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1, PIANKTON AT HEARD ISTAND, 1949 =52
by E.HM, Ealey.

INTRODUCTION .

In the early years of exploration in the Antarctic
seas, plankton samples were collected haphazardly. In this
way, much new material became available to the descriptive
morphologists and many new species were described.

When commercial whaling was begun in the Antasrctic,
it became desirable to know the distribution of the main
food organism of whales, Euphausia superbag Dana, and to
understand the physical and biotic factors influencing its
distribution. The Discovery Committee undertook the in-
vestigation of the hydrology of the Southern Ocean and of
the plankton community it contained. A considerable amount
of work was done by this organization over several years
from its base at South Georgia. Observations of the seasonal
cycle of the plankton community over a complete year at
any one place were not made, but a reasonable picture of
such cycles was built up as a result of observations ex-
tending over a period of years. These observations made in
the South Georgia region were supplemented by results
from circumpolay cruises and by work done by the antarctic
expeditions and whaling cruises of other nations.

Although this present work is limited in extent,
it is the first plankton investigation carried out at any
one locality south of the Antarctic Convergence throughout
a full year.

In December 1947 the Australian National Antarctic
Research Expeditions established a research station on Heard
Island (53901'S,, 73°23'E.). During the second year of
occupation (1949i a programme of biological research -
was begunj tnis included plankton investigations, which were
continued until 1952, Continuous records over these four
years were not achieved, as the programme was interrupted
in 1950 and 1952 by damage to the craft used for collecting
samples. Thus there are records from March 1949 to July
1950 end from March 1651 to August 1952, After 1952 the
biological programme was reviewed and to avoid risking men
and small craft in the Heard Island waters, the plankton
tows were omitted.

It was planned to operate two planktological end
hydrological stations in order to correlate seasonal
fluctuations of the plankton with changes in environment.
Chittleborough (8ec the second part of this Report) carried
out hydrological observations during 1949 and such data as
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were collected after this year did not differ significantly
from his results., Preserved water samples were not con-
sidered sufficiently reliable to warrant their collection
after 1949, Station I, lying in Atlas Roads in about 60
metres of water, was under oceanic influence. Station II
was situated in the shelter of Atlas Cove in four to ten
metres of water and within the area of run-off from
glaciers and melting snow (See Figure 1).

METHODS

%o;lection of samples. In 1549 three nets
(VDiscovery" type nets N70 and N50 and a 50 cm. stramin
net) were hauled as surface horizontal tows at a speed of
1-2 knots for 15 minutes by a 25-foot cutter powered by a
10 h.p. two-cylinder diesel engine., (Latqr in the year,
when the cutter hecame unserviceable, a dinghy powered by
an outboerd motor was substituted an& found capable of
hauling the nets at a similar speed.) Cutters of the same
type were used in 1950-52, The N70 stramin net was of
little value and wgs not used after 1949,

A _new method of ankton volume nation.
As volume estimates of the exceedingly common copepod,
opus t Brady, were considered more important

than counts of total numbers, a comparatively accurate mcthod
was devided to measure their volume after other organisms

had been removed from each N70 sample, The mothod has been
described (Baley 1954) but it is useful to repeat it herec.

Sheard (1947) showed that volume measurements of
plankton allowed to settle in a graduated cylinder are
quite inaccurate. He redescribed and tested a technique
of obtaining plankton volumes by a displacement method,
in which a known volume of plankton and liquid was fil-
tered - the original container being washed out with
known volumes of water. The volume of the filtrate was
messured and subtracted from the original total volume to
give the volume of plankton.

The new method is based on the displacement
principle but a simpler technique is used. A plain glass
tube some 40 cm, long with an external diameter of 3 cm,
is used in conjunction with a 250 c.em. graduated cylinder
of internal diameter slightly less then 3.5 cms Silk gauze,
finer than that used in the net which took the samples, is
tied over one end of the plain glass tube., Before plankton
volumes can be measured, the difference in volume caused
by the presenceg of the %ube inside the graduated cylinder
must be determined. It is g simple matter to make a graph
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showing this difference by plotting the readings given by
several different volumes of water in the cylinder with
the tube in position end without, There is an obvious
linear relationship.

The sample to be measured is poured into the
glass tube, When most of the water has drained away, air
is blown through until watcr ceases dripping from the tubec.
The tube and plankton samples are then plunged into the
cylinder containing 100 ml, of water., When the plankton
is well mixed with water and no hubbles remain, a reading
is taken of the level inside the tube. The graph is used
to find the real increase in volume which approximatcly
equdls the volume of the plankton sample., The tube is
removed from thc cylinder and drained for = few seconds
before the compact mess of plankton in the bottom is
allowed to slide out of the tube and back into the
original container. The whole process can be carried out
in 8ix minutes.,

of lysise The age-sex composition of
the Drepsnopus population was determined by counting 400-
500 specimens from each N70 sample and expressing the
ratio as a percentage. All zooplankton were counted ex-
cept such very small copepods as ostel orvegica
(Boeck), Oithona spe, Oncoea spe and juvenile Metridea spp.

The phytoplankton were not counted but the volume
of each N50 sample wes measured by the old displacement
method (Sheard 1947) and the proportion of zooplankton
and detritus, to the phytoplankton roughly determined. A
drop of each sample was then examined under the microscope,
the relstive sbundance of each organism being judged and
checked twice, Occasional back checks showed this method
was suificiently accurate to indicate major fluctuations.
The symbols used to indicate these changes are described
in Tables 6 and 7.

Stomach contents of about 10C plankton-feeding
birds have been examined., The stomachs had been injected
with formalin so that many of the organisms found in them
were in such good condition that specific identification
was Possible,

OCEANOGRAPHY OF THE HEARD ISTAND REGION

Hydrology. This section is based on results
obtained by Chittleborough (See the second part of this
Report) and bilologists of other years.

(1) Salinity. Chittleborough showed the salinity
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at Station II fluctuated much more than at Stetion I. He
was able to correlate these fluctuations with ailr tempera-
ture changes which in turn governed the rate of flow of
glacier water into the cove, A slight increase in salinity
with depth 1s suggested by his results, It is possible

that the glacier water cpused the lowered surface salinities
and at times it may have caused the plankton to keep below
the surface, thus being responsible for some of the
strangely unproductive plankton hauls, The surface
galgnitieﬁ for ﬂ?éj “ay D€ stumarised-ag [o1lbwss-_

SURFACE SALINITY (%) 1949

Stotion | Minimum | Meximum | Moan | Number of
Observstions

B

I 33489 34404 3394 9
II 32,92 34,04 33475 23
(ii) Oxygen. The amount of dissolved oxygen at

Station II wes more influenced by wave action and the
underlying algal belt and was consequently ususlly higher
than at Station I, Chittleborough found oxygen concen-
tration to very with thc amount of sunshine each dey
rather than each week. His results showed a seasona
fluctuation. The high values from August to Decomber co-
incided with incrcased phytoplenkton growth and were
followed by a drop in the summer due in part at leest, to
the increase in zooplenkton., However, much of the fluc-
tuation could be correlated with sea femperature changes.
The dissolved oxygen in surface water. for 1949. is sum-
merised belows-

DISSOLVED OXYGEN (ml. per litre) IN SURFACE WATER, 1949.

Stetion | Minimum | Meximum | Mean Oﬂymhgz_gi
Qbscryations
I 7.00 7460 7.31 9

II 7420 8.14 7470 24
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PERCENTAGE SATURATION 490,
Station | Minimum | Meximum | Mesn | Number of
I 89.5 99.0 94..4 9
| I Niole 102,40 9749 23

(iii) Phosphate pnd nitrate. Chittleborough rec-
corded higher values of both thesc nutrient sslts at

Station II then 2t Station I. Whilc the concentrations
of the salts were never low enough to limit phytoplankton
growth, slight scasonal fluctuations were suggested by
his data. After September, when the diatom growth begen,
the values showed some decrease but signs of recovery
appeared in February. The surface phosphate phosphorous
and nitrete nitrogen for 1949 (from preserved semples)
are summerised below,

PHOSPHATE P, (mg, /M3)

Stetion | Minimunm aximum | Moan Number of
Observations
I - A 50 40,8 9
II 29 56 41,9 18
NITRATE N. (mg./M3)
Stetion inim Moximunm | Mean Number of
Observations
I 373 554 444 9
II 463 666 586 17

Sea temperat « Chittleborough showed that the
sea tomperature at the inshore station was more affected
by eair tempersture fluctuations than that at Station I.
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The following figures show the rangc of values for 1949:-
OBSERVED R4ANGE OF SURFALCE TEMPERATURES (°C.)

Station Minimum Maximum Mean Number of
Obseryations
I 1,08 2470 2403 9

II 0,05 337 1.52 27

Observations ¢t Stotion I were discontinued
after 2 July in 1949, Rccords made in 1950 show that the
sea temperature at thet station hed dropped to 0,1°C, on
2 Septembor., In 1949 the minimum tempersture at Station
II occurred about the end of Augustj therefore it cen
probably be said that sca temperatures begin rising at
Stetion I and II before October,

Records of seca temperatures taken during AN.i.R.E.
relief voysges over the period 1949-1952 show that in the
region between longitudes 70°E, and 119”E., the Antarctic
Convergence lics between latitudes 4820 and 51398, during
the months Januery-March inclusive, At all times of the
year Heard Island is south of the Convergence which passes
approximetely through Iles de Kerguelen,

The range of the apparent mean positions of the
ice ecdge due south of Heard Islend has been shown by
Mackintosh and Herdman (1940) P1,IXIX to be between 67°S.
in March and 58°S. in Soptember-October approximately.
Plete IXXV of their paper shows records of pack ice ats-

56°0's, 77°E. on 15 October, 1934
5793015, 7g°E. on 28 November, 1935
5700|S. 76 B, On 1 DGCGIIIbGI', i935

During the winter of 1948 suspected ice blink was reported
as having been seen from the island and in 4ugust of thet
year snow petrels, Pezadroma nivea, were recorded (Gilchrist,
1952). Re,R.S. "Discovery II" made a summer record of pack-
ice at 65°08!S., 90°00'E, in February, 1951, and a winter
record of 5705478., 989241'E, in this sector., During the
circumpolar cruise of this yessel, pack.ice was discovcrecd
south of Heard Islend st 59°15'S., 64°08'E. =and 56°50%S,,
00%42'E, Thesec latter records would place August limit of
the pack at ebout 300 miles south of Heard in 1951, There
is reason to believe that pack ice would reach Heard Island
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under certain conditions of wind and temperature.

Probable currents. Heerd Island lies 1n the
region of the West Wind Drift. This surface current
caused by the south-westerly winds must strike the western
and southern shores of the island, flowing around its
northern end and slong the south-easterly spit. The
direction in which this spit lies end the position of
shosals in the area suggest that the current in that
region has resumed its north-easterly direction of flow,
That a smell craft which sank close inshore early in 1949
at the northern tip of the island was washed well Iinto
Atlas Cove suggests that sometimes, at least, currents
wash into Atlas Cove., However, it appears from plankton
records that the Cove may be a backwater from which
oceanic water is excluded for long periods., After the
winter of 1949 there was no sign of calenid copepods in
the summer heuls at Station II (Station I was not visited
after. July that year), and very few were recorded in 1950
although they were numerous at Station I. On the other
hand in 1951 these ocesnic copepods were sometimes more
abundant at Station II than Station I.

Tidal currents also occur in Atlas Cove twice
in every 24 hours, slthough a gale may czuse a tlde to
temein high for séme time.

1¥;hg;gggg. Evidence of wave turbulence bringing
water from the deeper layers is provided by the plankton.
Occasionelly species that ere indicestors of deeper water
have been taken., The chaetognath Sagitte maxima (Conent)
seldom recorded above 250 metres has appeared Guring three
separate periods. In two hauls in June and July of 1850

it occurred and again in August 1951, On the latter
occasion one of the few records of the copepods Pleuro-
manns robusta (F. Dahl) and lletrides lucens Boeck, was
aGes S ima was again taken during Decenber-

January 1651-52 together with Euchseta piloba (Farran),
a typical copepod inhebitent of the intermediate water
layer, while numerous larvee of Euphsusis vgllentini
Stebbing were present during this perioed as well,

PHYTOPLANKTON SPECIES OCCURRING AT FEARD ISLAND

BACILLARIOPHYCEAR (1)
DISCINEAR

Coscinodiscus spp. The seasonal veriations of
only one species of this genus (Coscinodiscus concinnus)

(1) some species of diatoms are not mentioned in this
Report. They are listed however in a systemetic paper by
E. Manguin (1954).
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have been followed. Spezking generally of the genus, the
largest numbers were recorded during lMarch and April in all
yesrs, After the winter decline there was some increase
from October to December,

Coscinodiscus conci Wm, Smithe This distom 1s
considered by Hendey 1937§ to be plentiful in tempcrate

and cub-tropical seas; but i1t was slso quite common at
Heard Island, It was one of the dominant species of the
autumnal increase and was one of the first diatoms to

reach its peak, Tables 5 and 6 show the main period of
growth to be from Septcmber to December with the peak

being reached in late October and early November.

Hygalodiscus spe. During 1949 not many cells of
this genus were collected at any one timc, except in a
sample taken in May, and in 1950 the 5pec1es was usuelly
not present in N50 samples although it did appear in all
hauls done in June end July 1950, There is only one
record of Hyalodiscus in 1951, in July.

0 s robustus Castrocanc, Thils was
almost always taken in small numbers, except during
November and December when the numbers incressed, There
were more during November and December 1949 than in
these months of 1951,

BIDDULPHINEAR

Eucampia baleustium Castracane, Occaslonal
fragments of this speciles werce identified throughout -
each year and during the latter part of the period of
mein increase it was an important form in the net
plankton. In 1949 most were recorded in November, but it
was still present in Dccember ané during the following
Januorye. By contrast, in 1951 there were only a fow
isolated pairs of frustules in November, numerous chain
forms in December, and odd fragments in early January 1952,

Hert (1S42) pleces Bucempia in his ecologlcal
Group III which implies thet its "relative importance" is
greatest from the beginning to the peak of the main in-
crceses It can be seen from Dables 5 end 6 that this was
not the case at Heerd Island,.

Tricerstiun arcticun var. kerguclensis Castracene,
A fow of this speccies appeared in most samples and some-

times chains of up to four or five frustules were noted.
The frustules which composed these chalns were smaller
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than single ones. |

Biddulphia spp. Members of this group were never
importeant in the Heard Island phytoplankton, Chain forms
occurred now and then and a small but definite increase in
numbers was recorded in December 1951,

S gnervis Ehrenberg. A few specimens of
this large diatom were collected.,

Chaetoceros gtlanticus Cleve. This diatonm is

considered to be the most important member of Hart's
ecological Group IV in the northern region of the Antarc-
tic. Our data agrees with this view but his contention
that the greatest relative importance of this group is
"from the peak of the mein increase through summer and
autunn" is not supported by our results (Tables 5 and 6).
In 1949 and 1951 much cell division was noted in October;
the peak appeared to be recached in November after which
numbers declined, Except for occasional short chains
this form was not found during the other months,

Chaetoceros atlanticus ver. neapolitans

(Schroder) Husted. This variety was not as numerous es
the above species, Its spring increase did not begin
untll after the type form began increasing in October.,

In November it reached its pcek but there wes no record
of 1t after December in any yesr. Its appearznce at
Heard Island in moderate abundance is interesting in view
of the fact that it prefers temperate and sub-tropical
water (Hendey, 1937).

Chagtoceros dichacts Ehrenberg. This appeared
only in the spring and was nover commone In 1949 it wes
sampled in October, November and December, but in 1941,
apart tfrom a few short chains late in November, it
occurred only in Dccember.

Chaotoceros concasvicornis Mengsin end Castrecene,
These two chesetocerids could not be distinguished

from one another by the author. One or both species
were taken in March, April, lMey, October and November
of 1949 eand 1951. fhey Were never numerous,

Choetoceros peruvignus Brightwell. This species
occesionally occurred.

Chacotoceros dicladig Castracane. This diaton
was recorded by Castracane (1886) as frequenting the seas
around Heard Islend and Iles de Kerguelen., Alw=ys present
in our samples, it was the most common chaetocerid, the
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seasonal fluctuations coinciding with those of
Coscinodiscus concinnus., It was one of the dominant
specles of the sutumnal increzse, after which cnpty
cells and resting spores were found., However, at all
times of the year occasionzl resting spores of Ch.
dicladia were noteds Spring growth began in October

and this reached the peak of its increase cerly in
November in 1949 and 1951, Whereas in 1949 there still
appeared to be some active cell division until the end
of the year, in 1951 lorge numbers of resting cells were
produced in nid-Decenber and meony frustules were guite
enpty. In late Deccuber of the same year (1951) weter
suspected of coming from deeper layers contained mostly
enpty cells end fow resting forms, and in J-nuary 1952
only a few fragnents of frustules represented the species.

Chogtoceros Lewii Menguin, This diatom became
suddenly abundant ground the poak of the main phytoplankton
increase in 1949 and 1951, It disappearcd just es
suddenly in mid-Decerber and was not recorded at other
times of the year,

SOLENIINAE

Rhizosolenia antarctica Karsten., Small numbers
of this specles were noted in some spring sanples.

Rhizosolenis plats Brightwells The spccics,
oensuy stricta, was noted only during the period of negin

incresse in 1949 but in 1951 very smell numbers appeared
at the time of the autunnal incrcese as well as during
the main increase when it was quite an important fornm
rcaching a2 peak in early Dacember. A fow cclls were
collected as late as the end of Jenuery 1952,

Rhizosolenis 2lata fo, indice (Persg.) Ostenfcld
did not occur in the sutumn and it reached its spring

peek earlicr than the above species. Otherwise its time
distribution wes similar, Its relative abundance at
Heard Island is intercsting as Hendey (1937) found it to
be more comnon in tropical and sub-tropical waters,

hizosolonia glata fo. inermis (Cast.) Hust wes
teken in April 1951 but not in the autumn of other years.

This form was important at the time of maxinum increase,
appearing in large numbers in nid-November and early
December, It did not occur after December,
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Rhizosolenia crassa Schinper ex Karsten.
Hendey (1937) considers Rh. crasss to be a typically
antarctic diston sometines abounding in the waters of
South Guorgia, South Sendwich Islands end Bouvetoyz.

Lerge numbers appeered occasionally at Heard Island in
1949 and it was plentiful in Msrch but most abundant in
April when big rafts consisting of large and small
frustvles were found (Figure'.2). A similar, but not so
great, autumnal fluctuation took place in i95l. There

was insufficient nmaterial from 1950 for trends to be
noted. Rh. cressa was not seen in autumn 1952. 0dd cells
were teken in nmost months of 1949 and some increase was
noted in late October and November. In the spring of
1951 sone dividing cheins apreared but the diaton wes

not nuncrous ond it wes not seen between its autumn
inerecase and spring of this year.

Rli:iizosolenis curvala Zachariss. The occurrence
of this subentarctic species at Heard Island although
nct in abundence is significant. Hart (1937) considers
"that the occurrence of this species on the entarctic
side of the Convergence is a good indication that mixing
of surface waters is in progress or has recently teken
place', Jucsing by this criterion there is only occasion-
2l evidence of nixed water in Atlas Covo in 1949 and none
in carly 1950, Rh. curvata appeared once in April 1951
but was continuously precsent during October and Novenber
of thet yeer. Therc wes apparently some horizontecl
nixing during those months,

Rhizosolenis Chunil Karsten, This wes rccorded
at Hecard Island only during the spring months,

Rhigzosolenis habetatz (Bailey) Gran fo. Bidens

Heiden and Kolbe., This cold water specios was sanpled on
scveral occesions, It was nore iaporteant in the spring
of 1949 than 1951 but it was never conmon,

Rhizosolenis hebetots fo. semispine (Henscen)

Gran was represented in small numbers during cach
autumeal poriod of increasc and throughout thc main
phytoplenkton increase, reasching its pesk between nid-
Novenber and carly Dccceriber,

Rhizosolenis simplex Karsten., This diaton was

present in smell numbers throuvghout the period of main
incresse in 1951.

Rhizosolenia stylifornis Brightwell, This was

never as comnon as Rh. crassag Guring the auturmel increeassec,
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but was more common during the spring increase. However,
it was never a very inportant species,

Dactyliosolen torcticus Castracane. This
species wes aliays teken in the N50 net but in winter
months it wes represented by only a few solitary cells.
In 1949 1t was a domlnant species in the wnein phytoplankton
increase, reaching a peak in Novenmber, but in sprint 1951
although numerous it did not atteain such relative im-
portance. In 1951 a peak in its increase was noted in
early December., At Heard Island the greatest relative
inportance of this diaton was not in the autunmn as Hert
(1942) suggested it should be, to conform with his eco-
logical Group II to which it Dbelongs, but in the spring.

Corethron eriophilun Costracane. Apart fron a
spring increase the typc phase of this species occurred
in very snall numbers, In 1949 snd 1951 it wes present
from October to December, being rost numerous in November.
4 peak wes attained in mid-Novcmber 1951, but most of the
specinens were very small and nay have been the "hystix"

phasce. &s in the case of D. gntarctica, C. criophilun
was of no importance in the autunn,.

Corethron ceriophilum fo., inorme Hendey was not

as abundant as the type end was seldom seen other than

in the springe. loderate numbers were recorded in November
and December of both 1949 and 1951, Terminal bristles
were prescnt in a few cases. This sgrees with the
findings of Hart (1942).

LRGPHIDINELE

Frogilleriopsis antsrcticus (Costracanc) Hustedt.,
Small cheins appeareé occasionally but the species was

abundant. onlly during the pcriod of meain incrcase when it
Wwas a dominant form in 1949 and in 1951, 1In 1949 it was
most common in November and had s2lmost died out in December,
In 1951 small chains of 4-5 cells were noted in October
with both the number and length of the chains increasing
during November and reaching a peak in December but de-
clining suddenly in January 1952, This is the only re-
presentative of Hart's Group I and on the whole its
fluctuations are in accordance with his generalizations.

ssiothrix longissimg Cleve and Grunow, var.
antarctica Grunow, This wss the most abundant distom of
the main Increase., It reached its peak in November of
1949 and was so prevalent in 1951 that it interfered with
the sorting of the N70 samples. It was still found in
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the following January but was not so plentiful. Its
great abundance at the time of main increase fits in with
Hart's Group II to which it belongs, but it was not ob-
served during the autumnal incresse nor at any other

time of the year.

Rhabdonema adrigticum Kutzing. Single frustules
of this diatom were taken on a few occasions during 1949

and 1950, but in 1951 it appeared in most net samples when
short chains of two or three cells were found. In October
some 7/-cell chains were collected and a pesk in its growth
came in mid-October after which its numbers declined
although it was found consistently in every haul until
Januarye.

MONORAPHIDINEAE

Achnanthes kerpguelensis Castracane was more
frequent in 1949 than in other years. It was never
abundant but it was more numerous at the inshore station
and appeared there more often. A. kerguelensis was first
recorded near Heard Island - off Iles de Kerguelen - by
Castracane (1886).

Cocconeis spp. Members of this genus were some-
times taken, usually in samples from the inshore station,

BIRAPHIDINEAE

Pleurosigma directum CGrunow occurred occasionally,
with larger numbers appearing in the spring.

DINOFLAGELLATA
Goniaulax monocgntha Pavillard., This was re-

corded only once, in December 1951.
PERTDINIALES

Ceratium pentagonum Gourret 1883 fo., robustum
Cleve. Although this was present in almost all N50 samples,
i1t was quite prominent in the autumnal period of incresse,
reaching its meximum in June and showing some increase in
spring, though never abounding at that time. There were
no hauls made in March, or April, or after July in 1950,
but it wes prevalent in May when they were resumed, and
most numerous in June, Its abundance in June was not re-
peated in 1951 and 1952 in which yesrs it wes commonest
in April. C. pentagonum was not important during the
perlod of main phytoplankton incresse in 1951 but it
recached a peak in January of the following year.
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the most common of the genus in our plankton.
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Peridinium depressum Bailey, This species was

ways assoclated with C,.

tuations (Tables 5 and 6

dance was not always the same,

Perid 0

It was al-

?entggonum in its seasonal fluc-

although their relative abun-

0 (Aurivallius) Cleve 1900,

This was noted only in 1949 when it was present in most
samples,

The time distribution of the other species of
Peridinium in the Heard Island samples is dealt with in
more detail by Wood (1954) but the records sre summarised
as followss-

QCCURRENCE OF VARIOUS SPECTES OF PIRIDINIUM, 1949-1952

Species of Peridinium 1949 1951 1952
P. punctulatum Paulsen|May, December December
P. roseum Paulsen April, May, - March May
December Aprii
P. pyriforme Psulsen [June, Novemper,| December
December
P. leonis Pavillard June, November, | December
December
B. c.f. breve Psulsen |July, October, | April, January
November, December
December
January(i950)
P. cragssipes Kofoid December April
P. granii Paulsen December January
P. oceanicum Vanhoffen|October
P. conicordes Psulsen December
P. subinerme Paulsen April January
P. turbinstum Manguin December | January
P. brevipes Paulsen December | January
P. ovatum (Pouchet) December | January
Schutt
P. pellucidum (Bergh) December
achutt
P. curtipes Jorgensen December
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ZOOPLANKTON SPECTES OCCURRING AT HEARD ISTAND
COELENTERATA '
SIPHONOPHORA

Pyrostephos vanhoffeni Mosere The nectophores
of one or two individusls of this species were found inter-
mittently in our nets throughout each year. Sometimes
large numbers were washed into the shallows of Atlas Cove
during a gale. Occasionally Cape petrels, Daption capensig
Linne, could be seen picking these pale pink animagls from
the sea, These birds seemed to concentrate on a defimite
area and could be seen feeding mainly on P. vanhoffeni,
suggesting that the latter was concentrated in some places.

MEDUSAE

Cosmetirella davisi (Browne)s. This Leptomedusan
was only taken in summer hauls and never in large numbers.
It was not found before January in any year and specimens
taken as late as May in 1950 appeared to be dead and
decaying.

Desmonema chierchisna Vanhoffen. Specimens of
this large reddish medusa were never taken in the nets

but were occasionally found washed up on the beaches
usually in the winter months.

CTENOPHORA

Callianira antarctica Chun, In 1949 and 1950
occasional specimens were taken during the winter months,
yet in 1951, when many more hauls were done, none was
recorded un%il November .

POLYCHAETA

Tomopteris carpenteri Quatrefages. Individuals
sometimes appeared in the samples throughout each year in
small numbers, the largest number being sixteen taken in
June 1951, Large numbers were occasionally found in the
shallows after a storm, over 50 being taken with a hand
net on 17 July, 1949.

Autolvtus charcoti Grairer. This species was
not taken in our plankton nets but three specimens were
captured on 31 August, 1949, with a hand nete They were
swimming on the surface near the shore and had lesrge
numbers of cggs attached to thems Perhaps this species
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becomes planktonic for a short while at this time of the
year dvring its breeding season,

Autolytus gibber Ehlers. Only three of this
species was taken by our nets — one in September, 1949,

one in October 1949 and one in August 1951. The specimens
taken in Avgust and September were epitokous,

olytus simplex Ehlers, This did not occur in
1949 or 19%0 samples, but in 1951 six male epitokes werec
netted in August and threc non-breeding forms in October.

Of these latter one came from Station I and was the only
example of Autolytus to be taken from the outer station.

Pelagobia longicirrata Greef, At Heard Island
this tiny polychaete appeared only in the summer and
autumn months and in small numbers, A specimen was also
found in a surface sample collected by R.R.5. "Discovery
II" off Iles de Kerguelen in September,

Phalacrophorus c.f. pictus Reibisch, This

species occurred in small numbers in the summer months.

Nerinides sp. Chaetosphere and spionid larvae,
presumably of this genus, were noted during the summer
months .

Maupasia spe One was identified from a sample
taken in November 1951,

CRUSTACEA
COPEPODA

The following copepods were identified in the
Heard Island plankton:-

Calanus simillimus Glesbrecht, Calanus

%rog;aguug Brady, Calanoides acutus

Giesbrecht), Rhineaslanus gigas Brady,
Drepanopus pectingtus Brady, Euchaeta
antarctica Giesbrecht, Euchaets biloba
Farran, Metridia lgcegs Boeck, Metridea

ticauda Giesbrecht E__g;_gammg robusta

. Danl) form apggrc%j_cg Steur., Oithona
similis Claus., Microstells norvegica Boeck,

In 1949 no cslanoids were taken after July. This

cannot be due to the loss of the N70 net as the small
stramin net had always sampled some of these speciss at
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the same time as they were present at only average abun-
dance in N70 net hauls. In fact, very few Cslanus
simillimus were taken when N70 nets were agein in use in
1950, until July. This suggests that hydrological con-
dltions in Atlas Cove from spring to autumn, 1949-1950, were
different from those of other years.

simillimus Giesbrecht, Of the larger
copepods this species was the most abundante In one
15-minute tow over four hundred were taken. During the
later summer and autumn the bulk of the population con-
sisted of juveniles (Table 1l). There were comparatively
foew gdult meles and females and the gonads of the latter
were undevelopeds In 1951 individuals were taken from
Auvgust to October only occasionally, probably because the
population in the arca had migrated to the deeper warm
layer (ilackintosh, 1937). Eerly in November 1951 adult
females were quite numerous. A fow had spermatophores
attached but were not oviferous; the majority had well
daveloped ovaries and oviducts %ull of eggs while some
had distended oviducts but these did not contain eggs.
The letter females were probably spents Oviforous
females were still being taken in the middle of December
though there was a2 larger proportion of spent females.
Males were encountered only occasionally and these had
well developed testes. Turbulence is considered to have
occurrcd before the end of December and adult individuals
were taken before the end of January only occasionally
when juveniles conprised the main population.

Several hundred C. s were taken in a
40-minute surface haul done by R.R.S. "Discovery II" off
Ilcs de Kerguelen on 1 Septembery, 1951. The ovarics of
the femeles were in a similar condition to those taken
at Heard Island in October. In fact, it was noted that in
some ceases development was even more advanced,

Vervoort (1951) states that large numbers of
this species taken at 51°11!'S,, 11°17'E., in Dccember
ShOHud no signs of brecedinge. Although this position is

lower latitude than Heard Island, it is much further
south of the Antarctic Convergence tﬁan Heard Island.
These observations suggest that the breeding season of
Co simillimus is progressively later the further south of
the Convergence it is found.

propinguus Bradye. This speccles weas
never found in lerge numbers at Heard Island and those

present were mostly juvenile (Table 2). This observetion
agrces with that of Mackintosh (1934) who stated that
"specimens taken near the Antarctic Convergence are mostly
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immature", Of the few adults the great majority were
females. ©Several of these taken in November 1951 had
well developed ovaries; pcrhaps these were stragglers
from a spawning stock well to the south of the island.
The females taken in late December from upwelled water
had expanded empty oviducts, and appeared to be spent,.
Members of this scuthern breecding stock were probably
the progenitors of the comparitively large number of
iuveniles sampled in March of 1950 and 1951, Ottestad
1932) found these animals spawning in the north eastern

Weddell Sea during November and December.

Several juveniles taken in December 1951 appeared
to be in the last copepodite stage but there is not
sufficient evidence to suggest when or wherc the spawning
which produccd them took places

Calanoides acutus (Giesbrecht). A typicelly
antarctic specles, this was second in abundance only to
C:lonus simillimus. Adult males were never found, and
adult females did not occur from March to July. No
Calenoides were taken in August, September or October

Table 3)e Mackintosh (1937) in his Table VI shows them
as confined to the deeper water layers in September
though rising to the surface in October. Ottestad (1932)
considered C., acutus to begin spawning in the Weddel Sea
during late November and early December. However, Heard
Island results suggest that the stock sampled by our nets
in early November had already started spawning. This
suggestion is supported by the few adult females taken
during December which appeared to be spent, and by the
large number of very small juveniles occurring in middle
and late December, ,

Eh;ngg;ggg% igas Brady. Although it has been
shown by Mackintosh 193?% that this copepod occurs in
considerable numbers on each side of the Antarctic Con-
vergence, very few speclmens,; none of them males, were
collected in our nets (Table 3). This is no doubt because
the bulk of the species remains below the 50-metre level
(Hardy and Gunther, 1935). During the years of our in-
vestigations almost all the specimens taken in sutumn and
winter were juveniles, Ommanney (1936) shows in his Fig.
6 that this species begins rising to the surface in
November in the Falkland Island sector, The largest number
taken at Heard Island was 40, 25 of which were sdults
mature or approaching maturi%y (Ommanney, 1936; Fig.l%) in
early November 1951, Some of the adults taken in December
were also mature, but the numbers are far too small to
postulate a breeéing season for the region. However,
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nauplii of Rhincalsnus sp. were noticed in the middle of
December 1951,

Drepanopus pectinatus Brady. Although this
species has been shown by Hardy and Gunther (1935) to

make vertical migrations, this copepod was by far the

most numerous in our hauls (daylight). Around South
Georgia it was found most abundantly over the continental
shelf and in the Heard Island area its distribution is
probebly similar. Our largest samples were taken at the
inshore ststion. However, at the off-shore station the
animsls would be distributed throughout 60 metres during

the dsylight while turbulence may have prevented any
effective vertical migration at the shallow inshore station.

Sufficient hauls were done in 1949 and 1651 to
outline the breeding sesson of Drepsnopus, snd the 15950
and 1952 hauls support the conclusions., The system used
to analyse the population of the species is described in
the section on "Methods". Almost identicezl results were
nbtained from Stations I and II so that Figure 3 showing
the seasonnal varistions of the percentages of males, fe-
males and juveniles for Station II in 1951 may be taken as
being representative of Statinn I and of ether years.

It can be seen from Figure 3 that the adult
males snd females began to increase with a corresponding
decrease in juveniles in July., At this period large numbers
of shed skins in the samples suggested large-scale moulting
during July and August. As early as June occasional males
were seen, but the highest percentage occurred in August
(40% in early August, 1952, and 33% in late August, 1651).
Such high percentsges were not found in 1949, slthough
there was a marked increase during August in this yesr.

In June, also, adult femeles with spermatophores
asttached to their abdomens and occasional oviferous females
were found. The number of adult females with spermato-
phores attached (Figure 4) increased with the high propor-
tion of adult males. September records are inadeguate.

The highest percentage of females taken was in October
and November of 1949 and 1951, a lsrge proportion of

the October samples being oviferous and many actually
extruding eggs, (Figure 5). Several gravid females were
dissected and each contained between 28 and 32 eggs.
Numerous eggs, similar to Drepsnopus €ggs, and naupliil
were found in the N50 samples collected during October.
Many eggs occurred singly but clumps of ss meny es 18
appeared, most of which were in various stages of division.
The November N50 semples slso yielded numerous eggs but
there were more nauplii that month.
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It may be significant that from March to July
1951, the volumes of Drepgnopus at Station I (off-shore)
were almost always greater than at Station IT whereas
after October the reverse was the case (Figure 6).
Similar results were obtained in 1949 before Station I
was abandoned in June of that year. It can also be seen
that the volumes of Drepanopus decreased at Station IT
as they increased at Station I during October and November
1951, No records are available for September, but perhaps
the maturing population moves into shallow wa{er to breed
and disperses seaward towards the end of the season.

In December and January some adult males and
oviferous females were still present but the bulk of the
population consisted of juveniles. There were no records
for February but by March the population was almost
entirely juvenile,

ta antarctica Giesbrecht. This species
was only taken in small numbers, perhaps because our
hauls were done in daylight. Hardy end Gunther (1935)
have shown this species (referred to by them as
Pareuchaeta antarctica) to make active diurnal migrations.
E. antprctics has occasionally appeered in the stomach
contents of Pelecanoides georgicus Murphy and Harper
and Pelecanoides urinatrix (Gmelin). On two occasions
200 individuals were found in a single bird stomach,
which seems to support the claim of Hardy and Gunther
that the species is patchy in its distribution.

Insufficient specimens were taken to provide
observations on the breeding season of this copepode.
However, it was noted that adult males weie seen only
in July, August (net samples) and January. Adult
females carrying spermatophores, one with three attached
to its abdomen, occurred in net samples from June %o
November and in a bird's stomach in January. Females
carrying egg sacs occurred in July and October. Occasion-
al juveniles were taken in net hauls from January to
July and in October over 200 well advanced juveniles were
found in a bird's stomach.

In one instance when a large number of what
appeared to be Euchaeta, almost completely digested, were
extracted from a Pelecanoidesstomach, spermatophores from
the same stomach showed no signs of being digested.

eta biloba (Farran). This species was
taken only at the end of December 1951, when an adult
female and 26 juveniles appeared in a surface sample.
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Vervoort (personal communication) found this species only
in samples from the B.A.N.Z.A.R. Expedition which came
from the intermediate water layer, but they were not
taken in the Heard Island region.

At Heard Island the occurrence of the deep water
chaetognath, Sggitta maxims, in the samo sample as E.
biloba and the marked difference in the state of the
diatoms taken by the N50 nets, suggest that turbulence
took place during late December 1951 and probably early
January 1952,

Metridia lucens Boeck. Adult females and
juveniles were collected sporadically, mainly between
May and August. In December 1951, numerous small
juveniles of letridis which may have belonged to this
specieswere collected,

Metridiag curticguds Giesbrecht. A single adult
famale, taken in July 1950, is the only record of this
species at Heard Island.

Pleuromamma robusta (F. Dehl) form gntarctica
Steur. This species was recorded only twice at Heard

Island « in May 1949 and July 1951, In each case it
was a Jjuvenile female.

Oithona similis Claus., This specles was usually
prevalent throughout ezch year but breeding date and
variations in numbers were not noted,

Microstella noryegica (Boeck). Found throughout
the year, this species was more abundant in the sasmples

from the inshore station.,

AMPHIPODA

Pontogeneis c.f. chosroides Nicholls. This
kelp-inhabiting gammarid was collected in our nets in

small numbers throughout each yeer, the largest haul in
July 1951 being 48, There appears to be no definite
breeding season since females with eggs attached to their
oostegites occurred in April 1949 and April, July, August
and December 1951, Females carrying young were never
netted but they were found in the stomachs of the Arctic
tern, Sterna macrura Naum, in Novembor and December 1951,

Iryphosella barbatipes (Stebbing). This was
not taken in our nets although two well-preserved large
specimens were found in the stomach of a fulmar prion,
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Pachyptils crassirostris. It hss previously been recorded
nff Iles de Kerguelen.

Hyale hirtiplana (Dana). This occcurred only
three times in sur samples.

Euthemisto antarctica (Dana). This hyperiid was

raraly seen in our samples but it seems to be preyed upon
by birds more than any other plankton crustacean in the
region. From June onwards it appeared in the stomach
contents of Eudyptes chrysncome Forster, Eudyptes chryv-
solophus (Brandt), Pygoscelis pspua Forster, Pelecanoides
georgicus, and Pechyptils crassirostris Matthews., Other
petrels besides prions no doubt eat it also. In January
and February huge numbers (sometimes over 500 in 2 single
prion) were present in the stomachs ef these birds.
Pachyptils crassirostris containing E. gntsrcticg were
always cagptured st dusk, the state of their stomach cen-
tents showing that they had eaten them during the day.

In view of the fact that Hardy and Gunther (1935) showed
this amphipnd (referred to by them ss Psrathemisto
gaudichaudl Guerin) made active diurnal migrations,

the presence of such large numbers in bird stomachs sugg-
ests that swarms probably surface during the day during
these months.

Primo mscropus Guerin. Only an occasional ju-
venile wags sampled.

Hyperia galba Montagu. This ocezgnic hyperiid
was not netted st Heard Island but wes identified amongst
the stomach contents of two Pachyptila crassirostris
killed in September 1951. Large numbers of this species
were extracted from the stomachs of the penguins Eudyptes
chrysocome and Pygoscelis pspus in February 1950.

Hyperia spinigers Bovallius. Juveniles only of
this oceenic species were caught in our nets although a
number of adult meles and females were washed ashore at
the end of August 1952, Although specimens (some of them
adult) were found in the stomachs of a few Pachyptila
crgssirostris, Pachyptils desolatag, Pelecanoides sp. and
Pygoscellis papus, they were in very smell numbers, which
suggests thet H. spinigera is either not preferred by
these birds, 1s 1naccessible to them or is not plentiful
in the Heard Island srea.

Hyperiells anterctica Bovellius. This wass much
commoner than H. spinigers. Ususlly juveniles were taken
in our hauls and 1n October and November 1951 many tiny



-23 -

ones were present which suggested a recent spawning.

H. antarctica was frequently identiflied in bird stomachsj
in September 1951 on occasions as many as 300 individuals
were taken from Pgchyptila crassirostris stomachs. Other
birds which prey on this animal are Pachyptils desolata,

Pelecanoides georgicus and Pelecanoides urinstrix.

Vibilia armata Bovallius. Several specimens
were collected from time to time and several were found

in Pachyptila crassirostris stomachs.
EUPHAUSIACEA

Euphausia vallentini Stebbing. Except during
December~January 1951-52, when large numbers of larvae
were sampled in water thought to have come from the
intermediate layer, only occasional specimens (all
juvenile) were collected. Hardy and Gunther (1935) and
Sheard (1953) consider this species to be a characteristic
inhabitant of the warmer subantarctic water. The mature
stock of E, vallentini which produced our immature
specimens were no doubt located some distance north of
Heard Island,

Thysoanessg vicina Hanson, Adults and juveniles,
in small numbers, occurred throughout each year. In
October 1949 swarms were washed into the shallows of
Atlas Cove., Meny were dead or dying, which suggested they
were spent breeding swarms. A haul of 50 individuals
was made in August 1952 when the net is recorded as having
passed through '& peculiar patch of water". A few specimens
were found in stomachs of Pelecgnoides georgicus and in
Dgcerber 1951 large numbers were extracted from two

Sterna macrurg stomachs., Daption capensis have been seen
to pick these animels out of the seas.
ISOPODA

Cercels sp.; usually taken in samples from the
inshore station, did not occur frequently. Specimens were
found in stomachs of Sterng vittata Gmelin and Larus
dominicanus Lichenstein, both of which feed mainly along
the shore line. A large specimen was also found inside

a cormorant, Phalancrocorax gtriceps King.

CUMACEA

Ekdiastylis horridus (G.0. Sars) was found twice
only. It has already been recorded at Iles de Kerguelen
(Nicholls, personal communication).



MYSIDACEA

Boreomysis rostrata Illig. Occasionally juveniles
of both sexes were collected in our nets, the only adult

(a male) being taken in July 1950, In September 1951 the
remains of this species were found in a ti
crassirostris stomach, Heard Island specimens were con-
sildered by Mrs, O, Tattersal (personal communication) to
be zlmost identical with the form of B. roctrata from the
Straits of Magellan.

DECAPODA

siphaea spes The remains Af a member of
this genus were regurgitated by a giant petrel, Macronectes
giganteus (Gmelin), but it wes not possible to make a
specific identification becsuse some digestion had taken
place.

MOLLUSCA
PTEROPOLA

Clio sulcata (Pfeffer). A few of these were
found in the winter only (1949 and 1950) and autumn only
(1951). Hooks, sacs and other remeins appeared in stomachs
of Pachyptila crassirostris during June and July 1951, but
rarely after August. These molluscs are also eaten by

Pachyptils desolata and Daption capensis,

Limacina bales Moller, This species occurred in
large numbers at the end of January 1952; otherwise only
occasional specimens were collected,

Spongliobrenchis gustrelis d'Orbigny. his
Species was commonest during 1949, Early in July of that

yeer meny were taken with a hand net. They were probably
washed into the shallows by a storm, In other yeers only
a few were sampled.

CHAETOGNATHA
Eukrohnia hamatg (Mobius)., Varying numbers and

sizes of juvenile E. hamata were nearly always present in
our samples, but adults were never taken., The species was
most abundant from March to June, a few specimens only
being collected in the winter when presumably they sink to
deeper levels (Mackintosh, 1937), They secemed to have
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regained the surface in November 1951 when our biggest
haul, 26, was netted. Like the calanoid copepods,
already &iscussed, no increase was recorded between
October and December in 1949,

Sggitta gazellae Ritter-Zahony. This species
occurred spasmodically throughout each year, the largest
collection being 25 in December 1951, Quite large
specimens were sometimes washed ashore, some measuring
80 mm, in length being found along the drift line. No
adults were recorded.

A large immature animal, caught in July 1950,
had recently eaten 14 individuals of the copepod

Drepanopus pectinatus.

Sagitta maxima (Conant), This species was
taken on isolated occasions and its appearance was
presumed to indicate the presence in Atlas Cove of water
from deeper layers. It was recorded in June and July
1950, in August 1951 when Pleuromamma .occurred in the
same haul, and in December-January 1951-52 concurrently

with Euchseta bilobg and larvae of Euphausia vallentini
CHORDATA

TUNICATA

Ihleg magellanicg Apstein, This large selp
appeared only in one haul, during October 1949, but in
Januery 1953 several were washed up on the beach. Some
were taken in a haul by M.V. "Tottan" 35 miles. due east
of Heard Island in February 1953, and again in early
Marc?ogt 48°44's,, 76°05'E. where the sea temperature
was ®

PISCES

Notothenia sp. Ova and larvae belonging to
this group of teleosts were found in all yeers. Most
were probably produced by Notothenis corriiceps .
Richardson and Notothenia cyanobranchia Richardson which
abound in the shallows of Hesrd Island, From July onwards
eggs were collected in the samples gnd sometimes found
washed up on the shore. Eggs taken in early October 1951
were well developed., Learvae first eppeared in late
October and, in various stages of development, continued
to be present in hauls until the following January.
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SEASONAL VARIATIONS AND ASSOCIATIONS

Phytoplankton variations. Hart (1942) has
divided the Southern Ocean into three biogeographicel
reglons, describing the "Northern Region" as being
between the Antarctic Convergenceg and a line 330 miles
south of it extending 211 round the world except for
special areas. Heard Island lies in the middle of this
region and eur results show thet the times of phytoplankton
fluctuation agree with those suggested by Hart for his
"Northern Region",.

Poriod of Main Phytoplankton Incresse

Unfortunetely in 1949 only five houls were made
between September and December, but Table 5 indicates
that growth had begun by October. A sudden burst of cell
division seems to have occurred in early November as the
volume of the sample taken on November 11, 1949, was
four times the volume of those of Octeober and December.
There 1s some evidence to show that hydrological con-
ditions in Atlas Cove during part of 1949 may not have
been typical of the surrounding ocean. Nevertheless the
successlon of species is worth noting. The Conscinodiscus
population was dominant until August when a further
increase in C. goncinnus was noted. This species and
Ch. discladis reached a peak in October during which
active cell division was noted in Ch. gtlanticus,
Dactyliosolen, Thallassiothrix and Fragillariopsis.

These attaineé maximum growth in November, with the
exception of Ch, gtlanticum which reached its peak in
December., Eucampia balaustium suddenly appeared in
November in profusion. Apart from the much smaller vol-
ume of the December sample there was also a decresse in
dividing stages. Other species undoubtedly reached their
growth peaks during November but our meterial was in-
adequate and our methods not sufficiently accurate to
detect thems Growth had certainly slackened by Januery
in 1950 when the dinoflagellate Peridinium depressum
attained its maximum,

There are no early summer records for 1950.

Unfortunately no samples were taken in
September 1951 but some diatom growth was in progress by
October (Teble 6)., As in 1949 C. concimnus reached its
peak growth late in October; there was evidence of 2
small peak in Rhabdonemgs gdristicum in the middle of the
months and Ch. dicladig showed much cell division late in
October, These species would fall into Hart's Group III,



- 1B 2

Although he places all Coscinodiscus sp. in Group V,
perhaps the fluctuations of C. concinnus warrant its
better inclusion in Group II of the neritic diatoms.,
Pre-maximum abundance of these three species agrees with
Hert's findings for the Group. Hart considered diatoms
of Group I to be most numerous at the time of the peak of
the main increase. Dactyliosolen, Thalassiothrix,
Corethron and the three phases of Rh. alata belong to this
Group and these reached their peaks in November on» early
December (Table 6), during which period the peak of
maximum growth was considered to have occurred at Heard
Island. Ch. gtlanticus attained its point of maximum
growth in November but was not relatively important after
that, as suggested by Hart for members of Group IV.
Eucampia balgustium reached its peak in December and was
not even present in the samples when other neritic
diatoms of Group III to which it nominslly belongs were
abundante In late December and early Janusry the plankton
samples were a yellowish colour instead of grey-green and
conteined many broken frustules and empty cells. Tur-
bulence is considered to have brought water from deeper
layers to the surface during this period.

Samples were not collected during the spring
of 1952 °

ut 1 Increas

A definite increase in numbers occurred in
several species during March and April, decressing in
May of the four years.

In 1949 C. concinnus, Ch. dicladia, Rh.
styliformis and Rh. crassa showed increasing growth in
March and reached a peak in April dominated by the
latter species. A sample collected in April was examined
by Hart who considered that "the general facies of the
sample reminded" him "strongly of the solenoid community"
he "found between South Georgia and the Falkland Islands
in the Convergence region., It definitely had a more
northerly appearance than most of the material from
South Georgia" (Hart, personal communication). There
Wwas also an increase in the numbers of Cergtium during
April and Mey leading to a peak in June.

Samples were not available for March and April
of 1950 but a sample in May suggests that an increcase in
the same species had occurred. Ceratium also behaved
similarly.
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In 1951 the same species increased but Ch.
dicladia was more abundant than Rh. gcrassa. A slight
increase in Dactyliosolen was also noted in April of
this year., Ceragtium and Peridinium depressum both in-
creased noticeably in April but there was no winter
maximum of the former in 1951,

Rhe crassa was not even recorded in autumn 1952
but the usual fluctuation in C. concinnus and Ch. diclad
occurred, Ceratium and P. depressum behaved as in 1651,

The seasonal cycle of the phytoplankton at
Heerd Island may be summarised szs follows: Post-winter
growth begen in September, incressing in October to reach
a maximum in November and December., A decline began in
Januery which in the case of most specics continued to
the low winter values. A sccondery increase in several
specles occurred in March end April but the decline
towards winter values of these species in May was not
n3cessarlly as rapid as suggested by Hart (1942).

Zooplankton variations. The plankton of late
summer and autumn was always dominated by huge copepod
swarms of juvenile Drepanopus that had hatched the
previous spring., In 1949 and 1950 juvenile calanids were
present only 1in small numbers during this period but in
1951 end 1952 they were the most numerous., Few amphipods
occurred in our samples at any time, but examination of
bird stomach contents showed numerous juveniles (especially
Euthemisto) to be in the region at this time. The small
medusan Cosmetirells was recorded during this period and
the tiny polychaetes Pelagobia, Phalacophorus and Nerinides
also appeared only during the months of late summer and
autumn., The largest numbers of the chaetognath, Eukrohnig
hamata, (juveniles) were recorded from March to June but
occasional examples occurred through the winter.

As sea temperstures dropped towards the winter
level the abundance of organisms dwindled noticeably.
Because of its swarming habit the actual volumes of
Drepanopus are not very significant., However, during
June the highest volumes were always taken at the shore
station (I) which suggested a movement to deep water.
Mackintosh (1937) showed that C. gcutus, R. giges and
E. hamata sought deeper water in the winter months,
Tables 1, 2, 3 and 4 show that the calanid copepods cer-
tainly became scarce in our surface hsuls as did most
other organisms until November., It appears that in the
winter months some of the local fauna produce theilr eggs.
Breeding forms of Autolytus were taken between July and
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September., The amphipod Pontogeneig was most frequently
found with eggs in July and fish ova were first recorded
in the plankton in July. The pteropod, Clio sulcata,
was collected only in June and July of 1949 and 1950,
Although a few occurred earlier than this in 1951 none
was taken in the winter, but it appears from the bird
stomach contents that this mollusc was quite numerous in
the surrounding ocean in July 1951, as was the hyperiid
amphipod, themisto, Bird stomachs taken in September
show that quite large numbers of the hyperiid, Hyperiel
antarctica, had been eaten in that month.

The situation in Atlas Cove in spring 1949 was
not considered typical of the surrounding ocean; but in
1951 distom growth had commenced in that region and was
reaching its climax in November when the larger copepods
appeared in the plankton in breeding condition. No
doubt they and the larvae they produced grazed on the
phytoplankton. Large volumes of Drepanopus, predominantly
oviferous females, occurred in October while the percentage
of juvenile Drepanopus began increasing rapidly in Novem-
ber. During these months, measured volumes of this
species were always larger at the inshore station than
at the offshore station. Fish larvae were present from
October but were in highest numbers in December when they
were probably feeding on the other abundant zooplankton,

The summer months of January, Februsry and
March are characterized by the dominance of juveniles of
all the breeding species noted in the spring.

DISCUSS ION
Heard Island plankton and the oceanography of

the region, Extensive work has been done in the past on
the distributlion of the plankton species found in the
anterctic and subantarctic waters. Mackintosh (1934),
discussing the distribution of the macroplankton of the
Atlantic Sector of the Antarctic, attempts to distinguish
individual communities whose constitutions are dependent
on the hydrological and geographical features of the
environment, Therefore by considering some of the species
found in Heerd Island plenkton some idea of the nature snd
origin of waters surrounding the island can be obtained.
It must be remembered that 21l hsuls were mede at the
surface in deylight so tlat we can only compare our
results with those of other workers with reservations.

Mackintosh divided the plankton into four main
groups and it is of interest to note in which of his
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groups (Teble III of his paper) the Hesrd Island species
are found,

l, Warm-Water Species. Except close to the
shore the sea temperature at Heard Island seldom, if
ever, exceeds 3°C. It is not surprising then that

Euphausia ygllentini described as being "practically
confined to water above 3°C." was rarely taken.

Of his "typical warm-water species" only two
were noted: Pleurompmmg robusta was rare while C.
simillimus was the mostcommon calanid in our hauls,

Four out of five of Mackintosh's "warm-water
specles sometimes found in colder regions" occurred in
our plankton. Except for the widespread E. hamata,
chaetognatha were not commonj; neither were copepods
such as Euchaeta, although the diurnal migrations of the
latter mgy have upset our records.

Limacina baleg was numerous at times and bird
stomachs revealed that Euthemisto could be found in large
numbers somewhat further offshore than were our stations.

2, Widespread Species. The species of this
group with "a slight preference for warmer water" all
occurred in Heard Island plankton: Primo mgecropus was
rare but Spongiobranchias and Thysanoessa sometimes
appeared; the copepod, R. gigas was frequently present,
always in small numbers which may have been due to its
preference for oceanic water and sub-surface layers.

None of the "neutral species" was recorded.

All of the "species with a slight preference
for cold water" were found, bills armata (referred to
by Mackintosh as ¥. gntarctica) was rarely seen, but
among the calanids moderate numbers of C. propingquus
were usually present. C. gcutus was second in abundance
only to C. simillimus. It can be seen from Mackintosh's
table that although C. simillimus occurs in largest
numbers in water above the 3°C., isotherm, the abundance
of both species is roughly similar in the summer tem-
perature range that would include Heard Island.

3. Cold-Wigter Species, Although Heard Island
is almost always south of the 3°C, isotherm, only three
out of nine "species which may occur in large numbers
anywhere south of the 3° summer isotherm" were recorded
at Heard Island. Clio sulcats (referred to as Cleodora)
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was never common although it was usually present in winter.

Pyrostephos yanhoffeni was almost always

present,

None of the "species typical of the coldest
regions" were recorded and of course the 4th category,
Neritic Ice Edge species, did not occur.

It can be seen from these remarks that the
Heard Island macroplankton is similar in some respects
to the community which Ifackintosh describes north of
South Georgiaj but it is by no means identical with it.

Hendey (1937) lists "typical" warm-water end
cold-water species of diatoms. His divisions sre much
broader then those of Msckintosh (1934) who refers to
warm and cold-water species of the antarctic regions
only, whereas Hendey refers to tropicel and sub-tropical
vaters by the term "warm" and antarctic waters by the
term "cold", However, it is interesting to note which
%iitogs in these two categories are found at Heard

sland.

A species marked "X" is important in Heard
Island plankton.

Warm-water Species (Hendey) Cold-water Species (Hendey)

X Chgetoceros gtlanticus X Eucam balaustium
Chaetoceros dichaeta Chaetocergs dichseta

X Rhizosolenig glata Rhizosolenia habetata

fo., bidens
X Rbizosolenla crasss
Rhizosolenia curvats
Rhizosolenig styliformis
X Dactyliosclen gntasrctica
Corethron criophilum

R. habetata fo. semispins
R. habetata fo. gtvliformis
X Corethron criophilum

X Er laropsis
antarctica

The fact that species typical of warm and cold-
water floras are importcnt in Heard phytoplankton indi-
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cates that Heard Island is in an intermediste position.
It is not only within the geographical boundsry of the
Northern region of the Antarctic described by Hart (1942)
but it has been shown here that the fluctuations of its
phytoplankton are almost typical of that region.

Heard Island is generally surrounded by antarc-
tic surface water but the occasional presence of

Rhizosolenia curvata indicates that some mixing with

subantarctic water gay take place, Indicators of
deeper water, e.g. Sagitta maxima and Euchaeta biloba
appearing in’surface hauls suggest that wind an wave’
turbulence may bring water from the intermediate layer
to the surface near Heard Island,

The rarity or absence of some oceanic species
suggests that both Station I and II were under a strong
neritic influence, This is supported by the large
numbers of some oceanic amphipods found in bird stomachs,
upparently eaten well offshore, compared with the very
few taken in our net samples, In fact, results from
1949 and 1950 indicate that there was very little oceanic
influence durihg parts of those years.

oductiv 0 e ion. Examination of
birds! stomach contents has shown that amphipods,
especlally Eutiemisto, are an important factor in the
diet of Heerd Island plankton-feeding birds (Table 7).
In comparison, the role of the euphausids is relatively
unimportant, whereas, further south they, particulerly

%gphgusig superba Dana, are "key industry" organisms
Hart, 1942).,

The amount of plankton consumed by birds in
the Heard Island region slone must be enormous. A4
penguin's stomach has been found to contain 200-300 gm.
or 4,000-6,000 amphipods, while over 500 Euthemisto
heve been taken from individusl prion's stomachs,
Considering the huge numbers of birds known to breed on
Heard Islend the seas in the region must be highly
productive.
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TABLE 7

PLANKTON ORGANISMS IDENT IFIED FROM STOIIACH CONTENTS
OF SOME HEARD ISLAND BIRDS

Iegend - + - recorded at least once,
++ . sometimes recorded in large numbers.

Number of Birds Examined:
6|111]38| 5|15 [11]8 7 6 25
1] 0 0
i Lo5] © L}
ol u gl |TT o) =)
Species = R e Rl o O BB R} =
of 29 |22(23|28[88] & o o|a
Bird: 20 8;‘3 SHI B S'E. & b g?& gGlE88 |8 n
>y o Sunlaolo D M Hl HP|HH|O O
R R e e FE R L
Mo n.oia‘g Ao a.g Ay 8ol 3 uib-UJg (SR =!
opecies of
Plankton
Eucheeta
antarctica + |4+
Buthemisto
antarctica ++ | + s B -
Pontogeneia
Cela
chosroides + *
Tryphosella
barbatipes *
Hyperielle
antarctica ++ | FlEEe
Hyperia
galba ' e it B S
Hyperia
spinigera * ¥ | S +*
Vibillia
armata i g
Cerceis sp. + - >
Th{SOEDBSSa .
vicina + +
Boreomysis
rostrata »
Clio sulcata - 4+ | +
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The positions of the plankton stations and the
objects and limits of the investigations sre outlined.
Methods of collecting and analysing the samples are
described and a new method of determining displacement
volumes of N70 samples is given. The oceanography of
the Heard Island region is briefly discusscd.

Details are given of relstive importance,
associations and fluctuations of each species identified
from the Heard Island plankton., Some breeding data on
the calanid copepods is included and the sessonal cycle
of Drepasnopus pectinatus Brady is indicated. The period
of mein phytoplenkton incresse occurred in late November
and an autumnsl increase was noted in some members of
the phytoplankton. This is considered to be usual for
the northern region of the Antarctic.

The Heard Island plankton community is compared
with that of the South Georgia region snd the oceano-
graphical position of Heard Island is discussed in
relation to the plankton community. The Hesrd community
is fairly typical of plankton found just south of the
Antarctic Convergence., Its composition is modified by
local species and some of its fluctuations are modified
by local conditions.

The importance of amphipods as "key industry"
organisms and the relative unimportance of euphausids in
the region is shown by the analysis of the stomach
contents of local plankton-feeding birds.
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2s HYDROLIOGY AT HEARD ISLAND, 1949,

by R.G. Chittleborough

INTRODUCTION

Heard Island (53°01'S., 73%°23'E.) lies sbout
180 miles south of the Antarctic Convergence., The
surrounding surface water is of the cold, poorly saline
type known as antarctic surface water, Deacon (19323)
states that Iles de Kerguelen lies just on the Conver-
gence and.HMackinbcsh '(1946) shows the @onvergence
passing through Iles de Kerguelenj Sverdrup (Howsrd and
Sverdrup 1940? suggests the Convergence is one or two
degrees south of Deacon's estimate,

Hydrological observations south of the
Antarctic Convergence have been made by research vessels
from Britain (Deacon 1933, 1937, Clowes 1934, 1938,
Mackiniosh 1946), Australia (Howard and Sverdrup 1940,
Mawson 1940), Norway (Mosby 1934), Germany (Brennecks
1921) and other countries, But with the exception of
some work in the South Atlantic region, the hydro-
logical observations of these expeditions have been for
short periods only (usually the summer months).

In December 1947, the Australan National
Antarctic Research Expeditions established a2 research
station on Heerd Island. During the second year of
occupation (1949) a biological programme was begun.
In the marine research, plankton investigations were
carried out by E.H.M. Esley while hydrology and the
settlement of marine organisms on exposed surfaces were
investigated by the author,

The station on Heard Island provided an
opportunity of obteining regular records throughout the
year of the hydrological conditions in this northern
region of aAtarctic surface water. It i1s evident however,
that coastal water at Heard Island is at times strongly
influenced by local conditions, especiaslly glacial
streams and the coastal algal belt.

OIOGICAL PROGRAL ND STATIONS
It was hoped thet a station over s depth of at

least 100 metres of water, far enough offshore to
minimise the effects of summer glacial streams from the
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island, could be visited every fortnight over s pericd
of twelve months, for sampling at the durface and at
depths of 50 and 100 metres. Variastions in the
temperature, salinity, oxygen, phosphate phosphorus
and nitrate nitrogen content of this antarctic surfasce
water were to be recorded throughout the year. At the
same time the condition of the inshore water was to be
inv:stigated in conjunction with research upon the
settlement of organisms on exposed surfaces.,

For the marine resesrch a 25-foot navsl cutter
powered by a 10 h.p. diesel engine wss used. Later, when
the cutter becsme unservicesble, a 1l4-foot dinghy
powered by an outbosrd motor was used.

The hydrological progremme commenced in March
1849, It soon became obvious that it wss unsafe to
attempt to reach the 100-metre line in the cutter with
any regulsrity. In one month, sixteen days of gale .
force winds were recorded and storms often reached the
islend with little warning.

A station was thereford established at the
mouth of Atles Roads (See Station I on Figure 1) over
approximetely 60 metres of water, ssmples being taken
at the surface and at depths of 25 and 50 metres,

An inner station (Station II) was established
about 400 ysrds offshore in Atlas Cove over § metres of
water, so that only surfece samples were taken.

A buoy from which experimentsl plates were
hung wgs moored 100 yards from the shore in the more
sheltered pert of the cove close to the mooring buoy
(See Figure 1) and here temperature, sslinity and
dissolved oxygen were regulsrly recorded. During the
year, three twenty-four hour surveys were csrried out
from the cutter gt the mooring buoy.

Station I wss sbandoned esrly in July es defects
in the cutter's engine mede it dengerous to venture out to
the outer psrt of Atles Roads, Sampling et Stetion 1II
end alongside the buoy wss continued regulesrly from
Merch 1949 until Februery 1950 using the dinghy end out-
boerd motor.

The selinity snd oxygen samples were titrated
on the islend (the former by titration with stendasrd
silver nitrate solution and the latter by the Winkler
method), It wes not poscsible to carry out phosphete and
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nitrate estimations at the station, so samples were
preserved and returned to Australia for estimatelon by
the hydrologicsl section of the Division of Fisheries,
CsS.T.R.0. (For methods of determination see Rochford,
1951)., Phosphate samples were preserved by the addition
of two drops of chloroform per 100 ml. of water and
nitrate samples with 1 ml, of saturated mercuric chloride
per 100 ml, of sea water. It is known thet dissolved
phosphates and nitrates incresse to some extent in
preserved samples stored for several months, but as it
was not possible at the time to perform these analyses
ont the island, it wss expected that at least some
variation of these nutrients could be recorded fronm
preserved samples.

TELMPERATURE «

Air temperstures at the meteorological
station (14,6 feet above mean sea level) are shown in
figure 7 in weekly gverages. The mean weekly air
temperature was 0.6°C., with a maximum of 4.6°C. and a
minimum of -3.9°C.

The surface water temperatures at Stations I
and II and at the buoy are shown in Figure 8. As can
be seen from Figures 7 and 8, the water st Station I,
further away from the island, was affected less by local
fluctuations of air temperature. Variation of
temperature with depth was not marked, 25 and 50 metre
temperatures being very close to each other, while
surface temperatures were higher when the sir tempera-
ture was higher, and lower than deeper water when the
air temperature dropped lower than that of the water,

Because of insufficient winter temperature
records at Station I, the mean surface temperature may
be slightly high, but after allowing for this the
recorded range and mean are well below those given by
Deacon (1933) who states that the temperature of the
antarctic surface water at the Convergence ranges from
39C, in summer to 1°C, in winter. Conditions on the
island have the effect of lowering the water tempera-
tures in winter, this being most marked at the two
inner stations zStation II and the buoy). The nearer
the shore the greater the fluctuations in temperature.
Diurnal variations of surface temperature sre discussed
in the "sectieni en "Twenty-four hour surveys".

Station II temperatures for November (1.0 to
1,29C.) are surprisinglv close to Howard's (1940)
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temperatures (0.86 to 1.,24°C.) for surface water in
Corinthian Bay, Heard Island, in November 1929.

WATER TEMPERATURES AT STATTON I, 1049

Sl 18 19 | 31 ] 9 30| 27 11| 2
i Mareh |March|March [April|April|liay |June (July

surface | 2.60%|2.70 |2.35 |2.51 |2.30 |1.90 [1.43!1.08

25m, 2.50 |2.50 |2.37 |2.43 |2.30 |1.95|1.43|1l.11

50111- - 2-5'4' 2.37 2-41 2.31 1.95 1049 -

OBSERVED_RANGE OF SURFACE TEMPERATURES

Btation Meximum | Minimum | Mean | gumoor OF .
I 2470 1,08+ 1 2:03 9*
iI 3.37 -0.05 1.52 27
Buoy 3.41 ~1,8 1.58 25

Sea dce in Atlss Cove. oSea ice began
forming in Atlas Cove on two occasions in 194¢, 9 Tuly

and 3 August, as a result of very low alir temperatures
on the preceding deys (See Figure 7).

On 9 July e small arez neer the shore sbout
30 yards wide began freezing. It lay in the most
protected part of the cove, and appeesred as a2 soft mush
of flat crystals. It began to disappear soon after
sunrise., At 9 a.m. the temperature of the shore water
was -1.,6°C, Its chlorinity was 18.62%°/oco. Using
Sverdrup 's (1942) formulaA«§ = -.0966c 1. -.0000052013,
its initial freezing point would be -1.83°C.

On 3 August a much larger area, over 100 yards
wide, began to freeze, this time extending to the fouling
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and mooring buoys. With a chHorinity of 18.30%/on, this
water should begin freezing at -1.84°C. The small
thermometer used showed the shore watsr to be at -1.2°C,
On this occasion, the mushy ice hsd begun to form sci't
pancakes (See Figure 9). This ice persisted uvntil late
in the morning, when rising wind snd tempersture
scattered and melted it.,

SALINITY

Surface sglinities at the three stations are
shown in Figure 10. They are summerisad below:-

SALINITY (°/oo) KANGES AND MEANS

Station Max imum Minimum Mean égi:;iaggons
i I 34.04 33.89 33.94 9

IT 34,04 32,92 99.75 23

Buoy 33.95 32.45 334-; E 29i‘

Station I wes least affected by variablie
island conditions and approsched nesrest the oceccz:i: con-
ditions in this locelity. Though relatively few v=lues
are evailable, the surfece meen fits in with the
generalisstion by Sverdrup (1942, p. 609), Howard end
Sverdrup (1540, p. 112) and Descon (1933, p. 176) that
surface salini%y in this locelity is less than
34.000/00.

The table on the next pesge shows that at Station
I there was a slight tendency for salinity to increase
with depth, though 25 and 50 metres values were very close
together, as might be expected with such a short distance
between samples.

Salinities progressively decreased and became
more variable as the coast was approached (Figure 10).
No correlation was found between saliinity and reinrall,
but salinity showed an inverse relationship to air
temperature (Figures 7 and 10) which governed the flow
of glacisl water into the sea. In winter, with per-
manent freezing conditions when slmost no glacial water
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was belng added to the sea, the mean sslinity of the

inshore water rose (though not to the level of the
offshore water) and fluctuations were smaller.

SALINITIES (°/oo0) AT STATION I, 1049

Destiitii 19 31| 9 30 o7 | 11 2
op March |March |March (April[April| May |June |July

Surface(33.91133.93/33.95(33.91(33.89]33.96/33.91|34.04

25m.  [33.96(33.91(34.07(34.05(33.89(33.98(34.05|34.00

50m, - |33.98(34.00|34,11|33.87(33.96|34.04| -

-n summer, fluctuations of the glacial streams
with air temperature were reflected in the wide variations
in salinity at inshore stations. With a salinity gradient
increasing seawards, the salinity at Station II or the
buoy was partly effected by the tide, the degree
depending on the steepness of the gradient. This is
shown in the twenty-four hour surveys at the buoy
(See section on "Iwenty-four hour surveys').

The November salinities for Station II compare
well with the range of 33.55%/00 to 34,00°/00 recorded

by Howard (1940) for five days in Corinthian Bay, Heard
Island, in November 1929,

DISSOL OXYGEN

The dissolved oxygen in surface waters ex-
pressed as ml, per litre is shown in Figure 11, Thesse
values converted to percentage saturation are shown in
Figure 12, They are summarised belows--

DISSOLVED OXYGEN (Yoo saturation) RANGES AND MEANS

Station Msximum Minimum Mean Number of

Observations
I 99.0 89.5 94.4 9
i 102,0 91.0 97.9 23

Buoy 102,0 91,0 08.2 28
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DISSOLVED OXYGEN (ml. per re NG ND MEANS
Station | Maximum | Minimum | Mean Number of
Observations
I 27.60 700 731 9
II 8.14 720 770 24
Buoy 8416 717 771 28

It can be seen that oxygen in the surface
water decreases further away from the coastal algal
belt (though Station II is still too close to be much
lower than at the buoy). The oxygen concentration
shows no correlation with the amount of sunlight each
Cay (See section on"Twenty-four hour surveys”?.

Station I, farthest from the coastal algal
belt, showed the lowest concentration of oxygen. The
values recorded sre set out below:-

DISSOLVED OXYGEN (ml. per litre) AT STATION T, 1949

Depth |yzon|Mareh fiaseh Appal Apggl 1.523 s Ju:zLy
Surface| 7.50| 7.60| 7.16| 7.28| 7.35]7.38 |7.00|7.47
25m. | 7.50| 7.40| 7.19| 7.26| 7.22]|7.31|7.06]7.51
50me | - | 7.45| 7.30| 7.26| 7.33|7.27|7.10{ -

The variation of oxygen concentration in the
upper 50 metres was small (Figure 13) and there are too
few records to draw many conclusions, but it appears that
when the air temperature (Eiziwé:7) ias:greater than or
equal to surface temperature at Station I (Figure8),
oxygen concentration decreased with increasing depth

and of Figure 13)., When the air temperature
fell below the surface temperature, the surface water
cooled and sank, so that there was an inversion, and
oxygen concentration increased with depth (? and @ of
Figure 13). Photosynthesis then being less (lower
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temperature and less sunlight), the absolute values of
oxygen concentration were less than before,

At Station II gnd the buoy, surface oxygen
concentrations both followed similar courses throughout
the year (Figures 11 and 12) although oxygen generally
tended to be slightly lower at Station II. The oxygen
concentration varied inversely with the water tempera-
ture (compare Figures 8 and 11), in agreement with
Harvey (1945). The solubility of oxygen rose as the
water temperature fell in winter, so that oxygen con-
centration rose, falling again as solubility decreased
with higher summer temperatures, though this fall was
delayed by photosynthesis of algae and digtoms in
December,

When the oxygen concentrations are converted to
percentage saturation (Figure 12), most of the effects .
of water temperature and salinity changes are removed
and 1ncreases due to photosynthesis can be seen. If
the sharp peaks caused by temporary bursts of sunshine
at the times of some samplings are ignored, a decrease
of oxygen can be seen in winter, rising again with
plant increases in summer. At the buoy the water was
supersatursted in December and January, just after the
diatom and algal maxima, Then in February, as the
plant decrease became pronounced, oxygen fell below the
saturation point. (For correlation between oxXygen agnd
photosynthesis, see the third part of this Report).

OSPHAT

The surface phosphate phosphorus and nitrate
nitrogen from Stations I and II are Summarised belowg=

PHOSPHATE PHOSPHORUS (g, /L.)

Station Maximum Minimum Mean Number of
Observations

I 50 34 40.8 9

II 56 29 41.9 18
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NITRATE NITROGEN (mg./L.)

Station Maximum Minimum | Mean Number of
Observations
I 554 373 444 ¥
II 666 463 586 17

Phosphate values agree well with the range of
33-604 g. phosphate phosphorus per litre recalculated
from“Deacon (1933) for antarctic surface water, the
range of 28-52 g, phosphate phosphorus per litre re-
calculated from Clowes (19383) at South Georgia, and
the range reported by Howard (1940), but nitra%e appears
to be very high, Nitrate values may be high due to
increase during the long storage period before the
estimations were made (in spite of the preservation
with mercuric chloride). However, dissolved nitrate
was higher nearer the shore (Station II) than offshore
(Station I).

The values obtained for Stations I and II are
shown in Figures 14 and 15. The recording of 371l mg.,
nitrate nitrogen per litre at Station II on September
13 has been omitted, as it is obviously a csse where
the preservative failed.,

Nitrate nitrogen and especially phosphate
phosphorus values at Station I were erratic and showed
little correlation with depth; nitrate nitrogen at
Station I showed g tendency to fall from March to June.

At Station II, nitrate showed a tendency to
follow a seasonal cycle with concentration falling in
spring and summer and showing signs of a slight recovery
in early February.

Station II phosphate phosphorus (Figure 14)
showed the seasonal cycle best., A concentration of
56 #4g. phosphate phosphorus per litre in September fell
rapidly to 29mg. at the end of January, rising agsin
in February and March and reaching 52mug. per litre in
April. This compares well with Clowég: (1938) values
for South Georgia, where a concentration of 52xg.
phosphate phosphorus per litre in September fell rapidly
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to 28 mg. by the end of December, rising only slightly
in January, but rising more rapidly in Februsry

and March when it again reached 52 umg, per litre.
Clowes records a slight drop in phosphorus in April-
June, but lack of sufficient records prevents checking
this at Heard Island.

The significance of the seagsonzcl cycle in
nutrients is discussed in the third part of this Report.

TWENTY-FOUR_HOUR_SURVEYS

The results of three twenty-four hour surveys
carried out from the cutter moored at the mooring buoy
are summarised in the following tgble. They are graphed
in Figures 16, 17 and 18.

Lides. A tide gauge was in operation at
Atlas Cove during part of 1948 but was returned as un-
servicegble at the end of that year. From the records
avallable., the Hydrographic Branch of the Navy has cal-
culated the following mean heights above the zero of
that gauge.

TIDE HETIGHT
Mean High Water 3.23"1
Mean Low Water 1,59!
Mean High Water Springs 3.541
Mean Low Water Springs 1,281
Mean High Water Neaps 24,927
Mean Low Water Neaps 1,90t
Indian Spring High Water 4,341
Indisn Spring Low Water 0,481
Mean Higher High Water 3.79!
Mean Lower Low Water 1,03t
Mean High Water Diurnal Spring 3.21!
Mean Low Water Diurnal Spring 1,611
Mean Sea Level 2,411
Mean Ordinary Range 1,641
Mean Spring Ranse 2,261
Mean Neap Range 1,02t
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The tide readings on the twenty-four hour
surveys were taken from the cutter with a line weighted
by a flat disc of brass which rested on the bottom.

The bottom was flat and sandy, and there was too little
wave action to move the sand appreciably during the
time of the surveys.

On 6-7 May, when the moon was a* first querter,

tide range was 2.3' and on 18-19 August a day after

last quarter of the moon, the range was 3.2', Both
occaslons should have been close to a neap tide, yeot
both show a range grester than the mean spring range
given by the Hydrographic Branch. On 29-30 May a day
after the new moon, the tide range was 4.0', which is
above the range of 3.86' given for Indian spring water.

These relatively high ranges mey be partly
due to wind raising the high water above normsl. A
north or a strong north-west wind may bank up water in
Atlas Cove and upset the normal tide curve.

On 29-30 May, after a normal tide initial
curve, the wind swung to the NNW, half wey through the
survey when the tide was rising, At the time of this
second high tide, a 30 m.p.h. NNW wind was blowing,
with gusts over %O MePelley and this obscured the normal
tide curve, raising the water,

On 6-7 May and 18-19 August two high tides were
less than six hours apart with only a slight low tide
between, probably due to the diurnal declinational tide
of the moon superimposed on the semidiurnsl tides,

Temperature. Reference has been made to the
greater fluctuations of air temperature in comparison
with water temperature. As might be expected, air
temperature at the buoy was intermediate between the
surface water temperature there and the air temperature
over land at the meteorological station.

The daily water temperature range was less
than 0.5°. (0,25°C, on 6-7 May, 0.42°C. on 29-30 May,
and 0,37°C. on 18-19 August)., It followed fluctuations
in air temperature rather than variations of tide.

Salinity. This tended to follow the tide,
rising as water of higher salinity from further out was
brought in by the rising tide and falling as the fresh-
water from thawing on land became more noticeable at
low tide. Variation was much smaller in winter (and the
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mean higher) when low temperatures reduced the entry of
fresh water to a minimum., The low salinity at 1200

and 1300 hours on 29 May is aberrant, as it should have
been high with high water.

Oxygen. For the twenty-four hour surveys,
the cutter was moored in the most protected part of
A%las Cove, far enough offshore for the oxygen concen-
tration to be unaffected by surf.

' Oxygen concentration showed little variation
with tide but slowly fell at night, increasing during
the day with sunlight, The range of 0.34 ml,/litre
(29-30 May, Figure 17) between night and sunlight
samples is of similar magnitude to fluctuations in
surface samplec between March and July (Figure 11)
indicating these variations were related to the smount
of sun during the few hours prior to sampling.

DISCUSS ION

Weather conditions and difficulties with the
cutter made it impossible to maintain throughout the
year a hydrological station far enough offshore to study
the changes in antarctic surface water. Corditions at
Statlion T were close to those of normal antarctic sur-
face water, but this station was only maintained for
four months. At Station II and at the buoy local in-
fluences predominated, but these inner stations were
useful in the study o% the environment of organisms
settling on exposed plates at the buoy and in the
study of the inshore plankton at Station II (See the
first part of this Report).

Faciors affecting the hydrological conditions
off Heard Island mey be divided into general influences
and local influences.

General influences. The Antarctic Convergence
may be regarded as the region in the Southern Ocean '
where the antarctic surface water, because of its lower
temperature, sinks below the less dense subantarctic
water, and it is marked by a more or less sharp change
in temperature of surface water. The importsncc of
the Convergence in relation to the plankton, fishes,
?otﬁg? deposits, etc., is referred to by Mackintosh

19 .

In the region of Heard Island the Antarctic
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Convergence passes close to Iles de Kerguelen so that
Heard Island is approximately 180 miles south of the
Convergence. The position of the Convergence does not
vary to any great extent. Deacon states that the
variation in position might be 60 miles in extreme
cases, while Mackintosh says that "probably a displace-
ment of 50 miles or so either way is not uncommon, but
it may be that the extreme displacement coes not exceed
about 100 miles", The slight movement of the Antarctic
Convergence may be a seasonal one (being a little fur-
ther north in winter) but slight variations may be
found during any one month (Mackintosh) although none
of much significance. Even with these slight variastions
in position, the Antarctic Convergence is always north
of Heard Island.

Station I, the farthest offshore, showed
least local effects and, during the limited time it was
maintained, showed the characters of antarctic surface
water.

From the records availlable, the mean monthly
surface temperatures at Station I from March to July of
1949 gre set out below, together with the approximate
monthly mean temperatures for antarctic surface water off
Heard Island (as read from the surface isotherms for
these months in plates VII to XI of Mackintosh (1946)).

MONTHLY SURFACE WATER TEMPERATURES OFF HEARD ISLAND

Month From Station I From Mackintosh (1946)
records isotherms in pl. VII-XI
April 2 .40 2.3
May 1.90 146
T
June l.41 0.8
July 1.08 + De5

+ 1st week of July only.

For the greater part, the surface isotherms
of Mackintosh's plates VII to XI werey, in the region of
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Heard Island, only hypothetical, as no records were
available in that locality at the time. It is of interest
to note that the two months in which the values of the

two sets of figures were nearest were April snd May,

when according to Macintosh's plates VIII end IX, the
"Discovery" took records in this quadrant. But in June
and July the surface temperatures as read from Mackintosh's
isothermal lines are considerably lower than those taken
by the author at Station I, which would indicate that
Mackintosh's isothermal lines in this region are slightly
too far north during these manths.

It might be argued that local influences
caused Station I surface temperatures to be higher, but
during June and July the inshore wgters were much cooler
(Figure 8). Indeed, sea ice began forming in Atlas Cove
during Julye.

The surface temperature maximum of 2,70°C. at
Station I was well below the temperature of the antarctic
surface water at the Convergence, which lies between
the 4°C, and 5°C, isotherms during summer in this area
according to Mackintosh.

In spite of local influences reducing the surface
salinity of the water closer to the shore, the surface
salinities at Station I were higher (range 33.89% to
34,04%) than the surface salinities recorded by Deacon
(range 33.64% to 33.89%) in antarctic surface water 50
miles north of Prince Olaf Harbour, South Georgia. The
range recorded by Deacon is wider %han that at Station I
because records from the latter were only for part of the
year and so do not show the full annual range.

The higher surface salinities at Station I in
comparison with South Georgis might indicate some up-
welling of more saline water &t the former. This could
be possible; Ealey (See first part of this Report) has
identified in the surface plankton specimens which
normally live at greater depths.

The surface salinity at Station I increased in
winter (Figure 10) as recorded by Deacon for antarctic
surface water,

During March and early April at Station I the
salinity was always greater at 50 metres than at the
surface (maximum difference 0,10%0) while from late
April there was generally little difference between
surface and 50-metre semples, This is in agreement with
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Deacon who recorded that 50 miles north of Prince Olaf
Harbour, South Georgia, the surface salinity was 0.,04°/oo
lower than the salinity at 50 metres at the end of summer,
but that surface and 50-metre samples were the same in
winter.

Local influences. As the temperature range for
air at the meteorological station on the island (4.6°C.
to -3.9°C,) was much greater than that of the antarctic
surface water in this region, the temperature of the
inshore water was much more affected by local fluctuations,
The ranges of surface temperatures increased nearer the
shore (1.62°C, at Station I, 3.42°C. at Station II and
5.21°C, at the buoy) and the mean surface temperature was
lower at the buoy and Station II then further offshore at
Station I (Figure 8).

On two occasions the air temperature on the
island fell sufficiently to cause the formgtion of sea
ice on shallow water in a protected part of Atlas Cove,
but the ice did not persist for more than a few hours.

The salinity of the inshore water was dependent
upon local fluctustions of air temperature; becoming lower
as rising air temperatures increased the flow of glacial
streams on the island., In winter when glacial streams
were very seldom flowing, the fluctuatlons of salinity at
the buoy and Station II were smaller, but there was still
a gradient of incressing sslinity away from the shore
from the buoy through Station II to the more stable
Station I (Figure 10).

The maximum normal tide range of 3.8 feet at
Heard Island (See section on "Twenty-four hour surveys")
is not very lerge, as would be expected for an oceanic
island. But there is some evidence from twenty-four
hour surveys that within Atlas Cove a nortihh or strong
north-northwest wind may bank up water, upsetting the
normal tide curve and raising the water above Indian
spring high water.

With 2 merked salinity gradient increasing

Seawards, the salinity within Atlas Cove tended to follow
the tide, rising as water of higher sglinity from further
offshore was brought in by the rising tide and falling

as fresh water from thawing on land became more noticeable
at low tide (Figures 16-18). This was less obvious °

in winter when the amount of thawing was at a minimum and
the salinity gradient less pronounced.,
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The percentage saturation of oxygen wgs higher
at inshore stations that at Station I, mainly because
of the coastal algal belt (dominated by masses of

Durvillea antarctica Hariot) and possibly because of
the surf zone.

At the inner stations an annusl oxygen cycle
was found (Figure 12) which could be correlated with
diatom and algal varistions (See the third part of this
Report). When the plant growth on experimental plates
at the buoy was at a minimum in winter, dissolved oxygen
(expressed as percentage saturation) was at a minimum,
rising in the spring to supersaturation in December and
January at the time of snd just after the maximunm
settling of diatoms and algee on the plates. In February,
as the plant decrease beceme more pronounced, oxygen fell
below saturation point.

Phosphate phosphorus and nitrate nitrogen
concentrations showed an inverse relationship with
photosynthesis, falling in summer when plant activity
was greagtest. They were higher nearer the shore
(Figures 14 and 15) due to the breakdown of the more
plentiful plant material there and pessibly to the
excretory products of the large populations of birds
and seals on the shore,
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TABLES OF HYDROIOGICAL RECORDS FROM HEARD ISTAIND
MARCH 1949 - FEBRUARY. 1950

STATION I RECORDS

il Ty OO O N | P ST e I Y TRIP R TT L L ce i o TR R T

Depth Temp [Chlor. 3\1_ Oxygen PO, .P|NOq«N
Date (metres) | (°C) [(°/00) (0300) (m1/1) | (%) gﬁ/lifg;/l
18 March 0 260118477 |33.91 | 745 |97.5| 40 | 554
20 2.50 18.80 33.96 7.55 98. - .
19 March 0 2.70 (18,78 . .0 ) 42 | 460
? E 25 2.?0 18.;? %%.g% 3.4 35 50 | 487
50 244518481 |33.98 | 7445 |97.5| 46 | 444
31 March 0 2435 18.%2 33.95 | 7.16 |94 50 | 464
25 2,37 |18 34,07 | 7.19 |94 45 | 408
50 2439 [18.82 [34.,00 | 730 |95 40 | 454
9 April 0 2451 118477 | 33491 | 7.28 |95 34 | 457
25 2.43|18.85 [34.05 | 7.26 |95 38 | 484
50 2,41 (18,88 | 34,11 | 7.26 |95 40 | 488
30 April 0 2,30 18.7g 33.89 | 7.35 |95 38 | 440
25 2430|1876 | 33.89 | 7.22 |94 51 | 439
50 231 |18.75 [ 3387 | 733 |95 32 | 313
25 1,95|18.81 | 33.98 | 7.31 |94 29 | 464
50 1.95|18.80 | 33.96 | 727 |93.5| 39 | 424
11 June 0 1,43 118.77 {3391 | 7.00 |89.5| 41 | 424
25 1.43|18.85 | 34,05 | 7.06 [20.3| 33 | 358
50 1.49]18.84 | 34,04 | 7.10 |91 30 | 386
14 June 0 1.40 |18.77 |33.91 | 7.06 |90.3| 38 | 384
27 July 0 |1.08]18.84 [34.04 |7.47 [94.5] 42 322
25 1.11 |18.82 | 34,00 | 7.51 |95 42 | 3
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STATION II SURFACE RECORDS

R N S Y v nem A P
19 March 1949| 3.37[18.52 |33.46 769 [102 40 634
31 darch - 18.80 {33.95 7.27 |94 5| 42 620
9 April 3.08 [18.43 |33.30 750 (99,0 52 570
30 April 2,09 [18.74 |33.86 7.36| 95.0 - -
27 May 1.50 (18,71 |33.80 7.60| 96.5 - —~
11 June 1,09 |18.77 [33.91 7¢20] 91,0 - -
14 June 0.80|18.,73 |33.84 Y29y 91,5 - -
29 June 0.6018.79 [33.95 | 7.76| 97.5| 53 | 636
2 July 0.35 - - 7479 A
28 July 0400 |18,71 [33.80 7.70| 95 4 666
18 August 0.20 [18.84 |34.,04 8.14 [100 47 651
13 September | 0,47 [18.75 [33.88 | 8.06 |100 - -
29 September [-0.05[18.64 |33.68 8410 |100.5 56 601
8 October 0+35[18.72 |33.82 797 | 99 43 | 652
21 October 0.97|18.53 |33.48 7.96 | 99.5| 48 631
11 November 1.,01(18.79 [33.95 | 7.82| 98.5| 43 618
21 November 1,20(18.82 |34.00 7.83| 98 34 569
1 December 1.05(18.79 |33.95 7.96| 99.5| 38 557
8 December 1:80) - - - = = -
9 December PEEEE . - - 2 - -
15 December L6501 - - = = = .
18 December | 2.65|18.22 [32.,92 7.76 |100.5| 38 583
25 December Rty - - = - e %
3 Jan. 1950 2414 (18,67 |33.73 7«80 [100 31 477
15 January 2.68(18.46 [33.34 764 99 37 463
27 January 3.00(18.,71 [33.79 7581 99.5| 29 -
4 February 2.19118.79 |33495 | 7.61| 98 39 | 9201
14 February 243118477 |33.90 744 | O64,5 40 526
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SURFACE RECORDS AT BUOY

Temps | Chlor, al, Oxygen
Date G | I | Besy —=
(ml/1) | (%)
14 March 1949 2,90 18.42 X0 | 7.7 100
19 March 3.37 18,27 33,01} 7.65 102
9 April 3.08 18,14 | 32,76 | 7.63 | 100.5
29 April 2«10 18.58 | 133.57 | 7.17 95
0 April 2434 18.35 | 33.15 7.42 %6
May + 1.85 18.57 | 33 .gé 75 9% .4
21 May 1.66 18.61 | 33.62 | 7.65 95
27 May 1.55 18.71 | 33.80| 7.64| 97
30 May + 1.87 18.60 33.61 | 7.46 05.2
11 June 0.90 18Q77 33-:91 7.24- 91
29 June ~0e15 18.61 33.62 | 7.70 o4
28 July ~-0426 18.64 | 33.68 | 7.75 9546
19 August + 016 18.77 | 33.91 | 8.02 | 95.9
29 A‘ngust . 0-25' 18.63 33 .66 - -
18 Sep‘tember 0.41 18.72 33.82 8-01 99.5
26 September -0,02 1839 | 3322 | 7.95 97
28 September 0.30 18.50 | 33.42 | 8.16 100
8 October 0.10 18.70 33.78 8.04 99
23 October 1.10 - - - -
11 November 1.79 18,18 | 32.84 | 7.87 |100
21 November 1.56 18.77 | 33.90 | 7.87 99.5
1 December P 18.77 | 33.91 | 8,03 |100
8 December 1.90 - - - -
9 December 280 - - - -
15 December 177 -~ - - -
18 December 2.38) 18.39 33422 | 7.84 100.5
18 December 3.09) - - - -
25 December 2.20 - - - -
3 January 1950 2,06 18.74 33485 | 7.91 101
15 January 2083 1g.28 32.48 | 7.74 |100
27 January 3.41 18.62 33.63 | 7463 101
4 February 2412 1779 | 33495 | 7449 96 45
14 February 3610 1799 | 32.49 | 7.54 98.5

+ Means from twenty-four hour surveys.
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SUMMARY

The results of a yeer's investigstion of the
hydrological conditions at Heard Island, in the northern
zone of the antarctic surface water, are recorded and
discussed.

Temperature, salinity, dissolved oxygen,
phosphate phosphorus and nitrate nitrogen were investl-
gated at stations close to the islandj hence some of the
effects were local. The formation of sea ice in the
more sheltered water of Atlas Cove is recorded.

Variations in tide, air and water tempe rature,
salinity and diésolved oxygen over three twenty-four
hour periods are listed and discussed. Tidal constants
for Atlas Cove are given.

The position of the Antarctic Conyergence in
relation to Heard Island is discussed with its general
and local influences upon the hydrology of the area.
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3. THE SETTLEMENT OF MARINE ORGANISMS ON

SUBMERGED SURFACES AT HEARD ISTAND, 1949,
by R.G. Chittleborough.

INTRODUCT ION

At Heard Island (5373, 73%°E,.) most of the
organisms which foul shipping, wharf-piles and huoys in
lower latitudes are absent. !"!e following stuly was
undertaken in 1949 in order t. discover what owzanisms
do settle upon surfaces expos=a in these regionz, to
follow their seasonal variations and to compare tihem
with warmer regions.

PARATUS AND METHODS

Frosted glass plates measuring 100 mm. x 82 mm,
and of 7 mm. thickness were held in a frame which was
hung three feet below the water surface by means of a
buoy.

Prames for holding the plates were made on the
island. The slots for the plates were of 18-gauge
sheet ccppery, and the general framework was of 10-gauge
copper wire soldered together. A frame held six plates
9 cm, apart., When in the frame each plate had a total
area of 150 sq. cm. exposed., Nylon rope was used for
hanging the frames and, though this tended to chafe,
it proved satisfactory if replaced at regular intervals,

At first the frame was hung from the large
mooring buoy it Atlas Cove (See Figure 1) where the mean
depth was approximately eight feet, but rough weather
caused the frame to be battered against the mooring
chain, resulting in the loss of plates or even the whole
frame. Later a six ggllon drum with an encircling
band holding a ring was used as a buoy and from this
the frame was hung by three nylon ropes as shown in
Figure 19. Below the frame another nine feet of nylon
rope Was attached to a chain shackled to a small anchor.
This apparatus was placed 25 yards from the mooring buoy
and proved quite satisfactory for the remainder of the
work.

After exposure the growth on the plate was
examined microscopically, while still fresh, under low
(90X) and Eigh (400X) powers and the organisms present
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were listed. For microscopic orgasnisms, the numbers in
15 low-power fields slong the upper par% of the plate
and a further 15 fields along the lower part of the
plate were totalled and converted to density per sq. cm.
Colonial distoms were recorded as the number of colonies
per sgq. cm, :

Macroscopic orgsnisms were measured and counted,
the numbers of each species being converted to nwmubers
per 100 sq. cm.

After examination, each plate was dried %o
constant weight above a ronm heater at temperaturrc of
up to 100°C. and weighed when cool, The fouling film
was then scrubbed off with a nail brush in weter end the
plate wes dried and weighed., The difference between
the two weights represented the dry weight of orgenisms
on the whole exposed surface (150 sq. cm.). This weight
was reduced to weight per 100 sg. cm.

Nineteen plates wers examined after being ex-
posed for one month, six after three months, and cne
after six months. ﬁith eight of the eleven consecutive
monthly plates the work was done on two similarly ex-
posed plstes and the numbers of organisms and the total
dry weights compared.

No anti-fouling preparations were tested as
the investigation was confined to discovering whet
organisms caused the fouling and their seasonal variations
in numbers and growth rate.

ORGANISMS FOUND ON PLATES_AND BUOYS

The only orgsnisms attached to buoys and ex-
perimental plates at Heard Island were dlatoms and algae.
Although the plate holders were entirely of copper
(more suitable material not being available on the island)
this appeared to have little effect on the growth on the
plates, the film extending practieally to the edge of
the holders, Metallic copper is electro-negative to
hydrogen and so copper is less toxic than cquer salts
which ionise more or less readily to give Cu*, Therefore
sheet copper fouls to some extent, though a certain
amount of Cut would no doubt be present even at the
temperatures of -1.8°C. to 3.41°C, found at Atlas Cove,
Heard Island.

Parker (1924), Clarke (1947) and Ketchum et
al. (1945) have worked upon the poisoning of fouling



FIG. 19. FOULING FRAME AND MOORING SYSTEM,
ATLAS COVE, HEARD ISLAND
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animals by copper lons, but twough Ketchum found some
algae sensitive, less is known of the tolerance of
other algae to copper.

On the other hand, He”day (1951) states that
diatoms are often highly : esiq ant to copper and he
grades fouling species g7 UthfCﬁuer Harbor accrrcing
to resistance. Some speciss in hiis 1list wers oiso
identified from Heard Iskond (dmphipleurs rutl 'raﬁg

l\lalLL%.ﬂ Coccernin ;:-;"_..;' o and bicoeiuila
it 50 these a% Teasw mighi be expec*ﬂd ta ta
found on the copper holders., Lnfortunau ly, altnough
some diatom film appeared on the copper holderc, ¢ was

not noted which species weie 3;esent in this £41n..

The following Giatoms have been identi’ .ed by
Dr. N.I. Hendey from scrapings from the plates:~

Amphipleura rutilans (Trentepohl) Clevs

Amphora Charcotii Peragallo
Biddulphia gurina val obtusa (Kltzing) Hustedt

Cocconeis impegatriz Schmidt
Cocconeis pinnats Gregory ex Greville

Cocconeis scutellum Ehrenberg

Conscinodiscus densrius Schmidt

Coscinodiscus Charcotil Peragallo
Coscinodiscus_lentigenosis Castracane

Coscinodiscus Oestrupii Van Heurck
Coscinodiscus radiagius Ehrenberg

Entopx;a kerguelensis Karsten

Eucampia balustium Castracane

Frogilaria stristula var. Van Heurck
F;agilgrlg new Sp

Fragilariopsis anoarctlca (Castracane) Hustedt
Gomphonema Charcotil Peragallo

Hyalodiscus steilifer Bailey

Licmophora Charcottl t1 Peragallo

Llcnopnora Lyngbyel (Klitzing) Grunow ex Van Heurck
lelosira sol Kiitzing

Naviculs directa (Smith) Ralfs ex Pritchard

N

Navicula Gainii Peragallo
gag;culg glaciei Van Heurck

Navicula Grevillei (Agardh) Cleve
Pleurosigma acus Mann

Rhoicosphenia Spe

T 1as§ionem§ nitzshioides Hustedt
Trachyneis cra (Ehrenberg) Cleve

__agnms.;l__ﬁ_ni_avar- antarctica

Coscinodiscids are really plenktonic but
occasional examples were found entangZled amongst the

143
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growth on the plate.

Only two speciles of algae were identified from
the plates, Chaetomorpha sp. and Monostroma sp.,
although red algae spores and very young plants too
small for identification were occasionally recorded.

On the mooring buoy which had been in the
water approximately 18 months at the time of examination,
algae represented the final stage of fouling.

: H.B.S. Womersley of the Botany Department,
University of Adelaide, is examining the slgae from
Heard Island and preliminary identification of those
from the buoy include the following:-

Chaetomorpha sp.

Cladophora pacificg

Desmarestia sp. nesr ligulata

Durvill tarctica (Chamisso) Hariot
Ileg fasciag (MUll.) Kiitzing

Monostroma sp.

Porphyra sp. (at least two species)
Prgsiola sp. near crispa (Lightf.) Menegh.
? Punctaria spe.

No animals were found attached to the plates,
though a few ciliate protozoa were occasionslly seen
swimming amongst the algae and diatoms. Although the
limpet Nacellg kerguelepsis (Smith) abounded on the
rocks nearby, none was found attached to the buoys or
plates except on one occasion when a frame had broken
away and spent some time resting on the bottom. Several
of these limpets were wandering across the plates
clearing paths in the diatom film, so could be listed
as anti-foulers.

Sheltering amongst the plant growth on the
buoys and longer term plates were numerous amphipods,
mainly Pontogegg;% chosroides (Nicholls), as well as
Hyvale ?;;tipalgg Dana), an isopod Exosphaeroma gigas

Leech) and a few young fish, Notothenia sp. Adult

Notothenis coriiceps often had large quantities of red
algae in their stomachs.

SETTLEMENT ON_ONE NONTH PLATES

The bulk of the growth on one-month plates
consisted of diatoms which grew in a fairly even film
a very faint yellow-brown when thin in April to Augus%
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and a dark brown when diatom growth was dense from
October to January.

The dry weights of the films, expressed in
centigrams per 100 sq.cm. are listed in the table below
and plotted as a histogram in Figure 20 which also
shows temperature and oxygen saturation at the buoy znd
phosphate phosphorus from Station II (See Figure 1§.

It can be seen that oxygen saturation tends to be lower
during the winter while diatom growth is a2t 2 minimum

and rises to saturstion in the spring as diatoms increase.,
In early December, at the time of the diatom maximum,
oxygen reached super-saturstion and maintsined this

during January when the diatom growth was still high

but definitely falling off. 1In February, when growth

Wwas very much less, oxygen fell again below saturation.

DRY WEIGHTS OF ONE MONTH FOULING FILMS

FOUR WEEKS ENDING DRY WEIGHT (CGM. PLk
100 SQ.CM.)

Plate 1 Plate 2 Mean
1 April, 1949 762 - 762
29 April, 1949 3.5 s 3.5
27 May, 1949 3.5 -— 345
31 July, 1949 3.4 4,4 3.9
29 August, 1949 4,3 4,5 4.4
26 September, 1949 8.2 11,1 9,6
23 October, 1949 20,6 21.9 240
21 November, 1949 36.2 36.3 36.3
18 December, 1949 39.5 41.4 40 .4
15 January, 1950 31.1 32.6 31.8
14 February, 1950 +1e7 15.0 13.4

The diatom maximum at the end of November and
early December agreed with the work of Hart (1941) who
found with the phytoplankton in the South Georgia area
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that the "Main increase begins suddenly late in October
and rises to a high peak about the end of November.
There is then a marked post-maximal decrease to a late
summer minimum in February snd a secondary autumnsl
maximum in March before the final descent towards
minimal winter values',

The dry weights of monthly growths at Heard
Island (Figure 20) show no secondary sutumnal maximum
for total growth in March, but counts of individual
species on the plates do show that seversl species in-
cluding Gomphonema charcotii, Cocconeis species,

Fragilaria striastula, and Chaetomorphs sp., did have
secondary increases in March.

Ealey (See the first part of this Report) has
also shown that the spring phytoplankton rise at Heard
Island reached a maximum in mid-November, falling again
in December, followed by a rise in zooplankton in January.

Though erratic, the sea water phosphate
phosphorus figures show an inver$e relationsihip to the
monthly dry weights (Figure 20). In April, when diatom
growth is very slight, phosphate phosphorus shows a
recovery and is thouglt to be then relatively high all
the winter, reaching a maximum of 56 agr., per litre at
the end of September. From this point, as diatom
growth increases, phosphate phosphorus in the water
falls reaching e minimum of 29xgr. per litre in Janwry
when diatom growth is still high but has already begun
to decrease, With a further decrease in distom growth
in February the phosphate shows signs of a recovery.
Recovery is very slow in March due to slight secondary
increase in some species of plants as seen in counts
of individual species (See table showing numbers of
organisms on one-month plates) but not sufficiently
marked to increase the weight of the whole film,

It 1s doubtful if the minimum of 29sagr. of
phosphate phosphorus per litre of water wss the limiting
factor of the summer burst of attached distoms. Hart
(1934, 1941) and Clowes (1938) maintain that lack of
phosphate cannot be the limiting factor of the summer
burst of phytoplankton, Hart pointing out that '"Wihile
decrease in phosphate content of the surface waters may
augment the post maximal decrease in phytoplsnkton, it
is extremely unlikely that shortage of this nutrient
salt is ever sufficient to account by itself for that
decrease'"., Similar evidence is shown for nitrate.
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Hart suggests that grazing on the phytoplankton
may be a major factor in its post-maximal decrease,
but there was little evidence of grazing upon the diatom
film upon the plates at Heard island.

Though light mey be important, the reduction
of silicate is probably a major cause of the decresse

of the diatom film on the monthly plates in January

and February. Unfortunately it was not possible to do
silicate estimations at the time., Hart suggests silicate
decrease may be a major factor in the post-maximal
decrease.

The deterioration of the diatom film on the
two one-month plates to 14 February, 1950, was quite
marked, Lighter patches with ragged edges showed signs
of disintegration of the film,

From July to February (inclusive) the one-
month plates were done in duplicate to see if settling
was uniform and to get increased accuracy in seasonal
varistion., The values plotted on the histogrsm of
Figure 20 are the means of the two dry weights for each
month, but the two plates showed close simllarity in
their growth as can be seen in the table showing dry
weights of the one-month fouling films,

Dizstom counts from one-month plastes. Distom
counts of the dominant species on the monthly plates

generally agreed with the variation in dry weights.
Gomphonema Charcotii Wés by far the most

abundant species, always dominating the growth on one-
month plates, except in April when Cocconels exceeded
ite The minimum densities of Gomphone Charcotii were
of 700 cells per sq., cme in April and 1%00 per Sg. Che
in May. In July the density was 3,000 per sq.cm. and
increased rapidly in the spring so that by October it
was impossible to make more thsn a rough Bstimation of
at least 100,000 per sq. cm, For the rest of the summer
the film was so dense that insufficient light was
transmitted to allow accurate counts to be msde, except

on the edges, but the numbers must have approached
500,00C per S¢. cme

The three species of Cocconeis were counted
together and in the aggregate were the second in
abundance on one-~-month plates, though the numbers were

generally well below those of Gomphonemg Charcotii. A
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density of 1,000 Cocconeis per sq. cme in May had fallen
to 200 per sqg., cm. in July, rising to 550 per sg. cm,

in August, Though the numbers increased in September,
the increasing Gomphonema Charcotiil made counting
difficult, so that from October to February it was not
possible %o count Cocconeis for the masses of the

former species.

The densities of Gomphonema and Cocconeis snd
species of colonisl distoms common on the one-month
plates are shown in the following table. There the
densities of colonisl species are expressed as the number
of colonies per square centimetre. As the colonies stood
out from the more sessile Gomphonema Chgrcotii and
Cocconeis species it was notl guite so difficult to count
them.

Fregilarls stristula, Fragilsriopsis antarctica
and Licmophora Lvngbveil agszin showed s tendency toward
a summer maximum, but Biddulphig gurita var. obtusg
showed a winter maximum in contrest to the other distoms,
though numbers were not high. Ealey also noticed
Biddulphis sp. in the winter phytoplankton at Heard
Island.

Colonies of Amphipleura rutilsns and Naviculs
glaciel (taken together in this Report becesuse of their
similarity in appearance) which grew to over 60 mm. on
the buoy and became much more important on longer term
plates, were only occasionslly seen on one-month plates,
a few more in summer than winter. Growth rate was
faster in summer than winter as the largest colony on
a one-month plate in lay was 3274 high in July the
largest was 2904 , end in Februdry 1006/., high.

Algae on one-month plptes. Chaetomorpha sp.
was the only alga commonly occuring on one-month plates
and it only appeegred in very fine filaments. The num-
bers per sq. cm. are listed in the following teble.
July specimens grew only to 2§ﬁn'while Januery ones
reached 28 mm. but still did not have the large bulbous
cells characteristic of the more mature specimens on
longer-term plates. Gomphonema Charcotii, Licmophorg

Lyngbyei, Licmophora Charcotil, etc., were abundant
epiphytes on these filaments.

Monstroma sp. only occurred on the plates
occasionally in late summer, the largest on a one-month
plate being légpa long in March,
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Spores of red algae settled irregularly
throughout the year in small numbers but were never
sufficiently advanced for identification.

SETTLEMENT ON TIHREE-MONTH PLATES

Although the dark brown diatom film, mainly
of Gomphonema Charcotii, was present on the three-month
plates, the growth was usually dominated by the larger
colonial diatoms, especially Amvhipleura rutilans and
Navicu laciei, and the green algae Chaetomorpha Sp.

and lonostroma Spe
The dry weights of three-month growths, ex-

pressed as cgm. per 100 sg, cm., are shown in the
following table.

GROWTH ON_THLREL-MONTE PLATES

Three months ending:-

b e e ———— e — T —

21 24" | 9% 18 15 14
May [Sept. Oct. Dec.| Jan.|Feb,
1949| 1949 | 1949 | 1949|1950 | 1950

Dry Wie cgm./lOO 52 66.2 103 27e8 38-6 31.5
Sg. Cn.

At first sight these weights do not bear out
those of one-month plates, having a meximum in late
winter instead of summer. The explanation is that
from May to September Chgetomorpha spe. settled in quite
large numbers but at the lower temperature the growth
rate was slower, so that relatively large plants were
stlll present at the end of three months, From October
to February Chsetomorphs sp. were still settling on the
plates but the growth rate was much more rapid, plants
reaching maturity and beginning to die off and dis-
integrate after seven or eight weeks. A plate two
months immersed taken out in Februasry had many
Chaetomorphg sp. Wwith large bulbous cells, a few of which
were already dead.

The summer three-month plates had lost most of
the larger Chaetomorpha plants (withepiphytic Gomphonems
Charcotil and Licmorphors speciles attached), leaving

Amphipleurs rutilans and Navicula glaciei colonies
dominating the growth, but lowering the total dry weight
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of fouling material on these plates.

The dominant plants are given in the table below

in order of importance for each three-month plate.

It

oan be seen that Amphipleura rutilans and Naviculas glaciel

not only settle in larger numbers in summer, but have a
faster growth rate.

In summer the filaments of the larger

In (=]

t

ns and Gomphorems glsciei colonies

brushed off the surrounding sessile diatoms such as
Gomphonema Charcotii.

DOMINANT SPECIES_ON THREE-MONTH PLATES
Order
Species of Density Maximum Remarks
Domi- Iength
nance )
Three-month plate to 21 May 1949
Chaetomorpha Sp. 3 75/100 sq.cm. | 27 mm.
Gomphone Charcotii 2 >300,000/
SqeChe - Dark film
ilaria _striatulal 3 o 100/sq.cm, | 4 mm,
Monostromg <Sp. 4 7/100 sq.Ch, 2427 mm.F
Three-month plate to 24 Sept. 1949
Chaetomorpha Spe 1 90/100 sq.cm, | 46 mm. |Plants of 30
filaments
|E ia  strist 2 > 500/S¢.Cla 6 mm,
Gomphonema Charcotii 3 + + Very dark
£ilm
Amphipleura rutilans)| 4 11/100 sqecme | 9 mme |Largest Colony
Navicula glaciei ) had over 70
filaments
Three-month plate to 23 Oct., 1949
Chaetomorphs sSp. 1 100/100 sq.cme] 40 mm, |Past prime -
some cells
dead.
Gomphonems Charcotii 2 Dark film too dense to count
Fragilaria _stristulal 3 >500/sq.cm. 6 mm,
Amphipleura rutilsns ) 4 36/100 sq.cm. 5 mm,
Navicu ciei )
|Monostroma Sp. 5 4/100 sqg.cm. 200
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Order
Species of Density Maximum Remarks
Domi- Length
nance
Three-month plate to 18 Dec. 1949

Amphipleurs rutilansﬁf 1l |44/100 sq.cm,. 11 mm.,

Naviculas glsciedi )

Chaetomorpha Sp. 2 |36/100 sq.cms [17 mm., |Tops of many
filaments
dead.

Fragilaria stristula 3 |>200/sq.cm,

Monostroma sp. 4 12/100 sg.cits 7.6 mm.

* Brushing off sessile diatoms round them.

—

Three-month plate to

- ra—

Anphipleura rutilans) | 1 |49/100 sg.cm. |16 mm, |[Colonies of

Naviculs glaeiei ) hundreds of
filaments

Monostroma Spe. 2 |>30/100 sqg.cm,. |5 mm,

Fragilaria st t 3 200/100 sq.cm, Sngll fila-
ments

Chaetomorpha spe 20/100 sqg.cm. All older
plants dead

Three-month plate to 14 Feb. 1950

Anphipleurs rutilsns) 1 |96/100 sg.cm,. 20 mm, ‘[Plsnts with

Navicula glacieil ) hundreds of
filaments.

Monostroma Sp. 2 |6/100 sg.cm. 6 mm, |Also many
young.

SETTIEMNENT ON SIX-MONTH PLATE

Only one plate was successfully kept immersed
for six months, from 31 August 1949 to 15 January 1950.
When examined, the growth was dominated by lonostroma;
11 plants per 100 sg.cm. could be counted macroscopically,

the largest plant having 1
Several other plants were

large lMonostromg sp., there were many
Just beginning to grow on the

very young ones to
plate but, because
reach maturity.

200
of’ﬁn

0-~70 mm,

plates to 102 mm. long.
As well as these
(over 50

per sq.cm,)

overcrowding, few of these could
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Also important on the six month plate were
mphipleura rutilans and Naviculs glaciei, there being
0 large colonies per 100 sg. cm., But many of these

were breaking up, especially in the centres of some
colonies, The largest were 26 mm, high which does not
compare well with a colony four months old taken from
the buoy in November and measuring 65 mm.

On the six-month plate were many (50 per sc.
cm.) yellow-brown rounded flat colonies of cells
raised slightly in the centre. The largest was i200/a
in diemeter. Some pink colonies of similar shape were
of only 12Q/u-in diameter. These were probably the
basal discs” of developing brown and red algae, the
finsl stage of fouling to be found at this locality,
but were too young to identify.

Other diatoms, Fragilaria striatula, Gomphonema
Charcotii, Cocconeis etc., were common on the six-month
plate, bu% of lesser importance. Many had been brushed

off by the larger Amphipleuras rutilans, Naviculs glociel
and Monostroms sp. plants.

The dry weight of the six-month fouling film
was 1l.05 grams per 100 square centimetres.

DISCUSSION

Frosted glass plates exposed in Atlas Cove,
Heard Island, were colonised only by diatoms and algae.
A thick diatom growth, mainly of Gomphonemag Charcotii,
made up the primary film as shown by one-month plates.

After three months the slgae, especially
Chaetomorpha sp. and the colonizl distoms Amphipleursg
rutilsns and Navicula glaciei, became important,
Chaetomorpha spe. dominating the three-month growth in
winters but after two months in summer this had passed
its peak and Amphipleura rutilans and Nowiculs glscied

pucdele tue cdominant organisms.

After three months Monostroma sp. gradually
increassed in importance and by six months covered the
other plants, though Chaetomorpha sp. continued to cover
the sides of buoys at the water surface.

Following Monostroma sp., the final stable
fouling mass consisted of red and %rcwn algae, including

Porphyra (two species), Ilea fascia, Punctaris spe,
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Desmarestia sp. (near ligulsta) and others yet un-

identified, with some Durville tarctica (which covers
the lower iittoral and sublittoral rocks) growing away
from these.

Although the species were not the same, the
succession of plants on submerged surfaces at Heard
Island was similar to that found by Wilson (1925) at
La Jolla, California, where a vpredominantly diatom film
was followed by green algae, these being gradually
replaced by small reds and browns with large kelps as
the final stage of colonisation.

Seasonal changes in distom settling, as re-
corded by the dry weights of the film on monthly plates,
showed that settling was minimal from April to August,
with lowered oxygen saturation during this period as
shown in Figure 20, In the spring there was an increase
in diatom settling, to a maximum early in December
(with the surrounding water supersaturated with oxygen).
Settlement decreased slowly in January and more rapidly
in February, at which time the dissolved oxygen in the
water fell below saturation point.,

Sea water phosphate phosphorus showed an
inverse relationship with this seasonal cycle., In April,
Wwhen diatom growth was very slight, phosphate phosphorus
showed a recovery, remaining high all the winter,
reaching a maximum at the end of September, A4s the
plant growth increased in spring phosphate phosphorus
in the water decreased, reaching a minimum in January
just after the maximal settling of diatoms., With a
marked decrease in diatom settling in February,
phosphate showed a recovery,

- Counts of several species (Gomphonena
Charcotii, Cocconeis sp., Fragilaris striatuls,
Licmophors lyngbyei and éhgetomo;pﬁg SPey (See table
showing numbers of organisms on one-month plates) on
one-month plates followed the changes of dry weight of
the films, some species showing in addition a simall
secondary increase in March. The oversll diatom cycle
was similar to that found by Hart in the phytoplankton
off South Georgia, where after a minimum of phytoplankton
in winter, a sudden rise in October reached a high peak
in late November, followed by a marked post maximal
decrease to a late summer minimum in February and a
secondary autumnal meximum in March,
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SUMMARY

In Atlas Cove, Heard Island, only diatoms and
algae grew on exposed experimental plates and buoys.
The species found on these surfaces are listed.

Although diatoms settled on plates throughout
the year, numbers (and dry weights) were low in winter,
increasing in spring to a pronounced maximum in December,
at which time dissolved oxygen in the water increased
and phosphate phosphorus decreased. There was sone
evidence of a slight autumnsl increase in some diatom
species, so that the cycle of sedentary dlatoms was
similar to that of phytoplankton off South Georgia.

Faster growth rates of some species of diatoms
and algae in summer than winter were observed.

An outline is given of succession in the
colonization by distoms and algae of exposed surfaces
at Heard Island.
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