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1) SUMMARY

a) Context

The improvement of our understanding of ecological processes and the role of
biodiversity in the Southern Ocean ecosystems remains a high priority on the
research agenda in today’s changing world and is inextricably linked to sustainable
development policies on a global scale. Global environmental changes influence
species distributions and consequently the structure of communities and ecosystems.
Only advances in our knowledge of the Southern Ocean biodiversity and processes
important for ecosystem functioning can allow us to address complex evolutionary
and ecological questions and enable estimations of the expected change of the biota
distribution and composition. Polar regions experience greater rates of global change
than any other region in the world. Their biota are highly adapted to the extreme
environment they are living in and appear vulnerable to shifts in environmental
conditions. Antarctic marine species are especially more sensitive to temperature
variation as their physiology is set to a narrow range of temperatures. Also changes
in food quality and quantity, together with other environmental shifts such as in pH of
the seawater, are likely to impact densities, biomass and community composition but
also functional aspects of the Antarctic biota.

Because of the key-role of the Southern Ocean for the global ocean system and the
growing impact of global environmental change, it is crucial to establish
comprehensive baseline information on Antarctic marine biodiversity as a sound
benchmark against which future change can be assessed reliably. It is equally
important to understand better the ability of taxa to cope with changes in
environmental parameters (temperature, pH, ice cover, food quantity and quality)
linked to global change, and this from the individual to the community level.
Imperative in this approach is to assess how structural and functional characteristics
of the biota may be affected by a changing climate. Finally, advanced integrative
spatial modelling of the distribution of key species in relation to environmental
conditions is needed to predict the future of the marine ecosystems related to climate
change.

These aspects are addressed in the Bianzo Il project by focusing on benthic
organisms and communities, specifically representatives from three different size
classes of the zoobenthos: Nematoda (meiobenthos), Amphipoda (macrobenthos)
and Echinoidea (megabenthos). These three groups are characterised by a high
diversity and many of the well over 4000 Antarctic benthic species described so far
(Clarke & Johnston, 2003) belong to these taxa.

These three selected benthic taxa are also ecologically important in terms of
biomass, their role in biogeochemical cycles (C and N) and the trophic role they fulfil
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in the benthic ecosystem. Furthermore, they are characterised by different
biogeographical and diversity patterns, speciation mechanisms, and reproductive and
dispersal strategies. Because of these differences and the intrinsic ecological
variability between these taxa, it is difficult to assess the extent to which global
change will affect the Antarctic benthos in general. Rarely do biodiversity and
ecological studies focus on multiple benthic groups. Yet, combining putative size
groups in ecological/biodiversity research is imperative to understand the benthic
ecosystem as a complex and interactive unity.

b) Objectives

Climate change and its complex and interactive chain of associated effects will affect
the physiology, distribution, phenology, and ontogeny of many Antarctic benthic
organisms, but the resulting changes from the species to the community level remain
poorly quantified and understood. Individual species may appear vulnerable to
environmental shifts or regime changes, but community and ecosystem responses
may not act accordingly. Therefore we investigated the biodiversity and responses of
the three representative groups of benthic organisms to climate change effects from
individual species, over populations, up to the community level

During its first phase (2007-2008), BIANZO Il aimed at investigating (1) biodiversity
patterns of the Antarctic zoobenthos and their causal processes by focussing on the
three selected benthic groups (Work package 1. NOWBIO); Furthermore (2)
trophodynamic aspects of each of the benthic groups, and their ability to cope with
temperature and temperature-related changes (i.e. food composition and availability)
but also the effect of pH of the seawater were on the benthos (Work package 2:
DYNABIO).

In the second phase (2009-2010) of the project, a joint review paper dealing with the
effects of global climate change on the Antarctic zoobenthos is being written, based
on the results of experiments, field results and literature data. Information collected in
previous studies and in the first two work packages of this project was also used to
develop a habitat suitability model in order to identify the drivers of benthic
distribution patterns and forecast possible changes of benthic communities related to
global change (Work package 3: FOREBIO).

SSD-Science for a Sustainable Development — Biodiveristy - Antarctica 6
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¢) Conclusions
i) NOWBIO

(1) Benthic biodiversity in new ice free habitats

Due to large-scale ice-shelf disintegration events, the Antarctic Larsen A and B areas
along the Eastern Antarctic Peninsula recently became ice-free. Our study is the first
one to investigate benthic communities and their response to the collapse of ice
shelves in this area. At the time of sampling, meiofauna community structure at the
inner stations, most remote from the original ice margin, was not or only slightly
influenced by colonization, and might be structured by local environmental
conditions. Communities living close to the former ice-shelf edge are believed to be
at an intermediate or late stage of succession. Densities and diversity here were
comparable to those at other more northern Antarctic stations in the Weddell Sea,
whereas they were considerably lower at the inner stations.

The three echinoid species collected in Larsen A&B areas are good candidates as
pioneering species in a changing marine environment. They are known as indirect
developers (or at least non-brooders), consistent with high dispersal capabilities.
Moreover, this is congruent with the wide Antarctic distribution of these species.
These examples stand in contrast to other Antarctic echinoids which are known as
direct developers that brood their young and, accordingly, are supposed to present
low dispersal capacities. The three Larsen species also display a ‘generalist’ feeding
behaviour which can also be considered a characteristic of pioneering species.
Furthermore, the symbiotic communities of echinoids in the Larsen area showed a
low diversity and a strong similarity with epibionts present on stones, something
which has not been observed in other regions so far. These results suggest that
ectosymbioses linked to cidaroids could contribute to benthic colonization of the
seafloor in these new ice free areas.

The Larsen ice-shelf disintegration also led to the discovery of a low-activity methane
seep. The observation of elevated densities, subsurface maxima and high
dominance of one nematode species was similar to other cold-seep ecosystems
world-wide and suggested a dependence on a chemosynthetic food source.
However, stable 13C isotopic signals were indicative of phytoplankton-based feeding.
This implied that the community was in transition from a chemosynthetic community
to a classic phytodetritus feeding community, a temporary ecotone as it were. The
characteristic parthenogenetic reproduction of the dominant species is rather unusual
for marine nematodes and may be responsible for the successful colonisation by this
single species.
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(2) Cryptic diversity

There is evidence that the species richness of Antarctic amphipods is
underestimated, not only for the poorly known deep sea but also for the better-
studied shelf fauna. Given the fact that we mainly focused on the Atlantic sector (and
the Ross Sea to a lesser extent), we expect that the total Antarctic diversity is even
much higher and undocumented. Therefore, additional samples from other areas in
Antarctica are needed to assess the real diversity, and evaluate whether some
amphipod species have a true circumpolar distribution.

The discovery of cryptic diversity has potentially profound implications for
evolutionary theories and biogeography and may be a potentially important factor
influencing future conservation decisions. Furthermore, the Census of Antarctic
Marine Life (CAML) stated that there is an urgent need for more genetic barcode
studies on Antarctic organisms, especially in view of the rate of climate-driven habitat
changes which might lead to extinctions. Species identification by DNA barcoding
has been shown here to be efficient for amphipod taxa and will facilitate future
taxonomic studies, enabling non-specialists to discriminate taxa that are otherwise
difficult to identify. It will thus make species identifications faster and more accessible
at a lower cost at the same time. In poorly known amphipod groups, high intraspecific
genetic divergences suggest overlooked species or species complexes. The barcode
application can provide a preliminary signal of species richness.

(3) Biogeographical distribution

Based on extensive datasets with distribution records of the three target taxa, a
common biogeographical analysis was undertaken, aiming at comparing
geographical and bathymetrical distribution patterns, focusing on the differences
between meio-, macro- and megabenthos. The analysis aimed to match these
patterns with the biogeographical schemes of other benthic taxa known from
literature and to identify potential drivers of the observed patterns. This detailed
comparative analysis, which is still ongoing, provides new insights into geographical
and bathymetrical distribution patterns, hotspots of species richness and endemism,
centre(s) of radiation, circumpolarity and cryptic species, eurybathy, and potential
causal factors of the observed patterns.

ii) DYNABIO

(1) Trophodynamics

Investigating food preferences in Antarctic benthos is of crucial importance since the
ongoing climate change may alter the natural balances and the functionality of polar
ecosystems. Rises in air and water temperature have been claimed to explain shifts
in the size range of phytoplankton communities, which may, in turn, affect those
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biological components that depend on it. Moreover, warming trends may result in
shifts in microbiological activity.

The results of this study indicate that shallow-water meiofauna prefer a
phytoplankton food source rather than microbial food. This stands in contradiction
with what is found for deep-sea nematodes in the Antarctic, where a microbial food
source seems to be preferred over phytodetritus. In shallow waters, however,
phytoplankton is of higher quality than in the deep sea where it has been degraded
as a result of the sinking process. So these observations may reflect a preference for
the most qualitative food, rather than a difference between preferences of deep-sea
and shallow-water nematodes.

Also for echinoids it was shown that trophic flexibility can differ according to species,
with euechinoid species appearing more “flexible” than cidaroids towards changes in
food sources.

Therefore, aptitudes to cope with change in food availability clearly need further
studies on the Antarctic and Sub-Antarctic benthic fauna, from species to ecosystem
level

(2) Acidification

Although echinoids, having a magnesium calcite skeleton, are assumed to be most
vulnerable to ocean acidification, experiments have shown that some species appear
robust to changes in pH. Our results suggest acclimatization of natural populations to
low pH effects in intertidal and sub-Antarctic areas. However it is not yet possible to
precisely answer how the echinoid fauna would face global change and how complex
communities will be impacted. This situation partly results to the lack of data on the
proximal stress-tolerance processes, and on the nature and weight of interspecific
interactions in changing communities. In that context, changes in community
components along gradients crossing contrasted environmental conditions should be
more precisely examined.

iii) FOREBIO

We also analysed actual species distributions in the Southern Ocean and modelled
the mechanisms that structure them. The primary data used for the model were
continuously developed within the NOWBIO work package (e.g. for echinoids the
database covers more than 4000 georeferenced localities in the Southern Ocean,
and more than 6000 when the surrounding cold temperate areas are included). This
has increased the power of the modelling approach and makes it now able to
compute relevantly species distribution models at the scale of the entire Southern
Ocean and enables testing for the impact of environmental variables and future
climate scenarios (“single species” approach).

SSD-Science for a Sustainable Development — Biodiveristy - Antarctica 9
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d) Contribution of the project in a context of scientific support to
a sustainable development policy

The achievements of the BIANZO Il project contribute significantly to the major
objectives formulated in the SCAR-EBA-programme and the IPY core activity Census
of Antarctic Marine Life. Furthermore, not only were several results of BIANZO
included in the Antarctic Climate Change and Environment (ACCE) report, with the
BIANZO Il achievements we contributed considerably to filling in the earlier listed
gaps in knowledge, for which the answers are urgently required for policy makers
(Turner et al., 2009).

The BIANZO consortium illustrated the potentially high sensitivity of several marine
taxa which are major components of the benthic ecosystem to climate related
changes such as changes in food supply, ice shelf collapse, seawater acidification
and temperature rise. By means of sensitivity tables based on what we know from
own research and a literature review for each of the taxa at different levels of
biological organization (from populations to communities or habitats) we illustrated
high sensitivity for specific climate related changes in the Antarctic environment, but
we also identified major gaps in our knowledge. Furthermore, molecular approaches
showed the high cryptic biodiversity present in many of the Antarctic taxa, illustrating
that what we know about biodiversity so far is only the tip of the iceberg. Since the
climate-induced shift in the food regime leads to a decrease in the rich Antarctic
seabed biodiversity, we are currently losing biodiversity of which we will never know
the characteristics or its importance. Finally, by developing a spatial model we
attempted to forecast the potential impact of climate-related changes on the
distribution of selected BIANZO taxa.

e) Keywords

Benthos - Climate change - Ocean acidification - Trophic interactions - Cryptic
diversity - Habitat suitability model
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2) INTRODUCTION

a) Background and rationale

Evolution and Biodiversity in the Antarctic; The response of life to change. The
largest challenge currently facing humankind is the management of the Earth System
to ensure a sustainable human future. The Antarctic and the Southern Ocean are
fundamental to the Earth System as they influence the pace and nature of change on
a global scale. EBA (Evolution and Biodiversity in the Antarctic) an international,
multidisciplinary programme (www.eba.aq) that has been approved by the Scientific
Committee on Antarctic Research (SCAR) for 2006 — 2013, aims at understanding
the evolution and diversity of life in the Antarctic, determining how these have
influenced the properties and dynamics of present Antarctic and Southern Ocean
ecosystems, and making predictions on how organisms and communities will
respond to current and future environmental change. The International Polar Year
(2007-2008) offered several unique opportunities for scientific and operational
collaboration in the implementation of this ambitious programme.

Polar Regions experience greater rates of climate change than elsewhere on the
planet. The biota of these regions is uniquely adapted to its extreme environments,
and appears vulnerable to shifts in climate and the environment. In this context, it
was and still is widely recognized that there is an urgent need to undertake a
structured assessment of the polar oceans biodiversity as a sound benchmark
against which future change can be reliably assessed. Comprehensive baseline
information on the Antarctic marine biodiversity was therefore established by the IPY
core project “Census of Antarctic Marine Life” (2005-2010; www.caml.aq), a regional
subset of the global programme ‘Census of Marine Life’, an unprecedented ten-year
initiative, which aimed at assessing and explaining the nature, distribution and
abundance of the past, present and likely future biodiversity of the oceans
(www.coml.org).

Relying on a profound knowledge of the Antarctic biodiversity and its evolution, the
improvement of our understanding of ecological processes involving the role of
biodiversity in the Southern Ocean ecosystems remains a high priority on the
research agenda in a changing world. Global environmental changes influence
species distribution and consequently the structure of communities and ecosystems.
Only advances in our knowledge of the Southern Ocean biodiversity and associated
ecological processes will allow addressing complex evolutionary and ecological
questions and enabling estimations of the expected change in distribution and
composition of the biota.

SSD-Science for a Sustainable Development — Biodiveristy - Antarctica 11
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In 2009 the SCAR Antarctic Climate Change and the Environment (ACCE) report
was published based on the latest evidence from over 100 world-leading scientists
from eight countries. This exhaustive overview of the latest research results (Turner
et al., 2009) identified crucial areas for future scientific research, and addressed the
urgent questions that policy makers have about Antarctic melting, sea-level rise and
biodiversity.

Major conclusions in this report were:

Advanced integrative and spatially explicit ecosystem modelling is needed to predict
the future of the marine ecosystem. Such an approach demands widespread
samples of ecological key species that are representative for ecological sub-systems,
such as plankton, benthos or apex predators and long-term measurements of
ecological key processes such as the response to acidification, warming and
changes in ice cover and food regime

However, fundamentally important baseline biodiversity and biogeographic survey
data are still lacking across most of the continent and parts of the surrounding
Southern Ocean — those data and systematic and robust monitoring programmes
across a network of representative locations are required to allow anything other than
the current ad hoc and serendipitous approach to identifying biological responses to
any aspect of environmental change in Antarctica

A better understanding of ecological driving forces within Antarctic ecosystems
(terrestrial and marine) must serve as the basis for developing predictive models of
the response of the Antarctic biota to climate change.

b) Subject: BIANZO Il, coping with change

The achievements of the BIANZO Il project contribute significantly to the major
objectives formulated in the SCAR-EBA-programme and the IPY core activity CAML.
Furthermore, not only were several results of BIANZO included in the ACCE report,
with the BIANZO Il achievements we contributed considerably to filling in the earlier
listed gaps in knowledge, for which the answers are urgently required for policy
makers (Turner et al., 2009).

During its first phase (2007-2008), BIANZO Il aimed at investigating (1) biodiversity
patterns of the Antarctic zoobenthos and their causal processes by focussing on
three representative groups of different size categories: the nematodes
(meiobenthos), amphipods (macrobenthos) and echinoids (megabenthos) (Work
package 1: NOWBIO); (2) trophodynamic aspects of each of the benthic groups, and
their ability to cope with temperature and temperature-related changes (i.e. food
composition and availability, pH of the seawater) (Work package 2: DYNABIO).

SSD-Science for a Sustainable Development — Biodiveristy - Antarctica 12
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In the second phase of the project (in addition to the continuation of NOW- and
DYNABIO), (3) a joint review paper dealing with the effects of global climate change
on the Antarctic zoobenthos was written, based on the results of experiments, field
results and literature data. (4) Information collected in previous studies (ANTARS,
ANTAR4, BIANZO 1) and in the first two work packages of this project was also used
to develop a model on the possible changes in the benthic communities due to global
environmental change (Work package 3: FOREBIO)

Since Antarctic marine research is mainly performed in an international context, we
contributed to several major international projects (ANDEEP-SYSTCO, CAML,
ClicOpen, IMCOAS, etc.) and participated in several international oceanographic
cruises and land-based expeditions (Polarstern cruises, BENTART cruise, Jubany
field campaigns, etc.) in order to perform experiments and collect samples. These
international networks offer us great opportunities for interdisciplinary, internationally
embedded research (Belgium has no marine research facilities in the Antarctic), but
inevitably, they also pose restrictions on the required berths, ship time, and lab space
for specific integrated BIANZO objectives. Therefore common overall objectives in
this research project were often tackled in taxon specific conditions (through different
networks). Differences in study areas, spatial and temporal scales of investigations
and approaches hampered the integration of taxon specific results in joint papers or
reports. However, whereas many specific objectives in WP 1 and 2 are taxon specific
for these reasons, two major (and some additionally minor) actions were undertaken
in order to integrate the BIANZO results: (1) the writing of a review paper on the
sensitivity of Antarctic benthos to global change and (2) the development of a GIS
based model (in collaboration with the university of Dijon) that maps the habitat
suitability of major Antarctic taxa within the Echinoidea, Amphipoda and Nematoda in
relation to a selection of relevant environmental drivers.

c) WP 1 - NOWBIO: Nature, distribution and evolution of the
benthic biodiversity

i) State of the Art before BIANZO Il

Nature and distribution of benthic biodiversity. Knowledge of the Antarctic
benthic biodiversity was and still is highly patchy in terms of coverage of
geographical areas, bathymetric zones, habitats, taxonomic groups, ecofunctional
groups, or size spectra. Vast areas of the High Antarctic continental shelf remain
untouched and the Antarctic deep sea is hardly explored. During BIANZO |, the
ANDEEP sampling campaigns allowed a first study of deep-sea sediments in the
Southern Ocean.
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A recent survey of the Antarctic macrozoobenthos revealed that 4100 spp. are
presently described (Clarke & Johnston 2003) but reliable extrapolations estimated a
number of potential species comprised between 11,000 and 17,000 for the entire
Antarctic shelf (Gutt et al., 2004).

On the other hand, during the last decade, molecular approaches have provided new
insights in many evolutionary and taxonomic issues. Molecular tools have appealing
applications such as reliable standardized identification, detection of cryptic species,
taxonomic assignment of unknown life-history stages or unrecognizable organic
material, reconstruction of phylogenies and phylogeographic studies. Significant
advances in the understanding of the evolutionary history of the Antarctic biota are
gained from modern molecular techniques. They have for instance allowed
divergence times between taxa to be dated, and radiations such as those of
notothenioid fishes to be related to climatic or tectonic events. In addition, the
detection of cryptic species in some benthic groups (Held & Wagele, 2005; Raupach
& Wagele, 2006), may question our current estimation of species richness and our
widely accepted view of circum-Antarctic distribution pattern for benthic species (De
Broyer et al., 2003).

Meiobenthos - Nematodes. Until the early 90’s, hardly anything was known about
the ecology and diversity of meiobenthic communities in Antarctica, despite the fact
they represent a major component of the marine benthos in terms of densities and
diversity. Since then, several researchers from the Marine Biology research group
(UGent) have focused their research on distribution patterns within the meiobenthos
in general, and nematodes in particular, mostly in the Atlantic sector of the Southern
Ocean (e.g. Herman & Dahms, 1992; Vanhove ef al., 1995, 1999, 2000, 2004).
Temporal and spatial variation in subtidal and shelf communities has been described
(Vanhove et al., 2000; Lee et al., 2001a, b) and community shifts along bathymetric
gradients were analyzed (Herman & Dahms, 1992; Vanhove et al., 1995, 1999, 2004,
Sebastian et al., 2007).

Recently, for a number of selected dominant genera, high local and regional species
richness was revealed. Several species found in the Antarctic do show a wide
geographical distribution. However the majority of species investigated was new to
science. (Vermeeren et al., 2004; Fonseca et al., 2007; Ingels et al., 2006; De Mesel
et al., 2006).

Amphipods. In the Southern Ocean, the amphipod crustaceans form the most
speciose group, which occur at all depths and in very diverse microhabitats (De
Broyer et al., 2001, 2003). They occupy a wide range of trophic niches (Dauby et al.,
2001) and constitute a primary food source for the upper trophic levels (Dauby et al,,
2003). More than 510 — mostly benthic - amphipod species have been described
from the Antarctic region (about 900 species if the sub-Antarctic forms are taken into
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account) with 85% endemics (De Broyer et al.,, 2003). Amphipods, polychaetes and
gastropods constitute the most speciose macrobenthic groups in the Southern Ocean
(Clarke & Johnston 2003).

Echinoids. About 80 species of echinoids occur in the Antarctic (South of the Polar
Front); this corresponds to 10% of the extant species of echinoids and indicates that
the Antarctic is a “hot spot” for echinoid biodiversity (David et al., 2005). Antarctic
echinoids belong to nine families and seven orders, and display highly diverse
morphologies. The echinoid biodiversity in the Antarctic has been clearly structured
by the geological and climatic changes. Today, most (65%) of the species belongs to
two families that have diversified when Antarctica became isolated and underwent
drastic environmental changes. Because of their ecological distribution and their
biological features, echinoids are regular members of the Antarctic communities.
Interestingly, the Cidaroida, one of the most speciose and widespread order of
echinoids, have developed ectosymbioses with a variety of invertebrates (Hétérier et
al., 2004, Massin & Hétérier 2004).

ii) NOWBIO objectives

BIANZO Il contributed to the establishment of a sound baseline of biodiversity
knowledge required for assessing future changes in the Southern Ocean, by:

1 Describing and explaining the nature, distribution and abundance patterns of
the biodiversity of the Antarctic nematodes, amphipod crustaceans and echinoids as
representative groups of the meio-, macro- and megabenthos. The project focused
on the exploration of unknown Antarctic areas and habitats in the CAML framework,
the analysis of local and regional patterns of diversity, distribution and endemism with
respect to several gradients (depth, basin or latitude), the production of new
taxonomic and biogeographic syntheses and the development of new identification
tools.

Specific study objectives are:

a. To assess benthic life under permanent ice shelves (former Larsen A &
B) and in deep-sea basins;

b. To provide basic data to forecast changes in biodiversity (link with
FOREBIO);
C. To pursue the study of selected nematode genera at species level to

allow further evaluation of the level of endemism and local and regional
species diversity patterns;

SSD-Science for a Sustainable Development — Biodiveristy - Antarctica 15



Project SD/BA/O2 - Biodiversity of three representative groups of the Antarctic Zoobenthos - Coping with Change
“BIANZOII”

d. To continue the comprehensive taxonomic revision of the Antarctic
amphipod fauna and the synthesis of distribution and ecological data
(undertaken during BIANZO | with the support of a strong international
group of experts) and to develop electronic interactive identification
keys (“Synopses of Antarctic Amphipoda”);

e. To analyze the biogeographic distributions of echinoids in the light of
past and present environmental constraints (link with DYNABIO);

f. To emphasize the ecological, evolutionary and functional significance of
the ectosymbioses developed by cidaroid echinoids.

2 Assessing evolutionary relationships with the surrounding oceans and world
biodiversity on the basis of molecular phylogeny and phylogeography of key taxa
(mainly amphipods).

3 Developing and consolidating the existing BIANZO databases and contributing
to the development of SCAR-MarBIN, the information network on Antarctic marine
biodiversity.

d) WP 2 - DYNABIO: Ecofunctional role of biodiversity in benthic
communities and their ability to cope with change

i) State of the art before BIANZO Il

Antarctic species were thought to be highly adapted to the extreme environment they
live in. They show clear adaptations to the stable cold water temperatures and
seasonal food supply, in the form of, for instance, slow metabolic rates, slow
seasonal growth and longevity (Knox, 1994; Arntz et al., 1994), and large body-sizes
(gigantism, Chapelle and Peck, 1999). Antarctic organisms often have a small
thermal tolerance window (Arntz et al., 2005) which is for several megafaunal
organisms and fish much smaller than for Arctic animals (Pértner et al., 2007). This
small tolerance, coupled with slow growths and long generation times, drastically
reduce the ability of benthic organisms to adapt or to evolve new characters (Peck,
2002, 2005). A change in food composition, quality and quantity, together with other
environmental shifts (for instance in temperature or pH of the seawater), are likely not
only to impact densities, biomass and community composition but also functional
aspects.

Meiobenthos. Functional or physiological aspects of meiofauna in general, and
nematodes in specific, remain poorly known. Studies on the trophic position of
meiobenthos in temperate and tropical areas have lead to conflicting results (van
Oevelen et al, 2006 and references therein) and research in Antarctic and
Subantarctic sediments are preliminary and restricted to a limited number of habitats
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(Moens et al., 2007). Biomarker analysis of bulk sediment organic matter and of
nematodes in different regions and sediment types was carried out to assess the
energy source of meiobenthic fauna in Antarctic shelf sediments (Moens et al.,
2007). The results of this study suggested substantial selectivity of the metazoan
meiobenthos for specific components of the sedimented organic matter, such as ice
algae or flagellates, with this selectivity differing between sites and sediments.
Laboratory experiments on a number of selected species from temperate regions
showed that reproductive success, growth and metabolic activity of nematodes
largely depend on temperature, the quality and quantity of food, and to a lesser
extent salinity, with different species thriving under different conditions (Moens and
Vincx, 2000a,b). A better understanding of the current functionality of the
meiobenthic communities in different habitats is needed, and will allow assessing
how these processes can be affected by changes in the environment. These
changes might also impact structural aspects of the meiobenthic, and more specific
the nematode communities, such as community composition and diversity, but also
densities and biomass.

Amphipods. During BIANZO | trophic diversity was approached on a number of
selected taxa using different techniques, including SEM observations of feeding
appendages, stomach content analyses, and other proxy analyses such as stable
isotopes or lipid contents (Dauby et al., 2001; Nyssen, 2005). A wide variety of
feeding types have been described, with some of them hyper-specialized and thus
potentially vulnerable to changes in community structures. At the same time, some
species appear to be more opportunist in their diet and able to shift from a diet to
another, depending of the food kind and availability. Of particular interest in this
project are the scavenging amphipods. Not much is known on their feeding
requirements and of the importance of large food falls (from the pelagic) in their diet.
Numerous experiments with bait have shown repeatedly that scavengers recognize
the appearance of a large food items quite quickly, home in on it in large numbers
and are capable of consuming it rapidly and completely (De Broyer et al., 2004). Any
change in pelagic systems that alter frequency or size spectrum of food falls can
have a direct impact, especially on deep sea communities. Moreover, little is known
about metabolism of Antarctic scavengers (or other feeding guilds), but it seems
likely it is related to temperature and food quantity.

Echinoids. In the Antarctic, carnivores (Cidaridae) and deposit-feeders
(Schizasteridae) are largely predominant and occur “everywhere”. In contrast,
algivores (mostly Arbaciidae) are almost lacking and restricted to the Peninsula or to
the sub-Antarctic islands while omnivores (mostly Echinidae) are moderately present
(David et al., 2005). This is quite different from observations in most other marine
ecosystems where most regular echinoids are algivores and omnivores (e.g., De
Ridder & Lawrence 1982). The scarcity of algivores and their restricted distribution
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presumably reflects an unpredictable access to food. Because they are either
specialists (carnivores or algivores) or generalists (omnivores), we can expect the
echinoids to cope in different ways with global warming. Seasonality of feeding is
known to occur for opportunistic echinoids like Sterechinus neumayeri which stops
feeding during austral winter (Brockington & Peck 2001, Brockington & Clarke, 2001).
Particular responses to food availability can be expected as it is observed for other
groups such as brachiopods (Peck et al.,, 2005). Surprisingly, little is known on the
trophic plasticity, i.e. on the adaptive response of each of these trophic categories.
These data would however be fundamental to understand/predict the potential effects
of global warming on the echinofauna. In the context of global change, increasing
atmospheric carbon dioxide will result in decreasing ocean pH and carbonate ion
concentration. This effect will be particularly important at high latitudes (Orr et al,,
2005). Under some scenarios, the entire water column of the Southern Ocean may
become undersaturated towards aragonite by 2100. These changes in seawater
chemistry will have severe consequences for calcifying organisms and will
presumably affect echinoid skeletogenesis. Reduced calcification by both aragonite
and calcite-secreting organisms under decreased carbonate ion concentrations has
been documented in planktonic and benthic biota (Riebesell et al., 2000, Shirayama
& Thornton 2005, Orr et al.,, 2005). Actually, echinoids secrete high-magnesium
calcite and/or amorphous calcium carbonate which are even more soluble than
aragonite. Increased carbon dioxide has already been shown to inhibit skeletal
growth in a subtropical sea urchin. However, data are lacking for high-latitude
calcifiers in general and for larvae in particular (Orr et al., 2005).

ii) DYNABIO objectives

1 To investigate different aspects of the ecofunctional biodiversity of Antarctic
benthic organisms,

Specific study objectives are:

a. To study the trophic position of meiobenthos from shelf to lower slope;

b. To analyze the dependence of amphipod crustaceans on food
availability;

C. To characterize food preferences of selected amphipod species, as well

as trophic habit plasticity in communities along a latitudinal gradient. In
parallel, the ecological significance of benthic scavenger assemblages
will be evaluated by combining feeding ecology and physiology of
representative species of the Antarctic shelf scavenger guild.
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2 To assess to what extent benthic organisms and communities can cope with
change.

Specific study objectives are:

d. To assess the impact of change in food quality and quantity and
temperature on structural and functional aspects of meiobenthic
communities;

e. To characterise the trophic categories of Antarctic and Subantarctic
echinoids and the influence of food resources on their distribution in
order to determine their potential response to current and future
environmental change in relation to their trophic categories (link with
FOREBIO).

f. To study the impact of seawater acidification due to increased
atmospheric carbon dioxide on skeletal growth in both larval and adult
sea urchins. The idea is to infer the potential impact of this acidification
on sea urchin distributions in the Southern Ocean (link with FOREBIO)

All the results from experimental and field work carried out by the separate institutes
(BIANZO Il phase 1 + new data) were integrated, in combination with literature data,
to produce a review paper that provides an overview about what is known on
potentially climate-related effects, such as change in primary productivity (food
quality and quantity), glacier melt (increased sedimentation and freshening), increase
in frequency of iceberg scouring, collapse of ice shelves, acidification, on the three
benthic groups considered in the project

e) WP 3 - FOREBIO: Forecasts for the XXist century under global
change

i) State of the art before BIANZO Il

Global coupled ocean-atmosphere models propose climate evolution scenarios that
forecast a global warming that strongly impacts polar seas. In Antarctica, such
changes will lead to conditions drastically departing from those of today. The
evolution of terrestrial and marine environments has already started, but it will
accelerate in the forthcoming decades. For example, mean air temperature increased
by 2.5°C in the last 50 years on the Peninsula. This has a severe impact on sea ice
and ice shelf dynamics (Vaughan & Doake, 1996) and more than 10000 km2 of ice
shelf disappeared in the last 30 years, including 3.200 km2 from Larsen B in 2002.
Therefore, even if the exact speed and range of the warming process is still under
debate, it is certain that Antarctic ecosystems will be faced to the most important and
rapid changes they have ever experienced in the last 40 My.

SSD-Science for a Sustainable Development — Biodiveristy - Antarctica 19



Project SD/BA/O2 - Biodiversity of three representative groups of the Antarctic Zoobenthos - Coping with Change
“BIANZOII”

The easiest adaptive solution for organisms faced to change is to follow their habitat,
and to migrate. This is demonstrated by numerous examples of shift in
phytosociological associations. Another solution - frequently associated with the
former one - is to rely on adaptive flexibility, and to acclimate the new conditions
through a phenological response. A third option is to evolve and to develop new
heritable characteristics. But this must be compatible with evolutionary rates requiring
103 to 105 years to be effective (Hoffmann & Parsons 1997) and in the scenario of
present global warming, this latter solution has to be discarded. In this framework,
Antarctic and the Southern Ocean represent an interesting case study associating
shift to the South, local acclimatizations, and new competitions. Indeed, regarding the
Southern Ocean and their surrounding areas, the future is not a simple matter of shift
of ecosystems following their climatic belts as it would be for most other places, but a
more complex and dramatic situation. Antarctic endemic fauna will be trapped by the
coastline and must acclimate, adapt or disappear, while cold temperate and sub-
Antarctic fauna should have the possibility to migrate and/or to change their
phenology. This situation may induce new interactions between local species
possibly weakened by the warming, and invaders from the North.

The Southern Ocean pristine ecosystem might not be as isolated and protected as
expected. There still is some controversy about the role of the Polar Front may play
in acting as a barrier that may reduce successful establishments of occasional
invaders (Thatje, 2005) and several examples already demonstrate its permeability.
Such “travellers” represent potential colonialists whose installation was so far
prevented by the drop of temperature across the Polar Front. But the barrier could
become considerably weaker, therefore increasing the impact of invading species on
the Southern ecosystem (Clarke et al, 2005). Therefore, global change
(temperature, precipitations, ice shelf extension...) consequences should be quite
dramatic, and it becomes necessary to address the point in order to estimate their
potential impact. It has been shown that climate change has already had an influence
on bird colonies (Fraser & Hofman, 2003). The rise of ice scour has a great influence
on the reduction of shore biota (Barnes, 2005). The reduction of sea surface salinity
due to glacial melt-water runoff (Dierssen et al., 2002) has induced a shift in primary
production from diatoms towards the smaller cryptophytes (Moline et al.,, 2004).
Several studies have shown that the Antarctic and sub-Antarctic fauna is affected by
global warming and that some species display new geographical distributions, such
as the emblematic king crab (Thatje et al., 2005) or spider crab (Tavares & De Melo,
2004).
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