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Preface

The Series “From Pole to Pole: Polar Environmental Research during the Inter-
national Polar Year 2007-2009” was conceived to report achievements of envi-
ronmental research during the 4th International Polar Year (IPY) 2007-2009. The
major aim of this series is to provide updated science-based information on IPY
research results and perspectives in all environmental disciplines. This multi
disciplinary, multifaceted and international book series aims to ensure that polar
science is a leading element in the new science of the twenty-first century.

The scientific value of the series will grow in the years to come, as the volumes
will also be available in e-book format, and a continuous update on references and
information sources is expected for several years, supported by the Series Editors
and the Publisher.

Marine Biology is providing two Volumes under the general title “Adaptation and
Evolution in Marine Environments—The Impacts of Global Change on Biodiver-
sity”. Volume 1, which has already been published, has provided a total of 11
contributions, assembled (besides an Introductory Overview) into two themes: Bio-
diversity and the Environment, and Response to Stress—Adaptations. This volume
(Volume 2) contains 11 contributions, collected within three themes:

1. Part I: Biodiversity Evolution and Data Management
2. Part II: Evolution—A Molecular Perspective
3. Part III: Monitoring and Management.

The authors describe the concept, aims and first findings of the respective IPY
projects, providing information on results and research perspectives feeding into
the framework of IPY 2007-2009. Each contribution is equipped with exhaustive
reference lists and relevant web page addresses. We convey our thanks to the
authors and reviewers.

In a rapidly changing world with rising sea levels, exhausted fisheries, growing
marine pollution and increasing global population demands, the basis for inter-
national management must be a realistic assessment of our scientific knowledge.
The data from this IPY are making a crucial contribution to how we must approach
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the future management of our polar seas to avoid or at least minimise permanent
damage to stocks, systems and functionality in the twenty-first century.

These two volumes constitute an extensive summary of the outstanding con-
tribution to the scientific outcome of IPY provided by the marine biology projects
in the polar regions. In addition they highlight the fact that this IPY will be
remembered as an extraordinary international venture that has set a new model of
global collaboration for complex multi-disciplinary and inter-disciplinary initia-
tives and for collaborations between national polar institutions that will resonate
for many years to come.

Cinzia Verde
Guido di Prisco



Letter from the Editorial Team

The first two International Polar Years both failed to coordinate and distribute their
assembled data adequately and to ensure its proper analysis, resulting in a less than
satisfactory legacy from what had been considerable international efforts.
Recognising this, the Third International Polar Year (International Geophysical
Year) made extensive plans to ensure its contributions would be both accessible
and used, establishing the World Data Centres as a major new initiative. In the
early preparatory stages of the latest International Polar Year (IPY 2007-2009) the
importance of providing for the legacy of this demanding international research
effort was made clear, with priority being given to planning for well-organised
dissemination and coordinated publication of the results, data evaluations and
scientific findings. It was with this in mind that we proposed our publication
project (IPY Project No. 79) in the form of the book series “From Pole to Pole:
Environmental Research within the International Polar Year 2007-2009”. With
over 50,000 scientists involved in a myriad of projects, there was an obvious need
for a guide to the principal findings and the key papers within environmental
science fields.

The “From Pole to Pole” book series is intended to serve as a comprehensive
publication framework for the documentation of environmental research activities
performed during the IPY period. The book series is not intended to be a typical
collection of original scientific project publications/chapters in the form of
standard monographs. It is rather a bibliographic, science-based information
source and a starting point for interested scientists and the public to access
condensed information on specific environmental research topics within the IPY
activities. The volumes will provide scientifically sound general information on
the concepts, findings, and scientific motivation of the various relevant research
activities and will direct the interested reader to more detailed scientific papers,
web-based information and other publications which will provide the detailed data
and their analyses. The compilation of citations and references within the book
volumes will be an important component for the assessment of progress in each
area, and the scientific significance and value will grow as the series develops.

vii



viii Letter from the Editorial Team

The volumes will also be available in e-book format which will allow
continuous updating of references and information sources (including internet
pages and databases) by the editorial team on an annual basis, thus keeping the
works topical as a living reference source.

Eleven volumes are currently planned for this series and will cover an extensive
spectrum of environmental research including Adaptation and Evolution,
Geomonitoring, Geology, Cryospheric Processes, Polar Biodiversity, Polar
Climates, the Arctic and Southern Oceans, as well as Pollution Monitoring. It is
expected that this documentation will provide a comprehensive picture of most of
the environmental research performed within the IPY framework.

During the Oslo (2010) and Montreal (2012) IPY Science Conferences,
scientific findings and implications were presented and evaluated. The outcome of
these symposia made it very clear that the IPY efforts have contributed to a new
and comprehensive understanding of global environmental processes, from both
social and natural science perspectives. It was also clear that it would require
continued efforts to make sure that the results of the IPY research would be easily
available and properly documented for future research and evaluation processes.

This book series aims to make an important contribution to that documentation
process. The editorial team is looking forward not only to assisting in the development
of those volumes already planned, but also invites colleagues and experts to propose
other topics not yet covered as potential volumes in the series “From Pole to Pole:
Environmental Research within the International Polar Year 2007-2009”.

With the initial published volume on the history of the International Polar Years
(edited by Susan Barr and Cornelia Liidecke), our concept has finally begun to be
realised, and it is now being followed by the steady completion of other volumes.
Marine Biology is providing two volumes on “Adaptation and Evolution in Marine
Environments—The Impacts of Global Change on Biodiversity”. Volume 1 has
already been published and contains 11 chapters, assembled with an Introductory
Overview under the themes Biodiversity and the Environment and Response to
Stress—Adaptations. Volume 2 also contains 11 contributions assembled under
three themes in which authors discuss the aims and findings of the respective IPY
projects, describing results and perspectives feeding into IPY 2007-2009.

These two volumes provide an extensive summary of the outstanding
contribution to IPY of marine biology at the poles. This contribution further
highlights the IPY model of international and multidisciplinary collaboration that
must be the future for understanding and managing the polar areas.

The editors and authors have completed an outstanding scientific compendium on
IPY research in this field, demonstrating the extraordinary research conducted and
coordinated in Polar Regions during the latest International Polar Year (2007-20009).

As, Norway, July 2012 Roland Kallenborn
Naples, Italy Guido di Prisco
Oslo, Norway Susan Barr

Cambridge, UK David Walton



Editorial Introduction

Over the past 130 years, scientists of all disciplines from around the world have
joined forces in cooperative activities for explorating and investigating the polar
regions in four occasions. Each was labelled as an “International Polar Year”
(IPY), and produced advances in exploration and scientific knowledge, expanding
the understanding of phenomena that influence the planet and paving the way to
political agreements among governments.

The first book of this Series, “The History of the International Polar Years
(IPYs)”, edited by Susan Barr and Cornelia Liidecke, is an excellent historical
overview of the work and implications of IPY research activity in the past.

The Editorial Introduction of the second book of this Series, “Adaptation and
Evolution in Marine Environments—The Impacts of Global Change on Biodiver-
sity” Volume 1, summarised the previous IPYs, helping the reader to place IPY
2007-2009 into context and attempting to identify historical and international
frames, before describing the concepts relevant to IPY of 11 contributions,
assembled (besides an Introductory Overview) into two themes: Biodiversity and
the Environment, and Response to Stress—Adaptations. This summary
highlighted:

e the pioneering role of Karl Weyprecht, scientist, Austrian explorer and naval
officer, in the 1st IPY (1882-1883). He felt that polar investigations could not be
tackled by a single nation but needed coordinated international efforts. His belief
set a legacy for the future IPYs, but Weyprecht had no chance to see the
acceptance of his concepts, because he died before IPY.

e the 2nd IPY (1932-1933), with a network of stations in both polar regions and a
world data centre, created and coordinated by the International Meteorological
Organisation.

e the “International Geophysical Year” (IGY, 1957-8), the 3rd IPY, occurring
75 years after the 1st IPY and 25 years after the 2nd IPY. It envisaged the
peaceful use of newly developed technologies. Continental drift was confirmed,
enabling us to understand the formation of continents and oceans. The Van
Allen Radiation Belt was discovered by a US satellite. The space age began with

ix
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the first satellites. The first estimates of the size of Antarctica’s ice sheet were
obtained by traversing the continent for the first time. World Data Centres were
established to promote the concept of data sharing and re-use. The scientific,
institutional and political legacies of IGY lasted for decades, providing count-
less science achievements, and continue to the present. A notable political result
was the ratification of the Antarctic Treaty in 1961, which established that

Antarctica would be dedicated to peaceful research.

During each of the three IPYs, scientists from all over the world together
organised intensive scientific and exploration programmes in the polar regions,
generating important advances in scientific and geographical knowledge. From
laying the foundations of our understanding of nature’s global systems to
launching the modern space age, IPYs set the stage for many international sci-
entific collaborations as well as a long-standing political accord.

Half a century after IGY, in 2007 the 4th IPY began (www.ipy.org), sponsored
by ICSU and WMO. The Director of the IPY International Programme Office was
David Carlson (see Volume 1 of the Series). IPY 2007-2009 has been the largest
ever international programme of scientific research in the Arctic and Antarctic
regions, building upon the long legacy, established in the previous IPYs, of
international cooperation, scientific achievement and societal benefits. The
importance and complexity of the 4th IPY deserved adequate opportunities to
describe and discuss the outcomes flowing from such a vast international initiative.
Two important fora were organised to meet this target: the “IPY Oslo Science
Conference” (2010), and “IPY—From Knowledge to Action”, which privileged
the collective dissemination of the first scientific results and perspectives (2012,
Montreal, Canada).

The Series of Springer books “From Pole to Pole: Polar Environmental
Research during the International Polar Year 2007-2009” is a major contribution
for libraries of world institutions. It is intended to complement the many articles on
IPY research which are increasingly being published in scientific journals and
provide a lasting focus and synthesis for key areas.

Marine Biology provides a strong contribution with two volumes on “Adap-
tation and Evolution in Marine Environments—The Impacts of Global Change on
Biodiversity”. This volume is the continuation of the first one. The chapters
describe research that is part of IPY projects and will undergo developments in the
decades to come, identifying linkages with investigations described in the chap-
ters.

All the research reported in this book is in the framework of the international,
multi- and cross-disciplinary programme “Evolution and Biodiversity in the Ant-
arctic—The Response of Life to Change” (EBA, www.eba.aq). Launched by the
Scientific Committee on Antarctic Research (SCAR, www.scar.org; the major
organisation coordinating research in the Antarctic and Southern Ocean—SO-
region) in 2004, it assembled almost one hundred teams and covered most of Ant-
arctic biological research in the marine, terrestrial and freshwater realms. EBA was
described in detail in the first chapter of Volume 1 by G. di Prisco and P. Convey.
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It facilitated the integrated approach required for unravelling the role of the polar
environments in modulating the Earth system, addressing key issues raised within
the Antarctic Treaty System. SCAR provides both the opportunity and the frame-
work to inform the non-biological disciplines of the value and breadth of the pro-
gramme, especially in its contribution to understanding the impact of Climate
Change on Antarctic ecosystems. Most SCAR nations participated in EBA, that
acted as a major focus for capacity building in new SCAR members, especially those
with reduced logistic and financial resources, and contributed to a wide variety of
international programmes. EBA included sub-Antarctic islands, inland areas to
remote nunataks as well as sites northward to the Magallanes Strait, stretching across
the SO from the deep ocean to the continental shelves, and linking with northern
polar studies. The objectives were to understand the evolution and diversity of life in
the Antarctic, to determine how these have influenced the properties and dynamics
of present Antarctic and SO ecosystems and to make predictions on how organisms
and communities might respond to current and future environmental change.

EBA developed a major marine focus during IPY. Antarctica is conventionally
described as having limited terrestrial biodiversity, in the form of isolated “islands”
of terrestrial habitat surrounded by inhospitable ocean or ice. These fragmentary
habitats provide an ideal “evolutionary laboratory”, allowing questions to be
addressed on both relatively short and long evolutionary time scales. This part will
be illustrated in the volume of the Series addressing Terrestrial Biology.

An explicit aspect of EBA was to compare and integrate results from the marine,
terrestrial and limnetic environments. The programme was interdisciplinary. It uti-
lised enabling technologies in ecophysiology, microbiology, taxonomy, molecular
biology and organismal biology. It liaised with the relevant physical, geological and
historical disciplines to ensure regular interaction and use of the most recent data and
insights in interpreting the biological results. It involved fieldwork and laboratory
work in the Antarctic and home institutions. It required extensive international
collaboration. Exploration of some areas required new technologies, for example
benthic landers, remotely operated vehicles (ROVs) for the deep sea, autonomous
underwater vehicles (AUVs) for work beneath ice shelves.

The timing of IPY overlapped with that of EBA; the EBA and IPY activities were
conceived in parallel, and the IPY Initial Outline Science Plan (April 2004) indi-
cated the ability of EBA to provide a significant contribution to IPY. The research
and projects were all under the umbrella of EBA, and cross-linkages will continue
into the future. By undertaking a focussed initiative on the spatial distribution of
marine and terrestrial diversity, EBA is leaving a legacy of biodiversity information
and the tools with which to explore it, a substantial contribution to IPY.

EBA will lapse in 2012-2013. To develop this field in the light of our new
knowledge, the Antarctic biology community is proposing two programmes,
focussed on distinct but complementary aspects of polar biology and working across
marine, freshwater and terrestrial environments: “State of the Antarctic Ecosystem
(AntEco)”, and “Antarctic Thresholds—Ecosystem Resilience and Adaptation
(AnT-ERA)”. These programmes are the legacy of EBA, and they are key to both
improving our understanding and protecting Antarctic biodiversity.
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Eleven contributions are assembled in this Volume, in three parts: Part I, Bio-
diversity Evolution and Data Management; Part II, Evolution: A Molecular Per-
spective; Part III, Monitoring and Management. The authors describe the concept,
aim and first findings of the respective IPY projects, providing information,
equipped with exhaustive reference lists and relevant web pages, on results and
research perspectives within the framework of IPY 2007-2009.

The ideas and concepts of each chapter are briefly outlined below.

A comment on Part I seems pertinent. Some SCAR projects are integral parts of
EBA, and have been described or mentioned in many of the Chapters of Volume 1.
One of the most important ones is the “Census of Antarctic Marine Life” (CAML;
www.caml.aq), performed in 2004-2010 under the auspices of the “Census of
Marine Life” (CoML, www.coml.org). Polar regions experience greater rates of
climate change than elsewhere on the planet. The faunas are uniquely adapted to
their extreme environments, and may be vulnerable to shifts in climate. There is an
urgent need to establish the state of these communities, and in particular their
diversity, if we are to understand the impact of climate change. CAML was a 5-year
project that during IPY 2007-2009 focussed on the ice-bound oceans of Antarctica.
The coincidence with IPY made CAML a once-in-a-lifetime opportunity to conduct
a comprehensive study of the evolution and biology of a vast region of the Earth,
comprising the part of CoML that deals with the SO. Its objective was to study the
evolution of life in Antarctic waters to determine how this had influenced the
diversity of the present biota, and to use these observations to predict how it may
respond to future change. The project integrated knowledge across all regions,
biomes, habitats and fields of study to strengthen our knowledge of ecosystem
dynamics in this high-latitude ocean system. Only through a multi-scale level of
investigation will a better understanding of the diversity and status of Antarctica’s
marine life be obtained. CAML’s aims were described in detail by A Brandt in
Chap. 2 of Volume 1. She illustrated the project Antarctic Benthic Deep-Sea Bio-
diversity—System Coupling (ANDEEP-SYSTCO; www.andeep-systco.com). The
importance of CAML clearly appears in eight chapters of Volume 1. It employed
genomic techniques and contributed to the project Barcode of Life. It interacted with
the Arctic Ocean Diversity project (ArcOD), drawing comparisons between the
Arctic Ocean and the SO. CAML discovered many new species and established a
comprehensive Antarctic marine biology database. The essential feature of CAML
was its international structure, involving ships of many nations. Young researchers
had the opportunity to participate, both at sea and in subsequent data analysis.

Further essential information on CAML accomplishments is summarised in
Chaps. 1 and 2 of this Volume (history, organisation, targets, main expeditions,
main results, workshops, coordination with SCAR-MarBIN, DNA barcoding, leg-
acy). IPY was an unprecedented effort, which involved thousands of participants
from many nations and generated massive amounts of extremely diverse data, which
need to be interrelated to understand environmental change and its impact on
Antarctic biodiversity. SCAR Marine Biodiversity Information Network (SCAR-
MarBIN, www.scarmarbin.be), and the new Antarctic Biodiversity Information
Facility (ANTABIF, www.biodiversity.aq) provide a case study on the determined
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way in which IPY data management was approached, ensuring that the outcomes
from the data collection would be freely available. The different facets of this data
management and the design used for ANTABIF are discussed to ensure that
ANTABIF and its successors are successful in maintaining open access to biodi-
versity data and grow with the research. The heterogeneity and the distribution of
data will require simple, well-standardised and agile technologies, to follow the
constantly changing needs of the community it is serving. IPY has shown that the
polar regions are changing rapidly and the need for rapid technical and cultural
changes becomes urgent. Short- and long-term strategies to facilitate the evolution
of the SCAR data system towards universal access to scientific data, which could
otherwise be lost, are suggested.

In Part IT (Evolution: A Molecular Perspective), the effect and importance of
modern techniques is strikingly evident. Polar science has taken advantage of the
explosive development of molecular methods, driven by research on the human
genome, which revolutionised biology and provided the tools to explore the function
of individual genes. Additional tools are:

(i) theincreasing use of DNA barcode sequences for as many polar marine species
and research expeditions as possible, in order to maximise the taxonomical and
geographical coverage of obtained sequences. There is a potentially great
extent of environmental change in polar region under climate-driven fluctua-
tions, which might lead to extinctions; a reference baseline of barcode
sequences is needed, and is under way, also thanks to CAML. It will be
possible to study the material in a coordinated fashion, focussing on gaps,
setting priorities for the most important taxa and avoiding duplicated collec-
tions in similar regions by different research groups;

(ii) the increasing importance of molecular phylogeny, using protein and RNA
sequencing in drawing evolutionary trees.

Thus, molecular biology now has the potential to revolutionise the fields of
evolutionary biology and ecology.

In Chap. 3, evolution in the SO has been considered in a global context.
Molecular data have been largely obtained from vertebrates (penguins, fish, seals),
with some exceptions, e.g. krill. There have been only a few studies on benthic
invertebrates, about speciation and connectivity, endemic radiation, cryptic spe-
ciation and historical connectivity between the Antarctic and other oceans. The
recent surge of molecular data has allowed the use of genetic methods to inves-
tigate the SO biota, in some cases in parallel with the Arctic, as well as the biota
with a prevalence of eurybathy, with circumpolar distributions and non-dispersive
life histories. Molecular studies allow the strength of these concepts to be tested
across a range of taxa with diverse life-history strategies, providing a richer
understanding of speciation and connectivity within the SO ecosystem. The Polar
Front and the Antarctic Circumpolar Current (ACC) are not an absolute barrier to
dispersal, and organisms may actually move in and out of the SO, but the wide
environmental variations experienced either side of the Polar Front is likely to
hamper the survival of many species. Many cosmopolitan species are in the deep
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sea; at greater depths variations will be lesser and deep-sea species may cross
more easily. The review addresses the difficulties in estimating evolutionary times
based on a reliable molecular clock. Connectivity within the SO and with other
oceans are among the themes considered. Molecular ecology and phylogenetics
are in their infancy, yet they are transforming our understanding of connectivity.
A large part of the findings comes from DNA barcode data.

Species bipolarity has raised the intriguing question as to whether co-specific
Antarctic and Arctic populations evolved independently since separation between
the Arctic and Antarctic cold-water provinces, or genetic continuity has been
ensured by a trans-tropical gene flow. Several drawbacks limit classical approa-
ches (morphology; analysis of genetic variation in nuclear-gene sequences).
Ciliates are ideal organisms for the analysis of the breeding structure of microbial
populations and for obtaining data which satisfy the interbreeding criterion on
which the biological (Darwinian) concept of species is founded. Chapter 4
describes how ciliates govern their gene exchanges through unique sexual con-
jugation (or mating). More than any other group of polar microorganisms, ciliates
can readily provide living laboratory material in unlimited amounts. Evidence
from breeding analyses of Antarctic, Fuegian and Arctic populations of a species
shows that they are genetically interconnected by gene flow and form a unique
interbreeding species. These strains are mating compatible and breeding inter-
fertile with one another and therefore share the same gene pool, indicating that
bipolar populations may maintain genetic continuity in spite of ecological dis-
continuity. Individuals of these populations may be able to swarm and ensure a
pole-to-pole gene flow by dwelling (and multiplying) in the cold currents that
cross the equatorial ocean depths. This hypothesis can hardly be verified directly,
but molecular biology steps in to identify nuclear (bi-parentally inherited) and
mitochondrial (uni-parentally inherited) ribosomal gene sequences characterised
by single nucleotide polymorphisms, powerful genetic markers of the evolutionary
history of natural populations. Work with two Arctic strains shows that poly-
morphisms may reflect natural hybridisation between Arctic and Antarctic pop-
ulations, thus covering a driving role in speciation and evolution. The authors
suggest an additional synergistic force, namely the capacity of these populations
to communicate and interact via diffusible signalling pheromones, synthesised to
promote mating and growth. The pheromones are cross-reactive and their struc-
tures secure long-lasting activity and wide range of dispersal in any environment.

The next two Chapters deal with the physiological and physico-chemical role
of temperature. The two questions: (i) which were the drivers of polar evolution
and what was gained and lost with respect to the role and effect of these drivers,
and (ii) which animal groups might have gained or lost in fitness during envi-
ronmental changes, are the focus of Chap. 5. Directly or indirectly, temperature
has been a fundamental driver. Other abiotic factors are shaped by temperature,
e.g. gas concentrations (oxygen and CO,), water density and viscosity (salinity is
instead not influenced). Compared with the tropics, oxygen and CO, concentra-
tions are almost twice as high in Antarctic waters. Gas solubility is enhanced in
the cold, but diffusibility is constrained, thereby hampering gas transport, and
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especially oxygen uptake. Convective transport is also constrained in the cold, due
to enhanced water viscosity. For a more comprehensive understanding of the
evolutionary process operating in many species, the concept of oxygen and
capacity limited thermal tolerance (OCLTT) was developed. OCLTT was sug-
gested to be a suitable matrix for the integration of other stressor effects which
may interfere with the levels of thermal tolerance and acclimation. If it appears
rewarding to interpret functional adjustments in key groups of the Antarctic (e.g.
fish, see Volume 1), which display unique features, it is also rewarding to look at
benthic brachyuran and anomuran crabs. These seem to have taken these adap-
tations to a certain limit and live at the doorsteps of the polar oceans or have
succeeded in settling in “warmer” water bodies, but are still excluded from life at
the coldest temperatures.

Temperature is crucial for survival since it affects the reaction rates of the
chemical reactions that occur in any living organism. Chapter 6 stresses that
thermodynamic analysis is of primary importance, since activation entropy and
energy make reactions possible. For organisms that do not have the capacity to
keep temperature constant, the problem of that of the environment is acute.
Indeed, low temperatures may render reaction rates too slow to sustain life,
whereas high temperatures can accelerate them to an extent that would lead to
production of unwanted or excess metabolites, due to the differential action of
temperature on rates via activation energy. Three types of organisms are defined
as a function of the temperature of their environment: psychrophiles that thrive in
environments characterised by temperatures close to or below the freezing point
of water, mesophiles demanding moderate temperatures and thermophiles that are
able to withstand temperatures which in some cases exceed that of the boiling
point of water. The rate of growth of a microorganism is related to the rate of the
metabolic reactions, catalysed by enzymes that require proper folding and sta-
bility. The temperature of maximum growth rate is not the best possible, since it
induces partial unfolding or overproduction of unwanted metabolites. In ther-
mophiles, although high temperatures favour reaction rates, they also induce
structural unfolding or misfolding, due to uncontrolled hydrophobic forces. The
folding of a high number of proteins is assisted by chaperones. Maximum stability
is not suitable, since structural plasticity and flexibility are required to secure
interactions in a very crowded cell. In psychrophiles, the main problem is to
secure metabolic fluxes by acting on the activity or relative abundance of
enzymes. In evolution, production of high amounts of catalysts is not cheap, and
the reaction-rate problem has been solved through enzymes displaying lower
activation energy and lower thermal dependence of the activity that allows the
organisms to be exposed to unusually low or high temperatures. Therefore a
continuum in the adaptation of cold-adapted microorganisms, depending on their
evolutionary history, is needed.

In Part III (Monitoring and Management) Chap. 7 describes satellite technol-
ogy to investigate seals thriving in both polar environments. Many species spend
their life in close proximity to the coast or the ice edge, where they can be
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observed throughout the year. However, except for the short breeding and mo-
ulting periods, several species are pelagic, and it was not until the invention of
satellite-linked dive recorders that it became possible to learn about the where-
abouts and behaviour of ecologically and economically important species outside
the breeding season, as well as gaining knowledge of the seasonal distribution and
diet composition, beyond incidental sightings and analysis of a limited number
of stomach contents from animals captured in the pack ice. There was a danger of
erroneous conclusions by extrapolation from such studies, if large amounts
of stocks spend a considerable amount of time in open water, where their diet may
be based on different preys. Satellite-linked dive recorders have been employed to
determine location and diving behaviour throughout the year in the Arctic and
Antarctic; it is now possible to determine haul-out patterns, useful in converting
aerial sightings into population numbers. Such investigations have socio-eco-
nomical importance, because two Arctic species, by numbers and habit of con-
gregating in specific locations on the pack ice for breeding and moulting, have had
significant impact on the economy of coastal communities for the last 100 years.
Moreover, since the North Atlantic and the adjacent Barents Sea—White Sea hold
some of the world’s most important fish stocks, the ecological and economical
implications of the millions of these seals are matters of concern.

Complementing each other, Chaps. 8 and 9 deal with monitoring and man-
agement issues related to environmental processes, biodiversity and global
changes, and environmental assessment in Admiralty Bay, King George Island
(KGI). These contributions are welcome, considering the need to improve coor-
dination of science activities and management in KGI. A coordinated and standard
approach to data gathering, observations, logistics and utilisation of infrastructure
would benefit all parties operating in KGI. The authors’ large effort in providing a
huge amount of information will certainly be invaluable to reach this aim.

There are scientific, economic and environmental-protection imperatives for
national Antarctic programmes to work together in partnership. In KGI, the
complex of infrastructure, stations and logistics provide a unique opportunity to
explore how cooperation across Antarctica and the SO may benefit from close
coordination. There are already good examples of scientific cooperation in KGI,
for example in conservation and environmental monitoring in Admiralty Bay.

The information below is taken from Kennicutt (2009 COMNAP meeting,
Punta Arenas, Chile).

KGI is one of the South Shetland Islands. Cape Horn is about 900 km to the
north. More than 90 % of the island is glaciated. The ice-free areas and coastal
zones carry a diverse plant and animal life, including penguins, seals, petrels and
rich tundra vegetation. Admiralty Bay is an Antarctic Specially Managed Area
(ASMA No.1). The area is representative of the terrestrial, limnetic, coastal, near-
shore, pelagic, and fjord bottom ecosystems of KGI. The ecosystem reflects the
general environmental conditions prevailing in the South Shetland Islands,
with rocky shores covered by subtidal macroalgal communities. Napier Rock, at
the entrance of the bay, boasts a rich and diverse benthic invertebrate fauna. Fish
are represented by 15 species of Nototheniidae.
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KGI has the greatest concentration of national research activities in Antarctica.
There are nine permanent stations and a rock airstrip. The following nations have
a presence: Chile, Argentina, Poland, Germany, Uruguay, Brazil, Peru, Ecuador,
China, Korea, and the Russian Federation. The Netherlands, UK and USA may
also carry out research. Human activities date to the early nineteenth century,
when the first sealers arrived. Within a few years the fur and elephant seals were
on the verge of extinction. Whale bones can still be found on many KGI beaches.
Scientific activities on KGI include meteorological, hydrological, geophysical,
biological, geological, sea ice, greenhouse gases and glaciological research.

Research there in marine and terrestrial biology include physiology and
adaptation of fish and krill; taxonomy and ecology of marine benthic fauna
and flora (micro- and macro-algae), vascular plants, mosses and lichens; terrestrial
and marine ecology; migration and dispersion of birds. There is a CliCOPEN
project on the response of marine and terrestrial ecosystems to deglaciation related
to regional warming. A long-term project on biology and dynamics of bird pop-
ulations (mainly penguins) has been carried out since 1976. There has also been
routine collection of data on distribution and reproduction of the southern giant
petrel and on skuas.

These studies are particularly relevant to the science of the SCAR Standing
Scientific Group on Life Sciences, including its Expert Group on Birds and
Marine Mammals and its Scientific Research Programme, EBA. These studies
support understanding evolution and biodiversity in the Antarctic and identifying
science outcomes relevant to the conservation policies of the Antarctic Treaty
System (ATS). They will help EBA to understand how evolution and diversity
have led to the present ecosystems in the Antarctic and how these ecosystems will
respond to future change. EBA benefits from KGI in the following objectives:

e determining the variations in diversity at different spatial scales within the
Antarctic and within defined time frames.

e understanding the ability of Antarctic organisms to cope with daily, seasonal
and longer-term environmental changes.

e studying ecological responses to latitudinal and environmental gradients on
local, regional and global scales.

e discerning the role of natural and anthropogenic dispersal processes in gene flow
and population structure.

e understanding interactions between introduced and indigenous species, effects
of abiotic change on biota, and how environmental change and organism
responses are linked to climate.

KGI marine biological data are deposited with SCAR-MarBIN and ANTABIF
(see Chap. 2), and are of relevance to the SCAR ATS Committee that deals with
protection of Antarctic species. Offshore studies have also contributed to CAML
(see Chaps. 1 and 2). A study of the environment is under way, including analysis
of biotic and abiotic variables. The results will serve as a baseline for future
monitoring and environmental management of the ASMA, and will inform the
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ATS Committee on Environmental Protection (CEP) about the design of
monitoring programmes.

As a location of intense human activity and known disturbance, data and
observations of contaminants at KGI are relevant to the SCAR Expert Group on
Environmental Contamination in Antarctica. Visitors are included into the moni-
toring carried out in the framework of the IPY-ALIENS project on invasive spe-
cies.

Chapter 10 discusses anthropogenic impacts on sub-Antarctic and Antarctic
islands (including KGI) and the adjacent marine environments. Marine pollution,
diversity changes caused by introduction of non-indigenous species, and global
environmental changes (e.g. warming and thinning of the ozone layer) are the
main consequences from human activities in the sub-Antarctic and Antarctic
regions. Debris in seawater pollute the SO, degrade beaches, kill and injure sea-
birds and mammals. Floating plastics provide substrata to cosmopolitan pelagic
species, while other elements sink to the deep sea (e.g. glass and metal bottles and
containers). The impacts of oil spills often appear years later. In South Georgia,
wastes from old whaling stations may still be detected in the deepest sediment.
Human pollution over several decades is apparent at McMurdo Station and at
several stations in the Maritime Antarctic. Some isolated islands remain in rela-
tively pristine state, but risks increase with human visitation. Biodiversity may also
be affected by natural processes. Sustainable management of marine ecosystems
must distinguish the effects of human impacts from those related to climate var-
iability and change. Marine reserves are needed, as establishing target areas and
ecosystem reserves can greatly benefit the biota. Such areas can also be used to
monitor the effects of global changes. Multidisciplinary studies, identification of
impact origins, and long-term monitoring are required in order to assess the effects
of human activities on Antarctic environments and biodiversity. Such studies are
appropriate tools for environmental management, especially when taking biodi-
versity hotspots into account, and need national Antarctic programme managers to
work with scientists to ensure the management is soundly based on good science.

Chapter 11 conjugates behaviour, ecology, technology, in the framework of
climate change. It highlights seabirds as monitoring sentinels for polar marine
ecosystems. Direct monitoring would require huge investments in equipment,
personnel and logistics. Indicators, such as animals sensitive to changes, are
needed to provide information on the ‘health of the ecosystem’. For this, seabirds
are excellent, since we know which stocks of marine organisms they feed on.
Some of the best data series exist for albatrosses, penguins, puffins, making them
ideal models for Polar Life Observatories (PLOs), as well as icons to call attention
to human-induced changes and make governments aware of the need to respond to
a major global threat. PLOs meet priorities regarding environmental protection
defined by the Convention on Biological Diversity (CBD), the Intergovernmental
Panel on Climate Change (IPCC), and the International Council for Science
(ICSU). Bio-logging devices monitor prey stocks by evaluating distribution
and availability of mesopelagic fish, squid, krill, etc. However, seabirds with
attached devices do not behave like unequipped conspecifics; for example, flipper
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bands have a major impact on survival and breeding success of penguins. As the
short reading range of Radio Frequency Identification (RFID) constrains its use for
identifying individuals within crowded colonies, fixed passages are used, although
for emperor penguins that breed on sea ice such passages do not exist. As RFID
tags are tiny and implanted under the skin and birds cannot be visually localised
inside the colony, mobile RFID antennae are used, carried by remotely controlled
robots that can circulate among penguins.

In conclusion, EBA also acts as an umbrella to IPY research in Volume 2, for
evolutionary and biodiversity information, molecular perspectives, and manage-
ment. The programme has direct relevance to Global Change, because it addresses
the impacts of the latter on biodiversity, adaptations and community dynamics,
and provides information that can be extrapolated also to temperate latitudes. EBA
will lapse in 2013, and steps have been taken to ensure agreement on exciting new
programmes for the future.

Cinzia Verde
Guido di Prisco
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