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OCEANOGRAPHICAL CRUISE REPORT
NO. 10

OCEANOGRAPHICAL OBSERVATIONS IN THE INDIAN
AND PACIFIC OCEANS IN 1961

H.M.A.S. GASCOYNE
Cruise G2/61

February 21 - March 15, 1961

I, INTRODUCTION

This report records the data for the second cruise in 1961
of H.M.A.S. Gascoyne, Royal Australian Navy oceanographical
frigate, in the Indian and Pacific Oceans.

Objectives

To make a hydrological survey of Bass Strait and its
approaches and of the Great Australian Bight; to check the
influence of water from the South Australian Gulfs on Bass
Strait; to study the physical processes of heating, cooling
and evaporation in these areas. :

Itinerary

The cruise began at Melbourne on February 21, occupied a
series of 156 stations in Bass Strait and its approaches, in the
Great Australian Bight, and in South Australian coastal waters,
and ended at Sydney on March 15.

Scientific Personnel

D. Vaux (Cruise Leader)

R.M. Davies

E.L. Deacon (CSIRO Division of Meteorological Physics)
G.C. Irving

B. Scott

J. Staniforth

J. Stevenson (CSIRO Division of Meteorological Physics)

Salinity, oxygen, and inorganic phosphate determinations
were done in the ship's laboratory by J. Staniforth. The
primary production samples were taken and incubated aboard by
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B. Scott, who also made the counts at Cronulla. The samples
for pigment determination were taken aboard by B. Scott. The
data were processed under the direction of W, Hedge with com-
puter programmes designed by A.D. Crooks. Accuracy of cruise
data is the responsibility of the Cruise Leader, D. Vaux,

II. WORK ACCOMPLISHED

One hundred and fifty six stations were worked (G2/43/61 -
G2/198/61).  Bathythermograph casts were made at 54 stations.
Surface hydrology samples were collected at 156 stations, sub-
surface hydrology samples at 115 stations, primary production at
14 stations, and pigments at 13 stations.

TABLE 1

WORK DONE AT EACH STATION
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Stn BT Hydrology Primary Production Pigments
No. 1 2
196 +
197 +
198 +
BT Bathythermograms
Hydrology 1 Surface

2 Subsurface

TIT. METHOD OF COLLECTION AND ANALYSIS OF SAMPLES
1, Physics

Temperature.- Water temperatures were taken with deep-sea
reversing thermometers. Two protected thermometers were used
at each depth, together with an unprotected thermometer on all
but the upper five Nansen water bottles. Differences between
corrected protected thermometer readings were generally less
than 0.04 deg C, and the mean values listed in this cruise
report are considered accurate to + 0.03 deg C.

Thermometric Depth.- Depth calculations were made by the
second method described by La Fond (1951), plotting thermometric
depth against the difference between thermometric and wire
depths. Depths are considered accurate to + 5 m at depths less
than 200 m, + 10 m at depths between about 200 and 400 m, and
about 2% at depths from 400 to 1500 m,

Bathythermograph Results.-~ BT slides have been processed
by the N,0,D.C. Washington according to their published manual
(N.0.D.C. 1964) and a listing of temperature at 5 m intervals
will be included in a later report.

Sigma-t.- Values were calculated from temperature and sal-
inity by computer using the equations of Knudsen {La Fond 1951).

2. Chemistry

Salinity.- A chlorinity-temperature meter of the conduct-
ivity type (Hamon 1956) was used on board to estimate chlorinity,
subsequently converted to salinity by the relation,

Salinity_= 0.03 + 1.805 x Chlorinity
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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 1s 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 at different concentrations (Rochford 1963). Duplicate
titrations were made on approximately every tenth sample.
Saturation values were calculated by computer using the simpler
of the equations given by Richards and Corwin (1956},

0, (ml/1) x (33.5 + 1°¢) x 100
332.4 - (1.854 x S%)

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% stannous
chloride diluted afresh from a 40% stock solution in hydro-
chloric acid, which was kept under paraffin. The reagents were
automatically dispensed by piston dispensers.

Standard phosphate solutions were made up in distilled
water. At air temperatures less than 250 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° batches of 6 were analysed; read-
ings were commenced within 5 minutes of adding reagents and
completed within 7 minutes, Each batch was compared with a
distilled water blank and a 0.65 pg-atom/1 standard in a 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/1. Results are given as pg-atom/l without any
correction for salt error and are precise to + 10% for values
less than 0.5 pg-atom/l and + 5% for higher values, 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 HgCla.
Nitrate was determined at Cromulla by the strychnidine method
{Rochford 1947). The reagent was prepared by adding 0.64 g
strychnidine to a litre of nitrate-free sulphuric acid. 5ml
of this reagent were added, with minimum agitation, to 5 ml sea-
water or standard nitrate solution. The standards were made up
in a mixture of equal volumes of artificial seawater and nitrate-
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free sulphuric acid. 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 mp using a 5 mm cell. Samples with an
absorbance greater than that of the standard corresponding to
14.4 ug—atom/1 were diluted with artificial seawater-sulphuric
acid mixture before reading. Results are given in pg-atom/1.

3+ Primary Production

Samples were taken.with twin "light" and "dark" 400 ml
Perspex bottles and incubated under constant artificial light of
about 1100 ft candles. The 140 method described by Dyson et al.
(1965) was used.

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 glass vials and stored in metal des-
iccators over silica gel. The analyses were carried ocut at
Cronmulla using the method given by Humphrey (1960).

REFERENCES
Atkins, W.R.G. (1923).- The phosphate content of fresh and salt

waters and its relation to the growth of algal plankton.
J. Mar. Biol, Ass. U.K. 13: 119-50

Dyson, N., Jitts, H.R., and Scott, B.D. (1965).— Techniques for
measuring oceanic primary production using radioactive
carbon, CSIRO Aust. Div. Fish, Oceanogr. Tech. Pap. No,18

Hamon, B.V. {(1956)}.- A portable temperature-chlorinity bridge
for estuarine investigations and seawater analysis.
J. Sci. Instrum. 33: 329-333

Humphrey, G.F. (1960).- The concentration of plankton pigments
in Australian waters. CSIR0O Aust. Div. Fish. Oceanogr.
Tech. Pap. No0.9

Jacobsen, J.P., Robinson, R.jJ., and Thompson, T,G. (1950).- A
review of the determination of dissolved bdxygen in seawater
by the Winkler method.  Publ, Sci, Ass. Oceanogr, Phys. 11
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La Fond, E.C. (1951).~ Processing oceanographic data.
U.S. Navy Hydrogr. Off. Publ. No., 614

N.0.D.C. (1964).- Manual for processing BT data, Parts 1 and 2.
Publication M3. U.S. Navy Oceanographic Office,
Washington, D.C. 1964

Richards, F,A., and Corwin, N. (1950).- Some oceanographic
applications of the solubility of oxygen in seawater.
Limnol. Oceanogr. l: 263-7

Rochford, D.J. (1947).— The preparation of the use of Harvey's
reduced strychnine reagent in oceanographical chemistry.
Coun. Sci. Industr. Res., Aust, Bull, No, 220

Rochford, D.J. (1963).- SCOR-UNESCO chemical intercalibration
tests. . Results of 2nd series R.S. Vityaz, August 2-9,
1962, Australia. Mimeo, Cronulla, 1963

Thompson, T.G., and Robinson, R.J. (1939).- Notes on the
determination of dissolved oxygen in sea water.

]. Mar. Res. 2: 1-8

IV, DATA SHEETS

Hydrology data were processed in a Control Data 3600
Computer and primary production and pigment data in an I.B.M.
1401 Computer. Explanations of the headings for each section
are given at the beginning of the relevant part.
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PART 1

HYDROLOGY

DEEP STATIONS
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EXPLANATION OF HEADINGS

Parts 1 and 2 Hydrology
STATION Gives the station identification. For

example, G2/43/61 signifies the 43rd
station worked by Gascoyne in 1961, 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

TABIE 2

CODE FOR TIME ZONES

Longitude Time Code
Exceeding Up to but not Zone
~ exceeding (hrs)
07;30'E 22030'E -1 A
22 30'E 37030'E. -2 B
37030'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
97030'E 112° 30'E -7 G
112030'E. 127030'E -8 H
127030'E. 142030'E -9 I
142030'E. 157030'E =10 K
157030'E. 172 30'E. -11 L
172 301'E. 1800 -12 M
1800 172 _30'W, +12 Y
172030'W. 157 30w, +11 X
157030'W. 142030'W +10 W
142030'W. 127 30'W. +9 v
127030'W. 112° 30'W +8 U
112030'W. 97 30'W, +7 T
97 30'W. 82° 30'W +6 S
82° 30'W 67030'W +5 R
67030'W. 52 30'W. +4 Q
52730, 37°30"W. +3 P



15

. Longitude - . Time ) Code
Exceeding Up to but not : Zone
exceeding (hrs)
37;3o'w. - 22:30'w. +2 0
2203O'W. - 07030'W. +1 N
07 30'W. - 07 30'E. 0 VA
LATITUDE LONGITUDE Given in degrees and minutes
SONIC DEPTH Given in metres, measured at standard

ATR TEMP, Air temperatures recorded from wet and
WET DRY dry bulb thermometers 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 is 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)
SWELL Sea swell direction and amount are coded
DIR. AMT. using Tables 6 and 8 in U,S, Hydrogr.
Office (1955)
ATMOS. Atmospheric pressure given in millibars
PRESSURE
WIRE ANGLES Wire angles are measured at the surface

CAST1 CAST2

sound velocity of 800 fm (1463 m) per
second

and expressed in degrees for each cast.’
An asterisk indicates that the wire
angle was not measured



CAST

DEPTH
TEMP,
SALINITY
SICMA-T
OXYGEN
OXYGEN % SAT.
INORG. P,

TOTAL P and
NITRATE

N
Epipt

16

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

Indicates no data available
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PART 3

PRIMARY PRODUCTION



Part 3

STATION

DATE
TIME
LATITUDE LONGITUDE

INCUBATION
METHOD

14C STOCK
ACTIVITY CPM

BACKGROUND

DEPTH

LIGHT

DARK

DARK USED

NETT

140

EXPLANATION OF HEADINGS

Primary Production

Gives the station identification, For
example, G2/43/61 signifies the 43rd
station worked by Gascoyne in 1961, on her
2nd cruise for that year

Given as day/month/year
Given in Zone Time (Table 2, p. 14)

Given in degrees and minutes

Artificial constant light incubation

Stock number used

Activity of 14C stock used, recorded in
counts per minute

Background count is recorded 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 the DARK count is
more than 50 cpm and also more than 10%
of the LIGHT count, it is considered
aberrant, is not used, and the symbol "B"
placed after it

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 is used (Symbol "E")

The difference between LIGHT and DARK USED



INGC. PER.

PRODUCTION A

PRODUCTION B

141
Incubation period

The calculated rate of production in mg
of carbon per hour per cubic metre

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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PART 4

PIGMENTS



Part 4

STATION

DATE

TIME

LATITUDE LONGITUDE
DEPTH

CHLOROPHYLL
A B C

ASTACIN
NON-ASTACIN

158

EXPLANATION OF HEADINGS

Pigments

Gives the station identification. For
example, G2/43/61 signifies the 43rd
station worked by Gascoyne in 1961, on her
2nd cruise for that year

Given as day/month/year

Given in Zone Time (Table 2, p. 14)

Given in degrees and minutes

Actual sampling depth given in metres

A and B given in §g/m3

¢ given in MSPU/m

Given in Mspu/m3
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2
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OCEANOGRAFPHICAL CRUISE REPORTS

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

Oceanographical observations in the Indian QOcean in 1960, H.M.A.S. Diamantina Cruise
Dml/&0.

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

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

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

G1/60 and G2/60,

6. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.S. Gascoyne Cruise
G3/60.
7. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Diamantina Cruise.
Dml/61.
8. Oceanographical observations in the Pacific Ocean in 1961. H.M.A.S. Gascoyne Cruise
G1/6l.
9, Oceanographica! observations in the Indian Ocean in 1961. H.M.A.S. Diamantina Cruise
Dm2/61.
10, Oceanographical observations in the Indian and Pacific Oceans in 1961. H.M.A.S. Gascoyne
Cruise G2/61.
il. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Digmantina Cruise
Dm3/61.
14. Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamanrina Cruise
Dml/62.
15. Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamantina Cruise
Dm2/62.
21. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Gascoyne Cruise
G1/63.
23. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Diamantina Cruise
Dm1/63.
24, QOceanographical observations in the Indian Ocean in 1963, H.M.A.S. Diamaniina Cruise
Dm2/63.
25. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Diamantina Cruise

Dm3/63.



