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Abstract

Polar marine ecosystems have global ecological and economic importance because of
their unique biodiversity and their major role in, between others, climate processes and
commercial fisheries. Portugal and Spain have been highly active in a wide range of
disciplines in marine biology of the Antarctic and the Arctic. The main aim of this paper is to
provide a synopsis of some of the results and initiatives undertaken by Portuguese and
Spanish polar teams within the field of marine sciences, particularly on the benthic and
pelagic biodiversity (species diversity and abundance, including microbial), molecular,
physiological and chemical mechanisms in polar organisms, conservation and ecology of top
predators (particularly penguins, albatrosses and seals), pollutants and evolution of marine
organisms, associated with major issues such as climate change, ocean acidification and UV
radiation effects. Both countries have focused their polar research more in the Antarctic than
in the Arctic. Portugal and Spain should encourage research groups to continue increasing
their collaborations with other countries and develop multi-disciplinary research projects, as
well as to maintain highly active within major organizations, such as the Scientific
Committee for Antarctic Research (SCAR), the International Arctic Science Council (IASC)
and the Association of Polar Early Career Scientists (APECS), and in international research
projects.
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Introduction

Major scientific investigations have been carried out in the Polar regions, including
those related to marine sciences, on which this review is centered, by scientists from more
than 60 countries worldwide, in the last 200 years (Krupnik et al., 2011). The Southern Ocean
and the Arctic Ocean play unique and critical roles for both the physical Earth system and its
overall ecology, by both strongly influencing the climate and harbouring unique and diverse
biological communities (ACIA, 2005; Turner et al., 2009). Portugal and Spain, have been
very active in carrying out Polar science in the last two to three decades, particularly in the
Antarctic region (Xavier et al., 2006b).

As a new country carrying out Polar research, Portugal was highlighted as a
successful example of a recent emergent polar nation during the International Polar Year
(Schiermeier, 2009). Portuguese researchers have been regularly involved in polar science,
mainly in the Antarctic, through other countries national programs ( Xavier et al., 2006b). In
the last 10 years, the number of Portuguese researchers has increased considerably, especially
due to the impetus of the International Polar Year. Portugal defined a strategy for Polar
science in 2006 (Xavier et al., 2006b), established a successful scientific research program,
PROPOLAR, and an educational program, LATITUDEG0! (Kaiser et al., 2010). Portugal also
joined several major polar organizations, including the Scientific Committee for Antarctic
Research (SCAR) in 2006, the Association of Polar Early Career Scientists (APECS) and the
European Polar Board (EPB) in 2007, signed the Antarctic Treaty in 2010 and been involved
in major polar research and outreach outputs (Baeseman et al., 2011; Zicus et al., 2011).
Portuguese scientists have been awarded some of the most important Polar research awards
nationally and internationally (e.g. Marta T. Muse prize by Tinker Foundation).

Marine biology research by Portuguese scientists in the Polar regions started with
Luiz Saldanha, in the 1970°s/1980°s, via collaboration with the French Antarctic programme
(Ré et al., 2001; Saldanha, 1983, 1991, Saldanha et al., 1990a; Saldanha et al., 1990b). This
pioneering example was followed by Antarctic research from teams, between others, from the
University of the Azores, from ISPA — Instituto Universitario, the Centre of Marine Sciences
of the University of Algarve (Xavier et al., 2006b), IPMA and the Institute of Marine



Research of the University of Coimbra, working particularly with UK, France, Norway and
Canada (see below).

Marine biology research could also potentially be considered as the origin of the
Spanish polar research activity. In the austral summer of 1986-1987 the first scientific
expedition in Antarctica was organized by the Spanish Institute of Oceanography (IEO) using
two fishing vessels, the Nuevo Alcocero and the Pescapuerta 1V to study marine Antarctic
species and their commercial fisheries potential. In 1986, the first field camp was also
established on Livingston Island, to preliminary map where the future Spanish Antarctic base
Juan Carlos | would be located. At the same time several marine biology studies were carried
out. These activities were the result of previous scientific work carried out sporadically by
some researchers, which contributed to Spain being integrated into different international
organizations (see below). Dr. A. Ballester and Dr. J. Castellvi from the Marine Fisheries
Institute (Spanish Research Council) played a key role in this initiative. In 1982 Spain
became an observer member of the Antarctic Treaty, integrating its consultative board in
1988. In 1987, Spain became an associate member of the Scientific Committee on Antarctic
Research (SCAR) and was admitted as a full member in 1990. Spain has also recently been
admitted as an observer member of the Arctic Council (in 2006) and of the International
Arctic Science Council (IASC, in 2009).

More than twenty years later, Spanish polar research and specifically polar marine
biology has matured and expanded as evidenced by major participation in the International
Polar Year (2007-2008). Currently there are more than 9 groups working in different aspects
of polar marine biology, most of them are included in the present review (see below), but
there are still considerable challenges in the future (Benayas et al., 2011). The collaboration
between Spain and Portugal in polar research started in the late 1990°s with projects on
Cryosphere and climate change (Xavier et al., 2006b). In recent years the collaboration has
increased considerably with more groups working together, many of which carry out research
on marine biology (see below).

The following sections provide a synopsis of some of the important results and
initiatives undertaken by Portuguese and Spanish polar teams, in the field of marine sciences.
These overviews are designed to provide background information on the work carried out by

both countries as well as providing examples of the research already developed.

Dynamics of the Antarctic marine food web: the role of top predator-prey interactions in a
climate change context - José Xavier, Silvia Lourenco, Filipe Ceia, Bruno Cruz, José Seco,
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Rui Vieira, Miguel Guerreiro, Pedro Alvito, Ana Rita Gongalves, Tiago Valente, Silvia

Tavares, Vitor Paiva, Alexandra Baeta, Jaime Ramos and Jodo Carlos Marques

In order to understand how marine food webs in the Southern Ocean are related to
environmental change, the research group at the Institute of Marine Research of the
University of Coimbra (Portugal) focuses on testing relevant hypotheses on top predator-prey
interactions, by gathering essential biological data on all trophic levels as well as behavioural,
foraging and feeding studies on key top predator species (e.g. albatrosses, seals and
penguins). Their multi-disciplinary research projects bring together scientists from more than
10 countries, particularly from Portugal, UK and France. This work was started in 1997 at the
British Antarctic Survey, and co-sponsored by the Fundacdo para a Ciéncia e a Tecnologia
(Portugal) under various programs (e.g. Portugal Polar Program PROPOLAR, POLAR,
CEPH, PENGUIN, BAS-PSPE), being one of the most productive collaborations. Indeed,
both organizations have written a memorandum of understanding to reinforce and promote
polar research collaborations. Work with Spain has been mostly on the feeding and foraging
ecology of penguins, with Dr. Andrés Barbosa.

The main outputs of our projects have provided valuable data on the feeding ecology
of top predators (Ceia et al., 2012; Xavier and Croxall, 2005, 2007; Xavier et al., 2003b;
Xavier et al., 2003c), prey biology and distribution (Collins et al., 2012; Collins et al., 2008;
Roberts et al., 2011; Xavier et al., 2002a; Xavier et al., 2002b; Xavier et al., 1999), including
using stable isotopic signature techniques (Guerreiro, Alvito et al., unpubl. data), methods
developed to identify predators” diet (Xavier and Cherel, 2009; Xavier et al., 2007a; Xavier et
al., 2005; Xavier et al., 2011b), fisheries assessment and management (Pilling et al., 2001;
Xavier et al., 2007b), albatross conservation (Xavier et al., 2004), heavy metals on Antarctic
food webs (Tavares et al., unpubl. data) and food web modeling (Xavier et al., 2006a; Xavier
et al., 2007b). Results from this research have been integrated into international science and
policy programs, such as ICED (Integrating Climate and Ecosystem Dynamics of the
Southern Ocean), CAML (Census of Antarctic Marine Life), ACAP (Agreement for the
Conservation of Albatrosses and Petrels) and SCAR-EBA (Evolution and Biodiversity of the
Antarctic Scientific Committee for Antarctic Research). Furthermore, our research group is
highly engaged in science communication, capacity building, education and outreach at
national and international levels, in collaboration with APECS (Baeseman et al., 2011),
SCAR Capacity Building, Education and Training group and Polar Educators International
(PEI).



Within top predator - prey interactions in the Southern Ocean, seabirds are amongst
the major consumers and albatrosses are threatened by conflict with fisheries (competition for
the same stocks of prey, or incidental mortality) (Croxall et al., 2012; Croxall et al., 1988).
Wandering albatrosses Diomedea exulans are classified as “Vulnerable” (i.e. facing a high
risk of extinction in the wild in the medium-term) according to the IUCN red list of
threatened species (Croxall and Gales, 1998), and is one of our most studied species.

Through satellite/GPS tracking and diet studies, the foraging and feeding behavior of
wandering albatrosses from South Georgia and their interactions with fisheries during their
chick-rearing period were analyzed (Xavier et al., 2003b; Xavier et al., 2003c; Xavier et al.,
2004). They feed mostly on fish and cephalopods. While breeding, they can cover 15 000 km
in their foraging trips in Antarctic, sub-Antarctic and subtropical waters and overlap with
long-line fisheries in three different areas (around South Georgia, at the Patagonian shelf and
in oceanic waters north of 40 °S (Xavier et al., 2004). These results emphasized that inter-
annual variation in the foraging preferences of wandering albatrosses could lead to increased
incidental mortality of this albatross species. During their brood-guard period, the foraging
areas and diets of wandering albatrosses can be complementary to those of grey-headed
albatrosses Thalassarche chrysostoma; Wandering albatrosses foraged at the South Georgia
shelf (Antarctic waters) and Antarctic Polar Frontal Zone (APFZ) waters feeding on fish and
cephalopods whereas grey-headed albatrosses foraged in shelf waters of the South Shetland
Islands and Antarctic Peninsula, and oceanic waters around South Georgia (Antarctic waters)
feeding mainly on Antarctic krill Euphausia superba (Xavier et al., 2003c). This latter result
was a reflection of the oceanographic conditions in the year the study was conducted
(March/April 2000), which were abnormally warmer close to South Georgia, and affected the
foraging and feeding behavior of grey-headed albatrosses (Xavier et al., 2003c); usually grey-
headed albatrosses are known to feed mainly on cephalopods (Xavier et al., 2003a).

When comparing the inter-annual variations of the diets of grey-headed albatrosses
with black-browed albatrosses T. melanophrys breeding at South Georgia, in relation to their
breeding performance, our results showed that the consumption of the ommastrephid squid
Martialia hyadesi was significantly and positively correlated with grey-headed albatross
breeding success (Xavier et al., 2003a). For black-browed albatrosses, significant correlations
were found between its consumption of the icefish Champsocephalus gunnari and breeding
success (Xavier et al., 2003a).

Linking foraging behavior and diets of top predators with prey abundance is not an
easy task. To evaluate the biology and distribution of pelagic organisms (fish, cephalopods



and crustaceans), our group has been involved in Antarctic research cruises since 2000 in
performing work on the distribution of mychophid fish (Collins et al., 2012; Collins et al.,
2008), toothfish (Pilling et al., 2001; Roberts et al., 2011) and cephalopods (British Antarctic
Survey, unp. data). Our understanding of the role of cephalopods in the Antarctic marine
ecosystem is surprisingly poor (Collins and Rodhouse, 2006; Xavier et al., 2012a) despite
occurring in the diet from a wide range of predators from the Southern Ocean, including
whales, albatrosses, penguins and seals (comprehensive review in Xavier and Cherel, 2009).
Moreover, cephalopods are among the few Antarctic fisheries still with potential to be
exploited in the future (Xavier et al., 2007b). Our future studies aim to assess the role of
cephalopods in the food web structure at different time scales (intra-, inter- and inter-decadal)
across the Atlantic, Indian and Pacific sectors of the Southern Ocean, by analyzing the stable
isotopic ratios of Carbon (**C) and Nitrogen (**N) from cephalopod beaks. This new
technique has been applied in the Southern Ocean with great success (Ceia et al., 2012;
Cherel and Hobson, 2005) and will provide an unique picture of the marine environment and
trophic relationships, and allowing the development of new mathematical models of the

Antarctic food web in different climatic and environmental scenarios.

Contaminant, carbon, nutrient fate and biogeochemistry in Polar Regions - Jodo

Canério, Marta Nogueira and Ana Maria Mota

The Polar Regions are recognized as being geopolitically and economically important
and extremely vulnerable to current and projected climate change (Anisimov et al., 2007). It
is likely the physical changes already observed have altered carbon, nutrient and contaminant
cycles through both biological and chemical mechanisms (Macdonnald et al., 2005). Since
contaminants enter global systems through exchanges between air, water, and solids the
physical and chemical effects of those changes will clearly result in major climate
interactions (Beyer and Matthies, 2001). The Portuguese research group on Environmental
Chemistry has been working in this area since 2008 via collaborations between Dr. Laurier
Poissant (Environment Canada) and the Portuguese PROPOLAR program. Three field
campaigns have been carried out so far. Two of these were in the Canadian sub-arctic
(Kuujjuarapic-Whapmagoostui and Umiujaq) funded by IPY CiCAT and COBRA projects.
The main goals were to study carbon, nutrient and contaminant fate, transport and speciation
during ice melt season. The impact of the melting permafrost (e.g. thermo-karst ponds) on the
surrounding aquatic ecosystems was also a key issue in the research goals of the group. In



2011 the team has also been involved in the Project CONTANTARC funded by the Fundacéo
para Ciéncia e Tecnologia. The goals of CONTANTARC were similar to the above ones but
the fieldwork took place on Deception Island at the Antarctica peninsula. CONTANTARC 2
is now underway with a sampling campaign planned for the beginning of 2013 at King
George Island also at the Antarctica peninsula.

The research in the Canadian Arctic was conducted between 2008 and 2009. Water
and sediment chemistry, atmospheric deposition and permafrost were the key research areas
under investigation. The main focus centered on the processes wherein both carbon (organic
and inorganic in particulate and dissolved form, methane and carbon dioxide) and nutrients
(nitrate, ammonia, phosphate and silicate) behave and interact in the ecosystem due to the
impact of climate change at different temporal and spatial scales. During the fieldwork
samples of air, water, ice, snow and sediments were collected in different aquatic ecosystems
such as natural lakes, thermo-karst lakes, rivers and the sea, namely the Hudson Bay.
Findings indicated that short variations in weather conditions influence the dynamics of the
various fractions of both carbon and nutrients. Also the team of Jodo Canario confirmed that
thermo-karst lakes may contribute a significant source of carbon and nutrients to river
watersheds by deposition of refractory organic material and also that they contribute to the
emission of methane and/or carbon dioxide to the atmosphere. Interestingly we found that the
emission of methane or carbon dioxide is related to the water and sediment carbon content in
those lakes.

Investigations into trace elements showed that arsenic, cadmium, chromium, copper,
nickel, lead and uranium tend to accumulate on ice due to their affinity to/with organic matter
(Canério, pers. observation). Enrichment factors (Cice/ Cwater) determined for these elements
varied between 1.2 (As) and 67 (Cu). Based on these findings we hypothesize that during an
ice melt season, these contaminants will accumulate in the water column increasing their
availability to aquatic organisms. To test this hypothesis we sampled water from the Umiujaq
River for 10 days at the same time as ice thickness was decreasing. During the experiment a
big snowstorm occurred at day 5 and the melting process was inverted with the formation of
new ice. Results showed that Pb concentrations increased in the water column during the ice
melt, with the opposite trend during new ice formation (Fig.1). Similar results were obtained
for Cu, Zn, Cd, Cr, and As. This is of environmental concern because these contaminants
would then become bio-available for living organisms during the springtime bloom (Jo&o

Canério, unpublish. data).



Results from our Antarctic work in Antarctica are still being analysed. Fieldwork took
place on the volcanic Deception Island, in the South Shetland Archipelago. Our aims were to
understand the fate and biogeochemistry of trace elements in the austral ecosystems, in
particular, evaluate the role of organic carbon, which is very scarce in the south (DeMaster et
al., 1991), and the importance of active volcanism as a source of trace elements to the
ecosystem. Preliminary results indicate volcanism as a source of mercury and cadmium in the
ecosystem. Hg and Cd concentrations were considerable higher near these volcanic hotspots
compared to those obtained from other sites on the island and even higher compared to the
contaminated Tagus Estuary (Canério et al., 2005; Vale et al., 2008). In Deception Island
trace element transport was not influenced by the carbon content, as total organic carbon is
considerably lower compared to the Arctic samplings and not correlated with trace element
distribution.

Ecological studies of black-browed albatrosses on the Falkland Islands - Paulo Catry and

José Pedro Granadeiro

The Patagonian Shelf is one of the most productive marine regions on the planet. This
area supports a rich community of top predators, including many subantarctic marine birds
and mammals, some of which reproduce locally (Falabella et al., 2009). In terms of biomass,
black-browed albatrosses T. melanophrys are one of the most important avian species in this
region, with the numbers nesting in the Falkland Islands representing ca 70% of the global
population of this seabird.

Albatrosses are pelagic seabirds and are one of the bird families with a high
proportion of species classified as threatened on the IUCN Red List. Amongst the main
threats to albatrosses worldwide, incidental mortality linked to industrial fisheries (both in
long-lines and in trawlers) currently seems to be the most important. Other relevant issues
include large-scale ecosystems changes resulting from global warming and overfishing, the
presence of introduced predators on nesting islands, the spread of diseases and pollution. The
black-browed albatross is currently classified as Endangered at a global scale, although this
may need revision in light of recent data.

The first partial census of the Falklands population of black-browed albatrosses took
place in the 1980s, and some ecological studies were then started, but until recently, very
little was known on the demography of this population. In 2003, the first long-term
demographic study of black-browed albatrosses in the Falklands was initiated by the team of
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Paulo Catry. The research is based on New Island (a private reserve) and financial support
has been obtained mostly from the Falkland Islands Government, the New Island
Conservation Trust and Fundagéo para a Ciéncia e a Tecnologia (Portugal).

Catry’s team has a permanent sample of over 500 individually marked albatrosses
whose fate is followed year after year, including information on their survival, incidence of
breeding, partnerships, and several breeding parameters. All individuals recruiting into the
study areas are also ringed. Chicks at the colony are ringed annually and many have already
returned and started breeding. Using these data, it was recently published the first estimates
of survival and breeding success for the Falkland Island breeding albatrosses (Catry et al.,
2011b). Results were striking, with a high annual adult survival, a low incidence of breeding
deferral and good breeding success. This was the first clear indication that the Falkland
albatrosses are going through a period of positive demographic trend, while they were
previously believed to be in trouble with a rapid population decline. These results suggest
that efforts made by Falkland Islands authorities and those of neighbouring countries with the
view to reducing albatross incidental mortality in fishing gears are producing the desired
results.

While conducting our long-term demography study, Paulo Catry’s team also focused
on many other aspects of the ecology of black-browed albatrosses, as well as of their
predators. Dietary studies of introduced cats and of striated caracaras Phalcoboenus australis
suggest that neither is likely to pose a significant threat to albatrosses (Catry et al., 2008;
Matias and Catry, 2008). Studies on skuas (Catry et al., 2011a) are still progressing, but
clearly they can take a considerable number of albatross chicks in years when food is less
plentiful. Studies of parasites (including ticks) and diseases are also under way. A contagious
disease, of still unknown aetiology, has been identified, and it can kill considerable numbers
of chicks in some years (Matias and Catry, pers. observation). These studies, involving other
components of the community (complemented by other fundamental research topics, e.g. in
the field of behavioural ecology (Catry et al., 2010) allow a better interpretation of the
ecological and demographic data, and overall provide important insights into the state of the
Patagonian Shelf ecosystem. In fact, seabirds such as black-browed albatrosses are
increasingly used for marine monitoring, and taken into account in plans for the ecosystem-
based management of fisheries, in marine zoning and in the design of marine protected areas.

Currently, one of the main areas of research focuses on the study of interactions
between albatrosses and fisheries. For this, this research team has been collaborating with the
Falkland Islands Fisheries Department, who provide us with detailed Vessel Monitoring
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System data from the fishing fleet operating in the Falkland territorial waters. This, together
with GPS tracking of birds, has allowed the study of interactions with a level of detail never
achieved before (Granadeiro et al., 2011). Results were unexpected, suggesting a low level of
dependence of albatrosses on fisheries discards (Granadeiro et al., 2011), and also that the
presence of the industrial fishing fleet has little influence on the distribution and habitat
selection of albatrosses (Paulo Catry, pers. observation). Further work involves regular diet
sampling, using conventional methods, but also stable isotopes and genetic techniques to
analyse dropping contents using barcoding methods. Research has also focused on
investigating if individual birds tend to specialize on fisheries products. First results indicate
this is not the case (Granadeiro and Catry, pers. observation).

Recently, we extended the scope of our research. Ecological studies are no longer
confined to New Island albatrosses, and considerable efforts have been deployed in studying
the at-sea distribution of albatrosses from Steeple Jason (Northwest Falklands), the world’s
largest colony for this species with ca 200,000 pairs (Fig. 2). Collaborations have been
established with several international researchers, including members of CONICET (Consejo
Nacional de Investigaciones Cientificas y Técnicas), in Argentina, which will allow a
broadening of the scope of the work and access to detailed fisheries data from the main

country with jurisdiction over the Patagonian Shelf.

Understanding shell secretion in bivalve molluscs: The Antarctic clam Laternula elliptica
as a model species - Melody Clark and Deborah Power

There is currently great concern over the acidification of the World’s oceans and its
marked potential and demonstrated effects on a wide range of life. In the 250 years since the
onset of the industrial revolution, atmospheric CO; levels have risen from 280 to 381 ppm
(Canadell et al., 2007) and ocean pH has fallen from an average 8.16 to 8.05 (Caldeira and
Wickett, 2003). Human-driven emissions of CO; continue to rise at accelerating rates and
have begun to outstrip even the most pessimistic of IPCC model scenarios (Canadell et al.,
2007). The corresponding increase in uptake of CO; by the ocean sinks form carbonic acid,
reducing ocean pH, and decreasing the saturation state of calcium carbonate. These changes
in ocean pH are greater, and far more rapid, than any experienced in the past 300 million
years. Polar Regions will be particularly affected as the Southern Ocean has among the
lowest present-day CaCOj3 saturation rate of any ocean region, and will therefore be among

the first to become undersaturated (Orr et al., 2005).
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The ability of marine organisms, populations and ecosystems to adapt to this
unprecedented environmental modification is largely unknown and there is particular concern
over the ability of highly calcified animals to maintain their skeletons (Kroeker et al., 2010;
Ries et al., 2009). So, although there is a sophisticated understanding of calcium regulation in
mammals (driven by the interest in ameliorating osteoporosis, for example), data describing
calcium pathways in non-model species are seriously lacking and this is especially so in the
Antarctic. However, without this fundamental knowledge we cannot start to obtain the fine-
scale detail needed to understand the complex effects of life in an altered pH environment.

To start to redress this balance, studies were initiated on the Antarctic bivalve
Laternula elliptica. It was generated a 454 transcriptome from mantle tissue (the organ that
secrete the shell) and determined the transcripts for putative genes involved in the production
of the extracellular calcium matrix (Clark et al., 2010). This data is publicly available in the
National Center for Biotechnology Information Short Read Archive (accession number
SRA011054). The group is now analysing this data further, in particular, the highly abundant
transcripts which are specific to the mantle tissue and presumably involved in shell

production, but have no associated functional annotation i.e. are “unknown” genes.

Microbial plankton during the Arctic winter - Carlos Pedros-Alié and Laura Alonso-Séez

The most recent research of this group in the Polar zones has concentrated in two
areas. The first one is the study of the microbial food web during the winter and the second is
the analysis of microbial diversity in Polar waters. Polar waters during winter are still two of
the least known ecosystems in the world. Due to their remoteness and harsh conditions,
logistics are complicated and expensive. Therefore, most studies have been carried out during
late spring and summer. Yet, an understanding of the winter ecology is essential as it predicts
everything that occurs during the spring and summer. Given that the biota of the Polar zones
is threatened by global warming, particularly in the Arctic, understanding how this winter
microbial food web functions is a pressing need to improve the accuracy of models and
predictions for the future.

There have been an active participation in two cruises on board the CCGS Amundsen
where the ship spent almost a whole year in the Amundsen Gulf. During the CASES cruise
(November 2003-August 2004) the ship was frozen in Franklin Bay. In the CFL cruise
(December 2007-August 2008) the ship cruised around a polynya in the Amundsen Gulf.
This provided the opportunity to study the microbial community throughout the winter
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(Vincent and Pedros-Alig, 2008; Vincent et al., 2008). Even though Fridtjof Nansen had
already carried out studies of ice microorganisms during the winter in 1893-96, only one
cruise had attempted this in modern times (Sherr et al., 2003).

Chlorophyll a decreased during the autumn and early winter reaching a minimum of
around 0.03 pg/L in the middle of February. From this point on, chlorophyll a started to
increase exponentially. The increase was due to small flagellates and particularly
Prasynophites. A Micromonas pusilla flagellate was responsible for most of the assemblage.
Studies with a pure culture of this organism showed it to be adapted to low temperatures and
light intensities similar to those found under the ice in February. Micromonas was found in
abundance in many areas of the Arctic Ocean and it was shown to phylogenetically cluster
with other Arctic species (Lovejoy et al., 2007). The winter flagellates were grazed by large
nanoflagellates. This short trophic chain was the first to appear after the winter darkness.
Interestingly, the grazing rate measured experimentally was of the same order of magnitude
as the net decrease of the chlorophyll from November to February (Vaqué et al., 2008). Thus,
if there had been no grazing, the algae would have remained at a constant concentration
through the dark period. How these animals manage to survive through darkness is still
unknown.

The activities of the heterotrophic bacteria were studied with BIOLOG plates (Sala et
al., 2008) and micro-autoradiography combined with FISH (Alonso-Séez et al., 2008). We
found an intense utilization of polymers, particularly polysaccharides, during the winter. This
suggests that in the absence of fresh low molecular weight organic matter, the bacteria
degrade polymers left over from the previous summer bloom or released by the ice algae. The
bacterial assemblage used different simple organic molecules such as glucose, amino acids or
ATP and the number of active cells increased from 60% in the winter to more than 90% in
spring and summer.

The archaea results produced a paradox. They were growing exponentially during the
winter but we could not see a significant percent of the cells active with any substrate
(Alonso-Saez et al., 2010). In the CFL cruise we tried to feed them with leucine (as a tracer
for heterotrophic activity) and with bicarbonate (for autotrophic activity). The archaea were
not active with either. Gathering pieces of information from dissolved nitrogen, urea uptake
experiments, qPCR detection of ammonia oxidation and urea utilization genes plus a
metagenomic analysis, we proposed that the archaea grow using urea which provides both the

CO, and the ammonia necessary for their autotrophic growth (Alonso-Séez et al., 2012).
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The diversity of bacteria was analyzed with 454 pyrosequencing of the 16S rDNA
gene. Together with other researchers we compared samples from the Arctic and from
Antarctica. The communities from both polar areas were closer to each other than to those
from temperate waters. However, Arctic and Antarctic communities were significantly
different from each other. Thus, if global warming changes the Arctic Ocean significantly,
extinction of microbial assemblages is a possibility (Ghiglione et al., 2012).

In the future, studies by the team of Pedrds-Ali¢ and Laura Alonso-Séaez are aimed to carry
out winter research to test the hypotheses generated during CASES and CFL cruises, as
understanding the winter ecology of the Polar zones is an urgent need in the context of global

warming.

Effects of global warming and ice melting on the microbial food web in Polar Regions:
Thresholds of sustainability - Dolors Vaqué, Susana Agusti, Ester Serrdo, Gareth Pearson

and Carlos M. Duarte

The current research of this team in Polar Regions addresses the effects of global
warming on marine polar ecosystems, particularly the consequences of ice melting on the
functioning of the microbial food web. The consequences of climate change on polar
ecosystems were investigated taking into account the effect of temperature and the impact
(direct or indirect) of melted ice on plankton components (from virus to eukaryotic
microorganisms) in Arctic and Antarctic waters. Warming is particularly intense in the
Arctic, where temperatures are increasing at rates of 0.4 °C per decade (ACIA, 2004), this is
in contrast to the Antarctic Ocean, warming is restricted to the Antarctic Peninsula. The
consequences of these increasing temperatures are already evident in the Arctic; for example,
the loss of ice coverage is now affecting the habitat of large mammals, birds and humans
(Duarte et al., 2012; Smetacek and Nicol, 2005). Also extensive sea ice melting has led to
major changes in the biogeochemistry (Chen et al., 2003; Wassmann et al., 2011) of the
Arctic Ocean and in the functioning of microbial food webs (Boras et al., 2010). However,
most research has focused on the summer period, and there are still few annual or over-winter
microplankton data for Arctic (Forest et al., 2011; Vaqué et al., 2008) or Antarctic (Kang et
al., 2002) Oceans to confirm these changes and to build carbon flux models (Danovaro et al.,

2011) to help understand the role of microplankton in this changing scenario.
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This research has also included a series of projects under the Spanish Antarctic
program, funded by the former Spanish Ministries of Science and Science and Innovation, by
the 7th Framework Program of the EU and a project funded by the Fundacgéo para a Ciéncia e
a Tecnologia (Portugal), co-funded by FEDER, with the team of Ester Serrdo and Gareth
Pearson (Centre of Marine Sciences of the University of Algarve). These studies included six
oceanographic cruises along the Antarctic Peninsula and the Weddell and Bellinghausen Seas
area: ESEPAC-2000 (January-February 2000), TEMPANO (December 2002), ICEPOS-2005
(February 2005), ATOS-Antarctic (January and February 2009), on Board the R/V BIO-
Hespérides, and ICEPOS 2004 (between mid- January and beginning of February 2004)
aboard the Spanish RV Las Palmas. ATOS (Atmospheric Transport of Carbon and Pollutants
to the Polar Oceans) was a bi-polar IPY 2007-2008 project contributing to OASIS,
GEOTRACERS and ICED, and included the oceanographic cruise ATOS-Arctic (July 2007)
along the Greenland current and the Arctic Ocean North of the Fram Strait at the ice border
and a cruise in the Southern Ocean (ATOS/Antarctic). Additional Arctic activities included
several oceanographic cruises in the Norwegian RV Jan Mayen (2006-2012) as part of the
project ATP (Arctic Tipping Points) and a collaborative program within the network
ARCTOS coordinated by Paul Wassmann (Tromsg University, Norway). In addition to
oceanographic cruises, experimental research has been conducted from land. Two large-scale
experiments were conducted in the Spanish Antarctic Base “Juan Carlos I’ (Livingston
Island, Antarctica) in connection with the ESEPAC and ICEPOS projects. Mesocosm
experiments were also conducted in the Arctic at the UNIS (University Center in Svalbard,
Longyearbyen, Svalbard Islands, Norway), during July 2009 and June 2010 as part of the
ATP project.

The ESEPAC project pioneered the use of large mesocosm experiments in coastal
Antarctic waters, particularly to test planktonic responses to changes in solar radiation and
nutrients that may be forced by climate change in Antarctica. Large mesocosms (Fig.3) were
deployed in South Bay (Livingston Island, Antarctic Peninsula) in 1999 (a pilot experiment)
and in 2000 (8 mesocosms of 14 m depth and 55 m® of volume each) involving complex
logistics due the isolation of the area. The project involved over 30 scientists, the key
participation of the Spanish Navy (crew of the BIO Hesperides) and the UTM (Unit for
Marine Technology, CSIC), and required the use of several Spanish infrastructures in
Antarctica (i.e. the R/Vs Las Palmas and B1O Hesperides, and the Spanish Antarctic Base
Juan Carlos I). The manipulation of solar radiation and nutrients (i.e. ammonium) in the

mesocosm experiments resulted in large phytoplankton blooms up to 100 mg m™ Chl a
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(Agusti and Duarte, 2000; Agusti et al., 2009). The results indicated that phytoplankton
blooms in the coastal Antarctic Peninsula may be controlled by solar radiation, and suggested
a key role for ice dynamics in determining light and ultraviolet radiation levels in the water
column by stratification and mixing. Also glacial and iceberg discharges of suspended solids
and nutrients played a significant role (Agusti and Duarte, 2000; Agusti et al., 2009). The
mesocosm experiments offered valuable insights into the thresholds for net autotrophic
community production (Agusti and Duarte, 2005), and on the responses of the planktonic
community (Agawin et al., 2002; Duarte et al., 2005).

The effect of temperature on microbial food webs were experimentally studied, during
the TEMPANO cruise (Antarctic Ocean), the ATOS-Arctic and ATOS-Antarctic cruises as
well as those conducted at Longyearbean, Svalbard, under the ATP project. The
experimental results showed that bacterial abundance, production and grazing rates (Vaqué et
al., 2009) responded greatly to relatively small increases of temperature. Although, the
responses of grazers (nanoflagellates and ciliates) were more difficult to detect, probably due
to cascade effects (Vaqué et al., 2004). In the ATP experiments, we also identified the
presence of temperature thresholds triggering shifts from autotrophic to heterotrophic
communities and a decline in the cell size of autotrophs, from a predominance of large celled
diatoms and dinoflagellates to pico-nanoplankton, such as Micromonas sp. and Pheocystis
sp., respectively (Coello et al., pers. comm.). In fact Micromonas sp. is regularly present in
the Arctic Atlantic sector, where it develops blooms (Lovejoy et al., 2007). As the
phototrophic biomass and cell size declined, the heterotrophic community increased (Lara et
al., unpubl. data). Accordingly, the warming triggered a shift from autotrophic communities
to heterotrophic ones beyond 5 °C, favoring heterotrophic microbial biomass and processes,
with a potentially large impact on carbon and nutrient cycling and carbon storage in the
Arctic Ocean. We show the average values of biomasses and bacterial carbon fluxes, grouped
in two temperature intervals equivalents to cold (1° - 4 °C), and warm (5.5°-10 °C) conditions
(Fig. 4). However, it was found a more variable response of Antarctic phytoplankton to
experimental increases in temperature, with some species of diatoms increasing in growth
rates with increasing temperature, probably due to the higher nutrient availability in Antarctic
waters than in the Arctic waters (Coello and Agusti, unpubl. data).

The ATOS-Arctic cruise was conducted in the summer of 2007 when record ice-
melting occurred, offering the opportunity of directly studying the consequences of massive
ice melting for the arctic planktonic community (Agusti et al., 2010). Planktonic

communities were greatly impacted by ice melt, and primary and net community production
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were suppressed in the low salinity surface waters receiving the melted ice (Alcaraz et al.,
2010; Lasternas and Agusti, 2010; Regaudie-de-Gioux and Duarte, 2011). Significantly more
carbon was channeled to protists in waters affected by ice melting, than in unaffected waters.
However, release of DOM due to viral lysis was also suppressed in receiving ice melt waters
(Boras et al., 2010). These results indicated that sea ice melting in the Arctic could impact
the carbon flow through the microbial food web. This process may be especially important in
the case of massive sea ice melting due to climate change (Boras et al., 2010). Furthermore,
when the substrate preferences of bacteria for growth were analyzed using Biolog ecoplates
(Sala et al., 2010), it was observed that the ice melting might induce changes in the
bacterioplankton functional diversity by enhancing the turnover of carbohydrates. This could
have ecological and biogeochemical implications for the future Arctic Ocean. Since organic
aggregates are mainly composed of polyssacharides, higher solubilization of aggregates
might modify the carbon cycle, weakening the biological pump.

During the ATOS-Arctic cruise we observed that the atmospheric concentrations of
pollutants declined pole-ward during atmospheric transport over the Greenland Current with
estimated half-lives of 1-4 days (Galban-Malagén et al., 2012). These short half-lives can be
explained by the high air-to-water net diffusive flux, which is similar in magnitude to the
estimated settling fluxes in the water column. Therefore, the decrease in atmospheric
concentrations is due to sequestration of atmospheric polychlorinated biphenyls by enhanced
air—water diffusive fluxes driven by phytoplankton uptake and organic carbon settling fluxes
(biological pump). Experimental assessments of the sensitivity of polar phytoplankton to
pollution carried out in the ATOS cruise revealed that Arctic phytoplankton was more
resistant to PAHs (Polycyclic aromatic hydrocarbons) than Antarctic phytoplankton
(Echeveste et al., 2011).

The effect of the compounds accumulated in sea ice was estimated experimentally
over several years by atmospheric deposition (e.g. organic matter, pollutants) on the
microplankton community (Tovar-Sanchez et al., 2010). To this end, “multiyear” ice cores
were collected in the Arctic and from glaciers or icebergs in the Antarctic. Melted water from
slices of ice from the top and bottom of cores were added to water samples. Ice additions
from the top of cores produced a decrease in chlorophyll a and primary production, and an
increase in bacterial abundance and production and exoenzymatic activities (Arrieta et al.,
unpubl. data). Less effect was produced with the addition of ice from the bottom of the ice
cores. This would suggest again, that ice melting associated with global warming will benefit
and shift toward a dominance of heterotrophic processes in the Arctic ecosystem.
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All these observational and experimental studies point to the same conclusion; a shift
in the balance between heterotrophs and autotrophs in the ecosystem towards a prevalence of
heterotrophic organisms and metabolism with warming and ice melt. However, these findings
require confirmation, particularly by extending our research during cold seasons and in
different sectors of the Arctic and Antarctic Oceans other than those studied until now.

The ATOS-Antarctic cruise also provided the opportunity for Iberian collaborations
on metatranscriptomics research funded by the Fundacédo para a Ciéncia e a Tecnologia
(Portugal) on diatom-dominated eukaryotic communities. This project resulted in next
generation sequencing datasets for distinct Antarctic diatom-dominated communities from
the Weddell Sea, the Bransfield Strait and from sea ice from the Wilkins Ice Shelf (the
samples from the latter location had just collapsed). The diatom transcripts revealed that sea
ice diatoms overexpressed photoprotective genes (light stress) and under-expressed genes for
energy metabolism. The Weddell Sea and Wilkins communities over-expressed genes
responsive to cold conditions such as for adjustment of membrane fluidity, cold-shock
transcription and ice-binding proteins. Iron limitation in the Bransfield Strait diatoms was
suggested by their expression of genes involved in Fe-transport. Ammonium transporters for
N-metabolism were overexpressed in the Bransfield Strait communities. The sea-ice diatoms
from Wilkins appeared well supplied with oxidized N sources. N-limitation in the post-bloom
Weddell communities was suggested by their under-expression of a key N-assimilation
enzyme. Experimental gene expression by the communities was also assessed by
metatranscriptomics in response to UV variations and reduced N from Antarctic krill
excretion products. Additionally, Antarctic krill was also used in experiments that revealed
the genes expressed in response to UV and starvation, and neutral genetic markers
(microsatellites) were developed for this species for use in future studies.

The effect of temperature on phytoplankton metabolism is also being investigated
using multiple approaches including metatranscriptomics of Arctic phytoplankton
communities studied in the ATP project. The key copepod species in the Arctic, Calanus
glacialis, is also being investigated for its genetic responses to temperature change using
transcriptomics, and for population genetic structure, using our newly developed

microsatellites.

Distribution of meroplankton in West Antarctica - Elsa Vazquez and Julia Ameneiro
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Antarctic marine invertebrates have developed adaptations such as low metabolic rate,
slow growth rate, longevity and gigantism in response to the intense cold and to strong
seasonality in the environment. In terms of reproduction, strong seasonality with delayed
maturity, low fecundity, large eggs and non pelagic larval development were also considered
as adaptations to Antarctic conditions (Arntz and Gili, 2001; Poulin et al., 2002). However,
recent studies in the Southern Ocean have revealed a relatively high diversity and abundance
of larval forms (Absher et al., 2003; Ameneiro et al., 2012; Arntz and Gili, 2001; Bowden et
al., 2009; Freire et al., 2006; Sewell, 2005; Shreeve and Peck, 1995; Stanwell-Smith et al.,
1999). Some of these larvae are planktotrophic and synchronize the presence of their larvae
with that of summer phytoplankton (Bowden et al., 2009; Pearse and Bosch, 2002; Pearse
and Lockhart, 2004; Pearse et al., 1991; Stanwell-Smith et al., 1999).

Despite the general acceptance that, at least for some phyla, an important proportion
of Antarctic marine invertebrates have pelagic development, few studies had attempted to
explain the distribution of meroplankton in the Southern Ocean. Exceptions were: a two-year
study by Stanwell-Smith et al. (1999) at Signy Island, where 131 morphologically distinct
larval forms were collected throughout the year, and a study of the distribution of pelagic
larvae of benthic marine invertebrates in the Bellingshausen Sea, by Shreeve and Peck
(1995), in which sixteen larval and juvenile types, representing seven phyla, were reported.
Finally, the studies by Freire et al. (2006) reported seasonal variation in invertebrate larvae
in Admiralty Bay in King George Island. Since 2003 we have been conducting studies on the
spatial distribution of meroplankton and their relationships with hydrographical conditions in
the Bransfield Strait (BREDDIES 2003 and COUPLING 2010 cruises), Drake Strait
(COUPLING 2010 cruise) and Bellingshausen Sea (BENTART 2006 cruise) in Antarctica
(Fig.5), all of them on board R/V Hespérides. Zooplankton samples were taken using
different plankton nets (BIONESS, MOCNESS, and a 80 um mesh plankton net with a 0.28-
m-diameter opening) from surface waters through to 300 m depth. To characterize the water
masses, phytoplankton and bacterial compositions a Neil Brown Mark 111 CTD /Rossette
Niskin was used.

A strong meroplanktonic larval dependence on water masses, depth, and fronts was
ientified in the Bransfield Strait (Vazquez et al., 2007). The meroplankton community was
very diverse and included 16 types of larvae, dominated by polychaete and echinoderm
larvae. The meroplankton were sparse in the Antarctic Peninsula and remarkably increase in
number towards the South Shetland Islands in the Bransfield Current probably due to

hydrographical structures that could retain the larvae (Sangra et al., 2011) and to the large
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biomass of sedentary polichaetes and echinoderms in the region (Arnaud et al., 1998; Ramos,
1999). Polychaete larvae were found close to both shores but mainly close to the South
Shetland Islands in the transitional Bellingshausen water; they were very sparse in the central
basin, although they were abundant below 100 m depth in the transitional Weddell water, and
increased in abundance in upper layers at stations between the hydrographic front and the
Antarctic Peninsula, in transitional Weddell Water. By contrast, echinoderm larvae mainly
occupied the central basin and were always associated with the upper 100 m in transitional
Bellingshausen water, just above the polychaete larvae, probably due to high
nanophytoplankton abundance in this water mass (Vazquez et al., unpubl. data) and were
almost absent from transitional Weddell water.

The abundance of ascidian larvae in the Antarctic Sound station was remarkable, but
probably due to the proximity to coastal adult populations (Sahade et al., 1998; Saiz-Salinas
etal., 1997). In the Drake Passage, diversity and larval abundance was lower than in the
Bransfield Strait. Nineteen larval types were found including echinoderm larvae, mainly
brachiolaria of Asteroidea, polychaete larvae, and veligers of nudibranch (Vazquez, unpubl.
data).

In the Bellingshausen Sea fifteen types of larval benthic invertebrates were found,
with gastropod echinospira veligers and nudibranchs the most abundant, although a high
degree of spatial variability in both larval abundance and larval types across the
Bellingshausen Sea was noticed (Ameneiro et al., 2012). The variability was significantly
correlated with total chlorophyll-a concentration and the contribution of large (> 5 um)
phytoplankton to total chlorophyll, indicating the availability of food as an important factor in
the larval distributions. Nudibranch veligers, nemertean pilidia, echinoderm and planula
larvae were more abundant at stations in the central Bellingshausen Sea, which was
characterized by low phytoplankton biomass and production. Higher abundances of
gastropod veligers and polychaete larvae were found at the more productive stations close to
Peter I Island and the Antarctic Peninsula. In summary, meroplankton distribution in West
Antarctica appears to be the product of adult spawning and hydrography. Spawning by adults
establishes the initial distribution of eggs and larvae, but the local hydrographic conditions
may determine larval dispersal. The abundance and diversity of larval types found support the
hypothesis that indirect development through larval swimming stages plays a key role in

benthic recruitment in polar areas.

Pelagic-benthic coupling over the Antarctic continental shelf - Enrique Isla, Elisabet Safié,
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Josep Maria Gili, Sergi Rossi, Albert Palanques

For more than ten years this group has focused mainly on the analysis of the benthic-
pelagic coupling (i.e. interactions, and cycling of nutrients, between the bottom sediments
and overlying water column) over the continental shelf. They have participated in several
expeditions to both coasts of the Antarctic Peninsula and the high-latitude Weddell Sea. They
have collected ice, water, benthos and sediment samples and have also moored instruments
such as sediment traps and current meters for different periods of the year, which, in some
cases have produced annual data sets.

The main research areas include the study of the biochemical characteristics of sea
ice, suspended particles and seabed sediment as well as the tissue and stomach contents of
selected benthic species. Regarding the benthos, this group also studies ecological processes
such as community dynamics and resilience after disturbance (e.g. iceberg scouring) and
taxonomy.

Their findings can be carried out by describing some features of the benthic-pelagic
coupling over the continental shelf from top to bottom starting with the formation of sea ice
during autumn and early winter, when microalgae become trapped in brine-filled, micro-
channels within the ice giving to it a brownish colour. This part of the sea ice has up to one
order of magnitude higher concentration of lipids than the surrounding sea water (Rossi et al.
unpubl. data). When the spring comes, this high load of organic material is released and
together with the high nutrient concentration of Antarctic waters, sets conditions for
phytoplankton to bloom. As a consequence, the most intense annual pulse of organic matter
to the sea floor develops, delivering a flux of biogenic silica and organic carbon (Isla et al.,
2009; Palanques et al., 2002) that accumulates on the seabed as nutritious green mats also
known as food banks. This flux of fresh organic matter only takes days to reach the seabed
and is accelerated and stimulated due to the action of wind storms (Isla et al., 2009). The
green mats act as food reservoirs which are reincorporated to the water column due to the
constant action of the tides (Isla et al., 2006a), which enable benthic communities to have
food available throughout the year, especially during the dark months when primary
production is negligible (Orejas et al., 2003). As a result, in the autumn, when the productive
season has finished, the biochemical characteristics of seabed sediment present good nutritive
conditions due to its high lipid contents in contrast to the low concentrations found at the
early spring just before the annual bloom is going to take place (Isla et al., 2009; Isla et al.,

2006b) and the sediment lipid contents have been exhausted by benthic consumption (Isla et
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al., 2011). Another mechanism of efficient organic matter transfer to the benthos is through
the migration and consumption of the salps Salpa spp., which directly feed on phytoplankton
at the upper layers of the water column and when migrating close to the seabed, they are
captured by the benthos (Gili et al., 2006a). This equilibrium between atmospheric conditions
and the biological and physical characteristics of the water column has been taking place
during millennia, enabling the development of diverse and high-biomass benthic
communities (Gili et al., 2006a; Gili et al., 2001; Gili et al., 2006b) with comparable values to
those found in lower-latitude coral reefs. These Antarctic benthic communities mainly
comprise suspension feeders which support a complex epifaunal assemblage (Teixido et al.,
2002; Teixido et al., 2004). These communities are regularly disturbed by iceberg scouring,
which frequently erodes the sea floor creating space for re-colonization and stimulating
benthic community dynamics (Teixidé et al., 2004; Teixido6 et al., 2007).

Due to the anthropogenic global warming along the Antarctic Peninsula large sections
of ice sheets have been collapsing during the last three decades presenting opportunities for
studying how the benthic ecosystem responds to drastic changes at the sea surface. Off the
eastern coast, the sections A and B of the Larsen ice shelf collapsed a decade ago enabling
primary production and a consequent flux of organic matter to the seabed. On the one hand,
organic matter concentrations in the upper centimetres of the sediment column in the regions
where the former sections A and B of the Larsen ice shelf existed, presented similar values to
those found in areas without ice shelf influence such as off the Elephant and the South
Shetland Islands (Safié et al., 2011). On the other hand, currents measured close to the sea
floor showed similar velocities and a tidal pattern as those observed off Austasen at the
south-eastern Weddell Sea shelf (Isla et al., unpublished results), suggesting that there is
enough energy to redistribute the settled organic matter, making it available for benthic
suspension feeders. These conditions support a dynamic benthic re-colonization comparable
to that observed at the south-eastern extreme of the Weddell Sea after iceberg scouring events
(Saneé et al., 2012a). The incorporation of organic material into the sediment column is
supporting early benthic re-colonization on the continental shelf, which is transforming the
ecology of the benthic realm (Gutt et al., 2011). It was also found that currents provided a
limited amount of organic matter via lateral transport that help maintain a poor benthic
community before the ice sheet collapses (Safié et al., 2012b). The study of these areas may
provide clues on how the communities at the south-eastern extreme of the Weddell Sea

evolved across glacial periods.
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Given the accelerating pace of anthropogenic climate change and the lack of
knowledge on the functioning of Antarctic ecosystems, studies on benthic-pelagic coupling
are urgently required to enable us to predict how the Antarctic shelf ecosystems will cope
with ongoing environmental changes and their potential fate.

Biodiversity of high Antarctic marine benthic biota - Josep-Maria Gili, Pablo J. Lopez-

Gonzélez, Nuria Teixidé and Codavonga Orejas

Antarctic benthic communities have a predominantly circumpolar distribution as a
result of oceanographic conditions produced by the circumpolar currents. However, there is
also significant spatial heterogeneity generated by variations in ice cover, sediment dynamics,
and local hydrodynamic and trophic factors. Current data suggest that the continental shelves
of the Weddell and Ross seas exhibit the greatest diversity and the highest biomass levels in
Antarctica. Indeed these habitats, extending from the edge of the continental ice sheet
beyond the shelf edge, often to depths greater than 600 m, are among the richest in terms of
sessile fauna in the world ocean (Clarke et al., 2004) . These benthic communities display a
key characteristic that differentiates them from most other shelf ecosystems: sessile
suspension feeders living mostly on soft substrata dominate them. Assemblages of sponges,
bryozoans, Anthozoans, and ascidians on these bottoms produce benthic communities with
complex three-dimensional structures, similar to those found on rocky bottoms in temperate
or tropical seas, such as coral reefs or the hard-bottom communities of the Mediterranean
(Gili and Coma, 1998). Soft bottoms predominate on the continental shelves of the world's
oceans, and sessile suspension feeders are commonly found there. But the species richness
and structural development of such communities are much less pronounced than in the
Antarctic, and deposit-feeding, or burrowing, organisms tend to dominate instead (Gili et al.,
2006a). Factors such as input of fine sediments or the presence of bioturbating organisms can
result in the clogging of filtering organs and/or instability of the substratum and thereby
interfere with the development of sessile suspension-feeding assemblages on continental
shelves (Gili et al., 2001; Orejas et al., 2000). The presence of dense populations of sessile
suspension feeders tends to increase the stability of the substratum through retention and
consolidation of the sediment, thereby creating a favorable habitat for settlement of many
species. Antarctic epibenthic communities thus comprise a three-dimensional assemblage
providing a broad range of habitats that can be colonized by a large number of species, a
property that may explain the high species richness found in these ecosystems (Gili et al.,
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2001). In recent years, detailed studies carried out in the Weddell Sea and other regions of the
high Antarctic continental shelf have demonstrated the richness and high degree of
heterogeneity of communities dominated by sessile suspension feeders, many of which
extend continuously over hundreds of meters or kilometers (Arntz et al., 2005; Teixido et al.,
2002). The present composition of these communities has been attributed both to ecological
and historical factors (Gili et al., 2006a). While the overall importance of historical factors
such as variation in the extension of the ice shelf is well recognized within the Tertiary, it is
now clear that some elements of the present Antarctic fauna can be traced back to the
Mesozoic (Clarke et al., 2004; Gili et al., 2006a).

The general hypothesis put forward by Josep-Maria Gili group is based on the
possibility that survivor species of the last great biological extinction at the end of the
Cretaceous (K/T event; also known as the Cretaceous-Tertiary extinction event), using the
deep sea as a refuge, recolonized the high Antarctic shelf when the environmental conditions
changed in a way that facilitated this colonization process. An alternative hypothesis is that
the similarity in structures and life styles of present-day Antarctic communities with those at
the end of the Cretaceous is a convergent development, which is due to a similar
environmental setting and hence the high Antarctic benthic assemblages are probably the
oldest marine benthos shelf communities in the world (Gili et al, unpubl. data). The research
results of the Josep Maria Gili group suggest that the three-dimensional, epi-benthic
communities of passive suspension feeders, which dominate high Antarctic seafloors in the
Weddell and Ross seas, are partly derived from Cretaceous ancestors. Contrary to the
situation in other continents, the Antarctic forms presumably survived the K/T event because
their environment developed similarities with that of the late Cretaceous, and above all,
restricted sedimentation due to reduced terrestrial runoff and favorable feeding conditions.
Evidence for this hypothesis is provided from some consequences of the late Cretaceous
catastrophy K/T event concerning changes in oceanic circulation, plankton communities,
particle input and sedimentation, and from specific Antarctic features such as the ice shield,
restricted sedimentation, isolation, retarded life strategies and the lack of herbivores and large
predators. Both direct survival of ancestral species and development of convergent life forms
under similar conditions may have contributed to the apparent “Mesozoic aspect” of the high-
Antarctic suspension feeder communities, thus complementing the origin of other faunal
elements via immigration across the deep sea and pelagic drift between shallow sites.

Our systematic studies that support the general hypothesis (see above) have been
addressed mainly using Cnidarian groups. The level of endemism of many groups of sessile
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benthic organisms has been shown to be very high, indicating a long period of evolutionary
isolation on the Antarctic shelf. Though fragmentary, the fossil record for certain groups of
benthic marine invertebrates can shed some light on the origin and diversification of the
Antarctic fauna. Gorgonian octocorals are a case in point, with high Antarctic benthic
assemblages being dominated by two families, Primnoidae and Isidiidae (Lopez-Gonzélez
and Gili, 2000, 2001, 2005; Zapata-Guardiola and Lopez-Gonzalez, in press). Other families
such as Chrysogorgiidae, Acanthogorgiidae, and Subergorgiidae are found only at lower
latitudes in the Southern Ocean, mainly in the Scotia Arc. Fossil remains identifiable as
Primnoids and Isidiids have been found in Cretaceous deposits, whereas the other families are
considered to have evolved more recently (Gili et al., 2006a). A Cretaceous fauna dominated
by gorgonians could represent the origin of the present Antarctic fauna, with subsequent
isolation resulting in a level of endemism reaching 50 % at the genus level among Primnoids
(Arntz and Gili, 2001; Lopez-Gonzalez et al., 2002). The presence of other gorgonian
families in the southern segment of the Scotia Arc probably represents more recent re-
colonization from the surrounding oceans. The pattern observed for gorgonians is typical of
the trends observed for other groups such as sponges (Uriz et al., 2011). Thus a Cretaceous
origin for the present-day fauna is also suggested, for example, for the hexactinellid (glass)
sponges, one of the most significant groups of Antarctic benthic fauna in terms of biomass
and abundance (Teixido et al., 2006). Other studies in the same research area corroborate not
only the high level of endemism but also the importance of carrying out joint systematic and
ecological work such as that carried out over the last decade by our group (Gili et al., 2006b;
Orejas et al., 2002; Rodriguez et al., 2007).

Biodiversity, ecology, biogeography and evolution of the Antarctic benthic hydroids -
Alvaro L. Pefia Cantero

The Antarctic research of the Cnidarian Biodiversity and Evolution group is
focussed on the biodiversity, ecology, biogeography and evolution of the Antarctic
benthic hydroids.

Since the group started on the study of Antarctic hydroids (with the collection
gathered during the Antartida 8611 Spanish Antarctic expedition), they have shown
that the biodiversity of this zoological group in the Southern Ocean ismuch higher than
originally thought. They have also demonstrated its wide representation and importance
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in the Antarctic epibenthic communities, and developed its potential role for
understanding the evolution of the Antarctic marine biota.

In spite of the existence of large Antarctic areas in which the hydroid fauna is
still little known or completely unknown, it is clear that hydrozoans constitute one of
the most diversified and characteristic zoological groups in the Antarctic benthic
ecosystem, with wide representation in different epibenthic communities. In addition,
there are some crucial peculiarities specific to this taxa, that complicate the
understanding of its origin and evolution. These include the relatively low diversity at
the genetic level, the high level of endemism at the specific level (c. 80%), restricted to
a few genera, and a specific diversity also restricted to a few, presumably monophyletic
groups (Pefia Cantero and Garcia Carrascosa, 1999). The degree of endemism in the
Antarctic benthic hydroid fauna is distinctly high amongst the different Antarctic
zoological groups, much higher than the general species endemism rates of around 50%
suggested by Griffiths et al. (2009).

The objectives of the research group are: 1) To increase the scientific
knowledge of the biodiversity, ecology and distribution of hydrozoans in the Antarctic
benthic ecosystem, 2) To advance the knowledge of the evolution of the most
characteristic groups of Antarctic benthic hydroids, 3) To determine the biogeographic
models for this zoological group in the Southern Ocean and to try to understand both
the ecological and historical causes underpinning those models, and 4) To advance the
understanding of the origin of the Antarctic hydroids fauna and, thus, of the Antarctic
biota in general.

To carry out the first goal, which is of prime importance to achieve the
remaining objectives, the research group has been working on material collected
during many Antarctic expeditions organized by different countries. In particular,
collections from Australia, Brazil, France, Germany, New Zeland, Russia, Spain and
USA. Itis worth highlighting the German, Spanish and US collections. The first ones
came from the intensive sampling effort carried out with the RV Polarstern in the area
of the Weddell Sea, which has made this area one of the best known concerning
benthic hydrozoans. The US collections, gathered through the United States Antarctic
Research Program (USARP), are remarkable for having been obtained from several
areas around Antarctica. Finally, the Spanish collections are the result of the Bentart

group, which provided funding initiatives to carry out several Antarctic expeditions to
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study benthic communities in several little-known areas, such as the Bellingshausen
Sea, with the participation of especialists in literally every zoological group.

The results have contributed enormously to a better understanding of the
biodiversity in this unique ecosystem, of note are the decriptions of two new families,
two new genera and 58 new species to science (Table 1). The importance of the last
number is even greater when considering the total known hydrozoan diversity in the
Southern Ocean, since those new species represent roughly one third of the total
Antarctic hydrozoan biodiversity (and approximately a 40% the inventory of
Leptothecate species). Most of those species belong just to five genera
(Antarctoscyphus, Oswaldella, Schizotricha, Staurotheca and Symplectoscyphus) which
embrace over 70% of the known species. These studies have also shown that
Antarctoscyphus, Oswaldella and Staurotheca are mainly Antarctic genera, with just a
few species also present in sub-Antarctic waters.

With regard to evolutionary studies, we are testing the monophyly of the most
characteristic and dominant groups of Antarctic benthic hydroids. Thus, we carried out
the first and to date, only, existing phylogenetic study on Antarctic hydroids, in
particular on the genus Oswaldella, demonstrating its monophyly and the validity of its
species (Pefia Cantero and Marques, 1999). This study was initially carried out using
only morphological characters, but subsequently molecular analyses have been
developed. We carried out the first molecular-based phylogenetic study on those
characteristic, endemic groups that dominate the Antarctic hydroid fauna (Pefia Cantero
et al., 2010). This study also confirmed their monophyly and identified a new family of
hydrozoans. The evolutionary studies continue with the aim of establishing the
phylogenetic relationships within those dominant Antarctic groups. We are working, at
present, with several nuclear and mithocondrial markers to understand the evolution of
the genera Antarctoscyphus, Oswaldella, Staurotheca, Schizotricha, and
Symplectoscyphus.

In terms of biogeographical studies we are trying to identify the ecological and
historical causes underpinning the current biogeographical patterns of Antarctic
benthic hydroids. Studies on historical biogeography are practically absent for most
marine organisms and completely non-existent for the Antarctic hydrozoans. In
addition, in terms of ecosystems, the Southern Ocean is little known in relation to the
establishment of areas of endemism. We are using those characteristic, monophyletic
groups in the determination of areas of endemism in the Southern Ocean, through the
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Parsimony Analysis of Endemicity (PAE). Indeed, we have already carried out a first
analyses with the species of Oswaldella (Marques and Pefia Cantero, 2010).

Our studies have demonstrated that benthic hydrozoans seem to follow the
classical hypothesis (i.e. suggesting the subdivisions within the Antarctic Region,
originally proposed by Hedgpeth (1969). They also support the distinction between
East and West Antarctica andthe subdivision of High Antarctica into two regions based
on the delimitation of areas of endemism in the Southern Ocean (Marques and Pefia
Cantero, 2010).

Our final goal is to advance in the understanding of the origin of the Antarctic
hydroids fauna and, thus, of the Antarctic biota in general. This is a very ambitious
objective that can only be achieved after having clearly determined the areas of
endemism in the Southern Ocean and after obtaining very robust phylogenies of the

main groups of Antarctic hydrozoans.

THE ACTIQUIM PROJECT: chemical and biological diversity in the Southern Ocean -
Conxita Avila, Francisco J. Cristobo, Laura Nufiez-Pons, Sergi Taboada, Blanca
Figuerola

Traditionally, Antarctic ecosystems were described as old and stable, and therefore it
is considered that interactions between organisms play a vital role in community structure
(Dayton et al., 1974; Paul et al., 2007). The study of interactions between organisms and the
environment, and between organisms at intra- and inter-specific level mediated by natural
substances provides information on the ecology and biology of the species involved, the
functioning and the structure of the community and, simultaneously, new pharmacological
products that can be useful for humans (Albericio et al., 2009; Avila, 2006; Avila et al., 2008;
Taboada et al., 2010).

Marine chemical ecology has a lag of several decades with respect to terrestrial
ecology. However, in the past 20 years much has been achieved thanks to new technologies
to capture and study marine samples and the progress in identifying new molecules with ever
smaller amounts of products (Blunt et al., 2012; Paul et al., 2011). Marine organisms are
currently providing considerable numbers of bioactive natural products, a percentage much
higher than those obtained from terrestrial organisms (Albericio et al., 2009; Konig et al.,
2006; Newman and Cragg, 2007). The organisms from temperate and tropical seas were the

most studied to date, while the organisms from polar seas were studied in much smaller
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proportions (Avila et al., 2008; Blunt et al., 2012; Lebar et al., 2007). Recent studies by our
group, however, show that the Antarctic benthic invertebrates are a source of natural products
rich and varied, highly interesting from the chemical ecology and from the pharmacological
points of view. In addition, some species have been studied from the Antarctic areas of
McMurdo Sound and the Antarctic Peninsula that inhabit shallow waters which have
chemical defenses (Avila et al., 2008; McClintock et al., 2010).In only a few of such cases,
have the chemicals involved have been fully described and/or its ecological role has been
established in the ecosystem.

The ACTIQUIM-II project (“Ecological activity of marine natural products from
Antarctic benthic organisms: in situ chemical ecology experiments, pharmacological potential
of selected compounds and possible alterations caused by human activity”’; CTM 2010-
17415/ANT) is the continuation of the previous ACTIQUIM project (CGL2007-
65453/ANT). The aim of these projects led by the team of Conxita Avila is, on one hand, to
determine the ecological activity of marine natural products obtained from benthic Antarctic
organisms by in situ chemical ecology experiments, and on the other hand, to establish the
pharmacological potential of selected compounds described recently by our group. In the
ACTIQUIM-II project, we included defense tests against different kinds of predators
(including micro-predators), toxicity towards small-sized animals, cytotoxicity, and
antifouling activity.

To start with, we carried out a review of all described Antarctic marine natural
products derived from animals and algae up to May 2007 (Avila et al., 2008), with special
emphasis on the role that these natural products play in their ecosystems. We later reported
the results from in situ feeding repellent experiments using lipophilic extracts from benthic
invertebrates from two poorly known areas (eastern Weddell Sea and Bouvet Island)
(Taboada et al., 2012b). These experiments, carried out using a sympatric predator
(Odontaster validus), showed that more than half of the invertebrates tested possess chemical
defenses against possible predators. In some cases, these defenses seem to be located in the
most exposed/vulnerable parts of the organisms. Similarly, we performed experiments using
the omnivorous lyssianasid amphipod Cheirimedon femoratus (Nufiez-Pons et al., 2012c).
This amphipod proved to be an excellent model for the evaluation of unpalatable chemical
defenses against predators in Antarctic communities. Furthermore, the newly designed
protocol provided many methodological improvements in feeding preference experiments
with simultaneous food choice in Antarctic conditions, with an additional high discriminatory
potential for detection of unpalatable activities. Then we decided to make a comparative
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study of un-palatability in Antarctic benthic organisms towards these two relevant sympatric
consumers and check experimentally whether taste matters in these kind of experiments
(Nafez-Pons and Avila, unpubl. data). We observed that deterrent activities were more
frequent towards C. femoratus than against O. validus, principally in nutritious-poor samples,
and in macroalgae and sponges.

Regarding biodiversity, we recently described some new species of annelid
polychaetes from Antarctic waters (Taboada, 2012; Taboada et al., 2012a; Taboada et al.,
2012b). These organisms belong to the families Cirratulidae, Dorvilleidae and Siboglinidae (a
new species from the genus Osedax), and were described from whale bones experimentally
deployed in Deception Island. These findings confirm the importance that whale bones may
have in the Antarctic shallow-waters ecosystem. Bryozoans also provided new species,
among which the first one described by Conxita Avila’s group is a Reteporella (Bryozoa
Phidoloporidae) from the Weddell Sea, and we discussed the possible functional morphology
of their avicularia (Figuerola et al., 2012a). This new cheilostome bryozoan is characterized
by the presence of giant vicarious spherical avicularia. The variability in avicularian
morphometrics demonstrates that intraspecific variation between localities may exist.
Furthermore, we studied the spatial patterns and diversity of bryozoan communities from the
Southern Ocean: South Shetland Islands, Bouvet Island and Eastern Weddell Sea (Figuerola
et al., 2012b). In this study, we reported new data on the biodiversity and the geographic and
bathymetric distribution of bryozoans. A similar study is now being completed for
Echinodermata and will be published soon.

In hexactinellid sponges, we carried out a chemo-ecological study which yielded
remarkably high unpalatable activities towards the amphipod, while no apparent allocation of
lipophilic defenses was noted (NUfiez-Pons et al., 2012a). A combination of low nutritional
value and weak chemical defenses probably derived from primary metabolites, along with an
enhanced regenerative potential seem to operate in glass sponges and deterred sea star
predation in Antarctic waters.

Studies on Alcyonium soft corals also produced very interesting results, since they
make extensive use of lipophilic chemical defenses to fight against predation and, to some
extent, against bacterial fouling (Carbone et al., 2009). Several illudalanes were present in A.
grandis, two of them being firstly described from A. roseum. Also, two wax esters were
found to be common to all the samples. The illudalane terpenoids, as secondary metabolites,
along with the waxes, representing the main energy reserves in corals (primary metabolites),
seem to synergistically cooperate in predation avoidance.
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Molluscs have provided very useful information about intrapopulation variability in
their terpene metabolism (Cutignano et al., 2011). In Holoturians (Echinodermata) we
described new triterpene glycosides (Antonov et al., 2008; Antonov et al., 2009; Antonov et
al., 2011). Just to mention a few, five new compounds, liouvillosides Al, A2, A3, B1, and
B2, were isolated from the sea cucumber Staurocucumis liouviellei. Tunicates of the genus
Aplidium from the Weddell Sea were also analyzed for their chemical defenses (Carbone et
al., 2012; Nufiez-Pons et al., 2012b). All ascidian samples tested possessed defenses towards
O. validus. The meridianins A-G demonstrated to be responsible for such strong feeding
deterrent activities. They were abundant in inner as well as in external body-regions of the
specimens analyzed, even if they were more concentrated in the trunk of the animal. These
indole alkaloids have been reported in our studies for the first time in A. falklandicum. It is
noteworthy that meridianin D was exclusively present in A. meridianum, suggesting that it
was a characteristic feature of this species.

Also, it has been established that marine benthic invertebrates from Antarctic and sub-
Antarctic waters have an interesting anti-tumoral potential (Reyes et al., 2008; Taboada et al.,
2010). This work is the largest study of this kind carried out in the area and produced very
promising results for phyla such as Chordata, Porifera, and Cnidaria, among others. We also
obtained good results for a few species that showed high potential anti-inflammatory activity,
and this is still work in progress.

To conclude, the research group is trying to establish the chemical interactions in
Antarctic marine benthic ecosystems. A preliminary approach has been published recently
(Figuerola et al., 2012c), although much more needs to be done to complete this map.
Nowadays, the research in marine chemical ecology in Antarctica continues to grow and new
data will help to further advance in our knowledge on the role of chemical compounds in the
Antarctic benthos. In order to successfully accomplish this task, the close collaboration
among ecologists, chemists and microbiologists is essential. Also, further studies, such as
those regarding antifouling and cytotoxicity activities, are needed to determine the ecological
relevance of these mechanisms in Antarctic environments. Moreover, the bulk of the research
in chemical ecology has been carried out on the phylum Porifera compared to the few studies
carried out in other phyla, which are still quite understudied. To fully understand this
"chemical network", we are expanding our studies to more types of experiments and more

organisms during the development of our current project, ACTIQUIM-II.
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Effect of ocean acidification, temperature and UV radiation in polar seaweeds - Francisco
J. L. Gordillo, Elena Moreira, Benjamin Vifiegla, Raguel Carmona and Carlos Jiménez

Seaweeds are major components of polar coastal systems. Unlike other primary
producers they are present during the whole year and serve a number of functions in the
ecosystem. They form habitats in which other organisms find food, protection, reproduction
and nursery spots. Seaweeds are key to carbon biogeochemical cycles in these systems, and it
is expected that any change in the algal community structure will propagate to other levels of
the food web. Usually, large kelps dominate the Arctic rocky-shores, but they are not present
in the Antarctic, where the desmarestial Hymantothallus grandifolius plays a similar role.
Other Desmarestiales and a large number of Rhodophytes are also well represented in both
systems.

The two polar coastal regions share some major characteristics. Temperature and light
regimes are quite similar, as well as seasonal melting events of large ice masses that decrease
the salinity of the water. The presence of ice in the intertidal restricts algal growth to the ice-
free season. These characteristics are unique for Polar Regions, so that studies performed in
one region are a useful reference to studies carried out in the other. But these similarities have
a limit. There are also key factors differentiating both systems. In the Arctic, nutrients drop
below detection limits during spring due mainly to phytoplanktonic blooms, and remain low
until autumn (Aguilera et al., 2002). The Antarctic, however, is considered as virtually not
limited by nutrients all year-round. This is reflected in the different internal regulation and
strategies of light harvesting and nutrient assimilation between species of the Arctic and the
Antarctic (Korb and Gerard, 2000a), and it is expected that these two different strategies will
ultimately determine the ability to survive in the face of environmental change.

Temperature is also relevant to the equilibrium concentration and the diffusion
coefficients of dissolved CO, (Falkowski and Raven, 1997), so that the effect of increased
levels of CO, on algal eco-physiology are, at least in part, temperature dependent . Higher
concentrations of CO, at low temperatures (and frequently low salinity during melting
events) compensates for lower diffusion rates (Raven et al., 2002). The question is whether
increasing the dissolved CO, at the low temperature of Polar Regions will be enough to
saturate the carboxylating rate of Rubisco. Maintaining a CO,-saturated rate of
photosynthesis would require a three- to four-fold increase in Rubisco content on a surface
area basis when decreasing the temperature from 25 °C to 5 °C (Raven and Geider, 1988). In
temperate algae, acclimation to low temperature involves the maintenance of high

concentrations of Calvin cycle enzymes (Davison, 1987; Davison and Davison, 1987;
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Davison et al., 1991). Since Rubisco is not saturated at current environmental levels of CO»,
two other possibilities must be evaluated. One is the higher affinity for CO, at low
temperature exhibited by some Rubisco isoforms (Beardall and Roberts, 1999; Raven and
Geider, 1988) and the other is the role played by an increased activity of external carbonic
anhydrase (eCA) in polar macroalgae as compared to temperate ones reported by Gordillo et
al. (2006). The conversion of HCO; into CO; is catalysed by external carbonic anhydrase,
and vice versa. Theoretically, the impact of low temperature on the photosynthesis of marine
macrophytes should favour diffusive CO, entry rather than the operation of the CO,-
concentrating mechanism (Raven et al., 2002); however, the average value of eCA was much
higher for Arctic species (Gordillo et al., 2006) than those reported for macroalgae from more
temperate waters, such as those from Australia (Graham and Smillie, 1976), Scotland
(Giordano and Maberly, 1989), and Southern Spain (Mercado et al., 1998). We called this
‘the Arctic paradox’ of the Ci uptake system (Gordillo et al., 2006). This higher eCA activity
might be part of the adaptation strategy which implies a high concentration of Calvin cycle
enzymes (Davison, 1987), which operates in Arctic macroalgae (Korb and Gerard, 2000b).

An operational eCA must be relevant for the subsistence at low temperature. Gordillo
and his team found that incubation at high CO, (1000 ppm) was unable to inhibit eCA
activity in 7 out of 8 Antarctic species, and in 6 out of 6 Arctic species (Table 2; Gordillo et
al., unpubl. data), while this inhibitory effect is common in temperate and cold-temperate
species (Giordano et al., 2005).

Global change also involves an increase in the penetration of solar ultraviolet-B
(UVB) and ultraviolet-A (UVA) radiation to surface waters through changes in the
stratospheric ozone concentration, which is particularly relevant in polar regions (Zepp et al.,
2007). We found that two of the major Arctic kelp species, Saccharina latissima and Alaria
esculenta, benefited from the combined presence of elevated CO, and UVR, although with
differences between them. S. latissima can be considered a more sensitive species than A.
esculenta. The overall interactive effects of UV and CO, in the photosynthetic performance
of these species was that increased CO, concentration prevented a number of alterations
driven by UVR, mostly in pigment composition and, to a lesser extent, in electron transport
rates. The species-specificity of the acclimation responses indicate that the interference of
ocean acidification in the effects of increased UVR due to stratospheric ozone depletion
might change the relative abundance of kelps at a given depth, and will potentially drive

changes at the community level in the Arctic coastal system.
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Penguins as sentinels of Antarctic Marine Ecosystem: global change effects - Andrés
Barbosa

Seabirds and specifically penguins can be considered as sentinels of ocean change
because of their position at the top of the food chain and the fact that they extensively use
the ocean to forage and also high population numbers (Boersma, 2008). Therefore, a good
knowledge about the health of the Antarctic seas can be obtained through the study of the
biology of these species.

The research of this group on Antarctic penguins focuses on three species, chinstraps
(Pygoscelis antarctica), gentoos (Pygoscelis papua) and Adélies (Pygoscelis adeliae). The
main aim of their group is to study the effects of global change on the physiology of these
species. Studies of the effects of global change on the animal species have been primarily
focused on their distribution, abundance and phenology. This is mainly because these kind of
data have been collected and stored over many years and are therefore easy to access.
However, physiological data are more complex to collect and long-term comparisons are
difficult due to the existence of many different physiological functions with many different
variables to be measured and with different methodologies. However, the effects of global
change on animal species have a physiological basis, which should be understood to achieve
a good understanding of this process. With this idea in mind, our group focuses its interest on
this physiological approach based on the functioning of the immune system through the host-
parasite interaction. This is an emerging field of research in Ecology (Owen et al., 2010).

The current project (PINGUCLIM) which participated in the International Polar Year
project BIRDHEALTH operates at three levels: a) long-term, in which a database on
different aspects of the physiology of penguins is being built and that will form the base for
the study on global change effects; b) a biogeographical approach in which we study how
natural environmental variation due to latitudinal gradients modulate the physiology of the
species and how such variation occurs at this level. This approach will allow us to make
predictions about how global change can affect the penguins; and ¢) a mechanistic level in
which by means of observations and experiments we study how different factors affect the
physiological functions. This is crucial to understand the long-term effects.

One of the main problems we found is that information on different birds is scarce and
fragmented. That is the case on the distribution of parasite, pathogens and diseases present in
penguins but also in other Antarctic seabirds (Barbosa and Palacios, 2009). Therefore, one of

our main goals has been to increase the knowledge on this issue. We have described the
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presence/absence of parasites in the three species of penguins (Merino et al., 1997; Palacios
etal., 2010; Vidal et al., 2012); the presence of different kind of bacteria (Leon et al. unpubl.
data), sometimes being the first time that some organisms have been cited in these species of
penguins. We described for the first time the distribution of ticks (Ixodes uriae) along the
Antarctic peninsula, being more abundant in the northern part of the Antarctic peninsula
(Barbosa et al., 2011). We have also studied the genetic structure of the different populations
of this ectoparasite in the region (Mccoy et al., 2012) as well as the pattern of transmission of
bacteria such as Borrelia burdogferi by the ticks.

One of the problems we found in the determination of parasite presence is that
traditional parasitological techniques in some instances are not suitable for the detection of
gastrointestinal parasites. To solve this problem we are working to develop molecular probes
for the most prevalent parasite species (Vidal et al. unpubl. data).

In a global change scenario, it is predicted that parasites/pathogens will increase their
distribution, prevalence and virulence (Harwell et al., 2002). In the case of penguins,
exposure to new parasites could be due to changes in diet. This is because krill (Fig.6), the
main prey for the penguins in Antarctica, is declining due to climate change effects (Atkinson
et al., 2004), due to the increase in human activity though tourist or research or due to the
improvement in conditions which could allow parasites already established to increase their
distribution ranges. It is then crucial to know the effects of parasites on the hosts. Our group
is working on several experiments to address this goal (Palacios et al., 2010; Palacios et al.,
2012).

The geographic variation of parasites found in Antarctic Peninsula is reflected by the
geographic variation in the immunocompetence of the species. We found higher levels of
immunoglobulins, which form part of the humoral immune system, in the penguin
populations located in the north of the Antarctic peninsula (Barbosa et al., 2007a). This
geographic pattern is also seen in the variation in cellular immunity (D’ Amico et al. unpubl.
data). Some of the work of the group has been addressed to unveil how immunocompetence
varies between different physiological stages like breeding or moulting (Palacios et al.
unpubl. data).

Regarding climate change, one of the immediate effects is the increase in
temperatures. How penguins can manage this scenario through thermoregulation and how it
could affect their immune function is another issue studied by our group. We have identified

thermoregulation costs which interact with immunocompetence (Belliure et al. unpubl. data).
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Antarctic krill is the pivotal prey in the Antarctic ecosystem and the main prey of the
three pygoscelid species, although the gentoo penguin has a wider diet spectrum (Williams,
1995). Therefore, its variation affects penguin populations and physiology (Fig.6). We have
first studied the diet of the three species in different populations by means of stable isotope
analyses and we are involved in collaboration on this topic with the Portuguese group of Dr.
José Xavier. Foraging studies will be then developed in a near future.

At this time this research group has started studying the ability of penguins to detect
chemical cues involved in foraging. Their results have shown for the first time that chinstrap
penguins are able to detect the dimethyl sulphide a chemical compound present in the ocean
and related with high productivity places (Amo et al., 2013). Antarctic krill have been
declining in the Antarctic Peninsula in the last two decades (Atkinson et al., 2004) with some
consequences for penguin populations, with decreases in numbers being established
(Trivelpiece etal., 2011). The same pattern was found in the main study population of
Deception Island where the chinstrap penguins have declined by 36% from 1991 (Barbosa et
al., 2012a). Changes in the abundance of Antarctic krill can also affect the physiological and
signal functions in the case of the gentoo penguins. In this species our group has found that
the levels of carotenoids such as astaxanthin in the blood stream is related to the ingestion of
Antarctic krill and varies among chick rearing and moulting in adults (Barbosa et al., 2013-
b). Astaxanthin along with other carotenoids is involved in physiological processes such as
the reduction of oxidative stress through scavenging free radicals; immunoestimulation and is
present in the secondary sexual characters such as the red spot that the gentoo penguin has in
the beak. This signal is condition-dependent (Cuervo et al., 2009) and seems to vary
geographically in relation with the abundance of Antarctic krill (Barbosa et al., 2012b) as in
the case of the levels of astaxanthin (Barbosa et al. unpubl. data).

Antarctica is considered as a pristine ecosystem. However, the Antarctic Peninsula
and especially its northern part is quite different due to the higher human activity present in
this region. The team of Andrés Barbosa have studied the presence of heavy metals, trace
elements and Persistent Organic Pollutants (POPs) in different populations of the three
species of penguin in order to obtain baseline knowledge about likely effects of pollutants on
the immune system. Their results show that northern populations located in the South
Shetlands and especially in King George Island have higher levels of elements such as Pb,
Cror Hg (Jerez, 2012; Jerez et al., 2011). These metals show processes of bioaccumulation
and signs of biomagnification (Jerez et al., 2013). Regarding POPs our results show that
PCBs, PFCs and phthalates are present in penguins from Deception Island (Jerez, 2012).
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As a measure of the likely effects of contaminants and other stressors we have studied
the variation among different population of the three species of different markers e.g. heat
stress proteins (HSPs) (Barbosa et al., 2007b) and erythrocytic malformations (De Mas et al.
unpubl. data). The results show that these markers vary at local levels probably related to the
presence of specific stressors (Barbosa, unpubl. data).

Finally, it is working to integrate of all this information to analyse human impact on
the penguins. As we stated above, penguins can be considered as sentinels of the marine
ecosystem and they reflect environmental changes in both coastal and pelagic areas. We have
studied how human activity affects different penguin physiological characteristics,
particularly with regard to immunocompetence levels and stress levels by comparing penguin
populations located in a highly visited rookery and in a Antarctic Specially Protected Area.
The results indicate that the penguins in the highly visited rookery showed evidence of
chronic stress, presence of pollutants (Pb and Ni), higher number of erythrocytic
malformations and effects at immunological level than the penguins from the undisturbed site
(Barbosa et al., 2013a).

Final considerations and future perspectives

Polar marine ecosystems have global ecological and economic importance. They
contain a unique biodiversity and play a major role in climate processes. With recent
concerns of the effects of global, climate-driven changes, combined with expanding
commercial interests in the Polar regions (e.g. fishing in the Antarctic and oil exploration in
the Arctic), marine research in these areas has became even more relevant in the past few
decades (Allison et al., 2009; ICSU, 2011, Pit et al., 2012). Marine biology studies carried
out by Portugal and Spain have actively contributed to the understanding of polar organisms
and ecological processes, particularly in the last 20-30 years, providing valuable information
to the scientific community about these still poorly known areas. This has been
acknowledged within major international organizations, such as the Scientific Committee for
Antarctic Research (SCAR), the International Arctic Science Council (IASC) and the
Association of Polar Early Career Scientists (APECS), with various Portuguese and Spanish
scientists being highly active within their Science Research Projects, expert groups and action
groups.

So far, the research activities carried out by Spain and Portugal in the last two decades
are unbalanced with a larger effort in the Antarctic rather than the Arctic, except for the
microbial (pro- and eukaryotic) food web studies (see above). Consequently marine research
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should be encouraged for the Arctic. Also, in the Antarctic, research groups from both
countries must be encouraged to increase their collaborations with other countries and
develop multi-disciplinary research projects (such as the Southern Ocean Observing System
(SOOS) program, and within the new science research projects on life sciences within SCAR,
SCAR ANnT-ERA and SCAR AntECO), building strong links between researchers, instead of
working in isolation. Future research in the Polar regions by Iberian countries will intimately
be dependent on governmental strategic vision and their willingness to support polar research
in both the Arctic and Antarctic. These research activities will also require a strong support
from European and International collaborators (scientifically, logistically, politically and in
terms of education and outreach) to ensure consistent and long-term multinational research
programs, and to consolidate world class research teams in these countries.

There are a range of research challenges within marine biology that need to be
addressed: Rapid climate change in marine ecosystems (by collecting valuable biological
data, through global observing systems, as well as developing modeling tools to predict
future scenarios in polar marine ecosystems at temporal and spatial scales), global climate
impacts of changes in ocean circulation, loss of biodiversity and changing ecosystem patterns
and ranges (including Ocean acidification), global transport and contamination to the polar
regions and consequent impacts on environments (Allison et al., 2009). Portugal and Spain
marine research teams already carry out scientific projects addressing these issues (see
above). More efforts should be made to address them and, simultaneously, combine all the
information available, obtained in the last decades and particularly in the last International
Polar Year, to develop an integrative perspective at the ecosystem level and a global
knowledge of the functioning of polar oceans. Today, there are still major gaps in the
knowledge of the ecology of the Polar regions in the context of global warming, as well as in
biodiversity in both summer and winter periods (Smetacek and Nicol, 2005; Xavier and
Croxall, 2007). For example, there are still enormous Antarctic areas (e.g. Amundsen Sea) in
which the sessile fauna (e.g. hydroids) is still little known or completely unknown. New
studies on biodiversity in these areas would increase the accuracy of the hypotheses
concerning the evolution of Antarctic groups of poorly known taxa.

Future work on contaminants will focus on the evaluation of biological
responses in target organisms associated to contaminant inputs during spring ice melt.

In terms of genomics applied to Antarctic organisms, the advent of cheap sequencing
has produced a sea change in our abilities to understand the detail of cellular responses and

identify gene pathways in environmental species. There will be an increasing amount of
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sequence data generated from Antarctic species, which will provide significant resources for
future ‘omics studies. Given that many of the transcripts in these non-model species are either
poorly annotated or such data are absent, the next great challenge will be deciphering the
function and interactions of the “unknown” genes. This will be particularly problematic in
Antarctic species, where life in the cold means that metabolic rates are low, cell turnover is
slow, life cycles and development times long etc and therefore we may need to look at
developing heterologous systems for functional assays. The impact of deciphering and
understand “life at the extremes” are numerous with all the benefits which arise from
acquisition of basic knowledge about organisms and ecosystem function through to
biotechnological spin-offs by exploitation of knowledge of commercial relevance. At the
molecular level this may translate into exploitation of novel molecules, molecular networks
and mechanisms that have evolved for physiology and survival at low temperatures.

In relation to foraging and feeding ecology of top predators, particularly
seabirds, progress in the study of pelagic seabirds in the past 1-2 decades has, to a
considerable extent, been technology-driven. The appearance of tracking devices of
greater sophistication, which can be combined with other data-loggers that record
activity or physiology, has allowed great progresses on the understanding of at-sea
ecology and behaviour of birds. Further refinement of this type of devices, and their en-
masse use, will allow further progress and more hypotheses-testing, particularly when
linked with climatic/oceanographic modelling (e.g. based on remotely-sensed data),
with data from fisheries effort and from other sources of human disturbance. Such an
interdisciplinary approach, together with increasing international collaborations
allowing the expansion of the geographical scope of research (eventually making it
truly global) open promising paths for the development of the study of pelagic seabirds
in the Southern Ocean, and constitute major steps towards an holistic-, ecosystem-based
management of this prominent marine region.

Finally, many of the methods and techniques developed in the Polar Regions can be
applied in European waters. For example, methods used in the identification of prey in the
diet of top predators has already been applied in European waters, on the ecology and
conservation of seabirds and fish (Paiva et al., 2010; Xavier et al., 2010; Xavier et al., 2011a;
Xavier et al., 2012b). Also, pharmacological potential of selected compounds in Antarctic
organisms have been assessed (Avila et al., 2008). In all the research areas mentioned above,
international collaborations are fundamental and collaborative work between Portugal and

Spain is a good example and has addressed some of these research areas. Such collaborations
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should be encouraged to promote a strong increase in high quality science from both
countries, as well as collaborating with other countries, and take polar marine research to the

highest standards of science.
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Figure Headings

Figure 1. Time course evolution of ice thickness (cm), Si/Al particles ratio and particulate
(ng/g) and dissolved Pb (ung/L) concentrations in the water column during a week
(snowstorm on day 5)

Figure 2. Foraging tracks of black-browed albatrosses from Steeple Jason, Falkland Islands,
during early chick-rearing in December 2011 — January 2012. Steeple Jason is the largest
colony in the world for this species, with ca 200,000 pairs.

Figure 3 Large mesocosms (3 m diameter x 14 m height) were deployed during the
ESEPAC-2000 experiment at South Bay (Livingston Island, Antarctic Peninsula) during the
summer of 2000 to study coastal Antarctic plankton responses to environmental changes.

Figure 4 Carbon flux diagram for Arctic waters for cold (1° - 4°C) and warm (5.5 - 10°C)
scenarios. Data inside the boxes and above the black arrows corresponds to average values of
the carbon biomass and fluxes, expressed in ug C I'* and pg C I d™ respectively, for all
microorganisms and viruses for each temperature scenario. Empty arrows correspond to
fluxes that were not estimated.

Figure 5. Abundance (larvae 100m-3) of total meroplankton and the main larval groups in the
upper 200m sampled during the BENTART cruise (left column) and the BREDDIES and
COUPLING cruise (right column). The grey circles represent the COUPLING sampling
stations.

Figure 6. Potential cascade effects of climate change on different aspects of the Antarctic
penguin physiology
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Fig 2.

49°S

50°S

54°S

55°S

69° W

67°W

65° W

63°W

58



Fig 3.

59



COLD (1%4°C)

29 24
Autotrophic

plankton
(9)

2.8

Fig 4.

WARM (5.5° - 10°C)

29 10.3
Autotrophic
plankton

Phago-Ciliatel Gyrodinium
1.0 1.0

bacteria
1.5

60



Total meroplankton larvae

©,. o ‘ /
o\ o /
Y / Qi
. o0 E = /

175 [r—

WO / “I :
\ #4\5 |/ Osstan
\ / * 11229

Echinoderm larvae

it —— =

O 12562.51
° 0.1789

Molluscan veligers

o' [ —

O 0.3144
* 37692

O 6628528
e 4329

Larvae 100m™

Fig 5.

61



Climate Change -Krill decline - Diet change (fishes and squids)

New parasite exposure
I Reduction of carotenoid intake

Increase of parasite effects Reduction of
efficiency of free
radical eradication

REDUCTION OF THE BREEDING SUCCESS
AT LONG TERM AND/OR REDUCTION OF
THE SURVIVAL
' Immunodepresswn

Reduce of
immunocompetence

Secondary sexual
characters effects

Evolutlonary changes

Contaminants

Fig 6.

62



Table 1. Number of new species to science of Antarctic benthic hydroids, described by
the Cnidarian Biodiversity and Evolution group, distributed by genera and percentage
in relation to the total number of known species of those genera in the Antarctic Region
and in the World Oceans.

Genera New % (Antarctic % (World
species Region) Oceans)

Oswaldella 20 77 74
Staurotheca 12 52 50
Schizotricha 8 57 47
Symplectoscyphus 8 42 -

Antarctoscyphus 4 40 40
Clathrozoella 2 67 50
Other 4 - -
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Table 2. Anhydrase activity of polar seaweeds under current levels of CO, (380-390 ppm,
AC) and high levels of CO, (1000 ppm, HC) expressed as REA g™ FW. Activity was
measured by the potentiometric method (Haglund et al., 1992). Significance of inhibition by

high CO, at P<0.05 (n = 3 to 6).

Significant effect

AC HC of HC
Arctic
Alaria esculenta 3.6+£1.2 7.2+23 increase
Phycodris rubens 6.4+£25 83+1.2 none
Ptilota plumosa 10817 89+11 none
Desmarestia aculeata 3.7+£0.2 51+£24 none
Monostroma arcta 142 +3.6 109+1.2 none
Saccorhiza dermatodea 54126 3.7+£0.6 none
Antarctic
Ascoseira mirabilis 28107 25114 none
Adenocystis utricularis 4.7+2.6 6.0+24 none
Desmarestia menziesii 19.0+3.8 6.1+£238 decrease
Porphyra endiviifolium 52122 6.2+27 none
Palmaria decipiens 1.0+£0.8 1.6+0.6 none
Monostroma hariotii undetected undetected
Phaeurus antarcticus 49+17 44+21 none
Iridaea cordata undetected undetected
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Dear Editor of the Journal of Sea Research,

The highlights of our manuscript, submitted within the special issue of the Journal of Sea Research of

the Iberian Symposium on the Studies of Marine Biology (SIEBM), are:

- Polar marine ecosystems have global ecological and economic importance

- Portugal and Spain have been highly active in disciplines in marine polar biology

- Afirst-time synopsis of the most important results by Portuguese and Spanish teams

- Portugal and Spain has strong multi-disciplinary research projects

- Portugal and Spain should encourage polar research collaborations with other countries

Yours sincerely,

José Xavier and André Barbosa
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