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OCEANOGRAPHICAL CRUISE REPORT
No. 13

Oceanographical Observations in the Pacific Ocean in 1962

H.M.A.S. Gascoyne
Cruise G1/62

January 13 -~ February 16, 1962

I. INTRODUCTION

This report records the data for the first cruise in 1962
of H.M.A.S. Gascoyne, Royal AustralianNavy oceanographical
frigate, in the Pacific Ocean.

Objectives

The cruise was plamned to complete the network of oceano-
graphic stations in the Coral Sea during the southern summer,
to examine the source regions of the East Australian Current
and its structure along the coast, and to carry out inter-
calibration tests off Noumea.

Itinerary

The cruise began at Sydney on January 13, worked a line of
stations north to about 20°S., then proceeded south and east to
Noumea. From Noumea, two transects were made across the Coral
Sea, followed by a southward line of stations to Auckland.

From Auckland a line of stations was worked west to Sydney
where the cruise ended on February 16 (Fig. 1).

Personnel

E.]J.F, Wood (Cruise Leader)
G. Nicholson

W. Prothero

J. Staniforth

B. Scott

The analyses of hydrological samples made in the ship's
laboratory were carried out by Messrs Prothero and Staniforth,
and samples returned to Cronulla were analysed by Messrs Davies
and Walker. The primary production samples were taken,
incubated, and counted aboard by Mr Scott. Pigment samples
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were taken aboard by Mr Scott and the determinations made at
Cronulla by Mr Wootton. Phytoplankton was collected by Mr
Scott and counts and identifications were made by Mr Wood. The
zooplankton 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
Wanstall., The track chart was prepared for publication by Mr
Breach and Mrs Cozens.

IT. WORK ACCOMPLISHED

Fifty-three stations were worked (G1/1/62 - G1/53/62).
Bathythermograph casts were made and subsurface hydrology
samples taken at all stations. Primary production and pigment
samples were taken at 46 stations, and phytoplankton samples
at 45 stations. Zooplankton samples were taken at 17 stations.

Table 1 shows the work done at each station.

TABLE 1
Stn BT Hydrology Primary Pig- Zoo- Phyto-
No. ‘ Production ments plankton plankton
1+ + + + +
2+ + + + +
3 0+ + + + +
4+ + + + +
5 + + + + +
6 + + + + +
7+ + + + +
8 + + + + +
9 + + + + +
10+ + + + +
11 + + + + +
12+ + + + +
13+ + + + +
14  + + + + +
15  + + + + +
16+ + + + +
17 + + + + + +
18 + + + + + +
19 + +
20+ + + + +
21+ + + + + +



TABLE 1 Cont'd...

Stn BT Hydrology Primary Pig— Zoo- Phyto-

No. ) ) Production ments  plankton  plankton
22 +
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

+

+ + o+t
SO e
+ o+t

+
N
+
'

+ 4+ +

e i i i el i S e A N e
+ + +

e i e i i i T S i et B e

R S
i T e i N
tH+++t++FF Attt

BT Bathythermograms

ITT. 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 230°C and unprotected thermometers with a range
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of -2°C to 30°C, or -4°C to 60°C.  The accuracy of the temper-
atures is considered to be + 0.03 deg C.

Bathythermograph.- 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 below 1000 m and to 1% above that depth.

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

2, Chemistry

Salinity.- Salinity was measured on board using an induct-—
ive 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 seawater 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 solu-
tion were used at different concentrations., Duplicate titra-
tions were made on approximately every tenth sample. Satura-
tion values were calculated by computer using the simpler of
the equations given by Richards and Corwin (1956) -

02(m1/1) x (33.5 + T°C) x 100
332.4 - (1.854 x §%.)

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

02(% Satn,) =

Standard phosphate solutions were made up in distilled
water. At air temperatures less than 25°C analyses were
carried out in batches of 10; readings were commenced within
10 minutes of adding reagents, and completed within 10 minutes.
At air temperatures greater than 25°C batches of six were
analysed; readings were commenced within 5 minutes of adding
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reagents and completed within 7 minutes. Each batch was com-
pared with a distilled water blank and a 0.65 ug-atom/l standard
in a Hilger Spekker absorptiometer using 4 cm cells and Tlford
608 filters. Each week a complete check was made using stand-
ards up to 3.25 pg-atom/l. 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.
To correct for salt effects, the results given can be multiplied
by 1.15.

Total Phosphorus.- 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°C carried
out immediately on a sand tray. After evaporation of water,
heating was continued until fuming of the salt residue commen-
ced. The samples were then allowed to cool and 100 ml of dis-
tilled water and 2 drops of 2% w/v 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 dissolve. Phosphate was then determined
as described for inorganic phosphate. Results are given as
ng-atom/1l, without salt correction. To correct for salt
effects, the results given can be multiplied by 1.15.

Nitrate.- Samples taken at sea were stored in plastic
bottles and preserved with 2 drops of saturated HgClz. Nitrate
was determined at the Cronulla laboratory by the strychnidine
method (Rochford 1947). The reagent was prepared by the addit-
ion of 0.64 g strychnidine to a litre of nitrate-free sulphuric
acid. 5 ml of this reagent were added, with minimm agitation,
to 5 ml seawater or standard nitrate solution., The standards
were made up in a mixture of equal volumes of artificial sea-
water and nitrate-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 my using a 5 mm
cell. Samples with an extinction greater than that of the
standard corresponding to 14.4 pg-atom/1 were diluted with art-
ificial seawater-sulphuric acid mixture before reading. Results
are given in pg-atom/1,

3. Primary Production

Samples were collected with twin "light" and "dark" 400 ml
plastic samplers and incubated in a constant artificial light
bath at 1100 ft candles. The }4¢ techniques used were as des-
cribed by Dyson et al.(1965) except that Geiger countingwas done
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on board with a windowless counter, and that the 140 solution
used was standardised by the method of Jitts and Scott (1961).

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 metal
desiccators over silica gel. The analyses were carried out at
Cronutla using the method given by Humphrey (1960), except that
4 cm spectrophotometer cells were used.

5. Phytoplankton

Samples were collected in a 5 1. plastic sampler (Davis
1957) at 0, 25, 50, 75, 100, and 150 m. The samples were
transferred to polythene bottles and centrifuged immediately at
5000 g in a continuous centrifuge (Davis 1957); each 5 1.
sample took 15 min. The residue in the cup was carefully
washed into a graduated tube and diluted to 10 ml with sea
water.

Quantitative Examination.- All counts were made with a
Petroff Hausser bacterial counting chamber, TIf the count was
more than five per field, four fields were counted;  if the
count was less than five per field, ten fields were counted.

Organisms with chlorophyll were counted by using a Wild
BG 12 fluorescence filter, a Wild OG 1 exclusion filter, an
immersed condenser, and a high-power incandescent lamp., The
chloroplasts appeared bright red in the blue-violet light.

Organisms without chlorophyll were calculated as the
difference between total living organisms and organisms with
chlorophyll. Total living organisms were counted after adding
acridine orange to give a final concentration of 2 p.p.m. The
living organisms gave a green fluorescence in the blue-violet
light produced by the filter system described above.

Total particles were counted with ordinary illumination.

Qualitative Examination.- Twenty minute tows were made
with a modified Hardy Indicator. The plankton was washed off
the metal grid (120 meshes/in.) with seawater, and formalin was
added to give a final concentration of 2%. Identifications
were made on board the ship (Tables 2 and 3).
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6. Zooplankton

Samples were taken with a modified Clarke-Bumpus sampler
carrying a net of No. 4 nmylon (mesh aperture 260 p)}. Half-hour
oblique hauls were made from surface-200 m-surface at a speed
of 2-3 knots. Average volume filtered was 24 m3, Samples
were weighed at Cromulla using the method described in Tranter
(1962).
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Iv. DATA SHEETS AND TABLES

Hydrology data were processed in a C.D.C. 3600 Computer
and primary production, pigment, and phytoplankton data in an
TI.B.M. 1401 Computer. An explanation of the headings for each
set of data sheets is given at the beginning of the relevant
part.



DATA

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
example, G1/1/62 signifies the lst station
worked by Gascoyme in 1962, on her lst
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
Codes K, L, and M, G.M.T. + 10, 11, and 12
hours respectively

Given in degrees and minutes

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

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. 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.S. Hydrogr.
Office (1955)



ATMOS.
PRESSURE

WIRE ANGIES
CAST 1 CAST 2 CAST 3

CAST

DEPTH

TEMP.
SALINITY
STGMA-T
OXYGEN
OXYGEN % SAT,
INORG. P,

TOTAL P, and
NITRATE

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

A blank indicates no data available
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DATA

PART 2

PRIMARY PRODUCTION



Part 2

STATION

DATE
TIME

LATITUDE
LONGITUDE

INCUBATION
METHOD
ACTIVITY CPM

BACKGROUND
DEPTH

LIGHT

DARK

DARK USED

NETT

INC. PER.

68

EXPLANATION OF HEADINGS

Primary Production

Gives the station identification. For
example G1/1/62 signifies the lst station
worked from the Gascoyne in 1962, on her
1st cruise for that year

Given as day/month/year

Given in Zone Time (see p.12)}

Given in degrees and minutes

ARTIFICTAL CONSTANT LIGHT: At 1100 ft
for 4 hours

Activity of the 14

per minute

C stock used in counts

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

Usually the same as DARK. However, if
this is aberrant or not done, the mean
of the other DARK counts at that station
which are not aberrant is used, and the
symbol "E" is placed after it

LIGHT 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

Incubation period



PRODUCTION A

PRODUCTION B

69

The calculated rate of production at the
depth sampled per hour of incubation

The integrated rate of production per
day under one square metre of sea surface
from the surface to the depth given.

The production per day is assumed to
equal 10 times the hourly production

Indicates no data available
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PIGMENTS



Part 3

STATION

DATE
TIME
LATITUDE ILONGITUDE
DEPTH

CHLOROPHYLL
A B C

ASTACIN
NON-ASTACIN

118

EXPLANATION OF HEADINGS

Piggents

Gives the station identification., For
example, G1/1/62 signifies the lst station
worked by Gascoyne in 1962, on her lst
cruise for that year

Given as day/month/year

Civen in Zone Time (see p.12)

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/m3
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EXPLANATION OF HEADINGS

Part 4 Phytoplankton
STATION Gives the station identification. For

example, G1/1/62 signifies the lst station
worked by Cascoyne in 1962, on her 1lst
cruise for that year

DATE Is given as year, month, day
TIME Given in Zone Time (see p.12)

LATITUDE LONGITUDE The position of each station is given in
degrees and minutes

DEPTH Actual sampling depth is given in metres

WITH & WITHOUT

CHLOROPHYLL
and

TOTAL PARTICLES

The counts of organisms with and without
chlorophyll, and total particles are
expressed as log numbers per litre
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TABLE 2

OCCURRENCE OF DIATOMS

Numbers refer to stations at which organism was found

Asterolampra feullii 15.
A. marylandica 40.

e

Asteromphalus flabellatus 21, 36, 46, 51.
A. heptactus 22, 23, 306.
A. hookeri 16, 17.

Bacteriastrum varians 4.

Caloneus liber 37.

Cerataulina beyonii 4.

C. pelagica 5, 31, 36.

Chaetoceros affine 4, 5, 37, 43.
C. atlanticum neapolitanum 4, 23, 36.
C. coarcatum 17, 18, 37, 42, 43.
C. dadayi 36, 33.
C. eibenii 35, 20, 30.
C. lorenzianum 8, 27, 36.
C. pendulus 39.
C. teres 5, 20.
C. vanheurckii 24.

Climacodium biconcavum 31, 34.
C. frauenfeldianum 3, 4, 6, 30, 34, 37, 38, 50.

Corethron criophilum 12, 47.

Coscinodiscus concinnus 4, 5.
' C. excentricus 21,
C. lineatus 48.
C. marginatus 18.
C. radiatus 5, 10, 15, 27, 231, 39.
C. rothii 8, 12, 24, 30.

Detonula confervacea 6, 10, 16, 18, 22.

Eucampia cormuta 15.




Fragilaria hyalina 4.
F, levistriata 13, 16.

Gossleriella tropica 12,

Guinardia flaccida 24, 31.

Hemiaulis hauckii 15, 21, 24, 31, 36, 37, 41, 44, 45.
H. membranaceus 5, 12, 17, 20, 23, 24, 25, 43, 5l.
H. sinensis 7, 21, 38.

Hemidiscus cunieformis 12, 17, 20, 21, 24, 37, 40, 42, 44,
45; 47'

Lauderia annulata 5.

Leptocylindrus danicus 6, 17, 31.

Mastogloia baldjikiana 18,
M. rostrata 5, 6, 9, 10, 13, 15, 16, 17, 23, 24, 25,
27, 34, 37, 39, 40, 41, 43, 44.

Melosira granulata 3, 6, 15, 16, 17, 22, 23, 24, 25, 27, 30,
31, 34, 36, 37, 38, 39, 40, 41, 42, 45, 46, 47, 49,
51, 52, 53.
M. sulcata 1, 4, 43.

Navicula aeus 40, 41, 43, 47, 53.

Nitzschia closterium 5, 16, 36, 37, 47, 50.
N. hungarica 34.
N. longissima 5, 36, 47, 51.
N. pacifica 5, 14, 15, 47.
N. seriata 1, 4, 5, 20, 21, 23, 24, 27, 31, 36, 37, 40,
425 43, 463 503 53‘

Planktoniella sol 2, 3, 4, 5, 6, 7, 9, 10, 12, 14, 16, 17, 18,
20, 22, 23, 24, 25, 27, 30, 31, 34, 36, 37, 38, 39,
40, 41, 42, 46, 49, 50, 52, 53.

Pleurosigma capense 1, 6, 36, 38.
P. diaphanum 31.
P, formosum 31.

Pseudoeunotia dabolus 7, 12, 47, 49, 50.
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Rhizosolenia alata 3, 4, 5, 6, 7, 8, 9, 14, 15, 18, 20, 21,

23, 24, 25, 27, 30, 31, 34, 36, 37, 38, 39, 40,
41, 43, 44, 47.

R, acuminata 5, 31.

R. bergonii 20, 37.

R. calcar avis 8, 9, 10, 17, 18, 21, 23, 24, 39, 40, 41.

R. castracanei -4, 23.

R. clevei 30, 31.

R. c¢ylindrus 22, 31.

R. delicatula 4, 31, 38.

R. hebetata 4.

R. imbricata 5, 21, 27, 30, 3l.

R. setigera 30.

R. stolterforthii 5, 31.

R. styliformis 6, 7, 8, 10, 12, 14, 15, 16, 17, 21, 22,
23, 24, 25, 27, 31, 34, 36, 37, 38, 39, 40, 41, 43,
44, 46, 51, 53.

Schroederella delicatula 4, 5, 24, 31, 36.

Skeletonema costatum 5.

Stephanopyxis palmeriana 5, 30, 31.

Suriella ténera 40.

Synedra gaillonii 1.

Thalassiothrix antarctica 1, 5, 16, 45.
T. heteromorpha 36,
T. longissima 5, 7, 12, 15, 17, 20, 21, 22, 23, 24, 27,
30, 34, 37, 38, 40, 43, 44, 45, 46, 47, 48.

Thalassiosira aestivalis 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15,
17, 18, 20, 21, 22, 23, 27, 30, 31, 34, 36, 37, 39,
40, 41, 42, 43, 44, 45, 46, 47, 53.
T. mediterranea 23, 52, 53.
T. subtilis 31.

Trachyneis aspera 31.

Tropidoneis antarctica 5, 24, 31, 34, 36, 38.
T. afficinata 9, 10, 14, 15.
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TABLE 3

QCCURRENCE OF DINOFLAGELLATES

Numbers refer to stations at which organism was found

Amphidinium flagellans 23.
A. kesslitzi 10, 21, 46, 47. _
A. turbo 2, 5, 27, 37, 41, 50, 52,
A. vasculum 1.

Amphisolenia bidentata 4, 15, 17, 30, 34, 37, 40, 41.
A. globifera 27, 40, 47, 50.
A. thrinax 16.
A. turbo 51,

Blepharocysta paulseni 236, 44, 53.

B. splendor maris 4, 6, 7, 23, 30, 34, 37, 40, 43, 48,
500

Ceratium arvietinum 24, 45, 46, 47,
C. belone 9, 11, 37, 43.
C., breve 16, 17, 30, 31, 36.
C. buceros 1, 3, 5, 8, 16, 18, 23, 24, 25, 34, 41, 44,

45, 50, 51, 53.

C. candelabrum 6, 24, 39.

C. carriense 13, 18, 22, 23, 30, 31, 43, 49, 53.

C. concilians 20, 30, 38, 39, 41, 44, 46.

C. contortum 16, 21,

C. contrarium 17, 21, 22, 24, 31, 34.

C. declinatum 13, 14, 17, 21, 22, 23, 24, 27, 34, 36,
37, 38, 39, 41, 42, 43, 44, 45, 50, 5%, 53.

C. deflexum 8, 10,

C. euarcuatum §5,

C. extensum 5, 6, 8, 9, 10, 11, 14, 15, 16, 18, 20, 22,23,
24, 31, 36, 37, 38, 39, 43.

C. falcatiforme 17, 42, 43, 51, 52.

C. furca 1, 3, 4, 5, 6, &, 10, 15, 17, 18, 20, 25, 31, 34,
39, 43’ 493 513 52"

C. fusus 1, 3, 4, 6, 8, 9, 10, 11, 12, 14, 15, 16, 17,
20, 21, 22, 23, 24, 25, 27, 30, 31, 36, 37, 38, 39,
40, 41, 42, 43, 45, 46, 47, 43, 50, 51, 52.

C. gallicum 5, 6, 8, 12, 16, 20, 36.

Ceratium gravidum 13.
' C. hexacanthum 21, 43.
C. humile 4, 20.
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Ceratium karsteni 4, 5, 21, 31, 42, 43, 48.
T C. kofoidi 4, 5, 6, 10, 14, 15, 25, 30, 31, 36, 38

39: 403 41) 423 45; 465 505 52'

C. lineatum 48.

C. macroceros 0, 12, 17, 27.

C. massiliense 4, 6, 8, 20, 27, 30, 31, 42, 43, 44, 47,
48, 49, 50.

C. minutum 41, 42, 50.

C. paradoxides 24.

C. pentagonum 4, 6, 10, 12, 16, 18, 25, 27, 36 37, 38,
39, 41, 42, 45, 46 47, 50 51 53.

C. praelongum 15.

¢. pulchellum 9, 38, 41, 42, 43, 44.

C. schmidei 6, 7, 12, 18, 31, 38, 40, 46.

C. setaceum 7, 10, 11, 21, 23, 24, 27, 31, 42, 50, 52.

C. symmetricum 31, 45, 406, 47.

C. teres 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 18, 21, 22,
23, 27, 30, 31, 36, 38, 39, 42, 43, 45, 46, 47, 50,
51, 52, 53.

C. trichoceros 4, 7, 12, 15, 30, 31, 34, 45.

C. tripos 1, 2, 4, 13, 15, 22, 30, 31, 38, 41, 42, 44,
45, 46.

C. vultur 5.

Ceratocoryus armata 3, 5, 16.

C. gourreti 7, 10, 18, 38, 44, 48.
C. horrida 12, 14, 15, 20, 31, 40,

Cladopvxis lieubater 10, 15.
C. brachiolata 45, 46, 50, 52, 53.

Dinophysis exiguer 2, 3, 13, 18, 30, 37, 40, 44, 48, 50.
D. fortii 46, 5l.
D, hastata 3, 51.
D, okamurai 51,
D. ovum 23, 46, 50.
sacculus 1, 50.
. schroederi 43, 44, 46, 47, 49.
. schuetti 8, 20, 22, 23, 24, 25, 42, 45, 50, 51, 53.
. sphaericum 23.

g|=|=|=

Diplopsalis lenticula 3, 4, 5, 9, 10, 14, 15, 18, 22, 24, 25,
30, 31, 38, 39, 41, 42, 43, 48.
D. minor 6, 7, 8, 11, 23, 24, 27, 37, 3%
D. orbiculare_ 1, 6 :
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!
Exuviella baltica 8, 9, 10, 13, 39, 45.
E. marima 1, 4, 5, 6, 9, 10, 12, 13, 14, 15, 17, 20, 21,
23, 25, 30, 34, 38, 39, 41, 43, 44, 46, 47, 50.

Gonialulax alaskensis 20, 48.
G. apiculata 6, 7, 12, 14.
G. birostris 7, 9, 11, 12, 13, 16, 34, 37, 42, 44, 46,
G. diegensis 2, 4. ’
G. digitale 11, 13, 18, 37.
G. kofoidi 17, 21, 41, 42.
¢. milneri 51,
G' mlnlma 2" 37, 39) 40, 46-
G, minutum 3, 45, 50, 53.
G. monacantha 4, 7, 9, 16, 17, 18, 21, 46, 5l.
G. pacifica 4, 23, 45.
G. polyedra 51. _
G. polygramma 3, 22, 23, 25, 31, 37, 42, 43, 51, 52, 53.
G. scrippsae 1, 3, 4, 5, 12, 13, 20, 44, 5l.
G. spinifera 1, 5, 8, 17.

Goniodoma polyedricum 2, 3, 4, 5, 6, 8, 9, 10, 11, 13, 14,
15, 16, 17, 18, 21, 22, 23, 24, 25, 30, 37, 38, 39,
40, 41, 42, 43, 44, 45, 48, 49.

Gymnodinium costatum 1.,

G. diploconus 10, 11, 18, 21, 39, 40.

G. flavum 1, 2, 31, 34, 49, 50.

G. galaeiforme 1, 4, 5, 6, 7, 9, 11, 13, 15.

G. gelbum 1, 2, 3, 4, 8, 9, 10, 21, 23, 24, 27, 31, 34,
30, 41, 42, 46, 47, 48, 49, 50, 5L, 52, 53.

G. grammatuum 13, 15, 46, 47, 50, 51, 52, 53.

C. marimum 4, 5, 6, 7, 8, 12, 15, 16, 17, 21, 22, 24,
31, 34, 37, 39, 41, 42, 43, 45, 46, 47, 48, 49,
50, 51, 52, 53.

G. nudum 2, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 21 22,
23, 30, 36, 37, 39, 40, 41, 42, 45, 46, 48, 50,
51, 53.

G. ochraceum 6.

G. punctatum 37.

G. robusta 38.

G. rotundatum 6, 8, 9, 10, 12, 16, 21, 22, 24, 27, 34,
36, 37, 39, 41, 42, 45, 47.

G. simplex 2, 4, 5, 6, 9, 12, 18, 20, 21, 22, 24, 25,
27, 34, 36, 37, 40, 41, 42, 43, 45, 46, 47, 48,
49, 50, 5L, 52, 53.
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Gymnodinium sphaericum 4.

G. uberrimum 3.
G. varians 3, 47.

Gyrodinum candatum 21.

G. caudata 52.

G. nasutum 31, 36.

G, ochrauum 52.

G. primus 13, 51, 52.
G. spirale 12,

G, striatum 4.
G. submarinum 24, 27, 52, 53.

Hemidinium nasutum 10, 11, 37, 41, 43.

Heterodinium auspole 15.

H., mediteraneum 23, 37, 52

Histioneis hyaline 39.

H., moresbyensis 34.
H. pietschmamii 18.

Melanodinium nigricans 39.

Murrayella biconica 18, 37, 51.

M. intermedia 47, 50, 5l.

Nematodinium torpedo 16, 22, 34, 41, 43.

Ornithocercus heteroporus 22, 23, 24, 41, 50.

0. magnificus 0, 11, 25, 27, 42, 44, 46, 48, 50.
0. guadratus 6, 7, 18, 36, 42, 49.

Oxytoxum belgical 8, 9, 10, 11, 12, 18, 27, 36, 37, 39,

42, 45.

0. compressum 46, 5l.

0. constrictum 4, 5, 7, 5L, 53.

0. curvatum 5, 6, 12, 15, 24, 25, 31, 37, 39, 40, 42,
45) 46) 47) 48'

0. elegans 9.

0. elongatum 10,

0. gracile 17, 25, 34, 44, 45, 5l.

Q0. latum 6.

0. milneri. 3, 5, 7, 9, 10, 16, 18, 31, 34, 38, 48, 51,
52,

0. mitra 42.

0. obliquum "18.
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Oxytoxum sceptum 12, 14, 21, 23, 41, 42, 46, 51, 52, 53.
0, scollopax 2, 3, 5, 6, 7, &, 10, 12, 13, 15, 16, 17,
20, 21, 22, 23, 24, 31, 34, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 50, 51, 52, 53.

. sphaericum 7.

. sphaerodum 4, 5, 6, 53.

. subulatum 9,

. tessellatum 1, 3, 4, 7, 8, 20.

. turbo 2, 3, 6, 9, 10, 13, 21, 27, 41, 44.

(=] [=] Lol Le] le

Parahistioneis paraformis 4, 9, 17, 21, 22, 53.

Peridinium abei 52.
P. brevipes 17, 22, 36, 41, 45, 49.
hd bI‘OChi 10} 403 411 43; 530
. cerasus 2, 3, 4, 3, 10, 24, 25, 31, 36, 37, 42, 44.
. conicum 43.
. crassipes 4, 45, 47, 48, 49, 53.
. depressum 43, 44, 53.
. divergens 5, 16, 18, 22, 23, 30, 36, 37, 38, 42, 48,
49.
P. elegans 30,
P. globulus 3, 8, 15, 16, 17, 21, 24, 27, 31, 41, 42,
43, 53.
P. grande 31, 38, 40.
P. grani 17, 27, 47.
. leonis 13, 14, 31, 52, 53.
. minutum 10, 11, 13, 14, 16, 52.
. Ooceanicum 4, 5, 30, 36.
. pelucidum 351.
. pentagonum 5,
. piriforme 8, 12,
. punctulatum 18, 44, 46, 52.

a1 lavlla=ilar] laviie]

quarnerense 3, 4, 5, 22, 31, 36, 50.
roseum 1, 52, 53.
steini 2, 4, 5, O, 11, 16, 21, 22, 36, 41, 43, 44, 47.
subinerne 31, 44, 46.
tenuissium 8.

P
P
P
P
. P
P
P
P
P
P
P
P

Phalacroma argus 9, 10, 14,
. cuneus 3, 4.
P. dolichopterygium 37.
P, doryphorum 9, 13, 27, 38, 41, 40.
P. favus 24, 30, 39, 45, 46, 53.
P. hindmarchi 10, 11, 15, 22, 23, 37.
P. jourdani 22, 23, 24, 37, 38, 50, 51, 52, 53.
P. lens 21, 39.

o
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Phalacroma mitra 7, 11,

P, mucronatum &, 10, 37, 39, 43, 44, 47.

P. opercalatum 9.

P. ovum 1, 7, 9, 10, 13, 17, 18, 21, 22, 24, 40, 42, 44,
T 45, 46 47, 48 50, 51, 53.

P, parvulum 7, 8§, 10 11, 14, 16, 21, 23, 30, 37, 40, 46,
47, 43, 50.

P. pulchellum 41, 42, 46, 51, 53.

P, rapa 10, 20, 27, 46.

P, rotundatum 6, 9, 17, 18, 22, 37, 45, 46, 47, 50.

P. rudgei 9.

Podolampas bipes 6, 13, 27, 30, 43.
P. elegans 14, 34, 39, 46.
P. palmipes 5, 6, 7, 9, 10, 11, 13, 15, 16, 17, 18, 22,
23, 34, 38, 41, 42, 43, 45, 46, 47, 51, 52, 53.
P. spinifer 1, 3, 4, 5, 6, 9, 10, 11, 12, 13, 15, 16,
17, 18, 22, 23, 24, 25, 27, 30, 31, 34, 37, 39, 40,
453 48; 509 5]"

Pronoctiluca pelagica 3, 4, 5, 6, 7, 8, 9, 12, 27, 30, 34, 40,
50, 52. :
P. spinifera 10, 11, 12, 13, 14, 16, 21, 22, 23, 25, 36,
37, 38, 44, 49, 51, 53.

Prorocentrum dentatum 5, 38,
P. micans 5, 30, 31.
P. obtusidens 46.
P, rostratum 22, 23, 25, 36, 38, 40, 41, 43, 45, 46, 47,
50, 51, 53.
P. schilleri 6, 17, 50.
P. scutellum &, 9, 11, 14, 17, 22.

Protoceratium angulatum 21.
P. cuerlatus 17.
P, reticulatum 9, 11, 22, 37, 38.

Pyrocystis biconica 43.
P. fusiformis 24.
P. hamulus 34.
P, lunula 41.
P. pseudonoctiluca 8, 11, 12, 24.

Pyrophacus horologicum 5, 30, 31, 38, 39, 40, 43.

Spiraulax jolliffei 14.
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Warnowia atra 3, 4, 6, 7, 8, 10, 20, 41, 42, 43, 44, 50, 51,
52, 53.
W. rosea 8, 9, 46.
W. violacia 9, 20, 45, 50, 51, 52, 53.
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10.

11.

12.

3.

14,

15.

16,

17

.

13.

1%,

20

21.

22,

23.

24,

25,

29

31,

32

OCEANOGRAPHICAL CRUISE REPORTS

. Oceanographical observations in the Indian Ocean in 1959. H.M.A.S. Diamantina Cruises

Dm1/59 and Dm?2/59.

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

Dm1/60.

. 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. Digmantina Cruise

Dml/6l.

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

Gl/6l.

. Oceanographical observations in the Indian Ocean in 1961, H.ML.A.S. Diamantina Cruise

Dm32/6l1.

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. Diamantina Cruise
Dm3/61.

Oceanographical observations in the Pacific Ocean in 1961, H.M.A.S. Gascoyne Cruise
G3/6l,

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

Occanographical 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.A.S. Diamantina Cruise
Dm?2/62.

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

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

Gdfe2.

Oceanographical observations in the Indian Ocean in 1962, H.M.A.S. Digmantina 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
Dmd/62.

Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Gascoyne Cruise
G1/63.

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

Oceanographical observations in the Indian Ocean in 1963. H.ML.A.S. Digmantina Cruise
Dml/63.

Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Digmantina Cruise
Dm2/63.

Oceancgraphical observations in the Indian Ocean in 1963, H.M.A.8. Digmanting Cruise
Dm3/63.

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
Gl/64.



