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OCEANQGRAPHICAL CRUISE REPORT
No. 33
Oceanographical Observations in the Indian Ocean in 1964
H.M.A.S. Diamantina
Cruise Dm1/64

January 28-February 6, February 15-18, 1564

I, INTROBDUCTION

This report records the data collected during the first
cruise in 1964 of H.M.A.S. Diamantina, Royal Australian Navy
oceanographical frigate.

Objectives

To study the distribution and growth of larval stages of
the western crayfish (Panulirus longipes cygnus),; testing the
hypothe51s that final stage larvae settle to the sea floor on
the outer portion of the continental shelf.

‘To sample sediments on the continental shelf.

To examine the hydrological conditions on and adjacent to
the continental shelf,

Itinerarz

The cruise began at Fremantle on January 28 and a series of
traverses was made across the continental shelf, proceeding
as far north as North-West Cape., Affer a temperary return- to
port, traverses were made extending south to Cape Naturaliste,
The cruise ended at Fremantle on February 18 (Fig. 1).

Scientific Personnel

R.G. Chittleborough {Cruise Leader)

K.J. Betjeman, University of Western Australia
J. Prothero

L.R. Thomas

R.G. Chittleborough and L,R. Thomas examined plankton sam-
pies for crayfish larvae., X.J. Betjeman operated the grab fo
sample bottom sediments. Bottom photographs were taken by
R.G. Chittleborough and L.R, Thomas. Water samples were coll-
ected and analysed in the ship's laboratery by J. Prothero.
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The data were processed under the direction of W. Hedge, us-
ing computer programmes designed by A.D. Crooks. The track
chart was prepared for publication by R. Breach,

Ii. WORK ACCCMFPLISHED

Sixty-one stations were worked (Dm1/1/64-Dm1/61/64). Surface
and subsurface hydrelogy samples were collected at 47 sta-
tions, Sediments were collected at 31 stations, and bottom
Photographs were taken at 8 stations. Zooplankton samples were
collected at 7 stations, micronekton samples at 10 stations,
and beam trawling was dope at 10 stations,

TABLE 1

WORK DONE AT EACH STATION

Stn Hydrolegy Sedi- Bottom Beam Micro- Zoo-
No. Surface te Depth ments Photo- Trawling nekton plankton
(m} graphy 1 2
1 50 +
2 100 +
3 + +
4 180 +
5 +
6 75 +
7 120
8 170
9 50 +
10 +
11 100 +
12 + +
13 180
14 500
15 50 +
16 100 +
17 + +
18 180 +
19 500
20 +
2% 500 +
22 50 +
23 100 +
24 +

NS
i

200 +



Stn Hydrology °~ ° Sedi- Bottom Beam Micro~

No. Surface to Depth ments Photo- Trawling nekton plankton
(m) graphy 1 2

26 o ' + +

27 50 +

28 _ 100 o+

29 . +

30 180 +

31 500 + +

32 50 +

33 100 +

34 +

35 190

36 500

37 ' +

38 50 +

39 _ 100 +

40 +

41 180 +

42 500

43 +

44 500 .

45 50 + i

46 100 + +

47 200 +

48 500 + +

49 50

50 100 + +

51 170

52 500 + +

53 50 +

54 100 ' . +

55 180 +

56 500

57 + + +

58 50 '

59 100 + +

&0 200 +

61 500 ' + + +

Zooplankton 1 Indian Ocean Standard Net, vertical haul
2 N70 plankton net, . surface tow
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III. 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
either -2° to 130°C or -4° to 60°C. Temperatures are consider-
ed accurate to +0.03 degC.

Thermometric Depth.—Depth calculations were made by the
method described by Pollak (1950), and are considered accur-
ate to +15 m at depths greater than 1000 m, and to 1% at
depths less than 1000 m.

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

2. Chemistry

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

Dissolved Oxygen,—A versicon of the standard Winkler method
was used to determine the amount of dissclved oxygen in the
sea-water samples. The version used is a modification of that
described by Thompson and Robinson (1939} and differs in some
respects from the revision 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 in different concentrations (Rochford
1963). Duplicate titrations were made on approximately every
tenth sample. Saturation values were computed using the sim-
pler of the equation given by Richards and Corwin (1956)

0, ,(ml/l) x (33.5 + T°C) x 100

(% Satn.)

Inorganic Phosphate.—The method of Atkins (1923) was used
with 1 ml molybdate reagent {300 ml 10% w/% ammonium molyb-
date and 100 ml 50% v/v sulphuric ac1d) and 0.1 ml 1% w/v
stannous chloride diluted afresh from a 40% stock soliution in
hydrochloric acid, which was kept under paraffin. The reag-
ents were dispensed automatically by a piston dispenser,

Standard phosphate solutions were made up in distilled watern
At air temperatures less than 25°C, analyses were carried out
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in batches of 10; readings were begun within 10 min of adding
reagents, and completed within 10 min. At air temperatures
greater than 25°C, batches of 6 were analysed; readings were
begun within 5 min of adding reagents, and completed within

7 min. Each batch was compared with a distilled water blank
and a 0.65 pg—atom/i standard in a Hilger Spekker absorptio-
meter using 4 cm cells and Ilford 608 filters. Each day a
complete calibration was made using standards up to 3.25 pg-
atom/1., Results are given as pg—atom/ﬁ with no correction for
salt error and are precise to +10% for values less than 0.5
ng-atom/1 and to +5% for higher values. To correct for salt
effects the results given should be multiplied by 1.15.

3. Zooplankton

Vertical Hauls 200-0 m.—Sampling consisted of vertical
hauls through the upper 200 m with the Indian Ocean Standard
Net {IOSK). The I0SN was used in the standard manner (Currie
1963), except that a heavier weight (100 1b) was attached to
keep the net under control; this was replaced by a 30 1b
weight during washing operations. No flowmeter was used. Wire
angles averaged 20° from vertical and never exceeded 40°, The
length of wire paid out to place the net at 200 m was 200~
600 m. .

Samples were removed from the net in the following manner.
The plankton bucket was detached, the contents were poured in-
to a larger container, and the bucket was replaced. The net
was lowered into the water up to the ring and raised again,
and the washings collected; remnants still adhering to the
codend were washed into the bucket by splashing water from the
outside, and these were collected. Finally the net was lower-
ed into the water and washed through without the bucket
attached. '

Surface Tows.,—An N70 plankton net was towed at the surface
for 30 min at 3 kf at two night stations (Table 1).

Examination of Samples.—Phyllosoma and puerulus larvae
were sorted from the samples on board. There were no crayfish
larvae in the IO0SN samples. Samples were then concentrated
and stored in plastic bottles in neutralized 10% formalin. !
The samples were sent to the Indian Ocean Biological Centre,
Cochin, India, for taxonomic studies.



4, Micronekton

Oblique tows were made through the upper 200 m with a S5-f£t
Isaacs Kidd midwater trawl, a scaled-down version of the 6-ft
trawl (Xing and Iversen 1962; Aron 1960).

No flowmeter 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 te 5 kt and the wire
was paid out at 40-50 m/hin under a constant and minimum ten-
sion., 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 S min the wire was retfrieved at
a winch speed of 9 m/hin. Tows were made at approx. 2200 h.
The paying-out period averaged 15 min and the retrieval peri-
od 80 min, : _

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.
Phyllosoma and puerulus larvae were sorted from the samples
on board. Samples were then stored in neutralized 10% forma-
lin in plastic bottles; larger organisms were stored separ-
ately. Samples are held at Perth.

5. Benthos

A beam trawl was towed on the sea floor at approx. 3 kt for
periods ranging from 45-80 min at stations indicated in Table
i, .

Benthic material was sorted on board; crayfish and crayfish
larvae were removed and the remainder of the samples was sgor-
ted into phyla and sent to the Western Australian Museum.

5, Geology

Sediment Sampling.—DBottom sediments were sampled with a
Petersen grab; the samples were stored in plastic bags, and
sent to the Geology Department, University of Western Aust-
ralia to be used in a study of the foraminifera of the con-
tinental shelf (Betjeman 1965).

Bottom Photographs.—Bottom photographs were taken at the
stations indicated in Table 1, using the Ewing suspended cam-
era as described in CSIRO Aust. {1967).
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IV, DATA

The hydrology data were processed in a C.D.,C, 3600 Computer.
An explanation of headings used is given at the beginning of
each part, except for hydrology, where it is given at the be-
ginning of the surface listing.



DATA
PART 1
HYDROLOGY

SURFACE SAMPLES



Parts 1 and 2

STATION

DATE-

TIME

LATITUDE LONGITUDE
SONIC
DEPTH
AIR TEMP.
WET DRY
WIND
DIR. SPF..
ANEM .,
HEIGHT
CLOUD
TYPE AMT,

VIS,

SEA
DIR., AMT.

2

EXPLANATION OF HEADINGS

Hydrology

Gives the station identification., For ex-
ample, Dm1/1/64 signifies the 1st station
worked by Diamantina in 1964, on her 1st

cruise for that year

Given as day/month/year

Given in Zone Time, anrnd is the time at the
beginning of the first cast. The code
letter for the time zone follows the time.
Zone Time throughout the cruise was West-
ern Australian Standard Time, GMT +8 hr,
Code H

Given in degrees and minutes

Given in metres, measured at standard
sound velocity of 800 fm {1463 m) per sec-
ond

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

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

Average height of the anemometer above sea
level, given in metres

Cloud type and amount are coded using
Tables 2 ard 3 in U.S., Navy Hydrogr.
Office {1955)

Visibility is coded using Tabie 4 in U.S§.
Navy Hydrogr. Office (1955)

Sea direction and amount are coded using
Tables 5 and 8 in U.S5. Navy Hydrogr.
office (1955)
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SWELL Sea swell direction and amount are coded
DIR. AMT. using Tables 6 and 8 in U.S. Navy Hydrogr,
~ Office (1955)

BARCM, or
ATMOS., PRESSURE Atmospheric pressure given in millibars

CAST Gives the cast numpber

DEPTH _ Sampling depth given in metres

TEMP. Sea temperatures recorded in °C

SALINITY Given in parts per thousand

SIMA-T Sigma-t to 2 decimal places

OXYGEN  Given in m/

OXYGEN % SAT. Oxygen percentage saturation

INORG. P Inorganic phosphorus given in pg-atom P/i

*  ¥¥¥  or a blank indicate no data available
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PART 2

HYDREOLOGY

DEEP STATIONS
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DATA
PART 3

CRAYFISH LARVAE



Part 3

STN

" DATE

LATITUDE LONGITUDE

TIME

DURATION

DEPTH

66
EXPLANATION OF HEADINGS

Crayfish Larvae

Gives the station number

Given as dayﬁnonth/&ear

Given in degrees and minutes

Given in Zone Time, and is the time at the
beginning of the tow. The code letter for
the time zone follows the time. Zone Time
throughout the cruise was Western Austra-
lian Standard Time, GMT +8hr, Code H

Duration of tow, given in minutes

Sampling depth given in metres

A blank indicates no crayfish larvae in sample
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EXPLANATION OF HEADINGS

Part 4 Sediments
STATION Gives the station identification. For ex-

ample, Dm1/1/64 signifies the 1st station
worked by Diamantina in 1964, on her 1st
cruise for that-year

LATITUDE LONGITUDE Given in degrees and minutes

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

* indicates no data available
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2.

3.

4,

D 00 =1 N

10.

11.
12.
13,
14,

15.

16.

17.
18,

19.

21

22.
23,

.

25.

26.
29.
30.

31.
32,
33,

34,

OCEANOGRAPHICAL CRUISE REPORTS

Oceanographical observations in the Indian Ocean in 1959, IL.M.A.S. Diamantina Cruises
Dm1i/59 and Dm2/59.

Qceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diamantina Cruise
Dmi/60.

Oceanographical observations in the Indian Ocean in 1960, H.M.A.S. Diamantina Cruise
Dm2/60.

Oceanographical observations in the Indian Qcean 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 G1/61.
. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Diamanting 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, Diamintirna Cruise Dm3/61.
Oceanographical observations in the Pacific Ocean in 1961, H.M,A.S. Gascoyne Cruise G3/61.
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. Diamantina Cruise
Dml/62.

Oceanographical observations in the Indian Ocean in 1962. H.M.AS. Digmantina 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 8. Gascoyne Cruise G4/62.

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

Oceanographical observations in the Pacific Ocean in 1962. H.ML.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.ML.A.S. Gascoyne Cruise G1/63.
Oceanographical observations in the Indian Ocean in 1963. H.ML.A.S. Gascoyne Cruise G2/63,

Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Diamantina Cruise
Dm1/63.

. Oceanographical observations in the Indian Ocean in 1963. H.M.AS, Digmantina Cruise

Dm2/63.

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 Indian Ocean in 1963. H.M.A.S. Diamantina Cruise
Dm6/63. .
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, HM.A.S. Diamantina Cruise
Dml/64.

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



35.
36.
38.

39,
. Oceanographical observations in the Indian Ocean in 1964, H.M.A.S. Diamantina Cruise

41.
42,
43,
. Oceanographical observations in the Pacific Ocean in 1965. H.M.A.S. Gascoyne Cruise G3/65.
45.
46.
49,

51,
53

54,

OCEANOGRAPHICAL CRUISE REPORTS
(Continued)

Oceanographical 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. Digmantina Cruise
Dm2/64.

Oceanographical observations in the Indian Ocean in 1964, HM.A.S. Diamantina Cruise
Dmd/64.

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

Dm3/64.
Oceanographical observations in the Indian Ocean in 1964. H.M.A.S. Gascoyne Cruise G5/64.
Oceanographical observations in the Pacific Ocean in 1964. H.M.A.S. Gascoyne Cruise G6/64.
Oceanographical observations in the Indian Ocean in 1965. H.M.A.S. Gascoyne Cruise G2/65.

Oceanographical observations in the Pacific Ocean in 1963. H.MLA.S. Gascoyne Cruise G4/65.

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

Oceanographical observations in the Indian Ocean in 1965. H.M.A.S. Digmantina Cruise
Dm2/65,

Oceanographical observations in the Indian Ocean in 1965, H.M.A.S. Diamantina Cruise
Dm3/65.

Oceanographical observations in the Indian Ocean in 1966. H.M.A.S. Diamantina Cruise
Dmi/66.

Oceanographical observations in the Indian Ocean in 1966. H.M.A.S. Diamantina Cruise
Dm?2/66.



