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Abstract From November 1992 to February 1995 a
quantitative and qualitative phytoplankton study was
conducted at a permanent station (Ker®x) southwest o�
the Kerguelen Islands, in the vicinity of the Polar Front
(50°40¢S±68°25¢E). Phytoplankton populations are low
in this area both during summers and winters. They
consist, in order of decreasing cell abundance, of pico-
and nano¯agellates (1.5±20 lm), coccolithophorids
(<10 lm), diatoms (5±80 lm) and dino¯agellates (6±
60 lm). Flagellates form the dominant group through-
out the year and attain the highest summer average of
3.0 ´ 105 cells l)1. Next in abundance year-round are
coccolithophorids with the dominant Emiliania huxleyi
(highest summer 1992 average 1.9 ´ 105 cells l)1), dia-
toms (summer 1992 average 1.0 ´ 105 cells l)1) and di-
no¯agellates (average 3.8 ´ 104 cells l)1). Winter mean
numbers of ¯agellates and picoplankton do not exceed
8.4 ´ 104 cells l)1; those of the three remaining algal
groups together attain 2 ´ 104 cells l)1. Summer peaks
of diatoms and dino¯agellates are mainly due to the
larger size species (>20 lm). The latter group contrib-
utes most to the total cell carbon biomass throughout
the year. Dominant diatoms during summer seasons
include: Fragilariopsis kerguelensis, Thalassionema nit-
zschioides, Chaetoceros dichaeta, C. atlanticus, Pseudo-
nitzschia heimii, and P. barkleyi/lineola. This diatom
dominance structure changes from summer to summer
with only F. kerguelensis and T. nitzschioides retaining
their ®rst and second positions. Any one of the

co-dominant species might be absent during some
summer period. The variable diatom community struc-
ture may be due to southward meandering of the Polar
Front bringing ``warmer'' species from the north, and to
the mixing of the water masses in this area. The entire
community structure characterized both during summer
and winters by the dominance of ¯agellates can be re-
lated to deep mixing (ca. 40±200 m) of the water column
as the probable controlling factor.

Introduction

Early studies of phytoplankton in the Southern Ocean
were carried out over large oceanic areas during the
austral spring/summer period (Hart 1942; Cassie 1963;
Kozlova 1964; Hasle 1968, 1969). They showed the
biogeographic distribution of mainly the larger size di-
atoms thought at ®rst to form the base of the Antarctic
food web (El-Sayed 1971). More recent phytoplankton
investigations have been carried out in speci®c areas of
di�ering primary productivity, such as in the rich coastal
zone (Steyaert 1973b; Ligowski 1983; Fryxell et al. 1989;
KopczynÂ ska et al. 1995), the marginal ice zone (Smith
and Nelson 1986; Smith 1987; KopczynÂ ska 1991;
Ligowski and KopczynÂ ska 1991; Becquevort et al. 1992),
the frontal zones (Lutjeharms et al. 1985; KopczynÂ ska
1988; Laubscher et al. 1993; Bathmann et al. 1997; Socal
et al. 1997), or in the impoverished open ocean zone
(Steyaert 1973a; Jacques et al. 1979). Some of these
works give comparisons of phytoplankton biomass and/
or species distributions in a few zones of variable pro-
ductivity (KopczynÂ ska et al. 1986; Jacques and Panouse
1991; TreÂ guer and Jacques 1992; Fiala et al. in press (b)).
These mesoscale studies show great variations both in
size of phytoplankton development and in species oc-
currence, and they often include besides the larger dia-
toms, the distribution and composition of the nano- and
pico- size algae such as ¯agellates (<20 lm) which often
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form summer blooms (KopczynÂ ska 1980, 1992; Estrada
and Delgado 1990; VillafanÂ e et al. 1995) and account for
a high proportion of phytoplankton biomass and pri-
mary productivity (Hewes et al. 1985; Weber and El-
Sayed 1987). The understanding of their dynamics and
contribution to the plankton is necessary in order to
elucidate the intricacies of the Antarctic food webs, such
as the ``microbial loop''.

Comparatively very few studies have been carried
out year-round at permanently chosen stations (Whi-
taker 1982; Domanov and Lipski 1990; Clarke and
Leakey 1996; Delille et al. 1996); for logistic reasons
such investigations can only be done in the vicinity of
Antarctic scienti®c bases. Some of such annual studies
at a ®xed station in Admiralty Bay at King George
Island, West Antarctica (KopczynÂ ska 1980, 1981,
1992, 1996) showed seasonal and interannual phyto-
plankton variability both in terms of algal abundance
and species composition.

From 1990 to 1994, the research programme Ker®x (a
part of French contribution to Joint Global Ocean Flux
Studies JGOFS) established a time-series station in the
Indian sector of the Southern Ocean, southwest o�
Kerguelen Islands, in order to monitor the ocean/atmo-
sphere gas exchanges and to understand the temporal
variability of the carbon ¯uxes and associated elements
(Fiala et al. in press (a); Jeandel et al. in press; Park et al.
in press; Pondaven et al. in press). The objective of the
present study carried out in the period November 1992/
February 1995 was to gain quantitative information
about major phytoplankton groups, species composition
and their seasonal and interannual variability. In partic-
ular, we tried to ®nd answers to such questions as whether
or not the community structure of phytoplankton is
stable during the summer seasons of increased growth,
and whether there are any di�erences among the years in
the timing of development of the dominant species.

Materials and methods

Quantitative and qualitative phytoplankton studies were conducted
at a permanent station Ker®x (50°40¢S, 68°25¢E) located in the
vicinity of the Polar Front in the open ocean zone of the Indian
sector of the Southern Ocean (Fig. 1). Water samples for taxo-
nomic analysis and counting were collected monthly from three
depths (surface, chlorophyll maximum depth of 20 and 75 m,
100 m) during a 25-month period between November 1992 and
February 1995. No samples were taken in January and February
1993 and in September 1994. Samples were obtained using Niskin
bottles on board the French coastal oceanographic vessel ``La
Curieuse''. Aliquots of 100 ml were preserved with formalin at a
®nal concentration of 0.4%. Algal cells were counted with the
Olympus inverted microscope according to the procedures de-
scribed by UtermoÈ hl (1958). The data reported in Figs. 2±5 and
Table 2 show average counts from three sampling depths. Due to
samples preservation and optical resolution, the inverted micro-
scope cell counting technique largely underestimates the pico-
plankton (<2 lm) size species.

Cell carbon biomass was estimated from cell volumes and cell
abundances. Cell volumes were calculated by comparing cell shapes
to appropriate geometric ®gures (Smayda 1978). The following cell

volume to carbon relationships were used for diatoms (Eppley et al.
1970): log C � 0:76�log V� ÿ 0:352, and for other phytoplankton,
log C � 0:94�log V� ÿ 0:60, with V representing total cell volume
(lm3) and C cell carbon (pg).

Results

Seasonal characteristics of surface water at Ker®x

Table 1 shows the physical-chemical data recorded dur-
ing our study. Salinity, temperature, upper mixed layer
depth (UML) and nutrient data are from C. Jeandel, D.
Ruiz-Pino, P. Pondaven, C. Fravalo, Y.H. Park, E.
Charriaud (unpublished work). During spring and sum-
mer, surface water was relatively warm (2.4±4.1°C) and
well mixed, with salinity values ranging between 33.81
and 33.91 psu. A seasonal thermocline had developed
below the mixed layer down to 200 m. An evolution from
a summer strati®ed sytem with a marked thermocline to a
deep homogeneous water column in winter was observed.
The upper mixed layer depth varied from a minimum of
40 m in summer to a maximum of 250 m in winter with a
great interannual variability. In winter, the water tem-
perature was homogeneous in the upper 500 m water
column with values <2°C (Park et al. in press).

The Ker®x site is characteristic of an HNLC area
(High Nutrient Low Chlorophyll). The inorganic nutri-
ents distribution exhibited a seasonal pattern that was
correlated with physical and biological dynamics. During
winter when strong mixing occurred, nitrate and silicate
concentrations reached 27 and 19 mM m)3, respectively.
Autotrophic biomass was low throughout the year
(<0.2 mg chl a m)3) except during the summer when a
maximum of 1.2 mg chl a m)3 was reached in the upper
100 m (Fiala et al. in press (a)). After the summer bloom,

Fig. 1 Location of Ker®x station. The mean position of the Polar
Front is indicated according to Park et al. (in press). Isobaths are in
meters.
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nutrient concentrations decreased to values around
24 mM for nitrate and between 6 and 13 mM for silicate.

Seasonal variations in abundance
and species composition

In the period November 1992/February 1995 phyto-
plankton populations were low (Table 2, Figs. 2, 3) with

the total numbers in individual samples ranging between
103 and 1.7 ´ 106 cells l)1. In 2 successive years they
were composed, in order of decreasing numerical
abundance, of naked pico- and nano¯agellates, co-
ccolithophorids, diatoms and dino¯agellates. Co-
ccolithophorids, diatoms and dino¯agellates showed
distinct seasonal patterns in cell abundance, with sum-
mer maxima and winter minima (Table 2, Fig. 3). The
pattern was less pronounced in the case of the combined

Fig. 2 Monthly variations of
the mean water column cell
densities (cells ´ 103 l)1) Ker-
®x station, November 1992 to
February 1995

Fig. 3 Monthly variations of
the mean water column cell
numbers (cells ´ 103 l)1) of
major phytoplankton groups.
Total dino¯agellates include
Prorocentrum spp., Ker®x sta-
tion, November 1992 to Feb-
ruary 1995
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group of pico- and nano¯agellates whose winter 1994
quantities were similar to, or exceeded, those in the
summer of 1993/1994. Generally, the average numbers
of total phytoplankton (6.4 ´ 105 cells l)1) in the sum-
mer of 1992 were 5 times greater than in the summer of
1993/1994 and 2.5 times higher than in the season 1994/
1995; this was mainly due to the presence of naked ¯a-
gellates and coccolithophorids. However, algal quanti-
ties in the two later summer seasons were only about
twice as great as those in the preceding respective winters
of 1993 and 1994 (Table 2).

Flagellates and picoplankton

Flagellates and picoplankton generally made up the
highest percentage of the counts, usually exceeding 50%.
The maximum quantity (9 ´ 105 cells l)1) in December
1992 exceeded sevenfold the maximum count in the
summer of 1993/1994 and almost twice the highest count
in the summer of 1994/1995 (Table 2, Fig. 3).

Formalin-preserved ¯agellates and picoplankton are
di�cult to identify accurately; however, the naked ¯a-
gellates appeared to include mainly bi¯agellates such as

Fig. 4 Monthly distributions of
mean water column total phy-
toplankton cell carbon values
(lg C l)1)

Fig. 5 Relative contribution
of major algal groups carbon
to total cell carbon values
(lg C l)1)
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several species of Prasinophycae (Pyramimonas spp.),
Cryptophyceae (e.g. Hillea fusiformis) and Pry-
mnesiophyceae (Chrysochromulina sp., C. alifera Parke
et Manton). The last genus is known for mixotrophy
(Parke et al. 1955, 1956). Prymnesiophyceae were gen-
erally most numerous during all seasons.

Picoplankton (<2 lm) contained both mono- and
bi¯agellates. Species resembling Imantonia rotunda
Reynolds (Prymnesiophyceae), Micromonas sp., Micro-
monas pusilla (Butcher) Monton et Parke (Prasinophy-
ceae), and Hillea sp. (Cryptophyceae) were found in
most samples.

Coccolithophoridae

The group contributed 8±57% to the total cell densities.
Emiliania huxleyi (Lohmann) Hay et Mohler was the
only conspicuous species present year-round. Summer
maxima of mean water column densities (Fig. 3) ranged

between 6.4 ´ 104 cells l)1 (January, February 1994)
and 3 ´ 105 cells l)1 (December 1992).

Diatoms

Whenever present, diatoms composed 0.7±29% of the
total cell counts. Summer peak mean numbers (Fig. 3)
ranged from 2.3 ´ 104 cells l)1 (February 1994) to
1.75 ´ 105 cells l)1 (December 1992). In some summer
(November and December 1993, January and February
1995) and winter collections (August, September 1993,
May and June 1994) diatoms were only found in surface
waters. Summer maxima of the group (Table 3) were
mainly composed of the larger species (length 12±90 lm)
such as Fragilariopsis kerguelensis (O'Meara) Hust.
(�Nitzschia kerguelensis), Thallasionema nitzschioides
(Grun.) Hust., Chaetoceros spp., Chaetoceros atlanticus
Cl., Chaetoceros bulbosus (Ehr.) Heiden, Chaetoceros
dichaetaEhr., andPseudonitzschia spp. (�Nitzschia spp.,

Table 1 Mean values (�SD) of
temperature, salinity and nu-
trient concentrations in the up-
per 100-m water column from
November 1992 to February
1995 at Ker®x station, (UML
upper mixed layer thickness, m,
n.d. no data)

Date Temperature Salinity UML NO3 SiO2

(°C) (psu) (m) (mM m)3) (mM m)3)

1/11/92 2.73 � 0.02 33.843 � 0.005 80 24.3 � 0.5 15.7 � 0.6
17/12/92 2.92 � 0.15 33.850 � 0.008 90 24.0 � 0.7 10.7 � 2.3
12/03/93 4.10 � 0.02 33.843 � 0.001 80 25.0 � 1.0 n.d.
6/04/93 3.98 � 0.01 33.828 � 0.010 100 24.2 � 0.5 n.d.
15/05/93 3.85 � 0.01 33.809 � 0.003 90 25.1 � 0.1 7.2 � 0.6
10/06/93 3.08 � 0.04 33.825 � 0.003 100 25.3 � 0.1 13.4 � 0.3
16/07/93 2.25 � 0.01 33.863 � 0.004 240 27.3 � 0.2 10.7 � 0.5
17/08/93 1.95 � 0.00 33.883 � 0.008 190 27.3 � 0.2 13.2 � 0.2
16/09/93 1.68 � 0.07 33.912 � 0.003 80 27.6 � 0.2 14.1 � 1.0
27/10/93 1.79 � 0.01 33.918 � 0.002 90 26.8 � 0.3 19.5 � 0.8
28/11/93 1.99 � 0.01 33.929 � 0.001 220 26.4 � 0.4 15.5 � 0.8
27/12/93 2.84 � 0.06 33.903 � 0.007 60 25.1 � 0.7 13.5 � 1.2
18/01/94 3.23 � 0.01 33.908 � 0.007 50 n.d. 10.5 � 0.7
6/02/94 3.68 � 0.03 33.903 � 0.009 40 n.d. n.d.
14/03/94 n.d. n.d. 60 24.2 � 1.5 n.d.
17/04/94 3.42 � 0.01 33.892 � 0.005 120 24.2 � 0.2 10.8 � 0.5
12/05/94 2.99 � 0.00 33.877 � 0.009 140 24.9 � 0.2 12.1 � 0.3
12/06/94 2.46 � 0.00 33.877 � 0.007 150 n.d. 13.1 � 0.8
9/07/94 2.43 � 0.00 33.867 � 0.008 140 24.1 � 0.2 15.2 � 0.5
29/08/94 1.65 � 0.01 33.927 � 0.011 180 26.4 � 0.9 18.2 � 0.4
17/10/94 1.63 � 0.01 33.916 � 0.009 250 25.9 � 0.2 19.8 � 0.9
7/11/94 1.81 � 0.07 33.900 � 0.006 50 27.1 � 0.5 19.8 � 0.4
8/12/94 n.d. 33.895 � 0.005 40 23.9 � 0.8 n.d.
8/01/95 3.15 � 0.02 33.900 � 0.004 42 23.6 � 0.3 7.9 � 0.1
27/02/95 3.65 � 0.07 33.844 � 0.003 50 24.4 � 0.3 5.8 � 0.6

Table 2 Mean water column
cell densities and ranges
(cells ´ 103 l)1) of major phy-
toplankton groups during the
summer and winter seasons
(November 1992 to February
1995), Ker®x station

Season Flagellates
1.5±20 lm

Coccolithophorids
<10 lm

Diatoms
5±80 lm

Dino¯agellates
5±60 lm

Total
phytoplankton

Summer 1992 307.2 194.74 104.13 38.24 644.3
(Nov±Dec) 125±918 66±296 6±357 19±96 267±1719
Winter 1993 37 4.6 5.2 3.6 50.4
(Mar±Oct) 9±112 1.12±15 0.5±21 0.8±9 10.7±121
Summer 1993±1994 65 39 16 13 133
(Nov±Feb) 13±134 2±109 0.5±63 2±41 27±246
Winter 1994 84 9 5 6 104
(Mar±Oct) 25±321 2±31 0.7±36 0.6±25 33±397
Summer 1994±1995 176 38 23 14 251
(Nov±Feb) 14±492 3.8±116 6±125 5.7±29 62±621
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Pseudonitzschia group), i.e. Pseudonitzschia heimii Man-
guin and Pseudonitzschia lineola Cl. (Hasle).

F. kerguelensis was always the most numerous di-
atom; however, each summer season, dominant diatom
groups were formed of somewhat di�erent species
(Table 3). Thus in December of 1992, the most
abundant were F. kerguelensis (max. 3 ´ 105 cells l)1);
Thalassionema nitzschioides (max. 6 ´ 104 cells l)1 and
Chaetoceros dichaeta (max. 3.7 ´ 104 cells l)1). In the
summer of 1993/1994 when peak numbers were
reached in January and February 1994, F. kerguelensis
(max. 3.6 ´ 104 cells l)1) was accompanied by Pseu-
donitzschia heimii and Pseudonitzschia lineola (1.8±
2.5 ´ 104 cells l)1). Chaetoceros species were conspicu-
ously absent, while T. nitzschioides occurred only more
abundantly in November 1993 (104 cells l)1). However,
the diatom peak in the summer of 1994/1995 in De-
cember could mainly be attributed, except for F.

kerguelensis, to Chaetoceros spp. and especially to
Chaetoceros atlanticus and to Pseudonitzschia heimii.
As in November 1993, Thalassionema nitzschioides was
frequent in November 1994.

In addition to the dominant diatoms, next in abun-
dance, especially in January and February 1994 were:
Fragilariopsis pseudonana Hasle, F. cylindrus (Grun.)
Krieger and Nitzschia closterium (Ehr.) W. Sm. Tha-
lassiothrix antarctica Schimper was numerous in De-
cember 1994. Small (usually <10 lm) Thalassiosira
spp., e.g. Thalassiosira gracilis (Karsten) Hustedt and
Thalassiosira lentiginosa (Jan.) G. Fryxell, and also
Coscinodiscus spp. ¯uctuated from month to month;
however, they were often absent from both summer and
winter collections. Infrequently found were the large
species of Corethron criophilum Castr., Eucampia bal-
austium Castr., and Proboscia alata (Brightwell) Sun-
dstrom.

Table 3 Summary of the seasonal occurrence of selected species found at Ker®x station from November 1992 to February 1995
(a abundant; m moderate; f few; r rare)

Species Summer 92 Winter 93 Summer 93/94 Winter 94 Summer 94/95
(Nov±Dec) (Mar±Oct) (Nov 93±Feb 94) (Mar±Oct) (Nov 94±Feb 95)

Diatoms
Chaetoceros atlanticus a Dec, Jan
C. bulbosus m Dec, Jan
C. dichaeta a Dec
Chaetoceros spp. a Dec, Jan
Corethron criophilum r r f
Eucampia balaustium r r f
Thalassiosira gracilis f f f
T. lentiginosa f f f f
Thalassiosira/Coscinodiscus m f f m m
Thalassionema nitzschioides a Nov, Dec f m Nov f m Nov
Thalassiothrix antarctica f Dec r f Dec
Fragilariopsis curta f f
F. cylindrus m Feb r m Nov
F. kerguelensis a Nov, Dec f a Feb m a Dec
F. oceanica m Dec
F. pseudonana f f f m Dec, Jan, Feb
Nitzschia closterium f r f
N. longissima f r r
Pseudonitzschia heimii a Jan, Feb a Dec
P. lineola f a Jan, Feb
Pseudonitzschia spp. a Jan, Feb m Dec

Dino¯agellates
Amphidinium hadai r r
Ceratium pentagonum r
Gymnodinium ¯avum m r f r f
G. guttula f f f
G. minor r r r f
Gymnodinium spp. m f a m a
Gyrodinium spp. m f a m a
Gonyaulax spp. (kofoidii) f r f
Oxytoxum criophilum m
Prorocentrum antarcticum f f
P. micans m f f
P. minimum f f f
Prorocentrum spp. a m a m a
Protoperidinium antarcticum r f r
P. cruciferum f f
Protoperidinium spp. m f m

Coccolithophoridae
Emiliania huxleyi a f a m a
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Dino¯agellates

These generally contributed 0.8±36.4% to the total
phytoplankton. The group (Tables 2, 3, Fig. 3) was
dominated by Prorocentrum spp. (6±24 lm) present
year-round (max. 2.6 ´ 104 cells l)1 in December 1992).
Most frequently found, particularly during summer,
were Prorocentrum micans Ehrenberg, Prorocentrum
dentatum Stein, Prorocentrum triestinum Schiller, and
Prorocentrum minimum (Pavillard) Schiller. Gym-
nodinium species (5±25 lm) were next in abundance and
often included Gymnodinium ¯avum Kofoid et Swezy,
Gymnodinium minor Lebour, Gymnodinium modestum
Balech, Gymnodinium guttula Balech, and Gymnodinium
soyai Hada. The heterotrophic species of the genera
Protoperidinium (18±60 lm) and Gyrodinium (8±40 lm)
were especially noticeable during the summer months
(December 1994, January 1995, February 1995).

Cell carbon distribution

During the entire period of 25 months, the mean water
column cell carbon values of total phytoplankton were
low and ranged between 0.33 lg C l)1 (August 1993)
and 8.91 lg C l)1 (December 1992), (Fig. 4). The other
highest summer values were noted in January 1994
(6.33 lg C l)1) and in November 1994 (4.19 lg C l)1).

Most of the carbon biomass, both during summer
peaks and in winters, was due to the contribution
(Fig. 5) by dino¯agellates (14.1±86.3%; range 0.07±
5.46 lg C l)1) with the maximum value occurring in
January 1994. Within the dino¯agellates, the species of
Prorocentrum usually made up 50±89% of the carbon
(max. 3.07 lg C l)1; December 1992). However, much
of the summer dino¯agellate carbon (up to 90%) was
due to larger heterotrophic species of the genera Pro-
toperidinium and Gyrodinium.

In the majority of the samples, both diatoms and
coccolithophorids each contributed less than 10% to the
total carbon. The highest diatom summer values ranged
between 0.24 lg C l)1 (October 1994) and 2.45 lg C l)1

(December 1992); those of coccolithophorids were 0.1±
1.45 lg C l)1, with the maximum in December 1992.

Except for dino¯agellate carbon, winter carbon bio-
mass was largely due (up to 57.5%) to naked ¯agellates
and picoplankton (max. 0.5 lg C l)1 in July 1994). The
highest summer ¯agellate carbon value was 0.9 lg C l)1

in December 1992.

Discussion

Phytoplankton abundance and composition

Data from Ker®x station show persistently impover-
ished phytoplankton populations throughout summer
and winter seasons (November 1992/February 1995). It

is interesting to note that the maximum summer num-
bers, especially those of diatoms, are comparable to the
quantities previously reported north of the Polar Front
from the Indian (Kozlova 1964, Steyaert 1973a, Ko-
pczynska et al. 1986) and the Paci®c sectors (Hasle 1969)
of the Southern Ocean. Summer diatom quantities in the
present study (average 1.6 ´ 104±1.04 ´ 105 cells l)1) are
also very similar to those observed by Jacques et al.
(1979) at the edges of both the Subtropical and Polar
Fronts southwest of the Kerguelen Islands, i.e. in an
area including the location of our present sampling site.
In contrast to these authors, who found the phyto-
plankton community to be dominated by diatoms and
dino¯agellates, our data show the numerical year-round
predominance of nano- and picoplanktonic naked ¯a-
gellates and of coccolithophorids, while diatoms and
dino¯agellates are placed as the third and fourth most
abundant algal groups. A phytoplankton study in the
Indian Ocean between Africa and Antarctica conducted
in late summer in March 1980 (KopczynÂ ska et al. 1986)
showed that quantities of ¯agellates and dino¯agellates
increased in the vicinity of, and northward of, the Polar
Front, and that ¯agellates outnumbered diatoms in the
subantarctic zone. Recently, Fiala et al. (in press (b))
reported a high contribution of the nano- and pico¯a-
gellate biomass in the northern areas along the 62°E
Indian sector transect in late summer. Also summer
studies in the Atlantic sector of the Southern Ocean
(Bathmann et al. 1997, Smetacek et al. 1997) reported
¯agellates and coccolithophorids to be important, be-
sides diatoms and dino¯agellates, which are constituents
of the plankton at the Polar Front.

Community structure and environmental factors

The question that arises is how to explain the persis-
tently low phytoplankton abundance at the Ker®x site,
as well as the particular community structure charac-
terized by the continuous year-round and year-to-year
numerical predominance of ¯agellates and cocco-
lithophorids over diatoms and dino¯agellates.

It has been suggested that nanoplankton ¯agellates
form a ubiquitous and stable oceanic population
(Smetacek et al. 1990) that is usually exceeded by dia-
toms during summer blooms. It has also been docu-
mented for the Antarctic Peninsula area (KopczynÂ ska
1992) that ¯agellates dominated diatoms at 85 of 102
oceanographic stations located in a well-mixed water
column (>100 m), while diatoms were prevalent at sites
(36 of 40) of increased water column stability (UML of
10±50 m). These results provided ®eld evidence that
deep vertical mixing creates conditions for the domi-
nance of ¯agellates (<20 lm) over diatoms. Nano¯a-
gellates are also the year-round dominant algae in the
very unstable waters of Admiralty Bay at King George
Island (South Shetlands), which are subject to deep
mixing and frequent upwelling (KopczynÂ ska 1980,
1981).
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At Ker®x, UML depth varied between ca. 40 m in
summer and >200 m in winter. A maximum thickness
of 50 m of the mixed layer is considered as a prerequisite
for a phytoplankton bloom build-up (Sakshaug and
Holm-Hansen 1984; Smetacek and Passow 1990). Thus
the generally deep mixing of the water column at our
study site and the resulting low light regime might pro-
vide one of the likely explanations for the suppression of
more proli®c algal development in this area, as well as,
perhaps, for the community structure in terms of phy-
toplankton groups.

Surface water temperature might also be important in
in¯uencing both algal quantities and composition. The
highest numbers were observed in the summer of 1992
and they subsided signi®cantly in the following months
both in winters and summers. This situation coincided
with the general water temperature decrease at the station
from the highest values in 1992 (on average 0.23°C above
normal) to a minimum in 1994 (on average 0.23°C below
normal), (Park et al. in press). Various authors have
suggested that Antarctic diatoms are constrained by low
temperatures (Jacques 1983; Fiala and Oriol 1990).

At Ker®x, nitrate concentrations are never depleted
and could sustain good-size phytoplankton productiv-
ity; however, low silica values, noted in summer, may
be limiting for diatoms. This may particularly pertain
to some of the dominant diatoms, i.e. Fragilariopsis
kerguelensis and Chaetoceros spp., which appear to
require greater silica concentrations for their optimal
growth in relation to other diatoms (Jacques 1983).
This might be especially true for F. kerguelensis, which
is one of the most heavily silici®ed Antarctic species.

Although mesozooplankton grazing, mainly by cope-
pods, is not signifcant at Ker®x site (S. Razouls, per-
sonal communication), the microprotozoans may play
an important role. Unfortunately, the nano¯agellates
found were not examined using epi¯uorescence; how-
ever, they are likely to include various heterotrophic and
mixotrophic forms (Becquevort et al. 1992, Becquevort
1997). The Chrysochromulina identi®ed is known for
mixotrophy (Parke et al. 1955, 1956). Dino¯agellates in
our samples contained heterotrophic species of the
genera Gyrodinium and Protoperidinium able to feed on
diatoms >20 lm (Jacobson and Anderson 1986).

Dominant species

The interesting features of our results from the vicinity
of the Polar Front are the abundance of cocco-
lithophorids and the variable summer diatom commu-
nity structure. Emiliania huxleyi, the only conspicuous
coccolithophorid in the samples, is the most abundantly
occurring living species of the group known to form
large blooms in the northern hemisphere (Berge 1962). It
is cosmopolitan and tolerant of a wide ecological range
(Heimdal 1983). It has been reported from the Antarctic
(Thomsen et al. 1988; Knox 1994), including the Polar
Front region in the Atlantic (Bathmann et al. 1997) and

the Weddell-Scotia Con¯uence (Jacques and Panouse
1991). It has not previously been observed southwest of
the Kerguelen Islands by Jacques et al. (1979) between
43°S and 62°S.

The composition of dominant diatoms showed dif-
ferences from summer to summer. Of the species ob-
served, Fragilariopsis kerguelensis and Thalassionema
nitzschioides were always present, while Pseudonitzschia
spp. were only numerous in the summers of 1993/1994
and 1994/1995 and were absent in 1992. However,
Chaetoceros spp. did not occur in the summer of 1993/
1994, and were quite abundant in the summer seasons of
1992 and 1994/1995. In winters diatom numbers were
very low and some of the summer dominants were not
detectable. These dominant diatoms are known to have
somewhat di�erent biogeographical distributions. Tha-
lassionema nitzschioides has been reported to have a
widespread occurrence in the subantarctic zone between
the Polar and Subtropical Fronts (Hasle 1969, 1976). In
the study of the Indian Ocean phytoplankton between
Africa and Antarctica the species was only found north
of the Polar Front (KopczynÂ ska et al. 1986). Similarly,
Pseudonitzschia species (�Nitzschia, Pseudonitzschia
group), i.e. Pseudonitzschia lineola and Pseudonitzschia
heimii, although common to the entire Southern Ocean
(Hasle 1969, 1976) were previously found to be pre-
dominant among diatoms north of, and in the vicinity
of, the Polar Front both in the Indian Ocean (Steyaert
1973a, KopczynÂ ska et al. 1986) and in the subantarctic
East Paci®c (Hasle 1969). However, Fragilariopsis
kerguelensis, which is widely distributed in the Southern
Ocean, and Chaetoceros spp. (Chaetoceros dichaeta and
Chaetoceros atlanticus) are generally found in greater
abundance in the Antarctic zone south of the Polar
Front (Steyaert 1973b, KopczynÂ ska et al. 1986). At least
two studies reported Chaetoceros dichaeta present only
south of the Polar Front (Sournia et al. 1979; Ko-
pczynÂ ska et al. 1986). Fragilariopsis kerguelensis, the
most abundant diatom in our samples, was also ob-
served to be dominant by Jacques et al. (1979) in their
entire study region west of the Kerguelen Islands. The
species (together with Corethron criophilum) formed
blooms in October/November 1992 at the Polar Front in
the South Atlantic (Bathmann et al. 1997; Smetacek et al.
1997). The latter authors reported that distribution of
other common diatoms such as Thalassionema nit-
zschioides, Chaetoceros dichaeta and Chaetoceros bulb-
osus, and also coccolithophorids was restricted to the
Polar Front. This diatom composition and the presence
of coccolithophorids are similar to our results; however,
contrary to what we found, in their samples diatoms
were the prevalent group.

Considering both the di�erences in the currently
known biogeographical distribution of diatoms found at
Ker®x, and the location of the Ker®x site at the southern
edge of the Polar Front, the diatom community struc-
ture and its variations from one summer season to an-
other may not be surprising. It appears that they could
well be attributed to lateral mixing of the water masses
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at the sampling site, and particularly to southward me-
andering of the Polar Front (Park et al. in press)
bringing ``warmer'' species from the north. Water
masses of di�erent histories are likely to stimulate the
growth of di�erent species (Hart 1942).

Cell carbon

Cell carbon values (summer maximum 8.91 lg C l)1)
re¯ect the numerical poverty of phytoplankton popula-
tions. Dino¯agellates, which are the major contributors
to carbon biomass, have previously been found to make
14% of cell carbon during late summer in Prydz Bay
(KopczynÂ ska et al. 1995). Total carbon values at Ker®x
are very low indeed compared with those in the latter
area (average 317 lg C l)1), and other diverse regions
such as a permanent station in Admiralty Bay (summer
average 14.7 lg C l)1), (KopczynÂ ska 1996), or from
Drake Passage (average 17.1 lg C l)1). However, it is
interesting to note that the present carbon results are of
the same order of magnitude as those from Drake Pas-
sage and Brans®eld Strait obtained at the time of phy-
toplankton poverty in February/March 1981, at low
water column stabilities (mixing to �100m) (Ko-
pczynÂ ska 1992).
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