carried out the incubation and
Geiger counting of the primary production samples in the ship's
laboratory. The zooplankton samples were concentrated and stored
on board.

The data were processed under the dlrectlon of Mr W, Hedge
using computer programmes designed by Mr A.D. Crooks. The track
chart was prepared for publication by Mr R. Breach.

{
ITI. WORK ACCOMPLISHED §

Fifteen stations were worked (Dm5/210/64—Dm5/224/64) Bathy-
thermograph casts were made and surface and subsurface ‘hydrology
samples collected, at 15 stations. Primary production samples
were collected at 10 stations, and zooplankton and partlculate
matter samples at 14 stations.

TABIE 1

i
|
|
|
WORK DONE AT EACH STATION |
|

Stn BT Hydrology Primary Zoo- Particulate Matter
No., Surface to Depth Production plankton Surface|to Depth
(m) (m)
210 + 4500 + 4500
211+ 5000 + 5000
212 + 3500 + 3500
213 + 2500 + + 2500
214 + 5000 + + 5000
215 + 5000 + + 5000
216 + 5000 + + 5000
217 + 5000 + + 5000
218 + 5000 + :
219 + 4000 + + 4000
220 + 5000 + + 5000
221 + 5000 + + 5000
222 + 4000 + 4000
223 + 3000 + . + . 4000
224 + 4000 + 4000
[
BT Bathythermograph :

Zooplankton Indian Ocean Standard Net haul

|
t
i
l
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ITI. METHOD OF COLLECTION AND ANALYSIS OF SAMPIES
1. Physics

Temperature.—Water temperatures were taken with deep-sea re-
versing thermometers; protected thermometers with a range of -2°
to 30°C, and unprotected thermometers with a range of either -2°
to 30°C or —-4° to 60°C. The accuracy of the temperatures is con-
sidered to be + 0.03 degC.

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.

Bathythermograms.—A 900-ft bathythermograph was used at each
of the stations indicated in Table 1. Slides were digitized
according to the method of the U.S. National Oceanographic Data
Centre (1964) and the results transferred to punched cards.

Sigma-t.—Sigma-t values were computed from temperature and
salinity values, using the eguations of Knudsen (La Fond 1951).

2. Chemistry

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

Dissolved Oxygen.—A version of the standard Winkler method
was used to determine the amount of dissolved oxygen in the sea-
water samples. The version used is a modification of -that des-
cribed by Jacobsen, Robinson, and Thompson (1950). Potassium
iodate was used as the iodometric standard and the reagents
necessary to fix the oxygen in solution were used at different
concentrations (Rochford 1963). Duplicate titrations were made
on approximately every tenth sample. Saturation values were cal-
culated by computer using the simpler of the equations given by
Richards and Corwin (1956) -

0,(ml/1) x (33.5 + T°C) x 100
332.4 ~ (1.854 x 5%)

0,(% Satn.) =

Nitrate.—-After collection, water samples were stored in
plastic bottles and preserved with 2 drops of saturated HgCl,.
Nitrate was determined at Cronulla by the strychnidine method
(Rochford 1947). The reagent was prepared by the addition of
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0.64 g strychnidine to a litre of nitrate-free sulphuric acid.
Five 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 colour developed for

2 hr. The solutions were read in a Unicam SP 600 spectropheto-
meter at a wavelength of 530 mp using a 5 mm cell, Samples with
an absorbance greater than that of the standard corresponding to
14.4 pg-atom/1 were diluted with artificial seawater-sulphuric
acid mixture before reading. Results are given in ug—%tom/l

Particulate Matter.—Six litres of water collected by means of
a Jitts twin sampler (Jitts 1964), or five litres collected with
a plastic sampler (Davis 1957) were passed through a Whatman
OF/C glass paper filter and the filters returned to qunulla.
Where the Jitts sampler was used, duplicate samples were gener-
ally obtained,

At Cronulla, each filter was cut into eight equal sectors, and
estimations of particulate carbon, particulate carbohydrate,
particulate protein-nitrogen, and particulate phosphorus made by
the following methods:s-

Particulate Carbon. Four diagonally opposite sectors were Ccom—
busted and C02 evolved measured by the method of Dal Pont and
Newell (1963).
Particulate Carbohydrate. One sector of the GF/C glass paper
filter was placed in a conical centrifuge tube. To thﬂs was add-
ed 1 ml of distilled water, 2 ml of a 4.5% solution of phenol,
and 5 ml of conc. HySO4. After thorough stirring with a glass
rod, the whole volume was filtered through a sintered glass disc
and the absorbance of the filtrate at 490 mp measured in a 1 cm
cell in a Unicam SP 600 spectrophotometer. The method was cali-
brated with standard glucose solutions and results are expressed
as pg glucose~equivalent per litre of seawater. Reagent and
filter blanks were measured and subtracted.
Particulate Protein-Nitrogen. One sector of the CF/C glass paper
filter was placed in a 15 ml centrifuge tube and covered with
1 ml of 50% v/v HCl. The tube was then heated to dryness {(2-3 hr)
in an aluminium block heater at 115°C. The dry residue was diss-
olved overnight in 1.5 ml distilled water, centrifuged, and 1 ml
of the solution transferred to a second 15 ml centrifuge tube.
One ml of 0.4 M sodium citrate buffer (0.4 ml normal sodium
hydroxide solution and 42 g citric acid in 1 litre of distilled
water) was then added. Two ml of nivhydrin reagent (2 g of
indane-trione-hydrate dissolved in 50 ml of cellosolve and 50 ml
of 0.4 M sodium citrate buffer) were then added and the whole
thoroughly mixed with a glass rod. The centrifuge tubes were

1

l
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heated in a boiling water bath for 30 min, cooled and the absor-
bance read at 570 mp in a 1 cm glass cell in a Unicam SP 600
spectrophotometer, Glutamic acid solutions were used as stand-
ards.

At the levels of nitrogen present (c. 1 pg) this method gave
about 70% recovery of amino-nitrogen from standard albumen solu-
tions. The analytical results have been multiplied by 1.4 to
convert them to amino-nitrogen, expressed as pg N per litre of
seawater. The yield falls off rapidly with increasing levels of
nitrogen present above 2 pg. Reagent and filter blanks were
measured and subtracted.

Particulate Phosphorus. Two sectors of the GF/C glass paper
filter were autoclaved at 125°C for two hours in a 15 ml centri-
fuge tube with 1 ml of 9.36% v/v HpSOy, After autoclaving, 9 ml
of distilled water were added to each tube, the contents mixed,
and the tubes centrifuged at 1500 g for 15 min, The 10 ml of
supernatant was then poured into a 50 ml Erlenmeyer flask con-
taining 14 ml of distilled water and 1 ml of 0,67 ammonium
molybdate solution, The final conditions were thus the same as
those employed for the determination of inorganic and total
phosphate in seawater samples collected by this laboratory viz.,
0.14 N H2S04 and 0,025% ammonium molybdate.

After standing for 5 min, 1 drop of a 1% solution of stannous
chloride dihydrate was added to each flask. Absorbance of each
solution was measured at 700 mp after 10 min for colour develop-
ment. Calibration was effected with standard solutions of pota-
ssium dihydrogen phosphate. Results are expressed as pg POy-P
per litre of seawater. Reagent and filter blanks were measured
and subtracted.

3. Primary Production

Surface samples were taken with a twin 6-litre plastic sampler,
300 ml poured into clear and dark Pyrex bottles and the samples
exposed to sunlight from noon to sunset in a clear plastic tank
of runping surface seawater.

The 14g techniques described by Dyson et al. (1965) were used.

4. Zooplankton

Sampling consisted of vertical hauls from 200-0 m with the
Indian Ocean Standard Net'(IOSN). 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,

Samples were removed from the net in the following manner. The
plankton bucket was detached and the contents poured into a
larger container and the bucket replaced. The net was lowered in-
to 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 slopping water from the outside. Fina-
1ly the net was lowered into the water and washed through without
the bucket attached.

Samples were concentrated in the shipboard laboratory and stor-
ed in neutral 10% formalin in plastic bottles. '

Samples were sent to the Indian Ocean Biological Centre
Cochin, India, for taxonomic¢ studies.
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IV. DATA SHEETS
Hydrology data were processed in a C,D.C. 3600 Computer. An

explanation of the headings used is given at the beginming of
each part.
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PART 1

HYDROLOGY



Part 1

STATION

DATE

TIME

LATITUDE LONGITUDE

SONIC
DEPTH

ATR TEMP.

WET DRY
WIND
DIR. SP.
ANEM,
HEIGHT

CLOUD

TYPE AMT.

VIS.

SEA

DIR. AMT.

SWELL

DIR. AMT.

12

EXPLANATION OF HEADINGS

Hydrology

Gives the station identification. For ex-
ample, Dm5/210/64 signifies the 210th
station worked by Diamantina in 1964, on
her 5th cruise for that year

Given as day/month/year

Given in Zone Time, and is the time at the
beginning of the first cast. The code letter
used for the time zone follows the time.
Zone Times during the cruise were GMT + 7
and 8 hr, Codes G and H, respectively

Given in degrees and minutes j
Given in metres, measured at standard sound
velocity of 800 fm (1463 m) per second

t

Air temperatures recorded from wet and dry
bulb thermometers in °C

Wwind direction and speed are coded using
Tables 8 and 9 in U,S. Hydrogr. Office
(1955)

The average height of the anemometer above
gsea 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 1n U.S,
Hydrogr. Office (1955) 1

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

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

1
!
I
{



ATMOS.
PRESSURE

WIRE ANGLIES
CAST 1 CAST 2 CAST 3

CAST

DEPTH

TEMP.
SALINITY
SIGMA-T
OXYGEN
OXYGEN % SAT.

NITRATE

I

13

Atmospheric pressure given in millibars

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

The cast number corresponding to the
wire angle is shown

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

Given in parts per thousand

Sigma-t to 2 decimal places

Given in ml/1

Oxygen percentage saturation

Given in pg-atom/1

# and =#% indicate no data available
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DATA

PART 2

PRIMARY PRODUCTION



Part 2

STATTON

DATE

LIGHT
COUNT

DARK
COUNT

PRODUCTION

30
EXPLANATION OF HEADINGS

Primary Production

Gives the station identification. For ex-
ample, Dm5/213/64 signifies the 213th
station worked by Diamantina in 1964, on
her 5th cruise for that year

Given as day/month/year

The counts per minute of the filter from
the clear bottle

The counts per minute of the filter from
the dark bottle

Production per day, and this is assumed to
be twice the production from noon to sunset
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DATA
PART 3

PARTICULATE MATTER



Part 3

STATION

DATE

TIME

DEPTH

CARBON

CARBOHYDRATE

PROTEIN

PHOSPHORUS

34
EXPLANATION OF HEADINGS

Particulate Matter

Gives the station identification. For ex-
ample, Dm5/210/64 signifies the 210th
station worked by Diamantina in 1964, on
her 5th cruise for that year

Civen as day/month/year

Given in Zone Time. The code letter used
for the time zone (see p.12) follows the time

Depth is given as metres of wire out, since
no thermometric data were available for
true depth calculation

Particulate carbon given as pg C/litre

Particulate carbohydrate, given as ig
glucose—equivalent/litre

Particulate protein-nitrogen, given as
ug N/litre

Particulate phosphorus, given as ug POA—P/
litre

A blank indicates no data available
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LONGITUDE

LATITUDE

TIME

DATE
14/8/64

CARBON

STATION

108°44'E.

21°5718.,

0830 H

Dm5/213/64

PHOSPHORUS

PROTEIN

CARBOHYDRATE

DEPTH
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LONGITUDE

DATE TIME LATITUDE

STATTON

107°001'E.

15°357S.

16/8/64
CARBON

Dm5/215/64

PROTEIN

0800 H

PHOSPHORUS

CARBOHYDRATE

DEPTH
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LONGITUDE

LATITUDE

TIME

DATE
18/8/64

CARBON

STATION

104°59'E.

8°5818S.

0800 G

Dm5/217/64

PHOSPHORUS

PROTEIN -

CARBOHYDRATE

DEPTH
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LONGITUDE

TIME LATTITUDE

DATE
4/9/64

STATION

106°181E,

14°0458S.

0800 G

Dm5/220/64

PHOSPHORUS

CARBON CARBOHYDRATE PROTEIN

DEPTH
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LATTITUDE LONGITUDE

TIME

DATE
5/9/64

CARBON

- STATION

Dm5/221/64

107°20'E.

17°06+%S,

09000 H

PHOSPHORUS

PROTEIN

CARBOHYDRATE

DEPTH

11
22
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LONGITUDE

LATITUDE

DATE TIME

8/9/64

STATION

110°121'E.

26°5618.

1500 H

Dm5/224/64

PHOSPHORUS

CARBON CARBOHYDRATE PROTEIN

DEPTH
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OCEANOGRAPHICAL CRUISE REPORTS

1. Oceanographical observations in the Indidn Ocean in 1959, H.M.A.S. Diamantina Cruises

2,
3

4.

10.
11.
12,

13

h

14.
15.
16.
17.
18.
19.
20,
21.
‘22.

23

Dml1/59 and Dm2/59,

Oceanographical observations in the Indian QOcean in 1960. H.M.A.S. Diamantina Cruise
Dmi/60.

Oceanographical observations in the Indian QOcean in 1960. H.M.A.S. Diamantina Cruise
DPm2/60.

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

. 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. Diamantina Cruise

Dml/61.

. Oceanographical observations in the Pacific Ocean in 1961. H.M.A.S. Gascoyne Cruise

Gl/6l.

. Oceanographical ol_aservations in the Indian Ocean in 1961. H.M.A.S. Digmantina Cruise

Dm2/61.

Oceanographical observations in the Indian and Pacific Oceans in 1961, H.M.A.S. Gascoyne
Cruise G2/61.

Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Diamanitina Cruise
Dm3/6l.

Oceanographical observatlons in the Paclﬁc Ocean in 1961. H.M.A.S. Gasceyne Cruise
G3/6l.

Oceanographical observations in the Pacific Ocean in 1962, H.M.A.S. Gascoyne Cruise
G1/62.

Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamanting Cruise
Dm1/62,

Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamantina Cruise
Dm2/62.

Oceanographical observations in the Pacific and Indian Oceans in 1962, H.M.A.S. Gascoyne
Cruises G2/62 and G3/62.

Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Gascoyne Cruise
G4f62.

Oceanographical observations in the Indian Ocean in 1962. H,M.A.S. Diamantina Cruise
Dm3/62.

Oceanographical observations in the Pacific Ocean in 1962, H.M.A.S. Gascoyne Cruise
G5/62.

Oceanographical observations in the Indian Ocean in 1962, H.M.A.S. Diamantina Cruise
Dm4/62.

Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Gascoyne Cruise
Gl/63. . .

Oceanographical observations in the Indian Ocean in 1963, H.M.A.S. Gascoyme Cruise
G2/63.

Qceanographical observations in the Indian Ocean in 1963. H.ML.A.S. Digmantina Cruise
Dm1/63.

. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Diagmaniing Cruise

Dm2/63.



25.

26.

29.

31,

32

34,

35,

36.

39,

40,

41,

42,

43.

46,

OCEANOGRAPHICAL CRUISE REPORTS

(Continued)

Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Diamantina Cruise
Dm3/63.

Oceanographical observations in the Pacific Ocean in 1963. H.M.A.S. Gascoyne Cruise
G3/63,

Oceanographical observations in the Pacific Ocean in 1963. H.M.A.S, Gascoyne Cruise
G4/63.

Oceanographical observations in the Pacific Ocean in 1963, H.M.A.S. Gascoyne Cruise
G5/63.

Oceanographical observations in the Pacific Ocean in 1964, H.M.A.S. Gascoyne Cruise
G1/64.

Oceanographical observations in the Indian Ocean in 1964, H.M.A.S. Gascoyne Cruise
G2/64.

Oceanographicat observations in the Indian and Pacific Oceans in 1964, H.M.A.S. Gascoyne
Cruise G3/64. .

Oceanographical observations in the Indian Ocean in 1964, H.M.A.S. Diamanting Cruise
Dm2/64, ;

Oceanographical observations in the Pacific Ocean in 1964. H.M.A.S. Gascoyne Cruise
G4/64.

Oceanographical observations in the Indian Ocean in 1964, H.M.A.S. Diamantina Cruise
Dmb5/64.

Oceanographical observations in the Indian Ocean in 1964. H.M.A.S. Gascoyne Cruise
G5/e4.

Oceanographical observations in the Pacific Ocean in 1964. H.M.A.S. Gasecoyne Cruise
G6/64. .

Oceanographical observations in the Indian Ocean in 1965. H.M.A.8, Gascoyne Cruise
G2/65,

Oceanographical observations in the Indian Ocean in 1965. H.M.A.S. Gascoyne Cruise
G5/65.



