
101Science Highlights - Thematic Area 3 |

2
PLANKTON STRUCTURE OF SHALLOW COASTAL 
ZONE AT ADMIRALTY BAY, KING GEORGE ISLAND, 

WEST ANTARCTIC PENINSULA (WAP) DURING EARLY 
SUMMER/2010: PICO, ULTRA AND MICROPLANKTON 

AND CHLOROPHYLL BIOMASS

José Juan Barrera-Alba1,*, Mariana Vanzan, Márcio Murilo Barboza Tenório1, Denise Rivera Tenenbaum1,**

1Laboratório de Fitoplâncton Marinho, Instituto de Biologia, Universidade Federal do Rio de Janeiro – UFRJ, Av. Carlos Chagas Filho, 
373, Edif. CCS, Bloco A, Sala A61, Ilha do Fundão, Cidade Universitária, CEP 20530-310, Rio de Janeiro, RJ, Brazil

*e-mail: juanalba@biologia.ufrj.br; **deniser@biologia.ufrj.br

Abstract: � e phytoplankton composition and biomass are being monitored in Admiralty Bay, Antarctic Peninsula since 2002 to 
detect possible interannual changes on a long-term monitoring perspective. In this report, we present the results of the December 
2010 survey regarding the phytoplankton size-structure and biomass. Microplankton densities were higher than those observed 
during the survey 2009/2010, and a dominance of diatoms, especially the centric � alassiosira spp, over dino� agellates was 
registered. Pico and ultraplankton densities (~106 cells L–1) were similar to those registered in previous studies, and results showed 
that phytoplankton were dominated in density by cells <10 µm. � e shi�  in phytoplankton structure pointed out by the dominance 
of pico- and ultra-size cells in phytoplankton density and dominance of microphytoplankton in biomass must be con� rmed by 
continuing the long-term monitoring program and the implementation of microvariation sampling e� ort to identify the factors 
that are actually in� uencing phytoplankton populations in this environment.
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Introduction
The West Antarctic Peninsula (WAP) waters undergo 
extreme seasonal � uctuations in terms of light regime, sea-
ice concentration and productivity (Delille, 2004). � e WAP 
has experienced a signi� cant rise in air temperatures during 
the last 50 years (±0.56 °C per decade; Marshall et al., 2002). 
� e monitoring of biodiversity in shallow waters (<30 m) at 
Admiralty Bay was implemented in 2002 by PROANTAR 
(Brazilian Antarctic Program) during the Operation XX 
aiming to study the e� ects of environmental impacts (natural 
and anthropogenic) on the microplanktonic community 
structure, through analysis of long-term temporal series. 
These activities were undertaken until 2010, through 
four surveys, including samplings in both early and late 
austral summer periods (Tenenbaum et al., 2011a). Recent 
studies showed that in Admiralty Bay, picoplankton and 

ultraplankton are the dominant groups, with microplankton 
diatoms as the second group in abundance. Between the 
decades of 1990 and 2000, several studies showed a decline 
in diatom contribution (Kopczynska, 2008), in relation to 
those observed in the continental shelf region. Based on 
these facts since 2009 new approaches to phytoplankton 
monitoring have been established, including the analysis 
of size-fractioned pigments by spectro� uorometry, and the 
analysis of density and biovolume of pico- and ultraplankton 
by epi� uorescence microscopy, and furthermore through a 
higher sampling frequency e� ort (Tenenbaum et al., 2011a). 
Additionally, the composition of microphytobenthos species 
will be carried out to study the e� ects of environmental 
changes on this community in the nearshore Antarctic 
ecosystem (Tenenbaum et al., 2011b). In the present study 
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we show the results from early summer obtained during the 
OPERANTAR XXIX, December 2010.

Materials and Methods

Study area
Admiralty Bay (62° 03’-12’ S and 58° 18’-38’ W), located at 
King George Island, is a deep � ord-like embayment with 500 
m maximum depth at its centre (Rakusa-Suszczewski et al., 
1993). � e waters from the bay mix with the deep oceanic 
waters from Bellingshausen and Weddell Seas at its southern 
opening, which connects to the Brans� eld Strait (Rakusa-
Suszczewski, 1980). � e maximum depth varies between 
60 m along the shores and 500 m in the centre of the bay. 
Deep currents generated by tides, frequent upwellings, 
vertical mixing of the entire water column and current 
velocities of 30-100 cm s−1 in the 0-100 m surface stratum are 

characteristic of the bay (Rakusa-Suszczewski et al., 1993). 
In the context of water column production, Admiralty Bay 
at nearshore can be considered as Platt et al. (2003) de� ned 
as “high nutrient – low chlorophyll (HNLC): showing high 
inorganic dissolved nitrogen (16.6-46.9 µM) and phosphate 
(0.2-9.9 µM) concentrations, while chlorophyll levels are 
lower than 1.7 µg L–1 (Lange et al., 2007).

Sampling
The analysis of pico-, ultra- and microplankton and 
chlorophyll was performed from splits of the 5 L water 
samples collected by Van Dorn bottle from surface, middle 
water column and near the bottom (≈30 m) at � ve sites 
in December 2010. � e Admiralty Bay location and the 
position of the sampling sites are shown in Figure 1.

Water temperature and salinity were analysed by the 
Laboratório de Química Orgânica Marinha (LabQOM), 

Figure 1. Study area with the position of the sampling sites: Ferraz Station (CF), Botany Point (BP), Machu Picchu (MP), Point Thomas (PT), Arctowski (AR), 
modifi ed from Moura (2009).
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Instituto Oceanográfico da Universidade de São Paulo 
(The Marine Organic Chemistry Laboratory of the 
Oceanographic Institute of the University of São Paulo).

Fixation and preparation of samples
For pico- (<2 µm) and ultraplankton (2-10 µm), aliquots 
of 250 mL were stored in dark bottles and fixed with 
0.22 µm-filtered glutaraldehyde (2% f.c.) at 4 °C until 
laboratory analysis. Aliquots of 5 and 30 mL were stained 
with DAPI (4’,6-diamidino-2-phenylindole), 0.01 µg L–1 f.c. 
(Martinussen & Thingstad, 1991), during 10 minutes 
and � ltered respectively by 0.22 µm (picoplankton) and 
1.0 µm (ultraplankton) polycarbonate black membrane 
filters (Poretics®), and mounted on microscope slides. 
Slides were stored at –20 °C. Analyses were performed 
using an Olympus BX51® epifluorescence microscope 
with 1,000× magni� cation. � e number of heterotrophs 
was calculated based on the total counted using DAPI 
(UV � lter combination) minus the number of autotrophs 
analysed by auto� uorescence (blue � lter combination). 
For microplankton (>10 µm), 1 L were � xed with bu� ered 
formaldehyde (2% f.c.) and kept in the dark immediately 
a� er sampling. At the laboratory, samples were analysed 
using the settling technique (Utermöhl, 1958) in an Olympus 
IX70® inverted microscope with 400× magni� cation. For 
chlorophyll biomass, 2L were � ltered onto Whatman® GF/F 
for total pigments analyses, while 0.8-2 L was used for the 
size structure study. In the latter case, water sampled at 
3 depths was fractionated by serial � ltration on 10 μm and 
2 μm polycarbonate � lters and GF/F. � e � lters were folded, 
placed into a 1.2 mL cryotube and immediately quick-
frozen in liquid nitrogen (−196 °C) and stored at −80 °C. 
Concentrations of chlorophyll a (Chl.a) were assessed using 
a modi� ed version of Neveux and Lantoine’s (1993) method. 

In order to normalize distributions and eliminate 
zero values, the biological data was transformed using 
log10 (x + 1). Pearson’s correlation factor was also calculated.

Results
Salinity showed little variation (34.2 ± 0.1) between sampling 
sites and depths, while a higher variation was observed in 
water temperature (0.30 ± 0.15 °C). Except for BP, water 
temperature decreased with depth, with values of 0.14 at 
surface and 0.73 near the bottom. Total chlorophyll biomass 

varied between 0.36 and 0.84 µg L–1 (0.54 ± 0.12 µg L–1), 
with higher values registered at BP, and the fraction > 10 µm 
represented more than 50% (Figure 2b). An average cellular 
density of 1.9 × 107 ± 0.4 × 107 cells L–1 was observed for total 
autotrophic plankton, with a maximum value of 2.2 × 107 
cells L–1 observed at TP. The dominant fractions were 
pico (mean 79%) and ultraplankton (mean 20.9%) for all 
samples sites (Figure 2C). For microplankton, an average 
cellular density of 8.8 × 103 ± 3 × 103 cells L–1 was observed, 
with a maximum value of 16.4 × 103 cells L–1 observed 
at BP (Figure 2d). In general, no statistically signi� cant 
correlations were observed between densities and salinity, 
temperature or Chl.a. Only microphytoplankton showed a 
positive correlation with total chlorophyll biomass (r = 0.77, 
p  <  0.05). � e contribution was shared by the diatoms 
(mean 72 %) and dinoflagellates (mean 27%) (Figure 
2d). Among centric diatoms was predominant (92%), 
mainly the genera � alassiosira. � ecate forms, especially 
Prorocentrum cf. antarcticum, were more abundant among 
dino� agellates (56%). 

Spatially, autotrophic picoplankton densities generally 
decreased from the external region (AR-TP) to inner 
sampling stations (CF-BP). Ultraplankton contribution did 
not show great spatial di� erences. An inverse pattern was 
observed for microphytoplankton and diatom contribution, 
with higher densities observed in BP and bottom samples. 

Discussion
Microplankton cellular densities and chlorophyll biomass 
observed in this study were low when compared to those 
registered for Admiralty Bay during the decades of the 
1970s, 1980s and 1990s, when densities of 105 cells L–1 
were usually registered (i.e. Kopczynska, 2008). However 
mean densities were six times higher than those observed 
by Lange  et  al. (2007) in a study developed during the 
austral summer 2002/2003, and three times higher 
than the means registered during the austral summer 
2009/2010 (Tenenbaum et al., 2011a). � e dominance of 
diatoms over dino� agellates in early summer 2010 is a 
characteristic of microplankton community for Admiralty 
Bay (Lange  et  al., 2007; Kopczynska, 2008). But, during 
the study developed at 2009/2010, a decreasing (<45%) 
of the contribution of diatom, especially during the late 
summer (Tenenbaum et al., 2011a), was observed. Water 
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of cryptophytes (Moline et al., 2004). Even the dominance 
of pico and ultra-size cells in phytoplankton, which are not 
grazed e�  ciently by Antarctic krill, will likely cause a shi�  
in the spatial distribution of krill and may allow also for 
the rapid asexual proliferation of carbon poor gelatinous 
zooplankton, salps in particular (Moline et al., 2004), our 
results show that microphytoplankton biomass (>10 µm), 
especially diatoms, represent a high percentage of total 
phytoplankton biomass. 

Conclusion
In the context of the regional warming trend of WAP, 
results of the present study showed a shi�  in Admiralty 
Bay plankton community in relation to the study developed 
during the austral summer 2009/2010, when contribution 
of diatoms decreased and low microplankton densities, 
dominance of dino� agellates, mainly heterotrophs, and high 
contribution of autotrophs pico- and ultraplankton to total 
density and biomass in late summer, suggested that changes 
could be occurring in Admiralty Bay food web. On the other 
hand, the dominance of a large diatom community and the 

temperatures measured in the present study were higher 
than those registered for early summer in previous 
studies, when negative values were usually registered 
for December. In a different way to those related in 
previous studies, the centric diatoms � alassiosira  spp. 
dominated in early summer 2010/2011. Lange et al. (2011) 
described this genera as one of predominant microalgae 
during late summer 2002/2003, while in early summer 
usually pennate diatoms were dominant. Densities 
of pico and ultraplanktonic fraction of autotrophic 
community were similar (~106 cells L–1) to those observed 
in a previous study during the late summer 2009/2010 
(Tenenbaum et al., 2011a), and were co-dominant of the 
phytoplankton community in Admiralty Bay. � e densities 
of picoautotrophs were also in the same range of the values 
observed in other Antarctic regions (Delille et al., 2007). In 
the nearshore coastal waters along the Antarctic Peninsula, 
a recurrent shi�  in phytoplankton community structure, 
from diatoms to cryptophytes, has been documented due to 
high temperatures along the Peninsula increasing the extent 
of coastal melt-water zones promoting seasonal prevalence 
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Figure 2. Variations at different sample sites at Admiralty Bay during the December 2010 survey (mean values): a) salinity and temperature; b) total and fractionate 
chlorophyll a concentrations; c) pico and ultraplankton densities; and d) microphytoplankton density and contribution of main groups to microphytoplankton
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increasing of microphytoplankton densities, indicate that it 

is necessary to continue the long-term monitoring program 

and the implementation of microvariation sampling 

e� ort to identify the factors that are actually in� uencing 

phytoplankton populations in this environment.
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