
-

-

-

-

-

-

      

  

  

  

  

  

Dépôt Institutionnel de l’Université libre de Bruxelles /

Université libre de Bruxelles Institutional Repository

Thèse de doctorat/ PhD Thesis

Citation APA:  

Steyaert, J. (1971). Contribution to the ecological study of plankton in the southern ocean (Unpublished doctoral dissertation). Université libre de

Bruxelles, Faculté des sciences, Bruxelles.  
Disponible à / Available at permalink : https://dipot.ulb.ac.be/dspace/bitstream/2013/214854/3/df0d436a-8cc0-4b6b-ae65-759e888edf7a.txt

      

    

(English version below)

Cette thèse de doctorat a été numérisée par l’Université libre de Bruxelles. L’auteur qui s’opposerait à sa mise en ligne dans DI-fusion est invité à

prendre contact avec l’Université (di-fusion@ulb.be). 

Dans le cas où une version électronique native de la thèse existe, l’Université ne peut garantir que la présente version numérisée soit

identique à la version électronique native, ni qu’elle soit la version officielle définitive de la thèse. 

DI-fusion, le Dépôt Institutionnel de l’Université libre de Bruxelles, recueille la production scientifique de l’Université, mise à disposition en libre

accès autant que possible. Les œuvres accessibles dans DI-fusion sont protégées par la législation belge relative aux droits d'auteur et aux droits

voisins. Toute personne peut, sans avoir à demander l’autorisation de l’auteur ou de l’ayant-droit, à des fins d’usage privé ou à des fins

d’illustration de l’enseignement ou de recherche scientifique, dans la mesure justifiée par le but non lucratif poursuivi, lire, télécharger ou

reproduire sur papier ou sur tout autre support, les articles ou des fragments d’autres  œuvres, disponibles dans DI-fusion, pour autant que : 

Le nom des auteurs, le titre et la référence bibliographique complète soient cités;

L’identifiant unique attribué aux métadonnées dans DI-fusion (permalink) soit indiqué;

Le contenu ne soit pas modifié.

L’œuvre ne peut être stockée dans une autre base de données dans le but d’y donner accès ; l’identifiant unique (permalink) indiqué ci-dessus doit

toujours être utilisé pour donner accès à l’œuvre. Toute autre utilisation non mentionnée ci-dessus nécessite l’autorisation de l’auteur de l’œuvre ou

de l’ayant droit. 

    ------------------------------------------------------ English Version -------------------------------------------------------------------  
This Ph.D. thesis has been digitized by Université libre de Bruxelles. The author who would disagree on its online availability in DI-fusion is

invited to contact the University (di-fusion@ulb.be). 

If a native electronic version of the thesis exists, the University can guarantee neither that the present digitized version is identical to the

native electronic version, nor that it is the definitive official version of the thesis. 

DI-fusion is the Institutional Repository of Université libre de Bruxelles; it collects the research output of the University, available on open access

as much as possible. The works included in DI-fusion are protected by the Belgian legislation relating to authors’ rights and neighbouring rights.

Any user may, without prior permission from the authors or copyright owners, for private usage or for educational or scientific research purposes,

to the extent justified by the non-profit activity, read, download or reproduce on paper or on any other media, the articles or fragments of other

works, available in DI-fusion, provided: 

The authors, title and full bibliographic details are credited in any copy;

The unique identifier (permalink) for the original metadata page in DI-fusion is indicated;

The content is not changed in any way.

It is not permitted to store the work in another database in order to provide access to it; the unique identifier (permalink) indicated above must

always be used to provide access to the work. Any other use not mentioned above requires the authors’ or copyright owners’ permission. 

     
    

https://dipot.ulb.ac.be/dspace/bitstream/2013/214854/3/df0d436a-8cc0-4b6b-ae65-759e888edf7a.txt
mailto:di-fusion@ulb.be?subject=Questions
mailto:di-fusion@ulb.be?subject=Questions


U N I V E R S I T É L I B R E D E B R U X E L L E S 

F A C U L T é D E S S C I E N C E S 

L A B O R A T O I R E D A N A T O M I E C O M P A R é E E T D ' O C é A N O L O G I E 

CONTRIBUTION TO THE ECOLOGICAL 

STUDY OF PLANKTON 

IN THE SOUTHERN OCEAN 

J. S T E Y A E R T 

Lie. en Sciences U.L.B v | 

Directeur de mémoire: 

Monsieur le Professeur 

J. B O U I L L O N . 

Mémoire présenté pour l'obtention du 

grade de Docteur en Sciences. 

Année Académique 1 9 7 0 - 1 9 7 1 



R E Ç U fe 

1 5 SEP. 1971 
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A Papy. 
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I N T R 0 ]:) U C T I 0 N 

From the Renaissance on, people got 

interested in the "terra australis nonduiu cognita" and most 

various opinions about its existence were enouuced. Bouvet, 

in 1738, organized an expédition to the south and discovered 

an island to which his name was given ultimately, The first 

properly antarctic expédition was undertaken by the english 

man, Cook, (1772-1775), who reached the 71st degree of lati

tude southo 

During the whole 19th century, many expéditions 

explored, little by little, parts of that unknown continent 

Palmer Peninsula, Bellinghausen Sea, Ross Sea, South Orkneys 

Islands.o. The first overwintering blocked up in the ice 

along the Palner Peninsula, was accomplished by the Belgica 

expédition, under the leadership of de Gerlache (1897-1899)» 

During the 20th century, with the increasing 

interest for the Antarctic Continent, numerous raids were 

organized to attempt to reach the South Pôle ( Amundsen-

Scott,1912) and to gain knov/ledge on the topography of the 

land itself, 

Gradually, with the quickening development 

of technology, antarctic expéditions became more complex 

and began to take new dimensions. 
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The world's scientists were more and more looking to the 

Antarctic as an idéal laboratory jror geôphysical investiga

tions and in 1957-1958, v/ith the International Geôphysical 

Year (l.G.Y,), scientists of 12 nations, established an 

international scientific program, with the Antarctic as main 

objective, 

Although this huge continent has an important 

geopolitical position, and notwithstanding that some nations 

did claim some territorial rights, an Antarctic Treaty was 

signed by twenty nations in 1959» recognizing the interna-

tionality of Antarctica and the surrounding waters up to 

the 6oth degree of latitude South, A Scientific Committee 

on Antarctic Research (SCAR) was established to promote 

scientific work in this area. 

,.. Recognizing that it is in 

the interest of ail nations that Antarctica shall 

continue to be used exclusively for pacifie 

purposes and shall not become the scène or 

object of international discord... 

From the preamble of the 

Antarctic Treaty 1959. 
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Fig. 1 : S O U T H E R N H E M I S P H E R E - .MAP O F O R O X T I U S I53I 
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THE ANTARCTIC CONTINENT 

Antarctica is a large continent of 

nearly 12,5 tnillion kin2, covered on about 98 /o of its 

surface by a thick ice cap. In first approximation, the 

Antarctic is round shaped, with the South Pôle as centre; 

however, the circle outline is altered by the Palmer 

Peninsula or Graham Land (in front of South America) and 

two marked indentations, the Veddell Sea and the Ross 

Sea (Fig, 2). Two régions are commonly recognized ; 

Eastern Antarctica (in front of the Atlantic and Indian 

Océans) and Western Antarctica (in front of the Pacific 

Océan), The subdivision in Eastern and Western Antarctica 

is not only made on basis of geographical features, but 

corresponds also to geological and glaciological dif

férences. The subglacial floor lies for the major part 

in the Western Antarctic beneath the adjusted sea level, 

while nearly everywhere in the Eastern Antarctic it lies 

above the adjusted sea level (level of the sea after 

total melting of the ice cap). 

The total raass of ice, covering the Antarc

tic Continent, represents, approximately, 90 % of the 

total ice in the world, which means that, suddenly 

melting, it would raise the océan level of about 60 

meters. 
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Fig.2: General map of Antarctica (hatched :ice shelves). 

The thickness of the ice sheet over the continent is 

estltnated of an average of 2 000 meters, This sheet is 

nourrished essentially by snow précipitations which are 

closely linked to the movements of low pressure around 

Antairctica, 
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The main précipitation occurs near the coast and decreases 

with the distance inland and, in the centre of the con

tinent, truly désert conditions exist. But winds redis-

tribute freshly falien snow over great distances. On 

basis of diffex'ences between summer and winter snow 

layers, glaciologist were able to count annual bands and 

to détermine the importance of the seasons for each year. 

In deeper ice, the stratification method is replaced by 

dating procédures which gives information on the past 

history of the ice conditions and of the antarctic cii-

mate« 

More than one third of the Antarctic coast-

line is fringed by ice shelves, extending to about 1,4 

million kra2. The ice shelves are iloating ice sheets. 

The two largest are the Ross Ice Shelf (Ross Sea) and 

the Filchner Ice Shelf (Veddell Sea) (Fig. 2). Their 

thickness varies from 200 m at the ice front, up to 

1 300 m at the junction with land ice, soraetimes sorae 

hundred kilometers inland. Thèse floating sheets break 

up regularly and form icebergs. 

Moreover Antarctica is surrounded by a belt 

ice or pack ice, forined by the freezing of sea 

The extension of this pack ice varies with sea-

of sea 

water. 

sons. 
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Forming a compact and fast belt at its maximum extension 

during the winter season, (26.10 km2) it starts melting 

at its n o r t h e m lirait and rë^gresses southwards during the 

summer season, leaving large masses of ice only in the 

Bellinghausen Sea and in the Veddell Sea« Rough estima

tions show that, by the end of the summer, the sea ice 

area is reduced to between' one half and one third of the 

maximum winter extension, The major work on Antarctic 

sea ice distribution was published by Mackintosh and 

Herdmann in 19^0, This work is based on observations 

made during the Discovery Expéditions, and on board va-

rious whaling factory ships as well as during other ex

péditions. It gives only the ice edge position and 

nothing about the variation of ice concentration inside 

thèse limits. If the gênerai features of the seasonal 

variation of the pack ice edge are luiown, less is known 

concerning its interannual variations. The pack ice is 

affected by movements, generally frora east to west, ex-

cepted in the Weddell Sea, were a clockwise circulation 

is observed. Thèse movements are correlated with the 

gênerai oceanic circulation, ànd are dépendent on the 

pressure fields and on the wind circulation around the 

Antarctic. The Antarctic pack ice, although younger 

in gênerai than the Arctic pack ice, has sometimes been 

found to be older than one year. 
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Very little is known aboutthis fact. 

The ice cap, the âtmosphere and the océan 

are linked through complex energy interchangea. The 

Earth intercepts a sraall portion of the sun radiation 

into spaceo The incident solar radiation varies with 

latitude and with seasons and is deplated in tnany ways, 

before reaching the Earth's surface, The mean annual 

températures on the Earth's surface reraains roughly un-

changed from year to year, which means that the planetary 

radiation budget is in balance, Therefore, because the 

low latitudes have an annual excess of incoming radiation 

energy, the polar régions serve as an heat sink. The 

balance is essentially made up by atmospheric circula

tions to the pôles. It is materialized, in the south, 

by complex circumpolar pressure fields and wind Systems„ 

On an average, westerly winds predominate in the whole 

Southern Océan, as far south as 65°S (West Wind Drift), 

while easterly winds cover most of the coastal areas 

(East Wind Drift) (Fig. 3). The pathways of the main 

winds influence on the Southern océan currents leading 

to the West Wind Drift Current and the East Wind Drift 

Current arouiid the Antarctic Continent (Fig. h). 





THE SOUTHERN OCEAN 

The Aiitarc tic Continent is surrounded 

by a vast oceanic area, almost free of circulation. Différent 

opinions liave beori expressed about the geographical nature of 

this oceanic area^ Some authors advocate that the Atlantic, 

Indian and Pacific Océans extend south to the niargins of the 

continent, vvhile others consider tlie existence of a Southern 

Océan, as a separate entity, This last point of view is most 

generally admitted in the literature. More controverted, is 

the northern limit of the Southern Océan, On basis of hydro-

logical features, some authors (Herdmann and al, 1936) propo-

sed the northern limit of the Antarctic Surface Vatei-s (An

tarctic Convergence), as an acceptable boundery for the 

Southerii Océan, flowever, other authors looking at the South

ern Océan in terms of océan dynamics and circulation, consider 

that tho Antarctic Convergence cannot be designated as the 

northern limit, since the eastv/ard moving circumpolar current 

extends furtlier north, through the Antarctic Convergence, up 

to the Subtropical Convergence (aroxand kO°s) where they do 

place the northern boundery of tlîo Southern Océan. During 

the last conférence of the Intergovernmental Océanographie 

Commission working group on the Southern Océan (Brussels, 

novernber 1970), the term of Southern Circunipolar Vaters vas 

proposed for tiie whole Southern Océan, from hO'^S (Subtropical 

Convergence) up to the Antarctic Continent, reserving the 
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Pi y. 5 : Locations'of Antarctic and Subtropical Conveigonces and Aiitarctic 
Diverçjcncc (Easterly Winds) (Sverdrup 1942). 

term Antarctic Océan to the part south of the Antarctic Con

vergence (Fig. 5)» fact, the difliculties encountered for 

the définition oj? the northerîi boundery of the Southern Océan 

are due to the relative importance, vhich separate investiga-

tors give to différent variables. Deacon (l937) and Sverdrup 

(^^k2), outlined the patterns of circulation in the Soxithern 

Océan, essentially, on basis of the température and salinity 

distribution (Fig.6), The observation of the latitudinal or-

derly spreaded isotherms at soine definite latitudes, shows 

abrupt changes in the surface température. 
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Indeed, when progrèssing southward, two main sharp tem

pérature changes are encouiitered, the first one at 

about ^O^S, and the second between the 50° and 60°S. 

Thèse sharp gradients of temxjaratiire, correspond with 

convergence zones, where the surface waters are sinking, 

The northernmost convergence is called, the Subtropical 

Convergence and séparâtes the Subtropical Vaters from the 

Subantarctic Vaters. The position of this convergence 

is variable, especially in the eastern part of the 

océans and its existence between 6o*V and I20°W is ap-

parently unknown (Koopinan, 1953? Deacon, 1 963). The 

second convergence is called the Antarctic Convergence 

(or Polar Front) and makes the boundary between the 

Subantarctic Vaters and the Antarctic Surface Vaters» 

Various authors found the Antarctic Convergence fluc-

tuating with the seasonal variations. For instance, 

Mackintosh (19^6) found a northerly displacement of the 

Antarctic Convergence during cold months and a south

ward displacement during warm months, as well as va

riations withingsame month. Ivanov (1961) reports 

variation amplitudes of h degrees latitude, Beside thèse 

two convergences, a zone of divergence has been reco-

gnized at the lim.it between the Vest Vind Drift and the 

East Vind Drift, 

http://lim.it
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Under the influence of the wind circulation and of the 

Earth's rotation, the océan surface waters move, on each 

side of the Antai-'ctic Divergence s, in an opposite direc

tion, creating an upvv'elling of the subsurface waters. 

The position of this divergence, its occurence and 

strength are variable and strongly depending on the pre-

vailing meteorological conditions (ivanov, 1961)» 

During the last décade, raore detailed inves

tigations based on température, salinity and other vari

ables, have brought to light a more complex picture of the 

hydrological feature of the Southern Océan, Avhich di

verge in some respects frora the gênerai scheme suggested 

by Sverdrup. Ostapoff (1962) and Houtroan (1967) found 

a Subantarctic Front north of tlie Antarctic Convergen

ce and Gordon (1967) an northern and a southern branch 

of the Antarctic Convergence with warmer water between 

the two zones. Ivanov (1961) suggested a Subantarctic 

Divergence between the Subtropical and the Antax^ctic 

Convergence. Koopman (1933) demonstrated the existence 

of a Continental Convergence between the Antarctic Di

vergence and the Continent, and considered the Antarctic 

Divergence as corresponding to a silicate maximum in the 

surface waters. Burling (1961) observed that the sin-

king of surface water, forrtiing Antarctic Intermediate 

Waters, occurs over a broad zone north of the Antarctic 

Convergence. 
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Wyrtki (1960) described the distribution of divergent and 

convergent motions at the surface of the Southern Océan, 

under varying conditions of the westerly winds. 

Ail the above mentioned subdivisions are 

primarily surface features, although the deeper layers 

of the océan are, in fact, in continuation with the deep 

circulation, extending to the north of the major océan 

basins. It must be also noted that the méridional water 

transport is less important than the transport along the 

zonal Circumpolar Current, which involves the whole depth 

of waters in the Southern Océan. 

DIATOM INVESTIGATIONS IN THE SOUTHERN OCEAN 

"Biological studios, and especially 

marine biology, have received the least attention of the 

sciences in Antarctic. The major efforts have been made 

into geographical, physical and geophysical sciences and 

into physical and Chemical aspects of oceanography, 

Oceanographers and marine biologists need a ship as wor-

king base and the use of the ships in the Antarctic have 

usually been controlled with the priorities of logistics 

first foremost, then for other scientific investigations, 

then for oceanography, with marine biology fitted in as 

opportunity offered" (Dell, Antarctica, 1970). 
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In addition to the lack of opportun!ties5 biological 

work, ecologlcal as well as p)iysiological, needs a back-

ground of systetnatic, «111011, for ail the marine organlsms 

In thls southern area, Is very urisufficlently knôwn and 

requlres time and patient v/ork. 

The Southern Océan, In addition of belng of 

great Interest for pure science» Is a favorable fleld of 

investigation, particularly for planktonic organlsmso 

Indeed, the Southern Océan waters exhiblt, over great dis

tances, remarkably unlform and regular features, all 

around the continent. Thls glves the opportunlty, on a 

scale impossible to find in other areas, of broad inves

tigations on the distribution of fauna and flora and their 

Interrelationshlps. It glves also the chance to verify 

gênerai prlnciples of marine ecology. Moreover, the ex

istence of an extended pack ice, over a long wlnter 

perlod, glves the possibillty for interestlng pliysiolo-

glcal investigations on reduced llght and cold water 

adaptation. 

Studies on sédiments of the Southern Océan 

floor has revealed, in the v;hole part south of the 

Antarctic Convergence, the présence of Diatom oozes, 

replaced, a little north of the Antarctic Convergence, 

by Globlgerlna oozes. 
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Lisitzin (1960^196^-) and Kozlova (1966) have denionstrated 

that the horizoïital transport of dead cells was lésa im

portant than their sédimentation rate and that the Diatom 

composition, for the strongest silicified species, was 

nearly the same in the sédiments as in the upper water 

layers, Diatom oozes were found in deep cores, taken in 

the Subantarctic Région (nèar Crozet Island), underlying 

Globigerina oozes, typical of warmer water. This finding 

would let thinking that the extension of the Antarctic 

Waters to the north was perhaps greater in earlier times» 

The^study of typical Diatom populations, corresponding 

to spécifie water conditions, compared to the Diatoms 

found in deep cores, might probably help in understanding 

the past oceanic and climatic régimes of the Antarctic. 

Phytoplankton, composed in the Southern Océan, 

for more than two thirds by Diatoms, is the ultimate 

food for ail marine organisras. In this respect, investi

gations on Diatom biomass, productivity and abundauce 

periodicity are désirable for the understanding of the 

antarctic ecosystems. Although of a high individual 

biomass, the number of marine species is relatively 

reduced in the Antarctic Océan and the food chains are 

often very short, One of the most important food chains -

at least one of the best knovm, because its economical 

importance - is , the Diatom - Euphausia - Baleen Vhale 

food chain. 
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The average bioinasa of Euphasia (krill) v/as estimated by 

Vinogradov and Nciumov (1958), in a first approximation, 

to account for half of the Southern Vaters zooplankton 

biomass. Soine authors consider that, v;hales being actual-

ly decimated in the Southern Océan, the krill might be an 

interesting exploitable resource. Soine estimations put 

forward that the surplus of krill would be no less than 

30 million tons. Investigations on krill resources are 

mainly worked out by Soviet and Japanese scientists. 

In this respect, it has been stated at the Symposium on 

Antarctic jCcology (l970) that "before commercial exploi

tation of krill, one has to know more about ail the élé

ments concerned in the life cycle of krill" and consequently 

to investigate on the avaible quantity (in time and space) 

of their primary food resource ii es mainly Diatoms. 

The réputation cf extrême richness of the 

phytoplankton in the Antarctic Waters, dates back to the 

time when Hooker, the botanist of the Erebus and Terror 

Expédition ( 1839-1 <^^3) » reported that "they occured in 

sucli countless myriads, as to stain the Berg and the 

Pack-Ice". Sorae of the samples taken during this expe-' 

dition were sent to Ehrenberg, who published the first 

paper on Antarctic Diatoms, in 18^4. 
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Siticfc that time, nuvnerous phytoplankton 

investigations wore carried out emd some 100 papers have 

been published on niarine microscopic algae of the South

ern Océan, most of them concerning Diatoms. Quantitative 

data on Diatom standing stock, is onlj»- reported in less 

than half of thèse contributions, of which a good deal 

only mention the relative abundance of species encoun-

teredo Quantitative data, related to cell numbers, were 

given by Hentschel (l936), Hasle (1956,1960,1969), Marumo 

(1957), Bunt (1961 ,196^*) , Klyashtorin (1961), Kozlova 

(1961,1966), Zernova (l970), Fukase (1962). Other tnethods 

of investigation, like the analysis of pigment concentra

tion, were einployed to evaluate the phy toplankton standing 

stock (Bunt, 1961 , 1964; Burkholder and Sieburth,1961 ; 

Ichiinura ând Fukushima, 1 963 î El-Sayed, Mandelli and 

Sugiinuro , 1 964 ; Sayo and Kawashima , 1 964 ; Burkholder and 

Mandelli,1965; El-Sayed and Mandelli,1965 ; El-Sayed,1966a, 

1966b,197O; Mandelli and Burkholder,1966). 

Most of the quantitative investigations were 

carried out in the open océan extending soraetinies to the 

Coastal waters (P.a£ifi£ ^^S.'*^2F ' Hasle , 1 956 , 1 969 ; Marumo, 

1957; Klyshtorin,19615 El-Sayed,1966 ; Fukase,1962 -

I^ndian_and_Pa^ci^fi^c_se^c_tors : Kozlova, 1 966 - At_lanti^c__~ 

I^n^ian_s^c_tor : Saijo and Kavashinia, 1964 - Drake^ Ej^R^^S^t 

]ie^d_ell, Sea ,_Be^ll.inghausen_Sea i Hentschell, 1 932 , 1 936 ; 

El-Sayed and Mandelli , 1 965 ; Burkliolder and Mandelli , 1 965 ; 

El-Sayed 1966a). 
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Few of them were clone in inshora v/aters (Bunt at Mawson 

and Mac Murdo Scfund; Burkholder and Sieburth, Mandelli and 

Burkholder in the Gei'lache and Bransfield Strait) and on 

ice aJ-gae (Bunt, 19^0 5 Burkholder and Mandelli , 1 965 j Meguro , 

1965; Fukushima and Meguro ^ 1 S)66 ) » 

With regards to the period of the year, nearly 

ail the quantitative studies were performed during the aus

tral summer season« 

Although varions methods have greatly contri-

buted to give vaiuable estimations on the size of the 

phytoplankton standing stock, it is only occasionally that 

very récent works give an absolute measurement of the to

tal standing stock, based on quantitative countings of 

phytoplankton, while the same computation for each species 

contributing to the total buDc, was only done by Kozlova 

(1966) and Hasle (1969). 

Finally, no quantitative studies were done 

simultaneously on phytoplankton populations living in 

open and inshore waters and in the ice» 

Beside our fundamental interest for 

planktonic Diatoms, the présent work is the resuit of the 

conjunction of circumstances, of which the principal one 

was the opportunity to investigate in a very little known 

area of the Southern Océan, narnely the Zone situated at 
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the limit between the Atlantic and the Indian Océan 

sectors, materialiKed by the transect between Cape-Town 

(South Afi'ica) a.nd the Breid Bay (Antarctic Continent), 

aiong approximately 2 0 - 2 5 de>rce longitude East, In fact, 

this work is part of a larger i^esearch programme on the 

pelagic ecosystem in this area of the Southern Océan. It 

must be considered that a such programme of research is 

essentially based on field survey and that idéal condi

tions of investigation are nearly always impossible to meet 

and, in fact, dépend on many practical factors, including 

shipboard facilities and time, weather conditions, coordi

nation with other programmes etc.., To remember alao that 

the sea is, with regard to planktonic organisms, a tridi-

mentional substrat, in continuous motion, with the consé

quence that It is impossible to get twice exactly the same 

water sample. Nevertheless, the material we had to study, 

was particularly interesting, as it corresponds to repaated 

sampling on the same transect, during the same season of 

three différent years and that we had also the chance to 

study simultaneously the Diatom population in open oceanic 

and inshore waters and in the ice. 

Therefore, the purpose of this work 

has been defined as follows : 

1. to give an estimation of the Diatom biomass aiong the 

transect, in the inshore waters of the Breid Bay and in 

the sea ice| 
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2. to study the possible relatiouships between the various 

Diatom populations and the h^'^drological conditions in 

the ojjen oceanic and inshoi'e waters, and with a spécial 

référence to tha ice habitat; 

3o to describe, if any, the relationship between the 

Diatom populations living in the above mentioned envi-

ronments; 

h. to pointout, if any, the interannual variations in the 

Diatom population distribution as related to the gênerai 

hydrological conditions; 

5o to define selected species, caracteristic of spécifie 

areas; 

6, to check our results with those of the literature, 

within the limit of comparable data* 



MATERIALS. 

Phy toplankton niaterial lias taeen 

colléeted durin^j the 1 9 6 0 = 6 1 Belcian and 1 9 6 ^ - 6 5 , 1 9 6 6 - 6 7 

Belgian-Dutch Antarctic Expéditions, along a ti^ansect 

between the 20° and 2^° Longitudes East, joining up Cape-

Town (South Africa) to Breid Bay (Antarctic Continent) and 

in Breid Day itself. Ail three expéditions cover approxi-

mately the sanie period of the yea.r; phy toplankton sarnpiin^j 

v.-as done only dyring the soutti-bound cruises, the earliest 

o.f oJ-1 on the 31'5't December and the las test on tlie kth 

Febi'uary» A total of 65 stations were sampled, of which 

3 3 * 1 3 and 19 belonfj to the 1 9 6 0 - 6 1 , 1 9 6 ^ - 6 5 and 1 9 6 6 - 6 7 

expéditions, respectively. 55 samples were taken at trie 

1 9 6 0 - 6 1 stations, a].l by net. Durin^^ the two last expé

ditions, the samples were collected witli "Nansen" - type 

water bottles and by net. The samples of the two last 

cruises divide up as follov^'s : in 1 9 6 4 - b 5 , 8 0 water bottle 

samples an^l 12 net samples; in 1 9 6 6 - 6 7 , 1 31 water bottle 

saraples and ^9 net samples» Tn total, for tfie three years, 

9 6 net samples and 2 1 1 wator bottle samples were analysed. 



Water bottlea vj\?.re also used to sample sea water from the 

différent standard depths in view of analyses of physical 

(température, salinity, denûity)-and bio-chemical (priuiary 

production^ pignientconcentration, phosphates, nitrates, 

nitrites, silicates, pH, oxyg'en) environmental factors. 

The phytoplankton analyses from water bottle samples refer 

to the standard depths of 0 , 2 0 , 3 0 , 5 0 , 7 5 and 1 0 0 meters 

( in some cases also 10 and 150 meters). The net samplings 

were done on the basis of a tow from 2 0 0 meters down to 

the surface up. Figures 7 and 8 show the stations along 

the transect and in the Breid Bay and Table I gives the 

station numbers with their corresponding position and date 

of sampling. 

Samples of sea ice were also taken at various 

occasions during the three expéditions (detailed in Chapter 

III), 

In View to estimate the importance of the 

light pénétration below the sea surface, Secchi dise mea-

surements were made at most stations. 

METHODS 

Collée tion 

The water bottles used were "Nansen" type 

reversing water bottles of 1 , 2 1 capacity. 



1 9 6 0 - 1 y 6 i 

station ! Position ! Date 

1 1 ^ î< ^ 
t-ij ^ > jy '^J 

Q 1 0 0 ce -j ^ • 
— 0 ! 

1 1 ^ î< ^ ! M - U . ) u 1 9 " 3 1 £j » 1 — 1 

1 1 1 1 \ ' ' .> 
/il 0 '37 <-• 1 0 0 c T • TT ' 1 — 1 

— D 1 
f 1 1 A 1 ç 0 0 o 0 

0 — < i VJ _)<C 1 
— 0 1 

1 1 1 7 \ ' pZi 7 > il 0 0 1 c 1 0 /̂ p TT — 0 1 

( 1 1 1 1 *+ 0 liRoh 1 
1 H O '+ 1 

0 1 H p TT • 1 _ 1 — 0 1 

1 1 1 0 ' P 4 Q • 1 0 p / l c _ ' > 2 o 4 2 

• j j ^ H 1 5 - 2 2 0 5 3 • P ! 4 - ' - 6 1 

( 1 2 1 P5 1 . 5 6 0 2 8 S - 2 3 ° 4 3 'E ! 4 - ' - 6 1 

. 5 9 ° i O S - 2 4 0 4 3 E _ 
• J~ - f i 1 

I 1 2 T * , 6 i f ' 4 5 S - 2 4 0 5 7 E 
^_ ' 

. J ~ KJ 1 

( 1 2 4 p ^ 4 < 6 4 0 3 2 S - 2 5 ° 0 0 E ! fi — 1 

{ 1 2 5 j j < 6 5 0 4 5 S - 2 5 ' ' 0 0 E : 6 - 1 -fil 
( 1 2 6 i. p u 6 8 0 1 3 s - 2 5 ° û 4 •E 7 — - 6 1 

( 1 p 7 ' P 7 6 9 0 0 4 s - 2 4 0 4 0 •E ' 7 _ 
I" 

( 1 ''S 1 \ j 6 9 0 3 2 s - 2 4 0 4 6 E 0 -fil 
? 1 ? Q P Q Leopold ÏII Bay • • • U 1 

l 1 'ÎO ' P 6 O I I 1 0 - ' - 6 1 
> 
( 1 1 2 P 6 1 ! I I 1 1 - ' - 6 1 

I I — f i 1 

1 Pfi4 I I 1 4 ~ - f i 1 

( 1 18 P 6 S n 1 4 - - 6 1 

( 1 P 6 6 n —fil 
( l 4 i P 6 7 I I 1 6~ ' - 6 1 

( 1 4 2 ' P68 
r \j \j 

I I - 6 1 

( 1 4 4 ) ) P 7 O ! i> 1 7 — ' 1 - 6 1 

P7I w 
1 9 - 1 - 6 1 

P 7 3 
I I fil 

— 0 1 
P 7 4 I I 2 1 - - - 6 1 

P76 I I 2 4 - - . 6 1 

P77 n 
2 5 - - - 6 1 

P 7 8 ! N 2 6 - - - 6 1 

P 7 9 
N 

2 7 - 1 - 6 1 

( 1 5 7 ) P 8 0 
I I 28--1 - 6 1 

P82 i l , 28- 1 - 6 1 

* station numbera in brackets refer to hydrologi-
cal stations» Station numbers preceded by "P" 
refer to phy toplankton satiiplings. 

Table I : Station numbers, location and date of 
sampling of the 1 9 6 O - 6 I cruise. 



26-

: 1964-1965 : 

• ^ ^ 0 "i* /"ï v\ 
0 iZ> IL-14. l, A U .î i 

Position Date ? 

! 4 0 ° 2 ' S - 1 '} 2 4 -65 • 
43035•S-20°05 E 4-- -65 s 

: 184 54004 « S-20°15 E 8-1 -65 : 
î 185 57°32'S-21020 E 9-1 -65 5 
; 186 65O09'S-23o47 E 1 1-1 -65 : 
: 187 . 68° 11 •S-25'^35 'E ! 12-' -65 : 
î 188 70oi9'S"24oi2 •E ! 17-' -65 : 
: 189 70oi9«S-24oi2 •E ! 18- -65 X 
: 190 ! 70°19•s-24012 'E : 19-- -65 : 
.: 192 70°19 » S-240 12 'E ! 2 1---65 s 
: 19^ , 70O20«S--24oi2 •E : 25-- -65 s 
: 196 î 70015'S-24007 'E : 28-- -65 : 
: 197 ! 70006'5-23046 'E . 30-1 -65 : 

Table I A : Station numbers, location and date of 
sampling of the 1964-65 cruise» 

1966-1967 

201 3800O' S--18015 E i 31- 12. -66 
202 4l 047 S-.19040' E 2- f 

1 -
.67 

203 52004 < S-.22050 E 6- .67 
204 ! 49050 S-.22050' E : 7- -67 
•205 55044 S--24003 E 9- .67 
206 59006 S-.24027 E 10- -67 
207 62028 S" .25017 E 1 1- -67 
208 66047 S--25030 E 13- -67 
209 68050 S-.26031 E 14- -67 
210 69056 S-.24045 E 18- -67 
211 700 10 -23048 E 21- -67 
212 700 1 1 S-.24006 E 24- -67 
213 700 1 6 S--24005. E 26- -67 
214 . 70018 S-.240 15 E 27- -67 
215 . 70019 S-.240 12 E : 28- -67 
216 ! 70019 s-.240 15 E : 1- 2--67 
217 : 70017 'S--24° 15 E ! 2 — 2--67 
218 : 70016 s. .23057 •E ! 3- 2--67 
219 ! 70018 s-.240 15 E ! 4- 2--67 

Table I B s Station numbers, location and date of 
sampling of the 1966-67 cruise. 



- 2 7 -



o 
70 211 

1 ® 

_ 

i 

Y 218 

I ^ 

o 1964-1965 
0 1966-1967 

212 

196 

y \ 188 / \ « 
/ ' \ 189 / ¥ / 

j ^ ' ' i f 1 \ 
1 214 1© / 1 / 
5 215 l 1 
J 216 m 94 \J 

ROI BAyOOlilH 
0 

- I I — I l — j i — I I — i i — i i — i i — 1 

1 
i 

X ; 

• 

!ASE 

PRINGESS RAGHHILD CI! 
SCALE. 1:200 000 

M 
J 

AST 

23 40' ~ 1 ' 24° 00' ' r " 24°l - I I — I l — l l — I t — I I — I I — I I — I I — 1 1 — 1 -

20' i 24° 40' ̂  1 



-29-

The net was a simple conical tow net of 2,20 m length and 

0,45 tn diameter at the mouth, terminated with a détachable 

bucket. The upper one third of the net was made of a 

300|jmesh size nylon gauze and the last two thirds of the 

same nylon gauze, but with a 6oj.Cmesh size. 

Préservation 

The samples provided from water bottles were 

stored in glass bottles of I50 nil. They were preserved by 

adding a potassium iodine-sod.ium acétate solution, The net 

samples were stored in plastic bottles and preserved with 

k % neutralized formalin, Some duplicated net samples of 

the 1960-61 cruise were preserved with a Bouin solution. 

Concentration - Enumeration 

The technique of concentration and enumeration 

used was the one. described as the Uterinohl's niethod. After 

thoroughly shaking of the samples, they were each transfered 

into a 100 ml sédimentation tube, adapted to a counting 

charaber, After k8 hours sédimentation (passive settling), 

the upper liquid was removed by mechanical handling of the 

sédimentation tube^ leaving the settled organisms within 

the counting chamber. The counting chambers (diameter : 

mm, height : h mm) were than examined with an inversed 

microscope Zeiss,. 
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Most of the counting^s were done always on the same définit 

area of the chaniber (betyreen the 13~25 vertical scale and 

the 70-90 horizontal scale) and using a magnification of 

200 times (occ : x l O , obj : x20), In some cases an objec

tif of 10 was used to made countings of the whole surface 

of the chamber, 

With regards to the net saraples, after a thorougly niixing 

of each sample, a drop of liquid was deposited on a slide 

and examined with a Reichert phase contrast microscope. A 

minimum of 500 spécimen were determinod and counted for 

each sample. This counting was duplicated 3 to 5 times and 

only slight différences between the résulte obtained, 

Ive had theigfore a good estimation of the percentage of each 

species, as they were retained by the neto Those results 

were compared with similar countings and percentage obtai

ned with water bottle samples. 



II. HYDROLOGY AND ENVIJ^ONMENTAI. FACTORS 

Phytoplanlcton, living in open water, is 

directly linked to the triditnentional pelagic environment, 

which must therefore be taken into considération when stujying 

the phytoplankton populations. In addition, in the Antarctic 

région, attention must be given to.the extension to which the 

pack ice breaks up and régresses, a.s well as to the importance 

of the wanning up of surface water, 

The intention, here, is not to describe the hydro-

logy of the Southern Waters, but just to give the main featu-

res, indispensable to understand the distribution of the phy-

toplankton populations and their behaviour» 

The chapter will be divided in three parts : 

A j The transect; B : The Breid Bay; C s The ice, This sub-= 

division will also be adopted in the following chapters. 

A, TRANSECT 

The main components of the Antarctic 

Surface Vater circulation are made of : an easterly current, 

in latitudes north of approximately 6^°S, a westerly current 

between this latitude and the Antarctic Continent, and a 

northward displacement throughout both zones. 



The Antarctic Siarface Vater is a light water, particularly 

during the surnmer season, when the salinity decreases and 

the température increases, due to the melting of sea ice and 

to the warining of the v/ater by sun radiation, respectively. 

Below this surface water, two other water masses are reco~ 

gnized : the Deep Warm Current, flowing southwards and lying 

above the Bottom Antarctic Water, flowing northwards (Fig. 6 

Pô The Deep Warm Current has its origin in the north-

ern hémisphère and is ciaracterized by relatively high tem

pérature and salinity, while the Bottom Antarctic Water is 

formed, mainly during the winter season, near the Antarctic 

Continent, and is cold and has a relatively high salinityo 

Schematically, the méridional circulation constitutes a 

balanced System in which the Surface and Bottom Antarctic 

Waters, flowing to the north, are replaced in the south by 

the Deep Warm Water. The Antarctic Water is liraited, in 

surface to the north, by the Antarctic Convergence, v/here 

it sinks suddenly from the surface to a deeper level. In 

fact, the Antarctic Surface Waters have a greater density, 

compared with the warmer surface wa.ters further north and 

tend to sink below thèse last ones which are called, Suban-

tarctic Water, Continuous recoi'ds of surface water tempéra

ture, taken during a northbound cruise, show that the tem

pérature increases gradually towards the north, away from 

the continent, until approxirnately 1° to 2°C in winter and 

3 ° to in summer, and then rises about 2°C in a very short 

distance. 



-33-

In practical, it i? on basis of this sudden increase (or drop 

when southbound cruise) in the surface water température that 

the position of the Antarctic Convergence is defined. ïfow-

evei", the reason of the actual position of the Antarctic Con

vergence is to be found in the niovements of the Deep Warm 

Water and the Antarctic Bottoir. Water. Further north in the 

Subtropical Région, the Deep Varm Water flows southward at 

great depth, but in the vicinity of the Antarctic Région it 

climbs above the Bottom Water steeply towards the surface, 

where it continues its way to the south below the Antarctic 

Surface Water, extending to within 100-200 m of the surface, 

usually in the zone of the Antarctic Divergence. Actually, 

the surface water, flowing northwards above the Deep Warm 

Water, is prevented to sink until the Deep Warm Water has a 

deeper position; in other words, until the surface water reach 

the zone where the Deep Warm Water climbs above the Bottom 

Water. This zone corresponds usually with the Antarctic Con

vergence as defined by the observation of the surface water 

température» 

After crossing the Antarctic Convergence, north

wards in the Subantarctic Région, a second very sharp. in

crease of the surface water température, of about 5°C, is 

encountered, The existence of this sharp boundary, called the 

Subtropical Convergence, is due to the sinking of the Sub

tropical Water and the Subantarctic Water, both having a 

componement of their circulation towards the south and to

wards the north,respectively (Fig. 6,p l^). 



Figures 9,10,11 and 12 established for 

both years 1964-6^3 aud 1966-6? y borrowed from the study of 

the hydrology inade by M.Steyaertj give a schematic repré

sentation of the isotherm and isohaline distribution within 

the top first 100 rneters of the transect, during the south-

bound cruise Cape-Town - Breid Bay. The position of the 

Antarctic Convergence, defined on basis of surface tempéra

tures, was approximately at latitude ^9^55'S in 196^-65 and 

h9°k3'S in 1966-67. In 1960-61, the Antarctic Convergence 

was some further north, at about latitude ^9*^00'S» However» 

the convergence is not a so sharp line and most probably 

constitutes a zone of intense mixing taetween two xvater masses 

extending over several miles. Even patches of Subantarctic 

Water may be found, occasionally, south of the Convergence, 

Ve shall see in following chapters, that study on phytoplank-

ton frora station 20k, situated at latitude ^9°50'S, give 

good reasons to consider this station as belonging to the 

Subantarctic Waters, or at least, composed for a great pro

portion of Subantarctic Water» 

The Subtropical Convergence, to the contrary 

of what has been found in other sectors of the Southern 

Circumpolar Waters, is particularly well defined in the ré

gion we investigated; this is probably due to the proximity 

of the South African tip, which forcés the circulation of the 

Subtropical Waters between the Atlantic and Indian Océan, 

within a narrow band of few degrees latitude. 
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The Subtropical Convergence vas located at about latitudes 

kk^OO*S, hk°O0*S and k;}<='20'S for the years 1960-615 ^^6h^'6^ 

and 1966-67, respectively. 

Sonie interesting reîr.arks can be made, v/hen com-

paring the température profiles for the two last years, 

especially in the Antarctic Région, south of the Antarctic 

Convergence. First of ail, the extension of the pack ice 

was still very large in 1966-67, while it was already much re

duced in 1964-65 (see paragraph B of this chapter). In ad

dition, the pack ice in 1964-65 was more open. This probably 

accélérâtes its melting and the waruiing up of the surface 

water, which are two factors favorable for the formation of 

the Antarctic Surface Water. The observation of the tv/o 

profiles on Fig. 9 and 10 shows that, in fact, the Surface 

Water was more developed in 1964-65 than in 1966-67, and in 

particular, that the superficial waters had more uniform 

temijerature in 19^4-65 as shown by the position of the iso-

therms, which suggest a greater extension of the Surface 

Vater towards the north, during that year. Similarly, the 

two profiles on Fig, 11 and 12 show a deeper extension of 

the reduced salinity (below 34°/oo) during the year 1964-65. 

To note at station 204, lo^^er salinity than at station 203. 

This illustrâtes the phenomenon of patches that may aj^pears 

in the vicinity of the Antarctic Convergence. 



B. BREID BAY 

I. The gênerai topcgraphy of the Breid Bay, 

The Breid Bay is situated on the 

Antarctic Continent, at the limit between the Atlantic and 

the Idian Océan sectors, in the région called Queen Maud 

Land, which is comprised between the longitudes 20°V and 

h^°Eo The coastal région of the Queen Maud Land, itself, 

has been subdivided in five coastal zones. The Breid Bay 

lays is one of thèse, called the Princess Ragnhild Coast 

(Fig. 13) and covers an area delimitated approximatoly by 

the 23°^5'E - 24oit5'E and the 70°10'S - 70'>25'S. In fact, 

the Breid Bay is an indentation in the ice shelf; which, in 

this région extends,some 20 km over the continental shelf 

as a continuation of the continental ice cap (FiG. 14). 

The Breid Bay is subdivised in several small bays, which 

are, from west to east : the U.S.S, Glacier Bay, the Leopold 

III Bay and the Polarhav Bay (Fig. 8). Of thèse, the U.S.S, 

Glacier Bay is extending the most southwards. 

The dapth of the Breid Bay varies between 

120 and 320 meters, with a mean of about 250 meters» The 

continental slope is situated approxitnately at latitude 

70°08'S, where the depth decreases rapidly below the 1000 

meters. 
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Fig. 14: Schemat i c sec t ion along a t ransect Breid Bay - Roi Baudou in 



2 . The ice coveiviiig. 

During winter pex-iod, the Breid Bay 

is filled v/ith .fast sea ice conriected to the north vvith the 

pacK ice, which icrms a belt surrounding the whole Antarctic 

Continent. During suiniiier period, most of the Breid J^ay is 

free of sea ice, but tlie "openingsdegree" of the bay varies 

greatly from year to year, The most southern part of the 

TJ.S.S. Glacier Bay has been observed filled ujj vvith several 

years old, compact and unbroken sea ice of a thiclcness pro-

bably not less than 5 meters. In the other parts of the 

j^reid Bay, and especially in the Leopold III Bay, the sea 

ice breaks off each year. The time at which the sea ice 

starts breaking, as well as the extension of the open water 

in the Breid ]3ay,deipend on complex interactions between 

the me teorological and oceanographical factors. Even vjhen 

the winter sea ice has been broken and droven away within 

the westerly Current, other floes , and sonietiines icebergs, 

coming from the east, are puched by the same westerly Cur

rent into the Breid Bay, where they may accumulate for some 

hours or days, being afterwards droven away and continuing 

their westward travel. The immédiate conséquence of what 

preceeds is that the sea ice in the bay may vary in âge and 

origin : floes encountered in the bay may corne from other 

coastal ar t of the Breid Bay, even from pack ice 

outside the coastal areas, depending on the weather condi

tions which have prevailed. 
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The extension oT the pack ±ce, as well as the 

ice concentration in the Breid Bay were quite dissiinilar 

during both 1964-65 and 1966-67 expéditions. In 1964-65, the 

northern edge of the pack ice was encountered at latitude 

68°38'5, some 155 kms away from the ice shelf, east of the 

Breid Bay, and at about 195 kms from this last one. The 

percentage of covering of the pack ice was not inore than 

5/10 to 6 / I O 0 On the v;ay back there was nearly no more 

pack ice. In 1966-67» the pack ice was encountered at la

titude 65° 12'S-, soiiie 525 kms away from the ice shelf, east 

of the Breid Bay and at 565 kms from this one, Clearly, the 

pack ice was much raore extended than in 1964-65.= The per

centage of covering varied from 6/IO to 9/IO. The bay 

itself was closed by fast and pack ice. On the way back 

the ice covering was limited, but still extended some 200 kms 

to the north of the bay. 

3. The hydrology of the Breid Bay. 

In fact, if the hydrology of the 

Antarctic and Subantarctic waters has already received the 

attention of several authors, very little is known about 

the inshore waters, Obviously this is due to the présence 

of the pack ice which, in winter^forms a uniform and more 

or less extended field of fast ice ail around the continent. 

Even in suiumer, when the pack ice brokes partly or completely, 

the continuons motion of the floes impede greatly on the 

developtnent of any regular i^rogram of sampling. 



Fifj. 15A : View oi Breid Bay 1 9 6 ^ - 6 5 

Fig. 1.SB : View o.f Breid Bay 1 9 6 6 - 6 7 
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Nevertheless, with some luck, hydrological measurements were 

done in the Bre.id Bay at 6 stations in 1964-65 and 9 stations 

in 1966-67 (Fie» S)„ As it can be seen on Fig. 8, it was not 

possible to sainple ail over the Breid Bay with the resuit 

that ail stations were concentrated in the Leopold III Bay 

or very near this one. We shall assume, for our purpose, 

that ail the sampling was done at the same station (called 

"Breid Bay"). 

Table II gives for both years, the average values 

of the température, salinity and sigma-t, at 0,10,20,30»50p 

75 and 100 meters depth. The mean values of température 

and salinity, were in 1964-65,0,7700 and 33,74°/oo, and, in 

1966-67, 1,66°C and 33,99°/oo respectively, The mean tem

pérature and mean salinity were, therefore, 0,89''C higher 

and 0,250/00 lower, in 1964-65 than in 1966-67 (Fig„ 16). 

Furthermore, the stability (see Chapter III p» 83) was much 

more developped in 1964-65 than in 1966-670 Obviously, 

during this last year, the winter conditions (corresponding 

to an homogeneity of the density towards the whole water 

columnj were very little affectod by the summer season, 

Only in the first 30 meters we can observe a raise of the 

température due to the sun radiation and a deci-ease of the 

salinity due to the melting of the sea ice, still very li-

mited. On the contrary, in 1964-65, at leaat the first 100 

meters of the watercolumn v/ere greatly influenced by the sun 

radiation and by the thawingo 



1 9 6 ' i - l 965 
: (6stations) 

• 
m T ( ; c o ) m Salo (°/oo) s 

• 

s 0 m -0,88 ; o.67) 33.45 ( J o ,15] 
s 10 m . -0.ii5 ( ,0 . 24 33.49 ( ,0. 13, 
; dO m . -0.48 ;o.23 33.58 ( 0. 11 
! 30 m ' -0.41 ( 0.27 33.66 ( 0, ]6[ 
: 50 m -0.60 0,38 33.85 < 0. 15^ 
'• 75 m ! -1.05 0.66' 34.04 ( 0.12| 
: 100 tn ! -1.42 [0 . 2 9 ; 34,18 ,0.03) 

; 
; 1966-^ 967 
j (9stations) 

} 

J 0 m î -1*36 [0.25] 33.69 \ [0,18] 
; 10 m ! -1.57 '0,11 33.87 [0, 17 
: 20 m ! -1.69 | o . 16 33.97 [0,13; 
: 30 m s -1.66 |0. 10 34.06 0. 13. : 
: 50 m ! -1.78 '0.o4] 34.14 0.05; 
: 75 m : -1.77 ^ o . o 4 j 34,16 0.03. î 
; 100 m ! -1.87 

• 
• 

, 0.1 r 34. 17 (0.02; 

Table I I s Averag-e value of température (T ) t 

salinity (Sal.) at différent 

depths for ail tlie 'Breid Bay' 

stations in 1964-65 and 1966-67 

respectively. Numbers in brackets 

are the (sigma) or standard dé

viations ( error of the mean), 

There is a niarked variation in thèse phenomena, from sta

tion to station, which reflect the continuous changing as

pect of the ice 'débâcle*. 



This is confirujed by the différence of the values of the 

standard déviations computed for température and salinity 

between the two years (Table II ) » It niay be also that 

•watermasses coitiing from outsi.de the bay has flown into this 

one at occasion, and has influenced the actual conditions» 

That seems not to be the case for the year 1966-67.. In 

definite, the most interesting feature of the hydrology of 

the Breid Bay to retain for our purpose, is the great dif

férence in the environmental conditions encounterôd be tween 

the two years. In 1964-65, the suinmer season, we would say, 

was normally developed and leaded to a marked change in the 

v/ater carac teris tics, while in 1966-67 this phenomenon was 

very superficially and never developed further on. 

As we shall see, this différence between the 

tv\ro yeax's reflects very well in the distribution of the 

Diato'.ns, 

C. SEA ICE 

The sea ice is a dominant aspect in 

the Antarctlc Océan s in winter time, the Antarctic is sur-

rounded by an unbroken ice field of about 25 million km2; 

during the summer, the ice covering is still very large and 

extends approximately from 2 _6 million km2. 



1964-1965 

Temp %:Sai Pq, 

F ig . l6 M e a n v a l u e s of t e m p é r a t u r e (°C), s a l i n i t y (%o) and p h o s p h a t e s ( / l a t g / l ) in f u n c t i o n of d e p t h (m), f o r t h e 1964- 65 and 1966-67 
P r e i d Bay S t a t i o n s . 



In spring and suuimer, most of the ice is broken up and 

forms pack ice. The nature and the distribution of this 

pack ice varies from locativ-ïn to -location and from year tû 

year. Normally ±t occurs as floes of various sizes, pul.led 

together and^if latéral pressure is important enough, 

'hummocks' are formed, Vhen the sea water starts freezing, 

typical flat floes appears, called 'pancakes'. A snowlayer 

of various thickness, depending on the meteorological condi

tions, may cover the sea ice. The weight of this snow 

influences on the soaking depth of the sea ice, and even may 

be responsible for the lower parts of the snow layer coming 

in contact with sea v/ater and getting salty by inf i Itration,, 

borne authors call this lower part of the snowlayer, 

'infiltrational ice'. In addition to the freezing of sur

face water, ice cristals are forraed within the water column. 

Thèse cristals rise to the surface and become loosely as-

sociated with the undersurface of the sea ice (Dunt, I963). 

Vtyurin ( 1 9 6 5 ) found the thickness of this low layer to be 

of 2 to 20 cm, in the vicinity of Mirny, while studies made 

(with scuba diving) by Bunt ( 1 9 6 2 ) reported a thickness of 

at least 50 cm. in Me Murdo Sound. 

Since many years, green and brown bands have 

been observed in sea ice (Heiden and Kolbe, Hart...) and 

were found to correspond to "phytoplankton" populations, 

Studies have been carried out to understand the physical, 

Chemical, as well as the biological aspects of the sea ice, 

but thèse studies are very scarce and, in fact, very little 

is known about the mechanism of the freezing and melting 

processes » 
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Pure v/ater freezes at zéro degree. The addition 

of various salts lovjers the fx-eezing point» For example, a 

water having a salinity of 35''/oo freezes at - 1 , 9 ° C . 

Theoretically, if the freezing occurs infinitively slowly, 

ail salts would be rejectede In natural conditions, the 

freezing of seav;ater occurs at various speeds, depending on 

the climatic conditions, so that, often, saltbrine is trapped 

into pockets and the total salinity of the ice varies from 

2°/oo to 20°/oo, and more frequently from 3°/oo to 8°/ooo 

When seawater freezes, small discoids of various shapes are 

formed at the surface» Vith the lowering of température and 

the effects of winds and waves, thèse discoids solidifie and 

vertical oriented cristals grow» Laboratory examinations of 

sea ice cristals have shown the existence of parallel platel-

ets of pure ice and intercristallinelayers of brine. In 

addition, large vertical brine pockets are présent between 

cristals (Pounder 1 9 6 2 ) , The structure of sea ice has been 

studied for winter fast ice by Vtyurin ( l 9 5 9 - Elsevier 1 9 6 ^ ) , 

He makes the distinction between : 1. infiltrational ice, 

which is formed on the top of the floe and which results from 

the infiltration of seawater into soaking snow; 2 . ordinary 

brine sea ice with typical vertical striation; 3» underwater 

sea ice, which is very porous and containing a great abun-

dance of air and brine inclusions» 

Studies have been conducted in view to know the 

brine composition. Laboratoty expériences have demonstrated 

that, in an enclosed seawater system, the lowering of the 
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temperature corr-esponds to the following séquence in the 

séparation of salts s first 80 % of pure ivater freezes, 

followed by the sodium sulfate decahydrate at -8,2°C and 

the sodium chloride dihydrate at ~22,9°C, But thèse results 

are not reproduced in natural Systems. Bennington ( 1 9 6 3 ) 

has demonstrated. that, in natural conditions, no sélection 

for individual salts occurs and that the proportions of the 

salts remain the same as for seawater. Brine pockets trap-

ped in young sea ice are highly saline, With time, brine 

escapes, partly by gravitation, partly by migration of salts, 

depending on the température gradient (Kingery and Goodnow, 

1 9 6 3 ) » with the resuit that old sea ice is more 'pure' at 

the surface. Long time ago, whalefisherman v;ere aware of 

this phenomenon and use to inake drinkwater from old surface 

ice. Meguro, Ito and Fukushima ( 1 9 6 7 ) stulying arctic sea 

ice, found ijhosphate concentration of about 1,8 |xatg/l in 

the bottom ice and 0 , 6 p,atg/l in the middle part of the sea 

ice, while for the open seawater the phosphate concentration 

was of 1 , 1 jj.atg/1. During the 1 9 6 4 - 6 5 belgian expédition, 

the phsophate content was analysed in tvo saraples of melted 

ice, taken at the bottom of a floe of I60 cm thickness. The 

mean value of 2,2 j4atg/l phosphate was found, while the niean 

phosphate concentration in the surface waters of the Breid 

Bay was 0,8 |4atg/l. This confirms, to a certain extent, the 

resûlts of Meguro, Ito and Fukushima, that there is a greater 

concentration of phosphates in the bottom part of the ice 

floes than in the surrounding surface waters : 
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1,6 times more in the Arctic sea ices 2,7 times more in our 

samples from Breid Bay, 

Because of the great e:. tent of the fast ice and 

pack ice and b4ica.use of the existing relation between phytopl-

ankton and light, light intensity measurements were attempted, 

not only in the open waters, near and beneath the ice, but 

also in the ice, Hov/ever^ thèse studies are very scarce and 

various methods were used by différent authors. The fact that 

ice cri s tais are capable to polai-ize the light, in addition 

to the différences existing in the ice structure, increases 

the difficulty to make reliable measurements, Meguro (l9b2) 

Burkholder and Mandelli (1965) maintain that 25 % of the 

incident light reaches the top plankton populations. 

Apollonio (1965)» measured light intensities at 170 cm depth, 

in arctic sea ice for différent snoiv coverrings and at dif

férent periods of the year (from March to June), The 

results he obtained ranged from 3»7 footcandles under 8 cm 

snowcovering, in March, to 2^0 footcandles without snowco-

vering, in mid-June. The corresponding incident surface 

light intensity was, respectively of, 595 and 168O footcandles; 

this means that 0,6 in March, and l 4 , 3 in June, of the 

surface light intensity reached the I70 cm level, inside the 

floeso Bunt (1963) found a mean of about 8 footcandles at 

the bottora of the sea ice, at Me : Murdo Sound. Littlepage 

(1965)» measuring the light transmission at 1 meter below a 

3 meter thick solid ice floe, covered with 5 cm compact snow, 

found that the light pénétration below the ice is not only 

determined by physical factors, but also by the phytoplank-

ton growing in the ice. 
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Indeed, extensive pianlcton g-rowth in the lowest ice layer 

and in the underlaying loose ice-cristal aggregation, in 

mid-sunimer^ occuring during the peak surface illumination, 

prevents the light pénétration in such a way that there is 

more light available in the waters, under the sea ice, in 

early and late summer. Very little is known about the ab

sorption cfeiracteristics of the ice for light of différent 

wavelenghts. Thomas ( 1 9 6 3 ) showed that there seems to be 

a marked decrease of absorption toward the shorter wave

lenghts. Appolonio ( 1 9 6 5 ) compared Strickland's findings, 

that chlorophyll c is at least 6 tirnes as efficient as chlo-

rophyll a for the absorption of blue light, with results of 

Meguro and Bunt, who show that the underwater ice algal po

pulation contains twice chlorophyll c as do the planktonic 

Diatoms. 

The upshot of this chapter is that the hydrolo-

gical conditions prevailing in the environment of the phyto-

plankton populations, both in the transect and in Breid Bay, 

suggest a more advanced establishment of the sumiiier condi

tions during the ^^6h-6^ than dui^ing the 1 9 6 6 - 6 7 cruises, 

although both were accotnplished during the saine period of 

the year. This was evidenced in 196'i~65 by a reduced and 

ioosier pack ice., corresponding to a more pronounced thawing 

and to formation of mor.e extended Antarctic Surface Water. 
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In the Breid Bay, the warming up of the water and the mel-

ting of the ice, affected a greater proportion of the water 

column, and were more pronounced"in 1 9 6 ^ - 6 5 than in 1 9 6 6 - 6 7 . 
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I I I . T O T A L D I A T O M A B U I J D A N C E 

The study of" liviiig matter can be appro-

ached by qui te a iiumber of ways, One of the main interests 

may consist in the study of the différent fudamental nechanis-

ms (biophysical, biochemical, physiological,etc..) by which 

the living processes are going on. It may also consist in 

simply searching for the more suitable and the more abundant 

form through which organic matter accumulate the energy for 

human consumption. It may finally consist in investigating 

how the différent living processes organized themselves in dif

férent species and groups of végétais and animais and how, in 

function of the environmental conditions, they accumulate and 

transfer energy. The last approach is based, essentially, on 

the study of the distribution of natural populations and their 

Relation with the environment. The natural sélection has re-

sulted in the actual gênerai distribution of différent types 

of populations, corresponding to différent environmental con

ditions. 

In the cold Antarctic Vaters, the Diatoms ai^pear 

to be the dominant group araong the phytoplankton populations 

and it is, therefore, important to have a record, as précise 

as possible, of the distribution of their abundance and to 

know how this abundance vary in function of the environmental 

conditions. In this chapter we will discuss the total abun

dance of the Diatoms,their horizontal (in function of latitu-
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de) and their vei'tical (in function of depth) distribution, fo: 

the oceanic area (along the transect Cape-Town - Breid Bay), 

in the inshore waters (Breid Bay) and in the particular biotop( 

of the ice» 

The sainpling methods, as well as the expression of 

the results of the standing stock of Diatorns, vary niostly in 

the literature on the Southern Océan, Often the results are 

expressed as cell numbers par liter (Fukase , 1 9 ^ 2 ; Maruino , 1 9 3 7 ) 

sometinies as gram biomass per m'J (Ivanov, 1 9 6 ^ ; Zernova , 1 9 7 0 ) , 

or as average settling volume of plankton saniples in cm3 and 

m3 (Marumo,1 9 5 3)» sometimes also as cell numbers per unit haul 

(Fukase and El-Sayed,19 5 3). In some cases the results are 

given only for the surface waters (Fukase,19 6 2 ; M a r u m o , 1 9 5 7 ) • 

Ve decided to express our results as cell numbei^s per liter 

(n^), as well as cell numbers per ra2 (n,,), using the same in

tégration formulae than those utilized by Rytter Hasle ( 1 9 6 9 ) ; 

although limited to the level of 100 meters haul cable, becauss 

of the great decrease of the population stock beneath this 

depth. The formulae are : 

-1 ' 2 a - ^ ^ ^ 2 ) (ci^ - d ^ ) . ... (N^_^ . N j (d^ - d ^ _ ^ ) 
n 

= (N, . N^) (d^ - d^) . ... (N^_^ . N j (d^ - d^_^) 

where n^ represents the total cell number per liter 

n^ represents the average cell number per m2 

N, . N„, ...N ,,N represent the cell number per liter 
1 • 2• n-1 ' n 

at the respective depths d^jd^, ' * • *^n-1 ' *̂ n ' 

the results obtained with the tv/o expressions dépend on the 
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height of the seawater column on v/hich the analyses are cione. 

The expression oT the average celi nutnber per liter, which ±s 

more cominonly used in. the phy toplankton studies, increases wher 

the sampling depth is shortenod and consequently is less appro-

priate when dealing with stations of différent vertical exten

sion (Rytter Hasle, 1 9 6 9i p 3 2). In the présent study, the re-

sults obtained for n^ (expressed as cell numbers/liter) and 

n^ (expressed as cell numbers / m 2 ) are incidently identical, 

because of the choice of the maximum depth of 100 ineters; ex-

cept that is to be multiplied by 10*^, while is to be 
g 

multiplied by 10 . This similitude does not exist when, in 

cases of no available values for the 100 meter depth, other 

depths -were used for the intégration. 

Evidence of corrélation between Secchi dise mea-

surernents and phy toplankton abundance (expressed as plant pig

ments : Atkins, Jenkins and W a r r e n , 1 9 5 ^ - H a r t , 1 9 6 2 , or as 

cell numbers : S m a y d a , 1 9 6 3 ) being démonstrated, we did verify 

the validity of the correspondance between the Diatom abun

dance we recorded, and the depth of Secchi dise readings avai

lable for 2 0 stations. The corrélation found between the mean 

Diatom abundance in the upper 2 0 meters, expressed as log cell 

number per liter and the Secclii dise readings expressed in me

ters , was highly significative (r=-0,805r) at 95 level) 

(Fig. 1 7 ) 0 This means, in particular, that in the area studie< 

the computation of the Diatom abundance is a valuable measu-

rement of the whole phytoplankton biomass. 
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• I L 

Om 10m 20m 30m 

F i g . l 7 M e a n D i a t p m a b u n d a n c e in u p p e r 2 0 m l a y e r 

e x p r e s s e d as l o g . c e l l n u m b e r p e r l i t e r i n 

f u n c t i o n o f S e c c h i d i s e d e p h in m e t e r s 

( r = - 0 , 8 0 5 5 Prob: 95% - régress ion l i ne : y=3l ,75-3,47 x ) 

The Secchi dise measurements were also used for the calcu-

lation of the depth of 1 ^ light intensity (u), using the 

simplified formula : u = 2 , 7 x d, where d représenta the 

depth indicated by the Secchi dise. 



- 5 9 -

A , T R A N S E C T 

1. Total abundance in the ocoanic area. 

The total abundance of Diatonis along 

the transect Cape-Town - Breid Bay, for the two expéditions 

196^1-65 and 1 9 6 6 - 6 7 , are reported in Table III, expressed as 

mean oeil nuinbers per liter (n^ ) and mean cell numbers per 

m2 (n^) . Ail values were computed on the water column froin 

0 to 1 0 0 meter, except for station 2 0 6 and 2 0 7 ( 1 9 6 6 - 6 7 ) 

where the 100 tneter level has been replaced by the 130 meter 

level. The highest values obtained, along the transect, are 

h,3 X lO'' cell numbers per liter (^33 x 10 cells/m2) for 
tr Q 

^c)6k-65 and 3.k x 10-̂  cell numbers per liter (366 x 10 

c e l l s / m 2 ) for 1 9 6 6 - 6 7 . This makes for both years, an averà-

h 5 

ga value of 10 to 10 ceills per liter. 

Comparisons with results from other authors, in 

the Atlantic-Indian Océan sector are quite limited. 

Zernova ( l 9 7 0 ) reports a meau of 10 - 1 0 cells per liter, in 

the 0-100 meter layer along the 20°E longitude. Kozlova 

( 1 9 7 0 ) found an average of i.4 x 10 to 1 . 5 x 1 0 ^ cells per 

liter in the région betweeii the Antarctic Convergence and 

the Antarctic Divergence. On basis of surface samples taken 

during the 4th Japanese expédition, along the transect 

South Africa - Enderby Land, Fukase ( 1 9 6 2 ) found an average 

of 10 Diatoms per liter, with a maximum of 2 2 5 . 0 0 0 cells 

per liter near the pack ice edgo and a minimum of 36O cells 
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: St. 
• 

1 

" 2 . 
D 
max 

• S. m. ! D, 1 % L.I s 

: 1 8 2 ! 4 3 . 5 : ^ 3 . 5 : 20 : 1 4 ! 3 8 i 

: 1 8 3 8 6 . 0 8 6 . 0 2 0 1 1 3 0 5 
: 1 8 4 5 0 , 9 5 0 . 9 3 0 i 4 3 8 

: 1 8 5 ' + 3 2 . 9 4 3 2 , 9 3 0 1 1 

s 1 8 6 4 1 . 5 4 1 . 5 2 0 1 7 46 : 
: 1 8 7 2 6 , 9 2 6 . 9 2 0 m 1 8 î 4 8 : 

1 9 6 6 - 1 9 6 7 
* 

: 2 0 1 3 6 . S 3 6 . 5 7 5 

; 2 0 2 1 6 7 . 5 1 6 7 . 5 7 5 9 2 4 ! 

s 20k 3 3 6 c 5 3 3 6 . 5 5 0 1 2 . 5 3 ^ 

: 2 0 3 2 9 4 . 0 2 9 4 . 0 2 0 1 2 3 2 : 

: 2 0 5 1 ^ 7 . 2 1 4 7 . 2 7 5 1 4 . 5 40 : 
: 2 0 6 4 9 . 8 * - ( 5 2 . 6 ) 7 ^ . 7 * ( 5 2 . 6 } • 0 2 0 . 5 5 6 : 

: 2 0 7 3 0 . 0 * [ 3 5 . M ^ 5 . 0 * ( 3 5 . 4 ) 2 0 1 3 3 5 : 

: 2 0 8 1 9 . 4 1 9 . ^ 2 0 2 3 6 2 î 
: 2 0 9 1 1 . 6 1 1 . 6 0 2 8 . 5 7 8 : 

: 2 1 0 9 3 . 5 9 3 . 5 0 

Table III 

n. 

; Total Diatom standing stock expressed as oeil 

nuinber per liter (n^ ) and as cell nuinber par m2 

(n^) calculated for the 0 - 1 0 0 meter layer. 

! total Diatom cells xlO-^ liter 

: total Diatom cells x l O per m2 

* : values calculated for the 0 - 1 5 0 m layer in brackets; 
for purpose of comparison, the extrapolated value 
for the 0 - 1 0 0 m layer 

D 

max 

Secchi m 

Depth 1^ 
L.I 

depth in meters of the maximum Diatom abundance 

depth in meters corresponding to the Secchi dise 
measurements 

depth in meters corresponding to 1^ of surface 
light intensity ( 2 . 7 x Secchi dise depth). 



per liter on the returu cruise at about latitude 6}°S, It 

inust be taken into account that the analyses of Kozlova, 

report on Diatcnis, collée ted by membrane filters and sepa-

rators and submitted to a rather complex treatment which might 

have involved a loss of cells (loc. cit. R» Hasle , 1 9^J9 » p. 38 ) « 

The resalts of Fukase ( 1 9 6 2 ) concern only surface samples, 

while the maximum biomass occurs, in many cases, beneath the 

surface, as is shovm in Table III, In both cases, the dif

férences in the techniques used, may account for the différen

ces observed with the cell concentration v/e recorded, 

Other areas in the Southern Océan howeverj were 

mors extensively investigated. Among them, the Western 

Atlantic sector, including the Drake Passagej the Bransfield 

Strait, the Weddell Sea, and the Scotia Sea. Hart ( l 9 3 ^ ) 
g 

found 10 Diatoms per 0 - 1 0 0 raeter haul, in the Weddell Seap 
6 7 

Fukase and El-Sayed ( 1 9 6 5 ) reported 10 to 10 cells per 

unit haul, in the Drake Passage. Because of the différent 

units used, no comparison can be made between those results 

and ours. It may only be assumed that, on the basis of pig~ 

ment analyses and primary production measurements, (Hart, 

1 9^1^2-El-Sayed et al.,^9èh - El-Sayed and Mandelli, 1 965 

El-Sayed,1967)» the Western Atlantic sector is richer than 

the other areas of the Southern Océan investigated, The 

Eastern Pacific sector, investigated by Rytter Hasle ( 1 9 6 9 ) , 
5 

shows an average .of 10 cells per liter, with a maximum of 

2 , 1 0 cells per liter. 
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These results are very near, although sorae what higher, than 

those we found in the African-Antarctic sector. The results 

of R. Hasle ( l 9<^9) are in opposition with those, done in the 

same Pacific sector^ by Hart ( l 9 ^ < - ) and El-Sayed ( 1 9 6 6 ) , 

based on chlorophy.il analyses, and by Kozlova ( 1 9 6 6 ) , based 

on diatom counting. This discrepancy is probably due to the 

différent inethods used (Rytfâr Hasle p « 3 7 ) ' In the Western 

Pacific, Maruino ( l 9 5 7 ) , analysing the biomass of Diatoms in 

3 4 
the surface layers, found an average of 10 to 10 cells per 

5 

liter, with a maximum of 10 cells per liter, near the pack 

ice edge. 

It may be concluded that the results we obtained 

within the African-Antarctic sector are in good agreeinent 

with the gênerai figures already available in the literature 

with the exception of the richer South-West Atlantic sector. 

Moreover, because of the fact that the data of the literatur 

were obtained by using quite dissimilar methods (Uterrnohl 

sédimentation method : Ryt.ter Hasle ( 1 9 6 9 ) ; Filter membrane 

and separator ; Kozlova ( 1 9 6 6 ) ; settling and centrifugation 

for surface samples : Marumo ( l 9 5 7 ) , Fukase ( 1 9 6 2 ) 5 net 

samples : Hart ( l 9 4 2 ) , Fukushima and El-Sayed (1965))and 

also during investigations undertaken at différent periods 

of the year, we believe that it is too early to subdivise 

already the Autarctic Océan in poorer and richer areaso 

The Xntarctic Océan has the réputation of being 

one of the richest régions in the world» However, when we 

compare the results obtained from the Atlantic-Indian sector 

http://chlorophy.il
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with those of other sectors. situated at similar latitudes 

in the Northern hémisphère, \ve note, for example, that 
g 

Braarud et al, ( 1 9 5 3 ) found 123„ 10 cells per m2 for the 

Norwegian «Sea and Cupp. EoE« ( 1 9 3 ^ ) » 10 diatoms per liter 

in the north eastern Pacific, near the coast of Alaska, 

The results are similar to ours. Hart ( l 9 ^ 2 ) , on basis of 

pigment analysesj compared the oceanic areas, south of the 

Antarctic Convergence, with the English Channel, excluding 

the South Georgia and Scotia area. Ile found, for both and 

during the period of the main increase, a similar average 

pigments content, Rytt'^r Hasle, comparing with results 

obtained in the Norwegian Sea and in waters of the East 

Creenland coast, concluded "that the Southern Océan was not 

found to exceed other areas in quantity" (loc. cit. p, 3 9 ) . 

In conclusion, if the Antarctic Océan shows a 

markedly high quantity of plankton in some définite areas, it 

seems not to be so exceptionally rich as sometimes believed, 

2 , Latitudinal distribution of Diatoms along the transect. 

Using the data set in Table III, 

figures 18 and 19 reprèsent the distribution of the mean 

Diatom abundances in function of the latitude, along approx-

imately the 2 0 s t . degree longitude, for both years, ^^6k-G^ 

and 1 9 6 6 - 6 7 , rospectively. The very limited number of sta

tions in the Subtropical and the Subantarctic régions, does 



not allow definite conclusionsj and the results are only 

reported as a rnatter of comparison vith those of other 

authors. With ir-eference to the hydrology, ' studied by 

MoSteyaert, the transect can be subdivided in différent ré

gions (see Chapter II), for each of which, we give, below, 

the average Diatom abundance within the 0-100 me ter layer. 

1964 -65 

Subtropical région Stat, 182 ^3 X 10-̂  Diat, /I 

Subti'opical Convergence Stat. I 8 3 

Antarctic région Stat. 184 

86 X 10-^ Diat. /I 

Stat, 185 
1 X 

Stat. 186 

Stat. 187 

1966-67 

Subtropical région Stat. 201 36 X 

Vicinity Subtropical 
Stat. 202 168 X 

Convergence 

Antarctic Convergence Stat. 20k 337 X 

Antarctic région Stat. 203 

S tat, 205 

Stat, 206 

Stat. 207 98 X 

Stat. 208 

Stat. 209 

Stat, 210 

v3 T - \ ^ 

98 X 10^ Diat. /I 
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182 183 184 185 186 187 

40" 50» 60' 7 ( f L a t . S 

F i g .18 N u m b e r o f D i a t o m s p e r l i t e r 

( v a l u e i n t e g r a t e d f o r t h e o - loo l a y e r ) 
C r u i s e 1964 - 1965 
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5 0 0 , 

D^Diat/l 

209 210 

70»Lat.S 

F i g . l 9 N u m b e r o f D i a t o m s p e r l i t e r 

( v a l u e i n t e g r a t e d f o r t h e o - loo l a y e r ) 

C r u i s e 1966 - 1967 
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The examinatioïi of thèse figures su^^gests several observa

tions. The Subtropical région (Stat. 182, Stat. 201) shows 

lower values tha.n the Subanta.vc tic and the Antarctic régions, 

as generally coiïf j.r;ned by the iiterature. To the Subtropi

cal Convergence, and for both years, correspond higher va

lues, compared to stations north of it» Moreover, a rnarked 

différence is noticeable betv;een the results obtained in 

1 9 6 ^ - 6 5 (stat. I 8 3 ! 8 6 X 10^ Diat/l) and in 1 9 6 6 - 6 7 (Stat, 

202 : 168 X 10-^ Diat/l). The zone of the Antarctic Conver-

gence gives the maximum recorded cell number of 3 x 10 

Diatoms per liter, of the whole transect, in 1 9 6 6 - 6 7 , while 

no data are available for the corresponding zone in 1 9 ^ 4 - 6 5 » 

due to the impossibility to sarnple in the heavy stormy 

weather. For the Antarctic région, the différence between 

the two years is also pronounced : in 1 9 6 4 - 6 5 , the relcttive 

low value (5I x 10"̂  Diat./l) obtained at latitude 5 4 ° 0 4 » S 

(stat, 1 8 4 ) is followed by a very high value ( 4 3 3 x 10"^ 

Diat./l) at latitude 57°32'S (stat, I 8 5 ) , while in 1 9 6 6 - 6 7 

a high value ( 2 9 4 x 10"^ Diat./l) at latitude 5 2 ° 0 4 » S (Stat. 

2 0 3 ) is followed by a decrease (corresponding to a mean of 

98 x 10"^ Diat./l, for the whole Antarctic région south of 

the Convergence). To note however, the relatively high 

value ( 9 3 , 5 X 10^ Diat./l) at station 2 1 0 (Lat. 5 9 ° 3 6 ' S ) , 

Tv'hich was near the continent. 
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The two cruisesy nothAvithstanding the fact that 

they were madc during the sanie pe.riod of the year, give a 

quite différent recor'd of the ].atitudinal distribution of the 

Diatom biomass» The most striking feature is the relative 

poverty of the Antarctic région south of the Antarctic Conver

gence, during the 19 6 6 - 6 7 cruise, compared to the high abun-

dance recorded near the Subtropical and the Antarctic Conver

gence. This interannual variability will be discussed in 

Chapter VI. 

Here again, the possibility of cotnparison with the 

existing literature, is very liinited, because of the différent 

methods used. Fukase ( 1 9 6 2 ) , working in the African-Antarctic 

sector at, approximatively, the sarae period of the year than 

we did, but only on surface saniples, found three peaks in the 

Diatom abundance distribution during the Japanese southbound 

cruise (late December) (Fig . 2 0 ) : one near the Subtropical 

Convergence (approxiinatively 4 l ° S ) and two in the Antarctic 

région; during the horaebound cruise (February), he observed 

two peaks : one ±n the Subtropical région, the second in the 

Antarctic région. Comparing our results, for surface saniples 

(Fig. 2 1 ) , we find a three peaks distribution for the year 

1 9 6 6 - 6 7 and a two peaks distribution for 1 9 6 ^ - 6 5 , although the 

lack of sainpling between St. I 8 3 and St. 184 left an uncertain-

ty on the values in the Subtropical région during that year. 

From the data reported by Zernova ( l 9 7 0 ) , summarizing the 

results of the first three cruises of the RS Ob in the Indian 

and Pacific 



Cel l number of D ia toms impo r tan t g e n u s and surface watc r t e m p é r a t u r e 
(Fukase, 1962. pLeal 
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sector of the Antarctic Océan diii-ing the southern summer and 

autumn of 1 9 5 6 ~ 5 S » three tnaxinia eire shown on the section 

between Africa and Antarctica î a first between Lat, 4 0°S 

and Lat. ^1°S (near the Subtropical Convergence), a second 

between L a t . U 9 ° S and Lat, 57°S, and a third south of Lat. ô ^ S . 

Kozlova {^9G6) report for the same section but during the 

kth RS Ob cruise, only one maximum between the 5 0 ° and 60** 

lat. S and a marked increase near the continent. The results 

obtained by the Japanese and the Russian authors on the 

distribution of the maximum Diatom abundance along the 

African-Antarctic sector, coiToborate with our data (although 

the values reported by Kozlova are infericr to ours) and 

demonstiyte the existence of a variability in the results 

between différent periods of the year (Pukase) or between 

différent years (Kozlova). 

The results obtained by Rytter Hasle ( 1 9 6 9 ) in 

the East Pacific sector show a greater biomass in the 

Antarctic région than in the Subantarctic région» El-Sayed 

( 1 9 6 4 ) and El-Sayed and Mandelli ( 1 9 6 5 ) , on basis of pig

ment anal^ï-ses, arrive to the same conclusion for the Drak« 

Passage. Similar results than those obtained during our 

1 9 6 6 - 6 7 cruise were found by Rytt-r Hasle for the first 

section of the Brategg Expédition (December 1 9 ^ 7 - 9 0°W 

longitude). 
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3 . Vertical distribution of Diatom abundances. 

The vertical distribution of phyto-

plankton dépends înainly on the li.ght pénétration and on the 

stability of the water. Diatoms have no xvay of inoving by 

inechanical means. Normally, they are slightly heavier than 

water and tend to sink, Margalef ( 1 9 ^ 1 ) has inade a review 

of the expériences done on the sinking rate of Diatoms, in 

natural as well as in expérimental conditions, and reports 

that the most coinn'.on values are 1 , 3 to 5 meters par 24 hours. 

This sinking rate does not only dépend on the shape and size 

of species, but also on the physico-chernical proTjerties of 

the water masses. Some diurnal variations in the vertical 

distribution of Diatoms has been reported, Vimpenny ( 1 9 6 6 ) 

interpreted the diurnal ascension of Diatoms as due to va

riations in the buoyancy of the cells (variations in oil and 

fat réserve and in the ionic composition of cell sap vacuoles 

However, if the sinking does normally occur, the trend is 

often disturbed by turbulence, 

The stability of oceanic waters, of which the 

simplified expression is E' = 10 ^-^ ( 5 density at tem

pérature t; z i corresponding depth), plays an important 

rôle in the vertical distribution of the phytoplanktonic 

oi'ganisms. The greater the stability, the more stratified 

are the water la3'-ers. If the stability is very low or 

unconsiderable, the waters are mixing over a greater depth 

and the phytoplankton is more uniformely distributed» The 
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stability of the v^aters is often subjected to local and 

seasonal variations. In the Southern Océan, this the case 

in the mixing areas encountered in the Convergence zones and 

in the ux^weiling région associated with the Divergence, as 

well as in areas where melting cf ice occurs, 

Tahle III, p. 6 0 , gives the depth of maximum 

cell numbers ( D ) for each station. It may be observed, 
^ max' ' 

from the data reported in this table, for the 1 9 6 6 - 6 7 cruise, 

that the depth of maximum cell iiumbers decreases f rom north 

to south and is situated within the first 2 0 meters for most 

of the stations, south of the Antarctic Convergence. This 

observation has some similitude with results mentioned by 

Kozlova ( 1 9 6 6 ) , according to •which"the depth in v/hich the 

réduction of diatoni density appeared inci^eased from south 

to north, along with the position of the discontinuity 

layer". For the 1 9 6 ^ - 6 5 cruise, the depth of maximum Diatom 

abundance, lays for ail stations between the 2 0 and 30 meter 

layer. lîowever, most of the observations repor'ted in the 

literature give mean maximum abundance values within the 

upper layers ( H a r t , 1 9 ^ 2 : 5 - 1 0 meter; Rytter H a s l e , 1 9 6 9 : 

25 meters in the Subantarctic région, 10 meters in the 

y\ntarctic région), a still appréciable number of stations 

have shown a maximum number of cells at greater depths 

( 7 5 and 100 meters). Ivanov ( 196^1 ) stated that "although 

bloom generally occured in the upper layei^s of the water, 

it was also observed at a depth of 5 0 - 7 0 meter, at soine 

stations richer in phytoplankton" (loc. cit. p. 3 9 5 ) and he 



8 9 10 log N 3 «t 5 6 7 

Fig. 22 : S t a b i l i t y (expressed as lO^E"; E '= l0 -3 ^ ) and D i j t o m a b u n d a n c e s ( in log. c e l l 

n u m b e r s per l i t e r ) p r o f i l e s . E x p é d i t i o n 1964-65 (Transect) . 



- 7 5 -

Fig. 2 2 (continuée)) : S t a b i l i t y ( e x p r e s s e d a s lO^E'; E' 1 0 - 3 a n d p i a t o r n _ a J ) u n _ d a n c e s (in log 

cell n u m l j e r s p e r liter) profiles. E x p é d i t i o n 1964-65 (Transect). 
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Fig. 2 3 : S t a b i l i t y ( e x p r s s s e d ab lO^E'; E ' = lO"3_d|jL; and D ia tom_abundançes_ ( i n log. c e l l 

n u m b e r s per l i t e r ) p ro f i les . E x p é d i t i o n 1966-67 (T ransec t ) . 
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Fig. 23 (con t inued) : S t a b i l i t y (expressed as lO^E' ; E ' = 10'-^ ^''"t) and Diatorr ; abunciances_ ( in log. 

c e i r n u m b e r s per l i t e r ) p ro f i l e s . E x p é d i t i o n 1366-67 (Transect) . 
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interprétée! this phenomenon as due to a settling, after the 

blooniing periodo The différences in depth of maximum 

phytoplankton abundance is most coz'tainly te be attributed 

to the action of several factors. In the Antaretic Waters 

tv;o of thèse factors are of particular great importance : 

the light intensity and the stability of the water (or its 

inverse : the turbulence), both of them depending directly 

on the sun radiation; the last one, at J.east, in the south-

ern part of the Antarctic région. 

Figures 22 and 23 give, for ail the stations 

along the transect of the 1 9 6 4 - 6 5 and 1 9 6 6 - 6 7 cruise, res-

pectively, the vertical distribution of Diatom abundances 

(expressed in log. cell numbers), compared to the stability 

profile (borrov/ed from the work of M.Steyaert). Thèse 

figui-es show, highly positive stabilities, within the 20~ 

30 meter layer, at ail stations situated south of the 

Antarctic Convergence and, especially, for stations v/ithin 

the pack ice zone or under its influence (stat. 2 0 8 , 2 0 9 , 1 8 6 

and 187)0 With the exception of Stat. 2 0 7 t ail thèse sta

tions also show a maximum cell number located within the 

upper 30 meters. On the contrary, for stations situated 

within the Antarctic Convergence or not far from it (stat, 

2 0 4 , 2 0 3 and 1 8 4 ) , the stability is nearly nullp within the 

100 meter water coluran. The high stability and the maximum 

cell numbers per liter in the superficial waters of the 

Southern part of the Antarctic région, are directly attri-

butable to the establishement of the suramer conditions 
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(increase of the sun radiation and melting of the ice). In 

the Convergence xone, the stability null and the uniform dis

tribution of the Diatom abundauce within the whole 100 ineter 

water column, are linked to the mixing of the waters due to 

the convergent motion itself, 

B, BREID BAY 

The stations in the Breid Bay are 

plotted on Fig. 8 and their coordinates, for both expéditions, 

are reported in Table I : 7 stations were sanipled in 1 9 6 4 - 6 5 » 

9 in 1 9 6 6 - 6 7 . 

The geography and the h^'-drology of the Breid Bay 

has been described in Chapter II/B. For the purpose of plank-

ton study, the Breid Bay will be considered as one hotnoge-

neous area, with respect to the environmental conditions. 

This is possible, as the hydrology is very similar, at ail 

the stations in the Bay for a same year. Consequently, the 

results will be analysed in function of time and not in func-

tion of their geographical position. 

The total Diatom cell number for the 

Breid Bay stations, sampled during both years, 1 9 6 ^ - 6 5 and 

1 9 6 6 - 6 7 , are reported in Table IV, The mean Diatom cell 

number for the 0 - 1 0 0 meter layer being ^6k x 10 cells per 

8 8 
liter (or 564 x 10 cells per m2) in 1965 and 5 x 10 (or 
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5 X 10 cells per in2 ) in 1 9 " 7 » ve uiay conclude that the mean 

concentration of Dlatoms between the two years, and for the 

same période differs within a proportion of 1 to 1 0 0 , The 

maximum cell nurr.ber per liter bf 1 . 4 x 1 0 ^ , ivas recorded in 

1 9 6 5 , at the 2 0 meter depth at both stations, 190 and 1 9 4 . 

k 

In 1 9 " 7 j the maximum recorded was 3»5 x 10 cells per liter at 

the surface, at station 2 1 1 . 

For both years, the Diatom biomass found in the 

Bay, differed from that found in the Oceanic Antarctic Vaters. 

ïndeed, in 1 9 6 ^ = 6 5 , the very rich Diatom populations encoun-

tered in the Breid Bay are in striking contrast with those 

relative poor, found at the oceanic stations 186 and I 8 7 . 

Sirailarly, in 1 9 6 6 - 6 7 , the exceptional low abundance found 

in the Bay shows a striking contrast with the data obtained 

at station 2 10 and, to a lower degree, at the other antarctic 

oceanic stations. 

Previous work on phytoplankton biomass in inshore 

waters has been done at Mawson ( 6 7 ° 3 6 ' S - 6 2 ° 5 2 ' E ), where 

Bunt ( i 9 6 0 ) investigated at two stations, from July to Janu

ary. The data reported by this author, for the 5 and 15 

meter levels, varies from 0 . 1 - 0 . 4 x 10^ cells per liter, 

in mid-November, to 1 0 . 5 x 10^ cells per liter in early 

January, then decreasing in late January, till 0 . 9 - 1 . 5 x 

1 0 ^ cells per liter. For the corresponding period, our 1967 

results obtained in the Breid Bay, corroborate the findings cf 

Bunt, at Mawson. 
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; 1 9 6 4 - 1 9 6 5 s 

î 
: Sto ^ 1 " 2 D 

xna.x 
S. D. m 

î 
D. 1 ^ L . I : 

; 1 8 8 •"544 544 20 m 1 1 30 : 
: 1 8 9 8 2 2 , 7 8 2 2 . 7 0 m 9 24 : 
: 19 0 7 5 8 . 6 7 5 8 . 6 2 0 m 9 2 4 : 
: 192 4 5 9 . 8 4 5 9 . 8 2 0 m 7 19 s 
: 19 4 . 8 2 8 . 2 8 2 8 . 2 2 0 m 85 2 3 : 
: 196 2 5 9 . 4 2 5 9 . 4 30 m 1 2 32 s 
: 197 2 8 9 . 0 2 8 9 . 0 30 m — — : 

s 
: 1 9 6 6 - 1 9 6 7 

: 
: 

î 2 1 1 ; 45 45 - : 
! 2 1 2 : 1 2 . 3 1 2 , 3 
: 2 1 3 i 5 . 7 5 . 7 
: 2 1 4 : 6 . 7 6 . 7 
: 2 1 5 . 4 . 7 4 . 7 
! 2 1 6 ! 4 . 7 . 4 . 7 
; 2 1 7 ! 4 . 2 : 4 . 2 
! 2 1 8 : < 1 
s 2 1 9 : 7 . 4 ! 7 . 4 

Table IV s Total number of Diatoms per m2 (n^xlO"^) 

and per liter (n^xlO ) calculated for the 

0 - 1 0 0 m layer - Breid Bay Stations. 

3 

X 10 s number of cells per liter 
g 

X 10 : number of cells per m2 
D : depth of maximum abundance of Diatom cells 
max 

Secchi r,i : depth in meters measured for the extinction 
of the Secchi Disc 

Depth 1 ^ 
L. Int : depth in meters corresponding to ^ % of the 

surface light intensity (calculated with 
the formula u = 2,7 x d) 

* : depth of maxiinum abundance not reportedj as 
différences between abundances of ail depths 
were slight. 
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Figures 2h and 25 give, for the years 

1965 and 1967» respectively. the vertical distribution of the 

Diatom abundancss, opposite to tho stability profiles. We 

have already brou^,-ht the attention to the great différences in 

the total mean cell numbers existing in the Bay between the 

two years investigated. Thèse différences correspond to a 

diffei^ence in the vertical distribution of the stability 

profiles between the two years, although the condition of wa-

ter stability is not the only factor i^esponsable for the more 

or less important development of phytoplanktonic populations. 

In 1 9 6 4 - 6 5 , the stabilities are almost positive and both^ 

the magnitude of the stabilities and the depth of raaximiira 

stability, vary greatly, This situation results from a deep 

r e-arrangetnent of the différent layers , due to the establish

ment of the summer conditions, and corresponds in this case 

to an important Diatom biomass. In 1 9 6 6 - 6 7 , the stability 

profiles are quite différent. For ail stations, except 

stations 218 and 219» which lay a little outside the Bay, the 

stability profiles are composed of two distinct parts : a 

highly stable upper layer, limited approximately to the 30 

meters depth, and a lower layer, from 30 meters down, where 

the stability is nearly null. Assuming that the winter con

ditions correspond to a null stability (high turbulence) for 

the whole profile (uniformity in the distribution of tempe-

rature and salinity), the aspect of the stability profiles 

would confirm that, during that year, 1 9 6 6 - 6 7 , in the Bay, 
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F i g . 2 4 : S t a b i l i t y ( e x p r e s s e d • as lO^E'; E'= 1 0 " 3 a n d Diatorn_^b_undançes (in log. ce! ! n u m b e r s . 

per l i ter ) p ro f i l e s . - E x p é d i t i o n 1964-65 [B re id Bay]. 



Fig. 25: S t a b i l i t y ( e x p r e s s e d as lO^^E'; E ' = I0~3.dg-t) and D i a t o m _ j b u n d a n c e s ( i n l og . ce l l n u m b e r s 

per i i t e r ) p r o f i l e s . E x p é d i t i o n 1966-67 ( B r e i d Bay). 
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only the upper meters were influenced by the suniraer con

ditions (-warming- up by sun radiation and réduction of sali-

nity due to the ineiting of the ice). Thèse conditions of 

stability did correspond to a reduced Diatom biomass» 

Usually, high turbulence (weak stability) is as-

sociated with high production, while to high stratification 

corresponds low jjroduction. This is apparently in contradic

tion with tlie results we obtained in the Bay, but niay be 

explained by the Sverdrup effect. Indeed, a good corrélation 

exists between our results and those obtained by Sverdrup 

( 1 9 5 3 ) in the North Atlantic ( 6 6°N, 2°E) where he démonstrated 

that vertical tnixing which is toc deep, does not allow Algae 

to staj»- long enough in the illuminated zone; on the other 

hand, stabilized layers of inixing 'above the critical depth 

(depth above which the total algae production would exceed 

the total destruction by respiratory breakdo^im; and consequen-

tly depeuding on light) increase in efficiency as they get 

shallower on account of the greater intensity of the light 

energy available. Sverdrup was able to show that plankton 

did in fact only develop in spring at times when the depth 

of the tnixed layer is less than the critical depth. In case 

of the Breid Day (Fig. 2 6 ) in 1 9 6 6 - 6 7 , the situation as ob-

served, is very close to vinter conditions, There is an 

honiogenuous distribution of densities within almost the whole 

watér column, except the sutasuriace layer where a first stra

tification appears and to which corresponds a local and limite( 

increase in phytoplankton (as for example at station 2 1 l ) , 



- 8 7 -

1964-1965 1966 - 1967 

Fig 26 : Schemat i c représentat ion of the re la t ion b e t w e e n dep th of mixed 

layer and D ia tom abundance Breid Bay. 

I : upper m i x e d layer. 

I I : homogenuous w i n t e r layer. 

dark; D i a t o m abundance. 

» > ; probable c r i t i c a l depth. 

This first start of phytoplankton growth in the subsuri'ace 

layer is already not important enough to influence on the 

existing situation; we inust still consider, as dominant» the 

fact that the mixing layer extends within the whole water 

column down to the bottom and, consequently, also below the 

critical depth. To thèse conditions correspond a reduced 

Diatom biomasso In 1 9 6 ^ - 6 5 » the situation has evolved to-

wards the establishment of a mixed layer within approximately 

the first 75 meters, most probably above the critical depth, 

and would explain, according to the Sverdrup effect, the 

important growth within this layer. 
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C . I C E 

Table V gives the total amount of 

Diatoms and Phaeocystis (Chrysophyceae), for each sample of 

ice analysed, exi^ressed in cell numbers per liter of melted 

icoo The sampling period is qui te sitnilar for the two years ; 

1 6 a n d 2 9 J a n u a r y in 19651. a n d a n d 2 6 J a n u a r y in 1 9 6 7 . 

The samples of the l 6 t h January 19^5 were taken 

in fast ice at the 15»35 and ̂ 15 cm levels below the top cf 

the floe. No Diatoms were found in it, the population being 

entirely coinposod of Phaeocystis, At the 15 cm level , Phaeo-

cystis cells were found sporadically, while, at the 35 and 

6 6 
k3 cm levels they amount to ^ x 10 and 6 . 7 x 10 cells per 

liter, The ice samples of the 2 9 t h January were taken in the 

pack ice, from an ice floe of I 6 0 cm heightj only the lower 

part, from 120 to 160 cm, was examined at three successive 

levels (Table V î VIII,IX,X), duplicated by a sample corres-

ponding to the lowest 15 cm. From an other part of the same 

floe, which looked particularly rich, two samples were taken, 

corresponding to the inferior 10 and 5 cm layerst From the 

data reported in Table V an increase in Diatom abundance can 

be observed (from 1 , 3 x 10^ to 1 2 , 7 x 10*^ cells per liter) 

with the diminution of the distance to the bottom. V/e note 

also that the abundance of Diatoms seeras maximum in a layer, 

few centimeters from the bottom. 
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Date 

1 6 - 1 - 6 5 

1 6 - 1 - 6 5 

1 6 - 1 - 6 5 

2 9 - 1 - 6 5 

s i l + = . i « 6 7 

2 6 - 1 - 6 7 

2 6 - 1 - 6 7 

2 6 - 1 - 6 7 

Pos i tion 

7 0 » 1 9 » S 

2 4 ° 1 2 ' E 

7 0 ° 1 5 ' S 

2 4 ^ ^ 2 0 « E 

6 8 ° 5 0 » S 

2 6 ' ^ 3 1 ' E 

7 0 0 1 8 ' S 

2 4 0 1 2 

1 9 6 4 - 1 9 6 5 

Lev&l 

15 cm froni top 
(Fast ice) 

35 cm from top 
(Fast ice) 

45 cm from top 
(Fast ice) 

VIII laver 
112-128 cm 

from top ice floe 
IX layer 

1 2 8 - 1 4 4 c m 

from top ice floe 
X layer 

l 4 4 - l 6 0 c m 

from top ice floe 
15 inferior cm 

same floe 
10 inferior cm 

same floe 
5 inferior cra 

same floe 

1 9 6 6 - 1 9 6 7 

surface pack ice 

undersurface 
of young pack ice 

(brown-green 
coloured) 

undersurface 
of young pack ice 
(différent floe) 
undersurface 

of young pack ice 
(différent floe) 

Diat o/̂ l 

1 . 1 0 

4 . 3 x 1 0 

7 . 5 x 1 0 

6 , 6 x 1 0 ' 

1 2 , 2 x 1 0 

1 0 . 2 x 1 0 

6 6 
2 3 xlO s + 2 , 1 0 

Phaeocyst, 
cells/l 

f ew 

+ 4 . 0 x 1 0 ^ 

+ 7 xlO^ 

+ 0 . 3 x 1 0 ^ 

présent 

présent 

1 7 6 x 1 0 

3 3 1 x 1 0 

4 5 8 x 1 0 

f ew 

présent 

présent 

Table V : Diatom (and Phaeocystis) cell numbers per liter re-

corded in seti ice samples. 



The sample of the î4th January ^967 was taken from the sur

face "plankton. icelayer" of i^ack ice, north-east to the Breid 

Bay ( 6 8 0 5 0'S " 26°31 '1B), The abundance of organisms found 

was 2 5 . 10^ ce.l.i.s per liter^' Ali sainples of the 2 6 t h January 

1967 were taken frora the bottom plankton ice layer of a one 
g 

year old floe . The abundance in Diatoms ranged from 1,8.10 

to 4 , 6 . 1 0 * ^ cells per liter. 

The compai'ison of the results obtained for the 

two years shov/s that the data obtained from bottom plankton 

ice saniples» taken in 1967» were 100 tinies hi,^her than for 

corresponding sampleSj taken in 1965» The comparison between 

densities of organisms from bottom pack ice and from surroun-

ding seawater, for both years, gives the following results : 

196^-65 1966-67 
(cells per liter) (cells per liter) 

bottom ice 7 , 0 , 10^ 320 , 10^ 

seawater 0 , 5 . 10^ 0 , 0 0 5 . 10^ 

The Diatoms were, in 1965 , 10 times more dense in the bottom 

ice layer than in the surrounding water, 1 0 0 . 0 0 0 times in 

1967. 

The literature concerning the micro-

algae of the ice is very sporadic and the main difficulty 

which prevGnts coinparisons is due to the différences in the 

ice levels studied. Interest for the ice flora began with 

Gran ( 1 9 0 0 ) , who described Diatoms recovered from Arctic ice 

floes. 
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In the Antarctic. Bunt (1963f 1 9 6 4 , 1 9 6 5 ,1 9 6 8 ) , Bunt and Wood 

( 1 9 6 3 ) , Buinitsky ( 19^5), Bunt and Lee ( l 9 7 0 ) have made inves

tigations on the lov/er layer oT the ice and especially on the 

undersurface icelayer (or brash layer). Burkholder and 

Mandelli (19(^5) and Meguro {^^62) have studied the plankton 

icelayer at the sea ievel (between ice and snow). Most of 

thèse studies deal essentially with productivity iiieasurements 

and pigment analyses. ^ery few date about cells number are 

given by thèse authors. Bunt reported, at Me Murdo Sound, for 

, 6 

the undersurface layer, 4 , 5 » ' 0 Diatoms, in December *b2 and 

l 6 , 8 « 1 0 ^ Diatoms per liter, in January ' 6 3 . In more récent 

inve s tigations ( 1 9 6 7 ) , Bunt report up to cells per liteTp 

in. Koveniber. Andriashev ( 1 9 6 6 ) reports for the same layer 
6 

in the vicinity of Mirny, 37»10 Diatoms per liter. No 

cornparison is made by thèse authors vith the surrounding 

waterso Burkholder and Mandelli (196.5) t investigating the 

chlorophyll content of the ice layers, found, for the sur

face plankton ice layer, a chlorophyll a content and a pro

ductivity 30 times greater than in the seawater. Ajjpolonio 

( 1 9 6 1 ) , in the Arc tic, found that the high chlorophyll con

tent in the ice layer preceeded and, in some respect, limited 

the growth of plankton in the v;atercolutnn, beneath the floes, 

From our figures as well as frora the 

data, available in the literature, it can be concluded, that 

the ice milieu is really favorable to algal development, 

especially at two levels : the Jowest layer of the floes and 

the sea level layer. 
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These two levels are probably charac terized by a hi^jh gradient 

of nutrients concentration. Of both levels, tlie sea level is 

the most illuiiiinated one, but ia the one with the poorest 

nutrient contente Because of the developinent of the Algae at 

that level, a constant supply of nutrients is brought in, 

from the surrounding water. On the other hand, the bottotn 

level is less illuminated but is very rich in nutrients, as 

démons trated by nuti-ient analyses (see Chapter II/C). The 

contact of tliis bottom layer with surrouuding water containing 

less nuti'ients makes tiiat this level is subjected to an intens-

flow of nutritive éléments. This riiay be related to the ini-

p)ortant developinent of Algae at tliat layer, The high celle 

content corresponds to a real growth and cell division acti-

vity, as could be démonstrated by the high pigment content 

and productivity values, and also iîifered from comparisons 

between growth constants, deduced from cell counts, in natural 

conditions, as well as from results obtained with purs cultu

res of ice species grown, in similar conditions. The algal 

development in the ice preceeds the phytoplankton growth in 

the surrounding water area. Therefore it seems logical that 

it was during tha still 'winter' conditions of 19^7 that we 

found great quantities of algae in sea ice and a very low sea 

water population density, and an inversed situation during 

the more "Sumraer" conditions of I 9 6 5 . Bunt ( l 9 7 0 ) has shown 

that the ice algal development starts early in the season. 

5 

In August, under continuous darkness, he found up to 10 cells 

per liter, within the interstitial water and 5 « 1 0 cells per 

liter for melted ice cristals. 
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IV. SPECIES DI.STKÏLÎUTION AT SACi'I STATION 

As stafced in the introduction of previ-

ous chapter, one of the ways to approach knowledge on the orga-

nization of living matter, is the study of naturai populations 

as a response to their environrtient. This refers not only to 

a quantitative, but also to a qualitative aspect. Indeed, it 

is importcint to knov; the quality of the différent éléments 

which build up a given population and to nieasure its complexi-

ty in relation to the enviroiimental factors. 

In this chapter we shall proceed with the analyses 

of thô différent populations encountered at the différent sta

tions, and we shall inveatigate a tentatively corrélation bet-

v.'eeri the population composition and. soiiie of the environnien tal 

factors. 

For ail stations, température and salinity nieasure-

mei\ts (M , Steyaer t ) will refer to Fig, 9 » 1 0 , 1 1 j 1 2 . Sometimes ré

férence will be made to chlorophyll content and priniary produc

tion (M 0 Steyaert ) . For some stations we v^ill include phosphate 

content results investigated by A.Ballester and M.Steyaert. 

A. TRANSECT 

The total Diatom quantity recorded at 



ail standard dspths ( 0 , 2 0 , j 5 0 , 7 5 and 100 meters) of each 

station along the transect Cape-Town - Breid Bay, is repor-

ted, for both expéditions, in Table VI and represented on a 

log. scale, on Fi^j, 2 7 . For ail stations 5 the depth of 1 "jo 

light intensity (u), calculated froin the Secchi dise measu-

rements (see Table III) is represented by arrows. From Fig. 

27 it can be seen that, in 196^^-65, the depth of 1 °o light 

intensity lies x\?ithin the upper 3 0 - 5 0 meters and increases 

slightly for the t\vo southernmost stations. In 1 9 6 6 - 6 7 » this 

phenomenon is more pronounced and the position of the 1 "jo 

light intensity clearly lowers southvardj, standing below the 

75 ineter depth at station 209» 

1 . 1 9 6 4 - 6 5 cruise 

Station 182 

Position s 40 ' ' 25'S - 1 9 ° 2 4'E 

Total mean abundance ; ^ 3 , 5 0 0 Diatora cells/liter 

Species composition : see Table V U » 

This station is situated in the Subtropical 

Vaters, north of the Subtropical Convergence.. The depth of 

the maximum abundance is at 20 meters, above the 1 ^ light 

transmission, while the quantity of Diatoms decreasesuntil 

the 100 meter level. In the first 20 meters, Chaetoceros 

neglectus, Chaetoceros affinis and Dactyliosolen are the 

dominant species, while Nitzschia gr. Pseudonitzschia is 

dominant at 50 and 75 meters. 



1964-65 

182 133 184 135 186 187 

0 .50 .120 .50 ,360 .29 .45 

2 0 .88 .149 .36 .352 .76 .45 

3 0 - .124 .72 .969 .26 .40 

5 0 .50 .85 .45 .736 .44 .25 

75 .10 .50 .609 .46 .14 

100 
m .2 .13 

1 ! 

.55 .47 

1 

.15 .4 

1 

9 6 6 - 6 7 

2 0 1 2 0 2 2 0 4 2 0 3 2 0 5 2 0 6 207 2 0 8 2 0 9 210 

,24 .114 .320 .320 .87 .170 .8 .12 .37 .430 

2 0 .41 .171 .247 .397 .143 .12 .61 .32 .29 .117 

3 0 _ .24 .201 .365 • .139 .38 .34 . 6 . 

50 .35 .120 .494 .304 .134 .22 .57 .17 .4 .45 

•75 - .51 .278 .277 .298 .206 .65 .34 .10 . 6 . 

100 
m 

.30 .31 

1 

.258 

1 

.37 .116 • • .24 .2 .13 

1 
4 0 ° 5 0 » 60' 7 0 ° 

Table VI : D i s t r i b u t i o n o f D i a t o m c e l l s per l i t e r (N x 103) a l o n g the t r a n s e c t C r u i s e 1 9 6 4 - 6 5 and 1966-67 



1964-1965 

DeptK 
(m) 

Stat ions 182 183 184 185 186 

70° Lat .S 

187 

1966-1967 

100 

DepthL 
(m) Stat ions 201 202 203 204 205 206 207 

Lat. S 

208 209 2IP 

Fig. 27: V e r t i c a i d i s t r i b u t i o n of D i a t o m a b u n d a n c e s , exp ressed as log N CN x 10^^ ce i l nunnbers per l i t e r ) at each s ta t i on a i ong the 

t r a n s e c t d u r i n g t h e 1964-65 a n d 1966-67 e x p é d i t i o n s . The a r r o w s rep resen t t h e d e p t h of l%o s u r f a c e l i g h t . 
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The hydrology shot'vs uniform température and salinity pattern 

within the first 100 raeters ( l9569<^C and 3 5 , 5 3°/oo sal, at 

G meter), resulting in a marked absence of stratification 

of the waters within thèse dei>ths. 

Station 183 

Position : 4 3 ° 3 5'S - 2 0 0 0 5»E 

Total mean abundance : 8 5 . 9 5 0 Diatom cells/liter 

Species composition ; see Table VIII,, 

This station faces within the Subtropical Conver

gence zone. The depth of maximum abundance, only slightly 

appeai'entf is at 20 metersj above thé 1 ^ light transmission 

depth; up to 50 meters the quantity of cells remains important, 

decreasing regularly below this depth. Nitzschia gr « l^seu-

donitzschia is dominant at ail depths; at the O meter the 

sx^ecies is associated with Chaetoceros neglectus (?), Chaet-

oceros affinis and Thalassionema nitzschioides, the latter 

increasing in relative importance frora 20 meters on. By net 

hauls N. gr. Pseudonitzschia was by far the most dominant 

species. There is a marked différence betv/een the tempéra

ture at 0 meter ( l 3 . 3 7''C) and 10 meters ( l 6 „ 1 7 ° C ) corres-

ponding to a stx-ong instability at this station in the first 

30 meters which implies that Station I 8 3 lies in a zone of 

great turbulence and of possible vertical mixing. The tur

bulence in this layer seems to correspond to a uniform high 

Diatom abundance to a large exterit due to Nitzschia gr, 

Pseudonitzschia and Thalassionema nitzschioides. 



STATION 182 ( 4 0 ° 2 5'S - 19«>24«E ) 

\J lii '1 r\ -y, 
> jKj xn 

m : o n 1 UU lu : 

• 

: Nitzschia gfo I-seudon. 

— 

*C D UU / o 1 3 0 j'O . ^ DUU + : 
; Dact. antarcticus (var) • 1 "7 "̂ O + î + 
: unaeto ciiixnis 1 f-C 1 •+ vj » 7 0 0 > lu M- u U 
: Chafeto negXectus / O vJïJ 1 ^ ^ H 
: RhiZo curvata , + 
: RhiZo alata 
; Khiz, setigera t Q ry/-^ 720 •1 r\ 

: Corethron criophilum l iC DUU ; 1 / 3 0 

: Thallassiothrix méditer. oyO : + 
: Tha11aBsiothrix frauenf» ; 
î Thallassion, nitzschioido ; + ! - ! 3OU 
: Chaet, atlanticus (var) ! 1 730 o /A 
î Chaet. penivianus ! 1 ( JU • 1 h K 

; 1 H 
; + 

: Chaet. messanensis ! + » o o tf"* r\ ! p <cUU •7 p 

î Bacteriastrum ! J ti. (V ; + DU 
* 

S rieiîiialijlu.s J i a u c K i x » 0 {\j 

: Nnvicula sp« > 0 ^ u 
: Tha1assiosira 1̂  1 fin ! J UU + s 
; Tropidonexs ! + 
: Rhiz. styliformis ! + 
: Chaet. sp. divers 6 070 - t + : 
1 Nitzschia closterium (long) î 1 000 : 520 
î Chaet. anastoraasans s 1 450 
: Chaet. socialis 3 300 
: Nitzschia Nitzschiella ! 720 i 6 000 
j Melosira ; + ! 520 
s Coscinodiscus sp. 300 
: Chaet. penduluni 360 500 
: Lauderia borealis 1 700 < 
; Stephanopyxis ! + ; 

Table VII 



STATION 183 ( 4 3 ° 3 5'S - 2 0 ° 0 5 ' E ) 

: 0 m ; 20 m 30 m : 50 m : 75 m s 100 m : 

; 
2 Nitzschia gr, Pseudon, ! 3^ 000 : 58 500 : 34 000 : 37 200 : + : 

: Chaet, neglectus 16 500 : 2 500 2 '4 00 ; ^ : + : 

î Chaet. affinis : 12 100 : 12 500 ; 10 hOO S — ! ~ S 
! Chaet. messanensis k 300 : 700 : 1 600 ! 1 700 ; — ; 

: Thallassiosira ï 1 730 : h 280 ! 1 6OC ! ~ S 
î Chaet. peruvianus ! 3 ^50 i _ 1 060 > _ i ~' : 
; Thallassion. nitzsch. . 11 000? : 32 500 ! 22 8S0 : 1 700 
: Nitzschia closterioid. 2 000 : 6 100 : 3 700 : 1 730 . — : 

; Chaet, brevis ; k 000 
: Dact. antarcticus var 870 : 2 100 : 1 330 : k 34o 
: Thallass.thrix med. î 2 600 • 5 710 3 990 ! 870 
5 Navicula meinbranacae 800 1 000 
: lîhiz. curvata 3 500 ! 350 
{ Rhiz. alata 870 ! 2 500 : 2 390 * o a * 

: Rhiz, delicatula : + * ta, • 

! Rhiz. styliformis 1 730 : 270 5 1 700 » + t 
: Rhiz. hebetata 2 600 : + 

; Chaet. pendulum + ! — * » • 

; Nitzschia bicapitata : + ; — — : ! : 

: Asterionella japonica + ! — — ; — — ; 

; Eucampia cornuta — : 1 780 1 330 : — : — ; 

: Chaet. didymus - s + — • — ! — : 

; Chaet. atlanticus 1 800 300 a» • 

: Thallass.thrix (long) 2 900 . 2 500 mm • 

: Thallass.thrix fiau. : 6 780 2 930 : 3 ^70 met • 

s Coscinodiscus sp. , — + 2 900 ï •u • 

: Rhiz. Bergonil 2 100 500 
: Corethron criophilum 1 070 270 s 1 700 
; Hemiaulus Hauckii 4oo 
î Navicula sp. 2 kOO + : 

: Chaet. socialis ; 1 000 • 
; Frag. "nana" : 500 • 
: Chaet. criophilum ! 1 700 ; 

Table VIII 
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A great primary production was recorded in the fir-st 50 metersj 

associated with a rapid decrease below this depth. This cor-

roborate the results on Dicitom abundances, When cornparing 

the two stations 182 and 183> no niarked différence is found in 

the species coniposition, Also niust be noted the présence of 

Peridinea, Coccolitophoridae abundant species of Tintinnidae 

and a few Cyanophyceae. 

Station 184 

Position s 3k°0k^S - 1 9 O 2 0 « E 

Total niean abundance : 5O.85O Uiatom cells/liter 

Species composition : see Table IX, 

Station 184 is located at about 4 ° latitude south 

of the Antarctic Convergence. Fige -̂ ^ shows a quite honio-

geneous distribution of the Diatoin abundance with a slight 

niaximum at 3̂ ^ meters which lay above the 1 ^ light intonsity . j 

The dominant species in the Nansen bottles samples were 

Chaetoceros atlanticus and Nitzschia gr. Pseudonitzschia, 

associatedj with Fragilariopsis kerguelensis and Fragilariopsis 

rhombica in. the 0 - 5 0 meter layer, and with Chaetocei'os dichae-

ta and Fragilariopsis curta below this depth, The results 

obtained with the net give a quite différent picture s 

Chaetoceros criophilum, Corethron criophilum, Thalassiothrix 

antarctica and some colonies of Fragilariopsis kerguelensis 

forming clumps, visible with the naked eye, together, they 

represent more than 3 / 4 of the total bulk. The net hauls 



STATION iQh ( 5k°0'-ifS ~ 19O20"E ) 

0 ! 20 m : 30 m ; 50 m ! 75 m < 
-

100 m : 

; Nitzschia gr. Pseudon. 1 3 000 k 680 7 000 11 300 i 8 ^00 ! h 3^0 : 
: Chaet. atlanticus ! 6 9^0 , 10 800 ! 'ih 210 i 8 670 ! 8 750 . 6 900 5 
; Frafj. kerguelensis 6 930 3 600 • 3 260 3 470 ! 700 , h 340 s 
: Frag. curta î 2 880 1 1 650 5 200 • 5 950 : 2 600 : 
: P̂ i'af̂ , rhombica ! 1 730 • 2 800 ! 10 000 : 2 600 : 2 SOO 3 '460 : 
: Dact. ant<, (var) : 800 • 360 i '^70 : + ^ » 

: Chaet, dichaeta 870 930 . + : 6 300 + î 
; Nitzsçh, Nitzschiella 800 
: Nitzschia bicapitata k 3kO _ > ™ c 
; Chaet. neglectus 2 600 _ + ï — S 

: Chaet, criophilum 1 730 1 080 2 100 3 470 < 1 hoo » ^ • 

: Navicula sp. 1 700 300 200 ! + : 
! Chaet. peruvianus 800 
: Thallass,thrix ant. 1 730 360 930 1 koo 
: Rhiz. alata 2 1 00 1 150 870 ! 350 : 2 600 : 
: Hhiz. hebetata 1 080 1 hoo ; „ ; 

! Rhiz. Chunii : 300 : — < . 2 600 : 
î Frag, "nana" 2 500 9 800 < 2 600 : 300 . 17 300 : 
: Asterotnph, heptactis ! 720 230 + — t 
; Chaet. flexuosus 360 ' 230 
î Melosira 300 200 • k 300 1 ^00 ! + S 

! Nitzschia closteriutn 700 700 
: Coscinod. tuniidus : + 
: Chaet. convolutus : 700 : 1 400 
: Corethron criophilum ! - { ^ : 200 s + ! 350 
: Thaiassiosira ! 1 600 ' 3 150 : + î 
: Tropidoneif 230 
: Eucampia balaustlum + ! + 
j Synedra reinboldii + 
5 Charcotia actinoch. 1 730 ; 

Table IX 



STATION 185 ( 57°32'S - 21°20'E ) 

o m 20 m 30 ID 50 m 75 m 100 m 

Nitz$chia gr. Pseudon. 45 950 J2 720 133 950 92 800 17 000 9 500 
s Fragilariop. kerguelensis . 64 160 55 150 190 950 79 460 18 700 + . 

Frag. rhombica 20 810 15 150 49 590 JO 160 7 650 + 
Frag. "nana" 7 800 5 450 16 530 20 JOO 1 270 1 730 
Chaetoceros atlanticus J8 150 19 390 62 1 JO 96 280 10 620 10 400 
Frag. obliquecostata 10 400 ? ? ? ? ? 
Chaet. dichaeta 17 340 15 760 60 420 34 800 5 950 
Corethron criophilum 3 470 J 640 6 270 8 700 2 120 
Navicula 1 1 270 12 120 55 290 :' 60 J20 8 500 5 200 
Frag. cylindrus 870 210 lU 200 4 060 850 
Dact. antarcticus 2 600 600 5 700 5 220 420 -' 

Synedra reinboldii 20 810 1 210 14 250 10 440 1 700 
Chaet. neglectus 19 940 17 570 59 280 77 140 6 800 6 9 110 
Asteromphalus parvulus 2 600 600 3 420 580 420 
Thallasiothrix antarct. 4 340 . 14 540 81 510 33 640 8 500 . 
Rhizosolenia Chunii 1 730 4 850 6 270 . 4 060 : 850 . 
Rhizosolenia alata 870 600 10 260 5 220 + 
Chaet. criophilum 870 210 1 140 
Tropidoneis 1 700 1 820 5 130 3 480 850 · · Nitzschia "closterioides" 45 950 33 290 34 200 42 J40 
Nelosira 1 700 + 2 320 
}! icropodisc. Oliverianus 2 600 2 280 160 
Rhiz. styliformis 1 730 9 120 420 
Dactylios. antarc. (var) 2 600 0 
Coscinodiscus Spa 1 700 + 
Coscin. lentiginosus 600 2 850 580 
Thalasiosira li 850 18 810 8 120 2 970 
Frag. cf. sublinearis 4 850 6 270 6 960 
Chaet. convolutus 3 OJO + 2 900 850 
Chaet. Castrac' 1 210 14 250 1 1 020 . 1 700 . . . 
Chaet. flexuosus 1 820 5 800 
Charcotia actinoch. 600 570 580 
Chaet. lIendeyi + 12 540 
Eucampia balaustium + + · · Nitzschia closterium 1 140 2 900 420 
Asteromphalus heptactis J 990 1 160 
Hhiz. hebetata 100 

Table X 
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taken from 2 5 0 to 0 tneter give, in th±s case, a very false 

idea of the relative composition of species. The hydrology 

shows also an homogeneity oT the densities within the 0 - 1 0 0 

meter water coluinn with a slight increase at the 100 meter 

level reflected by the homogeneity in the Diatoin abundance 

and a quite uniform distribution of the species in the whole 

100 meter water column, The surface température was 0,2^°C, 

passing 0°C below the 75 meter level, while the salinity was 

nearly 3 ^ » 0 6 ° / o o within the whole first 1 0 0 meters. The 

chlorophyll and the productivity curves are in good corréla

tion with Diatom abundance profile. 

Station 185 

Position : 5 7 ° 3 2 ' S ~ 2^°20'E 

Total mean abundance : 4 3 2 , 8 7 0 Diatom cells/liter 

Species composition : see Table X, 

Station 185 is located in the Antarctic Vaters, 

before the pack ice edge and before the Antarctic Divergence, 

This station shows greatest abundance among ail the stations 

examinedp with a pronounced maximum at 30 meters, which v/as 

also the depth of 1 '/y light transmission. The dominant 

species were Fragilariopsis kerguelensis and Nitzschia gr, 

Pseudonitzschia in the first 30 ineters, while at 50 meters 

and below, the abundance of each species was equaily shared 

between Chaetoceros atlanticus, Nitzschia gr. Pseudonitzschia, 

Fragilariopsis kerguelensis aiid Fragilariopsis curta. 



It must be obnervv^d 1;hat quite a. lot of south antarctic 

species (Frag. ciirta, Frag, cylindrus, ]Cucainpia balaust., 

Chaet. flexuosuoum, Synedréi reinboldii. . . ) appears at Sta

tion 185» while they were Tound only occasionally at ST. 1 8 4 , 

The first meters fortn an homogeneous layer of d^nsity 

( cr̂  = 2 7 ) due, partly to the summer heating (température 

around 0 ° C ) and partly to tJie icelting of the sea ice ( 3 3 , 6 2 

°/oo salinity). Below, the température dropped qui.ckly to 

- 1 , 6 1 oc at 7 5 nieter, the salinity being 3 4 , 1 1 ° / o o at the 

same depth. Obviously the bulk of phytoplankton was bctween 

30 and 50 metersj at the transition between the surface layer 

of equal density and the layer below. This is confirtned by 

the productivity curve. 

Station 186 - 187 

Position : ! St. 1 8 6 ! ; ô 5 ° 0 9 ' S - 23^k7*E 
St. 1 8 7 ! : 6 8 ° 1 1 • S - 2 5 0 3 5 « E 

Total mean abundance ; : St. 186 : ; 4 1 , 4 7 0 Diatom cells/litor 
St. I 8 7 ! : 2 6 . 8 7 0 Diatom cells/liter 

Species composition ! ! St. 1 8 6 ! ; see Table XI 
St. 1 8 7 : ; see Table XII. 

Station 186 and station I 8 7 are both in. the area 

influenced by the melting pack ice. The vicinity of the ice. 

floes is reflected in the phytoplankton composition by the 

présence of ice originated species as Amphiprora Kufferathii, 

Fragilariopsis curta. 



STATION 186 ( 65°09'S - 230^*7 «E ) 

0 m 20 m 30 m ' 50 m 75 m 100 m : 

: Nitzschia "closterioides" 6 940 3 610 + : — 1 720 •f S 

; Frag, "nana" 1 730 25 580 1 910 • 1 730 : 7 '70 1 760 : 
: Fr-ag, curta h 340 8 3^0 • 1 900 • 5 200 : 1 720 2 6̂ 4 0 : 
: Frag, rhombica + 560 ! + 880 s 

: Nitzschia Pseudon. : + 2 500 + + 3 4oo 3 520 : 
: Corethi'on criophilum 3 470 18 630 ,\h 7^0 8 670 ! 5 4oo 1 100 : 
: Amphiprona Kuffercthii ! 1 700 
: Frag. antarcticus + 500 5 000 + 
: Chaet. convolutus + 550 1 730 570 
: Chaet. neglectiis 1 950 6 9^0 12 0=50 2 420 : 
: Thalasiothrix antarct. + + 860 
: Chaet. criophilum : 1 950 h 090 5 200 600 
: Nitzschia closterium + 550 
: Khizosolenia alata + 1 720 + : 
: lihizosolenia Chunii + ! + 
: Synedra reinboldii + + 440 \ 
: Dactyl. méditer. ? + 880 : 
: Chaet. atlanticus 1 1 50 
: Coscind. pseudodent. + 

Table XI 



STATION 187 ( 68^11«S - 25°35'E ) 

; 
: 
: 

0 m 20 m 30 m 50 m 75 m 
: 

100 M j 
J 

; ; 

; Frag, "nana" ! 8 670 7 260 18 810 + 1 060 
; 

— : 

: Frag-. cylindrus s 7 800 k koo — — — ~ : 
: Rhiz, rhombus. 870 220 + — + * 

; Frag, curta 12 \ho 12 760 : 1 1 970 6 9̂ +0 3 600 + : 
: Nitzschia "closteroides" 2 600 ; + : 2 850 - 6̂ 10 - : 
: Frag. aritarcticus 2 600 ! + - - — î 
: AtiiphiproDa KufferctWii 870 - : - - - : - 5 
: l\hiz- alata 870 + î * 
: Thalasioôira antarct. . 1 730 2 h20 7 '+10 1 730 : 2 330 
: Charcotia actinoch. + 
: Chaet. ne{;lectus 1 300 
: Corethron criophilutn 3 ^70 , 8 800 : 27 930 : 6 070 : 1 910 
: Frag. rhombica 2 6ko 2 850 1 700 800 
: Eucatnpia balaustiura + + î 
i Chaet. convolutus + 
; Nitzschia gr, Pseudon. 1 100 1 700 850 
: Chaet. atlanticus + 
: Chaet,, criophilum 1 140 1 730 
: As teromphalus Hooker-i + • 420 
! Dact. méditer. ? ! + 
: Coscinoduscus pseudodent. + 1 100 
s Rhiz. styliformis + 

Table XII 



- 1 0 7 -

As a whole, the biomass is rather poor compared to that at 

station I85j which is confirmed by a reduced productivity, 

We also note that the 1 /d light tx^ansmission is deeper than 

for ail the othar stations. At station 186, Corethron crio-

philum and Fragilariopsis "nana" represent together about 

6o ^ of the bulk at 20 meters, At 5 0 meters, Chaetoceros 

neglectus, Fragilariopsis curta and Corethron criophiluni are 

more or less equally distributed, while at the 75 and 100 

meters, Chaetoceros neglectus is the dominant species» Sta

tion 187 is comparable to Station 1 8 6 , except that, if 

Corethron criophilum, Fragilariopsis cylindrus, Fragilariopsis 

"nana", Nitzschia "closterioides" and Fragilariopsis curta 

are still the dominant species, Chaetoceros neglectus does 

occur in less quantity than at Station 186. The main feature 

of the hydrology of the surface vaters for both stations 186 

and 187 are related to the présence of melting ice floes as 

i-eflected in the low surface salinity of, respec tively, 33» 09 

and 3 3 o 6 8 ° / o o . As for station 1 8 5 , the first 3 0 meters are 

directly influenced by the melting of the ice; this créâtes 

an important stratification between the upper water and the 

•water below (see Fig. 2 2 ) , 

2 . 1 9 6 6 - 6 7 cruise 

Stations 2 0 1 and 202 

Position : St. 2 0 1 : 3 8 ' ' 0 0 ' S 
St. 202 : 4 l o 4 7 « S 

- 1 8 ° 1 5 ' E 
- 1 9 ° ' ^ 0 « E 
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Total inean abun.da.nce -, St. 2 0 1 : 3 6 . 5 0 0 Diatom cells/liter 
St. 2 0 2 : 1 6 7 . 6 0 0 Diatom cells/liter 

Species composition % St. idOI ; see Table XIII 
St. 202 î see Table XIV. 

Sta.tion 2 0 1 is situated north of the Subtropical 

Convergence, v?hile station 2 0 2 is close to this one. There-

fore the locations of thèse two stations are similar to those 

of the 15?6i f -65 stations 182 and I 8 3 » respectively. 

The abundance of Diatoms at this station is 

comparatively week, while the distribution is rather uniform 

vfithin the first 100 meters, with a slight maximum at 2 0 and 

75 meters. The dominant species are Nitzschia gr, Pseudonit-

zschiap Rhizosolenia alata forma indica (both species highly 

dominant especially at the 20 and 75 meter) associated with 

Thalassiothrix frauenfeldii and several species of Chaetoceros 

and Rhizosolenia. Température and salinity are rather uni

form in the 0 - 1 0 0 meters (l9'^C and 3 5 j ^ 2 ° / o o ) , except for a 

marked decrease at 75 meters (l6 , 5 5°C and 3 5 t 2 3 ° / o o ) , which 

corresponds also to a marked decrease in the yjhosphate con

tent.. 

This station has a Diatom abundance 4 to 5 times 

greater than that of station 201„ with a maximum situated at 

75 meters. A second maximum is also apparent at 30 meters, 

Both of them are below the 1 /o light transmission level. At 

this station the dominant species are Nitzschia gr. Pseudon-

itzschia, Thallasionema nitzschioides and several species of 



STATION 201 ( 3 8 ° 0 0 ' S - ^8°15'K ) 

* 

* 

0 m 20 ra 30 m '̂ O m 7'S m 100 m ; 

• — * 

1 Nitzscfiia. f̂ ir̂  Psevidoria 
9 V A A, ^ o A V-f VA %A ^ A O 

. 5 200 6 690 î 3 470 . 1 1 780 
5 200 1 0 780 2 600 18 2 10 2 60G : 

900 ; 750 ; 
1 710 < 2 230 1 700 ' 

• OYi Pi i" pi'f'Fi'nî  1 700 1 860 900 3 500 + 

: Thall.thrxx frauenf. 2 600 1 120 1 700 1 800 
; Thallothrix mediterr. 870 koo 700 
: Chaet. sp. divers 3 720 : 2 600 2 600 1 000 1 700 : 
: Rhiz. setigera 900 4oo 870 1 000 8=30 ; 
: Khiz. delicatula 1 700 7'^0 2 500 900 1 000 800 i. 
: Chaeto messanensis 870 
: Nitzschia closterium 1 120 700 
5 Heniiaulus Hauckii 350 + 
: Coscinod. tumidus , 1 490 + 

: Rhiz. styliforiiiis 1 100 k 000 
: Stauroneis 300 
: lîhiz. hebetata + 370 1 300 
: Rhiz. curvata + 1 100 ! 900 + '- 850 i 
: Thalassiosira 2 230 2 500 
; Lauderia borealis + 
: Asterionella japonica 1 000 
: Nitzschia bicapitata + 
: Corethron criophilum __ + 

Table XIII 



STATION 202 ( 4l°U7'S - 'i9'='hO*E ) 

0 m 20 m 30 m 30 m 75 m 100 ra ! 

: Nitzschia gr. Pseudon, 6o 690 : 60 650 ; 104910 : 52 000 31 160 ^ T / V « 

î Thall.nema nitiîsch. « 7 800 • 27 130 24 270 7 1 090 167 960 
• XilciJ.Xe l'iiXA^v J - X t A U c I i i . 9 '~K /-i 7 C» 4 790 900 1 2 920 — : 

i iijax.L» t n n x n i e c i i x ç r » ' _/ jyjyj • 3 190 : 1 730 3 4 00 s + 
: Nitzschia bicapitata t '7 ' 

• ( h 00 
: Rhiz. hebctata 4oo _ 1 500 
• 1 ^ \ 1 ^ ^ 
Z L\D. 1.71 t rxX ciX, 3. 

0 n n h 390 3 000 
• v̂ iictct» a.Xiirii& 1 5 560 : 26 600 . 25 700 9 800 
• Vi ^ ^ "i" i~i T"' o ir "î â + 

7 800 
/ \J \J \J 

1 200 3 000 
• 7^1^ "i 1 o "t^ cj'o T "i : 1 7 30 
• \ J \J X 1 1 J. KJiX \.r X -L VJ X X JU LAll 1 870 4oo 760 + 5 

•) 990 : 1 700 + * 

• j . 1,1 c Li.ili|J X ci U (3 U. 1 d G ti y ! + 
• Il o iCi + m »:acc;aT^innc3'i <z 3 200 870 5 300 

T Zi 70 2 000 ; 3 400 2 600 1 520 
% Lauderla boroalis : 1 700 3 if 00 1 500 
; }îa C t e x* i a S "t jT̂ jm dsl» 2 700 3 800 
: Chast. dicha.eta 1 700 
; As teroiuphalus hcptac. 
: Chaet, criophilum + + : 

; Ilemiaulus Hauckii 2 000 _ : 1 700 î 1 500 s 
: Chaet. convolutus 2 390 : 

: Chaet. neglectus 6 9^0 800 1 650 9 100 
5 Chaet. anas toniasans 800 1 700 ! + 

: Chaet, peruvianus + 3 800 
: Thalassiosira 2 000 1 700 1 520 
: Coscin, excentricus 400 + : 
: Chaet. Lorenzianus h 390 1 730 î 3 800 
: Navi cilla 800 + + : 
: Frag. "nana" 1 700 : 

Table XIV 
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Chaetoceros, amori^j v/hich Chaetocaros affinis and Chaetoceros 

atlanticuso Aiso to be noted, Tha.lassiothrix frauenfeldii in 

appréciable quantity, This station shows uniform température 

(l3p00C) and salinity ( 3 4 , 6 9«/oo) v>7ithin the top Tirst 100 

meters, A minimuin in phosphate content was recorded at the 

depth of 30 and 50 meters which also corresponds to the max

imum in Diatom abundcince» Finally, the distribution of the 

chlorophyll and of the primary production curves are in good 

corrélation with the diatom abundance. Ail in ail, the re-

sults obtained at this station show that the Subtropical 

Convergence créâtes conditions which favour the gi^owth of 

Diatoms as expressed by a relative high productivity rate. 

Purther onf we will discuss how the Subtropical Convergence, 

which is defined as a boundery between the Subtropical Vaters 

and the Subantarctic Waters constitute also a uatural bound

ery for the distribution of certain Diatom species» A great 

quantity of fragments of Diatom cells v;ere observed at sta

tion 2 0 2 . This must probably be attributed to the disloca

tion of fecal pellets fis conséquence of an intense grazing. 

Stations 20k and 203 

Position s St. 20h s ^ 9 ° 5 0 » S - 2 2 ° 5 0 ' E 
St. 203 : 52O0J^«S - 2 2 0 5 0«E 

Total mean abundance : St« 20k : 3 3 6 « 5 0 0 Diatom cells/liter 
St. 203 : 2 9 ^ . 0 0 0 Diatom cells/liter 

Species composition : St. 204 : see Table XV 
St. 203 : see Table XVI 



STATION 20k ( 49°50«S - 22°50'E ) 

• 

• 

Cl m 20 m n 
» ^ w lïl 

pu m / 5 m • 1nn m • i 1 m s 

S v̂ ii£iei<a a. X-J. an T-icus 1 1 1 p̂ V̂ : 27 3̂ +0 > <CD ft P n 0 0 u : { 590 > G ^ *7 r\ • 
\T ^ c- t trr ' 1 ̂"ï 

,» i N x x z s c n x o L J r s e u . u . o n o 
0 0 *+ o ^ 

0 0 
030 • 1 <̂  P 1 T n 1 An 1 D U uuu vu _)y u 0 U U U l 

: inR.!.J.»neina riitzscniti R 1 

0 1 KJ 
ï 25 730 * 1 'j> i'̂  fi ri 

U O < J 
il-J • J' yuu 

: Chaet. ne^jlectus J~ 3 620 92 7 ,' 0 10 5 ' 0 . 0 000 : 
• ivsicx» dntarctxcus ,Q T A 3 220 * 1 '1 G "7 n / H U 

+ ! / \JU + <c 9uu , { / _/U 2 

: Frago kerguelensis /lin 
H 1 yj 

730 1 Q 0 U uuu <c <; I? ' u -1-3 1 II A , 
i X I H U î : Thall.tlirix antarc t ( long ) 6 M W vj . D oOO 0 

r 
Q / 0 u D y U U l 

; Khiz* antarctica 3 h 7 Ci 1 210 
: Trop.idorieis 1 Uoo 
: Frag. rhombica . 10 hoo ! 1 4 ̂ 70 1 '\ non 1 2 1 4 0 • / V y U 

: Nitzschia sicula 1 200 
: Chaet. (bulbosus) + + + 
: Chaet, socialia 0 r̂-
: Rhiz. hebetata -I- _)D u 
: Corethron criophilum 7 800 . 6 430 : 1 730 il 34o 3 630 3 470 : 
: Rhiz. alata 2 600 + 2 600 / V./ w 
: Chaet. dichaeta var tenuiœ 13 430 
î Chaet. dichaeta h 420 41 620 5 810 
: Rhiz. styliformis 2 000 
: Dact. inedi terraneus + 800 1 700 
: Chaet. convolutiis 3 500 800 + 4 340 3 400 + : 
: Me1 osira 22 000 1 1 000 2 540 
: Frag, "nana" ! 1 000 
: Ivucampia balaustiuni ; 300 • 
: Chaet. Castracanei : 1 210 • 1 000 
; Asterotnph. heptactis ; 800 : 

Table XV 



STATION 203 ( 52004'S - 22050'E ) 

'-
'• ; 0 m 20 m 30 m 50 m 75 m 100 m : 

t Chaet. atlanticus \ 99 710 • 128 860 68 490 • 70 230 
: î 

1 700 ; 
: Nitzscliia pseudon. 110 980 93 000 ; 109 240 . 1 04 04 0 S 670 ; 
: A steromphalus heptactis •}- 2 700 870 " : 
: Coi''ethron criophilum 1 1 270 3 280 3 470 ; 
: Rhiz. Chunii 35 550 2 180 < 2 1 080 15 6 10 • ; Y 80 : 
: Rhiz. alata 3 470 2 600 1 700 + : 
: Thall.thrix antarctica 2 600 2 1 840 9 54o 9 500 
: Frag. rhornbica 16 A 7 0 1 0 970 17 300 1 0 4oo 3 400 ; 
: Frag. kerciielensis 26 000 31 0 70 1 0 470 23 4 10 4 340 ; 
: Chaet. convolutus 1 1 4 / U -: Chaet, dichaeta D 0/0 
: Chaet. Schiniperianum + 070 • 

Oact, antare t. (var—leav) 1 uy u 1 
i 
730 

; Dact. antarcticus 900 2 730 5 200 4 340 , + ; 
: Chaet. negloctua 10 hOO 8 190 22 540 17 34o 8 700 : 
; Rhiz. imbricata var tenuis. 18 560 
: Jîhiz. styliformis k 370 3 500 4 300 
: Chaet. Castracanei 3 300 
; Rhiz. antarctica 2 600 
: Eucampia balaustium ! + + 
; Rhiz. hebetata : 1 700 
: Coscin, lentiginosus 500 
: Chaet. criopliilum 5 200 < 1 750 
: Melosira 5 400 6 000 1 700 ; 
: Thall»neina nitzschioides 8 670 3 470 

Table XVI 
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Station_204 

The abundance of Diatoms for this station is the 

gréâtest over the whole traneect during the 1966-6? cruise, 

with a well marked tnaximum at 50 meters depth, below the 1 ^ 

light transmission Jevel» Dominant species are beside the 

ever présent marked dominant Nitzschia species : Chaetoceros 

atlanticus in tlie fii^st 30 ineters substitute4 in relative 

importance by Chaetoceros neglectus and Chaetoceros dichaeta 

from 50 to 100 meter, Fragilariopsis kerguelensis appears 

as subdominant species representing about 10 % at the total 

bulk, The hydrological conditions within the first 100 meters 

are exceptionally uniform (température : 2»7°C and salinity s 

33u'36°/oo). The distribution of the chlorophyll a content 

in function of the depth is sinilar and in good corrélation 

with the distribution of the cell numbers, while the primary 

production values are appréciable but uniform from O to 70 

ineters with a decrease on to a zéro value at 100 metei's, 

Station_202 

The abundance of Diatoms is also great at this 

station but here the maximum is situated above the 1 ^ light 

transmission, while the quantity of cells is rather nil at 

100 meters, The dominant species are Chaetoceros atlanticus 

and Nitsschia gr^ Pseudonitzschia in equal quantity associa-

ted with Fra.gilariopsis antarcticus, Fragilariopsis rhombica 

and Rhizosolenia Chunii, 
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Here also^ Chaotoceros atlauticus is replaced in relative 

importance by Chaetoceros ne/rlectus at 100 meter. The 

density of the waters is the saine at ail depths within the 

0-75 meters and increases sudderily at 100 meters, corresponding 

to a decrease of the température which falls below O^C at 

100 meter. The profiles of the chlorophyll a content and of 

the primary production, in gênerai, are in good agreement 

with the number of cells, excepted a relatively high concen

tration of chlorophyll a at 20 meters. For ail of the three 

profiles, cell number, chlorophyll a and primary production, 

a marked decrease, but still limited for chlorophyll a, is 

recorded a 100 meter, corresponding to the decrease in tem

pérature. 

Stations 205-206-207 

Position : St. 205 
St. 206 
St..207 

Total mean abundance ; St. 205 
St, 206 
St, 207 

Species composition : St. 205 
Sto 206 
St. 207 

; 5304/^5 - 2'|C03'E 
; 59006 « S - 2k°27'E 
: 62028«S - 25017«E 

: 1^7.200 Diatom cells/liter 
: 49.y00 Diatom cells/liter 
: 30 000 Diatom cells/liter 

: see Table XVII 
: see Table XVIII 
: see Table XIX 

Stations 205,206,207, are ail three situated in 

the Antarctic Vaters, between the Antarctic Convergence and 

the Antarctic Divergence. 

Station_205 

This station, the northernmost of the three, has 

an abundance of cell numbers, still appréciable, but already 

reduced, compared to Stations 20h and 203. 
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The maximum of cell numbers, as well as the maxiniuin of the 

chlorophyll a content, are l'ecorded at the 75 ineter level, 

below the 1 % light transmission. The dominant species are 

Chaetoceros atiaiiticus, Nitzscfiia gr. Pseudonitzschia asso-

ciated in the upper meters v/ith Fragilariopsis kerguelensis. 

Chaetoceros atlanticus is replaced in i^elative importance by 

Chaetoceros dichaeta at 20 meters and to some extent by 

Chaetoceros nef!;lectus at 100 and 150 meters. The température 

shoivs a marked decrease at depth of 75-100 meter } correspon*" 

ding to the Antarctic Interniediate Vaters which are formed 

at the surface in the south, close to the continent during 

wintertime and which spread gradaally to the north by sinkj.ng 

under the Antarctic Surface Waters. The phosphate content 

was reduced in the upper 50 meters (niean of 1.7"! ^ atg/l) 

while it VIH3 of a mean of 2,3p atg/l for the 50-100 meter 

layer, It has been observed through examination of the sam-

ples, that spécimens of several Diatom species were in bad 

conditions and may be related to the resuit of grazing. Cope-

pods, Tintinnids, Gilicoflagellates, Peridians and Coccoli-

thophorids were counted in appréciable quantity. This phe-

nomenon was also observed at the foiloAviiig stations 206 and 

207. 

The abundance of Diatoms is reduced, in compari-

son'with the preceeding stations and the distribution of cell 

numbers in function of the depth is rather erratic. 



STATION 205 ( 55°̂ t̂ l'̂ i - 24003'E ) 

; 
: 
; 

0 m 20 m 30 m 50 m : 73 m 
; 

100 m : 

; 

: Chaet. atlanticus 32 950 16 360 • 26 010 45 950 42 470 15 610 î 
: Chaet. neglectus 3 h'70 : 8 090 h 340 17 340 20 340 20 810 î 
% Frag, ker^-^uelensis 3 200 • 19 230 . 21 680 7 800 9 800 5 200 : 
: Corethron criophilum 1 730 3 010 1 730 , 4 720 2 600 ; 
: Nitzschia Psendon. 12 000 2 1 1 80 32 950 13 870 . 23 230 15 610 : 
: Uhiz. ('hunii 3 470 1 5^0 6 070 370 
: Dact. antarcticus 900 1 500 2 600 . 6 000 1 090 1 730 : 
; Chaet. criophilum 10 hoo 6 550 1 750 8 700 9 800 10 OCO : 
: Hhiz. alata 900 1 930 870 1 700 1 820 900 : 
; Rhizo hebetata 2 600 1 700 
: Rhiz. s tylif oriiiis _ 3 470 900 _ 1 800 • 

: Dact. antarcticus (var) — 770 4 300 — j 

; Chaet. clichaeta + 22 720 2 600 . + . 13 000 . 4 340 : 
î Chaet. dich. (var-tenuis,) 2 600 . 2 700 - - 2 180 ; 
: Navicula spo — k 620 3 470 5 200 1 8 1 50 900 ; 
: Chaet, Ifendeyi - 2 300 -- - 10 V60 8 600 ; 
: AsterotnphaJ.us heptactis 1 1 60 5 200 • 1 700 . 21 000 5 200 ; 
: Rhiz, antarctica 2 600 300 
; Melosira ! 780 . 6 000 2 600 , 3 300 . 1 700 : 
! Actinoc. curvatulus 390 • 
; Chaet. (bulbos) infl. 730 • 
: Chaet. flexuosus 4 360 < 
: Frago curta 1 1 60 3 500 : 900 4 000 
: Frag. "nana" : 2 500 700 
: Frag« sublinearis + 700 
! Thall.thrix antarctica 780 4 300 7 800 : 21 000 . 5 200 : 
î Chaet. convolutus 7 700 
: Chaet. Schimperianuin 1 730 870 

Table XVII 



STATION 206 ( 59C'06'S - 24°27'E ) 

0 m 20 ni ! 30 m ^0 m ' ^ 1*1 7 m 1 o n m • 

• Dact. antarct. ivar—laev1 70 760 : 1 630 
: llhiz, curvata 31 210 900 
: Chaet. criophilum 3 470 1 470 3 470 6 9^0 
; Frag-. curta 870 370 3 500 4 10 
: Frag, "nana" 15 610 3 500 2 600 2 840 
: Nitzschia "closterioid." 18 210 3 200 
s Nitzschia gr. Pseudon. 900 2 600 12 180 
: Corethron criophilum 7 000 2 950 900 850 1 220 
; Frag^. kerguelensis 1 900 370 6 000 , 11 770 
: î .hiz. antarctica 2 600 
: Dact. antarcticus -1 

1 700 4̂ 00 870 h 000 
s Chaet, dichaeta . 6 9^0 
; Chaet. atlanticus 4 300 1 700 2 000 
: Khiz. Chunii , 2 600 ! 410 
s Asteromphalus heptactis , 2 600 1 200 
: Chaet, dichaeta (var-tenu) 5 200 
; Coscinod. pseudondent. + 
: Frag. rhombica , 2 500 : 1 600 
: Charcotia actinoch. + 

Table XVIII 



STATION 207 ( 62028»S - 25°17«E ) 

* yj lu ï <~ KJ 1 11 *J 111 r r i / ni 1 CïCi m • 

• 

a <C U 0 w _̂  0 V./ 

s 7 0 0 12 l'i-O 1 9 0 0 0 9 880 
î ïOpir''t". rîn1"HT*'r''i"'i_PîJ*? 2 600 4 300 1 000 

• \J yJ 720 i 7 00 1 0 0 0 
• X X C l * 0 ^ ^ A X ^ J . X 0 , 1 0^4 0 1 800 ; * 

: Frag. curta + 12 2'fO 10 'tOO i 870 " : 2 800 
: Corethron criophilurn + 3 200 500 
: Frag, "nana" 1 1 500 6 000 4 ̂ 4 00 
; Chaet. neglectus 360 3 ^70 520 
: Frag. rliombica 7 200 k 300 4 3ho : 1 040 
: Chaet. criophiluni 300 : 800 
: Chaet. dich. (va.r~ten) ^00 î 2 000 
: Rhiz, antarctica 500 
: Rhiz. Chunii 500 
: Chaet^ dichaeta 1 500 
: Melosira 500 1 h ko + 6 000 
: Thalassiosira 500 2 100 800 6 900 3 600 
: Chaet. atlanticus 500 1 080 520 
: Chaet. flexuosus 1 ^00 800 260 
: Asteromphalus heptact. 4oo 850 200 
i Synedra reinboldii 900 

Table XIX 
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No one species is really doniitiant and each sampling depth 

gives a différent doninant species s Dactyliosolen antai'cti-

cus (O mater), Corethi'on ci^iophilutn ( 2 0 meters), Chaetoceros 

dichaeta ( 3 0 meters), Chaetoceros criophilum ( 5 0 meters), 

Fragilariopsis kerfjuelensis ( 7 5 meters) and Chaetoceros con-

volutus ( 1 5 0 meters). Appréciable amounts of Peredinea have 

been recorded. ïhere is no correspondance between the curve 

of cell numbers and the chlorophyll a content; the primary 

production is low (not recox'ded at 30 and 5 0 meters). Ilere 

also a minimum of température is recorded between 50 and 100 

mo To note also a diminution of the salinity in the surface 

waters which shô f̂s that this station is already situated in 

the iceberg zone and approach5the pack ice zone. The phos

phate concentration in the water was 1,64|L^atg/l at the 

surface, while the mean value for the 1 0 - 1 0 0 m layer was of 

2 . 3 6 ju a t g / 1 . 

S t a t i o n _ 2 0 7 

The abundance of cell numbers is of the samo 

order than for Station 2 0 6, although more homogeneous in 

function of the depth, The distribution of the species ac-

cording to the dominance , shows a inarked change, comiiared to 

Station 2 0 6 , with the appearance of species like Fragilariop-

sis curta, Fragilariopsis "nana" which will be shown increa-

sing in dominance toward the south; Nitzschia gr, Pseudonit-

zschia recovers tlie dominance only from 30 tn on, To a limited 

number of cells per liter corresponds a reduced chlorophyll 

a content and low priihary production, The layer of minim.um 

température is found at 30 meters below the surface, The 
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pho&phate conten-t VJH.S relatively low (mean of 1 « 8 6|xatg/l) 

in the upper 3*̂  metera and. IncT.'eases to 2 . 3 | 4 a t g / l in the 

remaining 50 - 1 0 0 rr. portion ai the column. 

Station 208 

Position : 6G°hO''S ~ 2G<'CQ*E 

Total mean abundanoe : 1 9 . ^ 0 0 Diatoni cells/liter 

Species composition i see Table XX 

This station is actually situated within the 

pack ice. The total abundance is very poor, corresponding 

to a 1 ^ lif^ht transmission below the 50 raeter level. The 

dorii.inant species is Fragilariopsis cûrta, associatcd with 

Fragilariopsis "nana" and in the upper layer with Fragilariop

sis cylindrus» The chlorophyll a content and the priniary 

p.roduction are also low and the layer of ir.inimum température 

b-as roached the surface, The phsophate concentration in the 

vhole water coluron was high (mean of 2 „ 2 4 u a t g / l ) B 

Station 2 0 9 

Position : 6 8 0 5 0 ' S - 2 6 0 3 1 ' E 

Total mean abundance : I I . 6 O O Uiatom cells/liter 

Species composition : see Table XXI 

This station is the poorest of the tr-ansect, 

regarded to the total abundance of Diatoms. The highest 

cell number is concentrated in the 0 - 2 0 meter Layer. To note 

also that the 1 '/J light t.ransinission s being below 75 meters, 



STATION 208 ( 66'>kO*S - 26oOO'E ) 

? n m TO m ^ C\ m J\J m 7 m < i j in 1 n o m • 

X A. <X ^ 0 O U J. O 7 6 0 0 2 2 1 0 2 6 0 0 ; 

: Frag, cylindrus 2 5 0 0 3 4 0 0 7 ^ 0 

: F r a g , rhornbica 8 7 0 ! 8 5 0 ' 3 7 0 

; Nitzschia Pseudon. 9 0 0 ' 1 5 0 0 8 7 0 3 5 0 : 

s Corethron crioph. 8 5 0 • 1 5 2 0 . 3 0 0 

: Frag. kerguelensis 9 0 0 6 kOO 4 3 4 0 4 o o 1 7 0 0 : 

s Chaet, criophiluni : 9 0 0 7 5 0 1 4 o o 

: Nitz. closterium + 
: Synedra reinboldii + 
: Chaet, Castracanei k 0 0 0 : 

: ivhiz. Chunii 9 0 0 

: Chaet. dichaeta 1 ^ko 
: Frag. "nana" 5 0 0 0 , 5 2 0 0 : + . 2 5 0 0 : 

: Asteroniphalus hept. ! + + 
: Nitzsch. "closter." + 
: Navicula + 1 9 0 0 7 0 0 

Table XX 



STATION 209 ( 68°50'S - 26°31'E ) 

U ni *cU m : JU m m 75 m 100 m : 

• 

: Nitzsch. Pseudon. 1 rr #a <̂  1 ^UU , oOU oOO 
• 

~ : 
: Fjrag, curta 1 J O ( U I l O 1 U J ^ UU , 3 300 
; Corethron criopho 5 200 3 690 900 • : 

6 6ko • T" î 

: Amph. Kufferathii 900 
; Fra^>. obliquecostata + + 
: Nitzsch. "closter." 900 
: Frag, rhombica 800 300 + 
: Frag. "nana" + 2 200 1 850 
: Nitzsch, closter. 350 
: Frag. kerguelensis : 750 . + 
; Charcotia actinoch. 300 : + 
: Cosciiiodiscus sp. i 870 350 
t Chaet, dichaeta ! + 700 + 
: Chaet, neglectus 7 : 2 500 
: Chaet. criophilum + 
: Thalaslosira + : 

Table XXI 



STATION 2 1 0 ( 7 0 ° 0 1 ' S - 2^o^8'E ) 

: 
: 0 m 2 0 m 3 0 m 5 0 m 7 5 m 

: 
1 0 0 m : 

: Frag. curta 5 3 7 5 0 1 6 8 0 0 1 3 000 2 000 

; 

3 400 ; 
: Frago "nana" 1 3 1 7 8 0 820 7 6 7 0 0 + 
: Frag, oblique.+ subli. ik 7 ^ 0 2 0 5 0 1 7 3 0 1 7 0 — : 

: Chaet. . neglectus 1 2 5 7 2 0 2 8 7 0 7 8 0 0 — 2 5 0 0 : 
: Nitzschia "closter." ? •7 800 (sp): 
: Chaet. dichaeta 15 6 1 0 1 2 3 0 
: Nitzschia Pseudon. 3 7 280 7 7 9 0 . i 4 7 ^ 0 6 0 0 800 : 
: Frag. cylindrus 7 8 0 0 
; Uhiz. (alata) 9 5 ^ 0 2 4 6 0 1 7 0 0 
: Frajç. kergùelensis 1 7 0 0 5 0 0 : 
: Biddulphia. veissfl. 2 6 0 0 
: Hhiz. antarctica 1 7 0 0 
: Charcotia actinoch. 400 
; Nitzsch. stellata 4 l 0 
: Chaet, dich. (var-ten.) + 4 0 0 
; Amph. Kufferathii 1 6 0 0 + 

: Eucanipia balaustium 1 7 3 0 8 0 0 8 5 0 1 0 
: Corethron crioph. 2 5 0 0 8 0 0 8 0 

Table XXII 
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is at the deepest .level coirpaied to the other stations of the 

1 9 6 6 - 6 7 cruise. The dominant species is, by far, Fragilariop-

sis curta associated wlth Fragilariopsis cylindrus and Core-

thron criophiluui, The chloropliyll a content and the primary 

production are both very limited, like for the two previous 

stations. Négative températures are recorded at ail depths 

within the 0 - 1 0 0 meter column ( - 1 . 7 ° C ) as at station 208; a 

slif^ht increase ( - 1 ° 3 ° 0 ) in the surface waters la due to lo

cal solar heatinfj. The phosphate concentration, as for pre

vious station, was high in the whole watercolumn (meaii of 

2.25 p atg/1), 

Station 2 1 0 

Position : 7 0 ^ 0 1 ' S ~ 2 5 0 1 8 « E 

Total mean abiandance 5 1 0 4 , 3 0 0 Diatom cells/liter 

Species composition : see Table XXII, 

An important increase of the Diatom abundance is 

observed at this station, especially in the surface layer^ 

The dominance alternâtes between Fragilariopsis "nana" and 

Fragilariopsis curta; were observed also, but in more limi

ted quantities the présence of Chaetoceros neglectus, Rhizo-

solenia alata (+ R. truncata), Chaetoceros dichaeta and 

Corethron criophilum. A close relation is observed between 

the curves of chlorophyll a and primary production and the 

curve of Diatom abundance. Obviously, an active growth of 

Diatoms has taken place at this station which is situated . 
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some 15 miles fx-om the continKjrxt, As at previous station, 

a slight increase of temperaturs? 3.t the surface inust be due 

to the solar heating. 

DISCUSSION 

A tentative relationship, between the 

distribution of Diatoms and phosphate content, has been inves-

tlg'ated. The actual phosphate content is depending on two fac 

tors : the initial concentration of phosphates in the water, 

and the atnount of phosphates depleted by phytoplankton con-

suniption. Korraally, in high latitudes, the phosphates always 

occur in great quantity and, in gênerai, never became a limi-

ting factor for the phytoplankton growth, even when the waters 

are highly stratified (which is the usual condition to prevent 

the replenishment of the surface layer from the water below). 

In figure 2 8 , the values of Diatom cell numbers 

are plotted in function of the phosphate concentrations, for 

stations 2 0 3 to 2 0 7 ( I 9 6 6 - 6 7 ) . At first glance, it seems 

that a direct relationship betv/een the quantity of cells and 

the phosphate concentration does not existo This results from 

the fact that other factors are involved, in particular, the 

water stratification (see Chapter V). Indeed v;e observe, on 

Fig. 28, two groups of stations. A first one composed by St. 

2 0 3 and 2 0 4 « T h e s e stations, both, hold a very great aniount of 

Diatoms and correspond to a weak stability of the waters. 
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In par ticiiJ.ar > St, 204, ich is situated close to the Antarc-

tic Convergence, shows a simlJar phosphate concentration at 

ail depths satnpledc This sagf;ests a rtipid mixing of the wa~ 

ters , and, coïiaequantly, a cojitins.ious replenishment of the 

surface water with phosphates frorn below. An other group of 

stations consist of St, 2 0 5 » 206 and 2 0 7 . Thej'" are characte-

rized by an important stratification of the waters with the 

conséquence of a reduced exchan;T;e of pi-operties between the 

upper and lower laj'-er, This phenomenon is probably the cause 

of the inverted relation observed between Diatoni abundance 

and phosphate concentration. Indeed, at those stations we 

found a reduced Diatom biomass resulting from intense grazing 

which let présume a previous higher Diatom abundance» 

The analysis of the Diatom distribution along 

the South-Af rican-Antarc tic section, shov/s that the main 

bulk .is essentially made up by a few species of the genus 

Nitzschia, Fragilariopsis and Chaetoceros, this being in per-

fect agreement with the literature, A.mong the most abundant 

Nitzschia species recoi'ded ivere Nitzschia gr, Pseudonitzschia 

(mainly Nitzschia barkleyi £ind N, lieimii) and Nitzschia 

"clos terioidés " (mainly Nitzschia subciirvata in the southern 

région), The genus Fragilariopsis was essentially represen-

ted by Fragilariopsis "nana" (Fragila.rioj3Sis pseudonana and 

Fragilariopsis cylindrus var. nana), FragiJ.ariopsis kergue-

lensis (synonyme : Fragilariopsis antarctica) and Fragilariop

sis curta. 
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= Sta t 203 

= s t a t 204 
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* 

400' 

200 

* 

•5 

J L 
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Fig. 28; D i a t o m c e l l s par l i t e r p l o t t e d in f u n c t i o n of Phosphate c o n t e n t fo r d i f f é r e n t 

s t a t i o n s a l o n g t h e t ransec t (1966-67). 
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The g-reatest quantities of Chaetoceros species vere inade of 

Chaetoceros neglectus, Chaetoceros atlanticus and Chaetoceros 

dichaeta (including a littls forni detennined as Chaetoceros 

dichaeta var. tenuicornis), 

, . . .Table XXIII gi-ves^for both yearsjthe species 

which, at each station, occur in the g-reatest proportion. 

Nitzschia Pseudonitzschia (N, barkleyi + N.heimii) associa-

ted with Chaetoceros neglectus is for the period late Decem-

ber-early January, by fare, the tnost dominant species in the 

waters ncrth of the Antarctic Converfience. Thallassionema 

nitzschioides, as subdominant species, is restricted to the 

stations situated jvist north or near the Antarctic Conver

gence. Progressing southv/ards, Nitzschia gr. Pseudonitzschia 

shares, in the northern antarctic waters, the doininance with 

Chaetoceros atlanticus associnted with Chaetoceros neglectus 

and Chaetoceros dichaeta. Further south, but still before 

the Antarctic Divergence, Fragilariopsis kerguelensis, Nitz

schia "closterioides" and Fragilariopsis "nana" became 

dominant. Finally, Fragilariopsis curta, Fragilariopsis 

"nana" and Nitzschia "closterioides" compose the main bulk 

of the southernmost stations. If différences appear between 

the two years., in the relative proportions of the dominant 

species, it is nevertheless obvions that a certain degree 

of similitude does exist in the successive dominances, as 

we progress southwardsc In Chapter VI/, we shall discuss the 

quantitative distribution of the main species. 
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1964 - 1965 1966 - 1967 

S t a t . 

182., M. Pseud.Chaet. div. 

183 .. N. Pseud.-Thin. nitzsch-Chaet. negl. 

184.. Ch.atl.- N. Pseud- Frag. kerg. 

185 .. 

187 

-40° 

Frag. kerg. - K Pseud.-N.'dostf-Ch. neg !.• 
Ch. dich. 

186 4- Frag "nan̂  Ç̂ iĈ g'- ÎNiÇ.'o?.l" Coreth.cr-
Ch. crioph. 

Frag. curta- fi_ac]/ncJ_na'' Frag. cyl. 
Corethr. crioph. 

•50° 

•60* 

-70° 

Lat.S 

Rhiz.alata.- N. Pscud. 

N. Ps3(jd.-Thln. nitzsch-Chaet. div, 
Thalthr. fravenf. 

Stat, 

4. 201 

202 

N. Pseud.- Çĥ riegl.-Ch. atl.-Tli(n. nitz. 
Frag. rhomb.- Coreth. 

N. Pseud - Ch. atj a n t. R h [z_ Chun ij 
Cĥ neg], Frag: kerg. Frag rh. 

..204 

.. 203 

Chaet. atl.-N, Pseud Gh..diçh. Ch. negl.-4. 205 
Ch. crioph. 

N."Ciost."-Frag."nana' Frag. kerg. 4.206 
Ch. dich.-Coretlm crioph. 

Frag. curta - Frag.'naria" N.Pseud. .. 207 

Frag. curta - Frag.'nana' .. 208 

Frag. curta-Corethr. crioph. J. 209 

Frag.'nana'-Frag. curta- N._Pse_ud. 4- 210 

Table XXlli Distribution of the relative dominant (full lino), subdominant (dashed line) 

and abundant species (not underlined) along the transect South-Africa -

Breid Bay. (Nansen bottles) - Expéditions 1964-65 and 1966-67. 



2 9 P e r c e n t a g e s o f s p e c i e s ( n e t h a u l s a m p l e s ) 

C r u i s e 1 9 6 0 - 1 9 6 1 



1 0 0 % 

N . g r . P s e u d o n 
r d i c h a e t a 

_ _ C h a e t [ a t l a n t i c u s 
F r a g . K e r g u e l 
C h a e t . c r i o p h 

— •• .(î C o r e t r o n . c r i o p h 

3 0 P e r c e n t a g e s o f s p e c i e s ( n e t h a u l s a m p l e s ) 

C r u i s e 1 9 6 4 - 1 9 6 5 



N . g r . P s e u d o n 
" ' f d i c h a e t a 

1 0 0 % . . C h a e t l ^ a t i a n t i c u s 
• -» F r a g . K e r g u e l 

C h a e t . c r i o p h 
C o r e t r o n . c r i o p h 

80 L 

. 3 1 P e r c e n t a g e s o f s p e c i e s ( n e t h a u l s a m p i c s ) 

C r u i s e 1 9 6 6 - 1 9 6 7 
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If, oD the other hand,, we compare the results 

obtained by using net hauls with those obtained by using 

Nansen bottles, we observe some similitudes, but also some 

discordances. Fi^çures 2 9 , 3 0 arid 3 ^ give the percentage of 

Nitzschia "Pseudonitzschia", Chaetoceros atlanticus and 

Chaetoceros dichaeta, Fragilariopsis kerguelensis, Chaetoce— 

ros criophilum, Gorethron criophilum in net haul samples, at 

each station along the section, for the years I 9 6 O - 6 I , 1 9 6 4 -

6 5 and 1 9 6 6 - 6 7 , respectively. Thèse three figures show Nitz-

chia gr« Pseudonitzschia as the dominant genus in the Sub-

antarctic Waters, while the minimum percentage value of this 

species coïncides with the Antarctic Gonvergence. Ctiaetoceros 

atlanticus and Ghaetoceros dichaeta take over the dominances 

just south of the Convergence, replaced afterwards by Fragi

lariopsis kerguelensis. Near 6 0 ° Lat. S,, a second, but 

reduced maximum of Nitzschia gr* Pseudonitzschia appears, 

replaced by Gorethron criophilum near the continent. The 

sequential distribution of dominances, as one progress south-

wards, is roughly similar to the distribution obtained with 

bottle sampling, b\it the main différence is the absence, as 

dominant or subdoniinant, of minute species, like Giiaetoceros 

neglectus, Fragilariopsis "nana" and Nitzschia "closterioides" 

In addition, species like Gorethron criophilum recorded as 

subdominant species with bottle sampling at St. 1 8 7 ( 1 9 6 4 - 6 5 ) 

became dominant at the same station when using net hauls 

sampling (up to 49 /i) . 
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s stations 2 0 3 2C^f 2 0 7 2 0 8 2 0 9 * : 

s Frag» cuï^ta 6 5 3 1 5 1 : 

: Frag. cyl. 0 . 6 8 2 1 4 3 2 : 

: Frag. nana — — — : 0 . 4 2 , 5 1 ; 

— 1 6 1 6 7 : 2 : 

: Nit. Pseudon. 3 9 7 2 - 4 2 2 0 k 9 1 : 
3 5 •Jk 2 7 3 . 5 k 2 : 

; Coreth. crioph. 0 . 8 0 . 6 3 1 0 2 3 1 ! 

1 
0 1 3 1 0 2 : 

! Chaet. crioph. 1 . 5 5 2 3 

+ 0 . 4 + 2 : 

: Frag, kerguel. 1 7 1 2 2 0 9 2 1 : 

7 7 6 2 1 2 : 

Table XXIV s Comparison between o£ species cajculated on 
net haul sam pies ( * 1 ) ( 0 - 2 5 0 m) and on Nansen 
bottles samples ( * 2 ) (integr'ated value for 
0 - 1 0 0 m layer). 

The saine does occur with Chaetoceros criophilum, which never 

appears in great proportion (4^c) with bottle sampling, but 

which makes more than 5 0 of the total bulk in 1 9 6 6 - 6 7 with 

net liaul sampling. Chaetoceros ci'iophilum form long chains 

witlî numerous long bristles (up to one m/m) and Corothron crio

philum is a large form having bristles at each end. Thèse two 

species are probably retained in greater proportion by the net 

than tiny fornis like Nitzschia and Fragilariopsis (Table XXIV) , 

Theref ore 5 it seems important to us to einj^hasize on the diffé

rences in the sampling methods used. In particular^ because 

most of the phytoplanktonic literature on the Southern Océan 

report on the présence of large spinuous (Chaetoceros criophi

lum, Corethron criophilum) or very long species (Thallassio-

thrix antarcticaj Synedra Reinboldii). 
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The high value of the amount of thèse species, as reported 

by several authors, niight be attributed to the sélective 

action of the net. 

The coniparison of cur results with those of 

Fukase ( 1 9 6 2 ) , v/ho investigated on surface saraples, during 

the same period and approximatively in the siime areap is very 

instructive» Fukase found the Nitzschia g-enus to be dominant 

in the whole area investigated, with a marked peak (more 

than 6056 of the total bulk) for Nitzschia "seriata", which 

probably corresponds to our Nitzschia gr. "Pseudonitzschia" 

since R. Hasle has proved that Nitzschia "seriata" does not 

occur in the Southern Océan. Fukase also found that the max

imum percentage value of Nitzschia coïncides with the Antarc

tic Convei'gence. The North Antarctic Région was characteri-

zed by Fukase by the dominancs of Nitzschia sp,, Fragilariop-

sis kerguelensis, Chaetoceros neglectus, Corethron criophi-

lum and Dactyliosolen antarcticus and Chaetoceros neglectus, 

the southern-most part of the section being characterized by 

Navicula sp. and Nitzschia closteriumo 

With the exception of the greater abundance of 

minute forms as Fragilariopsis nana, and of Nitzschia clos-

terioides, and of a marked quantity of Fragilariopsis curta 

that we recorded in the southernmost part of the section, 

there is a good correspondance between our results and those 

of Fukase. 

Another interesting compa.rison could be made 

with the results obtained by RoHasle ( 1 9 6 9 ) (Table XXV), 



using similar nietliods tiian ours for the analysis of the ina-

terial of the Brategy; Expédition ( N O V . 1 9 ^ ^ 7 - Feb. 1 9 ^ 8 ) in 

tfie Eastern Pacific, 

Dominant species 

j 
: Subantarctic Zone 

8 Chaetoceros neçlectus 
ï Nitzschia "bp.rkleyi" 

North Antarctic Zone 

Chaetoceros dichaeta 
Chaetoceros neglectus 
Fragilar iops is "nana'' 
Nitzschia "closterioides" 

South Antarctic Zone 

Fragilaricpsis curta 
Fragilariopsis cylindrus 
Nitzschia subcurvata 

Table XXV s Dominant Diatom species i-. 

Ryther Hasle (characteristics of phytoplankton populations 

encountered in se ction I-IV R.Hasle 1 9 6 9 - p . 7 3 ) o 

Here also, a great similitude is found with our 

results, in particular what concerns the relative abundance 

of little forins. 

No twi ths tanding 

ces in the total abundance, 

results, on similar gênerai 

the fact of appréciable differen 

we may conclude, frora the ataove 

pattern of distribution of tlie 
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main species between the two expédition years along the sec

tion South Africa-Breid Bay, lïi addition, this gênerai pat-

tern of distribution is sitnilar to those found in the eastern 

Pacific and western Indian Océan sectors, which supports the 

idea of a similitude in the sequential distribution of the 

species in function of the latitude within the whole Southern 

Océan. 

B, BREID BAY 

Table XXVI gives, for both years 1965 

and 1 9 6 7 » the vertical distx'ibution, in function of depth.of 

the Diatom biomass exjjressed as cells per liter. 

The différence bstween the two years in the to

tal Diatom biomass and its vertical distribution corresponds 

t.o différences in the environmental factors, which were auin-

marized in Chapter II1/B„ Similarly, pritnary production ra

tes and concentrations in chlorophyll a, showed différences 

between the two years, Being 01 a subst antial magnitude 

during 1 9 6 4 - 6 5 t both chlorophyll a and primary production 

were nearly inexistant in 1 9 6 6 - 6 7 . The values of chlorophyll 

a (mg/m3) and carbon fixation (mg C/m3/h) were in 1 9 6 ^ - 6 5 , 

respectively of 1,28 and 1 ^ 1 0 at 0 meter; 1 , ^ 5 and 1 , 0 9 at 

5 0 metersf 0 , 5 9 and 0 , 1 1 at 1 0 0 meters. In I 9 6 6 - 6 7 , only the 

surface waters gave some significant values (chlorophyll a : 

G , 1 2 ;primary production : 0 , 1 2 ) , the mean values, for ail 



17-1 18:1 19-1 20-1 2U 22A 23.-1 240 25-1 26.-1 27^1 28-1 29-1 30-1 3K1 1-2 2-2 3-2 4-2 
1964-65 

— 1 

188 189 190 192 194 196 197 

a 7120 ,'280 770 712 .549 ,204 460 
e 

20 .632 1144 
e 

.1399 862 
o 

1441 
o 

314 
€ 

315 
O 

30 .^17 .918 ,990 806 
O 

997 
« 

537 
o 

878 
o 

50 1250 ^385 950 
a 

.233 117 

75 729 
O 

302 
• 

.214 135 
o 

.699 
• 

100 - .228 e'96 .145 ,171 119 ,84 

1966 -67 211 212 213 214 215 216 217 218 219 

0 .35 .5 .3 ,1 .3 ,12 .10 .11 

20 .3 .13 ,ô ,10 .11 ,5 '7 9 — ,7 

30 .1 ,10 .17 .3 ,3 ,2 »x «•16 

50 oX .27 ,2 ,7 ,3 ,-' • 1 ,4 

75 0 -- .3 .5 .2 .3 ,6 ,5 "x •2 

100 >X .10 ,7 ,2 „7 .4 ,1 »x .10 

Table X X V I : D i s t r i b u t i o n of D i a t o m c e l l s par l i te r ( N x l O - ' ^ ) i n B r e i d Bay. C ru i se 1964-65 . , 1966-67. 



i 7 J a n i s J a n ' S J a n M J a n 2 i J a n 2 2 J a n 2 3 j a n 2 4 j a n 2 S J ô n 2 6 J a n 2 7 j a n 2 8 J a n 2 9 J a n 3 0 j a n 

Oepth 
( m i l 

Stat . 

Breid Bay. 1964—1965 

20. . 

304 

lOU-
Depth 

(m) 

^ J a 2 ^ J a n 2 3 , J a n 2 4 J a n 2 5 , J a n 2 ^ J a n 2 7 , J a n 2 8 , J 3 n 2 9 , J a n 3 o , J a n 3 i , J a n i . F e v 

/ 

Stat. 

n 

2 ) 3 2 1 4 2 1 5 2 1 6 

2,1-ev 

217 

3.Fev i.Fev 

2 1 9 

Breid Bay 1966-1967 

F i g . 3 2 : V e r t i c a l d i s t r i b u t i o n of D i a t o m a b u n d a n c e s , exp ressed as log N ( N x I O ^ I c e i l n u m b e r s per l i t e r ) in B r e i d Bay d u r i n g the 

1966 67 e x p é d i t i o n s ; s t a t i o n s p l o t t e d in f u n c t i o n of t i m e . The a r r o w s r e p r e s e n t t h e d e p t h of 1%o su r f ace l i g h t . 
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stations and depths were : chlorophyll a t 0,065; priraary 

production : 0,GGt The différence between the two seasons 

is also confirnied by différences in the phytoplankton compo

sition. The ijnportant total abiindance during 196^-65 was 

mostly contributed by a great development of a few dominant 

species, The first one of thèse species, and by far the tnost 

abundant - more than 50 ^ of the total bulk - was P^ragilariop-

sis curta, followed by Nitzschia gr. Pseudonitzschia, Fragi-

lariopsis "nana" (essentially Fragilariopsia cylindrus var. 

nana) and Nitzschia "closterioides" (essentially Nitzschia 

subcurvata) , The other species were > aniong the most regu-

larly présent : Fragilariopsis obliquecostata; Fragilariop

sia rhombica, (including Frag, separanda), Fragilariopsis 

Van Heurckii, Fragilariopsis sublinearis, Rhizosolenia alata 

(possibly also Rh, truncata), Eucampia balaustiurat Chaetoce-

ros neglectus, Chaetoceros dichaeta var, tenuicornis, Tro-

pidoneis antarctica, Rhizosolenia imbricata var Shrubsolei (? 

Thalasiosira antarctica, Chaetoceros flexuosus. Stations 

188 to 19^» situated in the southerinost part of the Breid 

Bay, have a very similar curve of abundance (Fig. 32), ail 

characterized by a iiiarked decrease from 75 ^ on and below. 

This similarity is well reflécted in the species composition 

(Table XXVII to XXXI ) . In addition it has to be noted,, that, 

if the abundance varies in function of the depth, the rela

tive species composition (Table XXXIV) remains the same in 

the 0-100 m water column. For the two stations 196,197, 

which are situated a little outside the Breid Bay (Fig„ 7 

and 8), Fragilariopsis curta is replaced as dominant species 



STATION 188 ( 7 0 ° 1 9'S - 24012 «E ') 

• 

in 

, — 

lu S 

' " 

ce rN m pu ni 1 D m 

; Frag. curta 0 0 (..! '1 '3 Q ti'jo j 0 0 : 2d0 970 oOO ! 78 000 : 
: Nit'z. " clos terioides " 57 270 . ! 6 1 85c : 43 84o : 72 830 73 920 : 6 000 ; 
: Frag, "nana" 36 Uko : 77 960 : k\ 130 ; i 4 7^0 ; 76 860 : 6 OOû 5 
: Nitz. , Pseudon. 000 92 960 : 78 760 : 1 1 270 90 720 : 8 700 : 
: Fi-ago rhombica + separ. 23 430 -1 I. 6̂ 1-0 : 1 1 250 : 6 000 1 0 000 : 3 ^:>0 : 
: Frag-o sp. divers 6 500 1 1 200 : ^k 700 : 1 1 200 10 000 7 000 ; 
: Nitzschia stellata 500 ' ™ • — — — s 
: Eucanipia balaustiuin 600 : 2 200 ; 3 490 : 6 000 2 940 900 : 
: Thalasiosira antarct. 7 8 1 0 7 320 : 1 160 ; 7 800 5 880 H 330 : 
! Rhiz. alata (+truncata) 000 2 550 ™ ! 7 800 2 100 ! 730 : 
; Dact, antarcticus 2 600 900 • 

: Jihiz. ci imor. var Shr, < 2 500 3 300 : 3 900 : 1 08O 1 700 ; 
• Amphiprora 1 300 ; 1 0 30 : 2 700 : + 1 600 + : 

; Tropidoneis + 
1, oOO : 1 500 : 12 140 630 

s Frag. antarcticus , 1 000 + 2 000 + î 
: Thalasiosira. sp. ! ; 1 4 60 ; 1 550 : 2 600 2 100 2 500 s 
: Chaet. ne;^lectu3 "i 800 : 2 720 s 900 2 100 
: Frag-. cylindrus + 8 050 + : 7 800 1 2 00 " t 
î Biddulphie vsissfl. 1 1 00 1 100 s . 1 700 — : 

: Corethron criopiiilum — 2 500 400 : 3 470 1 700 + ; 

: Amphipleura rutilans 1 800 + : ; 
: Navicula 1 450 s — ' 800 — : 

: Chaet» dichaeta 2 200 900 : 900 • 1 600 + : 

; Khiz» antarctica 
: Coscinodiscus sp. - 350 : + s 850 + ! - : 

î A T t i T ~ > ] " i T " * : ^ antarct* » ^ ^ * 

: Chaet. flexuosus 2 500 
s Chaet. Hendeyi 4 000 
; Asteroinphalus par. : 
: Synedra reinboldii + î 
; Coscinosira sp» : + 3 
: Chaet.Schimper (atlant) : 1 100 : 900 : 1 200 : 

TableXXVII 



STATION 189 ( 7 0 ° 1 9'S - 2 4 ° 1 2 » E ) 

• 

0 m 20 m 30 tn : 50 m ! 75 m 
• 

1 00 m j 
X 

• 
; Frag. curta ' 760 240 . 773 260 , 600 647 530 220 400 134 400 : 
: Nitz, "closterioides" 110 500 91 koo 88 000 8 1 770 1 60c \h 4oo : 
; Frag, "nana" 30 940 102 500 75 600 68 510 1 1 600 22 800 ! 
: Nitzseh.la gr. Pseudon, 75 "î Ô 1 1 2 750 1 1 6 800 ! 181 220 44 400 28 4i!0 ; 
: Frag» rliombxca + separ. 11 050 2 2 960 17 600 ! 15 470 : 6 80G 3 200 : 
: Frag. sp, divers 2 200 1 1 890 ' 9 200 1 5 470 8 CGC îO 4 00 { 
i Nitzschia stellata 6 630 4 00 : 6 000 ! ^ 

* 

: Eucaîiipia bàlaustium 2 C î -«r /-v 

870 7 200 1. 
4 : 800 2 400 2 

: Thalasso antarctica + 5 330 3 600 + ; 
: Rhiz. alata (^+truncataj 4 4 00 5 200 Q o40 ! + 2 000 ; 
: Dactc antarcticus + " . 
: K h i Z c CI var xmbr. Snr. + 1 Il r\ O'+O ! 't- 000 ; + 
î Amphiprora Kufferathii 4 0 u + + 
; 'J'ropidonei s + 4 0 UU O O O . <C U O O î 
: Frag 'o a n t a r c t i c u s UUU " 
: Thalasiosira sp. : 6 630 + ! 1 200 • 2 000 2 000 ; 1 500 : 
• Chaet. neglectus -I- + ! 600 2 200 2 'V 00 î 
: Frag. cyliudrus s 800 : 1 200 400 ! 
: Biddulphi,-'. w e i s s n . + koo 2 200 
: Corethron criophilum 2 000 + + + : 
: y\mphiplcura rutilans : 800 i 
s Navicula + ! 4 00 2 000 
; Chaet. dichaeta ! 4 430 + 2 880 6 630 ; + 
: Rhiz. antarctica 
s Coscinodiscus sp. + + + ! + • 
i Chaet. flexuosus 2 200 

Table XXVIII 



STATION 190 ( 70«19'S .- 24012 «E ) 

* 
• 
* 

Ci m 

V / lit 
20 m » \\\ • Tf) m _^ \j 111 ^̂ n m 

^ 111 e 
7 îi m 1 on m • 

1 \J\J l i l « 

» X J L C X ^ » ^ l 4 . ^ U C t • 1 ^ 4 'î '-̂  0 
.. 

• 7 21^ fi 4 0 . 4 1 7 Q 6O 
1 • / ^ W V/ 

0 1 1 4o • 1 non • 
' ^ 0 0 ' J J J^'^ 1 F;Cv>(^ c R '\Ci 

i Frag 6 nana 7 Q Q R n » y ft- 0 0 U J. '4 H 0 : j - 0 U j . U ; 

: Ni-tzschia. Pseudon© ( <C X - f U ï î 0 1 D o U ' ' JJ 0 D U 14 1 t> y u : 
• Tï̂  TT̂  ^ ^ r ^ T ^ "î ^ c A n 0 n T 0 1 IlUci 7 ihCi P n ."i 

c V-* * 
^ ^ * -

11 'i P.O, 1 0 1 nn 0 1 0 y n . 
• TSJ "1 "f* 'T* Q m T +" 1 1 '4" n 

* 

• JoVl C £1 tnp X <i L) « J, d UL 0 T/ i ti'Il > n ^ n ^ oou « ™ • 

; j. i i r tXa .s iosxx^ci a.nta . r c T . x c c x + » ^ u w u H y u ij « 1 1 : 

• K n x z » axcAi/ci ^+ T*riiiiccii^ciy ~ ^ 0 w 7 T 1 0 1 l iTO • 
• 

1 700 t y -L \^ J L 0 . V 1 800 : 
2 on kJ ^ p no Jm. * 

T • 
* A ^ " ^ ^ V i ^ r ~ > K i ' ^ ' f ^ f ^ o T ^ r i ' f ' h ' î T ^ 44o 4 8 7 0 " 1 *• 

; Tropidoneis -
: Frag. antarctica 1 700 4oo 1 220 : 
: Thalasiosira sp. + ! 860 2 800 : 750 : + ; 
: Chaet» neglectus ! 9 460 8 170 6 090 : 1 890 : 2 4 60 ; 
: Frag. cylindrus + + : 1 500 : 
i Biddulphir.' v.'eissfl. 2 580 1 720 840 , 1 230 : î 4. J 

: Corethron criophilutn • 3 400 • + ! 2 800 : + : 
; Amphipleura rutilans + : 
: Navicula ; 2 1 50 2 580 1 + : + ; 
; Chaet. dichaeta ! 5 160 • 5 590 3 250 : 8 0 0 : 
; RhiZo antarctica 
: Coscinodisciis sp» 
: Chaet, flexuosus 

Table XXIX 



STATION 192 ( 7 0 ° 1 9«S - 2 4 0 1 2«E ) 

J 

; 
0 !il 20 m 30 ni 50 m ï ' 75 ni 

; 

100 m : 

; 

S Frag. curta ! 378 300 320 383 760 : 174 760 : 77 080 . 67 650 : 
; Nitz, "closterioidos" 1 26 100 93 74 0 • 101 270 : 55 040 9 84o 22 550 : 
: Frafjo "nana" 29 900 95 630 1 00 450 14 620 : 17 220 1 6 810 : 
: Nitzschia gr. Pseudon, 101 4 00 105 COO . 95 530 : 60 200 : 17 200 , 25 000 : 
: Frag. rhornbica + separanda ? 18 200 1 3 990 28 700 16 34o 3 690 3 280 : 
: Frago sp. divers 1 3 000 6 300 i 9 000 1 9 700 ; 2 000 2 800 : 
: Nitzschia stellata 2 000 + -i- î 
: Eucampia balaiistium 5 200 3 4oo 3 700 + + *»• ' 

: Thalasiosira aritarctica + 38 180 35 670 : 2 580 + 2 050 : 
: Rhiz. alata (+ truncata) 3 900 4 490 2 000 4 300 : + ; + : 
: K h i z o aritarctica + + 
; Rhiz. cf iinbric. var Shrub» 2 500 : 3 690 : 1 700 
: Aînphiprora Kufferathii 1 300 + 2 4 00 + , — + 

Tropidoneis 3 000 — 1 2 00 
: Frag-, antarc tica 2 300 
: Thalasiosira + 3 000 12 000 + 1 000 
: Chaet. neglectiis 1 000 11 340 1 1 070 6 020 ; 3 690 1 64o ; 
: Frag-. cyl indrus + 700 ^ -8-
; Blddulphia weissflo 1 300 + 1 200 
; Corethron ci-iophilum + 750 800 + 
: Ainphipleura ruti.lans + 
: Navicula 5 200 2 4 60 
: Chaet. dichaeta Mi 300 k 910 3 280 3 44o 2 000 
: Rhiz. antarctica î + + 
: Chaet, flexuosus 3 900 + 
: Chaet. (Shimper) h 5C0 3 690 

• 

Table XXX 
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STATION 196 ( 7 0 0 1 5'S - 2 4 0 0 7«E ) 

: 0 m 20 m 30 m ! 50 m : 75 m 
> • 

: 100 m s 

; Frago .curta : 33 540 : 93 4^+0 : 134 64o 66 220 ! 37 540 i 
: Nitz. "closterioides" ; ? • 91 450 : 107 280 î 720 : 16 500 : 
: Frag. "nana" : 34 kOO , 85 980 87 480 55 900 34 590 : 
: Nitzschia gr. Pseudon» , 34 000 . 35 290 34 960 39 560 ' 16 560 ; 
: Fragc rhombica + separanda ? ; + : 9 940 ! 16 200 1 700 
: Frago sp* divers : 2 580 : 2 980 ! 2 160 9 460 : 16 500 : 
: Nitzschia stellata — — — — 

: Eucainpia balaustium 2 600 1 990 : 3 600 1 600 1 100 : 
î Thalasiosira antarctica 3 4̂ 4-0 : 3 900 : 7 900. 
: Rhiz, alata (+ truncata) ! 5 160 2 000 ! 4 700 + î ; + : 
: Dact» antarcticus 2 500 ! 1 000 
t RhiZo cf iir.ûric. var Shrub, ! 2 500 5 900 4 600 2 600 3 600 : 
: Amphiprora Kufferathii + ; + 5 1 00 1 800 : 
: Tropidoueis + 3 000 4 000 : 1 400 : 
: Frag, antarctica 
: Thalasiosira + 2 000 ! 1 000 : 
; Chaet. neglectus , 20 600 12 4oo 17 300 i 31 000 + : 
: Frage cylindrus + 1 900 1 400 ! 
: Diddulphia veissfl» 980 ! 
; Corethron criophilum + •f + î 
: Amphipleura rutilans 
: Navicula + + ! 5 000 1 860 : 
î Chaet, dichaeta 9 400 : 9 4oo ' 11 160 ! 3 4oo i 1 470 î 
: Chaet. flexuosus 3 400 : 3 250 ! 1 500 • 

Table XXXII 



STATION 197 ( 70^06'S - 23'=>k6^E ) 

* î 0 ni : 20 m 30 m ! 50 m : 75 m 
• • 

! 100 m j 

• 

: Frag^o c u r ta : 92 850 : 6 5 5 0 0 : 2 59 720 ! 5 6 760 ! 34 780 
» « 

: 23 760 : 
: î\ X 1 2 S C h i a " c 10 s t e i 0 x d es" - 105 780 : 2 2 ''150 : 3 5 690 ; + ; 3 3 0 0 : 2 000 : 
: Fra^^« "nana.*' 122 120 : 66 9SO : 206 4 00 • + ! 21 46o ! 18 000 : 
• - \ t.} \̂  J 1. CJ. J. v_« U . VJ. W i A 9 ; t;8 380 ! 124 70O T1 R 2 0 p 0 y C, n 

: 12 5 1 f ) î 2h 2 '̂  8 0 • • 4 ClOCi 

• 12 oh 0 i T 6 S 0 64o 1 0 p n 1 h cm ' 
; Nitzschia stolXcita 
• Fiipamniri b^ilaiis^, inm 
V f y k, - C^tll IJ _i_ T_#", fc^ ^ VHA V/ v.*- m 

: 6 QQO : 1 T ! 160 r ^ ^ » 1 <j \j 0 

: Tîia 1 a s i 0 s ira antarctica 1 700 1 800 : 1 3 760 •f 

: Rhiz„ alata (+tr'uncata) k 3 0 0 ! h 050 : 9 460 1 720 ; + î + ' î 
: Dac t, aiîtarcticus 2 500 ! 1 1 00 ./ 000 
: iihiz. cf" iinbric. var* Stirub, ! 2 600 : 1 000 : 2 600 ; ̂-

: Amphiprora Kuxforathii : 2 590 : 5 900 : 12 900 1 100 1 080 : 
; Tropidoneis ! + : 3 600 : 10 900 + •1- : -f s 
: Frag. a.rktarctica 2 600 
: Thalasiosira i k 370 : + -̂ : 
: Chaet„ neglectus 12 000 : 17 300 . 89 870 • 13 700 5 900 : 7 500 î 
: Frag'. cylindrus 1 1 180 1 4oo 
: Biddulphio weissfl. + + 2 000 + : 
: Coretb.ron criopiiilum + 2 i+80 i 420 
: Amphipleura rutiians ! 1 260 + : 
: Navicula + + + + : 
: Chaeto dichaeta 16 3̂ >0 27 240 20 1 00 + 010 + : 
: Rhiz. antarctica : 1 5 0 0 -

: Cliaet. riexuosus : + + + ! 
: Chaet. (Shrub.) 1 800 3 000 • + : 

Table XXXIII 







by Nitzschia "closterioides" and Fragilariopsis "nana" (see 

Table XXXII and XXXXIl) with the net hauls samples ( F i g , 3 3 ) , 

a dominance of Fragilariopsis curta, Frag^ilariopsis oblique-

costata and Fragilariopsis "nana" was recovered, this last 

minute species in a slightly less degree, probably because 

its possibility to escape. 

In 1 9 6 6 - 6 7 } the situation vas fairly différent, The condi

tions of an important photosynthetic activity were not met, 

as reflected by the chlorophyll a content, the priniary pro

duction and the Diatom abundance. But the différence la also 

well established in the species composition, If Fragilariop

sis curta, Fragilariopsis "nana" and Nitzschia gr, Pseudonit- • 

zschia are still présent, they are mixed with species like 

Amphiprora Kufferathii, Nitzschia stellata, Fragilariopsis 

cylindrua5 Amphora antarctica, Amphipleura rutilans, Navicula 

(Table XXXV), which belong to the ice habitat (see same 

chapter C), The spoctrum of the species composition in 1 9 6 6 -

6 7 is consequently the resuit of the superposition of two 

différent populations. The net haul samples of 1 9 6 6 - 6 7 

(Fig. 3 3 ) taken from 2 5 0 to 0 meter, show for stations 2 1 1 

to 2 1 ^ a dominance of Amphiprora Kuffei'athii and Nitzschia 

stellata and Nitzschia gr. Pseudonitzschia, while for Stations 

2 1 5 to 2 1 9 , the bulk consists of 3 0 % of Corethron criophi-

lum and of 2 0 % of Amphiprora Kufferathii, The relatively 

week abundance of the ice species in the Nansen bottles com~ 

pared to high quantity recorded using net hauls uiay perhaps 

be explained by tJie fact thâtj by the raelting of the ice, 



Date : Jan. -Febr. 10 11 12 13 14 15 16 17 13 19 2C 21 2 2 2 3 24 25 2 6 27 2 8 2 9 30 31 1 2 3 4 
P59 P63 P64 P67 PTO P71 P73 P74 P76 P77 P78 P79 P80 P83 

A . n p h i p r o r a Ku f f e ra th i 
N i t z s c h i a S te l l a t a 

X 
X 

X 0 O 0 G X X X 

Fragi l . s u b l i n e a r i s (obl iq). A A A © A @ A A O 0 O + 0 
C h a e t o c e r o s n e g l e c t u s X 0 0 X 
F r a g i l a r i o p s i s cu r t a 
C o r e t h r o n c r i o p h i l u m 

A 
X 

o 
X 

+ A A 
<• 

o X 
•»• 

X 
® 
A 

© 
A 

© 
A 

•t-
A 

+ 

A A 
B i d d u l p h i a w e i s s f i o g i i o X 0 o o o o 0 o X 
C o s c i n o d i s c u s B o u v e t 0 A 0 o 6 0 o 0 o X X X X 
E u c a m p i a b a l a u s t i u m o A o © A A A o o ••• 0 •fr X 
N i t z s c h i a c l o s î e r i c i d e s X o o o 0 o 0 X 0 X X X 0 0 
F r a g i l a r i o p s i s "nana" X X 0 o X X 0 0 
N i t z s c h i a gr. Pseudon o o o o o o X 0 o o o X o o 

1964 - 1965 188 189 190 194 195 196 197 

A m p h i p r o r a K u f f e r a t h i i r\ 
\J O X 

N i t z s c h i a s t e l l a t a X 
Fragi l . s u b l i n e a r i s (ob l iq ) O Q r\ 

\J \J 

Chaet . n e g l e c t u s X o o 
F r a g i l a r i o p s i s c u r t a 
C o r e t h r o n c r i o p h i l u m 

• 
o 

@ 

X 
A 
X X 

•il-

o 4-
B i d d u l p h i a w e i s s f i o g i i 
C o s c i n o d i s c u s Bouve t 

0 
X 

X 
X 

o o 

E u c a m p i a b a l a u s t i i i m 0 o o o o X 
N i t z s c h i a * c l os te r i o i des " o o o X 0 X 
F rag i l a r i ops i s 'nana" 
N i t z s c h i a gr Pseudon 

0 
A 

0 0 o 
© ••• 

0 
O 

1966 - 1967 211 212 213 214 215 216 217 218 219 

A m p h i p r o r a K u f f e r a t h i i 
N i t z s c h i a s t e l l a t a 
Fragi l . s u b l i n e a r i s (obl iq.) 
Chaet . n e g l e c t u s 
Fragi 1. cu r ta 
C o r e t h r o n c r i c p h i l i u m 

X < 1% 
0 l%-9% 
+ ia%-19?/o 
© 20P/o-25% 
A>25% 
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Nitzschia Stella ta p Ainphiprora Kvif f erathii , and Amphipleura ru-

tilans were observed to form gelatinuous clusters which proba-

bly sink to the bottom, being ca.tched on their way down by the 

net hauls. This also could explain their relative scarcity in 

1 9 6 4 - 6 5 . 

DISCUSSION 

The relationship between the Diatom abun-

dances and the phosphate content has been investigated in the 

Breid Bay, Fig-, gives the log« of Diatom cell numbers per 

liter, i^lotted in function of the phosphate content, for ail 

stations and ail depths of both years, ^^6h•~6^ and 1 9 6 6 - 6 7 » 

can see that the points of this figure are distributed in two 

distinct groups (l and II). A first one (ï), corresponding to 

values of log, N superior to 5 (N be±ng the cell nutnber per 

liter); a second (ll) with values of log, N inferior to ^, The 

group I, which corresponds to values of ^^6k~6^, shows a clear 

inverted relationship between log. N ai\d phosphate concentra

tion, while group II, composed of the 1 9 6 6 - 6 7 values, does net 

show significative variation of the phosphate content in re

gards to the différent values of log. N recorded (although the 

variation of thèse values was limited between 3 and k), Clear— 

ly the inverted relationship shown by group I coï'responds to a 

deplation of the phosphate content by Diatoms; this is to com

pare with the study of the stability in the Bay and with tlie 

existence of a surface mixing layer (see Chapter ÏV,Fxg,2k), 



In group II, tlze limited amount of Diatoms was not able to in

fluence on the phosphate- content which staid particularly un-

changed, withiii the l'ange of 2 to 2 , 5 patg/l. This is also to 

compare with tîie alruost liomogenuous distribution of properties 

in the entire colunin in the Breid Bay in 1 9 6 6 - 6 7 (see Chapter 

I V , F i g . 2 5 ) . 

The data obtained by Nansen bottles (Table XXXIV 

and XXXV) as well as those obtained by net hauls ( F i g , 3 2 ) show 

that for the three expéditions 1 9 6 l - I 9 6 5 - ' i 9 6 ? » only a very li

mited number of species occur in great abundance in the Breid 

Bay^ niainly : Fragilariopsis curta, Fragilariopsis obliquecos-

tata (here not distinguished from Frag, sublinearis), Fragilar^ 

iopsis cylindrus, including Fragilariopsis cylindrus var. nana 

Corethron criophilumt Nitzschia gr, Pseudonitzschiaj Nitzschia 

"closterioides" (inainly subcurvata), Amphiprora Kufferathii am 

Nitzschia stellata. In most casesj Fragilariopsis curta was th( 

dominant species. 

One important point to put forward is that the 

différences between our 3 expéditions (only 1965 and 1967 with 

Nansen bottles) were more pronounced in the Bay than in the 

transect. This is consistant with the marked hydrological 

différences observed in the Bay. If 1 9 6 4 - 6 5 shows a quite 

homogenuous distribution of the dominances, 1 9 6 6 - 6 7 on the 

contrary, was characterized by a high degree of patchiness due 

to the présence of ice floes. This is reflected in bottle sam-

pies as well as in net haul samples. 
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The populations in the Breid Bay waters in 1 9 6 6 -

6 7 were, as seen previously, composed of inixed Diatom com-

munities : ice lisiked species and open water species. The 

total abundance (Pig. 3 0 of Diatoms was^that year, very 

low. Thèse facts, linked to more pronounced hydrological 

"winter" conditions^ inclined us to consider the Diatom po

pulation of 1 9 6 6 - 6 7 as being at his 'starting' point. The 

Diatom community of i96h~6^j, on the contrary, was characte-

rized by a very high abundance ( 1 0 0 times more than in 1 9 6 4 -

6 5 ) due to the active growth of a few species. The hydroio-

gy of the bay in 1965 being in more "summer"conditions, it 

allows us to consider that the Diatom population of that year 

was iÎ  a more advanced sta^e than in 1 9 6 6 - 6 7 . Consequently, 

we may consider Fragilariopsis curta, Fragilariopsis oblique-

costata, Fragilariopsis cylindi^us and in a less degree Core-

thron criophilum as "early"forms, while species like Biddul-

phia weissfl,, Eucarnpia balaustium, Coscinodiscus are éléments 

of more advanced communities, 

The analysis of the net haul samples gives a 

slightly différent aspect of the populations and increases 

the percentage of species as Amphiprora Kufferathii, Nitz-

schia stellata, Amphipleura rutilans and Corethron criophi

lum. Fragilariopsis obliquecostata as well as Corethron 

criophilum appear by net hauls in larger proportion in 1967 

than in 1 9 6 5 ; species like Eucarnpia, Biddulphia, Coscinodis

cus only occur in the ^^6h-6^ samples,The investigations -of 

1 9 6 0 - 6 1 shov/ed from the hydrological point of viev/, the most 

advanced summer characteristics of the three expéditions, 
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with nearly no ice in the bay. The net haul samples of the 

1960-61 cruise give for St.P 39 to StoP?^, a dominance of 

Fragilariopsis obliquecostata, Eucampia balaustium and 

Fragilariopsis curta, while St.P 76 to St.P 82 show a diffé

rent population constituted by a dominance of Corethron crio-

philum and Fragilaiopais curta, The sudden différence ob-

served in 196O-6I, between the two séries of stations, ail 

located in the Leopold III Bay, is iriost interesting- because 

they reflect modifications in the hydrological conditions, 

Indeed, on the 22th of January, a sudden massive inflow of 

pack ice from outside, invased the bay and modified very 

quickly the water characteristic s. The Diatom community of 

the first séries of stations in 196O-6I can be considered, 

on basis of the perfect correspondance between the hydrology 

and the plankton populations, as being in an even more advan-

ced sta<Je than that of ^^6h-f>3' 

Being aware of the heavy patchiness always pré

sent in inshore waters and of the marked influence of parti-

cular environinentai conditions on the development of the 

populations, we propose nevertheless the following scKeme as 

a probable évolution pattern of the populations in the Breid. 

Bay during the summer season as reported in figure 35» 

Studies made in inshore waters along the Antarctic 

Continent, are very scare and no detailed data are, by oi.u:' 

knowledge, reported in the literature, Bunt (196O) studied at 

Matvson, at two points, and v;ith net hauls , the évolution of th 

phytoplankton, from raid-September till end January. 
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He menshions Fragilariopsis sublinearis, Aniphiprora strio-

lata and Nitzschia sp, as first signs of the phytoplankton 

growth, followed by an active /jrowth, end October, with 

Fragilariopsis sublinearis as dominant; at the end of Janua-

ry he reports a shared domintînce of 6 species (Fragilariopsis 

sublinearis, Eucainpia balaustiuni, Eidduli^hia, Coscinodiscus , . ) , 

Those results confirmed partly our findings (the early ap-

pearence of Fragilariopsis sublinearis (i = Frag, obique-

costata), the late appearence of Eucampia, Biddulphia and 

the increasing cornplexity with time}, The main différence 

consist in the fact that Bunt does not mention Fragilariopsis 

curta. This last species is recorded in the literature as 

an 'ice-edge' species (Hendey, Hart, Karsten, liytter Hasle, 

Kozlova). ït is also found by Fukishima and Meguro {^^66) 

II 
occuring in ice and open waters in the i^utzov; iîolm Bay» 

C. ICE 

The sea habitat being a very particu-

lar one, we would have expected to find a micro-algae cotn-

munity, specialized to this habitat and more or less constant 

in its composition. In fact, excepted for few species, as 

Araphiprora Kufferathii and Nitzschia stellata for the bottom 

layer and Fragilariopsis cylindrus for the sea layer of the 

floes, a vai'iable composition of the species has been obser-

ved between the différent types of ice samples, especially 
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Ice l i n k e d p o p u l a t i o n s 

( Ice l i n k e d p o p u l a t i o n s 
sensu stf. 

+• Ice Flora). 

s é d i m e n t a t i o n 

d i spe rsa i 

species linked 
to strat i f ied 
waters 

. ??? 

W a t e r p o p u l a t i o n s 
N closter 
Frag "nana" 
Core thron ? 

M i x i n g 

( loss of large c e l l D ia toms) 

N closter 
Frag "nana" 
Core thron ? 

M i x i n g 

( loss of large c e l l D ia toms) 

E u c a m p i a 
B i d d u l p h i a 
Cosc inodiscus 

Large s ized ce l ls 

Srnai l s ized c e l l s 

Species of sma l l size 

Fig. 35 : S c h e m a t i c r e p r e s e n t a t i o r of supposed é v o l u t i o n of D i a t o m p o p u l a t i o n in t h e i n s h o r e 

w a t e r s of Bre id Bay. 

i 
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for those corresponding to difforent years. 

Table XXXV givea the species composition of the 

various sea ice. floes sampied in i 9 6 O - 6 1 , 1 9 6 4 - 6 5 » and 1 9 6 6 - 6 7 -

The ice sainples takeu in 1 9 6 0 ~ 6 l refer to the colored layei s o3 

the floes, raelted and filtered. on a silk. Only the percenta-

ges of abundance could be calculated and the figures are there-

fore only an estimation of the Algae composition at the dif

férent levels. P. 62 and P.75 refer to the green sea level 

layer, P.72 and P.81 to the brown bottom layer. Ail samples 

were taken in the Leopold III Bay. The sea level layer was 

characterized by the abundance of Fragilariopsis cylindricus 

and Fragilariopsis curta, v.'hile the bottom layer showed a 

marked diffei^ent association, mostly composed by Mitzschia 

steilata and Amphiprora Kufferathii. The samples of 1 9 6 ^ - 6 5 s 

reported under Ia,Ib,Ic have been taken in the still unbroken 

fast ice of the Leopold III Bay. Those three samples are 

coîiiposed respectively of the 15135 and 45 first centimeters 

of the fast ice (after removal of the 10 cm upper layer of 

covering snow), which total thickness was about 1 , 5 m. They 

also comprised a pure Phaeocystis (Chrysophyceae) population. 

Phaeocystis sp. has been mentionned in the literature, either 

found in the ice, associated with other Diatoms (Burkholder 

and M a n d e l l i , 1 9 6 5 ) oi- found in open waters ( H a r t , 1 9 4 2 ; Hunt, 

1 9 6 3 ? Rytter l l a s l e , 1 9 6 9 ) . Uart considered Phaeocystis as an 

early coloniser after the melting of the pack ice and belle-

ved its origin to be within his "intermediate zone". 
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1 9 6 0 - 1 9 6 1 

s USi V G Samp, reîer« : Spec?. fîs comp, ! /° J J I V 0 t 

î Index ; 

• 1 — 1 1 

» o ™ 1 «» f * 7 i 
P62 Green ; Frag. curta ! 

• 

• « 

» JU/ C KJ VJ J- _L. _1- X-» C4 V coloured. ! 
layer ! 

Frag» cylindrus : 
Frag, div. 

( "PtI '̂ >̂T*f*̂ i o n ' 32 
• 

: i 9 _ i _ i 9 6 i P72 fÎTPpn ! Wlt stpllata 
J.« ^ w • £3 •/ \7 ^ J. d W CL 4 

7 6 
1 ;-i v T' î A, ex y A. < 

brown) ; 
(filtered. on ï 
neb sj-à-kj i 

* 

* 

* 
. oh 1 I Q ^ I t < M- «» 1 1 y o 1 JrY^ vjreen ; rrag. curxa s 8 8 • 

• coloured ! r ra^ 0 cy.i j.ncirus 
8 8 

* layer (sea 
• 

Xevex) ! • 
(filtered on 
net silk) i 
P81 Brown ! Amph. Kuffer, ( J 
bottom layer Nit. stellata 16 
(filtered on ' 

. net silk) 

: 1 9 6 4 - 1 9 6 5 

s 1 6 - 1 - 1 9 6 5 la Fast ice ! Phaeocys tis . 100 
: ( 7 0 ° 1 9 ' S Bay 15 cm ! 
; 2 4 o 1 2 ' E ) from top 
. Il , Fast ice 

Bay 35 cm 
• from top 

Phaeocystis , 100 

II i l£ Fast ice 
i Bay 4 5 cm 
: from top 

Phaeocystis 100 

! 2 9 - 1 - 1 9 6 5 : I_d Ice floe ! (Pha. présent) 
: ( 6 0 ° 1 5 « S : of 160 cm ! Frag, Van Heurc-k. : 37 
5 2 4 " 2 0 ' E ) : thickness ! Biddulphia ! 1 0 . 8 

: (VIII) 112cm : Coscinod. fur. : 1 0 . 8 ! 1 = 3 . 2 s 
: - 1 2 8 c m ï Char, actinocin. 

; Aniphipr. rutilans 
: Coreth. crioph. 
: Eue. balaust. 

: 7 
: 7 
: 3 
: 1 . 4 
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Il • le Same f'ioe : Amphi. Ivuffer. s 5 4 i 
TÏX) 1 2 8 c i n . : Nlt, steliata : 8 , 4 : 
- 1 c m : Frap.oblo (sub.) : 8 1 1 = 2 , 6 2 

Fraf?;. cureta : k : 
Coreth, criophe : 3 ! 
Coscinodiscus : 1 , 5 : 

It . If Saine floe : yVtnphi. JCuffer. : 5 1 : 
(x) 1kham- i F.rag. Van Heure k ; 14 ! 
lôOcm : Frag* sublinearis : 3 o 6 : 

Biddulphia ; 1 = 2 . 6 : 
Coscinodiscus : 
Charcotia ; 
Nitzschia : 
Amphipleura ; 

Il ; Ig Satne floe : Araphi» Kuffer, : 4 3 i 
(x) inferior ; Frag. Van Heurck ! 2 1 : 
1 5 cm ; Frag. subi, ! 13 ! 

Frag, curta ; 6 
Biddulphia 1 = 2 . 7 ; 
Coscinodiscus 
Navicula : 
Pleurosigma 
Araijhipleura 

Il . Ih Saïue floe ' Araphi. Kuffer. 5 6 
inferior 15 Frag. curta ! 12 
cm (X) Nit. steliata : 5 . 6 

. (filtered on Navicula : 2 • 1= 2.6 : 
net silk) Biddulphia 

Corethron 
Pleurosigma : 1 

. Charcotici 
Il : rCi Saine floe ! Araphi, Kuffer, : 3 0 

! inferior 10 : Frag, subi.(obi) : 2 0 
: cm ! Frag. Van Heurck ! 1 1 

! Frag. curta : 5 
: Biddulphia : 3 . 6 : 1 = 3 . 1 : 
s Charcotia 
s Biddulphia 
: Coreth. cricph. 
: Pleurosigma 
s Navicula 

': 4 1 II : Ij_ Sair.e floe : Frag. Van Heurek ': 4 1 
! 1= 2.6 î : inferior 5cm : Amphi. Kuffer. : 2 6 ! 1= 2.6 î 

: Frag. sublinearis ; 12 

o / • • o 
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1 9 6 6 - 1 9 6 7 

: 1 7 — 1 — ' 9 t > 7 Ilk Surface , Fjrag» cylindrus 9 5 • 1 = 0 , 3 : 
: \^Do "5'-'b pack ice isi j; t. c J. 0 S t e r. 4 . es 
: db" J 1 ' h,) 

: <;o— 1 — 0 7 III J.ni orior Anipnx, liuiisr. Q 0 O.C 
part browii ' Navicula 1 r\ t U ! 1 = 0 . 9 î 
layoi" Fragilariopsis 

Nit* stellata 
7 

: 2 6 - I - 6 7 Ilm Inferior Amphi» Kuffer» 8 r 1 = 0 . 7 ! 
part brown Navicula 10 
layer 

; 2 o — 1 — 0 7 . U n Inferior A i T ï p n i iviii 1 er • 0 J 
part brown J • -> x=v» y : 
1 ay e r i\av J. cuj.a J ' J 

; 0 — 1 — 0 / H o Inferior Arnphi . Ivuffer, i D 
part Navicula 12 
(filtered on IN X t . faLe-L-Laxa 
net silk) Fx^agilariopsis 

Amphipl, rutilo 2.il 
: 2 6 - 1 - 6 7 IIp Infei-ior , Amphi. Kuffer. 8 0 

• i D a r t • Navicula 9.k 1 = 1 . 2 s 
. (filtered on Amphipleura 
! net silk) . Fragilariopsis 3 

Table XX.XVI s Main species composition in ice saraples ( 1 9 6 0 - 1 9 6 1 ; 

196^4 - 1965 ; 1 9 6 6 - 1 9 6 7 ) . Ail saïuples without spécial 

mention, refer to melted ice investigated with the 

sédimentation method. 

Ve found it associated with Diatom populations of some top and 

bottoin floe layers, as well as in open water, but in limited 

amount. Vhile no conclusion can be inferred froin the three 

ice samples, the observation is an indication that Phaeocys-

tis may be adapted to live in the top layer of the fast ice. 



The other samplea ( 1 ^ 6 4 - 6 5 and 1 9 6 6 - 6 7 ) originated 

frotn various l loas, oither froïc. the bottom side (Id , le , If , Ig, 

or from the upper side (llk). 

In particular, sainples Id,Ie and XT have been taken respective-

ly in the three last successive 13cm layers at the bottom side 

of the same floe* When considei'ing the species composition of 

thèse various sainples, it is clear that Amphiprora Kufferathii 

is the dominant species for ail the bottom side saniples, for 

both years (associated in the lowest layers with Frag, subli-= 

nearis and Frag. Van lîeurckii), while Fragilariopsis cylindrus 

is dominant in the unique sampl© taken in the upper side of a 

floe. The différences between the two years are found at the 

level of the subdominant species. Indeed, in 1 9 6 5 » the specie 

spectrum was made of large species ainong which Biddulphia, Gos 

cinodiscus, Corethron criophilum, Charcotia, Pleurosigma, Tro-

pidoneis, Eucanipia balaustium and othor little forms iike 

Fragilariopsis curta, Fragilariopsis oblic^uecos tata, Fragi-

lariopsis Van Meurckii.. . among the most abundant. In I 9 6 7 , th 

dominance of Araphiprora Kufferathii was more pronounced and 

the associated species were little forms (Navicula, Ainphipleura 

Fragilariopsis), 

DISCUSSION 

Comparing the results of investigation 

in the open water of the Bay with those of the ice samples, th 

following scheme can be establishod : 



ICE SURROUNDING WATER 

net sampling 

Eucamp. balaust. 

Fra^. curta 
Fra^. obliquec. 
Coscinocl, Biddulo 

Nit» Pseudon. 

Amphipr. Kuffer. 
Nit. stellata 
Frag-, obliquec. 

(l) : surface layer ( 2 ) : inferior layei' ( 3 ) ' brovn inf, layer 

Although the number of ice saniples investigated 

waa liniited, a certain number of observations may be put 

forward s 

= Some species occur in the ice in large quantities and do 

not reinain for long time in the open water; this is the 

case for Nitzschia stellata, and. Amphiprora Kufferathii. 

Thèse sj>ecies may be considered as ice-linked species. 

Moreover, ive observed that tiiose species, as also Amphi-

pleura rutilans (sometimes found in large amounts) are ail 

species which form, aftei' thoir i^elease in the water, large 

gelatinuous masses, visible from shipboard. This phenome-

non may be related to the fact - at least for the two first 

species - they were observed in the ice rolled round the 

i 9 6 0 

196^ 

1 9 6 6 

Frag. cui'ta 
Frag. cyl.ind, 
Nit. closterium 
Nit. stellata 
Amphipr. KufTer. 

Amphipr. Kuffer. s Frag. curta 

bottle sampling 

Frag. Van Heurct^ 
Frag. obliquec. 
Biddulph. Charc. 

2 ) Corethron.Nit, 

3) Amphipr. Kuffer. 
'3^ Nit. s tel. Navi. 
3 ) Amphipl. Pleuro. 
3 ) Frag, curta 
2) Frag, cylind. 

Nito closter. 

Nit, 
Frag, 

clos ter 
nana 

Frag. curta 
Frag. obliquec. 
Coreth. crioph. 
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ice cris tais iii large ribbonshaped colonies (Amphiprora) 

or organized in networks (Nitzschia stellata), Perhaps 

the mucilaginous xormation reflects their particular spa

tial organisation in tlie xce, 

Other species, as Fragilai'iopsis obliquécos tata (sublinea-

ris), Fragilariopsis Van Jîeurckii, Pleurosigma, Navicula 

and Fragilariopsis cylindricus occur abundantly in the ice 

but are also found in great quanti ty in the open -water. 

Thèse species inay perhaps startv their growth in the ice 

and develop in the o^jen v/ater af tex-v/ards „ No answer has 

already been given to this important question. They per

haps contribute, with the melting of the ice, to the in-

crease of the open water plankton abundance. Fragilariop

sis curta occurs in variable quantities in the sea-ice 

saniples investigated; although never dominant, it is Found 

in this habitat in appréciable quantities (see Ch. VI. ), 

In the open -water Fragilariopsis curta is the dominant 

species. 

A third category of species, of appréciable size (Biddul-

phia, Coscinodiscus, Eucampia, Charcotia, Corethron crio-

philurn) are also présent in ice floes, but in few quantity 

Those species are perhaps accidentai species which enter 

in the ice from outside. 

Comparing the total abundance in the ice (lO cells/litei" 

in 1 9 6 7 , beginning of the establishment of summer condi

tions; 10^ cells/liter in 1 9 6 5 , well developed suviuiier 

/ 



- 1 6 7 -

conditions), vith the total abundance in the open water 

( 1 0 cells in 19^7 ? beginnin^-;; of the establishment of sum~ 
K 

mer conditions; 10 cells/liter in 1965» vvell developéd 

suiiimer conditions), we are inclined to attribute the hig-her 

nuuiber of Diatoi.-is in the op>en v/ater, in 1905» to a greater 

melting of the ice. Nevertheless it has to be pointed out 

that the dominant species in the ice are not those which 

are dominant in the sea. 

The very large quantities of Diatoms recorded in the ice 

samples correspond to very high values of chlorophyll con

tent. High values of pigments were also found by Jîurkholder 

and Mandelli ( 1 9 6 5 ) at the sea level of the ice, correspon-

ding to high protluctivity rates. Bunt (196^+) recorded also^ 

for bottom flora (underice flora), high values of chloro

phyll (especially chlorophyll c), but with a limited pro-

ductivity. He démons tra ted , through laborîitory culture s ^ 

that species from the epontic comiriunity (Fragilariopsls 

sublinearls) were shade adapted and able to fix CO^ slowly 

at low light intensities. Micro-Algae growing on ice are 

less subjected to loss by sinking (this is also the case 

for neuston). Therefore species, even with a lower rate 

of inci"ease\,can survive ( shade-adapted species forcilly 

dévide slowly) (personal communication of R» Margalef). 

There are still a lot of unanswered questions : are 

Amphiprora Kiif f erathii, Amphipleura rutilans and Nitzschia 

stellata shade-adapted species, as it was demonstrated by 

Bunt fox- Fragilariopsis sublinearis ? Are they, on the 

/ 
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contrary, heterotrophe as some Amphora species (this genus 

is représentée! by Amphora antax'cticus but by very few in-

dividuals) ? Are tue other '^trapped" species in resting 

stade or, on tbe contrary, {jrowiug in a favorable milieu ? 

The literature on the subject is very scarce» 

Bunt ( l 9 6 3 * 1 9 6 4 ) did a lot of investigations on the ice 

flora and in particular on productivity and chlorophyll 

content of Algae popuJ.ations in the slush ice which hangs 

beneath the ice floe. Bunt and V.'ood ( 1 9 6 3 ) distinguished 

in the brown ice layer ; Pleurosigma, Nitzschia, Arnphiprora 

and Fragilaria to be constituents of the epontic corr.munity. 

Burkholder and Mandelli ( 1 9 6 5 ) recognized in the ice 

"large amounts of small diatcms, modéra te amounts of Fragi.-

laria curta and Nitzschia seriata and traces of tnany other 

species". Fukushinia and Meguro ( 1 9 6 6 ) dis tinguished essen-

tially two types of ice flora ; the bottom type plankton 

ice with Atnphipleura rutilanSf Arnphiprora Kufferathii, 

Nitzschia stellata and Pleurosigma as dominant species; the 

surface tyi)e plankton ice with Fragilariopsis cylindrus, 

Nitzschia stellata, Fragilariopsis curta. From the pré

sence of one or the other série of Diatoius in the open 

oceanic watc-ro, they did conclude on the existence of 

"bottom type plankton ice area" (open waters where the po

pulation originated from the bottom layer of the ice) and 

"surface type .plankton ice area (oceanic waters where the 

population originated from the surface layer of the ice). 

\ 
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V, INDEX OF DIVEUSTTÏ 

The observation of natural populations 

and, in particular, the observation of the species distribu

tion in function to space - time, has brought to light the 

existence of some kind of organization within natural po];)ula-

tions, This organization is the resuit of interdépendant 

relationship betwecn organisms ~ a.t the level of individuals , 

species groups of species...etc - and the whole systemf either 

as such or at the level of each individual, being under the 

influence of the envii-onmental factors. In particular ^ the 

distribution of individuals in différent catégories of spe

cies has shown to follow some regularity. Indsed, when ',v'e 

considei' each individual v.'ithin a sami>le of liankton, tiiere 

are two extrême possibilities, with ail the intermediates 

between thèse two extrêmes. Either ail individuals belong 

to the same species and the "species diversity" is minimum, 

or each individual considered, belongs to a différent species, 

and the "species diversity" is maximum. Several functions 

have been proposed to express this "species diversity", 

Among them, Margalof (l96l,'!9b8) proposed the following 

"Index of diversity" : D = p ^ l o g ^ p which is borrowed 

from the information theory. By prcposing this, Margalef 

compares the ecbsystem to a message transmitted along a 

Chanel of information. D, expresses the average information 

/ 



content per individaal, considering that the probability 

that one individual belongs to trie species i, is „ Basi-

cally, this f une tien has a n i i n i u i t i i n value when ail individuals 

belong to the sarne species and a lïiaxiniutn value, when each 

individual belon^^s to a différent species. 

The interest in co-nputing the index of diversity, 

is the fact that it represents a "measure" of the organiza-

tion of the population, which organization is under contrôle 

of intra - and interspecific relationships and of environ-

mental factors. The index of diversity is theiïfore related 

to basic properties of the population and will follow its 

évolution. For example, it is frequently observed that, 

tiie e.irly stage of developtcent of a population, corresponds 

to a low index of diversity = This inay be due, either to the 

fact that the new population comprises only few différent 

species or because few species ai^e rapidly growing and do-

uiinate, in quantity, ail the others. On the contrary, a 

population reaching a situation of stability corresponds 

normally to a higher index of diversity» However, the orga-

nization of a systeni is not fully described when comjjuting 

the index of diversity, which, in fact, gives only a measure 

based on the relative abundance of individuals falling in 

différent catégories of species. For exanipie, two s3.niples 

having complète différent species, can exhibit the sarae index 

of diversity, This oiie also dépends on the size of the sam-

ple, in the sensé that the index inay evolve continuously 

when adding new individuals to the sauiîjJe, and niay behave 
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differently, in this respect, froni sample to sample; it is 

therefore-, more appropriate to refer to a spectrum of diversi — 

ty. Moreover, the index of dive-rsity may vary in function of 

the sampling techniques used, as it is the case when comparing 

net haul sainples with A^ater bottle samples. Diversity concerns 

a division of a set in subsets, Since net makea a sélection 
• 

of some subsets among the set - in particular by retaining a 

greater proportion of larger species and of those with brist-

les and spines, while most of the little species like Fragi-

lariopsis "nana" (3"10|-') and Fragilariopsis cylindrus (6-5OU ) 
are escaping - diversity computed on those subsets, cannot be 

identifiod with diversity of ail the subsets of the set, like 

it does for water bottle sampling. However^ the sample taken 

with water bottles is very limited and nearly punctaal in func 

tion to space and therefore some species may even not be repre 

sented in the sample. 

A. TIÎANSECT 

computed on net haul samples and on water bottle samples of 

ail standard depths at the stations along the 196^-65 and 

1966-67 transects. 

From the data recorded by water bcttle saruples we observe 

for both yearsj a liigher value of the diversity index in the 

North Antarctic région than in tirie South Antarctic régions. 

Figure jS gives the index of diversity 

/ 



For both years , the région of the Subtropical Conver^^ence 

(st. 1 8 3 , St. 202) shows lower diversiv.y values t h a n at sta

tions north to it. This decrease is found by net sauiples as 

well a s by water bottie samples and corresponds, a t both sta

t i o n s , - to a doininarice o f Nitzschia ^ t , Pseudoni t z s c h i a as a 

conséquence o f a h i g i i produc tivi ty. The Antax-ctic Converf^ence 

z o n e (St.20't and to a less extent St. 2 0 3 ) corre sponds. to a 

relative hi,'j;her P roduc tivi ty-Bioi i ia.s s ratio ( produc tivi ty mea-

s u r e d by C ^ uptake; biornass m e a s u r e d by pigment content) than 

station 2 0 5 . The lower index of diversity recorded at thèse 

stations agrée with the ,^enera.l rule of inverse relationship 

between Pr oduc ti vi ty-bioina s s ratio to index of divei^sity 

(Margalef). This relationship vvas also verified at St. 183 : 

very lov; 1-roduc tivi ty-Bioina .ss ratio and hi;̂ -h value of diver-

sity index, Tlie southernmost stations ( St. I 86 , 1 87 , 206 , ^i')? ) , 

on tho contrary, showed very low P r o d u c t i v i t y - B i o m a s 5 ratio 

associated to low indexes of diversity, Àt thèse stations of 

divers ity index cornputed v;a s p r o l v a b l y influenced by the few 

amounts of l^iatotns counted. î^'oreover, the couiputation on IJia-

t o m s only, reflectanot tlie diversification, already api^earent, 

due to tli.e présence of otlier pfi'j'toplrinkton o.rî';-anisms (Peridi-

nea, S i l i c o f l a g e l l a t a e . . . ) . 

The d a t a obtained by net samples v/ere qui te dif

férent and did not vary in the same way as those obtaiiied by 

water bottle samples.thîs most probably due to the sélective 

action o f the net. 
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Indeed, at Station iSh for exasuple, the dominant species 

recorded %>̂ ith water battle tïainpling were Nitzschia gr. 

Pseudonitzschia and Chaetoceros atlanticus, while the 7iet 

sainpling showed fi pronounced. domj.nance of Fragilariopsis 

kerguelensis and Chaetoceros criophilus. The lov; index of 

diversity on tbe net sample of this station is probably due 

to the fact that species forining long chains, like Fragilari

opsis kerguelensis, or species wj.tli long bristles, like 

Chaetoceros criophilus, are selectively retained by net. 

The same phenonienon is observed at St» 1 8 7 , where the domi

nant species with the net sarapling is Corethron criophilum, 

another species with spines, while the domxnance with water 

bottles is niade of Fragilariopsis curta and Fragiairiopsis 

"nana", which certainly escaped pax'tly from the net hauls. 

Similarly, the relative low index of diversity , by net 

samjile, at St. 208 is to be related to the dorninance of 

Chaetoceros criophilus. 

B. BAY 

The diversity in the 13reid Bay vas 

coBiputed, in 1 9 6 ^ 1 - 6 5 , on both, net and water bottle samples, 

while it was coinputed only on nut samples in 1 9 6 6 - 6 7 , be= 

cause the nuir.ber of individuals taken with water bottles, 

that year, was not large enough to allow significant calcu-

lation of the diversity index. 
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The values of diversity are rei^orted in Figure 3 7 . 

CoinîJfirinfj the data of the diversity index on water 

bottle sarnples the Breid i3ay [Fx-^.'Jl) with those of the 

transect (Fig.36), a gênerai lov,er value ±s observed for the 

first ones, This reflects tlie high productivity of the insho-

re waters at that period of the year, Moreover, in the Bayp th€ 

index value shows a slight incrsase in function to time which 

correspondsto the establishment of a more complex population 

and a decrease in the total Diatoia abundance. 

The diversity coinputed on net samples shows quite 

uniforiîi values, comprised between 3 « 0 0 and 3 . 5 ^ ? except for 

St, 2 1 8 ( 2 . 5 ) and St= 2 1 9 ( 1 . 8 7 ) . This uniformity reflects a 

moi-e or loss uniforrn distribution of the relative species abun-

danceSj although the dominant species in 1 9 6 U - 6 5 ivere diffé

rent from those in 1 9 6 6 - 6 7 (see Cliapter IV) . The diversity of 

2 . 5 ( s t . 2 1 8 ) and 1 . 8 ( s t , 2 1 9 ) correspondito a high dominance 

cf Corethron criophilum {h'jf^} and Amphiprora Kufferathii {^3%) 

respectively. It is interesting to note that the diversity in

dex values coinputed on water bottle sampling were, in gênerai, 

lower than those computed on net sampling (the contrai^y has 

been observed for the transect). This inay aiso bs explained by 

the sélective action of the net. Indeed, the dominant species^ 

in the Breid Bay in 1 9 6 4 - 6 5 , v;ere composed of little forms 

like Fragilarlopsis "nana", Fragilariopsis curta, Nitzschia 

closterioides, which are escaping in important propoi-tion from 

the net hauj. ; their lower percentage value in net samples in-

creases the index value. 
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C. ICE 

The diversity of Diatoin populations 

living in ice was cotnputed for différent floes studied in 

1 9 6 ^ - 6 5 and 1 9 6 6 - 6 7 . Thè values are reported in Table XXXVI. 

Although the number of samples was lirnited, we 

may clearly observe that the diver.'iity values recorded in 

the 1 9 6 ^ - 6 5 floes, were higher (of about one unit) than the 

corresponding values in the 1 9 6 6 - 6 7 floes- The diversity 

values correspond to lower values of bioinass in 1 9 6 ^ - 6 5 than 

in 1 9 6 6 - 6 7 . Most probably, the gx'eater diversity of the 

1 9 6 4 - 6 5 icG populations is the conséquence of the i.iresence, 

in addition to the spécifie ice species, of species origina-

ted from the surrounding watex'. This iinput of external spe

cies does not have occured in the 1 9 6 6 - 6 7 floes, and is also 

to be related to the différence in the development of the 

suinmer season between tlie two years. . 
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V " ! . i ) I S T R I i 3 U T I 0 N Q F SOiME 

S E L l i ; C T i i ; D D I A T O M S r E C l E S l 

During our investigations several Dia

tom si^ecies were encountered in considérable amounts, sonie of 

which are reported in the literature as characteristic for the 

Southern OceaJi. This fact has prevailed in the choice of the 

species studied here, Most of the authors {;±ve only a species 

list with no quantitative figures: others mention ranges of 

frequency and percentages; very few give the bulk contituted 

by each species. This last inethod seeir.s important to us. In-

deed, Diatoms, niaking more than the two thirds of the total 

phytoplankton in the Southern V/aters , are a major component in 

the food chain, Hustedt ( 1 9 5 - ) » stu(^ing the stomach content 

of Euphausia and Salpa species in the South Atlantic, noted 

that some Diatoms were more coramonly grazed than others. Con-

sequently, although Diatom species.in gênerai are much less 

discriminated by zooplankton than other organisms, it is worth 

while to know, v;hen and where, the maximum quantity of each 

Diatom species occur and how this maximum evolute with time 

and with regard to the hydrological changes. 

In this kind of study, the percentage or frequen

cy of each species is meaningfull, but of less import^ince than 

the total quantity. Indeed, the pasrcentage of a species re-°.' 

flects only the relative abundance of thcit species, comijared 
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to the total ariiount of ail species présent; the great quan-

tity oT a species can be "covered"by an even greater quanti-

ty of an other species, which is-not nècessarely linked with 

the same hydrological conditioiis» This leads to some appa

rent contradictions j a maximum bulk of a species may cor

respond to a low percentage, while a low qvaantity may corres

pond to a high percentage. The percentage of a species does 

not give any information about its quantity. Moreover per

centage values have teclinical defects in statistics. 

If want to knov; how species evolute with time, 

the total value is to be considered and not the percentage. 

Vhen a great quantity of a given species is found in spring, 

in a northern area and if this species appears in great quan

tity in the south, at the auturnn, we may deduce that there 

is a southward displacement of the bulk; however, it does 

not mean at ail that the species is "going" or drifted to the 

south. In the particular case of the Southern Océan a sur

face Antarctic current component is flowing from South to the 

Antarctic Convergence (from south to north), while the esta

blishment of the suimner season is proceeding from north to 

south, Consequently, in function of the différent factors 

involved, we can expect tliat différent species may behave 

in différent ways. 

The establishment of the sutumer geason 

in the Antarctic Océan follows a séquence that is function 

of the warniing up of the surface layers. The conditions 
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met in 1 9 6 ^ - 6 3 weire corrospcndinij to a later stage in the 

séquence of the suinmer establishment:: the break up of the 

pack ice, the position of its^ edge ; the water pr-operties in 

the Bay (température, salinity and sta.bility profiles) re

flected suimrier conditions. The .«situation observed in 1 9 6 6-67 

has clearly not reached this stagtî ; the pack ice belt ex-

tended more northAvards, the pack ice in the Bay vas more or 

less close, the water properties in the Bay reflected nearly 

winter conditions. Vith regards to the establishment of the 

suinmer conditions, 1 9 6 6 - 6 7 can, therefore, be considered as 

an earlier stage compared to 1 9 6 ^ - 6 5 . 

Being aware of this fact, the diffé

rences observed in the behaving of the phytoplankton, bet-

weon the t\tfo years can be explained in the same v-ay, The 

phytoplankton development being linked to an alternance 

between winter and suinmer conditionaj the results obtained 

on Diatom investigations in 1 9 6 6 - 6 7 would correspond to a 

situation (for what concerns the seasoiial séquence) anterior 

to that one encountered in 1 9 6 ^ - 6 5 . This means that, in the 

inshore waters, a marked poverty ( 1 9 6 6 - 6 7 ) in close ice 

conditions, would preceed a phytoplankton bloom when ice 

opens ( 1 9 6 ^ - 6 5 ) . Although little is known about the winter 

béhaviour of the phytoplankton5 especially in the far south, 

some observations of Bunt ( 1 9 6 0 ) from shore-based stations 

confirra that no phytoplankton growth occurs during winter. 
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This means also that, along the transect, a northern position 

of the main phy top.Lankton bulk pr&ceeds (see Chapter III ) a 

more southward position in proceeding summer conditions. This 

idea, firstly inentioned by liart ('i^h'^) on basis of chlorophyll 

data, lias also proposed by Ilytter liasle ( 1 9 6 9 ) for Diatotn 

countings. Our data confirm this; hypothesis and let présume 

that the réponse of the phytoplankton (main bulk) to the dif

férent stages in the establishment of the summer season, is 

similar in différent areas of the Southern Océan : Atlantic-

Indian, Vest Atlantic and West Pacific Océan Sectors. Ve 

may even suppose, that it is a gênerai rule for ail Antarctic 

Circumpolar IVaters. 

From the above statements we uiay présume that the 

phytoplankton development encountered in 1 9 6 ^ - 6 5 was preceed-

ed by an abundance distribution similar to that of 1 9 6 6 - 6 7 0 

About the real further development of phytoplankton along the 

transect in 1 9 6 6 - 6 7 (which theoretically would reach a simi

lar state than in 1 9 6 4 - 6 5 ) we knov nothing; on the contrary, 

in the Breid Bay, we observed, by time of leaving, the es

tablishment of new winter conditions (freezing of the pack 

and formation of new ice)s which means that phytoplankton 

will again met with infavourable conditions without having 

proceeded through a maximum bulk. It v/culd lead to the idea 

of the existence of "poor" and "rich" years, 

Assuming the séquence 1 9 6 6 - 6 7 toward 

1 9 6 4 - 6 5 corresponds with the progression of the summer es

tablishment, we 3h0.ll discuss, in the présent chapter, for 

some species, the seasonal variation of their bulk. 

http://3h0.ll


This of course is not to ba taken in a too strict sence : the 

developraent of populations is related. to the hydrological, 

me teorological Oï" othar meo surable factors, but it dépends 

also on historica.l events. Consequently, a population state 

is the resuit of an historical évolution and a response to 

the milieu. The présent study will deal with the most abun-

dant and most characteristic species. Only species recorded 

in api>reciable quantity can be considered here, because, the 

error of estimation on the quantity increases as species are 

less abundant. Nitzschia is, by far, the most dominant gê

nera. This £jenus is followed in importance by Chaetoceros, 

under v;hich the subgenus hyalochaetae is the most représen

tative with Chaetoceros atlanticus, Chaetoceros dichaeta and 

Chaetoceros ne,<^lectus. Typical for the Southern Océan are 

a séries of Fra^çilariopsis species aiiiong which Fragilariopsis 

kerguelensis, Fragilariopsis curta, Fragilariopsis cylindrus, 

Fragilariopsis "nana" (Frag. pseudonana and Frag, cylindrus 

fo. minor) are the most abundant. Other species are local-

ly abundant like ; Eucampia balaustium, Biddulphia, Charco-

tia ac tinocb-ylus , Coscinodis ciis. . . . Sometimes in very great 

abundance are Corethron criophilun; and Chaetoceros criophilus. 

Other species £\re frequently represented, but in less quantity 

like Rhizosolenia Chunii, Rhizosolenia styliformis, Navicula 

species,.,, The next discussion 'tvill deal v?ith the following 

species : Nitzschia gr. Pseudonitzschia 

(Nitzschia bicapitata) 

(Nitzschia turgidula) 
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(Nitzschia steilatPi) 

(Kitzschia "closteiioides") 

Chaetoceros atlanticus 

Chaetoceros negiectus 

Chaetoceros criophxlus 

Corethron criophilutn 

Fragilariopsis kerguelensis 

Fragilariopsis curta 

Fragilariopsis "nana" 

Eucatnpia balaustium 

Biddulphia weissflogii 

NITZSCHIA Ilasso 

The Nitzschia species ai^e quite dif-

ficult to détermine. The very coinplete révision of the ge-

nus made by Rytter Hasle {'^9Sh-b'j) is an enormous step in 

the knowledge of the characteriatics of this genusc It shows 

by the saine tir.ie that the détermination of Nitzschia species 

requires^at least. for some of them, exceptional clear pré

parations. In her work on antarctic phytoplankton, the au~ 

thor of this revision indicate at several occasions, that 

the détermination of sotne species is impossible with the 

inverted microscope. Most of previous literature on the 

Southern Océan do refer to Nitzschia seriata and Nitzschia 
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delicatissima as dominant species. Thèse two species were 

found by R» Hasle not to. occur in the Antarctic Waters. To 

avoid any taistake and becauso cf tiie difficulties encountered, 

we determin.ed, Vv'itii the inverted microscope only the genus 

Nitzschia to the level of the group Pseudonitzschia for the 

species N. heiniii, N. turgidula, N. barkleyi. In the Nitz

schia gr, Nitzschiella we could recognize N. closterium and 

N. "closterioides". In the Nitzschia gr* Lanceolatae we 

could détermine N. bicapitata and N. stellata 

Nitzschia gr. Pseudonitzschia. 

Figures 38A and 38B give the quanti

tative distribution of the N, gr. Pseudonitzschia for 1 9 6 6 -

67 and 1 9 6 ^ - 6 5 respec tively. Thèse figures represent a sucn-

mation of results for différent species and consequently 

allov; only to deduce generalities aboût the genus. In both 

cases ( 1 9 6 4 - 6 5 and 1 9 6 6 - 6 7 ) , the contribution of the Nitz

schia gr. Pseudonitzschia is important in the total phyto-

plankton bulk« The total tjuantity and the percentage of 

this g r o u p i s higher in 1 9 6 6 - 6 7 than in 1 9 6 ^ - 6 5 , in the Sub-

antarctic zone as well as in the Antarctic zone and in the 

very south. This incline us to think that N. gr. Pseudon

itzschia, considered as a whole, develops in the early stage 

of the bulk increase, with the beginning of the suinmer sea-

son. 

- In the Subtropical Convergence zone, N. gr, Pseudonitzschia 

is présent in 1 9 6 6 - 6 7 as well as in 1 9 6 ^ - 6 5 in a very great 
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proportion (see percentages on Table XXXVIl), but in less 

quantity than scuth of th« Antarctic Convergence. 

Fukase (19^^'-) i'è;;orded the ÎTighest percentage of Nitzschia 

"seriata" near the Subtropical Conveigence in Deceniber, 

while it was a little displaced in February, although still 

in the Subantarctic waters. Tlytter Hasle also found great 

quantities of Nitzschia heimii and Nitzschia barkleyi 

(both belonging to the gr. Pseudonitzschia) in the Sub

antarctic waters. If the very high percentage of Nitzschia 

gr. Pseudonitzschia in this zone was verified over long 

periods and in différent sec tors, with the sarne method, it 

could perhaps be an interesting characteristic of the Sub

antarctic waters. 

- In the Antarctic zone, the high quantities of N. gr« 

Pseudonitzschia corresi:)ond to the main bulk increase (St. 

203-20^+-185 ) 5 what means that this species group is linked 

to the factors of main growth, This is also confirined by 

the high quantities recorded in the far south (St, 2 10) 

were N, gr. Pseudonitzschia is présent up to 37«000 cells 

per liter. Also in the inshore waters, the species is 

présent in high quantities, just after the nielting of the 

ice(see Tables XXXIV and XXXV). In the north Antarctic 

Vaters (north of the Antarctic Divergence) Nitzschia gr. 

Pseudonitzschia follows the southward displacement of the 

main phytoplankton bulk with a decrease in quantity and 

in relative importance. 
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Nitzschia bicapitata Cl.- Nitzschia turgidula Hust» 

Nitzscliia bicapitata and Nitzschia 

turgidula (sea Table I-l) were .régulai^ i-ecorded in net and 

bottle saiiiples only in the wators north of the Antarctic 

Convergence. This is in complète agreement with the find-

ings of R. Hasle; Kozlova (1966) found on the contrary, N« 

bicapitata south of the Antarctic Divergence and N, turgidu

la south of the Antarctic Convergence. 

Nitzschia stellata Manguin. 

N. stellata was described by Manguin 

(1960) in mud sainples from cap Margerie and also recorded 

by this author in few quantities in plankton samples from 

the coast of Adelie land. This speciesj very peculiar by 

At^ starformed colonies, was found by us to be abundant in 

ice saniples (Table XXXVI ) and plankton net samples from the 

Breid Bay, but in less quantity in Nansen bottles samples 

from the sar.ie area. Nitzschia stellata was not recorded 

outside the inshore waters. As already dicussed previously, 

we do consider'Nitzschia stellata as belonging to the ice 

flora and being unable to persist as planktonic species when 

released from the melted ice. The species was only mention-

ed by Fukushima .and Meguro (1966) as released from the ice 

habitat in south oceanic areas. 
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Nitzschia " closterioides" 

Poorly represented in 1966-67, in the 

Bay as well as alon^; the transect (except St. 210) it inakes 

about 10 to 20 '-p of the bulk in the Bay and in the southern 

part of the Antarctic Vaters in 196^-65. We did not recor-

ded the species in the ice samples as did R, Hasle, 

The quantitative studios on Nitzschia 

species given by the literature are not comparable v/ith our 

results, essentially because the détermination difficulties. 

Hart (l9^t2) considered N, seriata as the main species ^ con-

vinced that ail the différent xorms were in reality belong~ 

ing to the same species. Kozlova (1966) reports the présence 

of No barkleyi but doos not mention N. heimii, 

Further inve&tigations are needed concerning the 

quantitative distribution of the différent species of the 

genus Nitzschia, especially becaUvSe they seem to be linked 

to the main bulk increrase. The fact that the species are 

minute forms make them a good prey for zooplankton. Ilustedt 

( 1 9 5 2 ) reports in his conclusion that "die Frag-ilariopsisen 

Arten bilden daher auch mit einigen Nitzschien die wesent-

lichste Nahrungsquelle der untersuchten Tiere...." 
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CHAETOCEROS A T L A N T I C U S Cleve 

Chaetocoros atlanticus occurs under dif

férent varietios. Chaetoceros var, neapolitana (Schrôd) Ilust. 

was found in the Subtropical and northern Subantarctic Vaters 

and will not be considered in this analysis. In the south Sub

antarctic and Antarctic waters it is the type variety which re 

présent the species. Fig. 39A and B, give., for both expédi

tions, the quantitative distribution of the species along the 

Antarctic transect. Table XXXVIII gives the corresponding re

lative abundances (percentages), 

In 1 9 6 6 - 6 7 , Chaetoceros atlanticus is extremely 

abundant just south of the Antarctic Convergence with a marked 

maximum at station 2 0 3 { ' ' ^ 9 x 10 cells per liter) where it 

represents about '}0 'p of the total phy toplankton bulk, The max 

ima are located at 0 , 1 0 and 50 me ter for station 20 '+, 2 0 3 and 

2 0 5 , respectively. No spécimen were found in apiDreciable quan"-

tity in the southern part of the section, as well as in tiie 

Bay. Dtiring the 1 9 6 4 - 6 5 cruise, the total abundance of the spe 

cies is less than in 1 9 6 6 - 6 7 . It must be pointed out that the 

large phytoplankton bulk at station 1 8 5 , gives a lower percen-

tage of Chaetoceros atlanticus at station 1 8 4 , where the quan-

tity of this species is less important. Also in this expédi

tion the species does not occur in the soiitliern part of the 

section (only a few spécimen at 75 and 30 meter). 

Froin the above figui^os it can be deduced that the 

main bulk of Chaetoceros atlanticus appears during the 
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early phase ot cbe; main increaso of the phy toplankton bloom, 

just south of t)ie Antarctic Convergence. At that time , the spe-

cies is présent ot the Convergence throughout the whole 100 m 

water column, but v.'itlTi a iiiarkeol iriaximum in the 0-20 me ter leveJ 

With the évolution to more sutnnier conditions, the maximum bulk 

of the species is displaced soutliwards, but decreases in quan-

tity and is situated at a greater depth (50 m). In no cases 

this species was found in the far south or in the inshore wa-

ters, at this time of the year, 

The location of Chaetoceros atlanticus in the norti 

ern Antarctic Waters is reported by several authors (Pukase, 

1962 Beklemishev, 1958 - Marumo,'i957 - Fuka.se and Ël-Sayed, 

1963 - Rytter Hasle,1969). Kozlova {^^66) reporta an exceptio-

nal richness of Chaetoceros atlanticus along the 20°E compared 

to the Indian and J-acific sectoi'So From oui" results, wîiich dé

mons trate the ï'apid diminution with the progress of the summer 

seaaon - confirmed by Rdtasle who described the maximum bulk 

of the species fi'om mid-December to end January - we do think 

that the length of the period of the year during wliich Chaeto

ceros atlanticLia has its maximum bulk^ is very important. This 

fact is perhaps to be related with tlie results of Kozlova who 

intef?:rated the results for the whole Indian and Pacific areaj, 

from November till December, while the 20th E longitude was 

only investigated during a short period. In contradiction to 

our results are those of Hart (19^2) who fourid the greatest 

abundance of Chaetoceros atlanticus during the postniaximal dc-

crease of the main bulle in auturnn (results expressed in rela-

http://Fuka.se
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tibn abundances of net haul samp3.e,s)o 

CHA ETOCEROS NF.GL'JC'HJS Karsten 

Chcietoceros nef^lectus is a very minute 

form that has probably been confused witli the smallest phases 

of Chaetoceros dichaeta in the past (llart, 1 9^^ ,p291 ) (i lus tedt, 

1938). Its distribution seeins most likely to be the Southern 

Océan, although Hendey (l937) recorded it near the SoTith Afri-

can coast. If most of the anthors agrée on its wide distribu

tion and fréquent occurence, even in very large amounts, the 

most diverse figures are given about the distribution pattei'-n 

of the species. lîart {^^k2) and Koziova (1966) considcr the 

species as a neretic and coastal form; R.lîasle found a maximum 

abundance near the Convergence (897«000 celis/liter), while 

Fukase (1962) recorded a maximum before the pack ice belto 

Figure kO and Table XXXIX report tl\e results we 

obtained for the both expéditions. In 1966-67 a maximum was 

recorded at St. 2oh and an other at St, 210 individuals were 

found in the Bay. In 196^4-65, a maximum was found at St. I85 

and large nuantities were recorded at ail stations in the 

Breid Bay with a maximum of 899»000 cells per liter at station 

197 (Table XXXIX A). Comparing Fig. hO with Fig. 4l a per-

fect correspondance is évident between the a.min increase 

of the total phytoplankton and the maximum quantitios 
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102x cel is per litR'' 188 189 190 192 194 196 197 

0 ,0 <• 0 .95 .13 ,39 ,206 • 163 

20 ,18 . s .82 ,113 ,175 ,124 ,173 

30 c27 e. o49 .173 ,B99 

50 = 9 .22 .61 .60 ,215 ,310 .138 

75 o'9 • 61 o .59 

100 .9 o24 .25 • 16 • 4 ,37 • 76 

% c e l l s ( w a t e r b o t t l e samp les ) 

0 oO oC 0 1.2 o0.2 • 0.7 o'O 

20 oOJ • 0.07 •0.6 • 1.3 • 1.2 • 3_̂  •5 

30 »0.5 eO.4 e o!.4 ,0.5 .3.3 m 
e 

50 o0.2 •a2 eo.6 • 1.6 , 2 c 13 

75 a 0.3 •0 •0.9 • 2.7 •0.9 • • 5 

00 • 0.7 •1.3 •i.1 • Q2 • 3.1 • 10 

Table XXXIX : D i s t r i b u t i o n of Chae toce ros n e g l e c t u s in Breici Bay ( ce l l s per I i ter X l O ^ a n d percentag.e) 
Cru iSS 1964-65 
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of the species Chaettjceros iieftlectus recorded, Consequently we 

do consider Cha.etoceros neglsctus a:5 a species linked to the 

first stage of main jjhy toplaivk tosï increase and charac terized 

by a considérable development within a short tinie period and a 

rapid décline after its main increase ( this last statement \\'as 

also reported by Hart,19^2 and Rytter Hasle,1969)» From our re-

sults appears that Chaetoceros negiectus is neither a inshore 

water or coasta.1 species, nor a typical oceanic species, but 

could better be described as a pioneer active producer, preseni 

in the whole Antarctic Océan, in great nuraber where a high phy-

toplankton development takes place. This could probably explair 

the différences in distribution pattern recorded in the litera-

ture« 

£ll±l'ïi~ Li; 5 c a 31 r. 

First described by Castracano, Chaetoceros 

cricphilus, wa.s distinguished from a very similar species Chae-

tocei'os concavicornis , by Manguin; this last one is an arctic 

species, v ; h i l 8 Chaetoceros criophilus is an antarctic species. 

Chaetoceros criophilus is many tiines considered as one of the 

most widespread and abundant of ail the Antarctic Diatoms 

( llar t, 193^ ) •• Dense concentrations of the species are also re

ported by Hustedt (l956); Manguin (1960) Fukase and El-Sayed 

(1965). The inaxiinum recorded cell number we found v^as only 

10.000 cells/liter (st.205); Rytter Hasle (1969) reporté a max

imum of 5.500 cells/liter. Thèse figures detnonstrate that in 
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water sainples ^ concentrated by sédimentation^ "Chaetoceros 

criophilusj ia gr-eatly exceed'db3'' smaller species" (R.Hasle 

p,l43) and is not so important as stated by authors who woi'k 

wlth net samplea, 

With Mansen bottle samples, the highest quantity 

of Chaetoceros criophilus v/as observed in 1966-67 south of 

the Antarctic Convergence (st. 205) between 55°S and 60°S; 

only sporadic spécimen were found north of thèse latitudes. 

In 1964-65t the maxiraum quantity is recorded at St» 186 but 

is half of that recorded in 1966-670 For both years, no 

spécimen were found in the inshore waters, excepted a few at 

St» 217,218,219. From the results related in P'ig. k2 Chaeto 

ceros criophilus is inainly restricted between the Antai'ctic 

Convergence and the Antarctic Divergence (?), which corrobo-

rate the findings of Hustedt v.7.io found it most abundant bet

ween 53°S and 61 °S. In opposition to ilart's statement about 

"the doubtless greatest abundance at peak of main increaso", 

we did find the maximum abundance of Chaetoceros criophilus 

not to coïncide with the main phytoplankton bulk (st. 203p 

20''l,l85). Fxcept some dense concentrations (St. 205-Om, 

Stt 186-30 ni) t the relative abundance of Chaetoceros criophi 

lus (Table XL) is inferior to 10 and in many cases infe-

rior to 5 Vith net hauls, on the contrary, the species 

was présent in the highest quantity just south of the An

tarctic Divergen.ce : 53 'p a't St, 208 and 78 ^ at a station on 

the return cruise (68°S-22'^E) in 1964-65. 
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The différences between net and vai:er bottle sainples were al-

ready discussed in previous chapters. 

Froni the above fii'ures, the maximum bulk of Chae-

toceros criophilus seems to follovi a slight southv/ard progres

sion with the progi'ession of the suramer conditions, together 

with a decrease in total quantity. Finally it has to be poin-

ted out that, although this species is very spinous„ the brist

les are frequently found in Euphausia and Salpa stoinach content 

(Hustedt); "the long strong bristles contain chloroplastids 

and are triturated and swallowed by some common Calanoids and 

Euphausians in spite of their formidable spinose armature" 

(Hart, 19'^2 ,p,287) 0 

GORET]ÎRON CRIOPlîILUM Castr. 

Corethron criophilum Castr. is a species 

comprising many forms (phases) : hystrix, inermisj hispidum, 

pelagicum and criophilum, of which the hystrix and inermis are 

présent in the Southern Océan» In the présent study, no dis

tinction was Iliade between the différent phases and the species 

was considered as an entity. 

For both years (see rig,43), the species was re-

corded ail along the section, but in larger quantities in the 

Antarctic Waters, In 1966-67» the maximum cell nuinber occured, 

using the Nansen bottle samplingfatSt,205 and 203 in the upper 

20m layer. This maximum corresponds to the phytoplankton incre-

ase; but a second, weaker peak is noticable in the pack ice ?rsTe 
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In 196^1-65» tho maxinram quantitj^ of Corethron criophilum, vas 

more southwards (3v. 186~-187) and did not correspond to the 

main phytoplanktou bulk increa.SG;. In the inshore waters of 

the Breid Bay, Corethron criophi.luFn was always présent : in 

1966-67 it reaciies sometimes 10 % of the bulk; in 1964-65 f 

on the contrary^it vas never exceeding 2 ^ of the total phy-

toplankton quantity présent (see Table XLIl). With the net 

haul samples (Table XLI), as already stated before the pré

sence of this large species, was eraphasized : ^9,6 % at St. 1 

in y^Sk-G^ and 2'} at St. 209 in 1966^67; in the Breid Bay 

the species was recorded by net haul samples in less than 1 "jo 

of the total bulk in 1964-65 (excepted St. 197) while it 

occured up to 45 '/b at the end of the investigation period in 

1966-67* The particular sélective effect of net on this 

species was already discussed previously. 

Corethron criophilum mi^rht be regarded as présent 

in. the whole Antîtrctic sector along the 20°E with. a maximum, 

displaced southwards and increasing with the advancing of 

the suinmer conditions. This species gives a good example of 

what we said in the introduction of this chapter, about the 

différence between relative importance and total quantity. 

Indeed, if in 1964-65» the maximum of the two values coïnci

des at the same station (St. l66), on tlie contrary in 1966-

67t the maximum quantity recorded at St. 203 does not cor

respond to ttie maximum relative value. 

In the literature, the distribution patterns of 

Corethron criophilum are interpreted in différent ways, 
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probably partly due to the différent methods of sampling- and 

différent x̂ /ays of expressing the results, Fukase ( 1962 ) re

port for the V/estern Xndian océan sector, a relative abundancei 

of 9 '^h with an increase to 10 to 3t> tov/ards the south^ Koz-

lovap on the coiatrary^ found the species net exceeding 1,^ 'jo 

along the 20°E, in open waters, and less than 0,1 in the co-

astal waters of the same section, Beklemishev ('i964) considère* 

Corethron criophilum as restrieted to the area between the An-

tare tic Divergence and the Antarctic Convergence, while Hart 

('i9^^2) found it, althou^^h widoiy distributed, mostlj^ in nere-

tic areaSo The only results which, to the best of our knovledge 

are perfectly comparable with ours, because of the sarne metho-

dolOtTy, are those of R.Hasle in the ¥estern Pacific; thèse re

sults are indeed, siinilar to ours : they shov/ a southv/ard dis-

placement of thG bulk in fiinction of tiine and a incrsasin^ç niax 

imum to 10,000 to 36.000 cells/liter (we did found a maximum 

of 27.900 cells/liter) between and 68''S, 

FK.AGlLAKlOPSIS irust. 

The genus Fragilariopsis Hust, beioncs 

to the family of the Nit2;schiacec!e and is closely relcited to 

Nitzschia gr. Pseudonitzschia. In fact, the différences bet-

ween I^itzschio. and Fragilariopsis are more indicative of a 

transition and a close relationship between two groups of a ge 

nus rathei" than a distinction between two gênera (U,Jlasle , 1965 
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p . 7 ) . The Fragil ariopsis fjenus is essentially characterized 

by a réduction of the canal raphe, the tendency towards a hete 

l'opole apical cixis and the formiition of ribbonlike colonies. 

The détermination of the speciea is based on the valvar shape, 

the structure of tlie intercoastal membrane, the number of co-

astae, the présence of poroids«., ail characteristics which can 

only be distinguished on the valve side of the individuals 

(sometimes only with an électron microscope), The détermina

tion difficulties in addition to the fréquent occurence of rib 

bon-like shaped colonies, make the distinction of a lot of dif 

ferent species with the inverted microscope impossible, With 

net sample préparations we could détermine, in the Antarctic 

sector we inves tigated, the following species : Fragilciriops i s 

curta, Fragilariopsis kei^guelensis, Fragilariopsis cylindrus, 

Fragilariopsis linearis, Fragilariopsis cylindriis fo, minor, 

Fragilariopsis rhombica, Fragilariopsis separanda, Fragilariop 

sis pseudonana, Fragilariopsis ritscheri, Fragilai:-iopsis Van 

Ileurckii, Fragilariopsis sublinearis, Fragilariopsis oblique-

costata. The raost abundant of those wore ; Fragilariopsis ker~ 

guelensis, Fragilariopsis curta and Fragilariopsis "nana" 

(comprising Frag, pseudonana and Frag. cylindrus fo. minor). 

F A G I L A R 1 0 P S I S KERGUELENSIS (O'Moara) Hust. 

Fragilariopsis kerguelensis, synonym 

orf Fragilariopsis antàrctica, is charac terized by strong 

silicified frustules, which are very résistant and v;hicli "are 
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the most plentiful recognizable reiiiains in the stomachs of 

herbivorous zooplankton, in diatornaceous oozes and mvids, and 

in the guano of carc inophagous birds" (Hart, 1 9'̂ 2 , p. 286 ) « 

Hustedt (1958} , considered the species as an important élé

ment in the feeding of Euphausia and Salpa, 

Fragilariopsis kei-guelensis vas found to be wide-

spread during the two expéditions, throughout the v/hole An-

tarctic Vaters, from north of the Antarctic Convergence until 

the coastal région» In 1966-67» the maximum quantity of 

Fragilariopsis kerguelensis was found (with Nansen bottles) 

at St. 20h and 203, near the Antarctic Convergence, while in 

1964-65, it Avas found in increased quantity more southwards 

at St. 185. In both cases the maximum bulk of Fragilariopsis 

kerguelensis coïncider» with the main phy toplankton bulk (Fig. 

kh)o The species was not fouad in the inshore waters of the 

Breid Bay in 1966-67 and was only scarcely represented by 

solitary forms in 1964-65. ̂^̂'e did not find it in ice samples. 

From our results it seems that Fragilariopsis 

kerguelensis is linked to the main bulk increase and follows 

this one in its southv/ard displacement and increasing. Its 

very rare présence in the very south lead to the idea that 

the species is an open oceanic species. This idea is con-

firmed by the literature (Kozlova(1966), Kart (1942,1934), 

Marumo (l957), Ivanov (l959)V Fukase (1962) found it in the 

greatest qtîantity in the surface waters of the Western In-

dian Océan sector near 65''S and in the greatest proportion 

(52f3 ?i) near the coast of Endear-by Land (but he does not 



182 183 ÎS4 IB5 186 . 187 

Fig. 44 : D i s t r i b u t i o n of F rag i l a r i o p s i s l<ergue l ens i s . N u m b e r s x 10^ c o r r e s p o n d to c e l l s p e r l i t e r . 



mention the species Fragilariopsia curta; perhaps he considé

rée! them together ) c 

FR AGI LA O P SI S CURTA (Van Heurck . ) Hust. 

Althoiigh présent at ail stations of the 

Antarctic Océan south of the Convergence» Fragilariopsis cur

ta (Fige 4 5 ) has a dominant bulk in the southern zone and in 

the inshore waters. In 1 9 6 6 - 6 7 5 the main quantity of the spe

cies is recorded at St.2 1 0 and 2 0 9 in the surface layer, while 

in 1 9 6 4 - 6 5 a niaxiroum is recorded at S t . l 8 5 at the 5Û and 75 ^ 

level. In the Ureid Bay, the quantity of Fragilariopsis curta 

recorded in 1 9 6 6 - 6 7 is very lov because of the gênerai pover-

ty of the Diatom standing stock; nevertheless it was présent 

in ail the samples. On the contrary, the quantities found in 

the Bay during 1 9 6 ^ - 6 5 v/ere extremely large (Table XLIIl) with 

a maximum reaching 8 0 0 . 0 0 0 cells/liter which correspondsto 5 0 -

75 /u of the total Diatom bulk. In the ice, Fragilai^iopsis cur

ta ivas found either in 1 9 6 4 - 6 5 and in 1 9 6 6 - 6 7 , but the quanti

ties recorded were of a différent order of magnitude : in 1966 

67» although representing less than 1 of the total Diatoms, 

Fragilariopsis curta v/as found up to 1 . 0 0 0 . 0 0 0 cells/liter of 

melted ice; in 1 9 6 4 - 6 5 , the niean que.ntity was about 2 0 0 . 0 0 0 

cells /liter. As stated in Chapter IV \ve do consider Fragila

riopsis curta as a species released from the ice and able to 

groiv afterwards in oj^en water, for a certain tiine. 
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St, O m 20 in 30 m 

188 . 626 000 3^9 GÛO 299 000 261 000 4 1 6 000 78 000 

189 760 000 000 566 000 648 000 220 000 1 34 000 

190 000 725 000 4i8 000 591 000 130 000 94 000 

192 378 000 000 384 000 175 000 77 000 68 000 

^^k 291 000 000 556 000 503 000 372 000 85 000 

196 3-4 000 93 000 000 66 000 38 000 

197 93 000 • 66 000 260 000 57 000 35 000 24 000 

50 m 75 m 100 m 

Table XLIII : cell numbers (per liter) of Fragilariopsis curta 

recorded in the Breid Bay during the 1964-65 cruise, 

Underlined : maximum cell number at each station. 

It is intei-esting to note (Table XLlIl) that the depth 01 

maxiriium quantity of Fragilcirioijsis curta increases v;ith time 

(at the surface on the 17 January it reaches the 30 nieter 

level at the end of the month) and confirms its release from 

the ice, Considering this point of view, we can explain the 

maximum recorded at station 185 and the secundary maximum 

recorded at station 207 as a conséquence of the melting of 

the ]jack ice edge : the différence of distances between thèse 

stations and the pack ice edge (nearer for St. 207 than for 

St. 185) corresponds to the différences in maximum depth 

(20-30 m for St, 207; 30-50 m layer for St. I85). 
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Althoiigh some authors recorded (Kozlova, Hustedt, 

Frenguelli) Fraf^'ilariopsis in fev; ainounts as north as 4o°S, ail 

agrée on its maximum occurenc© in the far south (Kozlova,1966 -

R.Hasle , 1 965 , 1 969 - Hart,19^!-^ ~ Fukase and Meguro , 1 965 ) . Some 

authors do report the présence of Fragilariopsis curta in the 

ice : RcHasle (1965) found it prédominant together with Fragi

lariopsis cylindrus in undersurface pack ice; Fukushima and 

Meguro {^^66) recorded it as dominant in the upper ice layer; 

Burkholder and Mandelli (19Ô5) encountered the species 'in mo-

derate amounts' in the brown ice layer» 

From the above statements we may conclude, tïiat 

Frag. curta seeras to be an "ice" species; when released from 

the pack ice it is able to grow or remain in suspension in the 

open water where it constitutes, for an important part 

food for the zooplànkton» especially in the southern pai^t of 

the Aîitarctic Océan, Linked to the Antarctic Surface Waters, it 

follows,, a northwards progression v/ith the advancing of the 

summer season» 

FIÎAGILAUIOPSÏS • NANA • 

The name Fragilairiopsis 'nana' was attri-

buted to little forins of Fragilariopsis, of about 3" ^ p Icngth 

occuring mostly in short colonies <, In fact, it included two Gp< 

cies, one siinilarly shaped like Frag„ rhombica aud an otlior 

Idke Frag. cylindrus. 



They were identified as Fragilariopsis pseudonana R. Jlasle 

and Fragilariopsis cylindrus (Grun.) Helmcke and Kricger f» 

miijor Manguin» For Fragilariopsis cylindrus f. miner, the 

distinction betwesn the dwarf forui and the normal forin was 

soraetiraes difficuit, because of the existence of interniediate 

sizeso In girdle view, the two species cannot be distingui-

shed and counts with the inverted microscope will refer to 

both. The difficulty is increussd by the fact that thèse 

dwarf forms sometimes agglutina te l'ound minerai particles or 

cover Tintinnid shells in great quantity. 

Figure 46 gives the quantities of Fragilariopsis 

'nana' recorded in the Antarctic Vaters, No distribution 

pattern can be given, although the 'species* occured in great 

quantities and raade up to 52 />-• of the total Diatom bulk 

(st. 2 1 0 ) . The only gênerai conclusion that can be given is 

that, although it is -widely distributed, the greatest quan

tities of this composite species are found in the very south 

where it was probably constitutedmainly of Fragilariopsis 

cylindrus f. minor, 

Excepted from Hasle (1969)1 no (juanti ta tive 

records, to our knowledge, are given in the literature con-

cerning thèse dwarf forms, whicli is mainly due to the feict 

that they escape from the net hauls, This is the more to be 

regretted as their little size a,nd their great airiounts luake 

them an easy prey for zooplankton organisms» 





EUCAMPIA BALAUSTXUM Castr» 

Eucampia balaustium is a typical Antarc-

tic speciGS, It bas never beea recorded outside the Southern 

Océan, This species -was found r«gularly by Hustedt in the in~ 

testin of some Salpa species„ 

During our ^'^66'-6J cruise \ve did net at ail recor

ded Eucampia balaustium in the Transect South-Africa - Antarc-

tica, either with the Nansen bottles, nor with the net hauls, 

with the exception of a very limited amount (500 to I.500 cell 

per liter) at St,210, near the Bay, In the Bay itself, no spé

cimen were found with Nansen bottles, but few percentages were 

recorded with net samples (0,2 to 1,2 ^), In 196^-65, the spe

cies was very sporadically represented by a few indivi(iuals 

(maximum 500 cells/liter) only at St,185 and I87, representing 

0,0C8 to 0,06 % and 1,4 of the total Diatom bulk, respective 

ly. In the Breid Bay (TableXLI^, in 1964-65, Eucampia balaus

tium was found in appréciable quantity, up to 13.OOO cells/li

ter j although representing, raost of the titne, less than 1 of 

the total Diatom bulk. In 1960-6l, we recorded with net saïnplrr 

some sporadic spécimen near the Antarctic Convergence and in 

the southern part of the section; in the Bay, on the contrary^ 

we found Eucarapia balaustium very abundant, making sometimes 

35 % of the total bulk (net samples). From thèse figures it 

would appear that Eucampia balaustium is a neretic species, 

only scarcely found outside the inshore or coastal waters. 



DATE : 
Jan - Febr. 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 

1960-61 P59 P63 P64 P66 P67 P70 P71 P7 3 P74 P76 P77 P78 P79 P80 P82 P83 

CD 22. 25. 20, 20. 20. 20. 35. 25. 25. 3. 5. 14. 5. 4. 10. 

1 9 6 4 - 6 5 188 189 190 192 194 19ô 197 

0 - 0.3o -o 1.4, 0.4, 1 . 1.3. 0.1. 

5 20 - 0.4» C.3. 09. 04. 0.4, 0.5. 2,2. 'a
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30 0.7. 0.8. 0.2. 0.3. 0.8. 1.7. 1.5, 

b 011 

50 1 « 04. 0.5. 0.5, OBe 4.4. 
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100 

04, 03. 
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1> 0.9. 

2.7. 

1.9. 

CD 5 t 8» 1 ? 6 • 7 • 0.4» 

1966-67 211 212 213 214 21b 216 217 218 219 

3 
CD 
.-+ 

a 04» 1 0 02» 04» 04» 06» 

Table XLlV ;Percentage of E u c a m p i a b a l a u s t i u m . B r e i d Bay (1960-61 1964-65 1966-67). 



This opinion is shared by soine authors % Hart (19^+2) and Koz-

lova (1966). Cther aîs.thors report the présence of Eucanipia ba-

laustium only in the npen Ant?;rctic Waters, either restricted 

to the area south of the Antarctic Convergence^or even in the 

Subantarctic Wators» llasle reports a maximum quantity of 6,000 

cells/liter near the Antarctic Coiivergence <, The contradiction 

in the distribution pattern of the species, is perhaps only ap 

parent. Indeed, allthe authors who did v/ork in the hiçh latitu 

de inshore waters do report the abundant occurence of this spe^ 

oies (Burkhoider and Mîindêlli, 1 9^3 ; Bunt,196o)^ those who work 

ed in the inshore waters and in the open océan, on a niarked 

dorninance in the first area, Probably, the maxima recorded on 

basis of ^rery low quantities in the open waters are without 

coniparison with the quantities found in the inshore waters of 

hiv^h latitudes. This example einphasizes on the need of simulta-

neous studios of the inshore and open oceanic zones. 

BID!3ULPHIA VEIGSFLOGII Grun, (syn. Biddulphia striata Karst.) 

Althou{;jh reported as occuring sometivnes 

in lar,':i;o niasses in neretic areas (Harts19^2), Biddulphia wsiss 

flogii was found by Ilustedt only sparsely in the stomachi con

tents of Euphausia and Salpa species. This is probably due 

to the h±Q size of the species. 
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Exctept very few quanti ties at St. 209 and 2 10, we 

did not find Biddulphia weissflogii alon^j the transect, nei-

ther in 196^4-65, nor: in 1966-67. Probably due to the very 

reduced quantity of phytoplankton in I966-67 in the Beiy, we 

did not find the species in Nansen bottles samples, although 

the species was présent in few quantity in the net samples. 

During that year Ave did not find Biddulphia in the ice. In 

196U-65, the species was recorded at ail stations in the Bay, 

but did not exceed 2.500 cells per liter (ranging from 0,0k 

to 0,5 with the Nansen bottles^ (TableXL\) . In the lower 

part of the ice, we did find Biddulphia weissflogii up to 

10.000 cells per liter (l,5 to 2 'p of the total Diatom popu

lation). During the 196O-61 investigation, a maximum record 

of 3 ^ was found with net hauls in the Bay, while the species 

was scarcely présent in the ice samples and not at ail in the 

open waters. From the above data Biddulphia seeins strictly 

restricted to the neritic area and to start ^ts development 

only with the main increase of the phytoplankton. This was 

also the opinion of Hart (^9^^2) and R. Hasle (1969). The 

occurence of Biddulphia weissflogii in the ice samples was 

reported by several authors, but always in few quantity, com-

pared to other species. This inclined us to think that 

Biddulphia, like Charcotia, Pleurosigma, and other big forins, 

are secundarely trapped in the ice and released again in the 

watér by complète nielting of the floes. 



Stat. 1 9 6 4 - 6 5 

C e l l s / l i t e r ( x ^<fi) l O O 189 190 197 
0 0 .22 .25 .13 o , 9 

20 - .11 . 8 .17 .4 ,18 o . 7 

30 .12 .24 . 9 .12 .12 ,10 .25 

50 .17 . 22 .12 • ,17 o » 

75 • O O . 4 o 

100 
0 . 4 .4 e • o O 

% of c e l l s ( w a t e r b o t t l e samp les ) 

0 O .0.2 . 0 5 . 02 • . o .0.2 

20 .0.2 .0.04 .0.1 .0 f l4 ,0.1 e .0j2 

30 ,02 .0.3 .Q2 ,0.2 .0.1 . 0 2 . 0 3 

50 .0.4 „02 .0.1 e ,0.2 e O 

75 O flr .0.06 o o 

100 « .0.1 .0.2 O O 0 o 

Table XLV; D i s t r i b u t i o n ô f B i d d u l p h i a w e i s s f i o g i i in B r e i d Bay ( c e l l s / i i t e r x 102 and pe rcen taaes^ 
C r u i s o 1 9 6 4 - 196S 



DISCUSSION 

Fx'om the above study of sonie 

selected species, ail participating in a large amount to the 

total phytoplanktoii'bulk of the Southern Océan, some points 

can be put forv^ard : 

1, For ail the species studies^although they were effectuated 

at the sanie period of the year, the niaximum quantities were 

différent for the two expeditioiis^ in location as well as 

in magnitude. This demonstratesclearly the relations ex-

isting between the hydrological coiiditions and the Dia-

tom distribution^ 

2, The variation in the bulk betv;ecn the two years.for some 

species^was vory important. This brings the attention 

orv th'à r;3pidity of the change in this area. Consequevitly^ 

we oiight to think that one has to be careful in inter-

preting the important quantities recorded for some species 

as "typical" for tlie latitude where it occurs» 

3, Being conscious that two surveys in one sector can hardly 

lead to gênerai conclusions, but integrating cur results 

with those of comparable literature, we note that, ai-

though the main Diatom bulk increase follows a southward 

progression together with the establishment of the summer 

season, différent species behave in différent ways : 

~ Some species (Corethron criophilum, Fragilariop-

sis kerguelensis), have a maximum bulk in the 

North Antarctic région -u-hich increases with and 

follows the southward displacement, closely 
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linked to the change of the increasing suinnier 

conditions; 

Other soecies (Chaetoceros atlanticus, Nitzschia 

Pseudonitzschia, Chaetoceros crioiohiius ) shov/ also 

a southv;ard dispiacemerit in function of time, 

while their maximum quaiatity decreases; 

Sorne species (Nitzschia Pseudonitzsciiia , Fragi-

lariopsis kerguelensis ) have their maxirnviin coin-

ciding with the tnain phytop.lankton increase , 

v;hile others (Chaetoceros criophilus, Corethron 

criophilurn) have a maximum cell number which 

does not coincd.de with the main phytoplankton 

increase; 

Some species (Fragilariopsis curta, ICucampia 

balaustium, Piddulphia weissflogii, Fragij.ariopsis 

'nana'?, Nitzschia 'closterioides•?) have their 

maxiuium bulk in tlie iar south. Either; they 

are released froin the ice (Frag. curta) or are 

linked to the neritic conditions of the c o a s ta i 

and inshore waters, or are even linked to the phy-

topianktoît increase near the ice edge, Frotn those 

seine species are drifted nor th\sîards, while others 

are apparently not traiisgressing the coastal v/a-

ters or even (?) the Antarctic Oivergence. The 

différences in the distribution pattern of species 

in function of the seasonal j>rogression is sche-

iriaticalJ.y reijresented on fJ.gure 47, the time 
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Fig. 47: Probable seasona l é v o l u t i o n of species. L ines c o r r e s p o n d to 

n u m b e r s of D i a t o m s exp ressed as to ta l c e l l n u m b e r per m^ 
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scale correspondiivi" to the establishment of the 

suiiin-er sc-ason, 

h, A compréhensible analysis of tire bulk oT each species 

seems possible only when the distribution of that species 

is examined siuiul tanuoiisly in open waters ( Suban tare tic 

and Antarctic Vaters) in high latitude inshore waters and, 

for some, in the ice. 

To conclude, we say that, an investigation of quantitative 

distribution of Diatoms on a large scale and in a wide sjjace-

time frame (open océan, inshore waters, ice-from early spring 

to late autumn) , correlated with the siiuul tanuous recording of 

the hyd.rological conditions, would probably elucidate the 

ecological patterns of most of the important species in the 

Southern waters» 
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VII. GENlîl'AL DISTMIBUTION OF ])IATOM SPECIES 

IN THE SOUTHERK CIRCUMPOLAU VATEiiS 

1, Biogeographical studies' within the Southern Océan» 

A number of authors licive tried to subdi-

vide the Southern Vaters in biogeographical areas, Ideaily a 

biogeographical scheme should be based on the distribution oi 

species, throughout the différent seasons and in the v;idest 

areei as possible, The resulting biological picture should be 

comjjared (by a canonical analysis) to the environmental fac-

tors. In the Southern Océan the main difficulty was considered 

to be the choice of the limiting environtriental factora (lîart, 

19'i2; Bekleinishev, 1 9̂ ^̂ ') • 'différent principies for classifica

tion of biogeographical areas in the Southern Océan vvere adop-

ted by différent authors. 

llendey (l937) recognized a cold - and a warm -

water flora in the Southern WaterSj although not based on spe-

cified thermal conditions. The dividing line between the two 

flo>Ta5 do coïncide with the Subtropical Convergence. For fur-

ther classification, Jlendey applied the Haeckellian principies 

and subdividedthe species in oceanic, neretic, meroplanktonic 

and holoplanktonic forras. 

liax't ( 1 9'*̂  ) » considered the classification of Hen-

dey too wide , to be applied in the A.nta.rctic Zone, where 

the température gradients are only slight. In addition, Hart 



found difficulties ir. applying' the subdivision (sensu stricto) 

of Hendey and attribiited it mainly to variations of the ice ed 

ge, which lie considered probably u^ed by meroplanktonic forms 

in a similar way as a coast. brin^^ing thèse forins within the 

oceanic areas. Therefore, Hart (19 ^ 2 ) established his own Sys

tem, based on the interaction of two f3.ctors ; light and the 

distribution of the pack ice. He divided the Àntarctic Océan 

in a northern région ( 3 3 0 sea miles south of the Antarctic Con 

vergence ail the way round the world, %\'ith exclusion of spéci

al areas; this~ région being never invaded with continuous pack 

ice), an intermediate région (from the southbound of the Nor

thern région to the Antarctic Circlei région largely covered 

by pa.ck ice in winter and spring and iiiainly free during suriimer 

and early autuinn) and a southern région (between the Antarctic 

Circle and the Antarctic Continent, excluding the iramediate-

coastal areas ) o 

Ivanov (lS^59)» found that the major factors in tlie 

composition and the developtnent of the prédominant phytoplank-

ton species, wei-e the distance from the ice edge and the tinte 

of the year, latitude and distance from the convergence being 

lesser factors. Furthermore he considered that "the phyto-

plankton in the Atlantic, Indian and Pacific sec tors of the 

Antarctic shov/s very little variation in the latidudinaJ. di

rection as to qualitative composition and quantitative prolife 

ration of ti\e principal sj^ecies, forn'ing a single unit, as it 

were and distin(;uished only tv/o régions : a noi^thern zone 

withput ice and a southern zone , free of ice during a certEiin 

period of the year. 
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Bekleinishov (1958,1060) found that ail basic 

hydrolog-ical boundcjj-i es in tha Antarctic were f loris tic bound-

eries as well : the Subtropical Convergence, divlding the 

tropical from tlis preboreal ( S u b a n t a r c tic ) phy togeographi-

cal régions, and tho Antarctic Convergence separating the 

preboreal from the Antarctic régions. The Antarctic région 

was subdivided in an upper and lower Antarctic subregion, 

along the line of the Anturctic Divergence. Morsover, Bekle-

mishev (1960) found that Ekinan ' s concept of propagation area 

(were a species ±s numerous and able to propagate normally) 

and expatriation area (were a species is scarce and unable. to 

propagate ot propagates weakly) bas to be taken into account 

in biogeographical studies in tlie Southern Waters. Tliis last 

area heis not to be considerecl as belonging to the area of 

distribution in the strict sensé of the word. 

Several authors (Hart,193'^ - Beklemishev, 1960 -

Fuk-ase,1962 - Kozlova,1966 - I^ytter rlasle,1969) made soine 

corrélations between the species encountered and the diffé

rent types of water in the différent zones of the Southern 

Océan. Fukase (1962), shoî red that the Subtropical Convergen

ce "was, during the fourth Japanese expédition,, a more ].)ro-

nounced boundery for soine Diatoms than the Antarctic Conver

gence. Marumo (l957) and Fukase and El-Sayed (1965) refei^ing 

to the Antarctic Convergence, observée! that this front was 

associated with quantitative and qualitative changes in the 

])iatora composition, Rytter Masie (19<>9) di s t ingtiished, on 

the basis of Diatom distribution patterns, eight groups 

(inainly six) of Diatoms. The patterns showed that, for some 



species, the Subtropical Convergence and the Antarctic Con-

vereence were ranl bounderies, while other species did trans-

gress thèse fr-ontSc Subgroups wcire distiriguished according 

to location and timiiig of sriaxiniuui standing stock of the spe

cies . 

2. Species distribution during the three belgian antarctic 

expéditions. 

Our purpose is not to attenipt to esta-

blish biogeographical subdivisions, e v e n n o t to prétend to 

drav/ up a gênerai scheine of the occurence of species relevant 

to the différent sectors of the whole Southern Circumpolar 

Océan, 3îven taking into account the numerous Antarctic Bia-

tom investigations already achieved, it seeius too early to 

establish definite biogeographic zonations, for the titne 

beiiig, in. the Southern Waters. Mairily becc^use , neither the 

actual number of Diatom species présent in the Southern Océ

an, nor the number of those sï/ecies which are endémie to this 

océan, nor the quantitative distribution patterns of the Dia-

toins, can be specified with enough précision, 

Our study intend"^ to investigate if, along the 

saine north-south section (including the coastal waters), a 

certain regularity could be recognized ±n the occurence of 

the species throughout successive years, in spite of varia

tions in environmental conditions encountered. 



As Tox- the Brate^^g Expédition (Rytter Hasle) we 

did have the advantage, during our two last expéditions (1964 

65 and 1966-67) to oample at eacii. station simultanuously with 

Nansen bottles aiid v.'ith net. This duplicated sampling gives 

some security in avoiding the sélective effect of the Nansen 

bottles (poorly efficient for rare species) and the net (poor 

ly efficient for small species). TableXWI gives the distribu

tion of most species encountered, on basis of présence-absen

ce, and this for ail stations investigated during the three 

expéditions (1960-61,196^-65,1966-67). The data refer to 60 

stations covering the area from north of the Subtropical Con

vergence, up to the inshore waters of the Antarctic Continent 

(Breid Bay), The stations along the treinsect are plotted acco 

ding to the latitude, while the stations in the Breid Bay are 

plotted in function of time. The examination of the species 

distribution, reveal that 7 groups niay be distinguished : 

- Diatoms clearly liinited in their distribution to 

the subtropical waters and not encountered south 

of the Subtropical Convergence; 

- Diatoms encountered in the Subtropical as well as 

in the Subantarctic u'aters and for which the 

Southern litnit of their distribxition coïncides 

with the Antarctic Convergence; 

- Diatoms limited in their distribution to the 

Subantarctic Vaters; 

- Diatoms restricted in their distribution to the 

j^ntarctic Vaters and not encountered north of the 

Antarctic Convergence; 
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- Diatoms encountered in the Subantarctic as well 

as the yUitarctic waters but never north of the 

Subtr'opical Conv e3."geiic e ; 

- Diatoms encountered only in the inshore or coastal 

wat ars; 

- Diatoms encountered in the whole area investiga-

ted, 

Although Rytter Hasle's investigations refer to the V/estern 

Pacific and this for a sampling period from mid-December till 

end February, a nearly complète overlapping exists between her 

subdivision and our results. The main différences are due to 

the fact that we investigatsd also in the vicinity of the 

Subtropical Convergence and v/ere able to add more data of the 

inshore waters. The similitude in the methods employed, has 

certain.ly contribute greatly to the concordance of the re-

sults, The fact that investigations^in a large area in the 

Western Pacific over a wide time scale>give results similar 

to those we obtained along the 20°E transect, during a one 

month survey, and this repeated for 3 différent years, do 

suggest that the distribution pattern of the Diatoms proposed 

is of a larger value and may probably be circumpolar in its 

great lines. 

Considering TableXC7I no more from the point of 

View of the distribution pattern of each of the species, but 

from the point of view of the populations occuring at the 

différent stations, four groups of populations can distinctly 
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be recof^nizeci. Tiie first of thicse groups comprises St. 201 , 

43,44,^15,202,183 c:nd occupLesthe area between 38°S and 45"S; 

the second covery r,he stations 47,48,204 corresponding to 

the area between h 'j'-'S and SO'^S; the third, the largest one, 

corresponde to the stations berv/sen 50°S and 70°S, the fourth 

group covers the whole Breid Bay. Comparing with the hydro-

logical data, we do observe a correspondance between the areas 

delimitated by Diatotn populations and the hydrological boun-

deries. Indeed, the first area coïncides with the Subtropi

cal Vaters, the second with the Subantai'ctic Waters, the thii-d 

with the Antarctic Ivaters and the J.ast area clearly covers the 

inshore waters, It nay.consequently be decuded that the dif- " 

ferent water masses are not only characterized by their hy~ 

drological features, but also by différent tyi^es of Diatom 

comuiunities. The boundery line for the two first groups coïn

cides with the Subtropical Convergence and the Antarctic Con

vergence, respectively0 Hov/ever sonse species do cross thèse 

bounderies, the différences in the population composition 

seeni, more pronounced in the case of the Subtropical Conver

gence than for the Antarctic vCcnvergence, It has te be 

reminded that, altixough the convergencios are theorGtica.Hy 

fronts \J«ïre two water masses flov; one towards another, thèse 

frontlines are not alwaj'^s sliarply delimitated, and a large 

area. Convergence zone, can only be recognized. Conse<iuentl3'-, 

we may expect for sorne years, différent populations at both 

sides of the front, while for other years a, broad mixed po

pulation will be found. 
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Subtropical Converf-^ence 

In 1960-61 the Subtropical Convergence was located near sta

tion hk, The différences in species composition between sta

tion 43 and hk xs fjreat, while stations , ^^,'^0,'^7 and 48 

show a certain affinity. By means. of Diatom species we would 

be inclined to consider the Subtropical Convergence between 

station ^3 and hk^ 

In 196^-65, stations 182 and 183 are siinilar in species com

position which realizes a "summation" bet^veen the species 

encountered at stations hand kk^ Frorn the jioint of viev; of 

the Diatom composition the populations of station 182 and I83 

realize a perfect md.xing or "convergence" and the area as a 

whole uiay be considered as a Subtropical Convergence zone. 

In 1966-67, tlie Subtropical Coxivei^gence was located in the 

vicinity of station 202. StatloJi 201 shows a population 

simiiar to that found at station U3» while station 202 has a 

Hiixed Diatom composition and corresponds to the Convergence. 

Antarctic Convergence 

The Antarctic Convergence seems a less pronounced bounderv, 

in terms of Diatom composition, than tl\e Subtropical Conver

gence (as also stated hy Fukase,1962). If a lot of species 

do only occur in the southernmost part of the Subantarctic 

Vaters, a good deal are able to cross the bounderv. Only fev/ 

species, in case of our three summer expéditions are liniited 

to the area north of the Antarctic Convergence. Although s ta 

tion PhS (1960-61) and station 20'4 (1966-67) were both loca

ted in the Antarctic Çonvergeiice sone , iionef of both show a 

mixed populations; from the point of viev/ of the Diatom com

position, they appear more " S'uban tare tic " than "Antarctic". 
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Antai'c tic I.)iveri;;̂ ,ence •~ Ice Gclge - Iiishore vaters 

Vithout any doubt a nia.rked difforcHnce doesexist between the 

Diatom composi v. ion of the iuahoi-e v/aters of the Breid Bay and 

the open waters of the Soutberri Artarctic Océan. Moreover, 

stations 5 ^,57 » 58j187r^09,210, ail located south of the An-

tarctic Divergence,show a présence of species not occuring 

further north. /\re they linked to the waters of the East wind 

drift Current, is their présence due to the pack ice, or 

influenced b y naarby inshore waters. the cjnestion can not be 

solved, essential-ly because the S o i i i p l i n g was to scarce and 

liniited to a short suiainer period, Nevertheless, for certain 

species ivho •'•i/ere regularly recorde.d in the Breid Bay and oîily 

scarcely oxitside, we are inclined to think they are lintited 

to the inshore v/aters» For other species the Antarctic Diver-

fjence rnay probably act as a boundery,. 

If the dis ti'ibution of soine species cor

responds to oceanic areas defined b y frontal zones, or to 

the lirait between inshore waters and open waters, on the con-

trary, other species transg:ress thèse fronts. Thèse la.st 

species do probably respond to other ecclogical factors than 

those used to define the convergencies. Host interesting 

would be the study of the environinental features in correlîi-

tion with the quantities of ail the species encotmtered. This 

would probiibly confirin that the inost relevant factors ai'e 

turbulence, nutrient content, lit;ht, and to a certain extent 

the présence of ice. This work we are intented to achievce 

in the future. 



C 0 N C L U s I f) Î-I 

During the Belgo-D utch Antarctic î'ixpe-

ditions of 1 960-61 , 196'1-65 and 1966-67, we have been able to 

study the Diatoius of t)ie Southerîi Océan, in open and inshore 

waters, as well as in sea ice» On the basis of 30'J yaiiiples 

taken along the traiisect Cape-Town ( South Africa) - Jireid Isay 

( Antarc tica) , approxiiiiately alon/; the 2hth longitude East, and 

in tho Breid Bay itself. Quantitative analyses were only per™. 

fo.rmed dnring the 196'i-65 and 19'-^6-67 expéditions. 

^' ̂ t̂ 'g' n\ean_ total abundance of Diatoins recorded fOr 

both years j 1 96'!--63 and 1960-67^ was vithin the 

h 5 
range of respec tiveiy, 10 to ÎO-̂  ceJ.ls per 11-

3 5 

ter in the Antarctic ^vaters, 3.10 to 5 » f 0 cel.ie 

per liter in Breid Bay and 10^ to 10^ cells per 

liter in sea ice, 

- The value of 10 to 10'' cells per IJ.ter m the Antarc

tic waters was sitnilar to those found, by other au-

thors, in the Atlantic, Pacific and Indian Océan sec-

tors, v.'hich suggests tfie idea of a uiiiforta distribu

tion ail around in the Southern Circunipolar V/aters 

(exception niade of some spécial aretis as tlie u'eddell 

Sea). The laaxiiual JJiatom population was not found to 

exceed corresponding values from the Northern liei.nsphe-



re and cojii'irns the idea thcit the Antarctic Ocea^ is 

not as ricl) as whs sometinies stated. 

The quantities of Diatoiiis recorcied in thie Bay (196A-65) 

exceed those recorded alonjj; the trctnaec t and suggest 

that the abundance of plankton is restricted to inshore 

wa ters. 

The ice liabitat was an exceptiorial rich milieu, especia 

lly at the level of the sea surface and at bottom level 

The quantities of cells/l of nielted ice exceod those re 

corded in open water and ccnfirms the assessmcnts of 

soine autliors relying on pigment analyses. 

2« The establishiiient of the summer season, especiall: 

in the zones co"vei;ed by j^ack ice, has been proven 

to p:ia.y an important i-ole in the de;velopment of 

the phvtoplankton bloom. 

Indeed, hî ;!i Diatom biomasses were found in conditions 

of reducc'd pack ice, iLiyher teinperatvire, lower salinity 

and a well developed stratification of the upj;)er ph.oto-

synthetic layors '^xvhere nuhrients vere not lioiiting 

factors :Sverdrup effect). 

Relative high ])iatom abundances were also encovmtered ±r 

the vicinity of the Subtropical and Antai-çtic Conver^on 

ce Avhich, on the contrary, vero chcxi^ac terized by an ab

sence of stratification iîi tlie upper 100 m lay er, leadin^: 

inost probauly^ to a viijoreus mxxin^; witi'.iu this layer. 

'Die maxin'.um concentration of Oiatoms tended to occur at 

lover levels in the southern than in the nox'thern re{jaï^ 
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3» A di.stinct year to yc-ar variation, regarding the 

species distribution and their abundance,was re-

corded. This variation was found to be in rela

tion i'.'ith différences in conditions froin one 

sumuîer to another» As the suminer conditions were 

more fully developed during the year 196^-65, the 

data collected diaring this year îshould therefore 

be considered as succeeding those of the year 

1966-67. in terras of seasonal succession. 

In this respect, along the transect, there was a dis-" 

placement and an increase of the uiain total Diatom Vjulk 

towards the south, in relation with the advance of the 

season. 

At the level of the species, v;ith the progress of the 

suminer season, soine have their maximum bulk displacing-

itself southwards, but for souie othei^s this iiiaxirnum 

d e c r e a s e u S and for still others it increases. On the 

other hand, for some species, the movement is north-

v/ards as the season progresses. Moreover, the maximum 

bulk for eacli species may or may not correspond with 

the tota]. maximum bulk. 

In the Bay, one hundred times more Diatoms were recor~ 

ded in 196^1-65 than in 1 966-67. This impres:iive dif

férence was demonstrated to be clearly related to the 

v.-ell estai^-lished summer conditions in 1964-65; tho 

Sverdrup effect was probably applicable in this case. 



In the Bay in ^9b^~6^f a négative corrélation betv/een 

nurnber of r.ells per liter and phosphate content was 

recorded. This négative corrélation was not observed 

in 1966-67» 

In the Diatom population o.f the Bay 5 for both expédi

tions, the free water species were mixed with those 

released frotri the ice, but the proportions of the two 

varied froiii one expédition to anothero 

Diatoms in the ice, at the level of the sea surface as 

well as at the bottoni level, were found in grejiter 

abundance in 1966-67 than In 1964-65. This means that 

the ratio of the water population to that for the ice 

was in 196^-65 équivalent to 10 whereas the saine ratio 

in 1966-67 was 100.000. 

h» The dominant Dj.atom gênera encountered in the 

Soxithern Océan were : Nitzschia, Fragilariopsis 

and Chaetoceros, 

Along the transect, the séquence in t)ie dominant spe

cies ̂ ^̂ as found to be roughly sitniJar for both years and 

did corres;ond with the l'esults obtained by Rytter 

Hasle in the Western Pacific. A similar séquence in th 

whole of tlie Southern Ccoan probably exists. 

The Breid B-îîy showed a dosninance of smaller sised spe

cies (Praffilariopsis curta, Fragilariopsis "nana", 

Nitzschia "closterioides"), compared to the species of 
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oceanic vatei^s. An incrsase in diversity and the ap-

pearance of larger foriîis ( EiJcainpia, Uiddulphia, Cos-

cinodj.scus) » t the end o.f ~ the summer season was recor-

ded in the inshore watex's, 

The Diatoms living in the ice at sea surface level were 

essentially Fragilariopsis cylindrus and (?) Fragilari-

opsis curta; those of the bottom level were of a mixed 

population : spécifie ice-linked species (Amphiprora 

Kufferathii, Nitzschia stellata), which released in 

water fortn clots sinking to the bottom, and ice bottom 

flora species (Fragilariopsis sublinearis, Fragilariop-

sis curta) which, when released by the melting of the 

±ce s remain in the fr-ee v/ater and even may continue to 

develop and become dominant. 

5, The index of diversity, computed from water bottlc 

samples, shov/ed slightly higher valuea along the 

tansect than in inshore v/aters. Variations in 

the diversity index where found to correspond to 

vai^iations in tlie produc tivity-biomass ratio» 

Considering soine records, species couid be admit-

ted as the main contributors to productivity, 

6c Différences have been observed in the relative 

proportion of sr)Gcies when sampling the saine 

populations, either by net or by water bottle. 

As a rule, sniall sized species escape in large 



amoujita, v-^hereas the bigger sized are retained in 

undue proportion. The différences recorded in 

species diversity index, computed at the same sta

tion on "tjoth net and water bottle aaïupling may 

find its explanation in the failings of the net 

sampling method, This bears out the discrepancies 

on the results o'otained by différent authors v/hich 

are based on varying sanipling inethods, Moreover 

big species, (Chaetoceros criophilus, Corethron 

criophiluni) considered by soine authors as occu-

ring in great amount in the Southern Océan, were 

found to be less abundant, whereas small species 

(Fragilariopsis "nana", Nitzschia "closterioides", 

î"'ragi].ariopsis curta) viere found, on the contrary, 

in greater quantitieso 

, The distribution boundery of sonie Diatom species 

coincided with ocecinic fronts or with the lirait 

between oceanic v/aters and inshore waters (? or 

with the Antarctic Divergence ), Stations near 

the Subtropical and the Antarctic Convergence re~ 

vealed that they correspond to zones \vhere a mix~ 

ing of species occured; the Subtropical Convergen

ce delimited more sharply the distribution boun-

deries of certain species than the Antarctic Con-

ver'gence. Nevertheless a great number of species 

transgres ;;ed the c onvergenc ies , Considering the 

file:///vhere


extension of the dis ti-ibiiti on and localizations, 

gx-oui3B of species staiid out. 

The Uictoin distribution, studied during both ex-

peditioii8s has pointed out that oceanic, inshore 

%^Aater and ice x̂ ^̂ P'-i-̂ î'-'tions vvere related. The 

results of future ecological work in the South

ern Océan would probably be improved if those 

areas were studied siinultaneously. 

Antarctic Diatorps v;ere found to be linked to 

environmental conditions. Moreovex' the year to 

year variation, observed démonstrates that inves

tigations in the Antarctic Océan could more pro-

perly be related to seasonal succession than the 

time of the year. The great différences in 

abundance recorded beti;een the two yearsp parti-

cularly in the coastal area, lead to the assurnp-

tien that their may be "poor" and "ricii" years. 
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