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ABSTRACT

Antarctic waters are a particular marine environment mainly due to the strong seasonal variations that various 
parameters are subject to, like light availability and temperature. As in all oceanographic regions, food webs are 
sustained by photosynthetic microorganisms, which in the case of Antarctic environments seem to be strongly 
dominated by its eukaryote component. Assessing the ecological role of photosynthetic microbial eukaryotes requires 
a basic knowledge of their diversity and community composition. This review integrates the available information 
regarding this component of Antarctic phytoplankton as a way to unveil its diversity and how they respond to the 
strong changes that occur in this environment. Although several studies indicate the presence of a highly endemic 
biota in Antarctica, data sets on marine photosynthetic eukaryotes diversity suggests that endemism may be strongly 
infl uenced by the low coverage that Antarctic marine areas have been subjected. Moreover, most studies demonstrate 
that climate change is occurring faster than expected, especially in the Antarctic Peninsula and that this could result 
in a signifi cant loss of global microbial biodiversity. The changes that eukaryote phytoplankton experience due to 
this phenomenon may have strong repercussion on the food webs in the Southern Ocean. The knowledge of both the 
diversity and variation of marine eukaryote phytoplankton in Antarctic waters is crucial for the proper understanding 
and predictability regarding how these environments can respond to a changing ocean.
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RESUMEN

Las aguas antárticas son un ambiente marino peculiar debido principalmente a las fuertes variaciones estacionales a 
las que están sujetos varios parámetros, como disponibilidad de luz y temperatura. Al igual que en todas las regiones 
oceanográfi cas, las tramas trófi cas se encuentran sustentadas por microorganismos fotosintéticos, que en el caso 
de ambientes antárticos parecen estar fuertemente dominados por su componente eucarionte. Este trabajo integra 
la información disponible respecto a este componente del fi toplancton antártico como una forma de descubrir su 
diversidad y cómo estos organismos responden a las variaciones a las que se ven sujetos en estos ambientes. Aunque 
varios estudios indican la presencia de una biota altamente endémica en la Antártica, el conjunto de datos sobre la 
diversidad de eucariontes marinos fotosintéticos sugiere que este endemismo puede estar fuertemente infl uenciado 
por la baja cobertura a la que las áreas marinas antárticas han sido sometidas. Por otro lado, la mayoría de los estudios 
demuestran que el cambio climático está ocurriendo más rápido de lo esperado, especialmente en la Península 
Antártica y que esto podría resultar en una pérdida signifi cativa de biodiversidad microbiana global. Además, los 
cambios que el fi toplancton eucarionte experimente debido a este fenómeno pueden tener fuertes repercusiones en las 
cadenas trófi cas en el océano Austral. El conocimiento tanto de la diversidad como la variación de los microorganismos 
marinos eucariontes en aguas antárticas es información crucial para la correcta comprensión y capacidad de predicción 
respecto a cómo estos ambientes pueden responder a los cambios a los que está sujeto.
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INTRODUCTION

Polar marine systems are unique marine 
environments, whose dif ferences with other 
habitats range from temperature to light 
intensity, including high nutrients but low 
chlorophyll concentration. However, one of 
the most important features is the presence 
of sea ice. Polar microbial communities are 
greatly af fected by sea ice, since it limit the 
light penetration into the upper ocean and 
thus provide unique sea-sur face habitats. 
These habitats support a diverse and dynamic 
assemblage of microorganisms, including 
eukar yote  and bacter ia l  phytoplankton 
(Hollibaugh et al.  2007). Par ticularly for 
Antarctic waters, it is proposed that the isolation 
of the organisms over the last 100 Myr in 
this extreme environment, have determined 
the presence of a highly endemic biota, with 
diversity and abundance of taxonomic groups 
completely different from elsewhere in the world 
(Rogers 2007). However, these obser vations 
have been done mainly with macroscopic 
organisms and the endemism of microbial 
communities is actually subject of debate.

Both phototrophic and heterotrophic 
microbial eukaryotes are ubiquitous in extreme 
cold-water environments, where they are- as 
in all marine environments- central in the 
production and utilization of energy and the 
cycling of elements. However, assessing the 
ecological role of photosynthetic microbial 
eukar yotes requires a basic knowledge of 
species abundances and in situ composition. 
In high latitude areas, technical and economic 
constraints have hindered in gaining a 
more comprehensive view of diversity and 
composition of several microbial groups. In 
the case of Antarctica, due to the wide distance 
from populated areas than any other part of 
the world and extreme climate conditions, 
access during the whole year is often diffi cult, 
leading to an overall picture where diversity 
and community  str ucture of  microbia l 
photosynthetic eukar yotes is much more 
limited than in other marine systems.

In this work, we integrate the available 
i n f o r m a t i o n  o n  d i v e r s i t y  o f  m a r i n e 
photosynthetic eukaryotes in Antarctic waters, 
in an ef for t to unveil how they respond 
to the strong changes that occur in these 
environments.

The Southern Ocean

Covering approximately 10 % of the world’s 
oceans, the Southern Ocean is a signifi cant 
component of  the global marine biome 
(Constable & Nicol 2003, Nicol et al. 2008), and 
can be considered as a heterogeneous system 
determined by a strong seasonality due to long 
dark winters with minimal primary productivity 
(Manganelli et al. 2009). Nevertheless, the 
Southern Ocean exerts a preponderant control 
on atmospheric CO2 sequestration and doing 
so, plays a critical role in the global carbon 
cycle (Denman et al. 2007), hence the need of 
understanding the role of the inhabiting biota 
in the regulation of carbon fi xation and cycling.

The pelagic ecosystem of the Southern 
Ocean can be defi ned by distinct provinces that 
include the polar front zone, the permanently 
open ocean zone, the sea-ice zone, and the 
coastal and continental shelf (Arrigo & Thomas 
2004, Nicol et al. 2008). During spring and 
summer, the coastal and ice edge waters 
experience intense blooms –mainly of diatoms 
and of the haptophyte Phaeocystis– that support 
a rich food web via zooplankton and krill to 
penguins and whales. In the other hand, the 
open ocean is one of the largest oceanographic 
areas with a regime of high-nutrients low-
chlorophyll (HNLC), that is characterized by 
a low primar y productivity, limited by iron 
(Manganelli et al. 2009).

Besides, polynyas, i.e. limited areas of 
persistently open waters that result from a 
variety of physical processes, provide special 
habitats, that are completely dif ferent from 
areas that are ice covered during great part 
of the year (Hollibaugh et al. 2007). Polynyas 
can act as nutrient reser voirs that allow 
productivity at high rates (Arrigo & van Dijken 
2003). Consequently, several studies show 
that microbes in the polynya are more active 
than their counterparts under the adjacent ice 
cover, and that there is a small overlap between 
the phytoplankton species found in adjacent 
sea ice and open waters (Lovejoy et al. 2002, 
Hollibaugh et al. 2007, Baldi et al. 2011).

Marine microbial eukaryotes and photosynthesis

Marine photosynthetic eukar yotes are a 
diverse and complex group of key organisms 
inhabiting a variety of environments where 
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light can penetrate just enough to sustain life. 
Due to their ability to use light and inorganic 
carbon to produce organic molecules, they are 
considered the base of the energy fl uxes in the 
ocean, as well as their bacterial counterpart 
(cyanobacteria). In general terms, marine 
photosynthetic organisms are responsible for 
about half of the photosynthetic activity of 
the planet (Field et al. 1998), even when they 
account for just 0.2 % of the photosynthetic 
biomass (Behrenfeld & Falkowski 1997, 
Falkowski et al. 1998). In the Southern Ocean 
it has been estimated that photosynthesis by 
eukaryote phytoplankton is responsible for up 
to 15 % of global marine primary production 
(Huntley et al. 1991).

The species that compose the phytoplankton 
can be classifi ed through different approaches 
as microscopy, pigment composit ion or 
molecular markers involving mostly 16S/18S 
rRNA genes. Besides, a simple and useful way 
to classify them is by categorizing based on 
cell size. According to this, phytoplankton can 
be divided into: micro-phytoplankton (200-20 
µm diameter), nano-phytoplankton (20-2 µm 
diameter) and pico-phytoplankton (2-0.2 µm 
diameter) (Sieburth 1978). The study of the 
phytoplanktonic community in terms of size 
and structure is relevant because its relative 
dominance has to be taken into account in the 
analysis of several processes like: the fate of 
phytoplankton production, its flow through 
grazing, sinking and export productions, and in 
the evaluation of carbon fl uxes throughout the 
water column (Rodríguez et al. 2002).

Diversity of eukaryotic phytoplankton in Antarc-
tic waters

T radit ional  microscopic approaches for 
estimating diversity and population structure 
of microbial eukar yote assemblages have 
contributed to our current understanding of 
species biogeography, microbial food web 
structure, and biogeochemical processes in the 
Southern Ocean (Wright et al. 1996, Torres-
Zambrano & Tapia 1998, Riaux-Gobin et al. 
2003). Principally, for those species generally 
greater than 20 µm in size and with distinctives 
and unambiguous morphological features, such 
as frustules, loricae, or skeletons, microscopy-
based diversity analysis have been extremely 
useful (Gast et al. 2004). This is the case of 

large diatoms and dinoflagellates, tintinnid 
ciliates, and choanofl agellates. However, this 
approach is not suitable to characterize the 
diversity of a significant number of species 
that have morphologically less distinctive traits 
(Gast et al., 2004) or smaller size.

The application of the so called “molecular 
techniques” in the study of  eukar yote 
phytoplankton community str uctures has 
allowed us to obtain a more detailed resolution 
compared to this classical approach. During 
the past fi fteen years, the application of these 
methodologies has highly expanded our 
knowledge on bacterial and archeal diversity, 
but its application on the eukaryote component 
remains only a fraction of the large number 
of studies devoted to the former groups. 
This is even greater when only Antarctic 
regions are considered. Although molecular 
methods today of fer new perspectives for 
studying phytoplankton biogeography, activity, 
biological interactions, and population control 
mechanisms (Massana 2011), what seems to 
be the next advance in eukaryote microbial 
ecology is the application of integrated 
methodologies and strategies, like the use of 
fl ow cytometry together with cell sorting and 
clone libraries or high throughput sequencing, 
i.e., 454, Illumina/Solexa, ABI/SOLiD (see for 
example: Zehr et al. 2008, Lepère et al. 2011). 
At this moment, several ongoing projects 
and initiatives are using these integrated 
approaches in distinct geographical areas 
of Antarctica, which will cer tainly improve 
our understanding of the taxonomical and 
functional diversity of microbial photosynthetic 
eukaryotes in this environment.

For several years, a concept of shor t, 
low-diversity polar food chains was generally 
assumed. However,  based on molecular 
techniques and a genetic scope of microbial 
eukar yote diversity,  scienti f ic  research 
conducted over the past two decades has shown 
that this concept is overly simplistic (Smetacek 

& Nicol 2005). Altogether, data indicate that 
although comparatively few species do provide 
the bulk of food to polar marine predators, the 
planktonic base is very similar and equivalent 
in terms of their phylogenetic diversity to the 
planktonic base in other regions, like temperate 
zones (Smetacek & Nicol 2005). Altogether, 
these studies have suggested that pelagic food 
webs are broadly similar across all latitudes 



438 DE LA IGLESIA & TREFAULT

in terms of both their structure and function 
(López-García et al. 2001a, Smetacek et al. 
2004).

The micro-eukaryotic diversity of Eastern 
Antarctic coastal waters (Prydz Bay, at Davis 
station-Australia, Fig. 1A) assessed through 
molecular analysis, revealed several dif ferent 
phylotypes, belonging to the Dinophyceae, 
Stramenopiles, Choanofl agellidae, Ciliophora, 
Cercozoa and Metazoa groups. The group 
that dominates is the dinofl agellates. The high 
diversity observed can be an indicator of the 
relevant role this organisms have in coastal 
areas of Antarctica just before ice breakup and 
between the development of phytoplanktonic 
blooms (Piquet et al. 2008). In addition, 
microscopic data on the diversity of the micro-
eukar yotic community gathered in another 
Antarctic coastal site (Fig. 1B, Terre Adélie), 
from a lead and small polynyas directly under 
the ice, revealed moderate diversity indexes, 
where diatoms –par ticularly pennate– were 
dominant (Riaux-Gobin et al. 2003). However, 
it should be noted that diversity studies based 
on microscopy and molecular techniques are 
not comparable because of the high resolution 
difference that underlie these methodologies. 
Similarly, data on marine micro-eukar yotic 
diversity, applying different molecular methods 
with a varying resolution level, are not always 
equivalent. Accordingly, and keeping resolution 
differences in mind, diversity data suggest that 
the micro-eukaryotic community from Prydz 
Bay had a similar, but slightly higher diversity 
as compared to other diversity studies (Piquet 
et al. 2008). Extrapolation of these results to 
all Antarctic waters, however, requires a much 
larger number of studies using approaches 
and methodologies that could be intrinsically 
comparable.

In the case of  the nano-eukar yotes, 
fl agellates representatives are one of the classes 
more abundant in Antarctic waters (Weber & 
El-Sayed 1987), being Phaeocystis sp. one of the 
most abundant and studied representatives. 
In part, this is due to one of the distinctive 
characteristics of Phaeocystis, its ability to form 
dense colonies that fl oat in the seawater. These 
colonies are composed by hundreds of cell 
forming a biofi lm-like structure, with a matrix 
of exopolysaccharide agglomerating the cells 
(Piquet et al. 2008). Similarly, another group 
of nano-phytoplankton typically characteristic 

of Antarctic waters is the autotrophic fl agellate 
Cr yptomonas.  It  has been detected as a 
dominant component in regions of the Gerlache 
Strait (Rodríguez et al. 2002, Fig. 1C), Weddell 
Sea (Mura et al. 1995, Fig. 1D) and Bransfi eld 
Strait (Kang & Lee 1995, Fig. 1E).

Based on data collected in dif ferent sites 
in Prydz Bay during the spring bloom, and 
in other data previously published (Savage 
1930, Sieburth 1960) Davidson & Marchant 
(1992) postulate that autotrophic organisms 
are affected in its growth by Phaeocystis blooms 
during the Antarctic spring bloom. However, 
this is not always the case, since during a spring 
Phaeocystis sp. bloom in eastern McMurdo 
Sound (Fig. 1F), was shown that phytoplankton 
biomass was high and although dominated by 
colonial and single celled Phaeocystis, other 
phytoplankton taxa, including diatoms and 
photosynthetic dinoflagellates, co-occurred 
(Stoecker et al. 1995). Similarly, Fr yxell & 
Kendrick (1988) found a positive correlation 
between Phaeocystis and total diatom abundance 
in the vicinity of the Weddell Sea (Fig. 1D) 
ice edge during the austral spring. These 
contradictory studies just highlight the urgent 
need of conduct more research associated 
with the establishment and development of 
Antarctic spring blooms, to fully understand 
the community behavior during these complex 
phenomena. 

Antarctic pico-phytoplankton is dominated 
by Prasinophytes and Prymnesiophytes (Weber 
& El-Sayed 1987, Diez et al. 2001, Agawing et al. 
2002), with a bacterial component that seems to 
be scarce (Agawing et al. 2002, Doolittle et al. 
2008). The work of López-García et al. (2001a, 
2001b, Fig. 1C, 1G, 1H and 1I) was one of the 
fi rst to report new groups of uncultivated pico-
eukaryotes in waters of the Antarctic Polar 
Front. Although it was not a study focused 
on photosynthetic eukar yotes, because the 
samples were taken from deep waters, through 
18S rRNA gene sequences analysis, they 
detected the presence of three new lineages of 
marine eukaryotes: group I and II alveolates 
and marine stramenopiles. Since then these 
groups of eukar yote microorganisms have 
been reported throughout the world’s seas 
and oceans, opening a new window for study 
the diversity of photosynthetic eukaryotes in 
this environment. A genetic survey of pico-
plankton per formed by Díez et al. (2001, 
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Figs. 1J-K) discovered a wide range of diversity 
of pico-phytoplankton, with representatives 
of the Prasinophytes,  Pr ymnesiophytes, 
diatoms, Pelagophytes, Glaucocystophytes, 
Dictyochales, Bolidophytes and many novel 
stramenopiles, with many of the detected 
species having been described in other marine 
environments. The diversity reported by Díez et 
al. (2001) correlates with the report by Wright 
et al. (2009) in a transect between Mawson and 
Casey Bases (Fig. 1L-M), almost in the opposite 
point where Díez et al. performed the molecular 
analysis. By HPLC analysis of pigment profi les 
from the pico-phytoplanktonic fraction, they 
detected the same taxonomic groups as 
dominant components of this fraction. Putting it 
into perspective, all this data sets suggests that 
endemism may be only an artifact produced by 
the low coverage that Antarctic marine areas 
have been subjected to until now.

What can we expect about eukaryote phytoplank-
ton composition in Antarctic waters?

The genetic composition and distribution 
analysis of microbial  eukar yotes within 
dif ferent microhabitats (seawater, melt water 
or slush on sea-ice fl oes, and ice) in the Ross 
Sea (Fig. 1N), have shown that the composition 
of the communities tend to be more similar 
depending on the microhabitat than on the 
geographic location were the sample was 
collected. That is, those microbial eukaryotic 
communities from seawater were more similar 
between them than with the community 
inhabiting sea-ice in the same specifi c location, 
indicating a strong effect of microenvironments 
over  the  spec ies  compos i t ion  o f  the 
assemblages (Gast et al. 2004).

As  ment ioned  be for e ,  var i a t ion  o f 
physical parameters, like light availability 
and temperature can be drastic in Antarctic 

Fig. 1: Geographic location of the different sampling areas subjected to eukaryote phytoplankton diversity and 
composition analysis and summarized in this review. (A) Prydz Bay, (B) Terre Adélie, (C) Gerlache Strait, (D) 
Weddell Sea, (E) Bransfi eld Strait, (F) McMurdo Sound, (G, H and I) sampling sites López-García et al. (2001a, 
2001b), (J and K) sampling sites Díez et al. (2001), (L) Mawson Station, (M) Casey Station, (N) Ross Sea.

Ubicación geográfi ca de las distintas zonas de muestreo en las que se han llevado a cabo análisis de diversidad y composición 
de fi toplancton eucarionte y resumidas en esta revisión. (A) Bahía Prydz, (B) Terre Adélie, (C) Estrecho Gerlache, (D) Mar de 
Weddell, (E) Estrecho Bransfi eld, (F) McMurdo Sound, (G, H and I) sitios de muestreo en López-García et al. (2001a, 2001b), 
(J and K) sitios de muestreo en Díez et al. (2001), (L) Estación Mawson, (M) Estación Casey, (N) Mar de Ross.
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waters, having a direct effect on phytoplankton 
diversity and composition. Although analysis 
of the ef fect of these parameters using a 
size fractionation approach, mostly based on 
chlorophyll a or on DNA libraries, has been 
widely used (Weber & El-Sayed 1987, Stoecker 
& Moissan 1995, Wright et al. 1996, Fiala et 
al. 1998, Agawin et al. 2002, Doolittle et al. 
2008, Piquet et al. 2008, Wright et al. 2009), 
the results obtained are often contradictory 
or non-conclusive, indicating that more data 
is necessary to fulfi ll a general picture in this 
topic. To our knowledge there is no study were 
the complete size-fractions (micro- nano- and 
pico-phytoplankton) have been analyzed at the 
same time using molecular tools. 

What has been established in general 
terms, is that during summer time (i.e. high 
solar radiation) the micro-phytoplankton 
component dominates the community. While 
during winter nano- and pico-phytoplankton 
dominate the phytoplankton in terms of 
abundance (Fiala et al. 1998, Doolittle et 
al. 2008). These obser vations indicate that 
this size-fraction may be a critical element 
of the food web of the Southern Ocean, 
representing a seasonally stable biomass that 
is important for maintaining the food web. 
However, evaluating that type of conclusions is 
not easy because there are a greater number 
of studies relating to larger-size phytoplankton 
and there is not enough data available on 
the abundance of pico-phytoplankton during 
austral winter (Doolittle et al. 2008). In this 
sense, Doolittle et al. (2008) analyze the 
pico-phytoplankton community during the 
Austral winter in a transect covering from 
the Southern Antarctic Circumpolar Current 
Front (SACCF) to the Subtropical Front. They 
found that pico-eukaryotes were in fact the 
only pico-phytoplankton group in the coldest, 
southernmost sampling locations during winter. 
Considering that the SACCF is the largest 
ocean current connecting the Atlantic, Pacifi c 
and Indian Ocean basins, keeping the warm 
ocean waters away from Antarctica, it is 
remarkable that this underrepresented group 
of marine microorganisms supports the whole 
food web to higher trophic levels during the 
winter in an important part of the ocean.

Change in size-structure due to physical 
forces has also been addressed in Antarctic 
waters. Rodríguez et al. (2002) found changes 

in the phytoplankton composition associated 
to dif ferences in the structure of the water 
bodies between the Bellingshausen Sea and 
Bransfi eld Strait. The fi rst, which has a cold 
layer product of ice melting, is dominated by 
micro-phytoplankton- particularly Phaeocystis 
colonies- while the second, with a warmer 
sur face layer, presents a phytoplanktonic 
community dominated by Cryptomonas and 
other fl agellates; the central body water was 
dominated by diatoms. Their results suggest 
the alternation between a micro-phytoplankton 
dominated community in turbulent areas with 
fl agellate blooms (Phaeocystis and Cryptomonas) 
during particular stratifi ed conditions. These 
data might have relevant implications on 
climate change models that predict variations in 
the phytoplanktonic composition and the impact 
that these changes have on higher food webs 
(Montes-Hugo et al. 2009).

Antarctica, the Southern Ocean and global change

Most studies demonstrate that climate change 
is occurring faster than expected, especially 
in Polar Regions (Holland & Bitz 2003). 
Accordingly, it has been repor ted that the 
Antarctic Peninsula is one of the most rapidly 
warming regions on Earth (Doran et al. 2002, 
Turner et al. 2005). In this context, the cold 
and remote Southern Ocean and Antarctica 
are threatened environments that require 
special protection and care, as revealed by 
several international protocols and protection 
initiatives. However, the fact that global 
change -including climate change- could 
result in a signifi cant loss of global microbial 
biodiversity, and that numerous studies aimed 
to establishing that the diversity of certain 
groups of photosynthetic microorganisms 
are yet to be discovered, force to increase the 
growing concern for this environment.

One of the important consequences that 
climate change cause is changes on sea-
level. In fact, during the past 100 years an 
increase in temperature of circa 0.8º C has 
been detected globally and, as the same time, 
sea-level rises about 20 cm (Solomon et al. 
2007). The high sensitivity that Antarctic sea 
ice has as a component of climate at a global 
scale could results in a high positive feedback 
over the global climate system, by acting as an 
amplifi er of the effect (Budd 1991), and thus, 
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affecting the balance of energy due to changes 
in relevant processes, like albedo or enthalpy 
fluxes (Simmonds & Wu 1993, Pezza et al. 
2011).

Moreover, the yearly recurring spring 
time stratospheric ozone depletion enhances 
sur face-incident biologically ef fective UV-B 
(280-315 nm) radiation in Antarctica, so it 
is logical to ask questions regarding the 
adaptation of certain groups of photosynthetic 
microorganisms to UV radiation increases. 
Minicosms experiments,  where natural 
Antar c t ic  mar ine  micr obia l  eukar yote 
communities were incubated under dif ferent 
ir radiation regimes, did not show major 
or consequent variat ions in community 
composition between dif ferent experiments, 
suggesting that a signifi cant contribution of 
natural UV irradiance towards (at least) the 
micro-eukaryotic community composition is not 
important (Piquet et al. 2008). However, and 
in a somehow opposite way, Neale et al. (2001) 
observe a variable but generally high sensitivity 
of natural phytoplankton assemblages to UV 
radiations, measured by biological weighting 
functions and exposure response curves for 
inhibition of photosynthesis by UV.

At this point, it is important to note that 
without baseline data, predictive models 
of global changes cannot be constructed. 
Thus, exploring and understanding microbial 
photosynthetic eukar yote diversity and 
composition in Antarctic waters and the 
Southern Ocean will cer tainly improve our 
ability to predict how phytoplankton will react 
to a changing world.

Concluding remarks

Phytoplankton is a key element in the 
highly complex system that Antarctic waters 
represent, and thus, understanding its diversity 
and community structure or composition is 
critical, not only to biological oceanography, 
but also to understanding the activities and 
ecosystem functioning in this extreme cold 
habitat. The fact that many new species (and 
their ecology) are yet to be described all 
around the oceans -including polar systems 
and Antarctic waters for sure- it is fundamental 
to point out the impor tance of revealing 
diversity of eukar yote phytoplankton as a 
starting point. In this sense, many important 

questions concerning both the taxonomical 
and functional diversity of Antarctic marine 
phytoplankton can be addressed, such as: (1) 
How does microbial photosynthetic eukaryote 
diversity impact energy and nutrient cycling 
within Antarctic microbial communities? (2) 
Are the phylogenetic and genomic diversity 
of Antarctic phytoplankton species similar 
to other polar systems? (3) Is, indeed, the 
diversity of polar systems similar or different 
to that of other areas in the Ocean? (4) Which 
adaptive mechanisms enable single cells of 
eukaryote phytoplankton or their populations 
to resist major photosynthetic periods without 
light? And, are both mechanisms similar or 
dif ferent? And fi nally, (5) how do eukaryote 
phytoplankton communities respond to effects 
of climate or global changes?
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