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Abstract Microphytoplankton populations were studied
in shallow coastal water (<60 m) near the Brazilian Antarc-
tic Station Comandante Ferraz (EACF) and three reference
areas in Admiralty Bay in early and late summer (2002-
2003). Phytoplankton was diverse (113 taxa), but not abun-
dant (10° cells I7"). The highest abundances (>10*cells 171
were caused by pennate benthic diatoms (Fragilaria stria-
tula Lyngbye) that occurred mainly in early summer, asso-
ciated with the presence of ice. In late summer, when the
water temperature (—0.4 to 1.5°C), salinity (34 to 35), and
phosphate (2.6 to 4.5 pmol 17!) were highest and the dis-
solved oxygen was lowest (6.4 to 2.9 ml1™"), centric dia-
toms (Thalassiosira spp.) were more abundant, suggesting
an influence of oceanic waters. Phytoplankton abundance
(<10* cells1™") and chlorophyll a concentrations
(0.22 pg 11 were lowest close to EACF. Pennate diatoms
were dominant close to shore and in surface waters else-
where, probably because of ice melting or sediment resus-
pension caused by water mixing.
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Introduction

Studies of nearshore antarctic phytoplankton are relatively
scarce because of its apparent low contribution to the total
primary production of the Southern Ocean (El-Sayed and
Fryxell 1993). High phytoplankton abundance and biomass
in coastal areas are usually related to resuspension of ben-
thic microalgae (Brandini and Rebello 1994).

The first phytoplankton sample from Admiralty Bay was
collected during the Pourquoi-Pas? Expedition in 1909 and
the research on phytoplankton began in the 1970s with the
establishment of research stations within the bay (Ligowski
and Kopczynska 1993). After that, other studies related to the
Admiralty Bay phytoplankton have been made mainly during
the 1980s by Polish scientists (Rakusa-Suszczewski 1980,
Rakusa-Suszczewski et al. 1993), as well as during the 1990s
by Polish and Brazilian scientists (Brandini and Rebello 1994).

Most anthropogenic activities in the bay have been
related to four research stations: Henryk Arctowski (Poland)
at Thomaz Point, the Comandante Ferraz Station—EACF
(Brazil) at Keller Peninsula, Machu Picchu (Peru) at Crepin
Point, and Copacabana (USA) at Llano Point (ATCM
XXVIII).

The objective of this work was to evaluate the temporal
and spatial distribution of microphytoplankton (cells >
20 pum) during the austral summer of 2002-03, through the
study of abundance and specific composition associated
with hydrological features near EACF and three other refer-
ence areas at Admiralty Bay.

Study area

Admiralty Bay (62°03'—12'S, 58°18'—38'W) is located at
King George Island, (area 122 km?) and has an estimated
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water volume of 24 km?>. It is a deep fjord-like embayment
with 500 m maximum depth at its center (Rakusa-
Suszczewski et al. 1993).

The water from the bay meets the oceanic deep waters
from Bellingshausen and Weddell Seas at its southern
opening, which connects to the Bransfield Strait (Rakusa-
Suszczewski 1980; Lipski 1987).

According to Rakusa-Suszczewski (1980), the freshwa-
ter that flows to the sea at Admiralty Bay originates from
the glaciers, covering more than 90% of King George
Island. The melt water carries nutrients and organic matter
to the sea, and lowers the seawater salinity. High values of
sediment content and total phosphorus were found near the
main terrestrial input areas. Strong winds and gusts are
common in the coastal areas of the Antarctic Peninsula and
South Shetland Islands. These winds, together with the
tides and freshwater drainage, play an important role in the
transport of organic matter, nutrients and trace metals to the
sea, which influences primary production.

Materials and methods

Admiralty Bay was surveyed during the early and late aus-
tral summer of 2002-03 (25 November—-10 December,
2002 and 3-7 February, 2003). Samples were taken near
EACF and three other reference areas distant from any
anthropogenic activity using a Beyond BACI approach
(Underwood 1994, Stark et al. 2003). The three other refer-
ence areas were Hennequin Point, Botany Point and an area
about 300 m away from Thomaz Point within the Ezcurra
Inlet (Fig. 1a). Three sampling stations were established in
each area following the bathymetries of 20 m (St. A), 30 m
(St. B) and 60 m (St. C) (Fig. 1b). At each station, samples
were collected at surface, mid-water and at 1 m above the
bottom.

Physical and chemical analyses

The temperature was obtained using protected reversion
thermometers, and the salinity was measured using a Back-
man inductive salinometer. Dissolved oxygen was deter-
mined by the Winkler method using a Mettler DL 21
automatic titrator, following the Grasshoff et al. (1983) pro-
tocol.

The nutrient samples were collected using Go-flo bottles
(General Oceanic®), filtered in Whatman GF/F membrane
and stored in polyethylene flasks pre-washed with HC1 1:1,
rinsed with distilled water. Then, the filtered water samples
were frozen (—20°C) for further analysis. The analyses of
nitrate and nitrite were performed using an automatic sys-
tem—AutoAnalyzer II—Bran-Luebbe®. The silicate and
phosphate analyses were processed by a spectrophotometric
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Fig. 1 Admiralty Bay (summer 2002/03): Sampling areas (a) (CF
Brazilian Antarctic Research Station ‘Comandante Ferraz’; BP Botany
Point; He Hennequin Point; Ez Ezcurra Inlet) and sampling stations
with different water column depths (b) (A 20 m; B 30 m; C 60 m) at
each sampling area

method and measured in a Genesys II spectrophotometer,
Bausch & Lomb®. All these analyses followed the recom-
mendations of Grasshoff et al. (1983).

Phytoplankton and chlorophyll a analyses

For these analyses, the water samples were collected using
Nansen bottles. Chlorophyll a was extracted from 11
filtered samples (Whatman GF/F membrane), frozen
(—20°C), and determined by fluorimetry after extraction in
90% acetone, using a Turner TD-7000 fluorometer (Parsons
et al. 1984).

Phytoplankton samples were stored in 250 ml dark bot-
tles and fixed with 2% borax-buffered formaldehyde, and
analyses were taken according to the Utermohl (1958)
method.

The cells were allowed to settle in 50-100 ml chambers
for 48-72h. Using an inverted microscope (Olym-
pus®IX70) equipped with phase contrast at a magnification
of 200x (ocular 10x, objective 20x), organisms larger
than 20 pm were analyzed throughout the whole counting
chamber. A higher magnification (400x) was used to iden-
tify the smallest taxa, such as some diatoms.
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Species composition was determined based on the fol-
lowing works: Peragallo and Peragallo (1921), Cupp
(1943), Medlin and Priddle (1990), Round et al. (1990) and
Hasle and Syverten (1997).

The diatom taxa that could not be identified were
grouped according to their morphotypes in: Group 1 (pen-
nate diatoms, free cells), Group 2 (pennate diatoms, chain-
forming), Group 3 (centric diatoms, free cells).

The occurrence of taxa was considered frequent (more
than 40% of samples) or constant (more than 80% of
samples). In terms of abundance, they were categorized
according to Lobo and Leighton (1986) as abundant (one
particular species being higher than the mean abundance of
all species that appear in the sample) or dominant (one spe-
cies constituting more than 50% of the abundance of the
sample).

Statistics

In order to normalize distributions and eliminate zero val-
ues, the biological data were transformed using the log fac-
tor: log,, (x + 1). The Correspondence Analysis considered
the biological data to distinguish patterns of distribution of
phytoplankton populations. Results were compared using a
One-Way ANOVA with a Kruskal-Wallis test (P < 0.05)

Table 1 Admiralty Bay (summer 2002/03)

for multiple comparisons. All these analyses were per-
formed using Statistica® version 6.0 (Statsoft).

Results

The values of hydrological and biological data for the austral
summer of 2002-03 are listed in Table 1. During the early
summer, the water was relatively cold (—0.4 &£ 0.2°C) com-
pared to late summer (1.5 £ 0.3°C, P <0.01), while the
salinity showed little variation (34.3 to 34.8) (Fig. 2a).

Dissolved oxygen showed highest concentrations
(64+12mll™Y during early summer (Fig.2b). Phos-
phate, as well as temperature, increased in late summer.

The estimated ratios N:P showed three groups of sam-
ples: (1) Early summer, N:P ratio between 10 and 15, asso-
ciated with the lowest temperatures; (2) Late summer, N:P
ratio < 10 influenced by highest phosphate concentrations;
(3) Late summer, N:P ratio > 10 because of a high inor-
ganic nitrogen availability associated with low phosphate
concentrations (Fig. 2c).

Chlorophyll a concentrations were constantly low
(0.44 + 0.29 pg 171, except for two peaks (>1 pg 17!) from
the surface waters at Hennequin Point (St. A). The silicate
values did not vary.

Variables Range Average SD N

ES LS ES LS ES LS ES LS
Temperature—T (°C) —0.8t0 0.4 1.1-2.1 —-04 1.5 0.2 0.3 36 36
Salinity—S 34.3-34.8 32.9-35.8 34.6 33.9 0.1 0.5 36 35
Dissolved oxygen—DO (ml 171) 3.3-8.8 2.7-3.4 6.4 2.9 12 0.1 36 36
Dissolved inorganic nitrogen—DIN ~ 23.7-46.9 16.6-38.6 35.0 335 5.0 4.1 36 36

(umol 171

Silicate—Si-SiO, (umol 1) 38.0-91.3 20.8-99.2 67.2 66.0 13.5 20.2 36 33
Phosphate—P- PO, (umol 171 1.2-3.0 0.2-9.9 2.6 45 0.3 2.5 36 36
Chlorophyll a—Chl a (ug 17" 0.1-1.7 0.2-0.9 0.4 0.5 0.4 0.2 12 36
Phytoplankton abundance (cells 7"y 5.1 x 10'=1.6 x 10* 2.4 x 10-6.9 x 10> 1.4 x 10> 1.5x10° 3.5x10° 1.5x 10> 36 36

Hydrochemical and biological data (ranges, averages, standard deviations and number of samples)

ES early summer, LS late summer

Fig. 2 Admiralty Bay (summer n
2002/03): Relationships be- s = NP
. SRR k<] B K} 34 35 30 2 4 6 8 10 0 5 10 15 20 25
tween seawater temperature and: 3p .
salinity (a), dissolved oxygen 2] | a . N |b R C e
(b) and the ratio N/P (c) ® ] R T ‘- ‘o i . dhisg
. L] .
OD h LX3 o® &, & o - ”
10 % . ¥4
¢ eatlyswmmer  4late summer
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Microphytoplankton

The microphytoplankton assemblage was diverse, mostly
represented by diatoms (87 taxa), dinoflagellates (12 taxa),
cyanobacteria (8 taxa—mainly Nostocales and Oscilatori-
ales) and flagellates (6 taxa—mainly unidentified crypto-
phyceans).

In general, the microphytoplankton abundance was low
(1.5 x 103 cells 17" 2.7 x 10° cells 17!) with a high stan-
dard deviation because of the temporal and spatial varia-
tions. Diatoms were dominant in terms of the number of
taxa (77%) and abundance (90%).

Temporal variation

Composition, number of taxa (Table 2) and abundance of
microphytoplankton differed during the study periods. In
early summer, the highest number of taxa (P > 0.05)
occurred due to the contribution of pennate tychoplanktonic
diatoms in the water column. However, the abundance
(6.2 x 10> £ 6.9 x 10? cells1™!) was lower than in late
summer (1.5 x 10° £ 1.5 x 10° cells17") (Fig. 3), except
for the surface waters at station A, at Hennequin Point,
where, the chain-forming pennate benthic diatoms (cell
linear length ~60 pum) were responsible for the high

Table 2 Admiralty Bay (summer 2002/03)

Early Late Both

summer summer periods
Cyanobacteria 5 7 8
Diatoms 75 56 87
Dinoflagellates 11 7 12
Other flagellates 6 5 6
Total 97 75 113

Number of taxa from each taxonomic group

100

80

60

%

40

20

early summer late summer
I pennate diatoms wzzzz centric diatoms

=== dinoflagellates wmmmm other flagellates =

i cyanobacteria

Fig.3 Admiralty Bay (summer 2002/03): Percentage abundance of
the major taxonomic groups during early and late summer
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abundance (>1.5 x 10* cells 17!). Pennate diatoms reached
85% of abundance during early summer.

In late summer, centric (55%) and pennate diatoms
(42%) dominated the phytoplankton assemblage, and the
highest abundance was caused by centric diatoms.

Dinoflagellates showed highest abundance (P <0.01) in
late summer, and the other groups (cyanobacteria and flagel-
lates) were not well represented during early or late summer.

Spatial variation

The phytoplankton abundance (Fig. 4a) was different between
sampling areas (P=0.03). The EACF (52x 10>+
3.7 x 10% cellsI"") and Ezcurra Inlet (1.2 x 10° £0.8 x
10 cells 17!) sample areas had the lowest (<1.5 x 10°
cells1™!) and most homogeneous (SD < 103 cells 171)
values. Conversely, the highest (>1.5 x 10°cells1~!) and
most heterogeneous (SD > 10° cells I™") values were found
at Botany Point (1.8 x 10° £2.1 x 10%cells1™") and Hen-
nequin Point (2.3 x 10° £ 4.8 x 10 cells 171 (Fig. 4a)
due to the high abundance (>10* cells 17!) of chain-forming
pennate diatoms (Fragilaria striatula Lyngbye, Fragilariopsis
Hustedt) (Fig. 4b).

There were no significant differences between the
sampling stations in regard to the microphytoplankton

SE+H03
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4E+03 3
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i

-
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0E-01

-2E+H03 s Mean
[ standard Esror
" Standard Deviation

¢ Qutliers

-4E+03

pennate diastoms v gentnic diatoms
m=== dinoflagcllatcs wmmmm other flagell SO ¢ sbacteria

Fig. 4 Admiralty Bay (summer 2002/03): Phytoplankton abundance
(a) (mean, SE and SD) and percentage abundance of the major
taxonomic groups (b) at the sampling areas: CF Brazilian Antarctic
Research Station ‘Comandante Ferraz’; Ez Ezcurra Inlet; BP Botany
Point and He Hennequin Point
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abundance (Fig. 5a). However, there were differences
(P=0.02) in the taxonomic groups’ representation. The
highest contribution was from the pennate diatoms in shal-
low water (80%) at St. A, whereas the centric diatoms were
more abundant (65%) at St. C. The cyanobacteria and
flagellates were sparse at St. A, while at the deepest stations
they represented more than 5% of the total abundance
(Fig. 5b).

Different sampling areas had distinct vertical distribution
patterns (Fig. 6), with highest abundance in surface water at
Hennequin Point in early summer (>5 x 10° cells 17!) and
Botany Point in late summer (>4 x 103 cells 17Y). There
was a decreasing vertical distribution gradient in early sum-
mer, but a homogeneous gradient in late summer at Ezcurra
Inlet. No vertical distribution variation was observed at
EACF.

Species composition and Correspondence Analysis

Considering the 113 taxa identified in Admiralty Bay’s
flora, and according to the criteria of abundance and occur-
rence, 31 taxa were selected for the Correspondence Analy-
sis, which shows the temporal and spatial distribution of the
taxa.

The I x II factorial plan (Fig. 7a, b) represented 42% of
the total variance and isolated the samples from late sum-
mer in the positive portion of Axis I (23%). These samples

8E+03 a
6E+03 |
4E+03 |
= 2E+03 | [':I -
8 - %
0E-01 | .
-2EH03 - s Mean
[] Standard Esror
4E+03 T Standard Deviation
A B Cc o Outliers
Iw e ] — ........ h -
20 |
m {
&
40 -
20 -
A B C
sampling stations
pennate diatoms ! centric diatoms
* dinoflageliales = other flagell = gyanobacteria

Fig. 5 Admiralty Bay (summer 2002/03): Phytoplankton abundance
(a) (mean, SE and SD) and percentage abundance of the major
taxonomic groups (b) at stations with different water column depths
(A 20 m; B 30 m; C 60 m)
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Fig. 6 Admiralty Bay (summer 2002/03): Phytoplankton abundance
at three depths in the water column (0 surface, / midpoint of water
column and 2 close to the bottom), at the four sampling areas

were characterized by the dominance of centric diatoms,
such as Corethron pennatum (Grunow) Ostenfeld (39%),
Thalassiosira anguste-lineata (Schmidt) Fryxell & Hasle,
Thalassiosira cf. frenguellii Kozlova, Thalassiosira spp.,
and some species identified as “Group 3”, besides the pen-
nate diatom Pseudo-nitzschia “delicatissima” (Cleve)
Heiden & Kolbe complex.

The surface samples from shallow stations (St. A and B)
appear in the negative portion of Axis I. These were charac-
terized by high concentrations (>1.5 x 10%cells17!) of
pennate diatoms, mainly: Group 1, benthic species such as
the chain-forming Fragilariopsis ritscheri,—especially at
Hennekin Point (>30%)—Fragilaria striatula, Achnanthes
brevipes (Kiitzing) Cleve and others; along with Group 2,
the single-celled Licmophora gracilis (Ehrenberg) Grunow
and unidentified single pennate diatoms.

Axis II (19%) established a separation between early and
late summer of the Botany Point sampling area. The early
summer samples (positive portion) were characterized by
the highest abundance (>20%) of species included in Pleu-
rosigma/Gyrosigma and Cylindrotheca closterium (Ehren-
berg) Lewin & Reimann/Nitzschia longissima (Brébisson)
Ralfs complexes. In samples from late summer (negative
portion) the pennate diatom Fragilaria striatula was domi-
nant (55% of abundance) (Fig. 7b).

The centric Corethron pennatum was the only species
that was present in all four sampling areas and during both
sampling periods (>88% of the samples). Moreover, this
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Fig. 7 Admiralty Bay (summer 06
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species was considered abundant in 68% of the samples
and dominant in 31% (mostly in late summer).

The pennate diatoms, such as Licmophora gracilis,
Pseudogomphonema kamtshaticum (Grunow) Medlin,
Cocconeis cf. costata (Gregory) Cleve and the Cylindrot-
heca closterium/Nitzschia longissima complex, had an
important role in Admiralty Bay’s phytoplankton popula-
tion. They were considered frequent (>50% of the samples)
and abundant (Table 3).

Discussion

In the context of water column production, the Admiralty
Bay nearshore water can be considered a high nutrient—
low chlorophyll (HNLC) area (Platt et al. 2003). The pat-
tern of temporal variation of the inorganic nutrients distri-
bution is correlated with the biogeochemical processes and
physical dynamics of the Bay (light incidence, melting ice,
oceanic input, resuspended sediments, and wind stress gen-
erating advective processes). This can be seen in the N:P
ratios, which showed the lowest values (8.5 &+ 4.5) in late
summer as a result of the highest phosphate concentrations
(4.5 £2.5 umol 171, During the 2002-03 summer, the
microphytoplankton abundance was low (107 cells 171
when compared to values reported in other Antarctic areas
like the Weddell Sea (Kang et al. 2001, Moisan and Fryxell
1993, Estrada and Delgado 1990) and Prydz Bay (Kang and
Fryxell 1991), but similar to Maxwell Bay (Ahn et al.
1997), Bransfield Strait and Bellingshausen Sea (Bidigare
et al. 1996) (Table 4).

The abundance values shown by different authors
should be compared with caution, as different methods
may have been used. In this work, cells smaller than
20 pm were disregarded. Conversely, the authors cited
above took into account micro (>20 um) and nanoplank-
ton (2-20 um) (Brandini et al. 1997). This may be the
cause of the higher values found by these authors com-
pared to those found in this work. Another reason may be
that the sampling was carried out before and after but not
within the high primary productivity season in the mid-
summer...
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The absence of strong water currents that resuspend the
sediment allow the microalgae to sink to the bottom of the
euphotic zone, causing low phytoplankton abundance
(<10%cells 17" in the water column at Admiralty Bay
(Rakusa-Suszczewski 1980). Conversely, strong turbulence
may have been present only at the shallowest station (St. A)
at Hennequin Point during the 2002-03 early summer, and
probably caused the highest phytoplankton abundance
(10* cells 17" and chlorophyll a concentrations (>1 pug 171).
These high phytoplankton abundance and chlorophyll a
concentrations have also been reported previously by Bran-
dini and Rebello (1994) at the same area.

With the exception of Hennequin Point, Admiralty Bay
showed the highest phytoplankton abundance in late summer
with a direct relation to the water temperature. El-Sayed and
Fryxell (1993), Kang et al. (1997), Kopcsynska et al. (1998)
and Kang et al. (2002) reported similar results from other
areas in the Southern Ocean. The lowest phytoplankton abun-
dance (<10?cells1™!) and chlorophyll a concentrations
(0.22 4 0.05 ug 171 associated with the highest ammonia
values (5.7 & 2.9 umol 1"!) near the EACF area suggest a
response from the environment to either water turbulence
(Brandini and Rebello 1994) or human presence at the Brazil-
ian station along with mammals and penguins that often use
the Keller Peninsula throughout the summer. Further study is
necessary to distinguish between these two influences.

Dominant species

The centric diatom Corethron pennatum and several spe-
cies of the pennate diatom genus Fragilariopsis were domi-
nant in Admiralty Bay in the summer of 2002/03, as found
previously by Kopczynska (1993) in Admiralty Bay, by
Kang and Fryxell (1991), and Kopczynska et al. (1995) in
Prydz Bay.

The similarity between this flora and the one found in
Bellingshausen Sea (Bidigare et al. 1996) and Bransfield
Strait (Burkholder and Sieburth 1961) strengthens the
hypothesis that the offshore waters from Bellingshausen
Sea inflow through Bransfield Strait, as suggested by Lipski
(1987) and Madejski and Rakusa-Suszczewski (1990). The
Weddell Sea presents some similarities to Admiralty Bay as
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Table 3 Admiralty Bay (summer 2002/2003)

Group Taxa Code Early summer Late summer

Abundance Criteria ~ Abundance Criteria
(cells 171 (cells 171

Pennate diatoms  Achnanthes brevipes (Kiitzing) Cleve ACBR 33 x 10° A 3.5 x 10! -
Achnanthes cf. taeniata Grunow ACTA - 1.1 x 10° A
Amphora cf. proteus Gregory AMPR 8.1 x 10! A 1.2 x 10! -
Amphora spp 4.0 x 10 - 7.0 x 10° -
Bangquisia sp - 6.0 x 10° -
Cocconeis costata (Gregory) Cleve COCO 2.4 x 10? A 2.5 x 107 F
Cocconeis cf. pinnata (Gregory) Greville 3.6 x 10! - 7.0 x 10° -
Cocconeis gautieri Van Heurck - 5.0 x 10° -
Cocconeis orbicularis Frenguelli & Orlando COOR 6.3 x 10! A -
Cocconeis spp COCC 1.7 x 107 A 6.6 x 10! -
Cylindrotheca closterium (Ehrenberg) Lewin CYCL 22 x 10° D/F 2.2 x 10 A

& Reimann/Nitzschia longissima
(Brébisson) Ralfs complex

Diploneis sp - 3.0 x 10° -
Fragilaria striatula Lyngbye FRST 8.5 x 107 A 1.2 x 10* D
Fragilariopsis cf. doliolus (Wallich) Medlin & Sims 2.9 x 10! - -
Fragilariopsis cylindrus (Grunow) Krieger - 8.0 x 10° -
Fragilariopsis kerguelensis (O’Meara) Hustedt 1.8 x 10! - -
Fragilariopsis obliquecostata (Van Heurck) Hasle 3.5 x 10! - -
Fragilariopsis rhombica (O’ Meara) Hustedt 3.6 x 10! - 3.5 x 10! -
Fragilariopsis ritscheri Hustedt FRAG 1.5 x 10* D 4.0 x 10° A
Licmophora belgicae Peragallo 2.4 x 10? - 3.9 x 10! -
Licmophora cf. plana Heiden & Kolbe - 3.7 x 10! -
Licmophora gracilis (Ehrenberg) Grunow LIGR 2.8 x 10° A/F 3.9 x 10? F
Manguinea sp 2.5 x 10! - 3.0 x 10° -
Mastogloia cf. smithii Smith 24 x 10! - -
Membraneis challengeri Grunow 8.4 x 10! - 2.4 x 10! -
Navicula algida Grunow 8.4 x 10! - 7.9 x 10! -
Navicula cf. septentrionalis (Grunow) Gran. 3.0 x 10% - 1.1 x 10 -
Navicula cf. transitans Grunow NATR 22 x 10 A -
Navicula cf. vanhoeffenii Gran. 1.2 x 10 - -
Navicula directa (Smith) Ralfs 2.3 x 107 - 1.3 x 10! -
Navicula sp 3.6 x 10 - -
Naviculaceae NAVI 1.3 x 10° A/F 1.7 x 10? -
Neodenticula sp 4.0 x 10° -
Nitzschia braarudii Hasle 1.1 x 10? - -
Nitzschia cf. longa Grunow 3.0 x 10° - -
Nitzschia lecointei Van Heurck NILE 2.3 x 10? A 1.2 x 10! -
Nitzschia spl NIT1 1.8 x 107 A -
Nitzschia sp2 NIT2 9.9 x 10 A -
Parlibellus delognei (Van Heurck) Cox. 6.0 x 10° - 8.0 x 10° -
Pennate diatoms, free cells (group 1) GROUP1 8.8 x 10° A 1.9 x 10° A
Pennate diatoms, chain—forming (group 2) GROUP2 2.2 x 10° A/F 2.3 x 10! -
Pinnularia quadratarea (Schmidt) Cleve 2.7 x 10 - -
PleurosigmalGyrosigma complex PLGY 1.7 x 10° A/F 1.0 x 10? -
Pseudogomphonema kamtshaticum (Grunow) Medlin ~ PSKA 1.1 x 10° A/F 1.2 x 10° AIC
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Table 3 continued

Group Taxa Code Early summer Late summer
Abundance  Criteria Abundance  Criteria
(cells 171 (cells 171
Pseudo-nitzschia “delicatissima” (Cleve) PSEU 3.6 x 10! - 14 x 10° A/F
Heiden & Kolbe complex

Rhopalodia sp 6.0 x 10° - -
Surirella sp 3.0 x 10° - 7.0 x 10° -
Synedropsis spp SYNE 7.8 x 102 A 2.6 x 10! -
Thalassionema sp 2.2 % 10? - -
Thalassiothrix antarctica Schimper & Karsten 3.0 x 10° - -
Trichotoxon sp TRIC 8.0 x 10° A 1.1 x 10 -
Tropidoneis cf. antarctica Cleve TRAN 1.3 x 10? A 1.8 x 10! -
Tropidoneis spp 3.8 x 10! - -

Centric diatoms  Actinocyclus actinochilus (Ehrenberg) Simonsen - 2.3 x 10? -
Actinoptychus senarius (Ehrenberg) Ehrenberg - 1.2 x 10! -
Asteromphalus sp 3.0 x 10° - -
Centric diatoms, free cells (group 3) GROUP3 7.1 x 10? A 3.0 x 103 A/C
Corethron inerme Karsten 5.7 x 10! - -
Corethron pennatum (Grunow) Ostenfeld COPE 1.1 x 10° D/F 2.1 x 10* D/C
Coscinodiscus asteromphalus Ehrenberg 1.6 x 10! - 2.2 x 10? -
Dactyliosolen antarticus Castracane - 2.4 x 10! -
Melosira sol (Ehrenberg) Kiitzing MESO 1.3 x 107 A 9.0 x 10° -
Odontella litigiosa (Van Heurck) Hoban ODLI 3.4 x 10? A 1.2 x 10! -
Porosira pseudodenticulata (Hustedt) Jousé POPS 2.7 x 10! - 1.7 x 10? A
Stellarima microtrias (Ehrenberg) Hasle & Sims 7.3 x 10! - 1.4 x 10? -
Thalassiosira anguste—lineata (Schmidt) Fryxell & Hasle THAN - 4.5 x 10? F
Thalassiosira cf. frenguellii Kozlova THFR 2.5 x 10! A 2.4 x 10? -
Thalassiosira ritscheri (Hustedt) Hasle in Hasle & Heimdal 3.0 x 10° - 1.3 x 102 -
Thalassiosira spp THAL 5.4 x 10! A 2.7 x 10° D/F

List of diatoms taxa with the code (for the Correspondence Analysis), abundance (cells 17! ) and the criteria of abundance (A abundant, D domi-

nant) and occurrence (F frequent, C constant)

well, where diatoms such as Nitzschia lecointei Van Heurck
and several species of the genera Fragilariopsis, Thalassi-
osira and Pseudo-nitzschia are most frequently found
(Kang et al. 2001).

Some areas inside Admiralty Bay such as Hennequin
Point and Botany Point have similar flora to those found in
Maxwell Bay (King George Island) which is highly influ-
enced by ice and benthic diatoms (Fragilaria striatula,
Achnanthes brevipes, Fragilariopsis ritscheri) (Ahn et al.
1997). However, the processes that allow benthic diatoms
in the water column in Admiralty Bay may be different.
Instead of being detached from the sea ice only, these algae
also may be carried from the bottom to the water column by
upwelling water currents (Brandini and Rebello 1994; Gil-
bert 1991), or by low saline meltwater-sediment suspension
(Pichlmaier et al 2004).

@ Springer

The influence of temporal variation on sea ice cover and
phytoplankton populations was identified by the alternate
dominance of pennate and centric diatoms. After a heavy
winter during which most of Admiralty Bay froze (INPE
2002), the sea ice within the bay melted in approximately
2 months during the spring (November and December).
This fast melting may have caused an increase of benthic
and ice diatoms, such as Achnanthes brevipes, Cocconeis
spp., Navicula directa (Smith) Ralfs, Fragilaria striatula in
the water column. However, during late summer, there was
an increase in the abundance of the centric diatoms Core-
thron pennatum, Actinocyclus actinochilus (Ehrenberg)
Simonsen, and Thalassiosira ritscheri (Hustedt) Hasle in
Hasle & Heimdal derived from open waters, possibly
inflowing from Bellingshausen Sea (Rakusa-Suszczewski
1980).
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Table 4 Microphytoplankton

Locati
abundance (cells 1”") and domi- ocation

Area

Cells]”'  Dominant taxa

nant taxa in some areas of

" Nearshore
Antarctica

Admiralty Bay*

Weddell Sea™ < ¢ Oceanic

Prydz Bay® Nearshore

Maxwell Bay’ Nearshore

 This study

b Kang et al. (2001)

¢ Moisan and Fryxell (1993)
d Estrada and Delgado (1990)
¢ Kang and Fryxell (1991)

f Ahn et al. (1997)

¢ Bidigare et al. (1996)

Bransfield Strait® Oceanic

Bellingshausen Sea®  Oceanic

10'-10*  Corethron pennatum (Grunow) Ostenfeld
Fragilariopsis ritscheri Hustedt
Fragilaria striatula Lyngbye

10°-107 Chaetoceros socialis Lauder

Corethron pennatum (Grunow) Ostenfeld
Fragilariopsis spp

Nitzschia lecointei Van Heurck

Proboscia truncata (Karsten) Nothig & Ligowski
Pseudo—nitzschia spp.

Thalassiosira spp.

108 Corethron pennatum (Grunow) Ostenfeld
Cylindrotheca closterium (Ehrenberg) Lewin & Reimann
Fragilariopsis spp
10°-10°  Achnanthes brevipes (Kiitzing) Cleve
Fragilaria striatula Lyngbye
Licmophora spp
10°-10°  Fragilariopsis spp
Rhizosolenia spp
103-10° Corethron pennatum (Grunow) Ostenfeld
Fragilariopsis spp
Pseudo—nitzschia spp
Thalassiosira spp

This temporal variation of phytoplankton composition
was very clear at Hennequin Point. During early summer,
there was the dominance of the chain-forming pennate dia-
tom Fragilariopsis ritscheri, suggesting the influence of sea
ice melting or sediment resuspension, as this diatom is
abundant at marginal ice zones (Kang et al. 2001), into the
sea ice (Crosta etal. 2004), and in surface sediments
(Mohan etal. 2006). Conversely, during late summer,
Corethron pennatum was the most abundant species, as
found at the other areas of the bay.

At Botany Point, the dominance of benthic pennate dia-
toms during early (Pleurosigmal/Gyrosigma complex) and
late summer (Fragilaria striatula) reflected the high influ-
ence of resuspended sediments (Pichlmaier et al 2004).

The dominance of centric diatoms (60%) at EACF and
Ezcurra Inlet was caused basically by Corethron pennatum,
which reached abundances up to 10° cells 17!, mainly in
late summer.

C. pennatum is cosmopolitan and planktonic (Fryxell
1989), and it is dominant during low-productivity seasons
in this area, especially in Bransfield (von Bodungen
1986), suggesting the influence of Bransfield waters in the
bay. Also, C. pennatum usually shows high abundances
(107 cells 1"") under ice cover and at ice edges (Moisan
and Fryxell 1993; Kang and Fryxell 1991; Garrison
1991).

The dominance of C. pennatum, which was present at
the four sampling areas (88% of all samples) with relatively

high abundance (abundant in 68% of all samples), was pre-
viously reported in Admiralty Bay (Kopcsynska 1993) and
areas adjacent to King George Island, such as Marian Cove
at Maxwell Bay (Kang et al. 1997).

For the reasons mentioned above, it is suggested that
C. pennatum is an important component for primary pro-
duction and maintenance of the food web at Admiralty Bay.
Key organisms like krill (Euphausia superba) preferably
feed on this microalga (Schultes et al. 2006; Granéli et al.
1993). Some diatom taxa identified in this study of Admi-
ralty Bay, such as Fragilariopsis, Licmophora, and Tha-
lassiosira, are commonly grazed by krill as well (Schultes
et al. 2006; Ligowski 2000).

Admiralty Bay’s phytoplankton is dominated by dia-
toms, and highly influenced by benthic species, derived
from the sediment resuspension or from the sea ice melting.
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